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PREFACE 
During its life span (1966-1972), the National 
Committee on Forest Land (NCFL) provided effec- 
tive guidance to the Canada Land Inventory 
Program, and it served as a forum for the 
discussion and introduction of new trends in 
integrated environmental management and inte- 
grated survey techniques. Under the auspices 
of this committee, the biophysical land clas- 
sification system and a wetland classification 
were developed for Canada by sub-committees 
chaired respectively by Dr. D.S. Lacate and 
Mr. S.C. Zoltai. 

The growing number of biophysical-type surveys 
and research carried out for resource manage- 
ment, planning and environental purposes by 
provincial, private and federal agencies 
clearly required a technical coordination com- 
mittee, similar to the Canada Soil Survey 
Committee. Recommendations were made to this 
extent at workshops in Toronto and Winnipeg, 
attended by representatives from federal or 
provincial governments, universities and pri- 
vate individuals working on or managing 
environmental surveys. 

A small ad hoc committee (representing the 
Lands Directorate (DOE), Soil Research 
Institute (CDA), Terrain Sciences (EM), and 
the Water, Lands, Focest and Environment 
Branch (DINA» in cooperation with the provinces 
organized the meeting in which the Canada 
Comittee on Ecological (Bio-physical) Land 
Classification was founded.

V 

At this first meeting held in Petawawa (May 
1976), the terms of reference, organization, 
membership, activities and working groups were 
decided. The essence of these is decribed in 
the Summary of Business Sessions. In addition, 
these proceedings give the papers that were 
presented discussing the present methodology 
and status of application of biophysical land 
classification in Canada. 

Jean Thie 
Chairman 
Canada Comittee on Ecological 
(Bio-physical) Land Classification 

PREFACE 
Tout au long de son existence, le Comité 
national des terres forestieres (CNTF) a été un 
guide précieux pour le Programme de l'inven- 
taire des terres du Canada et a servi de tribune 
pour la discussion et l'introduction de nouveaux 
mouvements dans la gestion intégrée de l9envir- 
onnement et les techniques intégrées de relevé. 
Sous les auspices de ce comité,.deui sous- 
comités, présidés respectivement par Dr. D.S. 
Lacate et M. S.C. Zoltai, ont mis sur pied un 
systeme de classification biophysique des terres 
et une classification des terres humides du 
Canada. 

Le nombre croissant de relevés et de recherches 
de nature biophysique entrepris pour répondre 
aux besoins de la gestion et de la planification 
des ressources et de la gestion de l'environ- 
nement par des organismes provinciaux, privés et 
fédéraux, commandait la création d'un comité 
technique de coordination, semblable au Comité 
de relevé du sol canadien. C'était d'ailleurs 
la teneur des recommendations qui ont été faites 
lors d'ateliers, 5 Toronto et Winnipeg, auxquels 
participaient des représentants des gouverne- 
ments fédéral et provinciaux, des universités et 
des pa-rticuliers effectuant ou dirigeant des 
relevés sur l'environnement. 

C'est un petit comité spécial (représentant la 
Direction générale des terres du ME, l'Institut 
de recherche sur les sols du ministers fédéral 
de l'Agriculture, les Sciences des sols, du 
ministere de l'Energie, des Mines et des 
Ressources, et la Direction des eaux, des terres, 
des foréts et de l'environnement du ministére 
des Affaires indiennes et du Nord) qui, de con- 
cert avec les provinces, a organise la réunion 
qui a donné lieu 5 la création du Comité 
canadien de la classification écologique du 
territoire. 

A cette premiere réunion, tenue 3 Petawawa en 
mai 1976, le mandat, la structure organisation- 
nelle, la composition, les activités et les 
groupes de travail ont été déterminés. Ceux- 
ci sont décrits dan 1e résumé des séances 
d'dffhires. Par ailleurs, ces comptes rendus 
présentent des documents portant sur la méthod— 
ologie actuelle et le statut d'application de 
la classification biophysique des terres au 
Canada. 

Jean Thie 
President 
Comité canadien de la classification 
écologique du territoire
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OPENING REMARKS 
R.J. Mccormack 
Director General 
Lands Directorate 
Department of the Environment 
Ottawa, Ontario 

7 ALDLOCUTION D’OUVERTURE 

R.J. McCormack ’ 

Directeur Général 
Dir‘ect’ion Générale des Terres 
Ministere de I'E.nvironnem'ent 
Ottawa, Ontario 

It is a pleasure to welcome many old friends 
to this meeting. Many of you here were asso- 
ciated with a predecessor, the National 
Committee on Forest Land. It is particularly 
fitting for me to welcome you because of my 
former association with that Committee. 

If I may be allowed the luxury of singling out 
two or three people, I would like particularly 
to welcome Angus Hills and Stan Rowe, whose 
reputations we all know. Some of the early 
site work in Canada was carried out at Petawawa. 
Carl Heimberger did vegetative site types here. 
I recall meeting Angus Hills and George Brown 
in 1949 when they were doing initial work for 
the Hills classification between Petawawa_and 
Ackray. Thus, it is an appropriate place for 
our meeting. 

The meeting has been called, as I understand 
it, to establish a committee, if that is deemed 
to be a need for Canada. It has been called 
also to establish a Committee structure, 
meeting schedules, reporting relationships and 
finalized terms of reference. In addition, I 
understand that you will be assessing biophys- 
ical projects carried out during the last five 
years. 

I have no particular hang-ups about how the 
comittee might be operated, about who might 
chair it - that is federal, provincial or 
university — nor about what the terms of refer- 
ence might be. Whatever the final structure, 
whatever the final arrangement, the Lands 
Directorate is prepared to provide a secretar- 
iat for the Comittee. 

Some of you will recall, that the Biophysical 
Classification Sub-Comittee was established 
under the National Committee on Forest Land. 
We financed the incremental costs of bio- 
physical pilot studies'in Canada. If my memory- 
is correct, these were in Nova Scotia, Quebec, 
Alberta, British Columbia and Manitoba. From 
those five studies and from the exchange of 
ideas in the Sub—Comittee, chaired by Doug 
Lacate, a hierarchical structure for bio- 
physical studies was developed and published. 
That publication, however brief, has provided 

Il me fait plaisir de souhaiter la bienvenue 5 
de vieux amis. Beaucoup d'entre vous avez été 
associés au Comité national des terres forest- 
‘iéres, dont j'ai moi—m€mé fait partie. 

Permettez-moi, si vous le voulez bien, de sou- 
ligner la présence de deux pefsonnes que vous 
connaissez tous, Angus Hills et Stan Rpwe.n 
C'est 5 Petawawa_qu‘ont eu lieu certains des 
premiers travaux de classification au Canada. 
C'est en effet ici que M; Carl Heimberger a 
réalisé la classification des types dé végéta- 
tion. Et je me rappelle avoir rencontré Angus 
Hills et George Brown, en 1949, alors qu'ils 
accomplissaient le\tfavail préliminaire pour la 
classification de Hills, entre Petawawa et 
Ackray. L'endroit se préte donc fort bien a 
la tenue de notre réunion. 

On a convoqué la réunion, a ce qu'il me semble, 
dans le but de mettre sur pied un comité, si 
c'est jugé nécessaire, ainsi que pour élaborer 
la structure de ce comité, le-calendrier des 
réunions, les différentes responsabilités et 
les attributions finales.» Je crois en outre 
‘que vous évaluerez les projets biophysiques 
entrepris au cours des cinq derniéres années. 

Je n'ai aucune idée précongue sur le fonctionne— 
ment éventuel du comité, ni sur la personne qui 
pourrait le présider, que ce soit un représent—. 
ant du gouvernement fédéral, d'un gouvernement 
provincial ou d'un université, ni sur les 
attributions qu' on pourrait lui donner. Nean- 
moins, quelles qu'en soient la structure et 
l'organisation finales, la Direction générale 
des terres est préte 5 lui fournir un secrétar- 
iat. 

Certains d'entre vous se souviendront que c'est 
sous l'égide du Comité national des terres 
forestiéres que le sous-comité de la classifica- 
tion biophysique a vu le jour. Nous avons fin- 
ancé les études pilotes biophysiques au Canada. 
Si ma mémoire m'est fidéle, il y en avait en 
Nouvelle-Ecosse, au Québec, en Alberta, en 
Colombie—Britannique et au Manitoba. On a pu, 
grace 5 ces cinq études et 5 l'échange d'idées 
au sein du sous-comité présidé par Doug Lacate, 
élaborer et formuler une structure hiérarchisée



us with guidelines within which most of the 
biophysical studies have been carried out. 
Admittedly, there have been many variations;. 
again this does not disturb me because in a 
country with such variable topography and 
physiography there will be a need for flex- 
ibility. In any case, it was only intended 
to be a first approximation. 

It is appropriate for us to ask ourselves why 
we need another comittee, particularly when 
we disbanded the National Committee on Forest 
Land. It is worth noting that after the can- 
cellation of that Committee, we received a 
number of letters from a wide variety of 
people, expressing regret that there was no 
longer a vehicle for national coordination or 
a national forum for the exchange of views. 
We stuck to our decision at that time, largely 
because the purpose for which the NCFL had 
been formed a that is as an advisory body for 
the Canada Land Inventory - was no longer 
valid. We felt then that if another program 
was started, any committee which was required 
would be for a different purpose and may well 
require a different structure. 

Both the Winnipeg and Toronto workshops on 
‘ 

“biophysical classification, three and two 
years ago respectively, again identified a 
need for some coordination mechanism. Several 
federal departments have ongoing biophysical 
programs and there is a need for cross- 
comunication, even within the federal bureau- 

_ 

cracy. _After much discussion, after pressure 
from some of the provinces, we've decided to 
provide the opportunity for a National 
Comittee, whatever it may finally be called. 
I believe that the name is open to question 
also. - 

The Lands Directorate invited representatives 
from the Departments of Indian and Northern 
Affairs, Agriculture, and Energy, Mines and 
Resources to participate in the formulation 
of possible terms of reference. The repre- 
sentatives were Roy Strang, Pete Clarke and 
Bob Fulton. The proposed terms of reference 
were sent to all provinces and federal depart- 
ments with a vested interest. In almost all 
cases the responses were favourable and I 
encouraged Jean Thie to go ahead with the 
initial meeting. 

I would like to reiterate that the terms of 
reference and the organization as proposed, 
are not engraved in stone. The meeting should 
decide whether there should be a comittee, if 
so, what its structure and terms of reference 
should be; in other words it is up to you to 
make the final decision. 

I have no strong feelings whether or not there 

vi
\ 

pour les études biophysiques. Le document en 
question a fourni, meme s'il était bref, des_ 
directives qui ont servi 5 la réalisation de 
la plupart des études biophysiques. Je dois 
admettre qu'il y a eu beaucoup de différences 
d‘application, mais cela ne me dérange pas du 
tout car, dans un pays comme le n6tre ayant 
une topographie et une physiographie aussi 
yariées, il faut beaucoup de souplesse. De 
toute fagon, ce document n'était_destiné qula 
une premiere approximation. 

Il serait bon de nous demander pourquoi nous 
avons besoin d'un autre comité, surtout que

_ 

nous avons dissous le Comité national des terres 
forestiéres. J'en profite pour signaler qu'une 
foule de gens nous ont écrit apres la dispari- 
tion de ce Comité pour nous dire qu'ils dép1or- 
aient l'absence d'un outil national de coordina- 
tion ou d'un lieu d'échange d'idées au niveau 
national. Nous nous en somes tenus 5 notre 
décision 5 l'époque, surtout parce que le but 
pour lequel le Comité avait été créé, c'est-a- 
dire, servir d'organisme de consultation pour 
l'Inventaire des terres du Canada, ne valait 
plus. Nous avons alors jugé que si on langait 
un autre programe, le groupe éventuellement 
nécessaire aurait un but different et pourrait 
bien avoir besoin d'une structure différente 
aussi. 

Les ateliers sur la classification biophysique 
tenus 5 Toronto et 5 Winnipeg il y a deux et 
trois ans respectivement, ont 5 nouveau mis en 
lumiere le besoin d'avoir un mécanisme de 
coordination. Plusieurs ministeres fédéraux ont 
des programmes biophysiques en.cours et ils ont 
besoin d'un organisme pour communiquer entre 
eux, meme au sein de la bureaucratie fédérale. 
Ainsi, aprés en avoir longuement discuté et 
apres avoir examiné les demandes de certaines 
provinces, nous avons décidé de donner l'oc— 
casion de créer un nouveau comité national; 
Quant 5 son nom, je crois que nous pourrons 
tenter de le trouver nous-memes. 

La Direction générale des terres a invité des 
représentants des ministéres des Affaires 
indiennes et du Nord, de l'Agriculture et 
l'Energie, des Mines et des Ressources 5 
participer 5 la formulation des attributions 
possibles. Ces représentants étaient MM Roy 
Strang, Pete Clarke et Bob Fulton. On a envoyé 
les attributions proposées 5 toutes les pro- 
vinces et 5 tous les ministéres fédéraux ayant 
un intérét dans 1'entreprise. Or, come dans 
la plupart des cas les réponses étaient favor- 
ables, j'ai encourage Jean Thie 5 préparer la 
premiere réunion. 

-de 

J'aimerais répéter que les attributions et
, l'organisation proposées ne sont pas définitives. 

C'est 5 l'assanblée de décider s'il doit y avoir



~ 
should be a committee. Certainly the National 
Committee on Forest Land, which I chaired for 
many years and on which all of the provinces, 
‘the universities, and the interested federal 
departments were represented, was a very useful 
vehicle. It was completely unstructured; I 
don't recall ever having to put a question to 
a formal vote. It was particularly useful for 
people in land classification, and I suggest 
that this Committee may well achieve the same 
objective. 

My own view is that the most useful function 
may well be as a forum for the exchange of 
technical information, and the diccussion of 
mutual problems. 

I participated in the Canada Land Inventory 
for twelve years —— from its beginnings to 
maturity, I am fully aware that uniformity in 
Canada is neither desirable nor necessary. I 
think though, we can use a common approach in 
biophysical classifica tion . 

Finally, Mr. Chairman, I would like to wish’ 
the meeting every success, again express 
pleasure at meeting a number of old friends, 
and thank you for the opportunity of addressing 
the meeting. 

R.J. Mccormack 

vii‘ 

un comité et, si oui, de ses attributions at 
de sa structure. En d'autres termes, la 
décision est entre vos mains. 

Je n'ai personnellement aucune préférence 
particuliére quant 5 savoir si oui ou non on 
doit créer un comité. Bien sfir, le Comité 
national des terres forestiéres que j'ai 
présidé pendant de nombreuses années et ou 
toutes les provinces, les universités et'les 
ministéres fédéraux intéressés étaient repre- 
sentés, était assurément un outil utile. Pour- 
tant, il manquait totalement de structure; je 
ne me rappelle pas avoir soumis une question a 
un vote officiel, Il servait surtout aux gens 
oeuvrant dans le domaine de la classification 
du territoire et je suggére que le nouveau 
comité vise le meme but. 

La fonction la plus utile du nouveau comité 
serait, d'aprés moi, de servir de tribune pour 
l'échange d'information technique et de 
discussion des problémes comuns. 

_J'ai participé pendant douze ans 5 l'Inventaire 
des terres du Canada, soit du début jusqu'a ce 
qu'il atteigne sa maturité et j'ai pleinement 
conscience que l'uniformité n'est ni souhaitable, 
ni nécessaire au Canada. Je crois tout de-méme 
que nous pouvons avoir une approche commune a 
l'égard de la classification biophysique. 

Finalement, Monsieur le Président, je souhaite 
beaucoup de succés 5 la réunion, ofi j'ai le 
plaisir de rencontrer beaucoup de vieux amis et 
je vous remercie de m'avoir donné l'occassion 
de m'adresser 5 l'assemblée. " ' 

R.J. Mccormack
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SUMMARY OF BU-SINESS SESSIONS 

I=‘II-'IsT BUSINESS sEssIoN .— DISCUSSION ON 
THE OBJECTIVES AND TERMS OF nEI=En_E_NcE 

OF THE CAN_ADA cOMM'I'1"'?1*’E‘E ON 
ECOLOGICAL (BIOPHYSICAL) LAND 

' 

1) 
CLASSIFICATION (ccELc) 

Prior to and during these meetings, the group 
was called the National Committee on Bio- 
physical Classification (NCBC). The name was ii) 
changed to its present form during the last 
day of meetings at Petawawa. 

The first morning was devoted to a general 
discussion of the needs, objectives, activi- 
ties, membership and organization of the pro- 
posed comittee. A first set of objectives 
was distributed to each participant prior to 
the meeting. In anticipation of probable 
coments, members of the Lands Directorate 
also prepared an alternative objective. 

iii) 

Proposed Objectives 

1. Tb coordinate the continued development 
of a Canadian Biophysical Classification 
System. 

iv) 

2. Tb provide national technical coordina- 
tion and stimulate operational coopera- 
tion of biophysical-type surveys. 

3. To make recommendations and provide ad- 
vice to federal and provincial govern- 
ment agencies and private industry as to 
the technical feasibility, methodology 
benefits and costs of biophysical-type 
surveys fbr resource planning and‘ v) 
management purposes. 

Alternative Ob ective 

To promote the continued development and use 
of a biophysical approach to land classifica- 
tion:

’ 

During the ensuing discussion, several topics 
were discussed at length, including: 

that there is a desire for a national, 
coordinated approach to ecological land 
classification which would coordinate and 
promote the use of ecological inventories 
while still permitting regional variation 
in details of classification; 

that a national approach to ecological 
land classification, and interprovincial 
communication in this subject, would be 
best achieved through a strong national 
committee with specialized working groups; 

that one of the most important concerns 
of an ecological classification committee 
be to promote the use of land inventory 
data, be it through user participation, 
user education, workshops, symposia, or 
whatever, and that some statement of 
cost/benefit be made available; 

that there is a perceived need to add 
socioeconomic data to ecological inven- 
tories. On this point there was no con- 
sensus on how or whether this might or 
should be achieved, simply that the ques- 
tion is worthy of further examination. 
Some advantages and disadvantages are: 
recognition of native rights and customs, 
settlement suitability assessment, the 
unstable nature of socioeconomic data 
with respect to biophysical—type data 
and the possible infringement on policy 
in areas of provincial jurisdiction; and 

that ecological inventory programs must 
recognize the current speed of resource 
developments, and the planners need for 
timely information. 

The meeting then adjourned for coffee, during 
which the chairman invited several participants 
to meet with him to reformulate a new set of 
objectives, based on the foregoing discussion. 

- through technical information exchange and 
through problem-oriented working groups, 
subcommittees and workshops; and 

These participants were: 
G. Roberts and A. Borys (provincial), and S. 
Rowe (independent). 

J. Maxwell (federal), 

This group proposed the 
following objective: 

- through recommendations and advice to 
governmental and private agencies as to To encourage the continued development of and 
the technical feasibility, methodology, 
benefits and cost of biophysical-type 
surveys for resource planning and manage- 
ment purposes. 

to promote the application of a uniform ecolog- 
ical (biophysical) approach to land classifica- 
tion for resource planning, management and 
environmental impact assessment purposes.



This objective is to be achieved through: 

i) technical information exchange and 
organization of problem—oriented 
working groups and workshops; 

encouragement and wide-distribution of 
information methodology and applications 
of ecological (biophysical) surveys; 

ii) 

iii) the initiation of dialogue with the 
general public, users and potential 
_users on the presentation and applica- 
tion of ecological information; and 

recommendations and advice to govern- 
mental and private agencies_on the 
application, feasibility, methodology, 
benefits and costs of ecological— (bio- 
physical—) type surveys. 

.iv) 

This objective was later accepted by the gen- 
eral meeting, which also discussed and agreed 
to the following organization of the Comittee: 

i) that the membership of the CCELC (nation- 
al body) be composed of one representa- 
tive for each province, one for each of 
.the key federal agencies, and by invita- 
tion, selected individuals from univer- 
sities, provincial and federal special- 
ists, and project leaders in the fields 
of ecological land classification; 

that for the first two years, the chair- 
man of the CCELC will be provided by the 
Lands Directorate, and thereafter wili 
be named by the Committee. The Lands 
Directorate, Environment Canada, Ottawa, 
will provide a permanent secretariat for 
the CCELC; and 

ii) 

-iii) that the technical work of the CCELC on 
the further development of Ecological 
Land Classification be carried out by 
means of Working Groups. These will be 
established to provide solutions to 
scientific and technical problems as 
identified by the CCELC. 

The meeting was then adjourned for lunch. 

WORKSHOPSES$0NS 
Four Workshops were established, with the 
following discussion items and membership: 

Workshop A - Biophysical classification: 
’ philosophy, definitions and methodology. 

W.D. Holland 
B.F. Findlay 

*J.S. Rowe 
SJC. Zoltai 

_ 
E-B. Wiken 

P. Gimbarzevsky 
C. Tarnocai 

M. Jurdant 
D.S. Lacate 
A.N. Boissonneau 
G.F. Mills 

Workshop B - Applications and user.relations. 

*A.E. Borys B.B. Delaney 
P. Rennick E.M. MacAu1ay 

J.S. Clark M. Barnett 
G.A. Yarranton H.E.R. Gavin 

G. Roberts 

Workshop C - Activities of CCELC for 1976/77. 

*M.E. Walmsley A.A. Buys 
R. Schmidt J. Dumanski 
C. Kitchen R,C. Ellis 

'E.T. Oswald T.W. Pierce 
R.J. Fulton J. Thie 
G,H. Watson K.J.S. Beanlands 

Workshop D - Land/water integration. 

*R.E. Bailey J.P. Ducruc 
R.P. Bukata G.A. Hills 

G. McCullough R.A; Hale 
N. Lopoukhine D.M. Welch 

’*Goup Leader 

Each of these Workshops produced a-set of re- 
commendations which, along with recommendations 
from several individuals, were discussed in the 
second business session of the meeting. 

SEC-OND BUSINESS SESSION —.DISCUSSION 
ON CCELC WORKING GROUPS 

At this session, a large number of recomenda- 
tions were discussed. These recommendations 
were those of the four workshops, of three 
individuals (Zoltai, Holland and Delaney), and 
from the Saskatchewan provincial report by 
Roberts. Following a lengthy discussion during 
which some recommendations were rejected and 
others modified, it was agreed that the CCELC 
should establish five Working Groups, namely 
a Methodology and Philosophy Working Group, a 
Data Systems Working Group, a Wetiand Classifica- 
tion Working Group, and a Land/Water Integration 
Working Group. 

Listed below are the various recomendations 
agreed upon by the meeting. They have been 
rearranged according to appropriate Working 
Groups. The originating Workshop or individual 
is in brackets after each suggestion. ’
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Methodology and Philosophy Working Group 

1) A Working Group should be established 
with the task of formulating a statement of 
the rationale of biophysical classification. 
The-statement should consider whether a new 
set of Guidelines is needed, what are the 
concepts and aims of the biophysical approach, 
and who are the-various user groups meant to 
be served by such an approach and classifica- 
tion. (Methodology) 

2) The Methodology/fhilosophy Working Group 
should recognize and investigate the problem 
of the distinction between classification 
units-and mapping units. Current examples of 
maps could be solicited from project leaders, 
and combined to present a commentary on this 
problem at the next meeting of the CCELC. 
(Methodology) 

3) A biophysical classification system 
should place primary emphasis on physical as- 
pects of the landscape, and then add on biol- 
ogical and chemical characteristics, as these 
tend to be variables dependent upon the former. 
(Activities) 

4) The CCELC should investigate methods of 
obtaining extra input from vegetation scien- 
tists, in particular by aiming their efforts 
toward a unified framework for vegetation 
classification in Canada. (Holland) 

5) Efforts should be made to develop clima- 
tic data input into biophysical land classifi- 
cation methodology in order to assist in dif- 
ferentiation of the ‘Vegetation-Soil District‘ 
level of mapping. (Holland) 

6) The concept of ‘Vegetation-Soil District‘ 
should be further developed and adopted for 
trial. (Holland) 

7) The CCELC should develop more rigorous 
terms, definitions, taxonomic criteria and 
a hierarchical classification structure 
throughout the entire biophysical system. 
(Holland) ' 

8) The CCELC recommends that the Lands 
Directorate undertake the preparation of a 
Glossary of Terms that are specific to bio- 
physical surveys, rather than being terminology 
of other disciplines. Each term should have a 
preferred definition followed by synonyms. 
French language terms should be included. 
(Methodology) 

' 

Applications Working Group 

1) The CCELC should establish a working 
group responsible for achieving the objective 

of the CCELC relating to applications and use 
of biophysical information. (Applications; 
Holland)

’ 

2) The Applications Working Group should 
identify the users and potential users. Prob- 
able users include government personnel involved 
with economic development, resource management, 
environmental assessment and contingency plan- 
ning, private industries such as mining, for- 
estry, pipelines, hydro, chemicals and so on, 
communities active in economic development or 
concerned with preserving their way of life, 
consultants, etc. (Applications) 

3) There is a need to make biophysical infor- 
mation readily understood and useable by a wide 
variety of users and potential users. (Applica- 
tions) 

4) The CCELC should prepare a proper and 
understandable definition of biophysical surveys. 
(Activities) 

5) The CCELC should prepare a manual that 
explains what biophysical information is. This 
should be a single manual for all disciplines, 
to ensure integration of information. However, 
discipline-oriented appendices would likely be 
necessary and better received by professionals 
in certain disciplines. (Applications) 

6) Efforts should be made towards upgrading 
of user skills in the understanding of inventory 
methodology, resource analysis and interpreta- 
tive results} This could be achieved by the 
development and sale of a training manual. 
(Holland) 

7) The CCELC should ensure that students at 
educational institutions, and entering disci- 
plines where they will be expected to use bio- 
physical information as a tool, are taught the 
skiils of its use. (Applications) 

8) The CCELC should initiate user dialogue; 
this would be most effective in small groups 
for informal discussion. (Applications) 

9) User information packages should be di- 
rected at the management and planning level as 
well as at the operations level. (Applications) 

10) The CCELC should hold symposia at differ- 
ent jurisdictional levels for the dissemination 
of information. Funding may be required for 
this. (Applications) -

' 

11) The CCELC should prepare ‘canned’ infers 
mation packages explaining biophysical informa- 
tion. These would be useful for audiences larger 
than symposia, and also where there is a large 
turnover of staff in user agencies. (Applications)
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12) The CCELC should consider having consul- 
tative expertise, available in each jurisdic- 
tion, who could be called upon to offer inter- 
pretations as and when required. (Applications) 

13) The CCELC must make sure that biophysical 
information is not gathered for the sake of 
inventory, but that it responds to specific 
needs and that it is used, rather than becoming 
simply a library of information. (Applications) 

14) The.CCELC should ensure that biophysical 
information.is used correctly, and not misused 
as is some CLI-data. (Applications) 

15) The CCELC should ensure that biophysical 
information is presented to communities as soon 
as it is ready and in a manner that they can 
understand. (Applications) - 

16) The CCELC should consider the question 
of whether biophysical information will become 
a tool in the‘process of change, for example, 
in northern communities, and will the comun- 
ities have any control over the change. Com- 
munity awareness should have high priority in 
development processes. (Applications) 

17) The Lands Directorate of DOE, DREE and 

funding should'be investigated: (Holland) 

23) Methods of providing publication assis- 
tance for biophysical projects should be examined 
by the CCELC. (Holland) 

24) The CCELC should encourage dialogue with 
wildlife scientists and recreation scientists 
with respect to the utility of biophysical in- 
formation. (Activities) 

" '

' 

Data Systems Working Group 

1) The CCELC should form a subcommittee on 
the aspects of data collection, storage, manip- 
ulation, retrieval and presentation with respect 
to biophysical data. 

2) The parameters required for a biophysical 
survey should be defined in specific terms. 
(Activities) 

3) Exploration should be made whefeby basic 
data-gathering for; vegetation and soils be made 
more intensive in order to identify and explain 
ecologically significant relationships that may 
be used to verify and strengthen interpretations. 
(Holland) 

the Canadian Council on Rural Development should Wetland Working Group 
jointly sponsor or undertake research to iden- 
tify a role for biophysical inventories and re- 
source planning in the development process and 
identify the mechanisms required for a bio- 
physical program consistent with locally based 
development. (Roberts) 

18) Under the advice of the CCELC, the'Lands 
Directorate should undertake research on the 
costs and benefits of biophysical inventories. 
(Roberts)

7 

19) A CCELC Working Group should be formed to 
‘investigate the applications of biophysical 
information, past, present and future, with 
special emphasis on the benefits and usefulness 
accrued. (Activities) 

20) The CCELC should-provide coordination to 
ensure that duplication in the acquisition of 
resource information does not occur. This co- 
ordination should be by way of information ex- 
change, and not by imposition upon provincial 
projects. (Applications) 

21) The CCELC should encourage biophysical 
team members to develop user contacts and to 
maintain some involvement with site-specific 
problems and studies as a self-training tool. 
(Holland) 

22) The CCELC should establish research re- 
quirements in order of priority, and methods of 

1) The Wetland Working Group merits continued 
support in order to complete its tasks. Such a 
group should be adopted and sponsored as a 
Working Group by the CCELC. (Activities; Zoltai; 
Methodology) 

2) The tasks of a Wetland Working Group should 
include the finalization of the Wetland Classi- 
fication system and the promotion of its use 
throughout Canada. (Zoltai) 

3) .The Wetlands Working Group should organize 
and implement multidisciplinary pilot projects 
of wetland classification in different parts of 
the country. (Zoltai) 

4) The Working Group should define and refine 
the Wetland Regions of Canada as a spatial frame- 
work for regional wetland studies. (Zoltai) 

5) The Working Group should initiate and 
maintain a registry of wetland types, and pre- 
pare the publication of this information as ' 

needed. (Zoltai) ' 

Land/Water Integration Working Group 

1) It is recomended that a Land/Water Inte- 
gration Working Group be established to develop 
coastal and inland water classification and sub- 
sequently to investigate their compatibility and 
integration with land classifications. (Land/Water)
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2) The Working Group should advise oh the 
feasibility and necessity of having a bio- 
‘physical classification scheme that will com- 
patibly incorporate terrain and water. (Land/ 
Water) * 

3) The CCELC should support a working group 
on Coastal Zone Ecosystem Classification, in- 
cluding components of marine wildlife and of 
recreation. (Activities; Land/Water) 

4) The CCELC should support a working group 
on Aquatic Ecosystems Classification. This 
Group should investigate the integration of 
aquatic ecosystems with terrestrial components. 
(Activities; Land/Water)

' 

5) At least one member of the Working Group 
should be familiar with existing biophysical 
philosophy. (Land/Water) 

’ After adjournment for coffee, the meeting re- 
assembled to discuss various other business 
items. 

Name of the Committee 

After lengthy debate, the meeting approved 

that*thé*name of the comittee become the 
Canada Committee on Ecological (Biophysical) 
Land Classification. 

Chairmanship 

Jean Thie of the Lands Directorate, DOE, was 
approved as Chairman for the first two years. 

Next Meeting, 

Following several suggestions, particularly 
from the Applications_and the Methodology 
Workshops, it was agreed that the next CCELC 
meeting be at Kamloops, B.C. sometime during 
1977. The consensus was that CCELC meetings 
should be held in different places. - 

Urban Workshop 

There was agreement that a two- to three—day 
Workshop be held on Urban Biophysical Mapping, 
but that there was as yet no need for a CCELC 
Working Group on this subject. 

The meeting was then declared closed, after 
' which, all partook of an extremely pleasant 
stroll through the sylvan glades of Petawawa.
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BIOPHYSICAL LAND ‘CLASSIFICATION IN _BmFiITlSH“ fcoI.UMBIA: 
THE PHILOSOPHY, TECHNIQUES, AND APPLICATION 

ME. Walmsley 
Terrain Systems Analysis/Interpretation Division 
Environment and, Land Use Committee SECRETARIAT 
Victoria, British -Columbia 

ABSTRACT 
The Biophysical System used in British Columbia 
to describe and define the chemical, biological 
and physical attributes of the landscape is 
discussed. The logic inherent in the system is 
described by discussing the philosophy of land 
classification. This is furthered by illus- 
trating the techniques used and some example 
applications of the data base. All of this is 
used to point out the utility of the biophys- 
ical system in providing base data from which 
renewable resource capability maps can be 
drawn as well as infbrmation by which land 
resource managers can recommend alternative 
management practices which will avoid environ- 
mental deterioration. ' 

Iurnoouc-non 
In British Columbia, the application of the 
biophysical land classification system rests 
with the Environment and Land Use Comittee 
(ELUC) Secretariat and more specifically, its 
Resource Analysis Unit although other agencies 
do apply the same concept. This role has been 
fulfilled by the Secretariat since its incep- 
tion in 1974 and carried on through the termi- 
nation of the Canada Land Inventory (CLI) pro- 
gram in 1975. 

’This paper will briefly outline the structure 
of the ELUC Secretariat and discuss the philos- 
ophy held in British Columbia with regard to 
ecological land classification. Some examples 
will be given for illustration. 

THE WORKING STRUC'fU§E 
The ELUC Secretariat is made up of three main 
units (Figure l) which reflect the manner in 
which the problems of resource use, environ- 
mental management and resource allocation are 
handled. Generally, the Special Projects 
Unit and the Resource Planning Unit have 
similar mandates, specifically those of problem 
formulation, identification of alternatives 
and the assessment of the cqnsequences associ-

, -nees. 

RESUME 
Le systeme biophysique utilise en Colombie— 
Britannique pour décrire et determiner les 
attributs chimiques, biologiques et physiques 
du paysage est étudié. La logique du systeme 
est décrite par l'analyse de la philosophic de 
la classification du territoire, puis complétée 
par l'exposé des techniques utilisées et par 
des exemples d'application de la base de don- 

L'objet de cette démarche est de s0u-
‘ 

ligner l’utilité du systeme pour l’obtention 
de données de base permettant de tracer des 
cartes des ressources renouvelables et 
d’acquérir des renseignements & lfaide desquels 
les gestionnaires de ressources du terrain peu— 
vent recommander des méthodes d’aménagement non 
destructrices de l’envir0nnement. 

ated with each alternative. In fulfilling these 
roles, the Resource Planning Unit tends to deal 
with regional resource management problems while 
the Special Projects Unit considers more site- 
specific problems, focusing on individual 
classes of resource use conflict- 

Resource inventories and data interpretations 
are a prerequisite to any type of planning in 
the resource management field. This role is 
fulfilled by the Resource Analysis Unit, which 
is responsible for the application and dissem- 
ination of biophysical data bases in the Prov- 
ince. Initially, the Resource Analysis Unit 
was made up of personnel from the British 
Columbia Land Inventory, formerly attached to 
the Department of Agriculture. This, however, 
has expanded to provide not only the resource 
inventory function, but also the data base in- 
terpretations required by planners for sound 
management and administration of the particular 
resources as well as the support services 
(laboratory, computing, library, etc.) required 
for the inventory and interpretive phases. 
These three roles are illustrated in Figure 1 
and are covered respectively by the Resource 
Inventory Division, Analysis/Interpretation 
Division and the Data Services Division. 

Proc. Zst Meeting Can.'L'amm. an Ecological (Bio—physicaZ) Land Class.’ MayI25-28, Z976, Petamawa, Ont.
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Figure 1: The overall structure of the Environment and Land Use Committee (ELUC) Secretariat 

[ 
afivrnounrnr AND LAND usa cofifiirrtz szcntrhhriw

1 

SPECIAL pnoJzo1s UNIT
~ 

Aou1wtérRAr1ou 
SECTION 

RESOURCE ANALYSIS UNIT ' RESOURCE PLANNING UNIT~ 

AuALvsxs[;n1§3ynarATIoN"‘ 
brvrsrou nrvxsroh 

RESOURCE INVENTORY DATA sanvxczs 
DIVISION 

. choLocY .__. sncrxon 

"‘ 
BIOLOGICAL soxys SECTION VEGETATION 

SECTION 
svsifhs AN}ifTIC DATA 

srcrxon PRESENTATION 
ftifiixn sxsrsns ,__V _ svsrans SECTl0N 

CLIHATOLOGY AQUATIC 
SECTION 

_ 
SECTION 

The identification of the biological and phys- 
ical characteristics of the landscape provides 
the basis for determining the inherent capabil- 
ity of the land to support a particular land 
use. Land capability determination then is an 
important product of the Resource Analysis 
Unit's work, since throu'gh.th>is process, lim- 
itations can be immediately identified, pro- 
viding an invaluable tool for integrated land use management. 

PHEOSOPHY 
Many people look upon land classification as a magical process, one that combines all infor- 
mation about soils, climate, topography, mark- 
ets, demand functions, laws and even the goals, 
skills and intellectual capabilities of people 
into a solution of land use problems (Conklin, 
HaEo)3 Slowly, we are becoming_aware that 
this is not true, that land classification can 
take any form we specify. Classification 
systems are simply contrivances of man, struc- 
tured to suit his need, reflecting the develop- 
ment of the particular science at that point in time. Since needs change and science progres- 
ses, classification systems must reflect these 
changes to continue to satisfy the objectives 
set out for their development. If this does not happen,_the science within which the clas- 
'sification system is used will stagnate. 

Clearly, classification is the placing together of individuals into groups which are mutually 
exclusive. It follows then that a classifica- 
tion.system provides for placing each individ- ual in a group or class so that no individual 
can fit into more than one class. These 
classes or groups are defined in terms of some 
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attributes of the individual for which values 
can be established. Prior to setting up the limits of the classes, it is necessary to pro- 
vide a description or inventory of the individ- 
uals. Since we are constantly faced with the 
fact that we cannot measure or describe every- 
thing about an individual, it is necessary to 
decide, usually before the inventory takes 
place, what attributes are important. The fact 
that we are dealing with natural systems makes 
this task all the more arduous, since there 
are a multitude of variables with respect to 
these individuals which could be chosen to set 
up the system. 

When considering this problem, it becomes 
readily apparent that a paradox exists which is 
perhaps one of the greatest hurdles to overcome 
when dealing with ecosystems. Since we are 
primarily interested in the performance of land, 
our system shpu1d'ref1ect function, but due to 
practical considerations, this is not feasible 
due to time constraints and problems of compre- 
hension. Hence, we fall back on morphological 
characteristics (appearance, shape) since they 
are more easily ascertained. These morphological characteristics are then used as indicators of 
performance characteristics (function). Herein 
lies the nemesis of the land classifier and the place where the most effort must be placed in 
terms of research to determine the relation- 
ships. Without an understanding of such com- 
plex relationships, the classification system 
is but a hollow shell of little real use to 
anyone. For example, what does a change from 
weak subangular blocky structure to one of strong angular blocky mean in assessing the 
performance of the land?



In any system of land classification, we choose 
‘specific variables at each level of general- 
ization and define class limits or ranges which 
best suit our purpose. Specifically then, the 
problem is one of choosing the right variables 
and class ranges to suit our needs, since the 
individual is lost within the class. Those 
characteristics which are not chosen to dif- 
ferentiate among classes are covered up due to 
their apparent irrelevancy. 

The particular classification scheme used by 
the survey teams of the ELUC Secretariat and 
other government agencies (i.e. biophysical) 
is not a land classification system per se. 
Rather, it is simply a pragmatic mechanism 
designed to bring together ecological informa- 
tion in a form which facilitates communication 
and hence simplifies the arduous task of under- 
standing the vast amount of information col- 
lected by the various resource disciplines, 
while still maintaining a degree of scientific 
credibility. 

OBJECTWES. SYSTEMS AND METHODS 
The objectives behind the biophysical classi- 
fication scheme used in British Colubia are 
neither complei nor difficult to understand. 
These are listed as follows, being fully cog- 
nizant of the possibility of making motherhood 
statements: 

1. To differentiate and classify ecologi- 
cally significant segements of the land and 
water surface, rapidly and at a small scale 
(Lacate, 1974). 

2. To identify opportunities and limita- 
tions for particular types or combinations of 
land use, and hence provide a management tool 
for resource planners. 

3. To relate management practice to land 
productivity in a quantitative and qualitative 
manner so that management alternatives can be 
identified. 

The biophysical system at present provides the 
opportunity for terrestrial and aquatic clas- 
sification systems to come together. Those 
schemes are: 

1. Physiographic Subdivisions of British _ 

Columbia as defined by Holland (1964), follow- 
ing some modifications. 

2. Vegetation Zonation as defined by van 
Barneveld (pers. comm.). 

3. The Terrain Classification System as de- 
fined by the ELUC Secretariat, Geology Section 
and Terrain Systems Section (l976a). 

4. Bedrock Geology Subdivisions as defined 
by particular mappers for the area of concern. 

5. The Aquatic Classification System as de- 
fined by the ELUC Secretariat, Aquatic Section 
and Biological Section (l976b). 

6. The System of.Soil Classification for 
Canada as defined by the Canada Soil Survey 
Committee (1974) . 

7. Climatic Parameters as required and de- 
fined by the ELUC Secretariat, Climatology 
Section (1976). 

It is felt that the objectives as outlined are 
met by the Biophysical System through the use 
of both a pragmatic and conceptual overlay 
technique, the conceptual part being facili- 
tated by integrated survey teams composed of 
various resource disciplines exchanging ideas 
and concepts during and following the inventory 
phase. The pragmatic part is simply the over- 
laying of one map on another, so that map units 
used to define one type of broad map unit can 
be used in defining another more detailed map 
unit. ' 

Physiography 

The technique for applying the biophysical 
system starts with the broad scale zonation 
schemes and subsequently works down to the 
more detailed levels of land classification. 
On the regional level of classification, the 
physiographic subdivisions (Holland, 1964) of 
the province are used to provide the initial 
stratification. These various subdivisions are 
outlined in Figure 2. This subdivision of the 
Province provides units of the landscape which 
are alike topographically and within which the 
genesis of the landforms are understood. ’With— 
in each Physiographic Subdivision, there are 
similarities of the landforms resulting from: 

1. Similar processes_of erosion and deposi- 
tion. 

2. Similarities of bedrock response to ero- 
sion.‘ 

3. Similarities of ofogenic history. 

In this respect, these subdivisions are similar 
to the Land Region (Lacate, 1969), being 
mapped at a scale of approximately l:2,000,000. 

Vegetation 

In order to reflect the overall biological 
characteristics of the environment, it is neces- 
sary to apply a classification of the dominant 
climatic‘climax vegetation zones as they occur



Figure 2: Physiographic subdivisions of Columbia (Holland, 1964) 
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in the province. Such a system is that defined 
by van Barneve1d.which defines specific Forest 
Zones, which for practical purposes can be 
considered equivalent to the Biogeoclimate 
zones of Krajina (1965). To illustrate this 
concept, a copy of the biogeoclimatic zones of 
the province is presented in Figure 3. 

Vegetation characteristics are considered 
important in ecological land classification as 
a result of the following points (Cotic, van 
Barneveld and Sprout, 1974): 

l. Vegetation is a natural resource by its 
own right; 

2. Vegetation is an indicator of the state 
of other ecological factors such as climate 
and soils. Since it is these factors which 
determine the nature and quality of the natural 

resources, it is necessary to understand the 
vegetative resource to enable proper land 
management to occur. 

3; Vegetation is an important variable in 
the formation of soil. As stated by Jenny 
(l94l)and Major (1951), the genesis of soil 
follows the following factorial equation: 

f(Cs g: .1‘. 0: ti) 

soil 
climate 
geologic parent material 
relief or topography 
organic (vegetation) 
time 

ll 

all 

I] 

II 

II‘ 

I‘l'OHUQOUI'(n 

II 

As a consequence of this, Vegetation must be 
taken into account when studying or interpreting 
a soil. The parameters considered important in 
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‘Figure 3: ’BiogeocZimatic zones of'Br£tish Columbia



~ 
the forest zonation scheme are quality (species 
composition, structure, age), quantity, and 
dynamics (secondary succession sequences and 
their ultimate climaxes, which reflect the 
potential of the resource). 

To illustrate how this forest zonation system 
functions, Figure 4 provides a comparison of 
the forest zones and subzones described in the 
West Kootenays and the East Kootenays, showing 
the approximate elevation at which each zone 
and subzone occur. Forest zones reflect differ- 
ences mainly in macroclimate. These zones may 
be subdivided into subzones either due to dif- 
ferences in possible successional trends (e.g. 
Douglas fir with and without Ponderosa pine) 
or on the basis of gross differences in growth 
form and type of forest (e.g. forested subzone 
and krummholz subzone). 

Figure 5 illustrates the legend used on the 

forest zonation maps for the northwestern part 
of the province (NTS 93L/14). This will provide 
some insight into the type of mapping program 
currently undertaken by the vegetation group. 
Mapping is currently undertaken at a scale of 
l:50,000. 

At the local level of integration, map informa- 
tion is gathered on surficial geology, pedology 
and bedrock geology to provide a further sub- 
division of the regional units. This level of 
ecosystem generalization most closely approxi- 
mates the Land System described by Lacate (1964) 
and Christian (1958) and forms the working level 
for ecosystem mapping in the province. 

Surficial and Bedrock Geologz 

Surficial geology, the study of landforms and 
related deposits, is examined by applying the 
Terrain Classification System (ELUC Secretariat, 
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Figure 4: Comparison of forest zones in the West and East Kootenays



‘genetic material. 

Figure 5: Forest zonation legend (van Barneveld; 1976) 
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19762). This system provides for the mapping 
of landforms and geomorphic processes which 
have modified and are still modifying the land- 
forms (Alley, l976). The system is divided 
basically into two sections: 

1. Consolidated Materials (pre—Quaternary 
materials - mostly bedrock). 

2. Unconsolidated Materials (Quaternary 
mantle overlying the bedrock). 

The unconsolidated component provides for the 
definition of a terrain unit according to the 

As modifiers or descriptors, 
information can be supplied for things such as 
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72-50i 
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Sugvgy reliability 
’ ’ 
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Compiled by Vegetation S_ection,Resoufrce Analysis Unit,E.L.U.C. Secretariat- 
Kelown_a,8.C.. March l_976. 

texture, surface expression, process modifiers 
and genetic qualifiers. To satisfy the geologic 
history component and engineering requirements 
of the system, stratigraphic relationships can 
be shown. On-site symbols are employed to show 
the exact location of some specific terrain 
features.’ Since the scale of application is 
approximately 1:50,000, many parts of the land- 
scape cannot be shown as simple individual 
genetic materials. In this event, composite 
units are employed, which group terrain eleents. 

Figure 6 presents an example of a terrain legend 
and letter notation as devised by Ryder (1976). 
This legend will explain the terminology used 
above and will illustrate the simplicity and
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Legend - surficial geology 
:Expla_nat_ion 'of"Le'i_t‘er Notation 

A combination of letters is used to designate each map unit. The relative position of letters within the symbol indicates the characteristic that they represent . 

qualifying modidying procus 

Units consisting of two 

eg. gFl/dc! 
Material underlying the 

eg. sEv 
gFt

A QFA1-E 
texture SUi"fdC8 eXD7‘ESSiOl'| 

genetic material 

or more types of terrain are designated’ by two or more groups of letters separated by dots and slashes:- 
(Se'e Composite Units below) 

surface unit is shown by a symbol that is written beneath the surface unit symbol and separated from it by a horizontal line:'- 

‘Genetic M_at_er[aIs 
letter 
symbol 

name 
(pro_ces_s status‘)

A anthropogenic (A)
V 

colluvial (A)- 

eolian (A) 

fluvial (1) 

fluvio-glacial (l) 

ice (A) 

lacustrine (I) 

glacio-lacustgine 
(l 

lnorainal (I) 

organic (A) 

organic (bog) (A) 

organic (fen) (A) 

organic (swamp) (A) 

bedrock (l) 

undifferentiated 
(ll 

"man-made'"or' -“modified m.-terials includ- 
ing those associated with mineral 
exploitation and waste disposal. 
products of mass wastage; includes 
rubbly bedrock-derived material and 
mate_rial derived from unconsolidated 
Quaternary sediments: includes earth- 
flbw. mudflow and landslide deposits 
and talus material. 
- generally consists of ma'ssi-‘re to 
moderately well-stratified sediments 
with a great range of particle sizes. 
materials .transported and deposited by 
wind; includes dunes. loess and sheets 
of sand and silt. 
- generally consists of medium to 
fine sand and coarse silt that is 
well sorted and poorly c'ompacted. 
material transported and deposited by 
streams and rivers; alluvial materials. 
- generally consists of moderately 
to well-bedded and moderately to well- 
sorted gravels and/or silt. 
fluvial materials that were deposited 
either in contact with or directly in 
front of glacier ice. - 

- generally consist’. of non-bedded to 
poo_rly-bedded and non-sorted to 
poorly-s_orted gravels with minor 
amounts of sand: evidence of collapse 
associated with melting ice (slump 
structures. kettles. irregular topo- 
graphy) is commonly present‘; includes 
kames. kame terraces. eskers and ‘ 

pitted out_was_h. 

permanent snow and ice; glaciers. 
sediments that have accumulated in 
lakes. 
'- generally consists of stratified and 
sorted'sand, silt and clay. and 
moderately to well-sorted. rounded 
gr'avels that are the products of lake- 
shore' wave action. 
lacustrine materials that were 
deposited in contact with. or directly 
from melting glacier ice. 
- typically consists of stratified 
silt and sand with slump and settling 
structures and with scattered (ice- 
rafted) stones; surface is irregular 
and/or kettled. 
material deposited directly by 
glaciers; till. 
- generally consists of compact. non- 
sorted and non-stratified material 
that contains a wide range of particle 
sizes and a matrix of silt or clay. 
m'_a_terial resulting from the accumu- 
lation and decay of v_egetativ_e matter. 
-, generally consists of peat. unstrati- 
fied and locally containing minor 
amounts of marl and inorganic detritus. 
peat material consisting of undecom- 
posed to moderately de'compo’s'ed 
sohagnun mosses; water-table is 
generally high; dominant vegetation 
is black spruce. feathermosses. 
sphagnun spp. and ledum spp.

. 

peat material consisting of well to 
moderately decomposed sedges (carex 
spp.)', watertable is corrlnonly at the 
surface; vegetation dominantly con- 
sists _of sedges. grasses and reeds 
with some s_hr_ub cover. 
peat material consisting of decomposed 
sedge or feathermoss species; water- 
table is generally at or above the 
surface; vegetation is most commonly 
a tree cover’ of cedar and spruce. 
outcrops and rock covered by less than 
l0 cms of unconsolidated material. 
used where mre than three types of 
genetic material occur in close prox- 
imi_ty and cannot be separated at the 
scale of mapping. 

It See Oual ifying Descriptors below for definition of Process Status 

Modifying Processes 
letter 
symbol 

name
7 (process status‘) description

A avalanched (A) 

cryoturbated (A) 

deflated (A) 

channelled (I) 

channelled by 
glacial melt-water 

(I) 

failing (A) 

frost shattered 
(A) 

kettled (1) 

ka'rst (A) 

nivated (A) 

pining (A) 

soliflucted (A) 

gullied (A) 

slopes modified by frequent snow 
avalanches and by the deposition of 
rock debris transported by snow 
avalanches . 

unconsolidated sediments or colluvium 
modified by frost heaving and churning; 
includes patterned ground. 
areas modiried due to the removal of 
sand and finer particles by wind action. 
surfaces crossed by channels formed 
by running water; includes channels of 
braided streams. meander scars. and 
scroll patterns; channels are broad. 
shallow. an_d generally not incised. 
surfaces crossed by glacial meltwater 
channels; channels on fonner outwash 
plains are generally broad and 
shallow; other meltwater channels are 
typically narrow. flat-floored, steep- 
sided troughs 
slopes where slow downslope movement 
of masses of unconsolidated material 
or bedrock is occurring; slopes may 
be crossed by tension fractures. slump 
scarps. or show other evidence of slow 
failure; also includes slopes where 
relatively rapid soil creep is occur- 
ring. 

ro.ck surfaces covered with angular 
fragments derived in Add by frost 
shattering. 
surfaces marked by depressions formed 
due to melting of ice blocks in 
fluvioglacial, glacio-lacustrine or 
morainal sediments. 
bedrock (c_hiefly liniest_one) modified 
by solution resulting in surface 
features such as sinkrioles and lime- 
stpne pavement. and subsurface caverns 
and underground drainage. 
surface modified by shallow depres- 
sions that result from frost action. 
meltwater erosion and mass wasting 
around and under siioiv patches. 
surface modified by small. steep-sided 
depressions. commonly’ aligned along 
routes of subsurface drainage; results 
from collapse of underground conduits 
formed by removal of particulate 
nvattei’: ("iiseudokarst"). 
surfa_ce modified by the slow down- 
slo'pe movement of saturated overburden 
across a frozen or otherwise i_mp_er- 
meable substrate. 
surface crossed by deep‘. steep-sided 
ravines that are parallel or subparal- 
lel and result from fluiiial erosion. 

‘ See Qualifying Qescr.iptors below for definition of Process Status‘ 

// 

eg. Mb//R 

Mb//R.Cv 

Mb/R//Cv 

_,Composiie Units 
_ _ 

Composite units are employed where two or three types oi terrain a_re 
intermixed or occupy such small areas that they cannot be designated 
as separate units at the scale of mapping. Symbols (defined _below_) 
are used to indicate the relative amounts of each terrain type. and 
the components are always written in decreasing order of impo'rtance. 

the components on 
approxima telv equal 

either side of this symbol are 

the component in front of the symbol is mo_re extensive 
than the one that fol lows 

the component in front of the symbol is considerably 
more extensive than the one that follows 

Mb is considerably more extensive than R 

Mb is considerably more extensive than R; R and 
Cv are of roughly equal extent 

less than R 
R is less extensive than Mb; Cv is considerably



Figure 6: 

Surface Expression 
letter 
symbol name description

6 apron 

blanket 

fan 
hummocky 

level 

rolling 

ridged 

steep 

terraced 

undulating 

veneer 

a relatively gently sloping surface that is 
at the foot of a steeper slope and u_nder~ 
lain by material derived from that steeper 
slope. 
a mantle of unconsolidated material which 
has no constructional form of its own. but 
derives its general surface expression from 
the topography of the unit which it overlies; 
it masks minor topographic irregularities in 
the underlying unit and is more than l in 

thick. 
— if the underlying unit consists of uncon- 
solidated materials. it is shown in the 
uni: symbol -.- if no underlying unit is shown. 
it may be assumed to be bedrock. 
a surface that is the sector 
steep-sided hillocks and hollows that are 
rounded or irregular in plan: slopes of l5 
to 35° predominate on unconsolidated 
materials. and slopes of if: to 90° predom- 
inate on bedrock; local relief is greater 
than I m. 

of a cone. 

a flat or gently inclined (less than 50) 
surface with uniform slope and local relief 
of less than l m. 

elongate or linear. parallel or subp_aral- 
lel hills or ridges with slopes generally 
less than l5° and local relief of more than 
i m. 

elongate or linear, parallel or suhparallel 
hills or ridges with slopes predominantly 
between 15 and 35° on unconsolidated 
materials and between 15 and 90“ on bedrock. 
steeply inclined erosional slnpes (scargs) 
with gradients comnonly greater than 35 
on unconsolidated materials and greater than 
35° on bedrock. 
step-like topography; includes both scarp 
face and the horizontal or gently inclined 
surface above it. 

low hills and depressions with slopes 
generally lnss than 15° and rounded or 
irregular in plan; local relief greater 
than 1 nu. . 

a mantle of unconsolidated materials which 
has no constructional form of its own. but 
derives its -sur_fac'e expression from the 
topography of the underlying unit; it 
reflects minor irregularities of the 
underlying surface. is generally between 10 
cms and l m in thickness. and outcrops of 
the underlying unit are conuion. 
« if the underlying material is unconsol« 
idated. it is included in the unit svmhol: 
if no underlying unit is indicated, it is 
assumed to be bedrock. 

name 

Soul dery 

gravelly 

sandy 

silty 

clayey 

diamicton 

rubbly 

partiéle 
size gm.) 

0.625-2 

0.0039-0.0625 

other characteristics 

256 rounded A subrounded particles 

>2-256 rounded H. subrounded particles 
(includes interstitial _sand) 

<0 . 0039 
lleI.cvOge7|ED|JS mixture of par- 
ticles of any size. roundness 
orvangularity in silt and clay 
matrix 

2-256 angula'r and subangular par- 
ticles with finer interstitial 
material 

>256 angular and suoangular particles 

l‘lotes:- (l) 

blocky 

The absence of a textural term from a unit symbol indi- 
cates that texture of the material was not observed 
in the field and cannot be reliably interpreted from 
air photos. The reader is referred to the general 
textural descriptions under the heading Genetic 
Materials (below).

V 

(2) where two textural terms are used together. they are 
written in order of ‘increasing importance. eg. is is 
silty‘ sand, sg is sandy gravel.. 

(3) A diamicton texture is always implied in the case of 
morainal (M) materials. Any textural term written‘ in 
the symbol merely modifies this basic texture. eg. 
{M indicates till consisting of silty diamicton. not 
silt alone. 

All 

Legend = surficial geology (continued) 

Qualifying’ Descriptors 
letter 
s_vm_bol 

name description

G glacial 

bog . fen .- swamp 

active. inactive 
(process status 
descriptors) 

- used to qualify non—glacial genetic 
materials or process modifiers where 
there is evidence that glacier ice 
affected the mode of deposition of 
materials or the made of operation of 
a process. (See F . LG and E above)- 
- used where possible to supply 
additional information abgut gnits o

_ 

organic material. (See 0 . 0 and 0 
above). 
— used to qualify genetic materials 
and modifying processes with regard to 
their current state of activity. 
Active: there is evidence that a 
modifying process is either operating 
continuously or is of a recurrent 
nature at the present time; there is 
evidence that the process of formation 
of a genetic material is operative at 
the present time. 

_ there is no evidence to 
that a modifying process is 

continuing or recurrent: the Process 
of formation of a genetic material has 
ceased. 
A process status descriptgr i_s.des- 
ignated for each genet_ic material 
and for each modifying process on the 
basis of their most conliion stategof 
activity at the present time. (See 
process status column in Genetic 
Materials and Modifying Processes 
abuve). descriptor

~
5 

~ 
~ 

~~~ 

On-Site Symbols 

Crag and 

striae (i 

Dlbckfiel 

moraine ridge (major) 

moraine ridges (minor) 

ta ill 

ce direction known. 

abandoned shoreline ,a—**
d 

escarpment (av-|—1\,;‘; 

karst ® 
gravel pit © 

drumlin, druiiilinoid ridge (.2 
fvluting, glacial lineation 2/ /’ 

uni‘: own) 

_‘,o—./a *‘ 1 
esker (direction of flow known. unknown) an 

‘I 
gla_cial meltwater channel (major)v 
glacial meltwater channel (minor) 

(direction of flow known. unknown) ,/F" ' _.,..r"""‘ 

dunes (active. inactive) 

rock glacier 

cirque
_ 

kettlev® , 

landslide scar 

Mapped 

anthropogenic site ® 

by: 
Fieldwork» Completed: 
Date of Photography : 

Drafted 
Data: 

by:



versatility of the system. Aguatic Systems 

Bedrock information (e.g. chemistry, texture) 
forms a part of the biophysical system either 
by the use of existing bedrock geology maps or 
the application of a bedrock classification 
scheme designed for field description. The 
bedrock classification scheme presently used 

Although not yet specifically a part of the 
Biophysical type in terms of terrestrial mapping, 
the Aquatic Classification System as described 
by Chamberlin et al. (1976) provides a physical 
and biological description of aquatic systems 
in British Columbia. The common approach between 

is given in Figure 7. 

CONSOLIDATED__MA'I.‘ERIALS 

the terrestrial and aquatic systems is the 
treatment of the domains in a relatively holistic 
manner, encompassing all the different land- 
scapes which occur within its intended area of 
application. Like other resource inventory 
schemes, the Aquatic System defines a relatively 

§gT3PsIYE 5 ?LUT°3;9 IA 
EXTRUSIVE homogeneous unit (stream reach unit) and the 1 . * “v 

- 
. 

~ - f that unit are measured. The --——-——-——--- IA0l A; d EA properties 0 
. _. gmmdymite———n—- nmz Ewgnxg _ fig; working scale for application of the system as 

_Pe9ma1'—1-te —""""—‘—‘ 1303 dacite --— EAI3 ‘art of the reconnaissance inventor is 1:50,000. aPhIe- ----NW4 Imznmnnne EI P y 
quar‘ tzorthoclase posrphyry- IA05 a’ chyte — 114 . 

V _ quartzplagioclase '-' IA06 fifidesite _ €15 1:‘igure 8 indicates the various categories of 
Intermediate IIV Basic EB information available following the inventory. 

dsiffiite fig; Frbasal-‘éaI" 5:15 The broad categories, more fully expressed by 
335?,‘ ~ 13 mfg fE'_____ EH7 the legend, ar-e: 

do1er.it.e —v-———-—--——— IB09 breccia ___ EEl_8 galiirb.---—-— 1310 ash ——— E!-‘l9 1. Ph sical channel and bank characteristics.Y Ultmflasic IU cflukus é;_EF20 
per-idotite - IU11 

2 S b
‘ 

..v . u strate type. METAMORPHIC 
‘ ‘ Grach and/or Grainsize 

y _ _ 
'

\ Iowgrade "’ ' ML 
T Fine grained lV!E_ 3. Aquatic and land vegetation. 

Skfls ----- -- NE%l slate ---- -- “F31 '

' 

3:320 4. Fi_sh species present and their life history. 
Mahmmgrab 

_ 
MM Manumgnmned Ifl 

bicrtite schists- MM24 sdusts -—-..— 5_ H}-,>dro1ogy_ 
géfnet schists - M425 NB 

. 

'te schists MM26 anofel —:—"— M333 ‘ 

.

. 

_ 

HM @211-.e -- 11:34 These data ‘then serve as the.basis for a multi- S11t_1J-“‘3¥}_-‘_¢eS¢_h1,5t W27 Coats? grained "3 
8 

tude of resource evaluation ‘interpretations 
£;:;_'t;':f" $2 when required. A compute: ‘s-torag: systsm fém d gramfgls _ M33 non mappe s ‘ream sys em a a 1S e_ing eve ope . 

SEDIMENTARY qwMiZ1E:;: MC34 Access will be by watershed systems. "'-9 gram-ed’ spy A narble M235 
SilEStOIfl_E '-' 
mudstone ——-- SF37 MATERIAL __ 
shale -..-_- SF38 

. .
. 

_ 

clgert ---_—-f 55739 
BE 1 Pedological characteristics of the various land- Mfihungfinffi 3&0 gafiig‘fip. BB2 scapes defined by the physiographicz geological 

gnmade __ 3M1 mmhnmn dn>BE3 (surficial and bedrock) and vegetation systems, an«se--+— &M2 ,5U*¥‘fiP 334 are measured and defined. Soils are described Caknnafite‘ 9“i §%g§§E%3§: SP1 and classified according to the System of Soil quart-zite -- SM3 _.me -- -. - 
'

— muse grained SC SF 2 Classification for Canada (Can. Soil Surv. 
‘V bx-ecycia ___... sc18 

Po 1 Comm., 1974) . As a consequence, the soil mapping 
°_°_n91€me1-'ate Csg“ ihcfifigl F0 2 Provides the concept of the map individual for 

.|é°eC!U5 '. 
. .. . - 

V _ 
- - lkmfifis ___($45 w¥FuE1 H33 ecological classification._ This is_a direct ¢a1.._«__ Q52 gg§§5 ed 1 

result of the functional relationship expressed 
Cakfirafifi CL ””1P‘1 J°.2 earlier, showing that soil is the integration lhmskwn *‘ GMG vaquca J0 of all these environmental characteristics dolmute ___ CL47 ‘horizontal JO 3 . 

V J : nar1_______ cL4g Lnwmam: L1 The study of soil is one key to understanding 
tfifl@¥¢#E-— C149 Fault? the complex environmental relationships. 

Silicified s1 Efme-$1 FA 
% 

' ' 

" $34 Maasgive: 
ta 

1?; Soil mapping in British Columbia at the recon- 
gflxmm ——- 350 naissance level (l:50,000) employs the soil h3h$e‘‘-"' 351 association as the map unit. Through the re- 

_ cognition in the field of polypedons, members Figure 7: Consolidated materials classifiaa- of the soil association are described. Here tion scheme, ELUC Secretariat, 1976'. a soil association is meant to mean a natural



Figure 8; 
Scan naopoo 

REACH SYMBOLS 
GENERAL: FISH SPECIES 

CHANNEL su'as'rR'Ai'e 

Fun Spodob 
1. Sport and Commercial abbreviations 

Symbol Species Symbol Species 
Ch Chinook salmon LT Lake trout 
Co Coho salmon GB German Brown trout 
Cm Chum salmon MN Mountain Nhitefish 
Pk Pink salmon LH Lake Whitefish 
Sk Sockeye salmon Gr Grayling 
K0 Kokanee salmon LMB Largemouth bass 
Rb Rainbow trout SMB Smallmouth bass 
St Steelhead trout NP Northern pike 
Ct Cutthroat trout HP Ualleye pike (Pickerel) 

(Coastal) VP Yellow perch 
VCt Vellowstone ,Sg Sturgeon 

Cutthroat trout Eb Ling (Burbot) 
EB Eastern Brook Cp Carp 

trout 
DV Dolly Varden Char 

2. OS - indicates known but non-sport~or non—commercial species. 
data bank must be consulted for complete species list._ 

3. Sp - indicates fish observed but not indentified. 

4. 9 

5. Absence of any fish species symbol indicates that no sampling 
information was available. . 

6. (Co) - indicates probable but unconfirmed presence- 

7. Skl- indicates reach used by species for migration only, 
no resident population- 

8. Note: no specific symbol exists for a barren stream. when 
such a condition is suspected. it may be indicated by (E) 
which is an inference that if sampling took place. fish would 
not be detected. 

Channel 
l. Longitudional Profile: 

s - stepped repetitious sequence of slopes or forms 

r - regular homogeneous or continuous profile 

2. Slope: % (elevation gain/reach length) 
> 3% measured to nearest percent 
< 3% measured to nearest tenth percent 

3. Cross-section 
c - confined (channel is entrenched or lateral 

movement is controlled by banks) 
(channel movement is limited by valley 
walls near the edge of the floodplain) b - bounded 

(channel is not bounded by valley wall 
and much lateral movement or flooding 
is possible at high flows) 

u - unconfined 

Substrate Materials 

Fines. gravels and bedrock are listed in sequence to nearest . 

l0%. expressed as an integer. Larges are inferred. (see example) 

1. fines - materials in 0-2 mm site class 
gravels - materials_in 2:100 mm size class 
larges - materials greater than ioo mm in size 

2. Bedrock percentage indicated by Rn. where integer n 
represents percentage. R without integer implies 
0-101. 

3. F. G. L or R used alone indicates 90-l0O% of a reach is 
in one category size. fines, gravels, larges or rock 
respectively.

\ 

Example 
Rainbow trout (present) Chinook (migration) 

20% gravels, 30% bedrock. h M 

[2 50% larges) stepped profile 
l1 slope 

repeated pattern of 
confined and bounded 
cross-section types 

70% largés) 

Note: l) where the channel or substrate component is 
man-made. the symbol is underlined. ‘

2 where ohannel or substrate data has not been 
-verified the symbol is placed in parentheses 

- indicates fish not detected at time and place of sampling. 

/)7’///j;//”,,—-Coho (probable) 

Rb Chf(CO inferred substrate referring to 
51¢.‘ (Q2R3){_ confined portion (ox fines, 

substrate referring to bounded 
portion (lot fines. 20% gravels. 

(13 

Aquatics biophysical Zegend 

HEADWATER CLASSES 
l.

N

u 

LAKES 

I>u-- 

Slope v 

I Z> 5% ‘ 

ll < 5% - 

Cross-section 
ci_confined 
u- unconfined 

wetland class 
m - marsh s - swamp 
b - bog p - pond 
f - fen 

eg. lc(b) - a steeply sloping confined channel. 
probably through an alpine bog. ' 

Note: slope and cross-section may be used alone. 

Fish 5 ecies l.D.S. 
Max. dept L ttora 

General: 
area 

Fish species: same as streams , 

T.D.S.: total dissolved solids, if available 
Maximum depth: measured to nearest meter. 
Littoral area: measurement or visual estimate of 1 
of total area < Gm. Hhen estimate is made} parenthesis 
will be used. ~ -

/ 

sire SPECIFIC smemg svM'3oLs 
An obstruction 3 m high of the following tygesz 
A (Rock). L (Logs). B (Blocks). D (flan-made_j 
Bd (Beaver dam), 6 (Culvert). F (type unknown) 

A ohute or cascade 5 m high and.50 m long of the 
above types ' 

A chute or cascade with details unknown 

A sequence of-beaver dams 
Clear evidence (eg: persistent redds or observed 
spawning adults) of spawning by the indicated species. 

A zone of flood and side channels 

persistent debris accumulation
‘ 

culvert 
bridge. (Chan - a channelized channel.) 

water quality sampling site number. 

water quantity sampling site number 

A

A

A 

A site (point) number with biophysical data available 

A

A 

A rd reach boundary. R3 indicates beginning of 3 reach. 

A reach boundary which is an obstruction. The obstruction 
height is not to be included in either_adJacent reach 
for the purposes of reach slope calculation; 

A major bank or valley side wall slump zone. 

An alluvial sink hole without surface effluent 

A karst pothole 
Persistent snow or ice 

Major watershed boundary “’ 2:.a4oo.o2a.o/o indicates 
a--— Sub-watershed boundary . watershed system code number 
,,._— ‘Minor watershed boundary.. 

Definitiohs and methods are available from Resource Analysis unit. 

ELUC Secretariat. Mapping and drafting services provided by RAU, 

. Date of ::_j._¢_j
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Figure 9: Exqvriple ‘cbmputer output from soil data file 
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grouping of soil associates based on.similar— 
ities in climate or physiographic factors and 
soil parent materials (Agriculture Canada, 
1976). The member of the soil association 
following manipulation according to the other 
disciplines mentioned, is the Biophysical 
type, recognized in the inventory system. The 
difference between a soil association as de- 
fined by the Canada Soil Survey Committee 
(CSSC) and the biophysical type is recognized, 
but confusion still exists since the same 
geographic names are used for both. This is 
as yet unresolved. 

Discussion 

As a result of the vast amount of data being 
collected, computer storage/retrieval systems 
have been implemented for pedological, vegeta- 
tion, climatic and aquatic information. In a 
brief and cursory manner, it is worth noting 
that the systems will allow not only quick, 
accurate data retrieval and hence remove the 
need to have the often mundane tables of phys- 
ical/chemical/climatic data, but also the 
ability to manipulate the data and hence ask 
specific questions of the data, to provide 
some specific interpretation. Figure 9 dis- 
plays a portion of output from the soil data 
file, to illustrate the basic data stored. 

In order to illustrate the application of the 
Biophysical System, the legend for the bios 
physical map of a section of the West Kootenays 
is given in Figure 10. This legend illustrates 
the succession from physiographic region, to 
vegetation zone, to parent material (bedrock 
and surficial geology) and finally to soil 
association member of biophysical type. Figure 
11 schematically illustrates this concept by 
showing the flow of information and some of the 
possible interpretations from the data base. 

Due to scale limitations and landscape complex- 
ity, it is not always possible to map each of 
these biophysical types individually. To al- 
leviate the confusion which may result as a 
consequence of this, each type is described as 
much as possible through the combination of an- 
extended legend, cross—sectional diagrams and 
land resource reports. Figure 12 provides an 
example of a typical cross—sectiona1 diagram, 
illustrating the breakdown of the landscape 
into the various soil association members. 

This approach to land classification in British 
Columbia provides an integration of the func- 
tional elements of the ecosystems and presents 
this in a format which is simple and practical 
in terms of providing data for identifying res 
source opportunities and constraints and hence 
facilitate scientific land use planning. In 
this manner, the objectives as outlined earlier 

are met. 

APPLICATION 

Although it is not possible to illustrate every 
application of the biophysical system, suffice~ 
it is to say that the biophysical map unit forms 
the basis for resource analysis including land 
capability, and land use planning as well as 
management. As a consequence of its systematic 
structure, it also provides the physical, chem- 
ical and biological data bases which may be 
inherent in any of its parts. For example, any 
application requiring only surficial geological 
data will only require that map and set of data. 
This is easily retrievable due to the structure 
of the system. 

The following discussion is directed toward 
pointing out some of the more important examples 
of application through a brief discussion of 
the methods and in some cases by illustration. 
Appendix 1 contains a set of maps which illus- 
trate those particular parts of the province 
where information is available on particular 
resource themes. The examples shown are not 
exhaustive and reference should be made to the 
Catalogue of Maps and Publications (ELUC Secre- 
tariat, 1976c). 

Land Capability 

The term 'land capability‘ refers to the inher- 
ent, natural opportunities afforded by renewable 
resources prior to planning and management. The 
interpretive systems first described and applied 
under the CLI System have in some cases been 
modified to suit particular characteristics in 
British Columbia, but are still part~of the 
‘routine’ set of interpretations made from 
biophysical data. 

Land capability for forestry (Kowall, 1971) and 
soil capability for agriculture (Runka, 1971) 
.are more or less unchanged from those methods of 
application defined by the CLI. The climate 

‘capability for agriculture is presently being 
revised by the Resource Analysis Unit, and al- 
though it will follow the same rationale, some 
of the technical ways in which data are inter- 
preted will change. ; 

The land capability for wildlife (ungulates) is 
also under revision. Although it is as yet not 
finalized, some inventory projects have applied 
the methods of classification in use. Figure 
13 illustrates a portion of the legend from an 
ungulate capability map for elk in the north- 
western part of the Province. Maps were also 
drawn for moose and goat. This legend points 
out the biophysical features considered in this 
interpretation.
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Figure 10: Condensed soil legend for the Cranbrook P.S.Y. U. (Map sheets 820 and J) 

Exhninlé of Syiiiliollné System 

Soil Association SymbVol—-GVg°- A811‘ 
F.“ 

Complex slope—/ \Simple-slope 

Soil lissociation iiemherél -[Jercentage 

seepage cl ass~ 
Biophysical Soil Association

~ Modal Soil General zed Vegetation 
Hap Symbol Soil Name Dev't Lan'dfonn Zone 

AS Avis ODB gF ac.-all 
AZ Aglaruvzzi OGL IL ' 
BB Brennan ODB rcg a,lF—eS(D) 
BC Beatrice DHFP rcv alF-es 
BF Big Fish DEB rC\7* D 
Bil Buhl OHFP rCv alF-eS 
BK Bohan- OHFP rCv alF-eS(D) 
BN Burton ‘ ODB rcv wc-nil 
BD Bonner DHFP rCv alf,-e_S 
aw au’ny‘6n our» re»? alF-e5 
BS Badshot ODB, rCv' alF-eS(D) 
CA Conrad OHFP rc alF-es

, 

CB _, Corubrey DDB rc alF-eS(D) 
CD Cedrusg DEB rC' D(pP) 

‘CE 
‘ 
Cayuse ODB 

_ 
. rc ac-vii 

CF Clifty OHEP rC alF-eS 
CG Cummings ODB rC D__ 
CH7 Champion DHFP rc alF-es 
Ciili Cha‘un_c_y B_rGL rC' alF-es(D) 
C0 Corriwell BrGL fl?‘ D 
CL C-alam'ity- OHFP rC alF-e'S(D) 
CLD Cold Creek 008 rC * O. 
CH Columbia OHFP . rc' alF-'eS 
CP Cooper OHFP rC alF-es(D) 
ca Cervl] on rt‘ in 
CH Couldron 323 rC' a'(IF-§S(D)' 
E Elko B sF " D pP Er‘ 

. _ 

F Flagstone DEB sF' D(pP) 
FF Fenwiclg Cull s_Fl" D ' 

Fli Flathead can gFl alF-es(D) 
F_K Font GlCuR 

_ 
gFl all-‘-e‘S 

FL- Flatboii BrGL KM‘ D , 

Fll 
‘ 

Fletcher_ . ODB gFf u_C-HH 
FS Fort Steele Cull gFl' ,D(pl-_’)_ 
FT Fruitvale . 0l_iFP gff alF-e_S D) 
FU Foirp'oi‘n'ts Cull gFl‘ alF-es D) 
F_V Festubert . GlCuR gFl' alF:eS 
rx Fisher DEB‘ gF Dip?) 
FV Forsyth CuR gFl D

7 BB Gagn‘e__bi_n ODB gF' al_F-eS(D) 
GC race ODB 9F D 
GL Gold , OHFP gF_ alF-eS 
an Glen Cairn ODB gF D 
G} Galton OHFP gF alF'-fieS(D) 
EV Glenlily ODB gF ivC-it_li 
N uyn onac sFv Mn?) 
1 Kinbasket OVGL til‘ D.(PP) 
Kl Kaslo OHFP gF alF-eS(D) 
xz Kain 

_ 
on 9F" 0 ~ 

KG Kingcome OHFP gF_" alF.-.eS 
K0 Kokum DEB sFl - D,(pP) 
KR Kj_ne_rt ODB gF up-nl-I 
KV Kayook DE_B sEv' 

‘ 
D(pP) 

. 9 
L Lakit DEB sFv D(l:P) 

. grr 
Ll Li_nteAn l)Vll_FP IL‘ alF-_eS 
LN Lancaster "Bi-GL IL‘ 'alF-eS(D) 
Li Lauley B,rGL 1L uc-nil 
li liayooln DEB ll.‘ D(pP), 
MC Marconi OHFP ll‘ alF—e_S 

. 
HD liiFmalade OEB Ill‘ D 
HF Mansfield ODB sli 
ilil lioyie BrGL all alF-‘eS D) 
Iii Mount Hike BrGL Iii‘ alF-eS D) 
Hli liinton 0_HFP sli all’-eS 
lis lia l pa_ss B_rGl. Ill 9 
iix nc_Kay PGL . ill‘ HF-:5 
NU Haiyuk DDB ‘ sli -alF-leS(D) 
0 - -0l_dt'oivn OEB SF D(pP) 
OD Ddlum Tyli 

" 

0 alF’-'eS
‘ 

DL 
. 

Olivia Ty_li 0 v D(pP) 
Oil O'Neill Tyli 0 alF-eS(D_) 
OS Olson Tyli , 0 D 

or 
_ 

PTumb'ob - mm 01- D(_pP). . 

RA Radium SHFP rcv‘ at-alF-eS(K) 
Ra . nocpalurr. are rCv'> D(PP) 
‘RD Rabbit BrGL, rCv' 
RL ' Rossland 5}iFP rcv . at-alF-es(K) 
ll? ~ R°','!“ A Prairie ODB - rCv D 
Ill’ 

' Ruault DHFP ' rCv' alF-eS 
ax llosen B.rGL rCv' ,alF’-eS(|>) 
RV‘ Rya,n_ 

V 
008 rCv ll 

S Salishgan “Cull ' SF!‘ 11%»? 
SA sina ' ODBC gF' D p? . 

SH Svehau OHFP sli alf-es 
SL Sentinel DMFP sll al_F-eS(D) 
SI Spillima-

_ 

chgeen DEB Iii‘ alF-eS(D) 
SN Sandon OHFP [M alF-eS 
SS Sliellds LuHFP H4 alF-eS(D) 
SV Skelly BrGL H1 _wC-"vii 
uv llycliffe oza rm Dip!) 
VK V_a_h_k_ Oil rt_a' at-alF-eS(D) 
YR lmir on rCa at-wH(uC) 

sons Nornenclaiufof 
ODBC orthic dark brown chernozem 
OVEB Orthic eutric b'Fu'ni's’ol 
ODB Orthic dystric brunisol 
DDB Degraded'dystric brunlsol 
OHFP Ortflhic humo-ferric podzol 
SNFP S_oaibric h_um‘oV-ferric podzol LuHFP Luvisolic _humo-ferric povdzol DGL Orthic gray luv'isol 
BrGL lrunisolic gray luvisol 
PGL Ppdzolic gray luvisol CUR Cumulgic Vregosol 

, _ _ Glcull Gleyed cum lic regosol 
OR orthic re osol 
7!" Typic hum sol 

TlK.t7IH.‘e<—‘—--sFl' 
, _ , Surface Expression 

.1 
- 91;! v.- ven'eer 

s - up y . 

' 

<1 . 

, ,. ,......, - ‘"2, "°"’ 
r - rubbly I - moraine (till) (<50 51°”) 

C - colluvial r - fan 
F - fluvial | . app-‘on 
E — aeolian 
L - lacustrine 
0 - organic 
' - calcareous genetic 

materials 

Vegetotionzonation 
n(pP) Ponderosa pine suozone or the 

_D_ougl‘as fir ‘zone 
B Douglas fir zone 
alF-eS(D) Doiiglis fir subzone of t_he subalpine fir- 

‘ Engelmann spruce zone 
alF-es Subalpine fir-Engelmann spruce zone 
alF—eS(K) Krummhrolz subzone of ‘the suiaalpine f_ir- 

E_nge_lma_nn spruce zone 
-at Alpine tundra 
ac-vii liestern red cedar - western hemlock zone 

Ninmbevino System for Biophysical Soil .;:Ass.o.c.iations 
i.e. the XX ‘association 

XX} aoaal (typical) soil 
XX2 modal soil major - drier soil minor 
xx: modal soil major - wetter soil minor 
XX‘ modal soil major — different soil 

development minor 
XX5 modal soil major - lithic soil minor 
XX6 litlilc soil major - modal soil minor 
XX, modal s_oil_ major - regosol (talus) 

soil minor 
xxa modal s_o_il major - avalanche chute 

soil minor 
XXL” used for units with modal and other 

minor types of soil 

Td§6§_'ri§hiE Clashes 
Simple Topography Complex Topography Slope 

Single Slopes Complex Slopes 
(regular surface) (irregular surface) 

A depressional to level a nearly level 0-0.5 
B very gently sloping h gentle undulating 0.5-2 
C gently sloping c undulating 2-5 
0 moderately sloping d gently rolling 5-9 
E , '.t:ro’ng‘ly sloping e moderately rolling 9—l5 
F steeply sloping 1' strongly rolling l5-3'0 

6 very steeply sloping g hilly 30-60 
ii extremely stee'p'ly h v’e"r-‘y hilly >60 

sloping 

seepage Modifiers 
H 

v a minor part oi’ ‘the soil unit’-is transmitting
- 

telluric seepage water (ie. mid to lower 
slopes with some moister areas). 

at a ma_jo_r part of the soil unit is transmitting ‘and receiving telluric seepage Hater (ie-.- lou- 
er slopes with most» areas moister than the 
modal soil). 

in a major part of the unit is receiving and collecting talluric se'epa' e water and snois 
some evidence of laying ie. a gleyed podzol 
at the toe" of a s ope). 

y a minor pj_rt(s_) of the unit is collecting stagnant water and has gleysolic soils 
the vet depressions on a glacial-rluvial

n .
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Figure 1]: ’Parameters inherent in the defini- from a recreation capability and recreation 
tion of the Biophysical Map Unit features map and illustrates those biophysical 

characteristics considered. 

I I I I -J Engineering-related interpretations of bio- 
I 

‘ physical data are mainly related to the surfi- HNMRIMLMQ cial geology and soils data bases and climate 

\D\ 
information. Comonly, those interpretations 
are expressed as degrees of limitation or suit- 
ability for a particular engineering use. Data 
that are used for these interpretations are a 
combination of laboratory analyses and estimated 
properties. An example of the estimated prop- 
erties considered is presented in Table 1 
(Cotic, van Barneveld and Sprout, 1974). In- 

fiifiig terpretations made using this and other data 
ficwéfimx for the same soil report area are shown in 
Agriculture _ 

'g,,d,°1°g, Table 2 . 

Engineering
_ 

By providing tables such as these in the land 
resource report; a person using the information 
can readily apply the interpretations directly 

The recreation capability system (Block, 1975) to the soil map. In this way, the number of 
has been revised from the original CLI method. maps can be kept-to a minimum and the engineering 
Specifically, this system provides for phys- information can be directly used in planning and 
ically separating (2 maps) the assessment of management. ~ 

the inherent limitations of the land and water
' 

for outdoor recreation and the classification Silviculture (Timber Management) 
of the land and water for outdoor recreation

‘ 

values (recreation features and attractions). Silvicultural interpretations are commonly of 
The CLI System did not have this ability. As two types. One set that addresses those fea- 
a result, this new system allows for consider- tures which directly affect timber management 
able flexibility in application and scale. and another set which indicates the effect on 
Figure 14 contains a portion of the legend soils and other resources of timber harvesting~ 

Wmhkdl f"‘flw~"$fi~“""“T‘°J‘T°| 
lo'i_n_n Suih ‘ '

5 ~ ~~~
~ 

MGL BIGL OGL

' 

IIGL 

51355."

" 

IIGL 

.........6.l.‘.'.<._;.l:............ 

~~~~ ~ 

---ngu————-—.-o-.-- 

-.-no-.— 

---——u-———-—--nq 

-nu. 

-.........n..-o-nu-.9-..... 

Figure 12: Typical cross-sectional diagram used in land resource reports to describe soil asso- 
ciation members and vegetation (Cotic et al. 1974)



Figure 15: One type of legend presently in use fbr unguiaie capability mapping. (Luckhurst, 1975) 

Biophysical capabilities fbr wildlifc - elk — 

OESCRIPTIVE LEGEID 
On this reconnaissance mgp. tho land is divided into units on a biophysical basis vnich ta in account geology. landform. relief. soils and vegetation. 
bipphysical framework is the same as that used for capability invEntor'és-of 
forestry. agriculture. native forage and recreation in the map area. Case 
dag, maps of soils, landforms. vegetation aid cliiate ai iell bibpnysical 

‘ estry. recreotion and agriculture are available from the 
E.L.U.C. Secretiriat. Victoria. 

~ ~ ~

~ 
CAPABILITY CLASSIFICATIONS 

Capability ratings are established on the ability of the land to meet the total 
needs of the wildlife species over the long term. In terms of food and cover ne 5. the ratings are based on the optlmbm etatlonal stage (iucciiclbnal 

e) that can be maintained assuming gopd nagement practicgs_that do not 
degrade the environment or land base. The ication of agement prescriptions 
are limited to the following non- ntensive practices- 

~ ~ 
~ ~ ~ 

l) Prescribed burning or grating. 
21 Orescribeo l999ing ér occasional slashing. 
Jl Protection from fire or any land-use praptlca that wguld reduce 

the productivity of the land for the wildlife species. 
yhgn assigning capability ratings. map units are evaluated on the basis of their 
position in the ecosystem as a whole and not in isolation. 
Capability ratings reflect only biological and physical parameters of the _ enyironmept and do not take into account human elements such as sociil or economic DITIIECEFS . 

capability ratings assigned do not reflect proscnt land uso. ownership, lack 
of access. distanca from cities. or amount of hunting pressure. 
Carrying cepgcity esti tea based on the nuqber of a i als nhich can b supported 
annually on a sustained basis are assigned to each capability class as a measure 
of productivity. ' 

cuss l uuns Ill nus cuss luv’: Tlii LEAST Lmunou to his vnooucfion or cu. 

~ ~

~ They can provjde a wide variety and apundancc of foodgfl FEE And other necessary habitat elements. These very high ca bility lands can support an est ted 26 
to 51 elk per square mile annually. 

~ ~ 
lhen required. this class may be subdivided on the basis of productivity into 
clasg is (25 go 34 elk per square mile por year), class lb (34 to A3 elk per sduare 
mile pgr year) or files} lc (43 to 51 elk per square mile per year) etc. using on ’ 

locrement equivalent to 251 of the upper figure for Class la. 

CLASS 2 LAIDS IA TNIS CLASS HAVE SLIGHl LIIITATIOIS TO THE PRODUCTION OF {Ll 
Capability on these lands is high. but less than Class I. These lands can support an estimated 17 to 26 elk per square mile annually. 
CLASS 3 LANDS IN TNIS CLASS HAVE l0OERATE‘LIHITATIONS TO THE PRODUCTION OF ELK 
Cppabjljty on these lands is moderate to moderately high and they can support an 
estimated 9 to 17 elk per square mile annually. 
cuss 4 uhos Ill ms cuss nu: nootnartiv scvtjnz LINITATIOJIS To in’: 

’ rnooucnon or cu. 
Capability on these lands.is moderate to moderately low and they cin support an 
estimated 2 to 9 elk per square mile annuglly. 
cuss 5 uvos lll THIS cuss HAVE sjcvéagt uiulanons To me vnoouciion or ELK. 

Capability on these lands is very loa and it is estimated they can support less 
thin Z elk per square mile_annually. 
cuss 5 unns,.ln nus cuss HAVE unmnons so sun: mrr rum IS no paopucnou or EL_K. 

L.c.: low capability - this designation applies to extensive areas which are 
low or lacking_in habitat potential for a species and ire therefore excluded from classification. It is also applied to lands on which man's activities have more or less ently obscured or eliminated the habitit potential for 
a species. 

~~ 
SUBCLASSES 

The most significant environmentil fictors limiting the production of the species 
and thus determining the capability class. are ind _ted on the map by supglasaes. 
in most cases. the limitations do not iffect the a als themselves. but rather 
the ability of the land to meet ghe geeds of the species in terms of foodJ,cpver. and other requirements. for convenience. the subclasses are placed in three 
main categories: those relating to climat . those relating to—the inherent 
ch acheristlcs of the land ind those reliti g to the vegetative cover which. 
although reflecting cna teristics of the land and/or climate. are not adequately 
covered or explained by uniting subclasses in these categories. 

LIMITATIONS OF CLIIATE

~~ 
~~~ ~

~ 

SUBCLASS A: aridity - Drought or aridity that adversely affects the habitaL 
SUBCLASS C: climate - A combination of climatic factors acting to reduce fay- 
ourable habitat and the production and survival of the ungulate species. 
SUBCLASS 0; snow depth 

’ 

gxcessive snow depth that reduces the mobility of the 
ingulete species or the availability of food plants. 

SUBCLASS U: exposure - Exposure to extreme climatic factor} such is extreme or 
drying winds that adversely cffect the species or its habitat 

activities; Examples of these two groups, il- 
lustrating the use of biophysical information 
in timber management, include: 

l. ‘Interpretations which directly affect 
timber management: 

l_.lIlll‘AlIOllS or THE L_Ailll 

SqBClA§S E: erodabiiity - haintengnce of optimum vegetaiion fbr_food and cover restricted at assumed ma agement level due to susceptability to soil erosion ranging from sheet erosion through minor gullying.
~ 

SUpCLA$$ F: fertility - Lack of ayailable nutrients in the soil for optimum 
plant growth. ' 

SUBCLASS G: landform - Poor distribution of interspersion of landforms nec- 
essary for optimum habitat.

~ SUQCLASS I: inundation - Excessive 5 er level fluctuation or tidal action 
that adversely affects the hpbitat or survival of the species. 
SUOCLASS I: soil moisture - Poor soil moisture. either excessive of deficient 
SUICLASS H: soil chemistry - Excessive salinity. lack of essential trace elements 
or abundance of toxic elements in the soil. 

sU§CgASS A: soil depth - Iestriction of the rooting zone by oedrock or other 
impervious layery 
SUBCLASS S: soil sensitivity - Haintenapce of optimum vegetation restricted 
at_assumed management level due to susceptibility to loss of soil nutrients 
through leaching. 

SUBClASS T: adverse tppography - Either steepness or flatness of the land. 

SyICLASS I: ma}; aasting - Extensiye erosion processes. active or potential. 
as in talus slope or slope failure situations 

LIIITATIOIS OF VEGETATIOI 
SUICLASS D: dense regeneration - maintenance of optimum vegetation for food 
and cover restricted pt assumed management level by susceptibility to dense 
regeneration of vegetation. 
SUIQLASS V: rapid seral succession - Maintenance of optimon vegetation for 
food and cover restricted at assumed management level by rapid seral succession. 
Ialntinance of a more fivourablc condition is either beyond assumed management 
levels or would result in impairment of the land base over time at assumed 
management levelsI 

SPECIAL CLASS INDICATORS 
Yhe following are used to dénate known habitat clcments considered critical to 
the distribution or abundance of the species. 

Seasonal concentration areas are shown by the following symbols: 

!: areas of winter concentrations 
Sp: areas of spring concentration 
5: areas summer concentration 
F: areas of fall concentration 
L: dcnotcs mineral licks used by the species

0 « 

,uuanuua~ ~~ ~~~ denotes an important movement corridor for the species. 
.......,_...a / CONVENTIONS 

Large arabic numerals denote capability class. 
Small loner case letters placed after capability class l denote a subdivision of 
that class. 

Large upper case letters placed after the capability class indicate the special 
class iodicator. _ 

Small arabic nume als placed after class numeral. class subdivision letter or 
special class symbol indicate the approximate proportion [in tenths) of the 
complex that'is represented by that cliss. The dominant class appears first 
in the symbol. 
sdall upper case letters placed after class numeral. class subdivision letter 
or special class indicator d€notes the subclass. 

for a pore detgiled description of the classification system the reader should 
refer to the manual of Biophysical Capability Classification for lildlife 
(ungulxgesl in_aritish Columbia. This manual presently at print will be available 
from the Iesource Analysis unit. E;L.U.C. Secretariat. Vittoria. B.C 

. EXAIPLES 
An area of class_5 land with snow depth. dense régeneritvon and lxndform limit- 
ations is shown thus:

G 

A class la fall concentration area with limitations due to snow depth is shown 
thus: 

' G Io_F 

An area of which 701 is class 5 with limitations due to eiposed bedrock aid snow 
depth and cos is class 3 wintering area with limitations due to snow depths and 
daposure to extreme minds is Rhona thus 

SE-3w§ . 

a) windthrow hazard 
b) susceptibility to brush revegetation 
C) susceptibility to alder révegetation 
d) potential for natural regeneration 
e) limits of regeneration 
f) recommended trée planting species



~ 

Figure 14a: 

Recreation features are considered to be aspects of land and water units 
providing opportunity for recreation. In an inventory program, they 
represent the major natural and cultural features of the land for 
recreation, and indicate the types of recreation activities which might 
occur on a unit. 

Symbolization 

Each recreation features unit may have up to five seperate types of symbols:- 

Fea ture (Eea_ch_) — 
Feature Modifier 

(Deep water Swim- 
min )8 

Sub-Feature (Cobble 
Beach) 

(l) Feature Sy a capitalized letter indicating 
the general r 

_ 
feature identified analogous with 

CLl recreation feature category. 
~~ 

(Z) §5a§urg_@g§ifi5d ggpt gall - a lower case letter 
may accompany‘the‘fea y bol to give a more specific 
definition of the recreation feature.

~ ~~ 
(3) Sub4F§atgrg_§at5ggry - a numeral immediately following 
the feature symbol'or feature modifier to provide more 
detailed information on the recreation feature. 

(4) F5atgrg_§ignifl§ance - each unit will be given one of 
five symbols indicating'feature significance. 

~~~~ 
- a feature or set of 

features , , ay _, _ 
ompanied by a numerical- 

annotation indicating that add ional information concerning 
the recreation feature(s) is on file. Annotations uill be 
recorded on the basis of l:250.000 NTS map sheets. 

(5) Egat ~ ~~ ~~~ 

Examples: 

§in§lg_[g§tgr5 EZQD - a unit of unique vegetation of 
very high significance 

E2l£12ls-E£e£2ts 
Viewing 

- r———— Development Site Potential 
5°’2V'‘ (” A unit with a cobble 

beach fronting water 
uith opportunities for 
deep uater swimming 
accompanied by significant 
vleuing opportunities and 
capability for organized 
camping. 

Feature Significance 
(High) 

Feature Significance 

Five classes or categories of feature significance are defined, 
Quality is the primary basis for assessing feature significance, 
This is related primarily to a featute's "attractivity" or 
ability to hold people's interest. 
ranked on the basis of that kind of feature only. 

Any one feature should be 
For example, 

the "best" uildlife features should rank as high in feature significance 
as the best "beaches". 

(5) Ys!x_§i5E_Esetu:s_§és9£££se9ss
~ Units in this cla V have a very high ability to 

attract recreational use. Featurbs in this 
category would be of national significance.

~ 

i‘) !ish_Esese:s_§£a23£122252 
Units in thls class have a high ability to attract 
recreational use. Features in this category would 
be of provincial significance. 

(+l !2§s:ess_Eea=urs-§l5n1£ése9ss 
Units in this cla. have a moderate ability to 
attract reacreation use. Features in this category 
would be of regional significance.

~ 

2. Those features which directly affect 
soils and other natural resources induced by 
timber harvesting: 

a) type of damage expected during and sub- 
sequent to timber_harvesting operations 

b) recommended slash disposal methods 
c) considerations for management practices. 

~ ~ 

1.9 - 

Outdoor recreation features inventory 

(-) Low Feature Signlfisgncg 
Units in this class have a low obllitv to attract 
rnrreatinnal use. Features in this category have 
a natural attrnctivitv that is common throughout 
the map area. 

(=l !s:z-Ee!-Ese=u 
Units in this class have a very low ability to attract 
recreational use. There are no features in this category 
which stand out. They may, however, be some attraction 
for specialized recreational activities or they may 
merely provide open space. 

Aquatic A1 Angling 
biotic A2 Aquatic habitat 
features A3 Fish run observation 

A4 Aquatic foods 
E1 Zonal vegetation 

Bl0TlC Vegetation E2 Unique vegetation 
FEATURES ,, , E3 Edible plants 

Ul Upland birds 
H2 water birds 

Wildlife N3 . Small mammals 
HA large mammals 

. us. , ..unxque.ux1all£e._’., , , 
* ‘hydrologic ’ ‘ D Hydrologic feature 

’ “ Fl Site-speclfic waterfall V. 
Waterfalls F2 waterfall landscape 

_ 
_Fv Haterfall viewing . 

?HK51C&L Glacier 6 Cl Glacier interpretation 
GEOGRAFHIC Snowfield G2 . Snoufield . . _ , 

FEATURES Tl Qarm springs 
- . T2 Cold 3 rings Springs Tz peveloged hqtsprings 

Tr Spring mineral deposit 
Landforms L Landform feature , 

R1 .Rock formation 
Rock l-‘orrliation :3 

”°P°"" 
M Rocli climbing 

La“dsCHpP H Small surface waters 
Fgaturps Q Topographic patterns 

01 Hiking 
V Viewing 
Bl _ Sand beach 
B2 Cobble beach 

P°PU1AR 33 Rock beach 
HAlER# 

_ 
Beaches B4 Fine-textured beach 

ORIENTAIED bf Family bathing 
FEATURES Bd Qeep water swimming 

fin ' Non-swimming 
Cl Canoein - o en boats c‘“‘°°“'*" c'2 Specialfist bzauag 
U Harbour/moora e otential “arb°*ur/moon-‘ge Uz Harbour/moora:'o Eacility 
Y1 Family boating 

5°flllnR Y2 Deep water boating 
Y3 Sailing 
Sl Cross-country winter sports 

WINTER SPORTS FEATURES 52 Ice surface features 
S3 Downhill skiiEg_ 
Hal Archaeologic site 

Native/Indian gag Eictograph/petroglyph 
a e en sites 

hbl ,.nI§?3?lc sites 
European 

_ 
dbl monuments 
Nb} Historic routes 
P ’Vacant urban land 

Cultural Pl Cultural site 
2 Pastoral landscape 

Man-made, W’, ,. ' ‘Han=made‘feature 
DEVELOPMENT. sna. POTENTIAL Potential‘ camngng, .;.=_ 

mscELu\NEovs FEATURES '5'~"1".““"°.°“’ ‘.°.““"“ 
Built-up (urban) areas 

Environmentalmlmpact Analysis 

The use of natural resource data such as those 
provided by the biophysical system in assessing 
environmental impacts is well documented by 
many studies across Canada. One example of 
direct use of this data base in British Columbia 
is the Guidelines for coal Development (ELUC 
Secretariat, l976d). Implicit in these guide- 
lines during the initial assessment of possible



Figure 14b: Inventory of the physical 

Physical carrying capacity may be defined as the inherent ability
_ of the landscape to sustain recreational use. Various environme_n_ta‘l 

factors’ set limits beyond which no major increases inrecreational use can occur. If an increase i_p the use does occur beyond these 
limits. e‘xce'ssive damages to the physical environment may result. 

I_‘he_designation of carrying capacity faith is based mainly spoils,’ landform and vegetation intonation. Climate, wildlife and hydrologic data have been used available. 

These carry_i_ng capacity maps apply mainly to spring, euiminr and fall recreational use. The full amount of information iecessary :t_o__.‘ _" 

a winter recreation carrying capacity inventory was not available. 

cAsnr1u<:.cAr‘Acmr cu'ss1’nc‘Afio‘s 

The carrying capacity classes‘ represent the re__l_at_ive quantity of recreational use that can be sustained per‘ unit area of land per year. 
No attempt at_ present has been made to relate actual numbers of users 
to the yindivlidual classes. This is due to a current lack of useful 
research information on this subject. ’ " 

Class 1 carrying cap_ac_it_y i_ndicat_es that a high amount or intensive 
type of recreational use can be sustained. The other three classes‘ 
with their increasing number and/or severity of limitations r'eflect 
a decreasing ability to sustain intensive use. 

lower carrying capacity cla_ss_e_s will permit extensive use activities 
within certain landscapes. 

Carrying capacity classes are based only on biological phys_ical_ 
- parameters of the en'vii-'on"'m_ent', and do not reflect social or economic 
features. They do not reflect present land use ownership, lack of 
"access, or distance from cities. (Note: present land use is reflected 
in the man—made limitation as described iii the ca‘rry'in'g capacity legend). 
No management inputs have been as'sg':me_d in the d_es_ignation of these 
classes. The lir'ni»tst_io_n_s egxpressed may be interpreted to reflect the 

.p‘roblema that may be expected in the event of recreational use facility 
development. 

CLASS 1 VERY HIGH 

These units have a high physical carrying capacity" for recreatim, and are capable of supporting a wide Variety of a‘ctiyi'ti_e_s. They have alight'to no limitations, and will suffer little or no damage under "normal" recreational us_e. 

S_ome of the activities which may occur include organized camping and 
cottaging.. The soils of these "units are moderate to coarse _te_x‘ture‘_d, 
very stable. and moderat_ely well to well drained. They have relatively 
flat topography.

. 

‘ cuss’ 2 man 
These units have a moderate carrying capacity for recreational use and 
'a_r_e capable of supporting a ‘fairly wide variety of activities. However, 
due to minor limitations, they will require a higher ainount of manage- 
ment_ input than the very high (Class 1) carrying capacity areas for

_ similar intensity of use. Some of the limitations which may occgr within this class include g'en'tle slopes. stoniness, and fine textured soils. 

-CIASS .3 . MODERATE 

These units have a moderate carrying capacity for rec"r_ea'tion_a_l use, he a result, they are not suited to intensive rec_rea_ti_o_nal activities 
(e.g; organized camping, cgttgging). They are _cs_psble of supporting 
most" extensive recreational activities (e.g. hiking, bird watching, 
wilderness camping). Some of the limitations which may occur within this 
class are severe stoniness, shallow soil and moderate slopes. 

CLASS£ WW 
These units have a low carrying capacity for recreational use. may s"r'e 

not capable of supporting intensive use and e§_t_e__nsi_ve use should be 
very limited, some of these ilimitasions which may occur within this 
class include steep slopes (26 - 35 ), sensitive vegetation, and actively 
eroding soils. 

impacts, is a documentation of the major bioa 
physical changes created by the development. 
Once past this stage, more detailed biophysical 
‘information is required from a management, 
mitigation, and monitoring point of view. 
Other examples include the use of the biophys- 
ical data base for assessing forest'harvest1ng 
related impacts. One such type is what is 

20 

carrying capacity for outdoor recreation 

cuss 5 ' 

viii Low 

These units have a ‘very low carrying capacity. They have very severe 
limitations in supporting any amount of recreational use. These units 
are best avoided where possible. Some of the limitations which may 
occur within this class include very ‘steep slopes ( > 35°). actively failing slopes, and very sensitive vegetat_ion_. 

Lmn-nous - ;u_vsxca_L__cArxmnc c.«m:1'n rgx._ugcLra_1;o,ug 
LIMITATIONS TYPE 

, Soil séux erosion (Iheel. ma, creep} 
Compaction 

Septic tank nu ations (this is aad_xnan._x_ anrdrunpn and 1- 
used in hlghrr pability area in which intensive facility 
development may be expected)

~ 
Organic Sails 

Soil texture: atoniness 
i_nr mgruns ~ ~ 

sraum soils (impervious horixons. often associated with minor 
bedrock outcrops) 

Unspecified soils factor/iacton 

Soil drajnaga: poor drainage 
: poor drainage (receiving position) 
: excess drainage 

Landfnrl mass-wasting: avalanching~ 
erosion 

y-ngx-‘c'u1 erosion (nivstion, Ioliifluction, ccngsllturbalioll) 

.5L4L°9‘ .__ 
Topographic 

‘ 
strep slur? (:1_m) - (river bank) 

steep slope 

variable topography (undulating, h5'g’nIg_<:[(y‘,Hl'o17I_i’r|g) 

Vegetation density (undergrowth density,’ canopy density) 

nuiaanre/hazard ipiciu
< W-,1.m,-P,U!.Kv (-3“,-.1.":4.K.<v> .4 

Climate aridity 
permanent 1:. or snowlleld 
other ([0317 l)3po_II_:tel n 

z;_n_ 

Iiydrcloglc physical limitations: steep u'r.non'
' 

. cutbank .*n..‘{.'.. 

: inadequate nu: depth 
: high nun-gr w_ater - no foreshore 
: flooding 

x 

z===:= 

tr 

--=-wane 

biological nuilance (aquatic weeds, leeches) 

p_snuuan (xnauszxg; .1} u'e_ig':,_ xuginu debris) 
~~ conflict (uaterh-all nesting area 

hazard (grilrly area 
°_/vr,-5 3-I-1-1 

rauul migration route) 
-2 -<-4-< 
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termed Environmental Protection Areas. This is 
an attempt to outline broad areas where there 
are potential environmental impacts relating to 
recreation, wildlife, fisheries, soils and man- 
agement. Another is the Folio System which is 
a program administered by the B.C. Forest 
Service, requiring the forest company to provide 
a documentation of the possible environmental
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Table 1: Estimated soil properties-significant to engineering (afier Cotic et a1;, 1974)
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biophysica_l i_n_formation in making natural re- ical system is not a finite entity but_pro_v-ides 
source management assessments. the means by which its application can change 

. not only in time but also geographically de- 
CONCLUSION pending on the important att_ributes of the land- 

scape considered. 
Although there is still much to learn in terms 
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oping methods such as Climate Suitability for 
Recreation, Climate and Terrain Suitability 
for Urban Development, Climate and Terrain 
Suitability for Logging, etc. These approaches, 
when developed with the users involved, such ' 

as logging companies, consulting firms, etc., 
will be a valuable tool in resource planning. 
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APPENDICES: Examples of the areas inventoried for various data themes and interpretations 

BRITISH COLUMBIA 

Soils and Surficial 
Geology 

acale 1 50,000
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BRWISH COLUMBIA 
Soil capability 
for Agriculture 

scales variabl 

l:126,720 to 
1:50,000 

BRITISH COLUMBIA 

Land capability 
for Forestry 

scales variab 

l:126,720 to 
1:50,000
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BRITISH COLUMBIA 

Land Cafiability 
for'Recreation, 

\Ungu1ates and 
aterfowl (CLIF 

variable 
. sca es 

1:50,000rH1:250,000 
Recreation Feature 
anhcarryinz Capac 
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scale 
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BRITISH COLUMBIA ' 

Climate Capability 
for Agriculture 

Scales 
l:126,720 and 

1:125,000
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BRITISH COLUMBIA 

Forest Zonation 

BRITISH COLUMBIA 

Aquatics Biophysic 

scale 
1:50,000
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A “SUMMARY oE BIOPHYSICAL n§1vEN'roTRIEs,I PROPOSAl,S/ AND
A 

RESEA_RCH NEEDS FOR SASKATCHEWAN 
G. Roberts 
Planning and Research Secretariat 
Department of Northern Saskatchewan 
La Ronge, Saskatchewan 

INTRODUCHON 
There have been no major integrated bio- 
physical or resource inventory programs in 
Saskatchewan since the completion of the 
Canada Land Inventory and Pilot Land Use 
Study. Resource inventories have been 
completed in specific areas for environental 
impact assessments (eg. Churchill River Study, 
Cluff Lake uranium development, Elizabeth 
Falls hydro—e1ectric development etc.) and 
work is underway on an inventory of wildlife 
habitat in the southern portion of the pro- 
Vince. 

This paper briefly describes the wildlife 
habitat inventory program, outlines a proposal 
of the Department of Northern Saskatchewan 
(DNS) for biophysical work, and identifies 
some general concerns and research topics 
regarding biophysical inventories. 

SASKATCHEWAN WILDLIFE HABITAT INVENTORY 
A four—phase mapping program of wildlife 
habitat in the southern portion of the 
province is being undertaken by the Wildlife 
Research Unit of the Department of Tourism 
and Renewable Resources. The work was- 
initiated in 1975, under the supervision of 
Syd Barber. 

The inventory methodology involves the pre- 
paration of four overlay maps inventoried and 
produced on the standard l:250,000 National 
Topographic Series Maps. The program has a 
three year life expectancy at an annual cost 
of $50,000. It is estimated that six map 
sheets will be completed each year. 

One of the key maps of the overlay series is 
biophysical in nature. A classification 
system of twelve land types has been devised 
on the basis of soil classifications. These 
land types are used to determine potential 
habitat types. 

A second overlay map identifies the percentage 
of land in native grasses and a third iden- 
tifies land tenure. 

These maps together provide the basis for the 
fourth overlay which, through interpretation 
of the preceeding maps, identifies critical 
wildlife habitat. 

This map series is of a single purpose design 
that appears, with proper interpretation, to 
meet the objective of identifying habitat 
critical to the protection of specific cate- 
gories of wildlife. 

In the portion of the province dominated by 
agricultural activities it may be a powerful 
tool in the development of resource allocation 
policies and management strategies for the 
protection of wildlife. Nevertheless, the 
inventory lacks the scope of an integrated 
biophysical survey; it cannot be interpreted 
by a wide variety of disciplines and used as 
a basis for integrated resource planning. 

BIOPHYSICAL INVENTORIES AND THE 
DEPARTMENTOFNORTHERNSASKATCHEWAN 

The Department of Northern Saskatchewan is the 
single agency responsible for the delivery of 
a majority of programs in the northern portion 
of the province. The provision of basic 
services - from health care and education to 
economic and resource development - falls with- 
in its mandate. ,Given the need for delivery 
of basic services in the north, land use 
planning and biophysical inventories have not 
been seen as high priorities in the initial 
years of the Department. Nevertheless, the 
importance of general resource planning is now 
recognized and a proposal for a lands section 
within the Department has been made. It is 
hoped that this work may be initiated in the 
near future. 

Within the lands section there will be a small 
biophysical inventory group. The coordinator 
of the biophysical inventory will work closely 
with the planners and resource managers in the 
lands section and other agencies during the 
design of the inventory system to ensure its 
usefulness and interpretability for a number 

w .2 ' - - , oc st Meeting Can. Cormt. on Ecological (Bro-physical) Land Class. May 25-23, 1976, Petmuaua, Ont.



28 

of disciplines. 

The data collection process will remain inde- 
pendent of the planning process_(and the 
planner's bias of interpretation); neverthe- 
less, the system itself will be open to modi- 
fication on the basis of the usefulness of 
the information to planners and resource 
managers. It is.in the development of this 
system that the DNS hopes that the Canada 
Committee on Ecological (Bio-physical) Land 
Classification (CCELC) will be of some assis- 
tance. 

RESEARCH REQUVIIREMENVTS 
Several qnestions that require research are 
identified below. The first group, related 
to the economics of biophysical inventories, 
are questions we often hear and expect from 
Treasury Board and their analysts. The second 
group are related more generally to the concept 
of development in the mid-north and the role 
of biophysical inventories and resource 
planning within the development process. 

1. What are the costs and benefits associated 
with biophysical inventories? 

If the province of Saskatchewan is to under- 
take a biophysical inventory, what can we 
except it to cost and more importantly what 
benefits can we expect? Will the process of 
decision making be less costly than at 
present? 

A research strategy to answer these questions 
should include the following components: 

(a) Identify the process of resource plan- 
ning and environmental impact assessment and 
document the associated costs if biophysical 
information is not available. This informa- 
tion should be compiled for each of the 
following development categories: 

- transportation, 
- mineral exploration and development, 
— recreation and tourism, 
- fisheries, 
— forestry, 
- wildlife management, 
- comunity planning, and 
- power developments and transmission 

corridors. 

(b) Identify the change in process of re- 
source planning and environmental impact 
assessment if biophysical information is avail- 
able and document the cost savings/increases 
associated with having this information 
available. 

(c) Is it possible to measure the quality of 
decisions and identify how the quality is 
affected by having biophysical information 
available? 

(d) If the benefits outweigh the costs, 
what training programs are required to enable 
the various disciplines, (e.g. transportation 
engineers, wildlife managers, etc.) to make 
effective use of the biophysical information? 

2. An assumption that appears to be a part of 
the rationale for a biophysical inventory is 
that better resource information will lead to 
better resource allocation and management 
decisions. Further, it is assumed that 
resource allocation and management problems 
are ultimately technical (i.e. soluble within 
a scientific framework). 

In Northern Saskatchewan there is a concern 
that biophysical resource inventories and 
integrated resource planning, while they appear 
to be part of a rational process to better 
manage our environment, tend to reduce problems 
of values and perceptions to an oversimplified 
technical level. 

An example of this process in operation was 
identified in Bodley (1975). In the Chittagong 
Hills, Bangladesh, an eleven-man research 
team prepared a master plan for the integrated 
development of the area. While this process 
(described by Webb, 1966) used sophisticated 
inventory and planning techniques that appear 
valid to us, the process ignored the conflict 
between the traditional economic system of the 
tribal groups of the area and the national 
economic system. This example brings to 
question the nature of the relations between 
values, technical information, and decision 
making. Furthermore, the question of whose 
objectives are being served (i.e. local, 
regional, provincial, etc.) by the process of 
information collection and planning is raised. 

The Canadian Council'on Rural Development 
(CCRD) recently prepared a paper on develop- 
ment in the mid-north (CCRD, 1976) that iden- 
tifies a locally based development strategy. 
This concept can be used as a framework for 
the evaluation of the relations of biophysical 
inventories, values, and decision making in 
the developmental context of the mid-north. 
The objective of this work should be to 
identify a role for biophysical inventories 
and resource planning in the development 
process and identify a process for undertaking 
a biophysical program that is consistent with 
locally based development. 

It is suggested that the Lands Directorate of
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Environment Canada, under the CCELC,_ungertake 
a research program to fill the informational 
voids identified under 1. above, 

In the second area of concern, the CCELC 
should collaborate with the Lands Directorate, 
the Department of Regional Economic Expansion 
(DREE) and the Canadian Council on Rural 
Development to undertake the required 
research. '

» 

SUMMARY 
1. No major integrated biophysical or 
resource inventory programs have been under- 
taken in Saskatchewan since the Canada Land 
Inventory or Pilot Land Use Study. 

2. A wildlife habitat inventory program that 
has a biophysical component is Being completed 
for the southern portion of the province by 
the Wildlife Research Unit of the Department 
of Tourism and Renewable Resources. 

3. The Department of Northern Saskatchewan is 
intending to establish a lands section that 
would have a biophysical inventory unit. 

4. It is suggested that: 

(a)‘ The Lands Directorate of Environment 
Canada, under the advice of the CCELC, under- 
take research on the costs and benefits of 
biophysical inventories. 

(b) The Lands Directorate, DREE, and the 
Canadian Council on Rural Development jointly 
sponsor or undertake research to identify a 
role for biophysical inventories and resource 
planning in the development process and identify 
the mechanisms required for a biophysical 
program consistent with locally based develop- 
ment. . 
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A, E. Borys 
Manitoba Department of Renewable Resources 
and Transportation Services 
Winnipeg, Manitoba 

ABSTRACT 
Manitoba initiated a biophysical program fbr 
the mid—north portion of the province in 1974. 
To—date, fieldwork for six and one—half 
1:250,000 map sheets has been completed, and 
two and oneehalf map sheets are planned fbr 
1976. The program operates on an annual 
budget of $140,000 with a-staff of six plus 
office technical support. The program is 
planned to continue at this rate until all 
of Manitoba where communities exist is mapped. 

The geography of Manitoba is such that the 
major landebased activities occur in the 
southwestern quarter of the province, and it 
was this portion of Manitoba that was surveyed 
under the Canada Land Inventory. Resource and 
base line information in the North remains 
sporadic, nonexistent, inconsistent in method- 
ology, etc. With the provincial government's 
firm commitment to increased development of 
the North for direct benefit to the people of 
the many dispersed communities in these 
regions, it became evident that some systematic 
approach to acquiring base line and resource 
information had to be initiated. 

In 1974, a biophysical land classification 
program was initiated. The intent was to 
develop a program specific to identified 
Manitoba needs, and to map all of Northern 
Manitoba on a reconnaissance basis (i.e. at 
the land systems level). The total area 
represents approximately thirty-one l:250,000 
map sheets. During 1974-75, the program was 
developed and fieldwork was completed for two 
l:250,000 map sheet areas. This was followed 
by four and one-quarter map sheets in 1975-76 
and will be followed by approximately two and 
one-half map sheets this year, making a total 
of roughly nine map sheets. Specifics and 
methodology will be discussed by Gordon Mills, 
project leader of the biophysical team. It is 
’planned that the operation will continue at 
approximately the same rate until, if not all 
of Northern Manitoba is mapped, at least the 

RESUME 
Le Manitoba a lancé un programme de classi- 
fication biophysique pour la région septen- 
trionale moyenne de la province en 1974. 
Jusqu’ici, les travaux sur le terrain pour six 
cartes topographiques et demie (1:250,000) sont 
terminés et deur cartes et demie sont prévues 
pour 1976. Le programme dispose d'un budget. 
annuel de $140,000 et occupe six personnes, en 
plus de personnel de soutien technique. Il se 
poursuivra au méme rythme jusqu'd ce que l'ena 
semble de la partie du Manitoba qui présente 
des communautés ait été portée sur cartes; 

mid-north will be completed (i.e. that area in 
which communities are located). 

The above survey is the only one currently 
under way. However, various groups have shown 
considerable interest and it is conceivable 
that small isolated areas in the south may be 
mapped (e.g. Parks Branch is interested in 
carrying out a biophysical classification in 
some of its parks). "The program is being 
carried out by the Department of Renewable 
Resources and Transportation Services (RRTS). 
However, the team itself is composed jointly of 
Staff from RRTS and the Soil Survey Unit which 
is associated with the Soil Science Department 
at the University of Manitoba. RRTS has placed 
on the program two professionals and one tech- 
nician. Soil Survey has contributed the equiv- 
alent of two professionals, one technician, and 
technical assistance as required for soil 
analysis, drafting, etc. The joint effort 
appears to be working well and has created an 
excellent liaison between the University and 
the governent department. Private.activity is 
currently limited. However, a local consulting 
firm is in the process of establishing expertise 
in this area and is actively seeking contracts. 

The Manitoba project is modest financiallyawith 
a current budget of $140,000 plus soil snrvey 
input of approximately $75,000. This will not 
Likely be increased substantially. However, a 
strategy for greater economic development as 
relating to northern communities is being 
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developed by the province and demands may be 
made for a survey at the land type level. 
However, such a survey would be confined to 
»areas selected on the basis of the reconnais- 
sance survey.g 

,Attached to the biophysical team last year, 
RRTS provided.a wildlife biologist. His task 
was to make the biophysical information more 
usable and more readily interpretable by wild- 
life people. A preliminary report was produced, 
primarily as it related to the Hayes River map 
sheet. Critical evaluation of the report 
revealed that the work done by the biologist 
was useful but, invariably, more information 
was requested, information that could not be 
provided within the existing budget. Currently 
the wildlife component is being dropped and 
replacement of staff will consist of expertise 
in the biophysical area. ‘

~ 

FIELD WORK COMPLETED~ I974 

I975 

I976 (lumln flmmllm 
PRELIMINARY MAP AND 
LEGEND AVAILABLE FOR 
54C-HAYES RIVER 

One major concern that Manitoba has relates to 
the lack of a classification for water bodies. 
Initially the program was quite ambitious and 
it was hoped that a reconnaissance water clas- 
sification would be developed concurrently with 
the land classification. However, this did not 
materialize although basic water information 
was collected during the first two field 
seasons. Unless there is renewed demand for 
such a classification and increased budget it 
is unlikely this component will be developed 
and carried out under the present program. At 
this stage it is not possible to assess the use- 
fulness of the maps for environmental impact 
assessment, planning, etc. Only one map has 
thus far been published. Much interest in 
the program has been shown and numerous 
requests for the map have been made, but direct 
feedback from users has not occurred.
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ABSTRACT 

The biophysical mapping programs which have 
been undertaken in Ontario are described. 
research being conducted to evolve suitable 
biophysical classifications for purposes of 
wildlife habitat studies, wetland classifica- 
tion and environmental impact studies are 
described. This research also entails the 
evolution of the most appropriate methods of 
applying these classifications. Finally, the 
prospects for future biophysical projects in 
Ontario are discussed. 

The 

SURVEYS 
The l:250,000—scale of mapping in the Ontario 
system of land classification and land use 
capability evaluatién was applied to an area 
of approximately 2l6,000 mi . This program 
was undertaken after the Canada Land Inventory 
(CLI) program in Ontario had been completed, 
and was essentially finished by April 1974. 
The agreement between CLI and Ontario permitted 
the latter to collect sufficient field data 
during the CLI field program to permit a later 
mapping of land units and a description of 
their dominant physiographic site components. 
Consequently, for the Cil area in Ontario, the 
time required and the cost to the province for 
land classification mapping and land use capa- 
‘bility evaluations for forestry and recreation 
were minimal, since only office work and car- 
tography were involved. For the map sheets 
outside the CLI area, Ontario bore the full 
cost for field and office work and cartography. 

The reasons for undertaking this progect were: 

1. Although a basic land classification 
framework underlies the CLI maps, the CLI pro- 
gram presented only land use capability maps 
for agriculture, forestry, recreation and 
wildlife. Thus, the Ontario Land Inventory (OLI) 
program was designed to present this land clas- 
sification framework for the CLI area so that 
a much broader spectrum of users could be pro- 
vided with land classification data which they 

RESUME 
Le present document décrit les programmes de 
production de cartes biophysiques de l'0ntari0. 
Il expose en outre les recherches entreprises 
pour determiner les classifications biophysi- 
ques appropriées aux études de l'habitat 
faunique, les classifications des terres humi- 
des et les études des incidences environne— ’ 

mentales. Ces recherches portent aussi sur 
l'élaboration des méthodes les mieux désignées 
pour la mise en application de ces classifi- 
cations. Enfin, l’auteur analyse les projets 
'de classification biophysique d.venir. 

could use for any purpose which involved an 
understanding of inherent land qualities. 

2. The CLI area in Ontario was confined to 
agricultural and fringe agricultural areas. 
The OLI program was designed to expand this 
coverage to include the commercial forest area 
of Ontario. 

3. The Canada-wide capability gradients of 
the CLI did not provide much scope for-rating 
the land use capabilities of boreal regions,’ 
since all lands in these regions were crowded 
into four of five classes (4 to 7, or 5 to 7) 
of the national capability gradients.~ Conse- 
quently, for the OLI program, regional land use 
capability gradients were used in which sites 
with the best level of production'observed with- 
in a region were assigned to Class A and sites 
with the poorest level of production within a 
region were assigned to Class G. Then bench 
mark sites were established for the intervening 
five classes between A and G. ' 

4. Rather than use the CLI overall rating of 
intensity of use of lands for all recreational 
activities, the OLI program was designed to pro- 
vide specific rating for each of a wide rang 
of recreational activities. » 

5. Rather than use single ratings for ungu- 
lates and waterfowl, the OLI program was designed 

Proc. let Meeting Can. Com. an Ecological (liia-physical) Land Class. May 25-28, Z976, Petzzuawa, Ont.
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to provide ratings for individual wildlife 
species, and to indicate the degree of effort 
required-to realize these potential ratings, 
making allowances for the present Vegetation 
cover. Land units were delineated which were 
"of a suitable size for'representation on 
lE250,000—scale maps and-which contained a 
destinctive pattern of physiographic sites, 
which differed from the pattern of adjacent 
land units. The land units were defined on 
the basis of three physiographic feature 
classes — macro—relief, texture of parent soil 
materials and depth of soil over bedrock. 

Each OLI land classification map was supple- 
mented by a book containing tabular listings of
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the dominant physiographic site types within 
each map unit and indicating the estimated per- 
centage of the land unit which each physio- 
graphic site type occupies. Consequently, al- 
though such important limitations to crop prov 
duction as soil moisture and mineral composition 
of parent soil material could not be mapped at 
l:250,000escale of mapping, the area distribu- 
tion, within land units, of sites which are a 
combination of texture and mineral composition 
of parent soil materials, depth of soil and soil 
moisture regime, have been noted in the tabular 
summaries.

' 

Having a list of the dominant physiographic site 
types of each land unit and an estimate of the
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proportion area and land use capability ratings 
for these site types, it was a simple'matter" 
to combine these values to obtain an overall 
rating of timber use capability using a three- 
component expression of capability, where the 
first class occupies about 50% of the area of 
the unit, the second class 30% and the third 
class 20%. 

Land use capability evaluation_for recreation 
and wildlife has been completed for the pro- 
ject area using a l:50,000—scale of mapping. 

An ingenious method of cartographic production 
was used for the OLI land classification and 
timber use capability evaluations. The method 
was evolved to obtain attractive maps, of an 
acceptable level of accuracy, at a minimal 
cost. Supplies of topographic maps were ob- 
tained from the appropriate federal governent 
agency at no cost to the OLI. Land classi- 
fication and timber use capability data were 
overprinted on these maps, and hence no paper 
costs were involved in the map production. 
The overprinting was achieved by scribing 
the lines and symbols for the land classi- 
fication and timber use capability maps on 
scribe coats. The scribe coats were then 
fitted with devices so that they would align 
with the boundaries of the average copy of the 
appropriate map sheet. The scribe coats were 
then mounted on the printing press so that_ 
lines and symbols would be overprinted on the 
front of the map and the legend would be printed 
in the blank portion of the bottom of the back 
of the map. lt was found that the dimensions 
of the copies of each map sheet were suffi- 
ciently similar to permit a precise registra- 
tion of lines. 

The cost of the project averaged $4.55/miz. 
The time required for the project was about w 
4% years, or 80 man-years of professional staff 
and assistants, or 150 man-years of professional 
and support staff. These figures are necessar- 
ily_only approximations, because for much of 
the thme, OLI and CLI programs ran concurrently, 
and separate records were not kept of the time 
spent on each project during this interval. 

RESEARCH 
A contribution of the Ontario work group of 
the wetland subcommittee, National Comittee 
on Forest Land, published a hierarchical clas- 
sification framework for the wetlands of On- 
tario, and illustrated the use of.the frame- 
work by proposing a set of wetland types for 
the Northern Clay Section of NE Ontario (Jeglu 
at al., 1974). One of the objectives of this 
classification was to provide a set of wetland 
types, particularly at the higher levels of 
the classification, which could be recognized 

on remotely sensed imagery. 

Consequently, as a first step to testing the 
adequacy of this classification, a study area, 
comprising a group of five large bogs, was 
selected to investigate if the bog types of 
the classification could be readily identified 
on LANDSAT imagery and on conventional, black 
and white, l:l6,000—scale, air photos. The 
study area is located 75 km NW of Timmins, 
Ontario, which is in the southern part of the 
Northern Clay Section. 

It was found that when a helicopter was avail- 
able for one day to collect ecological data 
from 14 field stations, bog types could be 
mapped with confidence on the l:l6,000—scale 
air photos at all levels down to a dominance 
type, or complex of dominance types. The 
dominance type is the penultimate level of de- 
tail of the classification hierarchy. It was 
also found that large-scale densitometric 
analysis (Approximately l:l0,000=scale) of 
LANDSAT imagery could be used, in most cases, 
to identify bog types to the same level of 
accuracy as the interpretation of types on the 
l:l6,000—scale air photos. In a few cases, 
however, types which were distinguished on the 
l:l6,000-scale air photos were combined in the 
densitometric analysis. This study has been 
published in the Proceedings of the Third Can- 
adian Symposium on Remote Sensing (Boissoneau 
and Jeglum, 1975). 

A paper investigating the possibilities of in- 
terpreting the whole spectru of wetland types 
of the Northern Clay Section is in its final 
stages of preparation. It will provide photo 
interpreters with keys and tables summarizing 
the features which can be used to identify the 
wetland types of the Northern Clay Section on 
black and white air photos of l:l6,000—scale, 
and on normal colour and false-colour infrared 
supplementary aerial p1f_1o.tography. In addition, 
it will provide stereograms illustrating the 
appearance of wetland types on air photos, and 
the nature of the transitional areas between 
wetland types. ~ 

The Fish and Wildlife Research Branch of the 
Ontario-Ministry of Natural Resources have 
been studying movements of moose in the Ear 
Falls area of NW Ontario. They approaehed the 
Ontario Centre for Remote Sensing (OCRS) about 
the possibility of using LANDSAT imagery to 
identify broad ecosystems types which would be 
useful in explaining movements of moose and 
their concentration in certain areas. .Pre- 
liminary work in the Ear Falls area has indi- 
cated that densitometric analysis of LANDSAT 
images can provide a useful level of habitat 
types for studies of this type. A more inten- 
sive investigation on this method of delineating
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habitat types is being made on Sibley Pennin- 
sula, in the Thunder Bay area of NW Ontario. 
It is the objective of the OCRS to present the 
results of these studies at the Fourth Canadian 
Symposium on Remote Sensing to be held in the 
Spring of l977.— 

BASELINE sTuDIEs FOR ENVIRONMENTAL 
IMPACT ASSESSMENTS 

Jeglum (1975) has provided an illustration of 
the usefulness of wetland types for analysis 
of the impact of a highway in blocking a peat- 
land drainageway. Knowing the positions of 
the wetland types within the soil moisture- 
aeration gradient, it was possible to postulatev 
the original condition of the wetland vegeta- 
tion of the drainageway, and to postulate the 
.succession of wetland types which was caused 
by the damming. These postulations were con- 
firmed in the record of wetland types pre- 
served on air photos, which cover a 23-year 
time—span. In I947 (nine years after the road 
was built), the driest wetland types - black 
spruce swamp and black spruce-forested bog - 
occupied most of the drainageway, upstream and 
downstream of the highway. Photos taken in 
1959 and 1970 show the progressive replacement 
of these swamp and treed-bog types downstream 
from the road with wetter sedge bog, low-shrub 
bog and fen types.- » 

A federal-provincial cooperative program has 
been initiated in the Hudson Bay Lowlands to 
provide baseline ecological studies for future 
assessments of the impact of developments. 
Federal participants include the Canadian For- 
,estry Service, the Canadian Wildlife Service, 
the Process Research Division.of the Canada 
Centre for Inland Waters, and the Inland Waters 
Directorate. ‘Provincial participation includes 
the Fish and Wildlife Research Branch, the 
Moosdnee District, and the OCRS, all within 
the Ontario Ministry of Natural Resources. 

In the initial year of the program (1976-77), 
it is planned to study the ecosystems of four 
reference areas in the James Bay area, and'to 
extrapolate these findings to a broader area 
using remote-sensing data. One reference_area 
is located in the environs of Kinoje Lake, 
which is about 90 km west and north of Moosonee. 
The other three reference areas are located 
along the coast of James Bay. Insofar as bio- 
physical classification is concerned, the per- 
tinent term of reference of this committee-is 
to develop a hierarchical biophysical classi- 
hfication system appropriate to the Hudson Bay 
Lowlands that will facilitate subsequent mapping 
of the area, if or when it is deemed necessary. 
The Ministry of Natural Resources has under- 
taken Canada Goose nesting studies in the 

Kinoje Lake area. These studies have shown 
that the area provides good nesting sites for 
.this species, but prime nesting sites are asso- 
ciated with specific wetland types. A prelim- 
inary map of the wetlands has been produced by 
the 5CRS using the field data of the Fish and 
Wildlife Research Branch and interpretation of 
l:32,000—sca1e, black and white air photos. 

Within the next month, a plan.of groundtruth 
studies for the Kinoje Lake area will be estab- 
lished, and this plan will be implemented by 
helicopter traverses during the period 28 July 
to 30 July, 1976. 

harge scale densitometric analyses have been 
made for Ship Sands Island, North Point and 
Long Ridge Point in the James Bay coastal area. 
Groundtruth of several replications of each 
densitometric class will be collected for each 
referenceiarea. 

On the basis of the field data for the four 
reference areas, and on the basis of the extra- 
polation of this field data to the entire re- 
ference areas using l:32,000-scale air photos, 
complexes of the wetland types of these refer- 
ence areas will be extrapolated to a broader 
regional area, using various scales of densito- 
metric analysis of LANDSAT imagery. The purpose 
of this exercise will be to select the scale of 
densitometric analysis which will provide wet- 
land types that are the best compromise between 
the level of detail required by wildlife biol- 
ogists and engineers concerned with local areas, 
and the level of detail which is required to 
make the production of synoptic maps of the 
large area of wetlands in the Hudson Bay Lowlands 
rapid and inexpensive. 

BIOPHYSICAL cLAssII=‘IcA'rIoN 
FOR LAND USE. PLANNING 

The Ontario Ministry of Natural Resources is 
engaged in a program to provide strategic land

_ 

use plans (the SLUP program). The objectives of 
this program are: . 

1. To document the broad land, vegetation, 
social and economic features which are pertinent 
to land use planning. 

2. To propose provincial land use policies 
for the planning regions. 

3. To evolve land use plans for the regions. 

Public participation is involved at all three 
phases to assure that the program is not devel- 
oped in vacuo. 

A senior administrator of the SLUP program re- 
ports'that the program could not have been
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executed without OLI data, since no SLUPJplan 
for a region is accepted unless it inclddés an 
analysis of the land inventory data. He stated 
that it was apparent that planners who had 
worked on the OLI staff had the proper per= 
spective for regional planning, whereas plan- 
ners who did not have land inventory experience 
invariably got bogged down in details of soil 
or forest inventory, or some other part of the 
background material for planning. 

It is anticipated that the SLUP for Northwest- 
ern Ontario will be published in the fall of 
"1976. It will provide a model for the SLUP 
plans of the other regions of the province, 
and will probably provide an impetus to their 
completion. 

PROSPECTS FOR BIOPHYSICAL CLASSIFICATION 
PROGRAMS IN ONTARIO 

The prospects of initiating new biophysical 
mapping programs in the future are, in my 
opinion, epitomized by the word bleak. Per- 
haps I should emphasize at this point that a 
prognostication must necessarily be a matter 
of personal opinion. The OLI will be dis- 
banded in April 1978. It was hoped that the 
OLI could make a valuable contribution to the 
province's timber management activities by 
providing large-scale maps and descriptions of 
forest ecosystems. This material could have 
assisted foresters who are concerned with the 
management of local timber management units. 
The maps and reports would have provided them 
with a means of understanding differences in 
the productivity, in the brush and hardwood 
tree competition, in the establishment of 
natural and artificial regeneration, etc. of 
the local forest ecosystems which he is manip- 
ulating. Since the OLI is to be disbanded, 
there probably will be no opportunity to apply 
this detailed level of the Ontario System of

' 

Land Classification. In the time left, a 
Ready Reference for users of OLI material will 

begpublished. This should extend access to 
OLI materials to a much broader spectrum of 
-potential users of land classification and land 
use evaluation material. 

As noted above, the terms of reference of the 
cooperative program for the Hudson Bay Low- 
land envisages a biophysical project in the 
area "if and when....deemed necessary". This 
would appear to me to mean that, until bull- 
dozers start working, producing the environtental 
effects of a Baie James project, biophysical 
mapping will not be initiated in Ontario's Low- 
land. ‘ 

The OCRS has the staff and equipment to under- 
take biophysical surveys which have a large 
remote sensing component. Unfortunately, it is 
a service organization operating under contract 
to other provincial government agencies. 

At the moment, there is little likelihood that 
these provincial agencies will fund biophysical 
surveys. . 

‘
' 
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BIOPHYSICAL CLASSIFICATION CINJNOVA SCOTIA 
R.E. Bailey 
and 
E.M. MacAuIay

_ 

Nova Scotia Department of 
Lands and Forests 
Truro. Nova Scotia 

INTRODUCWON 
Biophysical classification in Nova Scotia 
originated as one of the many positive spin- 
offs of the Canada Land Inventory Program. 
Unlike many provinces, biophysical classifica- 
tion in Nova Scotia was first seen as a tool 
for providing relatively homogenous geograph- 
ical and ecological units by which to sumarize 
the resource information available within the 
province. This objective has undergone a 
gradual change, primarily due to the recent 
increase in funds allocated to forest develop- 
ment and management. 

In the past, forest management decisions were 
based ptimarily on forest growth and yield 
measurements‘. Today, because of the need to 
maximize production of all products from wild- 
lands, there is a growing realization that 
resource management decisions must be based on 
a combination-of considerations, including 
maintenance of site productivity, provincial 
resource goals, social values, wildlife and 
recreation considerations, and the inter- 
relationships between growth, yieldh site 
factors and forest land input. The develop- 
ment, therefore, of resource management plans 
has become quite complex, requiring the assis% 
tance of specialists trained in the field of 
land classification and forest-soil-management 
input interrelationships. 

In view of these facts, the Department of Lands 
and Forests has revamped its thinking on bio- 
physical classification and is now actively 
considering the following program. 

OBJECTIVES 
l. (1) Divide the major crown land blocks 
into land systems and describe each land type 
primarily in terms of their pedological and 
topographical properties and vegetation. At 
this point, only land systems will be delin- 
eated. Land types will not be mapped, but 
their importance based on the area they occupy 
in each system will be specified. This rather 
extensive survey will provide the necessary 
physical and ecological information required 

to prepare five—year crown land resource 
management plans. These plans are a prereq- 
uisite to the expenditure of funds under the 
pending Federal—Provincial General Development 
Agreement (GDA). 

(ii) Determine one year in advance, the 
resource management inputs required for each 
land-vegetation type delineated in the annual 
operating plan. 

2. Classify all provincial parkland from the 
standpoint of providing the biophysical informae 
tion required for the development of a parks 
resource management plan. 

METHODOLOGY 
1. Acquire colour infrared aerial photographs 
(9” x 9" format — 3" super-wide angle lens; 
scale 1" * 1 mi) for the area requiring clas- 
sification. 

2. On these photos, delineate land systems 
with the aid of a stereoscope and land scale 
photos (l:l0,000 or l:l5,840). 

3. Stereoscopically locate one or more field 
plots on each of the land types in each system. 

4. Visit each of the land type sample plots 
on the ground and complete the land type tally 
sheet (see Appendix l). 

5. Complete land system and land type summary 
sheets (see Appendix 2) upon return to the 
office. Completion of these summaries is based 
on the land type tally sheets, airphoto inter- 
pretation and knowledge gained through field 
experience. At this time, the original land 
system boundaries are adjusted if the field 
work indicates the need to do so. It is antic- 
ipated that steps I to 5 will provide the basic 
data required for the development of the five- 
year management plan, 

6. Determine the management input(s) required 
for each forest type or site delineated in the 

. . 
I 
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ialso’tends to be the same. 

'(iii) 

annual plan by intensive field sampling (i.e. 
every forest type) and the interpretation of 
large scale colour infrared photographs; At 
this point, specialists from wildlife and 
recreation will also make management recom- 
mendations in order to arrive at the best 
possible compromise regarding the land use of 
each land-vegetation type. 

DEFINITIONS 
Land System, mapped at scale 1" = 1 mi, is an 
area of land having a recurring pattern of 
land types. The area of a system is variable 
and depends on the complexity of terrain 
conditions but usually averages 2,000 to 4,000 
acres in size. The system is defined by the 
following criteria:

' 

i Stoniness 
ii Topographic Pattern 

iii Topography 
iv Relief ' 

v Landforms 
vi Drainage Classes 

vii Rooting Depths 
viii Textures 

ix Parent Rock Types 

Land Type, mapped at a scale of lfl0,000 to 
l:l5,840, is an area of land having a specific 
soil moisture regime, texture, consistency, 
structure, coarse fragment type, rooting depth, 
parent rock type, slope, and climatic exposure. 
The land type is, therefore, roughly equivalent 
to what foresters often refer to as a site 
type. More importantly, the land type provides 
the biophysical basis_for intensification of 
resource management. Justification for this 
statement is based on the fact that the forest 
at any given period of time is the net-result 
of the interaction of climate, relief, parent 
material, living organisms and time. Since 
these factors tend to be the same for a given 
land type no matter where it is located in the 
land system and/or district, the forest and 
‘its response to various inputs and disturbances 

Hence the land 
type, because it is recurring and because it is 
described in terms of its site and vegetation 
characteristics, provides the basis for: 

(i) 'extrapolating the management implications 
of research and operational experiments 
conducted on specific sites to all land types 
having the same site and climatic properties 

(ii)_ predicting the long- and short-term 
effect of management inputs and 

rationally choosing from among the 
management alternatives, those that are both 
economically and ecologically sound. 

40 

MANAGEMENTINPUTS 
The management inputs required for each forest 
type or site delineated in the annual plan will 
be decided primarily on the basis of the 
following interrelated factors. Examples of 
management inputs which are dependent or semi- 
dependent on each of the factors are listed in 
brackets. 

l. The silvical characteristics of the species 
or species association (method of harvest 
(selective, clear-cut, strip cut, etc.), rota- 
tion age, final products, spacing schedule) 

2. Damage or projected damage by insects, 
diseases or animals (porcupine) (liquidation, 
spacing, early harvest, artificial reforestation 
with species resistant to the damage agent) 

3. Presence or absence of advance regeneration 
(need to artificially reforest, logging method) 

4. Soil depth, texture, moisture, rock type, 
etc. (final product, logging method, species, 
stock type and stock quality to plant, logging 
season, harvest method, site preparation 
method, spacing, chance and regime) 

5. Surficial and underlying stoniness and 
rockiness (site preparation method, harvest 
method, reforestation method) 

6. Stand density and stocking (spacing regime, 
harvest method, liquidation, rotation age) 

7. 
elevation, etc. 
Plant) 

Climatic factors — distance from coast, 
(harvest method, species to 

8. Lesser vegetation (site preparation method, 
species, stock type and stock quality to plant) 

9. Stand age or maturity (harvest, space, 
salvage) 

10. Wildlife and Parks considerations. 

‘AREA covtssb 
To—date, several variations of biophysical clas- 
sification have been undertaken in different 
parts of the province (Figure l). A brief 
description of each project is as follows: 

1. Baddeck Area - Pilot project sponsored by 
the Department of Forestry and Rural Develop- 
ment. Area covered = 47,360 acres. Classifi- 
cation by Dr. G.K. Rutherford et al. 
Completed in 1968. 

2. Cumberland and Colchester Counties - Pilot 
project undertaken by the Nova Scotia Department
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of Lands and Forests (NSLF). Area covered = 1976., 
1,978,000 acres. Aerial multispectral imagery 
supplied by the Canada Centre for Remote 
Sensing. Estimated completion year 1977. 

3. Mabou Highlands - Proposed provincial 
park. Estimated completion year 1976. Clas- 
sification by NSLF . 

4; Kejimkujik National Park — Area covered = 
64,000 acres. Classification by Forest 
Management Institute and Acadia University. 
Completed in 1975. 

5. Cape Breton Highlands National Park — 
Area covered = 240,000 acres. Classification 
by Eastern Ecological Research. Estimated 
completion year 1977. V 

6. Iobeatic Resource Management Area - Area 
covered 3 336,000 acres. Classification by 
NSLF and the Canadian Forestry Service (CFS). 
Completed in 1975. 

7. Manganese Mines Resource Centre — Student 
and teacher ecological educational training 
centre established by the Nova Scotia Teachers 
College. Area covered = 560 acres. Classifi- 
cation by NSLF. Estimated completion year 

8. Various Provincial Parks 6 Area covered 2 
106,400 acres. Classification by NSLF. 

ANTICIPATED FUTURE BIOPHYSICAL PROGRAM 
1. Crown Lands - it is projected that under 
existing manpower and funding,_approkimately 
15,000 acres per year can be classified on the 
extensive basis required for the development of 
five-year.management plans. A further‘l0,000 
to 15,000 acres, depending on the mix of stand 
conditions, can be classified on_the intensive 
basis required for the development of annual 
management plans. 

2. In September 1975, the Nova Scotia govern- 
ment resolved to undertake the development of 
a coastal zone management plan. Accordingly, 
it has established and funded a coastal zone 
management office in the Nova Scotia Department 
of the Environment. The identification, 
acquisition, and organization of information 
about the biological and physical character? 
istics of the Nova Scotia coastline will be an 
important input into the coastal zona planning 
process. '

7
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The value of a biophysical classification for 
coastal zone planning and management has not 
‘yet been clarified. "Officials with the Nova 
Scotia Department of the Environment are‘ 
hopeful that some such system can be soon 
developed not only to aid in the identification 'of coastal resources, but also to facilitate 
the integration of existing resource informa- 
tion. 

STAFHNG 
The present staff includes one full—time 
forester, one manager responsible for the 
forest research and land classification pro- 
grams, one full—time technician, two summer 
students, and six technicians and six student 
assistants for the month during the summer 
field season. Input from wildlife and 
recreation in the form of a professional from 
each discipline for a period equivalent to one 
month per-year is projected. During the 
remainder of the year, the six technicians 
mentioned above are engaged in research 
studies relating response in growth and yield 

to various management inputs and site factors. 
The long-term intent of these studies is to 
develop ecologically sound management 
techniques designed to produce a specific 
product, on a specific site, in a given length 
of time. This combination of experience is 
considered invaluable because of their dual 
capability to clasify land and make manage- 
ment recommendations based on current know- 
ledge gained from research projects. 

PROBLEM 
The major problem to—date is associated with 
staffing limitations. Funding for additional 
staff was requested under the General 
Development Agreement. This proposal was 
rejected by the Department of Regional Economic 
Expansion on the basis that the ongoing clas- 
sification should be the responsibility of the 
Provincial Government. This decision makes it 
impossible to comply with requests from the 
major companies to carry out a biophysical 
classification of their limits.



Appendix 1:- Field Tally Sheet, Biophysical Land Type Classification 

Land System Name Topo Sheet Slide Nos. 
Land System No. Location Line-Photo N0. 
Land Type No. County Date 
Plot No. Soil Series Elevation 

Crew 

EXPOSURE: 1. Exposed 2.; Mod. Exposed 3., Moderate 4. Mod.; Sheltered 5. Sheltered 

POSITION ON SIOPE: 1. Hilltop 2. Upper 3. Middle 4, Lower 5. Flat 

gag (aé) ASPECT (°M) N. Nw., NE., w.s. s.w., 52., E. 

SITE COVER Surface Boulders: Outeropz Cutover: Moss: Residual Trees: Thick Humus: 
Grass: Ericaeous Veg: Needle Carpet: Peat: Forest Stand: Non Ericeeous_ 
Veg: Woody Shrubs: ‘ 

Schrebex-s~ _ Iycopodium __ Gomus __ Maianthemum _ Hododendron __ Prunus _ Juniperus _ 
Dicranum _ Polytrichuxn_ Oxalis _ Trientalis _ Ilex _,Salix __ Comptonia __ 
Sphagnum __ Cladonia _ Coptia _ Linnaea _ Viburnum C. _ Betula _ Pteridium __ 
Hylor.-0mium_ Hypnum _ Aralia __ Gaultheria _ Vaccinium Mg_ Alnus _ Grass» __ 
Bazzania _ Dnpetz-um _ Viola __ Myrica Gale _ Kalmia 
TREE SPECIE COMIPOS ITION 

NATURAL RKEENERATION _ as _ as ... -x 

Species HT Spacing Species HT Spa E5‘ Species HT Spacing 
A-M-C—F-S-N-‘ A-M—C-F-S-N A—M-C-17‘-S-N 

A—M-C-F-S—N A-M—C—F-S‘—N A-M—C-F—S-N 

HIS’l‘0RY»:, 1. Fire _ 2. Swd. Cut __ 3. I-Iwd. Cut _ 4. Partial Cut __ 5. 01:1 Field _ 
6. Hurricane _ 7. hasture _ 8. Insects _ 9. Natural _ 10. Barren __ 

PRECEDING STAND SUCCEFIDING STAND COMR)SI'l‘ION 

SUGGESTED SPEXIIES TO PLANT PIANTING-SlTE PREP. CHANCE EL VG. G. F. P. 

IDGGING METHOD: 1. Clear Cut _ 2. Strip Cut _ 3. Selection _ 4. Thinning _ 
5. Cleaning 6. Any Method _ 7. No Management Procedure Required __ 

IOGGING CHANCE: E. VG. G. F. P. IDGGING SEASON: Any Season _ 2. Winter Only _ 
*s1>Acm0: A. 5000+ 3' less), M. 1000-5000 (3' to 6'), 0. 500.100 (6'= to 9'), P. 200-500 (9' to 15': 

s. 1-200 15' greater), N. Nil 

~~ 
~ ~

~

~ 

morass Lm Ah Ae Ap Aeh Bf B1: 

Sand 
IDBIAY 
Sandy Loam 
‘Silt 
Clay Loam 
Silty Clay 
Sandy Clay Loam 
Clay 

COARSE F'B.AG'ME'NTS 
1. stony 
2. Cobbly 
3'. Gravelly 
4. Shaly, 
5. Flaggy 
6. Cherty 
7. Channery 

STRUCTURE 
1. Single Grain 
2. Blocky 
3. 
4. Granular 
5. Platy 
6. Massive

~ 
( 

Fluvial 
CONSISTENCE WI: en Fluvium K 

1. Loose-Noncoheren Delta D. 
2. Very Friable Terrace T. 

. Fr’ bl 
i_ 1.1;: 

e Aeolian 
5. VeI'Y Dunes Du.. 
6. Estremely mess L". 

7.. Weekly cemented 
8. Strongly Cen n 

. .. 

MOTTLING Raised Bug 13.3- ‘? Flat Bog FéB- 
ain swamp w. 

Distinct salt marsh S.M. 
Prominent 
Few 
Common 
Many 

SOIL MOISTURE ' 

—"'—"‘0_ Dry .5. v. Moist 1. stagnant 
1_ 5. Dry 5, wet 2. Slow Seepsge 
2. std. 7. v. Wet 3. Strong 36617939 
3. s, M9151; _ 

8. Wet Peat 4. Normal 
4. Moist 9. Raised Peat 

PARENT MATERIAL (Rock Type) - 

1. Sandstone 5. Conglomerate 9. Gneiss 
2. Shale 6.~Granite 10. Limestone 14. 
3. Slate 7. Basalt 11. Gypsum 15- 
4. Quartzite 5. Schist 12. Diorite 

LAND FORMS 
Glacial Till 
Ablation Moraine A.M. 
Basal Moraine B.M. 
ma Moraine E.M., 
Drumlinized Till 

Plain D.T.P.- 
Steepland T111 S.T. 

Glacial Fluvial 
Kames Kc Kame 

Terrac es K. 
Esker E- 
Outwash Plain 0.1’. 
Valley Train V.T. 
Undifferentiated U. 
Terrace G . T . 

Glacial Lacustrine 
Plain P;

' 

Marine 8: Glacial Marine» 
Coastal Beach C.B. 
Marine Beach 
Marine Plain ~ 

13.. Syenite 
Gabbro 
Rhyolite 

ROOTING DEPTH 1 5" Less 2. 6-10" 3. 11-15"" 4. 16-20" 5. 21-25" 6. 26-30" 7» 31“ + 

LIMITING FACTORS - c, H, U, M, W, X, Z. D. R. Y. E. F» I: L. N. P 

SPACING 1. 0-10". 2. 11-20', 3.21-30'. 4-. 31-40‘. 5. 41-50', 6. 51-70', 7. 71-90', 6. 91' + 

sxzs 1. 0-10", 2. 11-15", 3.16-24". 4. 25-36", 5. 37-48". 6. 49-60". 7-» 61" + 

CONIJVENTS :r
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Appendix 22 Data ‘Summary Sheetis 

Land System 

Land ‘System No. Land System Name 
symbol 5 1,.m«A1V1:yHp.. Forest Classification 

:3 -A A 

1909- liegion Bite District Forest Region 

‘_‘1:_eg Pres_entLn.ndUse Forestecover Type pend Owner Soil Cantenas 

‘ ' 

c.L.1. _ Classification 
m.A.IlL'oI7el¢.§;mbo1 

7 

W_i1c_lyl‘e' Recreation ,_ ,_Agric\il_ture ‘ 

Land Type 

Lsnd Type No. Ares Land 8 tan: No. 
symhog c Forestry 

L 
on ture 

I n 
Chrono Seqneno o

P Tree resent t 

Sjlecies 
no-on-mono

< 

Imyisanong. 

[uxnavu 

Ground 

Management Reconunen a one For Forestry 
Prep. 

_ 

' 

P.l_g_n't_ing 

Reconnnen a o

2I IV 
:: 
"I 
P

, ..

m 
1:: OO 0DI 
.-oB
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LAND INVENTOfiY PROGRAMS IN tNE'WF(l)UNDLl\MND— 
B.B. Delaney 
and 
K.J.S. Beanlands 
Department of Forestry and Agriculture 
St. John's, Newfoundland 

ABSTRACT 
Newfoundland had an active land inventory pro- 
gram during the late 1960's. Since that time, 
not much emphasis has been placed on land 
classification. Recently, however, with the 
major thrust to develop the north, there is a 
need to provide new information on land 
resources. Some comments are given on the 
experience to-date in biophysical land classi- 
fication in Newfoundland. 

During the late 1960's and until 1971 there 
was an active land inventory program in the 
Province, In addition to the Canada Land In- 
ventory, the following specific projects in- 
volving biophysical surveys were conducted. 

1. Land Classification of the Corner Brook 
Area. 

2. Biophysical Land Classification of the 
Goose Bay and Lake Melville Area. 

3. Biophysical survey of the Badger Area- 
Newfoundland. . 

‘These projects were significant in the testing 
and finalization of methodology and on pro- 
viding the opportunity for staff to become 
familiar with biophysical concepts and their 
value in resource planning. 

The initial thrust in land classification was 
followed by a period of reassessment of pro- 
vincial needs. Inventory programs involving 
land classification received low priority 
and professional and technical staff were 
assigned new responsibilities. However, in 
the interim, the Province embarked upon - 

several major resource development programs 
in the north. For example: 

1. A power development at Gull Island on the 
Churchill River will create a man—made lake 
140 miles long. 

RESUME 
Il y a eu un grand programe d'inventaire des r-> 
terres 5 Terre—Neuve vers la fin des années 
soixante. Depuis ce temps, toutefbis, la 
classification du territoire n'a pas compte 
parmi les activités prioritaires. Etant 
donné l'intéret recent pour la mise en valeur 
du Norog il est devenu nécessaire d’obtenir de 
nouvelles données sur les-ressources terrestres. 
Le present document comprend des observations_ 
faisant suite aux experiences réalisées jusqu’ 
ici dans le domaine de la classification bio- 
physique de territoire a Terre—Neuve. 

.2. A transmission line from this hydro site 
across Labrador to the Island. 

3. A trans—Labrador highway is being consid- 
ered. 

4. A uranium mine is in the final stages of 
planning at Postville, Labrador with production 
expected to start in two years. 

5. The recent encouraging gas and oil dis- 
coveries in the Labrador Sea may have drastic 
consequences for the life of the coastal 
population. ' 

In addition to the above development programs, 
native land claims are reaching the stage 
where presentations to government are expected 
soon. 

with the coming of the age of environmental 
impact studies, there was a sudden need for 
reliable and accurate information on the land 
resources. While attempting to evaluate de- 
velopment proposals, it was soon realized that 
there was a serious lack of information. Im- 
pact studies hastily compiled in the absence 
of essential resource data have not served 
intended purposes. 

The preceding has served to give you an in- 
dication of the basis for some of our present 
programs in land inventories. There are four 
current projects which should be identified. 

Pr-oc. 1st Meeting Can. Comm. on Ecological (Bio—phg/sical) [and Class May 25 28 Z976‘ Petawaua Ont - ‘ ‘ s 1 , .
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While two of these are preliminary, they re- 
flect some of our requirements. 

1-‘ A Coastal Inventory Program was conducted 
in 1975 in conjunction with the Lands Direct- 
orate of Environment Canada for two locations 
in the Province. The published maps are on 
display here today for anyone interested. 
The Department of Regional Economic Expansion 
(DREE) has agreed in principle to financially 
assist the Atlantic Provinces in carrying out 
an expanded program. In Newfoundland, priority 
will be given to the Island and the southern 
one—third of coastal Labrador if an agreement 
is entered into. 

2. During the past several months, the De- 
partment of Eorestry and Agriculture and 
Atlantic Lands Directorate of Environment 
Canada have developed a joint proposal to carry 
out a biophysical survey of Labrador at the 
land system level. If approved, it is ex- 
pected that this project will take at least 
four years and will involve both federal and 
provincial scientists. This year, a preliminary 
assessment of Labrador will be undertaken by 
Lands Directorate staff on a strictly informal 
basis, using remote sensing techniques, Logis- 
tic support in terms of flying time and carto- 
graphy will be provided by the Province. 

3. The-recent Royal Commission Report on 
Labrador recommended that a land resources 
inventory be initiated immediately for priority 
areas of Labrador. In addition, a Federal- 
Provincial Project Group has been studying the 
economic opportunities for Goose Bay following 
the phase down and eventual closing of the 
U.S.A.F. Base. A tentative agreement has 
already been worked out with DREE for providing 
financial assistance for developing industrial 
opportunities in this area; This agreement is 
presently open-ended in that it contains a 
general clause which could allow for further 
resource inventories as well as socioeconomic 
studies in Labrador. 

4. A new forest management program is under- 
way and an important element in the policy is 
a large scale silviculture program. If maxi- 
mum benefit is to be_derived from these ex- 
penditures, it will be necessary to have de- 
tailed ecological information on all sites. 
The biophysical concepts are well suited to 
present the essential information that the 
forest manager requires to make informed 
decisions. Although it is not underway, one 
does not have to be a prophet to envisage a 
program of land type mapping prior to initia- 
tion of intensive forestry management practi- 
ces. 

In concluding the remarks on the programs 

underway or planned in the Province, it is 
suggested that benefits could accrue if all 
four were gathered under an ‘umbrella’ arrange- 
ment for direction and funding purposes. If 
not, there exists the possibility of a lack of 
coordination resulting in duplication of effort 
and a failure to focus on socioeconomic 
aspects of our land resources. 

‘The major effort to—date in biophysical classi- 
fication was the project in the Goose Bay area 
in 1971 covering an area of 4100 miz. There 
were several positive features about this 
initial attempt as well as a number of limita- 
tions which are perhaps worthy of note so that 
others can gain from our experience. 

1. There was a team made up of people from the 
following disciplines: soil science, wildlife 
biology, botany, ecology, forestry and recre- 
ation. These team-members worked together as a 
unit in the field. However, they were not 
committed to the project full time and as a 
result, this made the final compilation of 
reports and maps nearly impossible. Serious 
problems can result if personnel have to be 
distracted by other work committments. 

2. The Geological Survey of Canada, under the 
Direction of R. Fulton, developed a landform 
classification which is recommended for future 
use. If a genetic classification such as the 
one by Fulton were adopted on a national scale 
by all land ecologists, it would facilitate 
an understanding of each other's work and pro- 
vide a common format for data collection elimi- 
nating duplication of costly field studies. 
Nearly all of southern Labrador has been mapped 
for surficial geology at the 1:50,000 scale, 
and this will be of tremendous value in future 
biophysical surveys. 

3. In the north there is always the need to 
cover large areas. The experience in Goose 
Bay suggests that the area be mapped or 
studied one land region at a time. If field 
work is conducted concurrently in several land 
regions, masses of data will accumulate. 
Ideally, one region should be studied and all 
the vegetation successions worked out before 
moving to the next region. 

4. If vegetation descriptions and successional 
patterns are not prepared for each land type, 
there may be severe limitations in assessing 
the true impact of any development proposal. 
This raises the question of mapping only at 
the land system level and how much detail can 
be obtained in a fixed time frame with 
cost restrictions. 

5. Due to the non-availability of a hydrolo- 
gist, no attempt was made to incorporate an
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open water and wetland classification“in:_y 
Labrador. It is recommended that for future 
work this inadequacy be corrected. 

In summary, our experience in Newfoundland in- 
dicates that the biophysical concepts are 
sound. If this information were available, it 
would contribute greatly to the understanding 
by the land manager of the resources and their 
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best use. However, we recognize that, like 
all sciences, land classification is not static 
but will change and improve with new ideas and 
techniques. The Canada_Comittee on Ecological 
(Bio—physical) Land Classification will no" 
doubt provide a major opportunity to share our 
experience and thus result in better utiliza- 
tion of our land resources.
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BIOPHYSICAL-TYPE SURVEYS IN THE DEPARTMENT OF 
ENERGY, MINES AND RESOUF/ICES 
R.J. Fulton 
Terrain Sciences Division 
Geological Survey of Canada 
Ottawa, Ontario 

The Terrain Sciences Division of the Geological 
Survey of Canada is the group in the Depart- 
ment of Energy, Mines and Resources that has 
been carrying out biophysical types of surveys. 
These are done under one of our major objec- 
tives which is to map, describe and explain 
the surficial materials of Canada in order to 
obtain information pertinent to land use, 
resource development, environmental concerns 
and activity of geological processes, and to 
determine the Quaternary history. It should 
be noted that this activity is oriented 
entirely towards the physical aspects of land. 
Biological aspects are not mentioned. In the 
south, biological aspects are generally 
completely ignored. In the north, however, it 
is necessary to consider them when looking at 
the physical side because in areas of perma- 
frost they play an important role in the way 
in which the land reacts. In the south you 
can cut off the bush or turn over the sod and 
about all that generally happens is that you 
lose a little top soil. In the areas of 
permafrost, however, removal of vegetation can 
and often does lead to the interplay of a 
completely new set of physical-geological 
activities that can develop a new physiography 
and completely changes the way in which the 
land reacts. Consequently we have started 
work, that can be described as biophysical, 
where the biological side has potential to 
profoundly affect our prime field of interest, 
the physical side. 

Purists might argue that because much of our 
work is not completely integrated it is not 
truly biophysical or ecological in nature. 
Our basic approach has been to have a geomor- 
phologist subdivide the land into homogeneous 
units, and then have pedologists and/or 

botanists characterize the plants and soils in 
each of these permanent or physical units and 
set up ecological districts and regions. This 
is single discipline work with an overlay of 
other disciplines. Pioneer work of this type 
was done in the Mackenzie Valley by Hughes and 
Rutter with the aid of Tarnocai and Zoltai. 
This work was extended further into the Arctic 
by Boydell and Tarnocai on the Boothia Penin- 
sula, and recently to Banks Island by Vincent 
and Edlund, to Ellesmere by Hodgson and Edlund 
and to Somerset and Prince-of Wales by Netter— 
ville, Zoltai and Woo. 

A fully integrated approach has been applied by 
Barnett and co—workers in Eastern Melville, 
Bathurst and Cornwallis Islands. In this work, 
a hierarchy of units was used and biological 
factors were taken into account in fixing some 
unit boundaries. 

In our present program, emphasis is on the 
Arctic gas pipeline route on the west side of 
Hudson Bay and on potential oil and gas produc- 
ing areas in the Arctic Islands. Work is 
continuing on Banks Island. 

Looking further into the future, there is some 
question as to how much more work of this type 
we will be able to do. The demise of the 
Environmental Social Program, Northern Pipe- 
lines will cut off our pipeline of funds from 
Treasury Board and stand-pat budgeting will 
force some retrenchment so that over the next 
few years we will probably have difficulty in 
finding enough resources to meet our primary 
physical objectives. However, this might be 
good because we might be forced into more 
joint projects with other agencies that could 
benefit both sides of the ecological coin.

1 
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Son sunvtvs in THE CANADA DEPARTMENT or 
AGRICULTURE 
J.S. Clark 
Soil Research Institute 
Agriculture Canada 
Ottawa, Ontario 

ABSTRACT 
Soil surveys of Agriculture Canada have evolved 
from traditional agricultural orientation to 
more diverse uses. At the same time, method- 
ology has changed and some recent projects 
have utilized approaches closely resembling 
the biophysical scheme. Coordinated through 
the Canada Soil Survey Committee, surveys have 
responded to the rising volumes of soil data 
with the aid.of a computerized data system 
(CanSIS). New information has necessitated 
modifications of the taxonomy to accommodate 
the total population of Canadian soils, and 
more refined methods of interpretation. This 
process of adaptation will continue in cooper- 
ation with other agencies, in particular the 
Canada Committee on Ecological (Bio—physical) 
Land Classification. 

Agriculture Canada's work in soil survey is 
part of a national survey program involving a 
cooperative and integrated effort by both pro- 
vincial and federal agencies. Soil survey has 
traditionally been oriented to some specific 
purpose. The earliest work in Ontario at the 
turn of the century was directed towards in- 
creasing the province's food producing capacity; 
in the Great Plains, surveys were started to 
aid land settlement and combat critical soil 
erosion; in present-day Ontario, most effort 
,is concentrated on resolving urban—rura1 

RESUME 
Les relevés des sols effectués d Agriculture 
Canada, jadis axes sur la seule vocation agri- 
cole, s'intéressent maintenant a des usages 
plus diversifies. La methodologie a elle 
aussi change; certains projets récents ce sont 
fbndés sur des approches qui s’apparentent 
beaucoup au cadre biophysique. Coordonnés par 
la Commission canadienne de pédologie, ces 
programmes ont donne suite au volume croissant 
de données sur les-sols au moyen d’un systeme 
informatique (CanSIS). Des renseignements 
nouveaux obtenus ont amené des modifications 5 
la taxonomie de fagon d pouvoir servir pour la 
grande variété des sols canadiens, ainsi que 
des méthodes d'interprétation plus perfection- 
nées. Ce processus d'adaptation se poursuivra, 
de concert avec d'autres organismes, notamment 
le Comité canadien de la classification 
écologique du territoire. 

conflicts and providing detailed information on 
soils for zoning and intensive agricultural 
management. 

Not all soil survey work has been directed to 
agriculture; increasingly, soil survey has been 
used for non—agricultural purposes. Soil 
information obtained in regular soil surveys 
has been interpreted for forestry, engineering, 
urbanization, recreation assessment, and other 
purposes. Examples are listed in Table I. With 
current interests in resource conservation and 

Table 1: Typical modern routine surveys with interpretive material. 

33222222 Survey Date 

BC Tulameen 1974 
Alberta Oyen 1975 
Sask St. Walburg 1975 
Man Morden - Winkler 1973 
Ont Waterloo 1971 
Q“? Chicoutimi 1971 
NB 398€rsVi11e (in preparation) 
N5 Cumberland 1973 
PEI PEI 1:10,000 series (in preparation) Nfld Gander — Gambo 1972 
NWT Slave River Lowland 'l972 

Proc. Zst Meeting Can. Comm. on Ecological (Bio-physical) Land Class. May 25-28, Z976‘, Petmmma, Ont.
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management, soil survey has been involved in 
a growing number of comprehensive biophysical- 
type surveys that treat the soil component in 
its environmental perspective. These have 
included integrated or multidisciplinary 
approaches and have been carried out for a‘ 
variety of requirements, including environ- 
mental impact assessment, comparative resource 
appraisal, parks planning, and other purposes. 
The projects of this kind in which Agriculture 
Canada has been involved are listed in Table 
2.- " 

Both the traditional general purpose survey 
and the special purpose-oriented survey are 
now focussing more on total landscape relation- 
ships. This is especially true of the low 
intensity special surveys in more remote areas, 
many of which might be labelled ‘biophysical’. 

The interpretation and application of soil 
survey information for land management and 
planning purposes has led to the development 
of the Canadian Soil Information System 
(CanSIS). This computerized data management 
system accommodates information relating to 
soil morphology, management, productivity, and 

Currently all survey 
data and maps are being entered into the 
information bank, and CanSIS has been expanded 
(in cooperation with Parks Branch, Department 
of Indian and Northern_Affairs) to accommodate 
soil and related data required for parks 
managenent and planning. 

Recently Agriculture Canada has embarked on a 
land evaluation program involving the synthesis 
of pedologic, landform, climatic, agronomic and 
economic data to determine the relative 

qualities of land areas, viable alternate uses, 
and inputs necessary to optimize utilization. 
-The integration of provincial and federal soil 
survey activities is achieved through the 
Canada Soil Survey Comittee (CSSC). The first 
meeting of the CSSC (then the National Soil 
Survey Committee) took place in 1945 with the 
objectives: 

1. To provide greater efficiency in soil survey 
work by: 

(a) bringing about a greater measure of 
uniformity between provinces in all phases 
of soil survey work 

(b) utilizing the joint experience and 
efforts of the soil surveyors toward the 
solution of common problems affecting their 
field work ' 

(c) providing a clearing house whereby any 
new developments or improvements in tech- 
nique in any one province can be made avail- 
able to all others in this field in Canada. 

2. To recomend the location of areas where 
soil survey work should be done in relation 
to land settlement or for other purposes. 

3. To act as an advisory body on soil survey 
matters to the parent Canadian Agricultural 
Services Coordinating Committee. 

One of the main concerns at the l945 meeting 
was the development of a soil classification 
system for Canada, and this has continued as 
the committee's primary responsibility. The 
first soil taxonomic system for Canada, estab- 

Table 2: Comprehensive bi0physical—type surveys. 

Province Survey Date 

BC Smithers - Hazelton 1972 
BC Nechako - Francois Lake 1974 
Alta Hinton - Edson 1973 
Alta Waterton Lakes National Park (in press) 
Alta Yoho National Park (in progress) 
Alta Banff - Jasper National Park (in progress) 
Sask Prince Albert National Park (in progress) 
Man Cormorant Lake 1975 
Man Winnipeg Regional Study Area 1975 
Man Churchill - Nelson River‘ , 1973 
On; ' Pukaskva National Park (in press) 
Nfld Botwood (in progress) 
Nfld Sandy Lake (in progress) 
NWT Mackenzie River 1973 
NWT Somerset and Prince of Wales Islands 1976 
NWT Boothia (in progress) 
Yukon/NWT Liard and Mackenzie River (in press)
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lished at the 1955 meeting of the CSSC, had six 
categorical levels corresponding to order, 
great group, subgroup, family, series and type. 
The orders recognized in the 1955 system were 
Chernozemic, Halomorphic, Podzolic, Forested 
Brown, Regosolic, Gleisolic and Organic. 

The classification system has been modified, 
refined, and expanded continually over the 
past twenty years at the deliberations of the 
CSSC. The national classification system that 
was first accepted for general use in 1960 has 
resulted in "The System of Soil Classification 
for Canada" which is published and revised 
regularly by Agriculture Canada under the 
auspices of the CSSC. 

Like any scientific endeavour, soil survey is- 
a changing and developing field and one of the 
main functions of the CSSC has been to embody 
those changes and developments into a compre- 
hensive national system. This of course is a 
continual process and, as many know, the CSSC 
has been criticized for its frequent modifica- 
tions to the soil classification system and 
occasional apparent lack of consistency. The

~ 

period from 1945 to the present, however, has 
been one of rapid advances in pedology and 
greatly expanded field activity and the CSSC 
simply had to accommodate to the realities of 
the science. One such reality has been the‘ 
waxing flood of hard data from recent surveys, 
which corroborated parts of our classification 
and parts of our methodology, but elsewhere 
established new norms. Even though a national 
committee may have a major responsibility for 
ensuring consistency and continuity, it must be 
prepared to experiment, adapt, and if necessary 
retract in order to provide the kind of 
national leadership required. 

The CSSC sees a continuing need for change and 
improvements in the future. The systematization 
of soil survey interpretations for land manage- 
ment and planning, and the rationalization of 
soil mapping systems will be two of the major 
imediate concerns of the committee. The CSSC 
looks forward to cooperating with the Canada, 
Comittee on Ecological (Bio-physical) Land . 

Classification in the development of an effece 
tive physical land classification system.
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BIopHYsIcAL ‘LAND cLAssu=|cATIoNIN THE , 

ENVIRONMENTAL MANAGEMENT SERVICE, 
DEPARTMENT or THE ENVIRONMENT 
T.W. Pierce 
and 
Jean Thie 
Lands Directorate, Ottawa, Ontario 

ABSTRACT 
The Department of the Environment (DOE), through 
the Canada Land Inventory Program and the 
National Committee on Forest Lands, has 
supported the development and application of a 
biophysical classification system fbr Canada. 
A summary of the biophysical and related 
surveys and research is given in this paper. 
Ongoing as well as planned activities are 
listed. At present $1.75 million and about 65 
man-years carry out surveys or research 
directly or indirectly in support of bio- 
physical activities. An Advisory Committee on 
Northern Baseline Studies was set up in the 
Environmental Management Service to coordinate 
baseline studies fbr the Environmental 
Assessment and Review Process (EARP). 

INTRODUCHON 
The Department of the Environent (DOE), 
through the Canada Land Inventory (CLI) Program 
and the National Committee on Forest Lands, has 
supported the development of a biophysical 
classification system for Canada. Since the 
completion of the pilot projects in Québec, 
Manitoba and British Columbia, this methodology 
has been applied to various surveys and’ 
inventories conducted by DOE. Some of these 
are described in detail in the Proceedings 
(e.g. see Zoltai, Oswald and Holland). This 
paper gives a summary overview of the DOE 
programs in biophysical and related surveys. 
The information is based on a report prepared 
for the Environental Management Service (EMS) 
by an interdirectorate committee on Biophysical 
and Related Surveys, December 1975. 

Surveys in the Department were roughly grouped 
into three types: biophysical, multidisci- 
plinary, and disciplinary (single discipline). 
These were described as follows: 

Biophysical Survey or Inventory - A survey or 
inventory which is carried out to provide a 
framework for environental resource management 

‘RESUME 
Le ministére de l’Environnement, par l'entre— 
mise du Programme d'inventaire des terres du 
Canada et du Comite national des terres 
fbrestieres, appuie la creation et l'application 
d'un systeme de classification biophysique au 
Canada. La presente communication dbnne un 
resume des etudes et recherches biophysiques 
et connexes. Les activites en cours et 
projetees sont enumerees. A l'heure actuelle, 
1.75 millions de dollars et environ 65 annees- 
hommes ont ete consacres a des etudes ou'd des 
recherches qui appuient directement ou 
indirectement les activites biophysiques. Un 
Comite oonsultatif des etudes nordiques a ete 
cree au sein du Service de la gestion de l’en- 
vironnement pour coordonner les etudes de base 
dans le cadre du Processus d’evaluation et de 
revision environnementales (PERE). 

and planning using a hierarchical classification 
system integrating environmental elements (land, 
water, climate and living organisms). Ecoe 
systems are mapped or grouped and described 
according to ecological conditions and relation- 
ships, usually without direct interpretation 
and analysis for resource management and planning 
(i.e. suitability for specific or multiple use). 
These surveys are usually carried out by an 
integrated team. 

Multidisciplinary Survey or Inventory — A survey 
or inventory carried out to provide a framework. 
~for the management and planning of more than one 
specific resource to determine the 'best' use 
within predetermined constraints or concerns. 
Two or more specific disciples are involved in 
a survey using standardized or compatible

w 

methodology for classification, evaluation and 
description. 

Disciplinary Survey - A survey or inventory 
carried out to provide specific data for the 
management and planning of only one resource. 

The activities of each of the EMS Directorates 

Proc. lat Meeting Can. Comm. an Ecological (Bio-physical) Land Class. May 25-28, Z976‘, Petawawa, Ont.
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(Inland Waters, Forestry, Wildlife, and Lands) 
are listed according to the groups defined 
above. Only present and planned surveys or 
studies are included. They are listed by 
directorate, though in many of them there is 
participation by other services and government 
departments. Figure 1 demonstrates, for some 
of the ongoing survey activities, the relation- 
ship between amount of integration (survey 
methodology) and objectives (as related to the 
components of the environmental management 
process). 

..BlOPHYSICAL sunvsvs 
A. In the Lands Directorate: 

Coastal Resources Inventory and Mapping 
Program — A federal/provincial inventory of 
coastal resources of the Atlantic provinces. 
This has involved research into the develop- 
ment of a coastal zone classification and 
pilot projects in Newfoundland and Nova 
Scotia. - 

Biophysical Survey of Labrador - In coopera- 

Figure 1 

tion with the Government of Newfoundland and 
the Canadian Forestry Service to prepare maps 
and narratives describing_the vegetation and 
landforms of Labrador. 

Biophysical Survey of land potentially 
affected by Fundy Tidal Power Development. 

Biophysical Baie James - Involves prepara- 
tion of maps suitable for interpretation 
covering the area affected by the James Bay 
power development. This project includes an 
evaluation of remote sensing, preparation of 
a methodology manual, and studies in data 
presentation. 

Biophysical Plaine de St.-Laurent - A bio- 
physical survey similar to the above, carried 
out in the St; Lawrence Lowlands. ' 

Hudson Bay Lowlands Biophysical Studies. 

In collaboration with the Manitoba Northern 
Resources Inventory Program - Research on 
the integration of water data into ecological 
land classification; evaluation of remote 
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sensing techniques for ecological land clas- 
sification. ' 

Caribou Range Study — In conjunction with 
the Department of Supply and Services and MmrmE%wm%;mWmmfmM%am 
coordination for a study carried out by the 
University of Saskatchewan (Dr; J.S. Rowe) 
on the Caribou Range, N.W.T. This includes 
biophysical mapping and studies of pale- 
oecology, nutrient cycling and peatland 
vegetation changes. 

In the Canadian Forestry Service (CFS): 

National Park Biophysical Surveys — In co- 
operation with the National Parks Service, 
Department of Indian and Northern Affairs, 
CFS is carrying out biophysical surveys of 
several national parks, notably: 

L'Anse Aux Meadows (Nfld.) 
Kejimkujik (N.S.) 
Fundy (N.B.) 
Pukaskwa (0nt.) 
South Nahanni (N.W.T.) 
St. Lawrence.Islands (Ont.) 
Georgian Bay Islands (0nt.) 
Banff-Jasper (Alta.) 

These projects include the acquisition and 
analysis of data, and studies in the presenta- 
tion of results. An important part of each 
study is user education, and a number of 
courses have been held to teach parks personnel 
how to read and interpret the results. 

Avalon Peninsula Biophysical - A cooperative 
study with the Newfoundland Wildlife Service 
to prepare a land and ecological capability 
appraisal and management plan for a provin- 
cial park and wilderness area. 

Arctic Islands Terrain Project - In coopera- 
tion with the Geological Survey of Canada 
(GSC) to prepare terrain maps along the 
eastern arctic gas pipeline route. 

Yukon Biophysical — To delineate and map 
broad regional, vegetational, physiographic 
and climatic zones, and major watersheds. 

Environmental Inventories in the Vancouver 
and Victoria areas - Preparation of a series 
of maps and narratives on vegetation, soils 
and recreational features for planning and 
development. 

MULT|DlSCl,PL|NARY SURVEYS 
In the Lands Directorate: 

Canada Land Inventory - Preparation of 

capability maps for agriculture, forestry, 
wildlife, and outdoor recreation, and maps 
of present land use. The fieldwork is 
virtually done and effort is presently con- 
centrated on the publication of maps and 
analysis of the data. 

Northern Land Use Information Series - A 
series of maps prepared for the Department 
of Indian and Northern Affairs (DINA) to 
portray critical considerations of social, 
cultural, and economic features pertaining 
to land or water use and management. The 
Canadian Wildlife Service (CWS) and 
Fisheries and Marine Services (F&MS) partice 
ipate in this project. 

In the Canadian Forestry Service (CFS): 

Urban Forestry — At present, this survey 
concentrates on various cooperative programs 
with the National Capital Commission. 

In the Inland Waters Directorate (IWD): 

Great Lakes Land Drainage Reference Group - 
A cooperative study with participation by 
other services and government departments to 
prepare a report for the International Joint 
Commission. 

River Basin Studies — Surveys and studies to 
prepare water management plans for a river or 
lake basin. They entail consideration of a 
wide range of water—related aspects of the 
natural and social environments such as 
economic, recreational, ecological and 
aesthetic. Study areas include: 

Saint John Basin 
Souris Basin 
Peace-Athabasca Delta 
Shubenacadie—Stewiake Basin 

V 

'

- 

Qu'Appelle Basin ’ 

Okanagan Basin 
Lake Winnipeg, Churchill and Nelson Rivers 
St. Lawrence Water Quality 
Churchill River (Sask.) 
Athabasca River Basin 
Lake Winnipeg Water Quality . 

Richelieu Valley - in cooperation with Lands 
and CFS ‘ 

In addition to the surveys carried out, the 
various services are carrying out a number of 
related studies and research projects in support 
of biophysical classification work. These 
involve such subjects as development and evalua- 
tion of remote sensing classifications and 
methods, data storage and analysis, and 
presentation and application of results.



LEVEL OF EFFORT 
Advisory Committee on Northern Baseline Studies 

In 1976 an Advisory Committee on Northern Base- 
line Studies was established under chairmanship 
of the Senior Environmental Advisor. Members 
are the Regional Environmental Assessment 
Coordinator and representatives from the Head- - 

quarters of each Directorate. The objective 
of this committee is to coordinate, priorize 
and assess the need for Environmental Baseline 
Studies by EMS. The Committee has defined 
Enviromental Baseline Studies as: 

projects undertaken to acquire Environmental 
Baseline Infbrmation which has been defined 
as a description of environmental_;roperties 
and processes within a specifically defined 
area taking into account the dynamic and 
interactive nature of ecosystems, which will 
allow the predictions of environmental states 
resulting from anticipated intrusion by man 
within a specified time-frame, to meet the 
requirements of the EARP. V 

This work is not done in anticipation of any 
specific kind of environmental intrusion but 
rather is done so as to provide a basis for 
the prediction of the consequences of intru- 
sions likely to occur in the area in question. 

Biophysical surveys and research are at present 
largely restricted to Lands and CFS. Current 
biophysical projects are supported by $1.5 
million and about 48 man—years, about equally 
divided between Lands and CFS. About a third 
of-this amount is provided by other depart- 
ments (e.g. National Parks Service of DINA). 
Research directly in support of biophysical 
activities (about $250k and 15 man-years) 
appears to be carried out predominately by 
Lands. However, many of the research and 
survey activities of the CFS in the fields of 
forest inyentory, remote sensing and ecology 
directly and indirectly play an important role 
in the further development of biophysical clas- 
sification methodology. ‘About $5 million and 
140 man-years were required for multi- 
disciplinary surveys in EMS. Major activities 
include the CLI, the Northern Land Use 
Information Series (NLUIS), and River Basin 
Studies; The CLI is in its finalization phase. 
The NLUIS is an ongoing survey financed 
primarily by DINA, with DOE involvement from 
Lands, CWS and F&MS. River Basin studies form 
the major component of multidisciplinary 
surveys. IWD is the lead agency, and other 
DOE Directorates may participate under the 
coordination of Federal/Provincial Study Boards.



DEVELOPMENTS IN CLASSIFICATION METHODOLOGY
I 

EVOLUTION DE LA METHODOLOGIE DE L_A CLASSIFICATION



61 

“\II-IVlEN1l'LAND CLASSIFICATION
C 

S.C. Zoltai 
Canadian Forestry Service 
Environment Canada 
Edmonton, Alberta 

INTRODUCHON 
In 1970 the National Committee on Forest Land 
established a subcommittee on Organic Terrain 
Classification. The immediate task of this 
subcommittee was to develop a system of 
organic terrain classification application to 
various land use purposes. The classification 
system was to be compatible with our current 
methods of land resource surveying, notably 
the Biophysical Land Classification. 

The subcommittee consisted of a panel of eight 
experts in wetland research under my chairman- 
ship. Each panel member represented the geo- 
graphic area of a province, except that there 
was one representative from the three 
Maritime Provinces. Each member of the sub- 
comittee was to organize provincial study 
groups consisting of workers in various 
disciplines, all experienced in wetland 
investigations. Thus each panel member 
represented not only his own thoughts and 
expertise on the subcommittee, but also the 
thoughts of a variety of experts in his own 
region. At the same time, an intensive 
literature review was undertaken by the panel 
members to benefit from the experiences of 
other workers in Canada and in other countries, 
especially in northern Europe and the U.S.S.R. 

The subcommittee developed a tentative classi- 
fication system by 1973. This classification 
system was presented at the Fourth North 
American Forest Soils Conference at Quebec 
(Zoltai et al., 1973). By this time the 
parent body, the National Comittee on Forest 
Land, had been dissolved, but the subcommittee 
was asked to remain active. Without active 
support, both moral and material, the sub- 
committee accomplished little after this 
time, other than sporadic efforts by its 
members to utilize the Wetland Classification 
framework in the course of their investiga- 
tions (Jeglum et al., 1974; Zoltai and 
Tarnocai, l975a,b). 

PHKOSOPHY 
The philosophy of the proposed Wetland classi- 

fication is based on the premise that wetlands 
are ecosystems on which a multitude of 
environmental factors are acting through time 
and changing climatic conditions (Figure 1). 
A classification that would stress only single 
or few features would find limited usefulness 
for many resource users. By recognizing a 
wide spectrum of environmental influences, the 
needs of various land users are met. 

CLIMATE T I ME

T I‘. III
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L PE - Wetland Ecosystem 
H - Hydrology 
Fa— Fauna 

7 H- Hom 
L - Landforrn 
P— Permafrost 
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Diagram of interactions between en- 
vironmental parameters and wetland 
ecosystems through time and changing 
climate 

Figure 1 : 
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The proposed classification is presented in a 
hierarchical framework. The higher levels 
have been assigned ecosystemic definitive and 
descriptive criteria, and the lower levels" 
have more specific, usererelated criteria. 

Wetlands are not conceptually different from 
drylands.- In the past, the differences 
between drylands and wetlands were stressed, 
creating the impression that wetlands are by 
their nature entirely different from drylands. 
Wetlands have landforms (e.g. surface forms 
and materials), just as drylands have. Wet- 
‘lands-have different moisture conditions on 
quantitative, qualitative and temporal bases, 
as do drylands. Wetlands possess local 
climates as do drylands. Perhaps the only 
meaningful difference is that wetlands can 
manufacture their own materials and are there~ 
fore capable of changing their own site 
characteristics. Although site qualities may 
change on drylands also, the change in wet- 
lands (especially in peatlands) is more rapid 
and obvious. Wetlands are, therefore, more 
dynamic ecosystems than drylands. 

_ 
PROPOSED CLASSIFICATION’ 

*See—Appendix of this paper for details on 
the proposed classification. 

In the proposed classification the broadest 
level, Level 1, is based on environmental A 

factors which contribute to the broad physie 

Figarehz. 

ognomy of the wetlands. The various kinds of 
wetlands recognized were Bogs, Fens, Swamps, 
Marshes and Shallow Lakes. Each of these is 
defined within regions as to moisture condi- 
tions, materials, nutrient conditions, water 
movement, development dynamics and vegetation. 
Level 2, a subdivision of Level 1, is based 
primarily on the surface morphology of the 
wetlands including the distribution of surface 
water and, in some cases, the morphology of 
the cohfining basin. Being a subdivision of 
Level 1, all the environmental parameters 
considered for Level 1 also apply to this 
level. At Level 3 the wetland types identified 
at Level 2 are further subdivided on the basis 
of broad vegetation, edaphic, hydrologic or 
developmental dynamic characteristics, Level 
4, the most detailed level, was left open-to 
allow further subdivision on the basis of the 
specialized needs of various disciplines, e.g. 
wildlife, botany, forestry, engineering, etc. 

This hierarchical system allows different 
disciplines to follow a common path and diverge 
only at the most detailed, local study level. 
This overcomes the greatest difficulty that 
the subcomittee found: that of terminology. 
The same word may have totally or subtly 
different meanings to different persons or 
disciplines. Thus "muskeg", when used as a 
scientific term, has as many different defini- 
tions as there were people working with them, 
As a result of our efforts, in the Mackenzie 
Valley, home of the "muskeg", now even the 
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Broad wetland regions of_Canada.



engineers are differentiating the fens from‘ 
other kinds of organic terrain because of 
their distinctive and peculair permafrost and 
groundwater characteristics. 

Another advantage of the proposed system is 
that it recognizes the dynamic processes that 
take place in the wetlands. Wetlands, being 
dynamic ecosystems, are subject to change due 
to their own development or due to interfer- 
ence with the natural system. When we examine 
a wetland at a point in time, we may happen 
to see it in a stage which is in equilibrium 
with its present environment. Other wetlands 
may be in»a transitional stage, as a response 
to a change in its environment. Other wet- 
lands may be in a transitional stage, as a 
response to change in their environment 
(Figure 1). Because in the classification 
system no single characteristic determines 
the type of wetland, such transition stages 
do not cause great problems. 

A further advantage of the proposed classifi- 
cation system is that it adapts very readily 
to the-Land (Site) Regions. It has been 
found that Wetland Regions can be established 
across Canada based on occurrence.and dynamics 
of wet1and.s‘on broad a.r.ea.s.-. An i..n.it,ia..l. map 
of Wetland Regions of Canada (Figure 2) was 
presented at the 4th North American Forest 
Soils meeting (Zoltai et al., 1973). Although 
portions of this map were since revised, the 
concept of such Wetland Regions is proving 
very useful when investigating wetlands on a 
re8:ior_x.a.l basis-7 

FUTURENEEDS 
The work of the Subcommittee on Organic 
Terrain Classification is not complete. In 
my opinion the following tasks remain to be 
done: 

1. Establishment of pilot projects 
2. Establishment of Wetland Regions 
3. Characterization of wetland forms 

1. Pilot Projects - The proposed classifica- 
tion is the concept of the subcomittee and 
the contributing local study groups of a 
system of wetland classification. It incor- 
porates many old, tested ideas, but it also 
introduces new combinations deemphasizing 
some, and reinforcing others. It is the be- 
lief of this subcommittee that this classifi- 
cation is usable, and that it is suitable for 
the needs of a wide spectrum of resource 
users. However, we do not know whether this 
is true. We will not know until it is field 
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The impbrtance of wetlands in Canada hardly 
needs emphasis, To illustrate the state of 
our knowledge, we do not even know how much 
wetlands we have, never mind.what kinds of 
wetlands we have. A common estimate is that 
about 500,000 mi? or 122 of the land surface 
of Canada is covered by wetlands MacFarlane, 
1969). In Ontario, the estimates are that 
peatlands cover some 165,000 mi% or 49% of 
the Province's land area (Ketcheson & Jeglum, 
1972). A current estimate for that Ablerta, 
a ‘prairie’ province, is 31,000 miz, or 12% 
of the surface of the Province is in peatlands 
(R. Valleau, 1974, pers. comm.). In New 
Brunswick there are 2,700 mi? of peatland, 
covering about 10% of the Province 
(Korpijaakko, 1975). 

A knowledge of the resource is an essential 
firest step in planning the utilization of 
the wetland resource. The knowledge of the 
wetlands includes not only its geographical y 
distribution, but its nature, dynamics and 
potential. Thus a workable, wide-spectrum 
classification system is a prerequisite to 
resource management and planning. Pilot 
projects, conducted by multidisciplinary teams, 
could evaluate the tentative classifica- 
tion system in various parts of the country. 
Modification and improvements resulting from 
such projects should lead to a system accept- 
able for all wetland resource managers and 
users. ' 

2. Establishment of Wetland Regions — The 
concept of Wetland Regions is similar to that 
of Land (Site) Regions. It has been noted that 
similar wetlands tend to develop in areas of 
similar landform within broad regions. On the, 
wetlands not only the vegetation chronosequence 
is similar, as on drylands, but the developmental 
trends through time on the wetlands tend to be 
similar within the regions. 

The Land (Site) Regions can, to some extent, be 
used as Wetland Regions. In many instances, 
however, differences may be found on drylands 
that necessitate the recognition of a regional 
boundary, but without corresponding signifi- 
cant changes in the wetlands. This can be due 
to the more uniform, but often stressful, soil 
moisture and local climate conditions prevail- 
ing in the wet1and$. As a matter of interest, 
in the Mackenzie Valley the vegatation and 
permafrost characteristics of bogs in a Wet- 
land Region resemble the vegetation and perma- 
frost characteristics of moist drylands on 
regions farther north. 

The similarity and yet not complete corres- 
tested and evaluated by multidisciplinary groups. pondence of Wetland Regions and the Land
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Land Regions of the Mackenzie Figure 3. 
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, Valley, N.W.T. 

(Site) Regions is illustrated in Figures 3 
and 4. Here the Regions in the Mackengie 
Valley, comprising some 120,000 mi2 are juxta- 
posed, showing that some boundaries coincide 
closely, but others do not. This suggests 
that while many Land (Site) Regions are also 

' Wetland Regions, the establishment of Wetland 
Regions.should be pursued, especially if the 
thrust of the particular study is ofiiented 
towards wetlands. For dominantly dryland— 
oriented studies, the Land (Site) Regions.can 
be accepted as being suitable for the 
characterization of wetlands, realizing the 
possibility that the wetlands may egtend into 
the neighbouring Land Regions. 

The value of Wetland Regions is obvious. Be- 
cause of similar developmental trends, the 
wetlands can be defined and described with a 
reasonable degree of accuracy within regions. 
The response to development or disruption 
will also be similar within regions, adding 
a powerful tool for predicting the 
consequences of such disruptions. 
Regions facilitate the description, 
characterization and response of wetlands, 

Wetland 
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allowing a meaningful planning of their manage- 
ment and utilization. 

3. Characterigation of wetland forms - Wet- 
land forms can be defined as (1) thé surface 
form of the wetland, its position in relation 

Wetland Regions of the Mackenzie 
Valley, N. W. T. 

Figure 4. 

to the containing or adjoining mineral terrain 
or open water, and (2) the material of 
the wetland. Field investigations show that 
characteristic wetland forms tend to develop 
within Wetland Regions. They are readily 
recognizable and mappable at a reconnaissance 
level. Their number is finite and within 
manageable dimensions. 

Peatland types were found to be useful for 
wetland classification by Heinselman (1963). 
The initially proposed.wetland classification 
for the Biophysical Land Classification 
(Adams and Zoltai, 1969) made use of wetland 
forms, and their definition and use was 
further extended by Tarnocai (1970). In 
practice, it was found that in the Mackenzie 
Valley there are only seven distinct peren- 
nially frozen peatland forms (Zoltai & 
Tarnocai, 1975a). Each of these could be 
described and characterized, and the descrip- 
tions can be used with a high degree of 
confidence to characterize the external, 
internal and dynamic properties of similar 
wetlands in the region. 

Figures 5 to 9 in the appendix show a graph- 
ical characterization of wetland forms. Such 
diagrams and photographs should accompany the 
description of the internal and external 
characteristics of the biotic and abiotic 
environment of different types of peatlands.



~ 
In the opinion of the Subcommittee, a registry 
of peatland forms should be kept in which the 
detailed description and characterization of 
various wetland types would be kept, with 
periodic publications. This would ensure that 
the terminology will not change, achieving a 
degree of stability and avoiding confusion. 
It would ensure that superficially similar, 
but basically different wetlands types will 
not be confused in the mind of the investi- 
gatore or his audience. We believe that such 
a scheme would go a long way toward maintain- 
ing communication between individual works and 
between various desciplines. 

RECOMMENDAUONS 
It is my recommendation that a subcommittee 
or working group of Wetland Classification be 
reestablished. The tasks of such a group 
should include the finalization of the wet- 
land classification system and the promotion 
of its use throughout Canada. Some of the 
immediate tasks may be: 

1. Organizing and implementing multidiscipli- 
nary pilot projects of wetland classification 
in different parts of the country. 

2. Defining and refining the Wetland Regions 
of Canada, as a spatial framework for 
regional wetland studies. 

3. glnitiating and maintaining a registry of 
wetland types, and preparing the publication 
of this information as needed. 
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APPENDIX 
OUTLINE" OF PROPOSED WETLAND CLASSIFICATION‘ 

At present, the subcommittee has not finalized 
a wetland classification. However, the follow- 
ing is a favoured approach which complies with ”°"°‘:ffRsH “"“9 “°° 

I 

‘L9’: ‘5“ 

the terms of reference and objectives of the E, 

subcommittee, but has not yet been tested or ‘-7- 

scrutinized by possible users. There are four 
proposed levels of‘ classificat-ion:

O 

DEPTN 

(METERS)

|

2 

Level 1 .— This level is the most generalized 5 

and is based on site features which either “ 
-_ V, 

_ . 

w ,- 
» ~ ~ 

constitute or contribute to the physiognomy of 
0 5° "00 

'5°n.s+.pf:jj§°(a:'r:a§j?° 
39° 35° mo 45° 

the wetlands. The units exhibit considerable EL E E N D 

integrity regarding surface morphology, soil . 
mm S°"°'""'" °”' "''‘° '"°' W" 

type-, nutrient and moisture regimes, drainage E """° """°"“""‘°‘°' W" I H--v-Ic woody um mu 
regime, and vegetative cover. The "main wet‘ 
land classes are": bogs, fens, marshes, swamps, 
and shallow open waters (Table 1). The Figure 5a: Cross sectional_diagram of a 
following are definitions of these terms, « raised bog, maritime Boreal (Bm) 
based on the work of several authors. Wetland Region. 

Bogs - Bogs are peat-covered areas or peat» 
filled depressions with a high water table 
and a surface carpet of mosses, chiefly 
Sphagnum. The water table is at or near the 
surface in the spring, and slightly below 
during the remainder of the year. The mosses 
often form raised hummocks, separated by low, 
wet interstices. The bog surface is often 
raised, or if flat or level with the surround- 
ing wetlands, it is virtually isolated from 
mineral soil waters. Hence the surface bog 
waters and peat are strongly acid and upper 
peat layers are extremely deficient in 
mineral nutrients. Peat is usually formed 
in Situ under closed drainage and oxygen satu- 
ration is very low. Although bogs are usually 
covered with Sphagnum, sedges may grow on them. 
They may be treed or treeless, and they are 
frequently characterized by a layer of

’ 

ericaceous shrubs. 

Figure 5b: Ground view of a rasied bog, * This Appendix has been -added to Mr. S.C. M . .. -

. 

_ ._. ._ 7. > ., . . , 

' aritime Boreal (Em) Wetland 
:0l'7l:(z;z77’ the'01i‘77ifZ::ctZpZ;(:Zs:2b’l:ydiziricghiglhhH 3?‘ the Igegizgn. Tie bog aiebis .nea:Zy 

c. .. .- T . eves on t e cres u egins 0 
Wetland Classification ,Scheme., The Appendix Slope away from th; viewer past 
is modified from the paper ’»’«De've_loping a 
Wetland Classification for Canada" by 3.0. 
Zoltai, F.C. Pollett, J.K. Jeglum and G.D. 
Adams, in the proceedings of the 4th North 
American Forest Soils Conference, Quebec 
City, Z972, published by Les Presses de 
l'Universite’La1)al. 497-511. 

the clump of trees.
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Table l: Provisional key to wetland closjscs. 

ta 

. Well-defined wetland basins in which at least 75% of the 
area is occupied by central expanses of permanent open water 
lL'.\s than 2 m in depth ................................. 

. Wetlands where permanent open water is restricted to scatte- 
red small pools occupying less than 75% of the area. or 
where standing water is present only seasonally or not in all 

Predominantly ombrotropliic wetlands. developed on acid 
pe_at f_o_rming it l_eve_l, raised. or sloping surface with elevated 
hammocks and wet hollows. usually overlain by it continuous 
carpet of spongy n-ioss dorninated by S/iliagnuni. and suppor- 
ting a layer of Ericaceous shrubs. with or without Trees .. 

Predominantly minerotrophic wetlands on less acid peat or 
mineral soil. without a continuous moss substrate and with u 
wiiter table persisting seasonally at or very near the surface. . 

3. Open wetlands with level or depressional surfaces ext-ep't for

P 

at 

low hammocks or ridges. and dominated by sedges and 
gr:isses.Pool. _fop_e w_ erordra' agetracksmay bepresent ~ ~ 

Wounded. non-bog wetlands usually with 11 hat or hummocky 
surfai: and supporting about 25% cover of trees or ‘tall 
\h!l.lbs more than l.5’m in height. Associated with stream 
courses. lake edges._ sub‘suVrfa_ce drainage. gla_ 

' 

_I depressions. 
and h0g’1f‘l'L|fgil'|$

~ 
An open. relatively uniform and consolidated surface occasion- 
ally with subparallel ridges or elevated islands. linear drain- 
age features. and a dispersion of small pools. Surface 
ieizctation consists of wedges and grasses and ti sparse It yer of 
\hfUh.\.il|'ld trees . . . . . . . . . . . . . . . . . . .. .. . . . . .. .. 

. Ari unconsolidated opeii. flat to depressioniil siirfiioe with 
clumps of emergent sedges. grasses. and reeds interpersed in 
standing w;t_ter with occasional small pools and channels. or 
patches of bare soil exposed during seasonal water drowdowns 
Often associated with open water in streams. llowage lulu. 
glacial depressions. or on marine terraees . . . . . . . . . . . . . . . . . . 

~~ 

Cuss 

Sliallo w U/‘wt 
Wiilir 

Olhtr Welland: — 2. 

Bug 

Fen. Marsh and 
Swamp - J. 

Fen and Marsh - 4. 

swnip 

M anrh 

Table 2: 

Surface not raised iiboie surrounding terrain 
Z Surlace concave . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 

1. Surface relatively l_evel
_ 

,1. With uhrupt marginal peat walls in permafrost terrain . 

3. Without marginal peat mill 
4. with small sink pools 
4. vviitmui out pools 

>. Adjatxnl to water bodies 
a Floating .... 

~~ 
ti. Notnuating . . . 

5. Not adjacent to uni er 
I Surf-.ioe raised or appreciably" sloping

_ 

7. Surface level to irregular. but not conspicuously domed or 
sloping 
X. With fro/en core 

9. with network of polygonal fissures . . . . . . . . . . . . . .. 

9. without lisstlres 
I0. Withouttliuw pockets .. 

V 
I0 Withuvitlorirreguliirth-wpocltcts . 

tt. Without frozen core . , . . . . . . . . . . ,. .. 

7 Surfiiix domed or sloping 
ll ‘\hfu|1|i_\Lil)l1\L‘ .\l.\u‘.lii_\'il|:l rm matrix 

l_2. Fro/‘en con: ., .. . 

I2. Wilhiiul Iru/LII um: .. . 

ll (icntl_\ donietl.s|u'ping or teppcd surliio; 
‘I3. Topugriiphically exlcnsiic. . .. .. .

~ 

I3. Tt)|\tIgf.I[\i|iL'tlii_\ Utlllllfltti. usu:il|_\ min t-.~uir';ii 

punts and/or marginal VAC‘ lriiugiis (liurlsl and .i 

marginal fen (lagg) . . . . . . . . . . . . . . . . . . . . . . . .. 

Provisional and incomplete key to bogs. 

Bowl Bug 

(‘rilluntia Bug 

smt hale Bug 

Floating Bug (includes 
Floiiting lslund Bugs) 
Shim’ 5",, 
H." 1.2.... 

FtII_t‘_(tIIl¢ll mi Pllllrllll 
Pro: Pllllflllt 
71it'rIii.:Arir.rt Peril I‘/ulcun 
Eng I‘luIi»aii 

PM/All Hug 
Prat Miiuml Bug 

Illultlrel Hug 
(includes Slope Bogs) 

Ruin-.-I Iiu_t' 

Tables:

~ 

Provisional and incomplete key to fans. 

I_. Surface not raised above surrounding terrain except in low 
ltummocks and ridges 

v 2. Su'rf-ice piitterit of ridges and depressions 
J. Subparallel pattern ofridges and furrows 

4. Broad pattern along lowland drainage: 

4. Narrow Iadderlike pattern along bog flanks . , . . . . .. 

'3. Reliculale patrern of ridges , . . . . . . . . . . . . . . . . ._ . . . . . . . 

.‘. wil'I0|Il'}aIflI|0|-|Y|'RdV§Ilf(H% pattern 
5. Featurelels. without surfane water 

6. Adjacent to.wuter bodies 
7. Floating .. .. 

7. Not floating 
6. Nut adjacenlto water 

it. Fitted to narrow drainages . . . . . . . . . . . . . . . . . . . . 

8. Without obvious drainage control . . . . . . . . . . . . . 

with surface water or tilled depressions 
9. With round or irregular ponds .. 

9. Depressed thaw hollows .. 

I’. Surface raised or appreciably sloping 
I0. Moundsiwith frozen core in pattern fens .. 

l0. Without frozen core 
l>l_. 'Surfaoe irregular due to upwelling water 
I l_. Surface regul:_i_r but sloping . . . . . . . .. 

5,. 

Slope Fen 

TVPI 

String Fen 
(includes Ribbed Fen) 
Sevfiag} Fen ‘ 

- , 

(includes Water Triicli 
Fen) ' 

Floating Fen
I 

Shim» I-‘en 

Draw Fen 
I-luristlnlul Fen 

fmrd F en 
Collapse F en . 

Palxa Fen 

Spring F im 

Table 4: Provisional and incomplete key to swamps. 

l. Adjitoent to permanent water body 
2. Adjacent to moving wnier .... 
2_. Adiagnt to n_oi_i-moving water ~ 

I. Not iidjagent to p_e_rm_an_en_l water body 
3. In topogriip ally defined basins 

4. On perimeter ofpetitlands 
4. Not on perimeter of peatlands

~ 

5.. Not in topographieully dgfir_i_ed basins . . . . . . . . . . . . . . . . . . . 

Tvrt 

Alluvial swanips 
Lak esidr swamps 

Fm: margin swamps
i 

Caldmmtl s ivanrps 

Srvrmrr s-inmnr 

Table 5: Pr-ovisional and 'inc,omplete'key to martshes.. 

. Adjacent to ori fl_uevioo_d'by marine lid_tt| water 
2. In _rive_r _e__u_a es o_r adjoining buys where tidal flats. 

iium ous c els and pools are 
brackish or salt-water . . , . . . . . . . . . . . .. 

Z. 0_n riia_ririe terraces remo 
' _ 

. or in embay- 
nients or lagoons behind barrier beaches. where’ there is 

periodic inundation by tidal brackish and saltwater 
. Adjacent to ‘inland water body

' 

J. Adjaant to permanent water body 
4. Adjiioentto moving water 

5 Otxurtying water courses or flood plains 
4. Adjzicerit to .<ia'ndii'i'g'water 

, 
5. Oecupyinglalte shoresor hfl’ySV0lfl0\0IIg:ifll:S 

3. Not adjacent to permanent water body 
4. Ooc__iipy_ing l_0|)_t)fil'il[1i’IIl.‘2"yd¢fil_\$_i)ll§llIS 

4. Not in topographic y defined basins. usually at lou. 
elevationk or at the base of slopes . . . . , . . . . . . . . . . . .. 

~ ~~

~ 

Ct/tss 

£s_tu_nri‘ne Marsh 

Coastal Marsh 

Fluvial Marsh 

Lrnrir Marsh 

(‘airhniynt Marsh 

seepage Marsh



«mosses. In some regions, Sphagnum may be 

68 

Fens - Fens are peatlands characterized by 
surface layers of poorly to moderately

_ 

decomposed peat, often with well-decomposed Iuvé R “dn 3 
'. -rfl“"G ""l7i_—::_’_TE:;:% 

peat near the base. They are covered by a 
dominant component of sedges, although 
grasses and reeds may be associated in local 
pools, Sphagnum is usually subordinate or 
absent, with the more enacting mosses being 0 

common. Often there is much low to medium- 
height shrub cover and sometimes a sparse 
layer of trees. The waters and peats are 
less acid than in bogs of the same area, and 
sometimes show somewhat alkaline reactions. 
Fens usually develop in restricted drainage , —-9 D-M ~ M "”'"W=w 

DEPYN 

whens) 

situations where oxygen saturation is 2 -4 A i; - 
'3 

- 
37 J -E 

relatively low and mineral supply is restricted. °“'ANCE(M"E”) 
Usually very slow internal drainage occurs LE e s u a through seepage down very low gradient slopes, 
although sheet su_rfa_ce flow may occur during mm. “.4, ,..,,. P... Mm‘ ",9, p”, 

~~

~ spring melt or period of heavy precipitation. ~ Fibric udgg pe_:n Humic pom 

Swamps — Swamps are wooded wetlands where 
standing to gently flowing waters occur.season- Figure 6a: Cross sectional diagram of a 
ally or persist for long periods on the . string fen, Continental Boreal (Be) 
surface. Frequently there is an abundance of Wetland Region 
pools and channels indicating subsurface 
water flow. The substrate is usually contin- 
»ually waterlogged. Waters are circumneutral 
to moderately acid in reaction, and show 
little deficiency in oxygen or in mineral 
nutrients. The substrate consists of 
mixtures of transported mineral and organic 
sediments, or peat deposited in situ.. The 
vegetation cover may consist of coniferous or 
deciduous trees, tall shrubs, herbs, and 

abundant. 

Marshes - ‘Marshes are grassy wet areas, period- 
ically inundated up to a depth of 2.m or less 
with standing or slowly moving water. Sur- 
face water levels may fluctuate seasonally, 
with declining levels exposing drawdown zones 
of matted vegetation or mud flats. Marshes 
are subject to a gravitational water table, 
but water remains within the rooting zone of 
plants during at least part of the growing 
season, The substratum usually consists of 
mineral or organic soils with a high mineral 
content, but there is little peat accumulation. 
Waters are usually circumneutral to alkaline, 
and there is a relatively high oxygen satu- 
ration. Marshes characteristically show 
zonal or mosaic surface patterns of vegetation, 
comprised of unconsolidated grass and sedge

V 

sods, frequently interspersed-with channels or Figure 6b: Aerial view of a string fen, 
pools of open water. Marshes may be bordered Continental Boreal (Be) Wetland 
by peripheral bands of trees and shrubs, but Region. — 

the predominant vegetation consists of a 
variety of emergent nonwoody plants such as 
rushes, reeds, reedgrasses, and sedges. 
Where open water areas occur, a variety of 
submerged and floating aquatic plants flourish.
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Shallow Open Waters - Shall open waters,. -“ 
' '" ‘ 

which are locally known as ponds or sloughs, * 

are relatively small, nonfluvial bodies of 
standing water occupying a transitional stage 
between lakes and marshes. In contrast to 
marshes, these waters impart a characteristic 
open aspect, with proportionately large 
expanses of permanent surface water that lack 
emergent cover, except for relatively narrow 
zones adjoining shorelines. Qpen water 
usually occupies most of a defined basin area, 
or is held within large depressions within 
extensive peats mats. The basin usually 
exhibits a saucer-shaped profile with gently 
sloping or recessional shorelines. The 
discrimination of shallow open waters from 
deeper lakes is based upon the relative 
extent of the littoral zone, usually 
indicated by maximum growth of rooted aquatic 
macrophytes. This zone, which is arbitrarily 
defined as the range in depth from 0 to 2 m, 
usually extends to the middle of the basin or 
occupies at least 75% of the basin area, with 
remaining portions occasionally attaining 
greater depths. Shorelines may be firm, soft 
or floating, and they consist of materials 
varying from rock or silt to organic deposits. 

Figure 7a: Ground view of a bowl bog, Humid 
Boreal (Bh) Wetland Region, look- 
ing from the centre toward the 
rim of the bog. .

" 

Forms of wetlands which are transitional 
between the classes described also occur. In 
general, the wetlands develop from marshes to 
fens to bogs and in certain areas bogs may 
develop into swamps. Many other wetland 
successions have been recorded; for example, 
in certain regions, swamps develop into bogs. 
Such transitional stages may be difficult to u 
classify: it has been proposed that such 
stages, if identifiable, be named by 
composite names such as bogfens, fenmarshes, 5 

etc. 

urumn swnu %j'—‘— Iowt IOG -—_.j)
~ 

sy/Am1uruun

~ ~~ 
C 
UT 

-STRIP 

Level 2 - This level is based primarily on 
surface morphology of the wetlands, including 
the distribution of surface water, and in 
some cases, on the morphology of the confining 
basin. Such features as raised or level 
surfaces, patterns of ridges, depressions, or . 

pools are noted, as shown by the key 
developed by Rowe (Tables 2 and 3). In 
contrast to bogs and fens, the marshes and o uh ea. " <9. 4» ‘T 

swamps are not readily characterized by ‘ 
“‘”"°‘”‘”"“ 

surface morphology. The association of 
marshes and swamps to hydrotopographic 
features (rivers, lakes, slopes, etc.) can be Figure 7b: Cross sectional diagram of a bowl 
used to differentiate them (Tables 4 and 5). -bog, Humid Boreal (Bh) Wetland 
Shallow open waters may be classified Region. 
according to the adjoining wetland or land - 

types, e.g. mineral pools, bog pools, marsh 
pools, etc. 

Fibri: Sphagnum pic! 

P-a'..-ndzmu..na'ud DEPVH 

(METERS)

~ 

Level 3 - At level 3, the wetland types 
identified in Level 2 are defined on the 
basis of their vegetation characteristics.



_but further north, coniferous forests become 

'. further subdivided into floristic units; wet- 
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At this level, regional environmental influ- 
ences, such as regional climate, edaphic Pu, 
conditions, or trophic levels become more . 

“‘7“ 
important in classification and, subsequently, 
wetland subdivisions may be defined for each 
wetland region. For example, a catchment 
swamp in the St. Lawrence Lowlands may 
support a heavy growth of hardwood forest, 

uk..,M5,__;|<.+_:-EA! Pl.A'lEAU -jjé (— PEN 
|‘[An_vginnI .14": > 

the dominant vegetation type, whereas in sub- 
arctic regions, tall shrubs will be growing 
on such swamps. 

DEPYH 

(METERS! 

Le el 4 4 Ih the most detailed of classifica— . 

tiofi, the specialized needs of disciplines 
3 1; 

“ 

$ . é & ‘g ‘g $ =10 
are recognized. For example, if a particular ' 

m5”Nc§(M§“gg 
interest lies in botany, the wetlands can be 

land units can be evaluated on basis'of ~ engineering’ qualities-, _etc. rum: ...g,,.-...... pea! §’ai.',l.a=i“=e.aa.- mos! ago. 

the :?.resent- information aVa.ijla_ble Mm‘ 5""°’7""'"'"°°d’"°' Hm‘ "d°"'"°°’dY Pm 
concerning wetlands in Canada, the units in MM: s-doe--"-o‘-'=-='°°' 

each level of classification can only be 
defined in descriptive terms. To prevent an 
uncontrolled proliferation of wetland types Figure 8a? Cross sectional diagram of a peat 
being incorporated into the literature, it plateau and palsa, Mid-Subarctic 
might be desirable that each type in Level 2 
be described from a 'type' location. Each 
description would include as much information 
on the external and internal structure 
composition, and physical and chemical 
characteristics as possible. It is recommended 
by the subcommittee that a national body 
scrutinize these submissions and decide 
whether they are significantly distinct 
enough to be included in wetland subtypes. 
Some attempts at describing certain morpho- 
logical wetland types have been made by Adams 
and Zoltai (1969) and by Tarnocai (1970). 
Examples of such wetland types, representa- 
tive of different regions in Canada, are 
shown in Figures 5-9; 

Figure 8b: Aerial view of the peat plateau- 
palsa complex shown in Figure 8a. 
The palsa is the elevdtedL tree- 
less rise near the centre of the 

— picture.
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Figure 9a: Cross sectional diagram of a— Figure .919: Ground view "of a-ca~tch‘ment marsh, 
ca-tchment marsh, Prairie (P) Prairie’ (P) Wetland Region. 
Wetland Region.



AN mMTllEGRATiED ITERATIvE*lHoLisrIc APPROACH TO 
ECOSYSTEM CLASSIFICATION 
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INTRODUCHON 
Toward a Definition of Ecosystem Classifica- 
tion - The term "bio-physical" was first 
applied to a national land classification 
‘program launched by the Government of Canada 
in 1967, a program which had previously been 
operating under the name of Wildland Inventory 
(Lacate 1969). Bio—physical was introduced to 
emphasize that both biotic (living) and 
physical (non—living) features were to be 
included in the classification. But was it 
to be a mere inventory in which living and 
non-living elements of the landscape are 
catalogued and mechanically 'hitched' together 
as the hyphenated term might suggest? Lacats 
(1969) had stated "the aim.....is to differen- 
tiate and classify ecologically significant 
segments of the land surface rapidly and at a 
small scale". These ecologically significant 
segments are unquestionably ecosystems and 
the 'bio—physical' land classification was 
ostensibly a classification of ecosystems 
(Jurdant et al. 1973). Furthermore, during 
the first days of the meeting of the Canada 
Ecological (Bio-physical) Land Classification 

' Committee at Petawawa, there was developing a 
consensus that the-program is indeed a clas- 
sification of natural ecosystems, not an 
inventory of natural features per se. What 
then are the philosophical presuppositions on 
which such a program should be based? 

An ecosystem has been aptly defined by Rowe 
(1961) as "8 topographical unit. a volume of 
land and air plus organic contents extended 

- areally over a particular part of the earth's 
surface for a certain time". To this he added, 
"with boundaries fixed by definition". 
Implicit in this last stipulation is that not 
only are the boundaries of ecosystem units 
established by definition, but the range of 
classificatory characteristics of the unit 
itself are likewise defined mental constructs. 

Since ecosystems are mental constructs, they 
may be conceived at the required levels of 
integration (of. Rowe l96l) and ‘tailored’ to 
meet specified objectives. In land use 
studies correlated with ecosystem classifica- 

tion, a specific system of integration organizes 
ecosystems as biological production systems 
(Hills 1960c). For convenience, I have chosen 
to restrict the concept of ecosystem units to 
homogeneous areas and the concept of land units 
to patterns of these homogeneous areas. How- 
ever, these patterns may exhibit homogeneity at 
a broader level such as a deer-range and these 
are likewise ecosystems, but of another order. 
‘Homogeneity’ requires definition of level. 

A natural landscape is any part of the ecosphere 
in which the relationships between plant and 
animal communities and their physical environ- 
ment is the focus of enquiry. Natural landscape 
units of all sizes are investigated as patterns 
of natural ecosystems. The latter are sometimes 
called ‘biotic ecosystems‘ to distinguish them 
from ‘human ecosystems'. 

A cultural landscape is any part of the eco- 
sphere in which the relationships between 
human communities and their non-huan environ- 
ment is the focus of enquiry. A cultural land- 
scape unit may include one or more natural 
ecosystems (usually a pattern of them), which 
are investigated as part of a cultural eco- 
system. The ecological constructs which indi- 
cate the relationships characterizing human 
ecosystems are readily formulated through the 
use of an extension of the format described in 
this paper. The capability classification used 
in the Ontario Land Inventory illustrates this 
methodo1ogY- * 

Site typology consists of investigation of 
individual ecosystems at various levels of 
homogeneity. (The methodology discussed below 
is mainly that of site typology.) 

Landscape synthesis groups ecosystems into 
patterned units of convenience useful in mapping 
and evaluation of areas for various land uses. 

The method of interpreting the units of site 
typology and landscape synthesis in site evalu- 
ation programs will not be discussed in detail 
here. Only a brief reference will be made to 

Pr-ac. Zst rgleeting Can. Com. on Ecological (Bio-physical) Land Class May 25-28 Z976‘ Petzzuawa Ont ' J 1 3 u
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those units which have been used as the plat- 
form from which investigations of landuse 
capability, suitability and feasibility have 
been projected. ‘ 

The Nature of Ecosystems as Homogeneous 
Volumes of Transactional Space — Ecosystems 
have already been introduced as life-contain- 
ing volumes of air and earth space which are 
differentiated according to specified charac- 
teristics. In order to formulate the diag- 
nostic and evaluative criteria for establish- 
ing homogeneous units, ecosystems are viewed 
in the context of transactional space. 
Carpenter and McLuhan (1960) have shown 
clearly the shortcomings of visual space, the 
‘view which is most common in our present cul- 
ture. Their arguments for shifting from eye 
to-ear perceptions are well taken. However, 
their term acoustic space presents a serious 
semantic limitation to a connotation of total- 
ity, even though these authors have suggeted 
that most sense perceptions may be interpreted 
as associations of sound. But, as the old 
Scotch expression goes "There are many experi- 
ences which are better felt than tel't". Since 
philosophers Dewey and Bentley (1949) consider 
all of man's experiences within his total 
-environment to be within a well-organized 
transactional framework, transactional space 

‘is herein deemed a key characteristic of land- 
scape viewed as a pattern of ecosystems. 

Transactions are interactions characterized by 
interdependent relationships among all the 
participating ‘actors’. This is the type of 
interaction which exists in ecosystems between 
two or more of its component features. 

Dewey and Bentley (1949), in ‘Knowing a'n'd the 
Known‘, introduced the term transaction to 
replace their reject term ‘interaction’, In 
enquiries concerning the nature of ‘thing’, 
Dewey and Bentley includes the 'knower' as 
well as the ‘things known‘. This means that 
the ecologist and other enquirers are part of 

4 the ecosystem classification framework even 
though they are not a physical part of the 
process of ecological production. As we shall 
see later, ecological enquiry must draw upon 
-the 'cosmos', which is total transactional 
~space, for the meaning of ecosystem behaviour 
at all_leve1s of differentiation.‘ 

Transactions within each ecosystem result in 
changes in the ecosystem itself.- Such changes 
are the result of the behaviour of the entire 
ecosystem and not of any specific part of it. 
Thus, the entire system operating over a speci- 
fied period if the ‘causal’ factor, and the 
pattern of changes known as ecosystem produc- 
tion, which have occurred within that system 
during that period, is the'resultant'. ~Thus, 

an ecosystem is'both a circular causal system 
and a circular resultant system. 

The ‘transacting’ components of the ecosystem 
are the various individual features; plant and 
animal cgmunities, climate and landform systems 
in the case of terrestrial ecosystems; (water- 
form-replacing landform in limnic ecosystems). 
The characteristic behaviour of the various 
levels of these features (e.g. vegetation 
physiognomy, soil moisture, water temperature 
regime and air humidity) is understood in the 
context of the transactional relationships 
which are established between these specific 
characteristics and those of the other features 
of the ecosystem. The problems of ecological 
classification are accentuated by these differ- 
ences in the transactional value on four specific 
measured feature properties. 

Since space does not permit a lengthy exposition 
of transactional behaviour within ecosystems 
(this may be found elsewhere in Hills et al. 
1970 and Hills l974), the characteristics of 
ecosystems as transactional wholes are briefly 
sumarized below: 

(a) Ecosystems are real but their location 
and designation are dependent upon the definie 
tion of key characteristics selected to meet 
specified objectives. 

(b) Ecosystem units are established within a 
postulational framework of transactional space 
by an iterative process which contemporaneously 
differentiates units at a lower level and 
aggregates them at a higher level of different- 
iation. 

(c) Ecosystems are systems of circular 
causality and circular resultance, (This means 
there are no traditionally conceived causes and 
effects either within ecosystems or between 
ecosystems). 

(d) As a corollary to (c) above, the char- 
acteristics of the component features of an 
ecosystem are said to condition not cause, 
ecological production, whether this production 
be the development of a podsol soil, the 
production of a hardwood forest or the modifi- 
cation of the regional macroclimate. 

(e) ~Ecosystems are dynamic systems. Signs 
ificant changes within a time period necessi- 
tate a definition which indicates the limit 
between one ecosystem and its successor within 
the time continuum. .' 

(f) Ecosystems are an integral part of 
continua in space as well as in time. Eco- 
systems, the homogeneity of which is defined 
as a broad range of class characteristics, are 
characterized by a central core or dominating 
node or nodes. Their boundaries are lines of 
convenience which separate the core or nodes 
of one class from those of adjoining areas. 
The core or nodes need not be centrally located
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within the mapped area. 

The Objectives of a Natural Landscape Classi- 
fication - This view of natural landscapes 
and of the biotic ecosystems of which they 
are constituted dictates the following objec—. 
tives for the establishment of an ecological 
land classification designed to provide a 
framework for mapping, description and eval- 
uation of areal units for all uses: 

1. To subdivide the land-water surface into 
homogeneous units which are — 

a) located and identified by morphological 
features of the systems which constitute the 
biogeospheric envelope of the area, 

b) classified in terms of comparative eco- 
logical significance for all types of bio- 
logical production (these two interrelated 
activities constitute the site typology of 
this paper), and ' 

c) evaluated in terms of their capability, 
suitability and feasibility for biological 
production and resource management. 

2. To synthesize the homogeneous site units 
of above into definable patterns useful in 
programs of - 

a) airphoto interpretation and mapping, 
b) areal description, and 
c) resource management and planning (in 

this paper these procedures are introduced 
briefly under landscape synthesis.) 

Here are some suggested questions to test the 
effectiveness of an ecological land classifi- 
cation fashioned on the principles enunciated 
above: 

Does the system of classification provide for 
the recognition of the attributes of eco- 
systems as wholes? Is this accomplished 
through a systematic interpretation of each of 
the component features which condition those 
transactional processes which are the charac- 
teristic features of ecosystems? (Processes, 
not features per se, are the attributes of 
ecosystems.) 

The following are corollaries of the above 
proposition: 

Corollary 1 - Are the ecosystems identified 
by their physical properties? Are these 
pfoperties interpreted in terms of their eco- 
logical effectivity in order to meet the 
requirements of an ecological classification? 

Corollary 2 - Are the ecosystems classified 
through the interpretation of these identifying 
physical homologues in terms of their eco- 
logical effectivity as they function as compo- 
nents of specific ecosystems?

~ 

Corollary 3 — Are members of a class of . 

morphological homologues placed into different 
gradients of effectivity classes owing to dif- 
ferences in the degree of conditioning which 
the various complexes of associated component 
features have upon their functioning? Is there 
a regional ecological matrix which provides a 
guide to the placement of specific physicalv 
property classes (homologues) into one of 
several feature effectivity classes (analogues)? 
For example, under what total ecosystem con- 
ditions does a mean annual-precipitation of say 
12 inches indicate an ecosystem which provides 
specific communities with (a) adequate, (b) 
insufficient, or (c) excessive moisture?. 

In order to investigate natural ecosystems to 
meet the above objectives what presuppositional 
framework is applicable? It is evident that 
both the 'general' and the ‘particular’ must be 
established contemporaneously. Therefore, the 
enquiry is neither an induction nor a deduction 
one as normally conceived. If ecosystems. 
could be classified as purely physical systems, 
strictly upon the objectivity of the scientific 
method, we could have an ecologist paradigmu 
just as we have a physicist paradigm and a 
chemist paradigm. But, as I have reasoned else- 
where (Hills 1974), the philosophical framework 
required by the landscape ecologist is not the 
paradigm of normal science (Kuhn 1962). Perhaps 
the required framework should not be considered 
a paradigm if that leads to the dismembering of 
the ecosystem in order to fit it into the so-called 
obj ec t_ively cons truc ted sc-ientif ic mould! The 
postulational framework required is similar to 
that of regional geographers approaching their 
field as human ecologists. 

This is not the place to discuss the confusion 
which has characterized the philosophical frame- 
work within which the regional geographers have 
been working (Hartshorne 1939, 1959). Nor is 
there space to sort out those principles appli- 
cable to our problems proposed by the geographers 
(Chorley et dl. 1970) who have recently 
attempted to apply scientific method to the art 
of geographic regionalization. *

‘ 

Rather I have chosen to derive the philosophical 
framework from a methodology based on the nature 
of ecosystems as I have experienced them during 
thirty years of field research (e.g. see Hills 
1959b) and several years of expository discus- 
sion in the classroom. I then proceed to out- 
line the type of classification needed to deal 
with this_peculiar syndrome of phenomena 
complexes.

‘ 

To bring concreteness to these classification 
requirements, I am introducing illustrations 
from my classification of Ontario landscapes.
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‘For this introduction to 'provincial' termi- 
nology, I beg your indulgence- I can see no 
other way of demonstrating the application of 
the concepts I am discussing to the actual 
landscape. 

In this approach we differentiate as we estab- 
lish levels of integration. In order to 
investigate, in this apparently paradoxical 
manner, we need a three+fold approach: 

1. 
2. 
3. 

A holistic approach 
An iterative approach 
An integrative approach 

1. A Holistic Approach to Ecosystem Classifi- 
cation - A holistic approach to ecosystem 
classification is one which considers eco- 
systems as wholes (Greek holos meaning whole), 
(Hills 1959a). As has been mentioned, the 
concept of holism used in this classification 
is that of transactional wholes which are 
‘constructs’ in the mind of the investigator, 
be he ecologist, land manager or layman (Dewey 
and Bentley 1949). This concept is in strong 
contrast to that of most holists, including 
Smuts (1939), who conceive discrete concrete 
wholes, consisting of animate and inanimate 
bodies, and resulting from a ‘natural’ process 
of whole-making. 

Ecosystems are recognized on the ground and 
from air photos by the morphological properties 
of climate, landform, soil profile, waterform, 
vegetation physiognomy and characteristic 
faunal distribution (Hills 1960a and b). These 
quantitatively defined parameters of the sys- 
tematic scientists are the characteristics 
used in identifying and mapping (but not clas- 
sifying) ecosystem units. As stated before, 
the same measured quantity does not have the 
same degree of significance in biological 
production if the features having this property 
occur in different types of ecosystems. There- 
fore, the contribution of systematic science 
is to provide quantitatively defined bench- 
marks (homologues) upon which ecological inter- 
pretation is based. 

The circular causality which characterizes 
ecosystem behaviour renders necessary the 
qualitative evaluation of quantitively defined 
properties of the component features of the 
ecosystem. Since the qualitative values are 
dependent not only on the quantitatively 
defined level of the property of the individual 
feature but upon the peculiar relationship of 
this with all the other features within the 
ecosystem, the qualitative value is an attri- 
bute of the whole ecosystem, not that of the 
feature whose properties are measured. Thus, 
in this ecological enquiry of the ‘transac- 
tional’ interrelationships within the eco- 

system, traditional methods of scientific 
enquiry are not directly applicable. Eco- 
logical evaluation involves non-parametric 
ranking and a consensus of value judgements. 
Ecologists familiar ‘with the biotic ecosystems 
of a region must interpret the morphological 
homologues of the systematic scientists in 
terms of classes of ecological analogues with- 
in regional gradients. 

This means that regardless of the number and 
qualifications of the systematic scientists 
which comprise the field team, their joint 
contribution will fall far short of an eco- 
logical land classification if there is not 
among them a land-use ecologist who is familiar 
with the area and thus able, on the ground, to 
harmonize morphological parameters within an 
applicable ecological matrix. 

In presenting the component systems of terres- 
trial ecosystems, Figure I shows the four 
systems which are initially recognized by mor- 
phological parameters, two on the extreme right 
and two on the extreme left. The transactions 
which are recognized between the two non-living 
systems of ecoclimate and landform through the 
terrestrial physiosystem to the terrestrial. 
biosystem are described in terms of the feature 
effectivity classes discussed below. Likewise, 
the transactions between the living system of 
plant and animal communities through the ter- 
restrial biosystem to the terrestrial physio- 
system are described in terms of feature 
effectivity classes.- An important observation 
to be made at this time is that in establishing 
types of ecosystems, whether terrestrial or 
limnic, both physiosystem types and biosystem‘ 
types must be established contemporaneously in 
order that they ‘fit’ (see M. Jurdant's paper 
for example). The iterative (q.v.) procedure 
which is required to do this can be more readily 
understood by examining Figure 9. 

Figure 2, which presents the component systems 
of limnic ecosystems, differs from Figure 1 
only in that-the waterform-soil system replaces 
landform-soil system. Since limnic ecosystem 
classification parallels that of the terrestrial 
ecosystems, the examples drawn from the terres- 
trial classification will serve to illustrate 
the approach here as well. ‘ 

Eeature.Effectivity Classes — Feature effec- 
tivity classes areiclasses derived by breaking 
gradients of morphologically recognized features 
into classes having ecological significance. 
Although these classes are described in terms 
of morphological homolgues, they should not be 
called parameters since their range has been 
non-parametrically determined. These are the 
key units by which a bridge is constructed 
between the morphological classification of the
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systematic scientist and the holistic classi- 
fication of the ecologist. 

Defined within a transactional context, a 
feature effectivity class is an ‘ecologically 
homogenous' aggregation of feature analogues, 
each analogue of which is itself a class of 
morphologically defined homologues. 
conversely, individual homologues are placed 
into classes based on their morphological 
homogeneity. These morphological classes in 
turn become analogues when aggregated with 
other analogues to form a feature effectivity 
class based on their ecological homogeneity. 
Morphological homogeneity is one of structure, 

.'whereas ecological homogeneity is one of func- 
tion within the ecosystem. 

Feature effeetivity classes are the classes 
into which significant component features of 
an ecosystem are placed in order to show their 
comparative effectiveness when found in the 
various types of complexes derived from dif- 
ferent combinations of effectivity levels of 
all ecosystem components. Their comparative 
effectiveness is indicated by assigning, to 
each class, a position along regional gradi- 
ents. These positions have not been assigned 
without cognizance of the functioning of all 
components which contribute to the ecological 
processes of each type of production system. 
This harmonizing of regional effectivity 
classes has been accomplished by the field 
typologist. 

The soil moisture regime gradient provides an 
excellent example of feature effectivity 
classes. In differentiating local site types 
within the site region of Ontario, soil mois- 
ture regime was found to be the feature which 
provided the most significant initial segre- 
gation of plant communities. Soil moisture 
regime is the rise and fall of available mois- 
ture on each physiographically defined site 
during a complete successional cycle. Owing 
to variations in the conditioning of soil 
moisture availability by plant communities as 
they change from pioneer through intermediate 
to climax, the potential of each soil and 
climate combination is assessed primarily on 
the comparative water relationships of the 
climax communities. These climaxes are the 
communities which possess the potential to 
utilize most fully the potential of the physi- 
ography to retain moisture in a form available 
to plants. This assessment of the moisture 
regime of climax communities is complemented 
by the water relationships of the entire suc- 
cessional series of plant community on each 
area considered to be a representative of a 
specific class of moisture effectiveness, that 
is, of a soil moisture regime. 
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Described 

It is evident that in this system of site 
typology which uses vegetation response as the 
indicator of soil moisture supply, the criterion 
is the response of the entire successional 
series of plant communities and not the vegeta- 
tion found on the site at any single point of 
time. The soil moisture gradient of each site 
region is divided into an odd number of classes. 
A common division of this regional gradient is 
very dry, dry, fresh, moist and wet. Figure 3 
illustrates the type of transactional relation- 
ship between the growth of five tree species 
and those features of the non-living environ- 
ment in Site Region 5E (now 5Hm as shown in 
Figure 7) which has been used to establish soil 
moisture effectivity classes (see Figure 8). 

The above categories, derived through relation- 
ships between specific combinations of soil and 
climate and the successional series of comue 
nities which may develop upon them, have no 
simple correlation with the dry—mesic categories 
which botanists derive from their interpretation 
of the communities present on an area at the 
time of inspection. For example, in identify- 
ing categories of both moisture systems on IBP- 
CT classified areas in Site Region 7Hm, it was 
found that communities on sites having a dry 
soil moisture regime recognized by soil and 
landform features were classified as dry by the 
botanist if the stand it supported was in the 
pioneer stage, but the same dry site supporting 
a climax comunity was classified as dry—mesic. 
The difference lies not merely in the potential 
of the soil to supply moisture but in the rela- 
tive potential of the two communities to utilize 
the moisture potential of the physiography. 
This difference in the ability of communities 
to utilize the water-holding, water-releasing 
potential of a given physiographic site type 
can be demonstrated by differences between the 
moisture cycle of deciduous tolerant hardwoods 
and that of pioneer stands of red oak woodland 
on the same physiographic site type. 

2. An Iterative Approach to Ecosystem Classi- 
fication - The term iteration is used in this 
site classification in a sense not given in 
most dictionaries. Here it refers specifically 
to a type.of enquiry which consists of a series 
of 'to and fro’ experiences between two loci 
of investigation. Each successive 'to' experi- 
ence differs from the preceding 'to' experience 
in that there has been an additional input from 
an intervening ‘fro’ experience. Similarly 
each ‘fro’ experience is not a repetition of 
the previous because it,’too, has been enriched 
by an intervening 'to' experience. 

Following a suggestion from a colleague who 
intimated that I was using an iterative type of 
investigation, I used the term for several 
years before I discovered that.psychologist
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Figure 5: Production gradients of tree species relative to soil moisture in Site Region 5E 
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Maslow (1970 p.26) used iteration to designate 
his technique of investigating personality 
syndromes. Starting with the syndrome as a 
vaguely grasped whole, he ‘analysed’ its 
structure into more readily understood parts. 
These were then used to organize a more pre- 
cise whole. In terms of Dewey (1960), 
Maslow's whole is the situation and its compo- 
nent parts are singulars. Both are needed to 
give meaning to the other. 

In the hierarchical classification of natural 
ecosystems, the basic singular is a measured 
parameter, a property of a feature of one of 
the systems which comprise the biogeosphere 
(i.e. the singular from which feature effec- 
tivity classes are iteratively derived). 
Relative to the feature property classes in 
this ecological classification, the feature 
effectivity classes are the situations which 
provide meaning to those singulars. These 
pairs of units, which have been conceived 
during the same iterative process, I am calling 
iteration twins. Furthermore, each unit in 
the hierarchy is a member of two sets of iter- 
ation twins. For example, in Table l we find 
that feature‘effectivity class plays the role 
of"situation' when it ‘twins’ with Feature 
Property Class and the role of 'singular' 
when it ‘twins’ with Site Feature Systems. 

Since Table l is restricted to levels of dif- 
ferentiation within the postulational frame- 
work of biotic ecosystems, two of the units, 

sification -

l 

namely Feature Property Class and the Cosmos’ 
'twin' with units beyond the natural ecosystem 
matrix, namely in God, its Creator. The ulti- 
mate and only real whole consists of God inte- 
grated with the universe, His Creation.- 

Site Feature Systems refers to the broad com- 
plexes of site features into which the bioge— 
osphere may be divided, namely climate, land- 
form-soil, waterform-soil, vegetation and 
regional fauna. 

Neither feature property class, nor feature 
effectivity class nor site feature system'are, 
in themselves, ecosystem wholes. ' 

There is another type of iteration not shown 
specifically in Table 1. This is the iteration 
used in the concomitant establishment of biotic 
and physiographic effectivity classes in order 
that the transactions.of both the biotic and 
physiographic components of a terrestrial site 
type (Figure 9) will have reciprocal classes; 

3. An Integrative Approach to Ecosystem Clas- 
The main aspects of the proposed 

classification which display integrative char- 
acteristics are as follows: ‘ 

l. The holistic integration of the.various 
components of the ecosystem (discussed above). 

2. The iterative integration of taxonomic 
units a lower level to form taxonomic units at 
a higher level (discussed above).



80 

Table 1: Model designating the seven pairs of iteration twins recognized in the natural eco- 
system classification 

LEVELS or DIFFERENTIATION AND INTEGRATION 

Units of 1 2 3 A 5 6 7 8 
Specification Feature Feature Site Natural ~' Site or .Continenta1 

_ 
Global Cosmos 

> 

Property Effectivity Feature Site Type Region Biogeo- Biogeo- 
Class Class System ' Landscape sphere sphere 

Feature Singu1aVr*
- 

Property Class 

Feature Effec- Si_tuation** 'Singu_1_ar 
tivity Class 

Site Feature Situation Singular 
System ‘ - - 

Natural 
U 

Situation Singular 
Site Type 

51“! (or Situation Singular 
-» Landscape) 
Region 

Continental Situation Singular 
Biogeosphere 

‘ 

Global Situation Singular 
' Biogeosphere 

Cosmos ‘ Situation Singular 

* ‘Singular’ characterizes the level of differentiation 
** ‘Situation’ characterizes the level of integration. 

' NOTE -- Each unit is a member of two sets of 'iterarion twins‘ but the twin 
for Feature Property Class and for the Cosmos lie outside of the natural 
ecosystem model. » 

3. The integration of feature property 
classes into feature effectivity classes (both 
simple and complex) and these-in turn into 
site types. This type of integration is shown 
in Figure 8. 
‘ 4. ‘The Synthetic integration in forming 
standardized landscape patterns of specific 
uses. .

« 

TH_E_ DIEFERENTIATION OF ‘LAND’ 
_ 

__LANoscAPE UNITS 
This section deals with those portions of 
continental areas which are ‘land’ as opposed 
to fresh water bodies and marine shore water. 

An Iterative Approach to the Broad Differentie 
ation of Continental Ecosystems - The dif- 
ferentiation of continents into those homo- 
geneous units which are the highest in the 
taxonomic hierarchy of landscape units, namely 
the landscape region, is an iterative proce- 
dure which involves a contemporary integration 
from below and a differentiation from above 
(see Table 1). ’This is in contrast to the 
principle upon which the Forest Regions of 
Canada were established, which Rowe ' 

-(1972 p 1-2) states to be a "form-above 

approach to form regions which are not clas- 
sified but describable as major geographic 
belts or zones characterized vegetationally by 
a broad uniformity both in physiognomy and in 
conposition_of the dominant tree species". 

In this ecological classification, the criteria 
are not restricted to differences in the lati- 
tudinal-longitudinal distribution of the domi- 
nant vegetation types recognized by physiognomy 
and species composition, but rather are found 
in the pattern of ecological relationships of 
vegetation types* to the landform positions on 
which they are located. Through the interpreta- 
tion of landform complex in terms of the effec- 
tiveness of soil and local climate on vegetation 
development, these regional patterns reflect 
the changes in_the location of similar vegetar 
tion types from one landform position to another 

* These vegetation types are similar to those 
used in the geographic description of Forest 
Regions (Rowe 1972) but differ in that they 
are tailored to show differences which 
reflect conditioning by different combina- 
'tions of macroclimate and local landform 
conditions.
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as we go from south to north, from east to 
west, and from lowlands to mountain peaks 
across the continents, 

Viewing the changes in landscapes which occur 
across broad continental areas has prompted 
many to investigate the laws of phenomena dis- 
tribution. The principle of zonality was 
introduced initially to explain the latitu- 
dinal variation in climate from the equator 
to the poles and its control of the distribu- 
tion of plants and other organisms. 

But many anomalies became apparent. From an 
exhaustive study of climatic data in relation 
to plant and animal behaviour and distribu- 
tion, Hopkins (1938 p.10) proposed his 
isophanal zonality to indicate belts of equal 
phenomena. His zones are on a continental 
scale, with boundaries departing from parallels 
of latitude at the rate of 1° for each 5° of 
longitude. 

To account for other anomalies, the zonality 
of such phenomena as soil mantle, geochemical 
processes, ground water and soil profile have 
been introduced in the literature. However, 
only where a homogeneity of specific levels 
of these specified features is found over 
broad areas can such zones be readily recog- 
nized from above, and that only for a rela- 
tively small proportion of most regions. 
Furthermore, in most zonal schemes there is a 
tendency to assume that landform, vegetation 
and soil zones, independently established, 
will coincide with the climate zones. A care- 
ful scrutiny, from below, of the interrela- 
tionships of these features reveals that such 
is not the case. 

A number of reconnaissance trips across sev- 
eral ‘zonal’ changes from south to north and 
from east to west brings to light that, rather 
than being homogeneous, each zone is comprised 
of a number of 'vegetation types‘ related to 
the type of relief and soil materials on which 
they are found, These are; 

(a) 0n gently sloping well-drained areas of 
good structured loamy soils with well-balanced 
nutrient levels are found plant comunities 
which differ from those of this same type of 
relief and materials in neighbouring regions. 
Communities similar to these are often found 
in adjoining regions but not in the same suc- 
cessional stage on the same combination of 
landform features.

_ 

(b) Comunities which are characteristic of 
the well-drained, well-balanced loams of the 
four adjoining regions are also found in this 
region but on_four distinctly different land- 
form conditions, such differences conditioning 
local climate, soil moisture and nutrient 

levels etc. 
(c) Within each region we find also plant 

comunities which grow on sites which are 
(i) extremely wet, (ii) extremely dry, (iii) 
extremely deficient in nutrients, (iv) extremely 
impermeable to plant roots, (v) extremely toxic, 
etc. Some plant species may be found on most 
if not all of these extremely deviant sites, 
However, most plant evidence that such species 
are acidophils, calciphils, etc. There is 
merely the indication that it is a species which 
can tolerate the described condition better than 
it can the competition1 found on more balanced 
soil conditions. Sheep Sorrel, Rumex acetosella, 
for instance grows equally well on the calcar- 
eous Chalk Cliffs of Devon as on the very acid 
sands of New England. 

The above example illustrates the fact that 
many of these species grow on these extreme 
deviations in landform features over a wide 
range world—wide but generally the distribution 
is not limited to one of the five major climatic 
divisions of the earth. Therefore, these plant 
species-landform relationships are not as use- 
ful as criteria for regional differentiation as 
are the more competitive species comprising the 
communities mentioned in (a) and (b) above. 

Since all the five vegetation-landform relation- 
ships mentioned in (a) and (b) above (combined 
with the associated_ecoclimate, soil profile 
and faunal characteristics) constitute the basic 
pattern for a zone, which one of these five is 
zonal? Rather, are they not all zonal charac- 
teristics? 

This suggests that the zone is not homogeneous 
but is characterized by a definite pattern of 
landform-vegetation relationships. But is there 
not one feature which remains the same through- 
out? No, not if we restrict our considerations 
to the phenomena of the local ecosystem. Local 
variations in landform not only condition the 
edaphic habitat of plant communities but also 
that of their climate. Earlier we inferred 
from the changes in vegetation seres on the 
same landform features from one zone to another 
that there is a change in the local effective 
climate of these landforms. ‘Therefore, from' 
one zone to another there must be-a change in 
the continental system of climate lying beyond 
the conditioning effects of the local variations 
in landform and waterform and known as macro- 
climate. 

1 The absence of a section discussing vegetation 
migration, colonization, and competition in this 
paper does not signify the lack of appreciation 
of their importance.’ None of these should be 
considered independent of the 'transactional 
space‘ into which plants migrate.
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Figure 4 indicated the 14 subdivisions into regions with its deciduous tolerant hardwoods 
which Ontario has been divided by noting the often mixed with northern pines and hemlock. 
"main vegetation types growing on the five The first two terms have been generally recog- 
types of physiographic sites described above nized. The third term, ‘medial’, is introduced 
as being those which most clearly reflect here with the hope of having a comparable 
"regional macroclimate. The gradients‘shown organization to that of the other two. 
on the map are continental gradients of air 
temperature, air humidity and vegetation Each of these 14 broad subdivisions of the 
types. The vegetation continuum which province of Ontario are illustrative of 
stretches from Hudson Bay to the Gulf of Maslow7s vague whole as observed at an inter- 
Mexico can be divided into three broad zones, mediate stage of the investigation. The outé 
namely (1) the boreal of the cold temperature— line of the parts of the whole have become 
zone with its spruce-fir forests, (2) the more definitive (and will be more so in the 
austral of the warm temperature zone with its following section). In fact, the boundaries 
southern pine and evergreen broad-leaved trees, shown on the map are those of the latest stage 
and (3) the medial of moderate temperature of definition, namely the 1975 version of the 
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Figure 4: Landscape zones and belts of Ontario



Landscape regions of Ontario (compare with 
Figure 7). Furthermore, it only remotely re- 
sembles the 16 regional types which I initially 
proposed as Forest Site Regions of Ontario 
(Hills 1952). Figure 4 is presented to provide 
a concrete example of a stage in an iterative 
process of investigation. The more advanced 
stage, namely the 1975 version of the Land- 
scape Regions of Ontario, is outlined following 
a discussion of the methodology used in estab- 
lishing site regions and landscape regions. 

The Five Levels of Normality in Terrestrial 
Site Types“; In previous publications, normal 
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site types were defined with respect to classes 
having characteristics defined with respect to 
their position along a regional feature gradi- 
ent. Those site types which do not occupy 
this normal position were described in terms 
which indicated the type and degree of devia- 
tion from the defined normal. 

Figure 5 is a modification of one used formerly 
to indicate the type and degree of deviations 
from normal ecoclimate and normal soil moisture 
(Hills 1968). Those site types with Imoderate' 
deviations in soil moisture and ecoclimate have 
been recognized, described and used together 

z'xmn'omL 
IIJIEIIIUIIEIII PARANURMAL 

Figure 5: The physiographic orientation of the normalcy of regional site groups



‘defined or prescribed standard. 

with the normal in the establishment of site 
regions (Hills 1952, Figure 6; 1960b). Moder- 
ate deviations in a normal ecoclimate were 
designated as hotter than normal, colder than 

‘normal, drier than normal and moister than 
normal. Similarly ‘Moderate’ deviations in 
soil moisture are drier (but not driest) and 
wetter (but not wettest). These moderate 
deviations are shown on Figure 5 as inter- 
normal for reasons discussed below. Site 

_.types with extreme deviations in ecoclimate 
(that is, for the region) are shown as extra- 
normal site types on Figure 5. Sites with 
extreme_deviations in the landform features 
such as extremely wet or with extreme levels 

' 

of nutrients (deficiency or unbalance to the 
level of fixation of toxicity) are classified 
as paranormal. 

The characteristics of the extranormal and 
paranormal site types are seldom used as dif- 
ferentiae in the differentiation of site 
regions since the distribution of normal and 
internormal site types usually provides for a 
satisfactory delineation of site region bound- 
aries. However, all extranormal and paranormal 
'site types form an integral part of site 
regions with established boundaries. 

Furthermore, a site region whose boundaries 
‘are established by the characteristics of the 
normal and internormal site types is translated 
into a landscape region whenever the character- 
istics of the extranormal and paranormal site 
types within it have been classified within 
an integrative extension of the site region 
classification matrix. 

Normal Physiographic Site Types - The term 
normal as used in this site classification 
cannotes that which does not deviate from a 

The approach 
which has been used to establish ‘standards’ 
for the site region classification has been 
introduced already. Since the ecological pro- 
cesses within the site types which deviate 
moderately from the normal are not abnormal 

' 

with respect to the 'standard‘ used to clas- 
sify them,,they, too, are a type of ‘normal‘ 
termed internormal. In view of this concept 
of an assemblage of normals, perhaps the focal 
centre should be called ‘orthonormal’. It is 
hoped that the simpler term ‘normal’ can be 
used in this prescribed context. 

Normal and deviant site types are defined in 
both synoptic and benchmark terms. All site 
types are classified in terms of the effective 
levels of the various component features, such 
as local air temperature, soil moisture regime, 
etc. Within each feature effectivity class 
there are a nuber of analogues, each with a 
benchmark definition but collectively identi- 

fied by a synoptic definition., From among the 
benchmark definitions of the various analogues 
within the class, a key benchmark definition is 
selected to provide an adequate point.‘ A 
normal site type is one in which all the com- 
ponent features are normal. The centrality of 
the normal ecoclimate in the normal terrestrial 
ecosystem has already been stressed, also the 
requirement that all the features of this eco- 
system type be normal. The normality of these 
other features within the normal site type is 
relative to that of the normal ecoclimate. 
For instance, the normal soil moisture'bench- 
mark in the humid mesothermal climate of 
Southern Ontario is fresh; that is, there is 
an adequate supply of moisture for the produc- 
tion of the natural vegetation adapted to the 
region. The fresh soil moisture class is 
located at a point on the soil moisture gradi- 
ent for this region which is closer to the dry 
end of this specific regional gradient than to 
the wet end. It is not possible to have a wide 
range of significantly different classes drier 

_ 

than normal in a humid climate. 

Normality of soil nutrients, soil aerations, 
etc., is also defined in terms reletive to the 
requirements of sites with normal ecoclimate 
and soil moisture, thus providing for the normal 
development of the natural vegetation of the 
region on these sites. ‘ 

Internormal Physiogrephic Site Types - The 
internormal group of ecosystems_focuses around 
the moderately deviant ecoclimate classes re- 
cognized by four main characteristics, via. 
1. Hotter than normal 2. colder than normal 
3. drier than normal 4. moister than normal. 
This internormal group of ecosystem types in 
combination with the normal are used as dif- 
ferentiae in the recognition of site regions. 
The prefix 'inter' refers to the fact that the 
vegetation on these sites resembles the veg- 
etation which is characteristic of normal sites 
in one of the adjacent regions. In each region 
under examination, for example, a hotter than 
normal site is so designated because the veg- 
ation in the climax or subclimax stages resem- 
bles that found on the normal sites in a warmer 
site region. 

In the broadest of regional description, only 
two deviants in air temperatures, namely colder 
than normal and hotter than normal, are used. 
‘In these cases the air moisture is construed as 
normal .- 

Eight combinations of these deviations with one
’ 

another and with the normal are shown in Figure 
5. Since only site types with a fresh moisture 
regime (i.e. in mid-humid regions) are normal, 
those with drier than normal and wetter than 
normal soil conditions in normal ecoclimates
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are also internormal site types. 

Figure 5 shows graphically the 27 focal classes 
used in site region differentiation of which 
one (TMf) is normal and the remaining 26 are 
internormal. ' 

Extranormal.Physiographic.Site Types - Extra- 
normal site types are those site types with 
climolandform and climowaterform features 
which express extreme deviations from normal 
air temperature and air moisture or both. 
Extranormal site types are characterized by 
vegetation landform relationships which show 
affinities with normal site types in regions 
more distant than those within which affinities 
with the internormal site types have been 
established. 

Thus internormal site types exhibit affinities 
with those in an inner ring of site regions 
and extranormal with an outer ring of site 
regions. ‘However, because of the overriding 
conditioning of the pedolandform features of 
the lithoterrestrial and semiterrestrial sites, 
these also show affinity to the more extremely 
deviating sites in the inner ring. 

The prefix ‘extra’ refers to the affinity of 
these site types beyond that of the inter- 

’normal (i.e. to the outer ring). 

Paranormal Physiographic Site Types - The 
paranormal site types are those site types 
which, though conditioned by ecoclimates which 
"are normal or near normal for the site region, 
are so conditioned by pedolandform features 
that the development of vegetation does not 
reflect differences in macroclimate over rela- 
tively broad areas. Thus paranormal site 
types in one region are basically the same as 
those in the adjoining inner ring of site 
regions. It is not until the regions of the 
outer ring are reached that differences of 
significance may be registered. 

The prefix ‘para’ refers to the close resembl- 
ance of vegetation-landform relationships 
throughout a broad assemblage of site regions 
in which differences in vegetation landform 
relationships on normal and internormal sites 
do reflect differences in the macroclimate. 

Figure 5 shows paranormal sites occupying two 
main sections of the c1imate—soil moisture 
grid, namely (a) the very wet sites (designated 
semiterrestrial) and (b) the very dry sites 
(designated Lithoterrestrial). The character- 
istic differentiating feature of semiterres- 
trial sites is that of excessive soil moisture. 
On the other hand, extreme dryness is but one 
of the criteria used to differentiate Zith0ter- 
restrial sites. To present a more comprehen= 

sive picture of lithoterrestrial sites with 
paranormal characteristics, a fourth dimension, 
namely that of soil nutrient regime, must be 
added to Figure 5. This would show sites which 
are paranormal owing to the extreme deficiency 
or excess or unbalance of the mineral composition 
of the substrate-even though the air temperature, 
air humidity and soil moisture are normal or 
near—normal. 

The Ontario Example of Site Regions - Initially, 
that part of the Province of Ontario which is 
not occupied by the waters of the Great Lakes\ 
nor of Hudson and James Bays was divided into 
site regions. These subdivisions provided the 
regional ‘situation’ within which the 'partic- 
ulars' of site types were expressed (Table l). 
Subsequently the concept of landscape region 
has been introduced to provide an organization 
for investigating all types of land and water 
sites, within the boundaries of the site region. 

A site region is a broad terrestrial area having 
a characteristic pattern of site types which 
reflect the effectiveness of the air temperature 
and the air humidity of its macroclimate. This 
effectiveness is determined, not by meteorolog- 
ical data, but by the response of the succession 
of natural communities of terrestrial plants 
growing in normal and near-normal physiographic 
(non—living) habitats. This normalcy does not 
refer to the proportionate distribution of the 
sites of the region but rather to the degree to 
which the succession of plant communities_ 
reflects the effectiveness of the regional cli- 
mate to the degree expressed by the normal and 
internormal sites described in the foregoing 
section. It is true that if there are large 
areas which are very wet, very dry, very shallow 
or unbalanced chemically, these may render the 
placement of regional boundaries more difficult. 

_However, site regions are not limited to the’ 
blotchy distribution pattern of normal and inter- 
normal sites but are areas coincident with con- 
tinuous areas of macroclimate overhead. There- 
fore, the site region is also continuous, being 
co-extensive with the distribution of normal 
and internormal sites but inclusive of the 
extranormal and paranormal sites which happen 
to be within its boundaries. 

The 1975 version of the Site Regions of Ontario 
is shown in Figure 6. A paper as yet unpub- 
lished (Hills 197?) was prepared to show the 
differences between this and preceding versions 
and the dynamics of the classification system. 

The Site Regions of Ontario have been assigned 
geographic names, usually those of large (or 
distinctive) lakes and rivers. For their 
indication on maps or charts, symbols based on 
the character of their effective climate have



86 

Figure 6: Province of 0ntario_shoQing Site Regions 
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been designed. 2. Cool microthermal 
3. Moderate microthermal 

It has been stated that a site region is that’ 4. Warm microthermal 
area which lies in one section of a thermal 5. Hottest microthermal 
effectivity zone and in one section of an air- 
moisture effectivity belt. The thermal and 6. Coldest mesothermal 
humidity belts which have been designed with 7. Cool mesothermal 
the objective to define site regions are shown 
in Figure-4. ‘ 

The site region symbol consists of two parts, 
a number and a letter or letters. 

The number refers to thermal zones not to 
single regions. In the 1952 version, each 
thermal zone in Ontario was considered a site 
region. However, in the 1954 version some 
thermal zones were divided into two site regions 
and assigned distinguishing names such as Big 
Trout Lake and James Bay. The thermal designa- 
tion of the seven numerals used are:- 

1. Coldest Microthermal 

The letter part of the symbol indicated a level 
of air humidity. In earlier versions, the 
letter used indicated the relative position of 
a humidity belt within the province. To over- 
come the awkwardness of such designation 
(already discussed), letter symbols specifying 
humidity classes were introduced in the 1975 
version as follows: 

Hm Moist (or moderate) Humid 
Hd Dry Humid 
Hdv Dry to Very Moist Humid 
Sm Moist Subhumid 

The nature of site regions can best be under-
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stood by examining the organization used to 
identify and classify t-he most southerly region 
of Ontario, namely Site-Region 7Hm, Figure 7 
is an up-to-date version of an earlier one 
used to introduce the methodology of classify- 
ing and describing site regions. This figure 
indicated clearly that the characteristics of 
Site Region 7Hm are the interrelationships 
between vegetation types and a combination of 
macroclimate, ecoclimate and landform ( a key 
consideration of the latter is that of normal 
soil moisture). It is the complex of relation- 
ships expressed by Figure 7 which are the 
characteristics of Site Region 7Hm and not the 
restricted climatic connotation derived from 
its label 7Hm. 

Figure 6 is a map of the 14 regions into which 
Ontario has been divided using site region 
criteria of differentiation, namely the veg- 
etation-physiographic relationships of normal 
and paranormal sites. The key to the map 
(Table 2) presents an outline of these rela- 
tionship throughout the province. 

In this key, nine physiographic site groups are 
shown to constitute the non-living grid for 
differentiating the spectrum of vegetation which 
develops upon terrestrial sites which are normal 
or internormal. Such sites are neither very 
poorly drained nor very shallow, nor very defi- 
cient in nutrient supply nor have excessive 
amounts of chemicals which retard or inhibit 
plant growth. 

There are three designated class of ecoclimate 
(i.e. the climate of a vegetation stand): 

1. Normal - the local climate, which 
neither amplifies nor attentuates the effect of 
the macroclimate on vegetation. (Symbol T - 
normal temperature; M = normal air moisture). 

2-._ Hotter than Normal — the local climate 
which is reflected by the development of veg- 

‘ etation which grows on sites in the neighbouring 
region to the south where they are considered 
to be normal for that region; hotter than 
normal ecoclimate is recognized by landform 
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features which are known to amplify the effec- 
tiveness of the regional macroclimate.

' 

(Symbol H). 

3. Colder than normal - the local climate 
which is reflected by the development of veg- 
etation which grows on sites in the neighbour- 
ing region to the north where they are con- 
sidered to be normal for that region. Colder 
than normal ecoclimate is recognized by land- 
form features known to attenuate the effec- 
tiveness of the regional macroclimate. These 
are known locally in some regions as frost 
pockets. (Symbol C).

V 

Two other ecoclimates, namely drier than normal 
and wetter than~normaZ, are recognized in most 
regions but occupy sizeable areas in only a 
few. This two dimensional climatic grid has 
been applied in some areas but is considered 
too unwieldy for a general framework at this 
stage in the development of the system. (Drier 
than normal - Symbol D; wetter than normal — 
Symbol W). 

Within each of these three ecoclimate classes, 
three classes of effective soil moisture are 

. recognized for the purposes of differentiating 
site regions. These are: 

Fresh - That is the normal moisture regime 
for that moderately humid belts of the temper- 
ate zone. This includes classes I, 2 and 3 on 
the 12-point scale. 

Drier — Although the supply of available 
moisture limits growth during part of the 
growing season, the degree of dryness is rela- 
tive to the region and does not include the 
very dry or extremely dry range which have been 
excluded from the key. Using the 12-point 
scale, drier refers to class 0+ and 0- but not 
9. 

hatter - Growth is limited by excessive 
moisture and restricted aeration during part of 
the growing season. Wetter refers to moist, 
rather than wet, having generally the range of 
4,5 and 6 in the 12-point regional scale. 

Although not so labelled, the nine normal and 
internormal site groups used in the key for 
the purposes of indicating the main trends of 
vegetation development within a region are 
normal in every way except for that feature 
which is designated internormal. For example, 
in a site group labelled hotter than normal 
and wetter, there are no sites in which the 
nutrients are deficient or toxic, no restric- 
tion in root development such as bedrock or 
impermeable subsoil, no extreme climatic 
restrictions such as exposure to strong winds. 
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Earlier it was mentioned that paranormal and 
extranormal site groups are component parts of 
site regions, even though their characteristics 
are not used as differentiating criteria. Fur- 
thermore, large areas of wetlands, bare rock 
lands, etc. may have a significant effect on 
adjacent areas of normal and internormal sites. 
The effect of adjoining water bodies on the 
local climate of land areas is also included in 
the classification scheme. 

The Nature of Landscape Regions — A natural 
landscape region is a broad continental area of 
land and water (fresh in most regions) which is 
characterized by the relationships of its 
natural plant and animal communities to their 
geomorphological habitat within a narrow range 

' of macroclimate. 

For convenience in the identification, classi- 
fication and interpretation of the site units, 
the range in macroclimate conditioning the eco- 
systems of landscape regions has been established 
to be identical to that which characterizes site 
regions. This notion of the coincidence of site 
region and landscape region has already been 
introduced earlier in this paper. Although 
landscape regions are coincident with site 
regions, they are classified and described by a 
grid of interrelated taxonomic units of all the 
landscape features: semiterrestrial, lithoter- 
restrial, limnic and marine, as well as terres- 
trial. 

A-landscape region includes not only the inland 
bodies of fresh water within its boundaries, but 
also the coastal waters of the Great Lakes and 
of Hudson and James Bays. Islands in the Great 
Lakes and those of the coastal areas of James 
Bay are incorporated within the landscape region 
with the most compatible characteristics. Those 
inclusions would not be necessary if each Great 
Lake, James Bay and Hudson Bay were organized as 
a landscape region. » - 

Terrestrial sites - are ecosystems located on 
the deeper, better-drained soils of land areas. 
Vegetation-physiography relationships reflect 
the relative effectiveness of climate to a 
greater degree. They occupy the normal and 
near-normal portions of the gradients used in 

.the regional site system. 

.LithoterrestriaZ sites — are ecosystems located 
on ‘bare’ bedrock, badly eroded surfaces, marl 
and other unweathered mineral deposits, perma- 
frost soils and on extreme landform positions 
such as the ‘subarctic’ portions of Ouimet 
Canyon in Site Region 4Hdv. These sites occupy 
many of the extreme deviant classes of the site 
classification scales such as extremely shallow, 
extremely dry, extremely deficient or unbalanced 
in available nutrients etc..
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Semiterrestrial sites — are ecosystems located 
on the poorly"drained portions of land areas 
occupying classes 7,.8 and 9 of the soil 
moisture scale. Owing to the deficiencies in 
soil aeration and the limitations of poor 
drainage, these sites were not included in the 
grid used to establish and classify site 
regions. Semiterrestrial sites include bogs, 
fens, swamps and marshes, terms which have 
a vegetation overtonel 

Limnic-ecosystems — are located in open bodies 
of fresh water. The features of these sites 
are not classes on the scales established in 
the site classification used for site regions. 

Mqmlne ecosystems - are restricted in this 
classification to the saline (or brackish) 
waters of the coastal zone and estuaries of 
Hudson and James Bays. 

The criteria used for the identification of 
both site regions and landscape regions are 
the characteristic landform-vegetation rela- 
tionships of the normal and internormal sites. 
Likewise; their boundaries coincide since these 
are determined by the distribution of normal 
and internormal site types which distinguish 
one region from the next. 

Landscape regions differ from site regions in 
that additional criteria are used, namely the 
Vegetation-landform relationships of the 
lithoterrestrial, semiterrestrial, limnic and 
marine sites. This means that the extranormal 
and paranormal site types are an integral part 
of the landscape hierarchies of site units. 
Also included in these categories are some 
terrestrial sites omitted in the site region 
matrices. 

How is it possible that an area, mapped twice 
using identical boundaries can be designated 
as two different units, namely site region 
and landscape region? Both of these regions 
are ecosystem units, and we have seen from 
earlier discussions that the differentiae used 
in the classification of ecosystems do not 
consist of a mere catalogue of—all their fea- 
tures but rather a classification of inter- 
relationships viewed from a specific perspec- 
tive and based on the objective~of the clas- 
sification. Therefore, the same area can be 
two different ecosystems if so classified. 
Although the basic approach to the classifica- 
tion of landscape region units is the same as 
that which has been applied to site region 
classification over the years, the extension 
of the classification to include a recognition 
of all site types has necessitated an extension 
and elaboration of the hierarchical structures. 

Hierarchical Levels of Differentiation-Integra- 

tion Ecosystem Units Within Regions - The 
hierarchical organization outlined in Table 1, 
ranging from significant properties of the 
component features of local ecosystems to the 
global whole, is a generalized one. This table 
indicated the site region to be at the level 
just above the site type. In the preceding 
discussion of site and landscape regions, the 
site type.was used as the building block of 
the ecosystem region. We now turn for a brief 
but more critical look at the nature of the 
site type as the intermediary stage between 
the feature effectivity class and the region as 
one of several intervening levels of integration- 
differentiation. 

The“Nature of Terrestrial Site Types - The 
component systems of terrestrial ecosystems 
have been outlined in Figure 1. The regional 
gradients of feature effectivity classes used~ 
in the differentiation of the local site types 
have also been introduced. 

A site type isia small area of land which is 
homogeneous with respect to all features effec- 
tive in conditioning the development of natural 
vegetation on a local area. This homogeneity 
is derived from that of.the complex of its non- 
living or physiographic components. A site type is 
a natural ecosystem comprised of the non-living 
physiographic site type and a biotic site type, 
namely, a biotic community, the plant portion 
of which represents one of the several stages 
of succession which become established on the 
landform and within the associated ecoclimate. 

Since the non-living physiographic site features 
are the most stable parts of a total site type, 
they are used to locate site types which are 

7 
identified by the interrelationships between 
the physiographic and vegetation features. Al- 
though named in landform and climate terms, the 
area is nevertheless a total ecosystem since 
ecological relationships_were used to provide 
unity for the classes. 

A physiographic site type is a total site type 
.identified by the significant component features’ 
of landform (soil) and climate. The character 
of these component features does not vary 
beyond the limits set for one of the several 
classes established onca regional effectivity 
scale. This narrowness of the range of all of 
the significant physiographic features condi- 
tioning vegetation development provides defined 
homogeneity of the site type. 

The significant component classes which charac- 
terize a physiographic site type are: 

1. Effective air temperature (ecoclimate) 
‘ classes (correlative landform features)
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2. 0 H Effective local air humidity (ecoclimate) 
classes (correlative landform features) ' 

3. Soil moisture regime classes (correlative 
soil aeration regime) 

4. Broad classes of effective size of uncon- 
solidated particles (texture and stone size) 

5. Effective interparticle spaces (pore 
pattern) (correlative soil aeration regime) 

6. Broad petrography classes (effectivity 
classes of nutrient and toxic chemicals; phys- 
ical-chemical classes of soil-solution) 

7. Bedrock effectivity classes: Petrographx 
weatherability (relief of bedrock surface) 

8. Soil profile type 

The first seven classes are feature effecti- 
vity classes. The eighth is not an effectivity 
class per se but its features have been con- 
sidered with nonprofile features in the deter- 
mination of classes 3-6 inclusive. 

The above classes are not listed in hierarchical 
order. In fact there is no rigid order for 
ecosystem differentiation. For example, the 
differentiation of site regions first into 
soil moisture groups was found the most practi- 
cal approach in the initial investigations of 

SOIL IUTQIEIT CLASSES 
integrating 
Petrogrephy 
Rock ueeghérability 
Texture 
Soil Profile 
Soil Aeration 

SOIL MOISTURE REGIME cLAs§Es 
integrating 
Slope _ 

Pore Pattern: Texture and structure 
around Veter:Depth to and Type 
Soil Profile _ 

Depth of Roofing Zone 

terrestrial sites. Later, however, it was 
proven that soil materials provided a broader 
initial physical base. On the other hand, soil 
moisture continues to be the most useful initial 
differentiae for semiterrestrial sites; 

The first seven gradients of effectivity clas- 
ses listed above are at the first level of non- 
parametric interpretation of the physical homol- 
ogues of the systematic scientists such as the 
climatologists and geomorphologists. However, 
for convenience in generalization at certain 
levels, two or more of these gradients may be 
integrated to form a complex effectivity gradi- 
ent. Such integrations are shown in Figure 8. 
For example, the gradient of pore pattern (orig- 
inally termed permeability) is an interpretation 
of the ecological effectiveness of texture and 
structure in conditioning the functioning of 
plant roots. For some types of classification, 
pore pattern has been found—to be most conve- 

- nient; for others pore pattern classes are 
‘further differentiated by texture and/of.struc- 
ture (see Hills 1954). 

Figure 9 presents an overview of the method by 
which classes of the various components of an 
ecosystem are established in iterative progres- 
sion. Classes from one gradient are ‘tailored’ 
in anticipation of their fitting those of other 
gradients until the total site is finalized. 
For example, the range in the size of the vari- 
ous voids in landform fabric, which constitute 

EXAMPLE 
normal (ulfl)Site located 
in a Media] region

~ 
<:'u>am-ow—IrIIV

I 

_ POEE PATTERN CLASSES ‘ 

.intenrating 
Texture end Stoninaes 
Structure of parent materials 
Depth to Bedrock 

Figure 8: Zerrestrial soil site type 
(An integration of soil moisture pore pattern and soil nutrient effectivity classes)
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Figure 9: Steps in the integration of total site types 
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a pore pattern class, facilitates the typing 
of classes on the soil moisture regime gradi- 
ent. The pore pattern gradient is broken at 
those intervals of levels which fit the soil 
moisture classes used in breaking the vegeta- 
tion spectrum into meaningful types of biotic 
communities within each range of local climate. 

Hierarchies of Taxonomic Site Units.- During 
the development of the regional site typology 
in Ontario, types of site units were estab- 
lished at various levels of differentiation to 
meet specific objectives. These units were 
placed within a hierarchical framework to meet 
the need of a system of classification which 
has integrated at all levels of differentiation. 
Four hierarchical systems evolved of which 
three were comprised entirely of taxonomic 
units. These are: 

l. A taxonomic hierarchy which presents a 
theoretical‘regionaZ»modeZ. 

<2. A taxonomic hierarchy which presents a 
field key to the identification of homogeneous 
site units. 

3. A taxonomic hierarchy which provides the 
greatest convenience of mapping homogeneous 
site units. 

The site type and site region are component 
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units of all three of these hierarchies. Other 
units may also be components of more than one 
of the hierarchies. 

It should be made clear at this point that each 
of these.hierarchies is characterized by-a 
specific series of differentiations which follow 
a specific order in the subdivision of site 
regions into units having an increasingly greater 
degree of homogeneity with respect to those char- 
acteristics used in the differentiation . This 
means that although each hierarchy is comprised 
of units formed at specific levels of diffen- 
tiation, the hierarchy may be more readily iden- 
ified by the characteristics of the feature 
effectivity classes used at each level. This is 
illustrated in the theoretical model discussed 
below where no site units other than the site 
region are mentioned in Figure 6. 

Since many of the same gradients of feature 
effectivity classes are used in the three taxo- 
nomic hierarchies, it is the order in which they 
are used which constitutes the distinguishing 
feature of those hierarchies. That this order 
depends upon the purpose which the classifica- 
tion is to serve will be seen in the following’ 
—discussion. - 

The Theoretical Regional Model - This type of 
taxonomic hierarchical differentiation is illuss 
trated by Figure 6, in which the vegetation-
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landform relationships within Site Region 7Hm 
are highlighted within a hierarchical frame- 
work. This framework is based on the concepts 
of normal and internormal site types shown 
graphically in Figure 5. 

It wili_be noted that differentiating features, 
not site units, are used to indicate levels of 
differentiation. By working from the bottom 
of Figure 6 upward, we find that the broad 
area of a site region, identified by a narrow 
range of macroclimate, is subdivided by eco- 
climate gradients at the very first level of 
differentiations. In theory, this is a logical 
first step since it brings into focus the key 
characteristics of site regions. It does pre- 
sent a practical problem in that the several 
thousand km2 of a site region is subdivided in 
one operation into myriads of small local 
areas usually measured-in terms of hundreds or 
thousands of mz. This immediate shift in size 
from the largest unit (region) to areas cor- 
responding to the smallest unit, namely the 
site type (or phase), imposes a problem in 
that these very small areas cannot be identified 
as site types and phases until the entire 
series of differentiations has been effected. 
As discussed in the following section and 

mmTwm'm#wm7VnW mmvnmws 

illustrated in Table 3, the work is much more 
easily accomplished by introducing the eco- 
climate differentiation as the last, rather 
than the initial procedure. The advantage of 
the latter alternative is based on the fact 
that ecoclimate reflects landform conditioning 
and the landform gradients of soil moisture and 
pore pattern provide localized situations with- 
in which the additional controls of features 
such as slope, aspect and relative mass elevas 
tion may be superimposed. 

The.reason for the designation of Figure 6 as 
a theoretical model requires no further elabora- 
tion. '

\ 

A Hierarchical Key to the Field Identification 
of Taxonomic Physiographic Site Units - The 
major activity of’site typology is to identify, 
classify and describe those units which are 
homogeneous with respect to all the features 
effective in conditioning the development of 
vegetation on a local area, namely the site 
type. In the section entitled "The Nature of 
Terrestrial Site Types", the nature of these 
key units was discussed. This discussion in- 
cluded a listing of the eight feature effec- 
tivity gradients used in the differentiation of 
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. SOIL MUISTURE SOIL . . 
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U_NI_T MACROCLIMATE ECOCLIMATE, . REGIMTT : 
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_ 
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l. Differentiated (D) and undifferentiated (u) identify the hierarchical level of the units, Differentiated means 
that the area has been diffefentiated by the effectivity class under which the téfm appears. Undifferentiated 
means that.areas recognized as the unit so described may have the full range or any part of the feature gradient 
so indicated. 

2. The use of these units is generally restricted to theoretical considerations such as the type of furcation 
presented here to show a logical differentiation of site regions into physiographic site types. - 

Table 3: Taxonomic hierarchy of physiographic units of terrestrial areas.
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physiographic site types. In that section, it 
was pointed out that there was no rigid order 
for ecosystem differentiation. This is true 
unless an objective for using a specific order 
‘is introduced other than that of establishing 
a site type per se. . 

In the section preceding this, we did intro- 
duce a reason for following specific orders, 
and suggested that Table 3 indicated an order 
which provided a practical scheme for the 
field identification of a hierarchy of site 
units. 

The levels of integration of Table 3 following 
those of Figure 8 were used extensively in the 
site survey of the 1950's such as the detailed 
mapping of University of Toronto Forest and 
other areas. Owing to the skill required by 
field men to integrate soil texture and soil 
structure within the complex gradient of ‘pore 
pattern’, these simpler gradients have been 
used in most of the subsequent surveys. This 
shows up in Table 6, in which the soil texture 
(but not the pore pattern) gradient is used to 
differentiate the landtype, a common mapping 
unit.* 

It will be noted that in Table 3, the soil 
moisture gradient provides the basis for the 
initial subdivision of a site region into soil 
moisture groups. These groups of site types 
are perhaps the most easily recognized dis- 
tinctive difference in land ecosystems within 
a site region.

’ 

Mapping HierarchiesMof_Taxonomic Units - The 
hierarchies of taxonomic mapping units of ter- 
restrial, lithoterrestrial and semiterrestrial 
areas are shown on Tables 4, 5 and 6 respecs 
tively. Although the names of the units for 
,each of the (ortho) terrestrial, lithoterres- 
trial and semiterrestrial sites fall into the 
same broad categories (e.g. landtypes, soil 
site types, etc.), certain variations have 
been made to place different emphasis in the 
order and the complexing of the feature effec- 
tivity gradients. 

The units so established are comparable in 
concept yet sufficiently diverse to accommo- 
cate-significant differences in the relative 
weight of conditioning of the component fea- 
tures in each of these types. For example,” 
the texture and petrography of the unconsoli- 
dated materials are the differentiae used to 
establish landtypes of the (ortho) terrestrial 

* Another important consideration is that a 
larger mapping scale is usually required to 
map.pore pattern than that required for soil 
texture mapping.

1 

areas. On lithoterrestrial areas, the 
petrography, weatherability and slope pattern 
of the bedrock are given more weight than that 
of the shallow covering of unconsolidated 
materials. On soniterrestrial areas, soil 
moisture and aeration regime is given a pre- 
eminent position. 

The Hierarchy of Synthetic Landscape Units - 
‘Synthetic landscape units were introduced as 
patterns of homogeneous taxonomic units. Owing 
to the difficulties of maintaining strict.homo- 
geneity in the designation and mapping of taxe 
onomic units, synthetic units are being used 
extensively. This does not indicate that there 
are no problems in synthesis once a typology is 
established. It is not merely a matter of 
grouping or not grouping but one of how to 
group and for whose convenience. 

On the one hand, the classifier must decide 
upon the objective of the synthesis and the 
grouping which best meets that objective. Also, 
he must determine the most convenient device 
or formula for indicating that pattern on maps. 
On the other hand, the interpreter of the maps 
must be able to recognize on the ground the 
member of each homogeneous unit in the formula. 
An alternative to the formula method of desig- 
nating synthetic patterns which recur over 
broad areas, is to apply a term which describes 
the unit as a whole and accompany this term 
with benchmark descriptions. 

Since the process of landscape unit synthesis 
varies according to the objective of the_clas- 
sification, there are several alternative 
methods of synthesizing taxonomic units. The 
objective of the synthesis described in this 
paper is to facilitate the description of 
natural ecosystems and their distribution. For 
this reason, the definitions of site associa- 
tions and site systems presented here will be 
restricted to the use of those criteria which 
are either morphological homologues or gradi- 
ents of landform features interpreted in terms 
of their effectiveness in natural biological 
production. 

Since site association is the conceptual frame- 
work in which the biological production of the 
natural ecosystem is evaluated with respect to 
a wide range of production of all kinds, many 
benchmark definitions of site associations have 
been established (Hills et al. 1970, p.l21—l49). 
In a way similar to that by which the site as- 
sociation provides a physical format for plan- 
ning, the site system provides the physical 
arena for regional landuse decisions (Hills 
at al. 1970, p.l50—154). 

A site association is a local grouping of 
physiographic site types or phases which are so
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Table 4 
D 

hierarchy of-‘“‘i':he'2‘:a.vc-onamic of (ortho) terrestrial areas 

FEATURE EFFECTIVITY GRADIENTS 

CONTlNENTAL_ R E G I 0 N A L 

MAOROCLIMME SOIL TEXTURE PETROGRAPHY PORE PAT’.7'ERIV SOIL MOISTURE ECOCDJMATE 

1 1 . SITE REGION D u u. u u u 

BROAD LANDTYPE D D u u u u 

LANDTYPE D D D u u u 

SITE CATENA D D D D u u 

son, S1’._TE TYPE D D D D D u - 

PHYs'IocRAPH'Ic 
sxrm TYPE D D D D D D 

1. Differentiated (D) and undifferentiated (u) have been used to identify the hierarchical level of the units. 
Differentiated means that the area has been differentiated by the effectivity class under which the term 
appears. For example, areas designated as landtypes are differentiated with respect to macroclimate, soil 
texture and petrbgraphy and are undifferentiated with respect to pore pattern, moisture regime and ecoclimate. 
This means that each area designated as a landtype has the designated macroclimate of the site region and 
_designated soil material classes. But the area mapped may have the full range of the soil moisture regime. 
and ecoclimate gradients, or any part of these ranges, for these are 'undesignated'. Therefore, the break 

' :betWeen differentiated and undifferentiated indicates the level of differentiation. 

Table 5: Mapping hierarchy of taxonomic units of Zithoterz-eswial, areas

~ 

MACRO- 
CLIMATE UNCONSOLIDATED MATERIALS IMPERMEABLE STRATUM 

PETRO— SOIL PURE DEPTH PETRO— WEATHER; ‘SLOPE SOIL EOOCLIMATE 
GPAFHX, _TEXTURE ,PATTERN GRAPHY ABIL[Ty MOISTURE 

LAfiDscAPn on 1 1 SITE REGION D u u u u u u u u u- 

LITHOTERRESTKIAL 
EROAD LANDTYPE D D u u u D D D u u 

LITHOTERRESTRIAL 
LANDTYPE D D D u u D D D u u 

LITHOTERRESTRIAL 
SITE CATENA D D D D D D D D u u 

SOIL SITE TYPE D D D D D D D D D u 

PHYSIOGRAPHIC 
SITE TYPE D D D D D D D D p D W , 

1. D — differentiated; u - undifferentiated. See the discussion following Table 4 for a guide to an interpretation of the levels of differentiation shown on this Table.
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Table 6: Mapping hierarchy of taxonomic units of semiterrestrial areas 

SOIL 
MACRO- M0IsTURE— SOIL 501; 
CLIMMTE AERATION MATERIAL NUTRIENT ECDCLIMATR 
_ -__:7 

7 
REGIME FABRIC REGIME A . 

/SITE REGION D1 u1 u u u 

WETLAND GROUP 
I 

D n u u u 

SEMITERRESTRIAL 
LANDTYPE, D n D U U 

SEMITERRESTRIAL 
SITE TYPE GROUP ‘D D D D u 

SEMITERRESTRIAL 
D D D siTE TYPES D D 

1. D - differentiated; u — undifferentiated. See the discussion following Table 4 
for a guide to an interpretation of the levels of differentiation shown on this 
Table.- 

intimately associated that, for certain aspects 
“of ecological description and of biological 
production evaluation, it is most convenient 
to consider the pattern as a whole rather than 
as a mosaic. Difficulties arise from the fact 
that there is seldom a consistent ratio of the 
distribution of the various site types in any 
given pattern from place to place. The homo- 
‘geneity of the designated parts of the associa- 

‘ tion pattern is at the level of physiographic 
site phase or physiographic site type; How- 
ever, each of these component parts may be 
members of site-types from different site 
catenas or from different landtypes. 

An individual site association may have-repree 
sentatives from one or more of the great 
groups of landscapes; terrestrial, semiterres- 
trial, etc. ' 

A site system is a relatively broad area of 
land and/or water, usually more than 1 mi2 in 
area, which has a recognizable pattern of eco- 
systems reflecting a common pattern of geolog- 
ical fabric with respect to origin of the 
geological materials and in the type of their 
deposition and/or their erosion, ihus a site 
system is a pattern of landtypes with specific 
range in the texture, petrography and geolog- 
ical fabric of the soil materials. A site 
system also has a characteristic pattern of 

slope patterns and of surface and drainage. 

Site systems have been previously presented as 
landform patterns (Hills ei al. 1970) and as 
landscape units (Hills and Wilson 1970). 

A site system may consist of site types from a 
specific group of landscapes, - terrestrial, 
lithoterrestrial, etc.. Generally, however, 
they are comprised of representatives from two 
or more groups, for example: 

1. Esker trains of sand and gravel with 
kettle lakes. 

2. Glacier-scoured granitic knobs with clay 
pockets and sluggish streams with.marshy banks. 

. A FlN_AL COMMENT 
Unfortunately, this paper has been devoted_ 
almost entirely to a discussion of those 
features of the non-living physiosystems which 
provide a basis for establishing homogeneity at 
various levels of investigation. It is hoped 
‘that the reader will see in Figure 6 and Table 2, 
and in discussions which accompany them, some 
indication of the hierarchy of vegetation site 
types which have been conceptualized in formu- 
lating the non-living physiographic_matrices.

«.
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ABSTRACT 
Canada's coastline is being subjected to ever 
increasing developmental pressures from vari- 
ous, and often divergent, resource users. To 
aid in the sound management and planning of 
the coastal zone, a biophysical inventory of 
resources is required. The proven biophysical 
land classification methodology is applicable 
to the coastal scenario but with modifications 
to incorporate the influence of the sea and 
the processes therein. 

Some problems identified in the implementation 
of one coastal classification approach, as 
part of a pilot study of the resources of a 
segment of the Newfoundland coast, are disa 
cussed. Two such problems that emerged; which 
deserve immediate attention, are the adequate 
integration of water and land and the catego—- 
rization of the nearshore water itself. A 
manual for planners and coastal managers seems

, 

an appropriate means of demonstrating the util- 
ity of coastal classification. 

INTRODUCNON 
Land classification concepts and procedures in 
Canada have gained acceptance among land man- 
agers since the advent of the Canada Land 
Inventory program in the mid 1960's. Yet, 
efforts at extending the biophysical concepts 
to the coastal zone have been minimal. British 
Columbia and the Atlantic provinces are just 
beginning to study the coastal zone and its 
resource use problems in some orderly fashion. 
Our activities toedate have been largely a 
learning experience. By way of this meeting, ‘ 

.an opportunity now exists to report on the 
roadblocks that we have encountered and the 
resulting detours that have-been followed. 

To provide a basis for further discussion on 
coastal classification concepts, methodology 
and procedures, a 'WS' format is presented 
beginning with the question Why. In Atlantic 

"segment de la cdte de Terre-Neuve. 

RESUME 
Les c6tes canadiennes font l'objet des pressions 
sans cesse croissantes de nombreux utilisateurs 
des ressources, souvent fort varies. Un inven- 
taire biophysique des ressources est donc 
necessaire pour permettre la gestion et la 
planification raisonnees de la zone cdtiere. 
La methodologie de classification biophysique 
du territoire, dejd mise E l'epreuve, vaut pour 
les regions cetieres, moyennant certaines modi- 
fications propres d incorporer l’influence de 
la mer et le processus qui s’y rattache. 

Le present document analyse certains problémes 
de la mise en application d'une approche de 
classification des zones cdtieres, observes a 
l’occasion d'une etude pilot des ressources d’un 

_ 

Des pro- 
blemes ainsi mis en lumiere, deux commandant 
une attention immediate: l'integration sufL_ 
fisante de l'eau et des terres et la categorisa- 
tion des eaux cdtieres elles-memes. Un manuel 
d l’intention des planificateurs,et des gestion; 
naires du littoral semble etre un moyen approprie 
pour demontrer l’utilite de la classification 
des regions cdtieres. 

Canada, for instance, there are some 20,000 
miles of coastline portraying the complete 
spectrum of human activity from the manemodified 
harbours of metropolitan areas to the pristine 
subarctic coast of Labrador. Relentlessly, man 
is pushing forth into the last vestiges of the 
coastal frontier. As a consequence, estuaries, 
marshes, and other sensitive and critical areas ' 

are being irreversibly altered, more often than 
not, to the detriment of society. To Qite an 
example, hanging on the boardroom wall of the 
Atlantic office of the Environmental Protection

, 

Service is a map of shellfish closure areas in 
the Maritime Provinces disclosing, only too 
vividly, the few remaining uncontaminated estu- 
aries. This map, incidentally, is one of the 
few coastal maps of the Maritimes which depicts 
additional information besides the geographical 
features of the coast. Although considerable 

W .1 ' 
~ - - ac st Meeting Can. Comm. on Ecological {E-Lo-physical) Land Class. May 25-28, Z976‘, Petawawa, Ont.
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site-specific data are available on Canada's 
coastal zone, very little is in readily acces- 
sible formats. This realization has led to a 
proposed five year federal/provincial Coastal 
Resources Inventory and Mapping Program 
(CRIMP). The primary objective of this pro- 
gram will be to provide a biophysical and 
socioeconomic information base "under one 
cover" for planning, management, education 
and promotion purposes. A biophysical clas- 
sification of the coast will be an integral 
part of this program since it provides an ex- 
cellent integration and interpretation mech- 
anism for the other data. With such an inte- 
gration of resource information, environmental 
impacts can be assessed, comparisons of the 
implication of alternative uses of coastal 
resources may be achieved and ecologically 
critical areas may be identified. In the event 
of major disasters such as oil spills, contin— . 

gency plans may more easily be formulated and 
areas of potential interest for varying public 
use may be identified. 

’' t

' 

The next W is What. The title of coastal zone 
classification requires elaboration on the 
definition of the coastal zone. The boundary 
on both the water and land side is arbitrary. 
The water limit is really undefinable but the 
nine m depth may serve as a functional boundary 
for inventory purposes. At this approximate 
depth, the surf begins to affect the bottom, 
thus providing a recogniiable field feature 
which may_be utilized to arbitrarily define 
the near shoreline from open water. Inland, 
the boundary is also a problem. The point 
where the water stops having an influence in- 
land is a nebulous demarcation. Should it 
be based on biological criteria? For instance, 
is it where white spruce; which can tolerate 
the salt spray, gives way to the less tolerant 
black spruce? Is it a climate factor such as 
the mean extent of fog penetration inland? 
What about the headwaters of rivers which orig- 
inate many miles inland and have such an impor- 
tant role in the water quality of estuaries? 
The definition of the coastal zone has been 
bantered about and a universal acceptable 
definition has not been attained. So, as a 
starting point, the coastal zone may be defined 
as that linear geographical area that is con- 
tained by the nine m bathymetric contour (five 
fathoms - limit of physical processes) and the 
extent of the inland mass which lends the 
identifying character to the shoreline and

' 

back shore. The land boundary is purposely 
unspecific, thus permitting biological, phys- 
ical, climatnlogical or hydrological factors 
to be used interchangeably or in combination 
as the basis for delineating the inland coastal 
zone boundary. ‘ 

The third W is Where. Our present interest is 

obviously Atlantic Canada, but the west coast 
is as important to_B.C. as the east coast is to 
the Atlantic Provinces, and both have irrefut- 
able significance in a national context. And 
what of the Arctic where the term "sensitivity 
of terrain" was given meaning? If blowouts or 
spills from the anticipated offshore drilling 
were to occur, what base exists to adequately 
assess environmental consequences to the shore- 
line? One has only to recall the oil spill 
resulting from the sinking of the ‘small’ tanker 
Arrow in Chedabucto Bay. The biological and 

. physical effects will continue for many more 
years. Only after the fact did the Bay receive 
considerable attention re biophysical resources 
and processes. Had a sound data base been 
available, at the very least, some cursory en- 
vironmental decisions could have been made. 
Perhaps ecologically sensitive areas could have 
been protected at the expense of areas less 
susceptible to extended environmental daage. 

Thus, in response to where, the known suscept- 
ible areas should get immediate detailed bio- 
physical attention while at the same time an 
overall evaluation should be launched at a re; 
connaissance level to determine other potentially 
susceptible areas. " 

The fourth W is Who. Reference was made above to 
a proposed five year federal/provincial coastal 
mapping program. Although the start-up time 
has been somewhat delayed, the program has a 
good chance of materializing. It will probably 
_be under this program that a biophysical coastal 
classification will be applied in_Atlantic 
Canada. Meanwhile, pilot studies have been 
carried out in Newfoundland to which further 
mention will be made. In any case, initial 
involvement in coastal classification is envi- 
sioned to involve federal/provincial personnel 
engaged in various pilot studies to develop a 
basic framework. Once methodology and pro- 
cedures are well established, consultants may 
take over at the operations level. Prior to 
any further work, this committee, a subcommittee, 
or some other organized body should be assigned 
to develop guidelines and then oversee the 
Proposed work. 

The final W is When and that is as soon as pos- 
sible because development in coastal areas has 
a considerable head start. 

HISTORICAL BACKQROUND 
The study and analysis of coastal processes and 
morphology has occupied the minds of researchers 
since the mid-1800's. Pioneering efforts at 
classification were heavily subjective and often 
verbose. The lack of a sound data base pre- 
vented assessements to proceed beyond the con- 
ceptual stage. Yet, from the notes and descrip-
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tions of these early researchers, a genetic 
classification crystallized that set the trend 
of future analysis. In 1898 Davis presented 
his dichotomous classification. He advocated 
delineating coastlines as either first class 
(or emergent) for uplifted zones which he 
described as smooth and simple.with shallow 
water overlying weak strata, or second class 
(or submergent) for depressed zones character- 
ized as irregular and complicated with deep 
water abutting rocky shores (Cotton, 1954). 
This emergence/submergence dichotomy provided 
the catalyst for subsequent controversy which 
researchers often thrive upon. 

Modification and more precise definitions of 
the emergence/submergence concept were put 
forth. Johnson (1919) expanded on the two 
divisions with the addition of two more primary 
categories: neutral and compound. These two 
categories encompassed such features as delta 
shorelines, volcano shorelines, coral-reef 
shorelines and complex coastlines composed of 
elements of the original two classes. 

Cotton (1952) introduced a dynamic element in- 
to the classification system by placing various 
emergent and submergent processes into two 
groupings based on structural mobility.‘ He 
considered the delineation between stable 
versus mobile regions as essential in coastal 
classification. At the same time, Valentin 
(1952) also recognizing the non-static nature 
of the coastline, proposed a delineation that 
considered coasts as advancing (gaining of 
land) or retreating (loss of land). Subdivi- 
sions were based on contemporary coastal pro- 
cesses. Bloom, in 1965, took Valentin's work 
one step further and imposed a time axis to 
the existing ones of erosion/deposition and 
emergence/submergence and came up with a three- 
dimensional basis for describing coasts (Silk, 
1975). 

To be sure, not all researchers followed the 
early concepts of Davis. Shepard (1937) was a 
notable exception who 'bucked the trend’. His 
synthesis, which is fully outlined in his book 
entitled Submarine Geology, was to consider 
coasts as either primary (resulting from non- 
marine agencies) or secondary (resulting from 
marine agencies) with a further subdivision 
according to process. More recently, Davies 
(1964) veered from the inordinate emphasis 
placed on geological typing of coastlines and 
advocated an integrated approach which, simpli- 
nfied, is based on consideration of climate, 
tidal regimes, geological structures and sedi- 
ment transport systems. 

A novel approach, though hard to grasp at first 
reading because of its unique concept, is that 
introduced by Odum and Copeland (1974) advo- 

cating energy as a basis of delineation. 
Coastal systems are grouped into five kinds of 
energy ecosystems (e.g. arctic ecosystems with 
ice stress and new artificial systems linked to 
man-induced energy sources) and various sub- 
systems based on characteristic energy sources 
and stress. 

Many more systems and concepts have been 
espoused and we feel somewhat remiss at offering 
you this cursory outline. However, we shall 
remain firm and resist the temptation to set 
forth a comprehensive coastal zone encyclopedia. 
A more detailed outline is provided in the 
Appendix. .The intent thus far has been to pro- 
vide a historical and conceptual framework for 
coastal classification studies with as few_per- 
tinent examples as possible. .Also, purposely, 
we have omitted discussing the relative merits 
and shortcomings of each approach. Of course, 
the ideal system to develop would be one that 
encompasses all the physical and biological 
parameters and dynamic processes of the marine 
and terrestrial sectors of the shoreline for 
any given level of detail in comprehensible and 
practical form - simply a bio-geo-physio-marine- 
clima-graphic system. At the same time, one 
must recognize the folly in striving.to develop 
such a system. The problem really centres 
around what parameters to exclude without 
rendering the classification system inutile. 

Thus, given the realities of the task at hand, 
let us turn our attention to several classifica- 
tion systems presently utilized or proposed for 
the U.S. and Canadian coastlines. With_the ad- 
vent of the Coastal Zone Management Act of 1972 
in the United States, most coastal states have 
accepted the challenge of coastal zone manage- 
ment and some have instigated continuing inven- 
tory programs. 

' ’ 

Two related hierarchical approaches are favoured. 
One, termed a tier system, divides the coastal 
zone into three zones: (l)_ offshore, (2) es- 
tuary, and (3) shore and coastal upland. Each. 
tier is individually studied and delineated in 
some manner and integrated with the other two 
tiers for a total overview of the coastal_sec- 
tion under scrutiny. Nomenclature may change 
from state to state or study to study but the 
underlying theme is standard. The second ap- 
proach, sometimes employed in conjunction with 
-the tier concept, is a biogeographic regional 
system that has been developed and used partic- 
ularly along the western seaboard. Biogeograph- 
ical regions are subdivided in Subregions with 
further divisions into Reaches based on differ- 
entiation of climate, landform, vegetation and 
land-water configuration. The names are dif- 
ferent but a distinct biophysical flavour 
exists - a sort of coastal cousin to Lacate's 
biophysical land classificaton (Lacate, 1969).
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For use on a broader basis, the current work 
of Dolan and his colleagues (1972) in his 
studies into coastal climates, wave climates 
and coastal marine fauna cannot be overlooked. 

As noted earlier, Canadian efforts in coastal 
classification (if one excludes various en- 
vironmental impact assessments and small scale 
specific purpose classifications) has been 
minimal with one notable exception: Owens‘ 
(1974) integrated, though geologically oriented, 
l0—order hierarchical system. His system 
ranges from continental features with time 
frames of 109 years to micromorphological 
features with time frames of less than one 
hour.. Though complex in description and no 
doubt in implementation, this system will 
prove to be a valuable aid in the understanding 
of the problems associated with coastal clas- 
sification. 

ACTIVITIES 
The Lands Directorate Atlantic Office's inter- 
est in coastal cla_ssi_fica'tion began with the 
letting of contracts which produced the two 
reports by Silk (l975a, 1975b). Concurrent 
with these contracts, meetings were held with 
an informal committee composed primarily of a 
few Halifax-based federal personnel. This 
committee was intended as a precursor to a 
larger formal committee which was to be struck 
with the signing of CRIME agreements. 

The committee members were of two categories, 
those-who foresaw a need for a classification 
system or those who could contribute to the 
scientific data base required for a comprehen- 
sive classification. The objective of the 
committee was to develop a classification 
system based on a biophysical approach which 
would provide a common basis for comparing and 
evaluating_intrinsic natural features of_coastal 
areas as they may relate to recreation, con- 
servation, preservation and developmental ob- 
jectives. 

The committee was_hampered by its ad hoe 
nature. Nevertheless, a few members managed 
to contribute basic requirements; of partic- 
ular note was the contribution by the National 
Parks representativel (six out of seven 
Atlantic Region Parks are situated on the 
coast) and the Fisheries Resources representa- 
tivez. The latter's list of parameters deemed 
important for the purposes of aquaculture, 
fisheries production and protection also in- 

1 P. Skydt, February 1975, personal communica- 
tions. »

V 

2 T. Rowell, February 1975, personal communica- 
tions. 

corporated most of the other committee members‘ 
projected requirements for a biophysical-" 
coastal classification. 

With the third meeting of the ad hoc committee, 
it became obvious that a classification exercise 
was required since the theoretical requirements 
expressed by committee members needed testing. 
The Newfoundland government at this time ex- 
pressed an interest in the CRIMP Proposal and 
wished to,cooperate with the Land Directorate 
on a pilot study of two areas in Newfoundland: 
St. George's Bay and Conception Bay. Maps 
depicting and interpreting the resources of 
these areas have been prepared. At the time of 
writing, copies were not available for circula- 
tion pending completion of the-accompanying re- 
ports. - 

One of the four maps of each area contains a 
coastal classification. A hierarchical approach 
was utilized and the categories have a strong 
resemblance to Lacate's (1969) wildlife guide- 
lines. The categories utilized for coastal 
classification of pilot areas in Newfoundland 
were as follows: 

Coastal Region: (Scale of mapping - l:l,0O0,000 
or smaller). A coastal zone area characterized 
by a distinctive regional climate as expressed 
by vegetation and gross marine characteristics 
such as the seasonal occurrenée of ice, macro- 
tidal influences and coastal orientation fea- 
tures. 

Coastal District: (Scale of mapping — lL250,000 
- l:l,000,000).' A coastal zone area character- 
ized by a distinctive pattern of geology, geo- 
morphology, vegetation, coastal configuration, 
bathymetry and water quality. These serve to 
identify the homogeneous units which make up 
the coastal region. 

Coastal System: (Scale of mapping — l:50,000 
—.l:250,000 depending on complexity). A 
coastal zone area characterized by a recurring 
pattern of landforms, shoreforms and marine 
parameters. This level, in particular, takes 
into account the processes which have led to 
the development of and maintenance of these 
patterns. 

Coastal Type: (Scale of mapping - l:l0,000 — 
l:20,000). At this detailed level of mapping, 
each tier of the coastal zone would be con- 
sidered independently for field data purposes. 
The land component would conform to the land 
type definition of Lacate (1969). The inter- 
tidal component or shoretype would be form- 
centred with vegetation, stability and soil 
modifiers. The water component or water type 
would be differentiated on the basis of quality 
and process modifiers.
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The classification depicted on the Newfoundland 
pilot study maps is based primarily on inter- 
pretation of aerial photography and a minimum 
of field work. The coastal type level was not 
mapped because of monetary and time con- 
straints. This cursory look at the pilot 
areas‘ resources leaves room for improvement 
but the exercise was valuable in that a number 
of problems were identified, These will be 
enumerated later and hopefully provide a basis 
for discussion. ‘ 

This summer, Lands Atlantic, as part of its 
contribution to the Environment Canada Atlantic 
Region Bay of Fundy Working Group, is conduct- 
ing a resource inventory of certain coastal 
areas that may be altered if Fundy tidal devel- 
opment becomes a reality. An integral aspect 
of this program will be a biophysical inven- 
tory at a land system and land type level. 
addition to providing valuable data with re- 
spect to the Working Group mandate, the pro- 
cedure will be invaluable for assessing the 
potential of a biophysical approach to coastal 
zone_mapping. 

In 

In the longer term, modifications and additions 
to the classification process will be investi. 
gated on a continual basis with a view to 
developing a practical and operational coastal 
classification system for the proposed Coastal 
Resources Inventory and Mapping Program. 

SUMMARY 
The necessity to utilize the dynamic inter- 
action of the biosphere, lithosphere and 
atmosphere as a basis for sound ecological land 
use planning is well known. Canada, through 
the development and implementation of biophys- 
ical land classification concepts for various 
environmental surveys across the country, has 
emerged as one of the world's leaders in this 
regard. In contrast, coastal zone classifica- 
tion within Canada is in its infancy. In 
principle, the philosophy of biophysical land 
classifications can be extended to the coast- 
line. However, the impediment to blanket ap- 
plications is the necessity to integrate dy- 
'namic marine parameters and their various in- 
fluences with the relatively stable biophysical 
land patterns. 

Historically, coastal zone mapping methodology 
was developed to achieve specific objectives. 
The holistic approach, inherent in the land- 
based biophysical framework, was not recognized 
as a prime objective. Nevertheless, much can 
be gained from previous attempts at coastal 
classification in terms of gleaning methodology 
and developing appropria 
for future work. 

te frames of reference 

The methodology utilized in the pilot study was 
adapted from Lacate's hierarchical biophysical 
classification. This methodology, which relies 
heavily on interpretation of aerial photography, 
proved workable at the three smaller scale 
levels. A problem is encountered at the coastal 
type level. Aerial photography, by its temporal 
nature, has limited application to interpretation 
of the dynamic hydrosphere and many of the ephem- 
eral features of the coast. The problem really 
is not photography per se as repeated coverage 
could overcome the time problems, but more so 
the absence of relatively inexpensive biophys- 
ical methodology on the water side-at the type 
level. In trying to circumvent this problem, 
an attempt was made to utilize existing informa- 
tion as a supplement to aerial photography, The 
dearth of available marine data quickly extin- 
guished this hope. Even bathymetric data are 
incomplete, let alone the more exotic parameters 
such as dissolved oxygen levels or indices of v 

biological productivity. The first roadblock 
then is that 'conventional' methodology of 
biophysical classification is relevant to the 
coastal scenario only down to the system level. 

A second problem again occurs at the coastal‘ 
type level. One of the objectives of the 
coastal classification system is to depict the 
water and land component in an integrated man- 
ner, and this objective has only been achieved 
down to the system level. At the coastal type 
level, this integration may be impractical as 
the classification tends to fall into separate 
water or land classifications. Perhaps the 
problem lies with the objective of integration. 
Is it a valid one? For inventory purposes, 
can it be applied at three levels and disre+ 
garded at the fourth? 

A third problem can be summarized by the ques- 
tion - what constitutes a water type? Inland, 
the trend with respect to water classification 
has been to deal with the container rather than 
the contents. Shorelines in terms of degree 
of convolution, textural predominance and slope 
are all described, but water per se is not.

V 

The incompatibility of water and aerial photo- 
graphy is the root of the problem. Yet, in 
many cases, aerial photography is useful in 
determining nearshore bottom properties and 
marine physical processes which permit a first 
approximation of cataloguing water. Is that 
all that can be expected? Is it enough? If 
not, what are the options? 

One alternative may be to consider the production 
of a classification manual which would be based 
on the premise of providing coastal zone man- 
agers with the level of detail they require for 
various decisions. In addition to technical 
and methodological details, such a manual could 
include benchmark examples and a few worked
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solutions to indicate how to deal with the 
classification as a management tool. 
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APPENDIX -— I-‘IIGHLIGHTS IN THE HISTORY AND 
DEVELOPMENT OF COASTAL ZONE CLASSIFICATION 

DATE OF 
SIGNIFICANT 

RESEARCHERS PUBLICATIONS(S) MAJOR CONTRIBUTION TO COASTAL ZONE MANAGEMENT 

Richtofen, 1866 — First ordering of shorelines 

Suess 1388 a noted the different geological trends of the Atlantic and 
Pacific coasts 

Davis 1898- = emergence/submergence theory on coastal classification 

Johnson 1919 - formulated a system to classify coastal landforms 
’ — added neutral and compound categories to emergent/submergent 

concept 

Putnam 1937 - advanced the concept of cyclic marine erosion to the Pacific 
coast 

1960 — produced an illustrated description of world coastal zones 
in conjunction with contemporaries ‘ 

Shepard 1937 - advanced the concept of primary and secondary coasts 

\ 1948 ~ 1st edition of his book titled Submarine Geology 

Stephensen and 1948 — published a now standard reference on intertidal zonation as
I 

Stephensen applied to Australian coastlines 

Cotton 1952 - presented concept of stable and mobile coast regions 

Prince 1954' — proposed the sub—division of coasts on the basis of 
mechanical energy calculated from ramp angles on the coastal 
shelf and on mean breaker heights 

Fleming and 1956 = proposed a delineation of coasts based on factors such as 
Elliott. ’ size of drainage basins, supply of fresh water and sediments 

to the ocean and degree of coastal indentation 

Powers 1958 r developed a geomorphological systems for fresh water shore- 
lines 

Tanner 1960 = introduced an equilibrium concept based on a balance between 
V 

coastal energy and littoral drift for the Florida coast 

Ballantine 1961 - developed an exposure scale based on biological factors 

Alexander 1962 - proposed a system based on vertical shore profile and the 
shore outline in plan 

Ottman 1962 - proposed a five—category geological typing of coastlines 
based on form 

1965 — published,a,book_onrmarineWgeology .7 

* Emphasis is placed on North American research from the 1960's to present.
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DATE OF 
? 

SIGNIFICANT 
R_ES,EA,RCHERS., P_UBLICATION(S) MAJOR CONTRIBUTION TO COASTAL ZONE MANAGEMENT 

Davies 1964 — outlined the application of oceanographic processes to 
coastal classification 

1972 published a book on coastal classification 

Bloom 1965 proposed a three—dimensional framework encompassing time, 
the emergence/submergence theory and local processes to 
describe shorelines 

Zenkovich 1967 introduced a classification of coastal accumulation forms 

Mann at al. 1970 coordinated a group that produced a report describing tech- 
niques for evaluating and classifying coastal landscape 

- 1974 produced a report outlining present classification procedures 
used in the United States ~ 

Brown et al. 1971 introduced "resource capability units" for the Texas coastal 
zone encompassing physical, biological and process units as 
well as man-made units 

Inman and 1971 developed a hierarchical tectonic system of coastal clas- 
Nordstrom sification 

Dolan and 1972 introduced a classification of world coastal environments 
Hayden, at al. 1975 incorporating various marine, biological and geological 

parameters 

Fisher at al. 1972 published environmental information on the Texas coast in 
Atlas form 

King \ 1972 a contemporary text on coastal geomorphology with a review 
of major coastal classification systems 

Dubois 1973 produced a system of mapping physiographic and sedimentolog— 
' ical units for parts of the St. Lawrence River coastlands 

Odum and 1974 presented a novel classification based on energy source and 
Copeland stress of natural and man—modified ecosystems 

Owens 1974 proposed a l0—order hierarchical, geologically oriented, 
classification ranging from continental to micro-morpholog- 
ical features 

Welsted 1974 divided the coastline of the Bay of Fundy basically on the 
presence or absence of cliffs 9
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THE INTEGRATION OF WATER INTO EcoLoGIcAI.LANo 
CLASSIFICATIONS 
D.M. Welch 

} 
Lands Directorate 
Department of Environment 
Ottawa, Ontario 

ABSTRACT I RESUME 
Philosophies of ecological land classifications Les principes des classifications écologiques 
_tend to stress spatial uniformity of stable de territoire tendent a insister sur l'unifbr- 
attributes of finite land surfaces, and recur— mité spatiale d’attributs stables d’étendues de 
ring patterns of those surfaces. However, terres bien précises, et sur leurs caractéris- 
water bodies commonly display dynamic proper- tiques dominantes. Toutefbis, les plans d’eau 
ties which transcend ecological dry—land présentent habituellement des propriétés 
divisions. Current approaches to inland water dynamiques qui dépassent le cadre des divisions 
resource classification are summarized in the écologiques applicables aux terres séches. 
light of ecological classification theory. Voici un resume des approches actuelles de la 
Most water classifications emphasize morpho— classification des ressources en eau intérieure, 
logic criteria along with one or two others, dressé a la lumiére de la théorie de classifica- 
such as shoreline geomorphology and water tion écologique. La plupart des classifications 
quality. Few classifications consider aquatic mettent l'accent sur les criteres morphologiaues 
biology, scenic and cultural data, or the prob- ainsi qu’un ou deux autres, tels aue la geo- 
lem of grouping water bodies into spatial hier- morphologie du rivage et la qualité de l’eau. 
archies. Ecological water classification Par contre, trés peu de classifications tiennent 
should be based on defined purposes, the kind compte de la biologie aquatique, des données 
and detail of parameters required and measur— scéniques et culturales, ou du probléme que pose 
able, and the intended method of data handling le regroupement des plans d'eau en fonction 
and reduction to manageable forms. In partic— d’une hiérarchie spatiale. La classification 
ular, one should examine the relationship écologiaue de l’eau devrait viser des objectifs 
between the relatively stable reference data précis, c'est—d-dire le type et la portée des 
used in dry—land ecological classifications, parametres nécessaires et mesurables et la 
and the steady and unsteady dynamic properties méthode voulue de manutention et de traitement 
of water. des données aux fins de la gestion. Il con- 

viendrait notamment d’analyser le rapport qui 
existe entre les données de reference, relative- 
ment stables, aui servent dans les classifica- 
tions écologiques des terres séches, et les 
propriétés dynamiques stables et instables de 
l’eau. 

WATER IN THE LANDSCAPE 
"Water is...a highly variable and mobile re- lakes, rivers and shoreline types which cover 
source in the widest sense. Not only is it a the Canadian landscape attests to the pervasive 
commodity which is directly used by man, but importance of water as a resource. These 
it is often the mainspring for extensive eco— resources not only supply water for consumptive 
nomic development, commonly an essential ele- use, but they are also used in industrial pro- 
ment in man's aesthetic experience, and always cessing, fish production, as objects for 
a formative factor of the physical and bio- recreation and aesthetic perception of the 
logical environment" (Chorley, 1969, p. 3). 

_ 

environment, and frequently as attractions for 
’ land-based activities. Alongside the recent 

These formative roles include water regimes in and current efforts in ecological land inven- 
solid formation, evapotranspiration and photo- tory, there is therefore a need to collect 
synthesis, and rainsplash erosion of cultivated water information. 
land. At a visible scale, the variety of 

Proc. lst Meeting Can. Comm. on Ecological (Bio—phy::icaZ) Land Class. May 25-28, Z976, Petawawa, Ont.
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~ Fwater bodies display a remarkable variety of systems, oligotrophic lakes on the Canadian 
ypes and features in space, and highly Shield, mesotrophic Lake-Winnipeg, reflectance ~~~ _ 
changeable flow, circulation and quality in patterns revealing discrete bodies of water 

9 time. This spectrum of properties must some— within single lakes, artificial, meandering 
how be reflected in any ecological water clas— and bedrockscontrolled rivers, spits, islands 
sification. The following examples reveal and lagoons. 
some of the variety, the dynamics and the com- 
plexities of spatial groupings of water bodies. By contrast, the next two photos stress the 
Figure 1 shows the variety of water as a land— need to understand the short and long term 
scape element. This LANDSAT image of central dynamics of water bodies. Figure 2 shows that 
Manitoba displays lakes of various sizes, the Red River north of Winnipeg can simultane- 
shapes and degrees of integration into drainage ously deposit and erode flood-plain materials. 

Figure 1: Central Manitoba, including the north end of Lake Winnipeg. ERTS/LANDSAT image, 
frame centre 5622, 20 September, 1973. Composite of bands 4, 5 and 7-



Figure 2: A bank of the Red River, St; Andrews, Manitoba, April 1972. 
silt and organic layers indicating depositional sequence on a levee and floodéplain. 

Note the sequence—of 
Deposits 

above the thick organic layer are mainly twentieth century; the lowest organic layer is 
approximately 4,000 B.P. Note that erosion is concurrent with modern deposition. 

Figure 3 shows a natural beach caused by con- 
struction pf breakwaters at Port Stanley, 
Ontario. At the same time, the trapping of 
this longshore drift sediment has removed its 
protective effect further along the coast, 
resulting in accelerated bluff erosion. 

While individual water bodies are themselves 
Significant, river or lake patterns frequently 
reveal the geology and geomorphology of a 
landscape. -The lakes shown in Figure 4 indi- 
Cate hummocky moraine on the Horn Mountains 
and drumlinized terrain to the north. While 
boundaries of morphologic patterns are easy to 
identify on this image, the number of highly 
reflecting lakes increases gradually from 
south to north across this drumlinized area. 
Thus, it may be that land boundaries defined 
by lake morphology may not agree in place or 
sharpness with those defined by, say lake 
turbidity; 

Figure 4 also displays a parallel drainage 
pattern between the hummocky and drumlinoid 
areas, and an area of irregular drainage in 
the northeast. These patterns remind us of 
the close relation between water and surface 
materials and topography, yet demonstrate the 
dangers of considering ecological landrwater 
integration simply as a problem of lakes: it 
is the lakes and rivers together which charac- 
terize the waterscapes of the Horn River 
region. '

' 

Apart from their individual and group proper- 

Figure 3: The Beach at Port Stanley, Ontario, 
July 1969. Note the breakwater and-beach 
accumulated by longshore drift_away from the 
camera. fncreased erosion of_background 
bluffs results from loss of beach sediment 
supply. ‘

«



ties, water bodies display readily apparent 
cyclic and 1ong—term responses to environ- 
mental influences such as seasonality and 
human disturbance. Figure 5 shows Southern 
Indian Lake during the spring of 1974. Major 
flow areas are the first to melt. From 1974 
to 1975, the lake level was raised so that 
sensitive materials were subjected to shore 
erosion for the first time, increasing lake 
turbidity. 

These examples demonstrate some of the reasons 
for including water data in ecological surveys,‘ 

112 

namely that by his very nature, man's activities 
and problems are land—related in.some way, even 
when the prime focus is upon water. Whether 
these data are cartographic, numerical or tex- 
tual should be a question for future discussion, 
the answers to which will probably reside in 
the complex roles of water in the environment 
and the ability of existing ecological philos- 
ophy to incorporate such information. As a 
step towards these answers, the following 
section sumarizes some of the relevant litera- 
ture. 

Figure 4: The Horn Mountains and Lac La Martre, District of Mackenzie. ERTS/LANDSAT image, 
frame centre 5316, 24 September, 19f5. Composite of bands 5, 6 and 7;
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Figure 5: Southern Indian Lake, Manitojbd. Portions "o‘f>E'RTS/LANDSAT images, frame centre 3720, 
25 April, 12 May and 17 June 1974, and 10 July 1975. Corrrposites of bands 5, 6 and 7.



ECOLOG'|,CA_L (BIOPHYSICAL) PHILOSOPHY 
AND WATER 

"An (ecological) survey...is carried out to 
provide a framework for environmental resource 
management using a hierarchical classification 
system" which integrates a number of "environ- 
mental elements" (Can. Dept. of Envir., 1976, 
p. 1). So far, biophysical classifications 
have been built upon the recognition of bound- 
aries which enclose surfaces displaying 
certain uniform properties. To ensure a 
reusable data base, these properties are 
normally permanent over several years (e.g. 
climate, morphology and vegetation chronose- 
quence). Since movement requires work.and an 
energy gradient, or at least the transition 
from one state to another across the ground, 
then it is only natural that biophysical 
philosophy has tended to overlook water, its 
flow, and its seasonal regimesl. The passage 
of flood crests through drainage systems, 
longshore drift of sediment from eroding 
cliffs to sheltered lagoons, lake circulation 
and annual turnovers, water level fluctuations 
in deltastand marshes, and the chronology of 
freezing and thawing are some examples of this 
relatively short-term dynamism of water in the 
environment. The mere fact that major drain- 
age systems, such as the Peace-Mackenzie, 
Saskatchewan—Nelson, and the Great Lakes-St. 
Lawrence transcend topographic, climatic, 
geologic, land use and other regional bound- 
aries should alone be enough to warn of the 
dangers of too rigidly applying current method- 
ology for integrated surveys to water systems. 

The open water and wetland classification pro- 
posed by Adams and Zoltai (1969) states that 
"the classification system must be oriented to 
serve the needs of several disciplines, (such) 
as wild ungulates, fish, waterfowl and fur- 
bearers, as well as hydrology, forestry, fec- 

. reation and agriculture” (Ib£d., p. 23). 
Despite the apparent agreement that water 
should be integrated into ecological surveys, 
attempts at classification have so far focussed 
upon specific areas, certain types of land- 
.scape features, or specific uses of natural 
resources, Examples are the Saguenay-Lac—St.- 
Jean'and the James Bay ecologic surveys in 
Québec (Jurdant et al., 1972, 1976), the wet- 
land classification of Zoltai at aZ., (1975), 
and the classification of lakes in terms of 
biomass productivity (e.g. Rawson, 1960; 
Donaldson, 1969). Even the classification of 
Adams and Zoltai (1969) has limitations: it 
is hierarchic only in an informational rather 
than a spatial sense. 

1 Incidentally, the exact same reasoning 
explains which migrating-wildlife inventories 
have difficulty in applying biophysical clas- 
sifications. ‘ 
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A spatial hierarchy in the tradition of Christian 
and Stewart (1968) and Lacate (1969) is present 
only in the context of dry-land units and those\ 
aquatic qualities of'a similar static nature at 
the land system level. 

While the guidelines of Lacate (1969) and of 
«Adams and Zoltai (1969) are a useful step 
towards the collection of biophysical water 
data, one should also consider, for example,‘ 
geomorphic and hydraulic properties, river and 
‘lake regimes, relationship between terrain, 
climate, vegetation and water quality, the 
phenology of ice and the mixing of lakes, the 
aesthetic qualities of scenery, aquatic biology 
and the indigenous use of water resources. 
Although it may not be possible to map and 
inventory all of these subjects in any detail, 
reconnaissance or baseline surveys at the 
regional level should consider all of them, 
whether or not they fit conveniently into the 
methodologies of mapping for integrated surveys. 

WATER ‘CLASSIFICATIONS 
A number of water classifications are documented 
below. Excluded from the list are marine 
coastal classifications, since these are the 
subject of independent investigation (Silk, 
1975; Lopoukhine, this meeting), and wetlands, 
since their ecological classification is already 
quite advanced (Stewart and Kantrud, 1969; 
Zoltai et aZ., 1975; Millar, 1976; Zoltai, this 
meeting). Considered here are streams and 
rivers, lakes of all kinds and sizes, and

, 

lacustrine and riverine.shorelands, since shore-' 
line types are viable management units in them- 
selves, and also are the sensitive interface 
between.events in water and on land. Ground- 
water and watershed runoff response have 
received little attention in ecological land 
classification. Since many of the factors 
controlling runoff response are visible on air 
photos, they are worthy of future inclusion in 
land classifications. 

While the parameters and purposes of ecological 
water classifications are highly varied, the, 
classifications can nevertheless be grouped 
according to the kinds of information described. 
For example, Aukerman and Chesley (1971) deal 
only with measures of water quality, hydrology 
and morphology of rivers for purposes of optimum 
or multiple water use. Thus, they use three 
approaches based on landscape feature, kinds of 
data and ultimate objectives. 

Land and water classifications can also be 
grouped according to their principal method- 
ology, being either genetic, functional, 
descriptive, spatially hierarchic, or some 
combination of these. Genetic classifications 
group objects according to their origin and 
history. Functional classifications assemble
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objects with respect to their_processes or 
their relationship to other phenomena. Attri- 
butes such as shape, size, texture, chemistry, 
mass, etc. are used as bases for descriptive 
classifications. 

All classifications are intrinsically hier- 
~archic, in that their purpose is to reduce" 

I. large masses of data to smaller, manageable 
sets, Here, however, a hierarchic classifica- 
tion is one that provides for the spatial 
grouping of neighbouring land surfaces at 
various scales. By this definition, the open 

_ 
water classification of Adams and Zoltai 
(1969) is hierarchic only in its level of 
description, rather than the spatial syntheses 
prop6sed for watersheds by Bukowsky (1976) 
after Nelson and Falkner (1971) and Fedoruk 
(1970). In contrast, the wetland classes of 
Zoltai et‘qZ. (1975) are built upon descrip- 
tive data in such a way as to allow for 
grouping into spatial hierarchies. 

“Table I sumarizes selected water classifica- 
tions according to the four criteria of 
landscape feature, principal methodology, 
type of data input and declared or implied 
applications. In Table II, the types of data 
used are cross—tabulated with the three other 
criteria of Table I. This second table shows 
the predominant use of morphology in character- 
izing water bodies. Morphologic properties 
are easy to measure, they contain and route 

.~ water bodies and flows, and are relatively 
time independent; thus, although their wide- 

' .spread use is not surprising, it is the near 
ubiquity of_their use which is noteworthy 
here. 

Also to be expected is the overwhelming 
dominance of descriptive methodology over 
genetic and functional ones. The origins 
of water bodies are simply of little interest 
or relevance to resource planners and managers. 
Conversely, functions, or processes, require 
monitoring over a time often longer than the 
operational restraints of ecological surveys. 
More alarming, however, is the paucity of 
water body classifications using spatial 
hierarchies. That this is possible is clearly 
demonstrated by the spatial hierarchies of 
genetic data by Davis (1890), of functional 
data by Fedoruk (1970) and of descriptive data 
by Zoltai at al. (1975). Recalling that ecolog- 
ical land classifications usually specify that 
small areas be integrated into the equivalent 
of systems, systems into districts, and so on, 
this lack of spatial grouping is even more 
evident. This finding probably reflects the 
inherent problems of integrating water into 
ecological classifications as outlined at the 
start of this paper._ It is also certain that 
this is a problem at the forefront of any 

discussion of the philosophy of ecological 
classification and of land-water integration 
within ecological classification. 

Table II reveals the absence of aquatic floral 
and faunal data in ecological water classifica- 
tions, probably due to manpower restraints on 
sampling large areas. -By contrast, it is

V 

surprising to see that cultural data such as_ 
scenery aesthetics, indigenous peoples and 
historical value are barely recognized. Only 
one scheme, that for river evaluation by

' 

Morisawa (1969, 1971) in the U.S.A,, pursues 
aesthetics as a principal objective rather 
than as a by-product of other information. "If 
the planning objectives of water body inven- 
tories are to include recreation, conservation 
and environental impacts, then surely they 
should measure the historical, geological and 
biological interest and uniqueness of an area. 

Table II also shows that water body classifica- 
tions have tended to ignore cultural objectives 
such as sportfish and other forms of recreation, 
aesthetics, conservation and environmental

7 

impact and water use. Conversely, shoreline 
classifications have tended to focus upon 
recreation and environmental impact while 
omitting data on the aesthetics of scenery, on 
water quality and on littoral biology. ' ' 

A review of each classification in a complete 
literature search awaits to be done. The 
present analysis is intended merely to draw‘ 
together a number of efforts in the field of 
land—water integration in ecological surveys} 
Several expected trends emerge, but so do some_ 
unexpected trends and omissions. One goal of 
any programme to develop an ecological water

‘ 

classification should be to define the aims and 
objectives of such a classification, rather 
than to synthesize existingvschemes and risk 
omitting critical information. 

DmECflONS- 
The foregoing discussion of water‘in the envi- 
ronment and the literature review establish 
certain problems facing ecological water 
surveys. Firstly, there should be an awareness 
of the planning and management interests within 
a given area, such as identifying the potential 
clients and_the likely developments in the ' 

area. In effect, these are the objectives 
referred to in Tables I-and II. Once these" 
objectives are known, the solutions to the 
second problem will normally follow, 

The second requirement of an ecological survey 
is to establish the parameters requiring . . 

measurement. Should lake trophism be included, 
and if so, according to which indicators (e.g. 
biological oiygen demand; chlorophyll a;
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Feature Methodology (*e't aZ.) Date, 1,55‘. 5.- 33 $1: 90...; £5 $1 

LAKES GENETIC Harding 42 x x 
Hut_c_h_:i_.nson 57 x x 

FUNCTIONAL Bogoslowslcy 66 x x x 
Donaldson 69 x x x x 
Bry1insky* 73 x x x x 
Sélbach 76 x x x x x x 

DESCRIPTIVE Rawson 60 x x x 
Fla. Ed. Cons. 69 x x 
Hills’! 70 2; 

Conroy 71 x x x 
Schindler 71 x 
DOE/IWD 73 X 

» HIERARCHIC' Hills 61,- X x 
RIVERS G:EN'ElTIC Davis 90 x x 

v Zevrnitzl 32' x x 
Melton 36 x . 

FUNCTIONAL Leopold, Wo11_n_an '57 x x x 
Schumm 63 x x 

DESCRIPTIVE Aukéi—‘man* 71 x x x 
A Morisawa 71 x x x x x 

Ga.1.ay* 73 2.: 

I-'I'IERARCH'IC Hor con 4 5 x x 
Fedofuk 70 x x 
Nygren* _7_ x x x x 

RIVERS DEASCRIPTIVE Sollnanv 65 x X 
AND Herring ton* 67 x x 
LAKES Adafns, Zoltai 69 x x x x 

Ju.rd.a.nt* 72 x X 
Jurdant* 76 x x 
Dodge 76 x x 
BC/ELUC 76 x x x 

HI-ERARCHIC Eco. Task Force 73 x x 
Bukowsky 76 x x 

SHORES FUNC'i"I’oNAL Veatch 66 x x 2: 

AND Hands 70 x 
ISLANDS DESCRIVFTVIVE Bowers* 42 x 2; 

(none Baker 64 x x x 
coastal) . Bishop 67 X. X 

Cressman 71 X 
Harfas 72 x 
Dirsch1* 74 x x x 
Ngwburv 75 x :_: x
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Ta-ble II: Cr:£,1':,er*£a Used in Selected Water Body Classifications 
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LANDSCAPE FEATURE 
LAKES 3 8 3 3 5 0 3 '25 
RIVERS 6 10 3 4 3 1 0 27 
LAKES AND RIVERS 4 9 1 3 5 O 2 24 
SHORES AND ISLANDS, _ _ ,_35._ _ __73 6 ’ 1 3 ,0 A o_ 0 19 I 

SUB-TOTAL* 18 34 13 11 13 1 5 

PRINCIPAL METHODOLOGY
_ 

GENETIC 5 2 0 0 0 0 0 7 
FUNCTIONAL 4 

_ 
5 4 2 3 0 2 20 

DESCRIPTIVE 9 21 6 6 8 1 3 54 
H_IE_RA_R_CH,IC 0 6_ 3 3 2 0 0 14 

SUB-TOTAL* .18 34 13 11 13 1 5 

OBJECTIVES 
BIOPHYSICAL AND GENERAL 4 9 1 3 3 0 1 21 
LIMOLOGICAL 3 5 l 2 5 0 3 19 
ANIMALS AND ECOLOGY 0 3 1 3 4 0 1 12 
CONSERVATION, AESTHETICS 1 2 0 2 2 1 0 8 
RECREATION 1 8 4 2 1 0 0 16 
ENVIRONMENTAL IMPACT 3 5 5 4 3 0 0 20 
WATER RESOURCES .0 3 2 2 1 0 0 8 

1 5 sUB=To_TA1_;1e 12 35 16 18 19 

*Sub-totals for landscape features and principal methodology are identical since each_classifi- 
cation scheme appears only once according to those critefia. With respect to objectiVes_and 
data inputs, however, each scheme may have one or more entries according to the scope of the 
classification. Therefore, sub-totals of objectives differ from the foregoing sub—totals.
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phosphorus or total dissolved salts, etc.; or 
some_combinati9n of these)? Should river 
flow be recorded, and if.so whether by annual 
regime, flood recurrence intervals, hydraulic 
geometry, or channel pattern and changes over 
time, etc., or, again, by some combination of 
these? A complete list of possible parameters 
is too long to discuss here. However, a sub- 
sidiary question is to what detail and preci- 
sion should such data be measured. For 
example, should discharge be metered, or 
should width, stage, surface velocity and 
channel morphology suffice? Should lakes be 
"sampled near the surface at one central point, 
or should each basin within a lake be sampled - 

throughout its depth? These questions relate 
largely to cost-effectiveness and redundancy 
of data at district and regional levels of 
mapping and planning. Beyond considering the 
kind and detail of measurement, should such an 
inventory cover a continuous space, as in 
conventional ecological surveys, or should 
random sampling suffice? Equally, what are 
the needs for repeated or even continuous 
monitoring of certain phenomena? 

A third group of questions concerns the 
techniques for collecting data. Like the 
foregoing set of questions, the answers will 
depend on the operational resources and the 
required detail of a proposed ecological water 
survey. Techniques can range from single or 
sequential satellite data to on-site monitor- 
ing of continuous phenomena over several years. 
In between are multispectral and panchromatic 
aerial photography, field crews, one-time and 
repeated fly-ins. While these techniques are 
well-tried, there remains much to be done to-‘ 
wards the selection of simple remotely sensed 
and field data which can act as surrogates 
for more complex and detailed properties and 
processes. ' 

Finally, there must be decisions related to 
the handling of data. In one sense this is 
merely a question of how data should be 
collected, stored and retrieved. In a more 
profound sense,_however, there should be care- 
ful consideration of whether certain water 
properties can be mapped and grouped into 
spatial hierarchies corresponding to those of 
many ecological land classifications. Where 
the important water properties present almost 
closed systems, as in many lakes and their 
basins, such spatial grouping of recurring 
patterns of stable landscape elements may 
‘indeed be possible.. In other cases, such as 
extensive drainage systems which integrated 
several regional climates, data reduction may 
have to be a function of flow systems (e.g. 
Bukowsky, 1976), or perhaps a grouping_of 

‘information unrelated to coterminous land 
areas (e.g. Ecosystem Task Force, 1973). 
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These four topics, namely objects, data needs, 
‘techniques for data collecting and data 
handling, must be considered in every ecological 
water survey. However, there is also an ime- 
diate need for a universal set of working 
definitions of water features, a comparison of 
several ecological water classifications in 
each of several test areas, and a need to 
explore ways of generating data on water 
dynamics from the stable environmental data 
usually collected during ecological water 
surveys, 

ACKNOWLEDGEMENTS 
In the brief time I had to prepare'this report, 
I had useful conversations with R. Hecky, H. 
Ayles, R. Newburg, D. Schindler and G. Brunskill 
of the Freshwater Institute, Winnipeg; G. 
Nelson and A. Borys of the Manitoba Government; 
G. Mills and R. Smith of the University of 
Manitoba; R.P. Bukata, P. Sly, T. Dick and G. 
Rodgers of the Canada Centre for Inland Waters, 
Burlington; and J. Mondoux, T. Pierce, E. Wiken 
and J. Thie of the Lands Directorate, Environ- 
ment Canada.

' 

REFERENCES 
Adams, G.D. and S.C. Zoltai. 1969. Open water 

and wetland classification, p. 23-41 in: 
Lacate, 1969, (see ref.). 

Aukerman, R. and G.I. Chesley. 1971. Classify- 
ing water bodies; Feasibility and recommenda- 
tions for classifying water. Colorado State 
Univ., 115 p. 

Baker, W.M. 1964. Classification of shoreland 
in the Interlake Rural Development Area. 
Can. ARDA Project No. 7018 and 7018-02, 163 p. 

Bishop, E.W. 1967. Florida lakes. Florida 
Board of Conservation, 62 p. 

Bogoslowsky, B.B. 1966. on water budget lake 
classification, p. 910-917 in: ’UNESCO Int. 
Assoc. Sci. Hydrol., Garda Symp., Publ. No. 
71, Vol. 2. 

Bowers, N.M., K.C. McMurray and K.M. Stahl. 
- 1942, Lake-shore inventory and classification, 
p. 337-344 in: McCartney, E.S. and W.C. 
Steere (1941), ed., Papers of the Mich. Acad. 
Sci., Arts and Letters, Vol. 27. 

Brylinsky, M, and K.H. Mann. 1973. An analysis 
of factors governing productivity in lakes 
and reservoirs. Limnology and Oceanography. 

_ 
18(1):1-14. 

Bukowsky, R. 1976. Biophysical water clas- 
'sification in Manitoba. Man. Dept. of Ren.



~

~ ~ 
119 

Res. and Transp. Serv. 

Can. Dept. of Envir., Inland Waters Dir., 
Water Resources Branch. 1973. Inventory of 
Canadian freshwater lakes. 34 p. and maps. 

Can. Dept. of Envir., Envir. Mgte. Serv. 1976. 
A review of Environmental Management Service 
biophysical and related surveys. EMSDG 
Meeting, Jan. 1976, 8 p. 

Chorley, R.J.7 1969. 
Methuen, 588 p. 

Water, earth and man 

Christian, C.S. and G.A. Stewart. 1968. 
Methodology of integrated surveys, p. 233- 
280 in: UNESCO Nat. Resources Res. Series 
No. 6, Aerial Surveys and Integrated Studies. 

Conroy, N. 1971. Classification of Precambrian 
Shield lakes based on factors controlling 
biological activity. McMaster Univ., Dept. 
of Geol., M.Sc. Thesis, 142 p. 

Cressman, E.M. 1971. Methodology for Ontario 
Recreation Land Inventory. Ont. Min. of 
Nat. Res., Ont. Land Inventory. 

Davis, W.M. 1890. The rivers of Northern New 
Jersey with notes on the classification of 
rivers in general. Nat. Geogr. Mag. 2:81-110. 

Dirschl, H.J., D.L. Dobbs and G.C. Gentle. 
1974. Landscape classification and plant 
successional trends: Peace Athabasca Delta. 
Can. Dept. of Envir., Can. Wildl. Serv., 
Rept. Ser. No. 30, 34 p., 3 maps. 

Dodge, D. 1976. ’Personal_communication re" 
lake survey programe. Ont. Min. of Nat. 
Res., Fisheries Branch. 

Donaldson, J.R. 1969. Classification of 
lakes, p. 171-185 in: Proc. of the 
Eutrophication—Biostimulation Workshop, Univ. 
of California. 

Ecosystem Task Force. 1973. Ecoclass - a 
method for classifying ecosystems. U.S.D.A. 
For. Serv., 52 p. 

ELUC. 1976. Aquatic system mapping and 
related data. B.C. Environment and Land Use 
Committee (ELUC) Secretariat, Resource 
Analysis Unit, 11 p. 

Fedoruk, A,N. 1970. Proposed watershed 
divisions of Manitoba. Man. Can. Land 
Inventory Rept. No. 10. 

1969. 
Gazeteer, 145 p. 

Florida Board of Conservation. 
lakes, Part III. 

Florida 

Galay, V.J., R. Kellerhals and D.I. Bray. 1973. 
Diversity of river types in Canada, p. 217- 
250 in: Can. Dept. of Envir. and Can. Nat. 
Res. Council, Fluvial Processes and Sedimenta- 
tion, Hydrology Symp. No. 9, 759 p. 

Lake 
Proc. 
Braun- 

Hands, E.B. 1970. Geomorphic map of 
Michigan shoreline, p. 250-265 in: 
13th Conf. on Great Lakes Research. 
Bloomfield, Ann Arbor, Mich. 

Haras, W.S. 1972. Shore property studies and 
inventory of the Great Lakes and St. Lawrence 
River, p. 492-520 in: Can. Hydrographic Serv. 
11th Annual Can, Hydrographic Conf. 

Harding, S.T. 1942. Lakes, p. 220-243 in: 
Meinzer, O.E., Hydrology. Dover, 712 p. 

Herrington, R.B. and S.R. Tocher. 1967. Air 
photo techniques for a recreation inventory 
of mountain lakes and streams. U.S. For. 
Serv. Research Paper INT-37, 21 p. 

Hills, G.A. 1961.‘ The ecological basis for 
land use planning. Ont. Dept. of Lands and 
Forests Research Rept. No. 46, 204 p. 

Hills, G.A., D.V. Love and D.S. Lacate. 1970. 
Developing a better environment. Ont. Econ. 
Council, 182 p. ' 

Horton, R.E. 1945. Erosional development of 
streams and their drainage basins: Hydro- 
physical approach to quantitative morphology. 
Geol. Soc. Am. Bull. 56;275. ~ 

Hutchinson, G.E; 1957. A treatise on limology. 
Wiley, 1015 p. ‘

~ 

Jurdant, M., J. Beaubien, J.L. Bélair, J.C. 
Dionne et V. Gerardin. 1972. Cartei 
écologique de la région du Saguenay-Lac- St.’ 
Jean. 3 vols. 

‘

Z 

Jurdant, M. at ql. 1976. Légende de la carte 
écologique, for mapping in progress in James 
Bay Region. Envir. Can.) Quebec City. 

Lacate, D.S. 1969.
‘ 

land classification. Can. For. 
No. 1264, 61 p. 

Guidelines for biophysical 
Serv. Publ. 

Leopold, L.B. and M.G. Wolman. 1957. River 
channel patterns; braided, meandering and 
straight. U.S.G.S. Prof. Paper 282—B. 

Melton, F.A. 1936. An empirical classification 
of flood—p1ain streams. Geog. Rev. 261593-609 

Millar, J.B. 1976. 
Western'Canada. 
No. 37, 38 p. 

Wetland classification in 
Can. Wildl. Serv. Rept.‘Ser;



120 

Morisawa, M., et al. 1969. Evaluation of 
natural rivers. U.S. Dept. Interior, Water 
Res. Project No. C-1314, Contract No. 14-01- 
0001-1966. 

Morisawa, M. 1971. Evaluation of natural 
rivers, final report of Phase II. U.S. 
Dept. Interior, Water Res. Research Project 
No. C-1779, Contract No. l4é3l-0001-3166. 

A fisheries 
Man. Dept. 

Nelson, G. and W. Falkner. 1971. 
inventory for Manitoba waters. 
of Mines and Nat. Res., 63 p. 

Newbury, R. 1975. Hydrologic, hydraulic and 
geomorphologic studies, Appendix 2, Vol. 1, 
in; Lake Winnipeg, Churchill and Nelson 
Rivers Study Board, Tech. Rept., Winnipeg, 
Man. 

Nygren, H.T., et al. l97_, Land use planning. 
U.S.D.A. For. Serv., Sandpoint, Idaho. 

Rawson, D.S. 1960. A limnological comparison 
of twelve large lakes in Northern Saskatch- 
ewan.- Limnplogy and Oceanography 5(2);195- 
211. 

Salbach, S.E. 1976. Personal communication 
re lakeshore capacity study, Ontario 
Ministry of Environment, Jan. 1975. 
Program publ. by Ont. Min. Treasury, 
Economics and Intergovermental Affairs. 

Work 

Schindler, D.W. 1971. A hypothesis to explain 
differences and similarities among lakes in 
the Experimental Lakes Area, Northwestern 
Ontario. J. Fisheries Res. Bd. Can., 28(2): 
2953301. ‘

— 

A tentative classification 
U.S.C.S. Ciréular 

Schum, S.A. 'l963. 
of alluvial channels. 
No. 447, 10 p. 

Silk, D. 1975. Coastal classification systems: 
A review and docuentation. Can. Dept. of 
Envir., D.S.S. Contract No. OSU4-0213, Lands 
Directorate, Atlantic Region. 

Silk, D. 1975. A basis for coastal classifi- 
cation in Atlantic Canada. Can. Dept. of 
Envir., D.S.S. Contract No. OSU5-0064, Lands 
Directorate, Atlantic Region. 

Solman, V.E.F. 1965. Outline of the Canadian 
Land (Water) Capability Classification for 
Sportfish. Can. Dept. of Envir., CLI. 

Stewart, R.E. and H.A. Kantrud. 1969. Proposed 
classification of potholes in the glaciated 
prairie region, p. 57-69 in: Can. Dept. of 
"Indian Aff. and Northern Dev. , Can. Wildl. 
—serv. Rept. Ser. No. 6, Saskatoon Wetlands 
Se.m_i.nar-

’ 

Veatch, J.0. and C.R. Humphrys. 1966. ”Wate_r 
and water use terminology. Thomas Printing 
& Pub. Co., Kaukauna, Wisc. 381 p. 

Zernitz, E.R. 1932. 
their significance. 

Drainage patterns and 
J. Geol. 40:498s52l. 

vzoltai, S.C., F.C. Pollet, J.K. Jeglum and G.D, 
Adams. 1975. Developing a wetland classifica- 

tion for Canada, in: Bernier, B. and C.H. 
Winget, ed., Forest Soils and Forest Land 
Management. Proc. 4th N. Amer. Forest Soils 
Conf., Laval Univ., Québec, Aug. 1973.



121 

RECENT? DEVELOPMENTS IN 'E.CC>-CLIMATIC. 
CLASSIFICATIONS 
B.F. Findlay

A 

Atmospheric Environment Service 
Environment Canada 
Toronto, Ontario 

ABSTRACT 
Eco-climatic classifications have been produced 
on an ad hoc basis fbr various uses in Canada, 
but many fundamental problems remain in 
deriving systems having more universal appli- 
cations. There is a need to incorporate more 
measured site-specific data into biophysical 
land surveys. Also, the existing meteoro« 
logical network data can be used to greater 
advantage. To illustrate strengths and weak- 
nesses in our present state of eco-climatic 
knowledge, this paper comments on four types 
of classifications. 

INTRODUCWON 
Climate is a primary factor influencing eco- 
logical systems on all scales. Nevertheless, 
the climatic factor has not always been well- 
integrated into the scientific appraisal of 
land as practised in Canada. Many explana- 
tions are possible, including, among others, 
network deficiencies, a paucity of specialists, 
and imperfect communications. Over the years, 
however, some progress in developing-climatic 
classifications useful for land.management can 
be noted. Four such classifications are 
discussed in this paper. "' 

--q .. 

(a) Inferential Classifications 
(b) National Classification for Agricultural 

Capability (CLI) 
(c) Regional CLI-type Classifications 
(d) Rational Classification for Recreation 

and Tourism 

INFERENTIAL CLIMATIC CLAS_S|FICAT|ONS 
This is the simplest of the classification 
methods, but can be the most demanding in terms 
of judgement skill. Here, climate is inferred 
from vegetation, soils or landforms. Few 
actual measurements are introduced beyond 

RESUME 
Diverses classifications écoclimatiques ont 
été réalisées, pour divers usages, au Canada 
dans le cadre de projets spéciaux, mais de 
nombreux problemes fbndamentaux demeurent sur 
le plan de l’analyse des systemes dont l'appli— 
cation-est plus universelle. Il existe un 
besoin d'incorporer dans les relevés bio- 
physiques des terres un plus grand nombre de 
données provenant de mesures effectuées dans 
des endroits spécifiques. Il reste aussi 
encore beaucoup a faire pour en arriver d une 
meilleure utilisation des données provenant des 
réseaux météorologiques existants. Le present 
document étudie quatre types de classifications 
destinées a illustrer les points forts et 
faibles dans l'état actual de nos connaissances. 

certain base information, said to represent a 
particular ecological regime. Changes, 
reported in terms of colder, wetter, drier, etc., 
are noted as tree species, soil units, or 
slopes change. The techniques have been well 
described by Hills et al. (1970) and Jurdant 
et al. (1974). While the method functions 
reasonably well when employed by experienced 
field workers, professional judgement is 
critical, and the lack of actual measurements‘ 
makes the climatologist sceptical. Biophysical 
field parties should make use of meteorological 
instruments to check inferred climatic bound- 
aries. Such measurements provide real informa- 
tion on present conditions and form the statis- 
tical base, the essential predictive element of 
the science. '

' 

THE (cu) FNATIONAL CLASSIFICATIONS 
_ son AGRICULTVURAL CAPABILITY 

In 1966 Chapman and Brown_generated a combina- 
tion of temperature and moisture indices com- 
puted from the records of the national meteoro- 
logical network. From their computations, 40 
agroclimatic regions in southern and non-moun- 
tainous districts of Canada were distinguished. 

Proc. lst Meeting Can. Cum. on Ecological {Bio-physical) Land Class. May 25-28, Z976‘, Petawawa, Ont.



Figure 1: 

This was done by comparing yield statistics 
for selected crops against growing degree- 
days, corn heat units, the frost-free period, 
low winter_temperatures, growing season 
precipitation, and the soil moisture balance. 
other meteorological parameters such as sun— 
shine and wind may be introduced subjectively 
by the analyst. The system is applicable 
within the provincial scale, but modified 
‘techniques have been developed for finer 
detail._ The method is pleasing to the climat- 
ologist in that real data have been used, and 
a crop calibration has taken place wherein 
physiographic and other factors have been 
considered (Figure 1). 
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The agricultural cliate of Ontario according to iemperature and moisture classes 
(Chapman and Brown, 1966). 

TEMPERATUREZKDNES 

moo oemparavure zones as follows: 
Above std. 
3,500 #0 4.000 dd. 

'0 3.500 d.-.d< 

2,600 to 3,000 d.d. 
2,200 to 2,590 d.d. and 
90+ U. days in Alberta and Saskovchevvan 
l,_800 in 2,200 d.d. dnd 
75 to 90 H._days in Alberta and Saskafche'wa"n 
Less than 1,800 d-.d. and ~ 

less than 75 H. days in Alberta and Saskatchewan 

MOISTURE CLASSES 

-V 

o 

mauv- 

divided into moisture classes as follows: 

Class Water deficiency 
h 
May-Sgept. precipjvayon (inches) 

(inches) Over 2600 dd." Under 2600 d.d.' 
C _Over 12 Under 6 - 

D 12.9 ¢.§ . 

E 9 - 7 3 - H 3 - 9 
F 7 - 5 IO - 72 9 - H 
G 5.3 12.u 19.9 
H 3. I 13 . l5 I2- 15 
K 1.0 I5-M i4.m 
L 0 . 16 - N M cver200 

.d. = Degree-days above 42°}.a CI. 

These vemparoture zones are based on degree-days |d_._d.i above 42°F and 
the frost-free (HJ period. The agricullurbl areas of Canada have been divided 

These moisture classes are based on average waver deficiency and average 
May Va September precxpivavion. The agricultural areas 0-‘ Canada havie been 

REGILONAL CLIV-TYPE CLASSIFICATIONS 
OF AGRICULTURAL CAPABILITY 

The principal difference between national and 
.regional classifications is that in the latter, 
temperature-moisture indices are ranged to 
identify seven land classes based on progres- 
sive climatic limitations to varieties of 
agricultural crops. The_seven-grade system is 
a modification of the widely known United 
States soil capability classification. The 
classification system as used in British 
Columbia is illustrated by Figures 2 (British 
Columbia, 1972) and 3 (Can. Dept. of For., 
1965). It may be noted that, in addition to
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Figare.2: British Columbia agroclimatic capability classification 

Frost-free Growing dégree- 
_ 

Annua1 lygy‘4 Sépt.:~ ciinacic moisture
V 

Class period (days)' days‘) 5 C precip. (mm) precip. gm) deficit gmm)
. 

1 90-120 1290-1620 <380 <230 Nil or small 

2 .75-90 -1145-1290 <380 
V 

<200-250 40-1120 

3 60-75 1000-1145 <33O <215 120-190 

4 50-60 1000-1145 190-265 

5 
I 

30-50 735-1000 265-345 

6 <30 500-735 345-405 

7 <30 <5oo 

Sub-Classes 

A Drought, aridity 
, 

(climatic not pedological moisture deficit) 

E plant injury todormanttrees by low winter temperatures 

F plant injury by low temperatures during growing season 

6 insufficient heat units during the growing season- 

H low temperatures during growing season which severely lower heat , 

unit accuulation 

0 wind exposure severe 

X combination of low temperatures, low heat accuulations, high 
snowfall, excess winds 

Y excess precipitation during growing season (flooding, poor 
tractability, poor harvest conditions). 

the seven primary divisions, there are a number 
of subclasses which either identify limitations 
that might be overcome through technology 
(e.g. soil moisture deficit overcome by 
irrigation), or allude to regional peculiar- 
ities not expressed by thermal or moisture 
indices (e.g. severe wind exposure). 

The system has been applied with some success 
in British Columbia where the measuring net- 

9 

work has been enhanced in order to document 
climates on the lower mountain slopes. How- 
ever, contrasting conditions between the 
coastal maritime climates and the interior 
continental climates lead to problems in the 
use of simple linear thermal indices to suggest 
crop growth. Long frost-free periods and 
growing seasons near the ocean give a large 
accumulation of growing degree-days. However, 
the relationship of crop growth to temperature 
is exponential, and accumulations of heat 
units near the threshold value are of lesser 
importance to crop development than those 

associated with temperatures around 20°C and 
higher. 

THE B.C. AGROCLIMAT-IC CAPABILITY SYSTEM 
TARDAPTED TO’ THE YUKON AND NORTHWES 

' TERRITORIES '
' 

Erratic agricultural settlement patterns~by 
recent colonists in the North caused govern-’ 
mental bodies in 1974 to cease issuing land 
permits for three years pending climatic and 
soil surveys. The Atmospheric Environment 
Service, in cooperation with the Department of 
Indian and Northern Affairs, is currently 
carrying out field studies to enable l:l2S,O00 
climatic capability maps to be_produced in’ 
areas where soils are considered reasonable. 
The classification to be used is the British 
Columbia system. The opportunities for crop 
calibration are limited in the frontier zone, 
and clearly the longer photo-period during the 
early growing season, as well as permafrost 
occurrences, will affect certain crop regimes. 
For example, vegetables are more reactive to
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Figure 3: .S'eZec"ted,crops in correspondence light variations than cereals. 
with agroclimatic capability 
classification (B.C'.) The backbone of" any classification system is a 

- good data. base. For this project, 50 new 
cl-imatological stations were established in 

c R o p 5 c L A 5 3 E 5 1975-. These were arranged in 1-5 t-ransects to 
document elevation, slope aspect, vegetation 3339113 1 2 3 4, 5 6 7 and water body effects on temperature, humidity 

C,-,m x and precipitation. To judge the area the 
Asparagus X X X X transects represent, mobile surveys using 

§ g X X electrical sensors and recording equ-ipment 
3’,-ocean x 3 3 x (mounted on a truck) were carried out in the 
gablfifi 

)1: E Yukon Territory. This enables boundaries of 
C:‘r’mts°"'°r 

3 )3 X X influence to be better. delineated thanby using 
peas 3 3 x x strictly vegetation and/or gphysiographic 
P°t8t°e.5 ‘X X X criteria. The details of parameter estimation 
(331353 § § * * 

322: 232 3Z}’§ZZet§§’§Z§3e°§fTfiiiafiifiiin N???" 
adopted have been based on known topo- 

Tomatoes X c_limati_c relationships, and height-dependency 
Apples x curves have been developed for the districts Strawberries X X under study_ 
Forage Crops

_ 

Alfalfa X x The research will be published in early 1977 
Red_c1over x x x 

' 

but preliminary results indicate that culti-= 
1;::t1;:d°({’:‘a':1s' 

i: 

X X vable lands (classes ‘1-4) in the Mackenzie 
Emma Grass 1*, X District are generally below 950 ft (290 m) 
Timothy 1; x x x a.s.l. Some grazing (class 6)‘is feasible to “flue 31'9"5e X X 

_ 2,500 ft (770 m). Poorly drained areas may be 
one or two classes lower because of low day- Cereal Grains

, t-ime temperatures and frost dangers. In the 
§ i: x x , Yukon south of 64° latitude, by comparison’, 

Berle? X X X X useful land extends up to 500 ft (150 In) higher, 
though in the north and near the St. Elias 
Mountains, conditions are similar to t«h_o_se of 
the Macken_zie'Di,strict. The lower elevations 

Figure 4: Criteria for recreational classification in the Atlantic Provinces. 

M_eteoro_1ogica1 I-lumidex Visibility Sky Cover Wind Speed Show Cover Other. Weather 
Factors’ 

~ 

(effective tarp.) (mi) (tenths) m_.p~.h_. (inc_he_s) Contingencies 

Landscape Touring -12 to 89 > 3 n/a i 25 ' 

g/.3 nil 
Passive Activity > 54 '> 1 <. 8 E 20 n/a 

. 

V 

nil 
Vigorous Activity 55-89 > 2 < 3 .320 n/a nil 
Beaching > 64 > 1 < 8 

I i 15 n/a nil 
Skiing > 6 

' 

> 
;_ n/a :15 > 1" an or s-, s1>-, sw—, 

S(‘r, 

Snowmobiling 
’ 

> -6 > i n/a 5 15 > 1'' an or s-, s1=-, sw—sc. 

Conditions to be met_fo-r 5 hours between 10 a.m. and 6 p.p_:. 

S - light snowfall 
T

‘ 

SW - light snow showers ' 

SP - 1-ight snow pellets (graupel) 
SC - light snow grains
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Figure 5: Annual variation of "suitable days” — Charlottetown, Prince Edward Is land. 
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of all Yukon valleys experience drought during 
the summer. 

RATIONAL CLASSIFICATION OF CLIMATE FOR 
RECREATION AND TOURISM AT THE" LAND DISTRICT 

AND LAND REGION SCA_LE (1:1,000,000) 
Based on experience dating from 1970, the 
Atmospheric Environment Service has recently 
prepared a climatic overlay for the Canada 
Land Inventory recreation capability map of 
the Atlantic Provinces. The latter map was 
based on landscape amenities and aesthetics 
(Can. Dept. of Reg. Economic Expansion, 1969). 
The derivation of the climatic map was based 
on concepts developed by Crowe et al. (1973). 
A central theme is the activity—day which 
defines the possibility of undertaking with 
satisfaction certain groups of outdoor 
activities. Activities are divided into winter 
and summer varieties and further into passive 
and vigorous phases. Each activity group has 
meteorological limits, thresholds of tempera- 
ture, humidity, wind velocity, snow cover, 
precipitation, etc. (Figure 4). Following the 
applications of activity-day criteria to the 
climatological records, seasonal lengths and 
seasonal qualities for outdoor activities may 
be designated. 

The climatic capability maps were constructed 
as follows. A tabulation was generated to 
indicate the collective ten-day frequency of 

AUGUST SEPTEMBER ocT'oa'ER Knovsmasn DECEMBER 

activi-ty—days for selected recreational pastimes 
over a ten-year period. The data were plotted 
as smooth seasonal curves for 48 stations 
(Figure 5). The area under each curve was 
measured. The station having the greatest 
seasonal strength (frequency-duration) was 
assumed to represent ideal conditions and was 
assigned a value of 100%. Appropriate percent- 
ages for the other 47 stations were then calcu- 
lated. For example, Lake Eon, Québec received 
the highest regional strength value for skiing 
(100%) and Fredericton, N.B. was allocated 642. 
Percentage values were then mapped for composite 
seasonal activities. Word descriptors indi- 
cating a range from excellent to unsatisfactory 
conditions were allocated at specific percentage 
values.. The recreation climatic capability 
maps are shown as Figures 6 and 7.- 

DBCUS$ON 
For the purposes of this paper four types of 
eco-climatic classifications have been recog- 
nized from among several possibilities. One 
of the principal problems encountered in 
application is that each classification is valid 
for certain map scales and becomes difficult to 
transpose to other scales, particularly large 
scales in land type surveys (1:l0,000 - 
l:20,000). -However, useful work on the district 
scale has been published by Maclver et al. (1972) 
for Alberta where data from a sparse network 
were statistically evaluated and allocated to
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groupings within homogeneous climatic areas. 

The use of elevation transects.and mobile 
surveys to determine representativeness of 
stations is recommended for biophysical surveys 
where possible rational classifications of the 
recreation-tourism type could be tested for 
certain other climatic capability applications 
such as wildlife. Activity criteria would be 
substituted by other climatic controls of 
biological importance such as snow cover, wind 
chill, and the growing season. 
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ABSTRACT 
The use of LANDSAT satellite and airborne 
remote sensing imagery are evaluated in a 
subearctic and northern boreal environment 
near Churchill, Manitoba. Accuracy and cost- 
effectiveness of a number of interpretation 
methods are compareag including visual and 
automated (supervised and unsupervised) 
techniques of LANDSAT data and air photo 
interpretation, Classification results of 
the different techniques are compared by 
using the overlay capabilities of the Canada 
Geographic Information Computer System. 
Conventional interpretation of aerial photo- 
graphs enabled classification of about 43 
different land types, and proved the best and 
most practical method for comprehensive bio- 
physical mapping. Satelliteabased methods 
allowed the mapping of about 10 groups of 
land types, often so broad that their 
practical value for resource management is 
limited. At present, visual satellite inter- 
pretative‘methods are more cost—efifective than 
automated approaches for ecological land clas- 
sification in most parts of Canada. 

INTRODUCWON 
Environmentally sound resource management 
requires basic biological-physiographical and 
socioeconomic data that allow an integrated or 
multidisciplinary approach. In the southern 
developed part of Canada, the Canada Land 
Inventory Program has provided a multidisci- 
plinary land capability mapping. One—third of 
our land area is covered with this nationally 
consistent information base. For about 3.5 
million km2 of land in the north, there is a 
serious lack of such base line data (Romaine, 
1974). 

The National Committee on Forest Land, working 
under the auspices of the Canada Land 

RESUME 
L'emploi de satellites de LANDSAT et d'images 
obtenues par télédétection aérienne est évalué 
dans un milieu subarctique et boréal pres de 
Churchill, au Manitoba.‘ L'exactitude et le

' 

rapport cofit-efficacité d’un certain nombre de 
méthodes d'interprétation, y compris les 
techniques visuelles et automatisées (avec ou 
sans surveillance) d'interprétation des données 
LANDSAT et de photo—interprétation, sont 
comparées. Les résultats_de la classification 
des diverses techniques sont compares par 
l’erploitation des possibilités de recouvrement 
de l'ordinateur du systéme d'infbrmation 
geographique du Canada. L'interprétation 
classique des photographies aériennes a permis 
de classer environ 43 types de terrains, et 
s'est avérée la meilleure et la plus pratique 
des méthodes de cartographic biophysique. pLes 
méthodes utilisant les satellites ont permis de 
dresser des cartes d'environ 10 groupes de 
types de terrains, souvent si généraux que leur 
applicabilité a des fins de gestion des 
ressources est limitée. A l’heure actuelle, 
les méthodes visuelles d'interprétation des 
images prises par satellite sont plus efficaces, 
relativement au cont, que les méthodes autos 
matisées en ce qui concerne la classification 
écologique des terres dans la plupart des 
regions du Canada, 

Inventory Program, recognized this gap in 
environental data and through its sub- 
committee, started the development of a clas- 
sification system to provide this biological- 
physiographical data base for 'wildlands‘. The 
biophysical land classification system evolved. 
The further development of this system is now 
supported by the Canada Comittee on Ecological 
(Bio-physical) Land Classification. 

The aim of the classification system is to 
differentiate and classify, at a small scale, 
ecologically significant segments of the land 
surface (Lacate et al., 1969). It was 
recognized that this system should be ecologa 

Prac. Zst Meeting Can. Com. on Ecological (Bio-physical) Land Class. May 25-28, Z976 Petaoawa Ont ; 2 -
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ically based, and that mapping and the 
description of land surfaces, and assessments 
related to forestry, wildlife, recreation, 
agriculture, etc., could be made rapidly and 
with little additional effort.. The system 
has four levels in its classification hier- 

Land region, the first level, is 
defined as an area of land characterized by a 
distinctive regional climate as expressed by 
vegetation. The second level, Land district, 
is basically a sub—division of the land region 
based primarily on the separation of major 
physiographic and/or geologic patterns that 
characterize the region as a whole. Land 
system, the third level, is defined as land 
areas throughout which there is a similar 
recurring pattern of landforms, soils and 
vegetation. The fourth level, Land type, 
could also be called a land ecosystem. It 
has a fairly homogeneous combination of soil 
and chronosequence of vegetation, Mapping 
scales suggested are as follows: 

Land Region. : 151,000,000 —. 1:3,000,o00 
Land District ; 1:5oo,0oo .- 1:1,o00,o0o 
Land System 1:12s,o00 - 1;2so,00o 
Land Type, l:l0,000» 

' - l:20,000 

The objective of this paper is to report on 
the usefulness of airborne and satellite 
remote sensing for biologicalephysiographical 
data gathering in northern areas. As low cost 
and rapidity are considered critical, most 
attention is given to the evaluation of 
LANDSAT data. "Different interpretation 
methods are tested in an area near Churchill, 
Manitoba, where boreal and arctic elements 
are presents" 

Air photo interpretation has played a signifi- 
cant role in the development of environmental 
survey systems related to vegetation, surfi- 
cial geology, soils, forestry and agriculture 
including biophysical land classification; 
In the early 1950's, Hills recognized the 
value of aerial photographs for his forest 
site (physiographic site) classification. He 
stressed landform and surface geology as the 
integrating framework for vegetation, soils, 
local climate and 'site'. The.value of land- 
forms in delineating and describing site 
,conditions was supported by Gimbarzevsky 
(1966) and Lacate (1966). Stereoscopic view- 
ing of aerial photographs provides a three- 
dimensional image of terrain features. Relief 
and slope are important indicators of eco- 
system-parameters such as drainage, parent 
material, soil formation and vegetation 
succession.(Thie, 1972). Good perception-of 
depth in a stereo model and quick analysis of 
shapes and textures enable the human inter- 
preter to readily separate significantly 
different units. Following field descrip- 
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tions of selected sample areas, results can be 
extrapolated to non—sampled similar areas by 
means of photo-interpretation. with this 
approach, the total number of field investi- 
gations is considerably less than in conven- 
tional surveys. The value of each field 
,observation is much greater; therefore, both 
its choice location, and its description and 
classification are more critical (Vink, l964). 

As a result of the development of new remote 
sensors, the interpretation methodology is 
changing rapidly. —Much of the 'imagery' 
generated by airborne and satellite sensors is 
now stored in an analogue or digital fashion 
on magnetic tape. Transforming these into 
visible images for human interpretation usually 
significantly reduces spectral information and 
spatial resolution. Computer interpretation 
of images should not entail loss of informa- 
tion. 

The introduction of the airborne program of the 
Canada Centre for Remote Sensing (CCRS) and the 
.launch of the Earth Resources Technology 
Satellites (ERTS, presently called LANDSAT) 
pushed the research in application of remote 
sensing in Canada rapidly ahead. Much of the‘ 
work, at one time carried out in the U,S., now 
came within reach of Canadian researchers. 
These Canadian experimenters in ranote sensing- 
assisted soil mapping, terrain studies and 
biophysical inventories (Beke, 1972; Boydell, 
1974; Desloges, personal communication; 
Gimbarzevsky, 1974; Howarth, 1976: Mills, 1972; 
Oswald, l975; Tarnocai, 1972; Tarnocai and 
Thie, 1974; Thie, 1972, 1976; and Thie et al., 
l974).used visual and automated methods of 
analysis. 

STUDYAREA 
To evaluate airborne and satellite remote 
sensing for northern land classification, an 
area was chosen in that part of northern 
Manitoba where arctic and boreal elements meet 
(Figure 1). Two main physiographic regions 
also meet in this area - the Canadian Shield 
and the Hudson Bay Lowland. In this area, the 
disturbance of natural vegetation by man and 
fires is insignificant; surface vegetation can 
be considered as a good indicator of subsurface 
conditions, and therefore also of the geo- 
graphic distribution of land types or eco- 
systems. 

Using LANDSAT imagery, the area was sub- 
divided into two land regions and five land 
districts (Figure 1). Although the boundary 
of the land regions is actually based on a 
physiographic divide, the difference in the 
first place is climatic. This climatic dif- 
ference is expressed in the distribution of
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Figure 1: 
lines represents the 54L sheet. 
17021-band 7). 
'transition’ zones. 

vegetation and permafrost occurence. 

LAND REGION-(1) has continuous and widespread 
discontinuous permafrost (Brown, 1967), a 
prevalent forest-tundra type of vegetation 
(Ritchie, 1962), and an arctic climate. 

The Seal River District (lA) is characterized 
by a relatively thin layer of stony till over 
bedrock, partly overlain by extensive peat» 
deposits. Water-modified glaciofluvial 
deposits, till ridges, and beaches occur 
throughout the area. Till covers about 35% of 
the area, In wet to moist areas, strong frost 
heaving of stones and rocks in the till has 
resulted in rock and stone fields. In the- 
peatlands, peat polygons occur, as well as 
sedge wetlands. 

Land districts in the Churchill map—sheet (54L). The square area outlined in heavy 
V 

Background is an image taken 14 Aug. 1973 (1387- 
Continuous lines delineate the land districts; broken, the 

The Lofthouse-Lovett Lake District (lB) con: 
sists of 992 organic deposits over marine sedi- 
ments and till. Glaciofluvial deposits provide 
the only areas of dry land.‘ In the peatlands, 
peat polygons occur more frequently (40%), 
associated with patterned sedge fans (30%). 

The Coastal District (lC) is the most complex , 

district in the study. This narrow strip along 
the coastline consists of extensive marine ' 

flats, alluvial deposits, numerous beach ridges, 
and a thin layer of relatively recent organic 
deposits. Occasional bedrock and glaciofluvial‘ 
deposits are found- Wetland types.are sedge 

’ fens, peat plateaus, palsas and salt marshes. 

LAND REGION (2) is marked by widespread dis- 
continuous permafrost, open coniferous forest.



and a north boreal and arctic climatic. 

In the Mock Lake District (ZA), more than 95% 
of the surface material is peat. Beat pla- 
teaus form the dominant landforms reflecting 
the gently undulating topography controlled by 
a thick overburden of till over Precambrian 
bedrock. 

In the Knife River'District (23), till is the 
dominant surface material. It has a vegeta- 
tion cover of open to semi-open black spruce. 
Local fires may have introduced jack pine. 
Only about 20% of the area is covered with 
peat (peat plateaus and sedge fens). 

METHODS 
Fieldwork, carried out during the summers of 
1973 and 1974, entailed an aircraft survey 
and the sampling of-landform—soil-vegetatioh- 
permafrost complex in about 100 locations. 

Remote sensing photography, including high 
altitude coverage for the complete study area 
and low altitude and radar coverage for 
selected parts of~the area, was obtained on 
different dates during the spring and summer 
of 1973. aThe standard sensor package included 
colour infrared, colour, and black and white 
photography combined with various filters, and. 
thermal infrared scanning (Figure 2). More- 
over, various LANDSAT.images in the form of 
prints, transparencies and digital tapes were 
used in the satellite evaluation_ 

To compare the effectiveness of various visual 
and automated satellite interpretative tech- 
niques, three different ecological land clas- 
sification‘- maps were prepared: 

MAP I - based on the visual interpretation of 
l:l,000,000 multidate LANDSAT-imagery. 

MAP II - based on the-visual interpretation of 
a LANDSAT colour composite, digitally _ 
enlarged to i:25Q,000 scale.

' 

MAP III - based onua supervised automated 
interpretation using the Multispectral 
Analyser Display (MAD) of the CCRS. 

In addition, parts of the study area were 
mapped using unsupervised automated classifi- 
cation techniques and supervised and unsuper- 
vised multidate (sumer—winter combination) 
interpretation techniques as implemented on 
CCRS Image 100 and MAD systems. 

To measure the success of each map, it was 
compared with a detailed ecological base map. 
This map is based on field sampling and visual 
interpretation of lEl00,000 scale black and 

.geometric.distortions, 
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white aerial photographs. 

Based on field work, about 50 representative 
land types were recognized. They formed the 
legend for classification of map units (or 
piiels) for any of the interpretative methods. 
For convenience, these are called classes. 
Grouping of classes into class groups was 
done when the land types were not spectrally 
vseparable, or were cartographically or 
resolution-wise unmappable: A simple alpha- 
meric system was used to identify the classes. 

To allow easy comparison of the interpretative 
results, all ecological land.classification 
maps were stored in the Canadian Geographic 
Information System (CGIS) of the Lands 
Directorate, Department of the Environment, 
Ottawa. This system is designed to read, 
store, analyse, manipulate, and overlay maps. 
Using this system, Maps I and II were over- 
laid on the detailed ecological base map. For 
each mapping on both maps, a new classification 
was generated using the detailed base, and the 
results were compared with the original clas- 
sification of the units. The amount of mis- 
classification was calculated as the difference 
from the base map for each class and class 
group on a land system (Table 1), land district 
and total map sheet.basis; The individual 
performance of mapping units_and classification 
generated by the different methods are measured 
on a land system basis; the relation of clas- 
sification performance and physiographic and 
ecological characteristics are obtained through 
the land district analysis. Because of 

Map III was visually 
compared with Map.IV and detailed aerial 
photographs. .

- 

RESULTS 
The maps generated by the visual interpretation 
methods are partly displayed in Figure 3. The 
results of the supervised automated classifica- 
tion are displayed in Figure 5. To compare the 
various maps, at least four aspects have to be 
.considered. 

1. The number and size (detail) of the 
units on the map. 

2. The number of land types (ecosystems) 
that are used in the legend. 

3. The classification accuracy of the map- 
ping units. 

4. The accuracy or significance of the land 
system (mapping unit) boundaries. 

On the ecological base map, 700 land systems 
were mapped, each covering about 1800 ha. Map 
II, resulting from the visual interpretation 
of l:250,000 satellite imagery, has 167 land 
‘systems for three areas covering about 25% of
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Figure 2: Airborne multiband coverage of the Long Lake area. Two flights took place at an 
altitude of 3,050 m ASL. A, B, D, E and H were taken 22 July 1973; C, F, G (at 10,700 m ASL) 
and I were taken 1 June 1973. A (CP28741R-366) was taken with a 2443 film with CCZOM filter; 
B (CP28721R—366) with a C0203 filter; D (BN2873-366} with a 2405 film combined with a W12 
filter (’Red Band’) and E (CP2875e366)'a colour photo. H and I are thermal scanning images 
taking simultaneously with the 70 mm Vinten camera imagery. G (RSPA-306651R) is part of a 
9” by 9" small scale colour infrared photo.

'
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Table\l: Computer—Generated Overlay Results. In this example of computer—generated overlay 
results, Maps I and IV, the land system (no. 543300003) is described by two columns with 
classes.

” 'true' classification based on (Map IV). 
The left column shows the method to be tested (Map I); the right column shows the 

MAP | MAP |V difference 

Iélggghgdgm CLASS AREA 7. cmss AREA z AREA Z 2 

A3 31593 60 A1 3888 7 3888 7 A 3,0 
‘ 

A3 16629 32 -14964 428 
A31 12670 24 12670 24 
B1 600 1 600 1 

B2 10531 20 -10531 -20 B —18.9 
02 4007 8 4007 8 c 7.6 
D1 104 0 104 _0 D 6.3 
D2 174 0 174 0 
D3 791 2 791 2 
D5 2225 4 2225 4 

El - 10531 20 E1 7354 14 -3176 -6 E --6.0 
01 1501 3 1501 3 G 6.0 
G12 523 1 523 1 
02 1133 2 1133 2 
02 214 0 214 o o 1.6 
03 644 1 644 1 
Pl 196 0 196 0 P 0.4 

’ 
TOIAL 52655 100 53.5 24.9 

the total map area; coverage size is 2370 ha. 
Map I, based on l:l00,000 LANDSAT imagery, has 
149 land systems averaging about 9100 ha. 
Thus, the levels of mapping detail of Maps II 
and IV are similar; Map I, however, displays 
significantly larger units. ” 

l:l,000,000 Visual Satellite Interpretation 

Figure 4 shows the classification results for 
each land system as mapped on l:l00,000 multi- 
date-satellite images (Map I) as compared with 
the base map (Map IV). The percentages in the 
map units identify the amount of misclassifica— 
tion for each land system. The lower number 
gives the weighted sum (based on averages) of 
the misclassification for individual classes 
or land types (A1, A2, A3, B1, B2, etc.). 
The upper number gives this weighted sum of 
misclassification_for groupings of the 
individual classes (A, B, C, D, etc.) for that 
land system. Misclassification for each class 
group of classes is based on the areas of 
omission per class or per class group by land 
system as a percentage of land area. For 
example: 

100 2: CLASS I acregge (% IV) — CLASS Y acr-eggs (ME I) = Z omission "of Y 
‘ a system acreage ’ " 

and 

[and system mjieclassificagtion = 2',-l%Vo'_fi_ omission (A). (B). (C).- -- M41 
» 2 . 

As shown by the lower numbers on Map V 
(Figure 4), the amount of misclassification 

arising from visual interpretation of indi- 
vidual land types is excessive in most areas. 
The best system has 21% misclassification. 
Only 11 of the 149 land systems have better 
than 352 misclassification. This indicates 
that the land type legend used for visual 
interpretation is too complicated for this 
method as it causes excessive classification 
errors. Simplifying the legend by joining land 
types-into groups of classes (A, B, C, etc.) 
increases classification accuracy significantly 
(upper number, Figure 4) to the extent that 58 
of the 149 units have acceptable classification 
results. 

Figure 4 shows that relatively large amounts of 
misclassification occur in the smaller and more 
complex land systems. It illustrates a 
relationship between physiographic complexity 
and the amount of misclassification. The 
greatest amount of misclassification is found 
in areas where mineral deposits occur. While 
peat—dominated areas, such as the peat plateaus 
in the SW part of the map area, have relatively 
good classification results (5%-202 misclassifi— 
cation), till-dominated areas nearby in land 
region 2 are misclassified by as much as 90%. 
However, mineral soils in land region 1 are 
significantly better-classified (about 30% 
misclassification). This possibly arises from 
the relative lack of vegetation and the lack of 
vegetation disturbance in the area, which 
results in less confusion during interpretation. 
Figure-4 also shows that higher amounts of mis- 
classification are associated with the coastal
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Figure 4: Map V - a comparison of classification results. Map I was overlaid on the bios- 
physical base map (Map IV) and misclassification of‘ Map I was calculated for each land 
system using the Canadian Geographic Information Computer System. The upper number gives 
the misclassification per land system when the various land types are grouped into broader 
classgroups, (A, B, .Z)_, while the lower numher lists the misclassification per land 
system when individual land types are compared (A1, A2, A3, . . . . . .31»-, B2, . . . . .01, etc.). 
Scale - 1:750,000. '~-

.
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Figure 5: The Lovett Lake test area. A is the digitally enlarged satellite colour composite; 
with delineation of land system by visual interpretation, B is the result of supervised 
automated classification. For comparison, the land system lines of A are superimposed on BL 
While there is a good general relationship between the two sets of information, there are 
some discrepancies in areas_where cloud cover or slight haze interferes (arrows). Such 
interference is difficult to eliminate with automated techniques,
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Table 2: Summary of misc.lassif'ication per land district and for the- total map area based on the results of the visual 
interpretation of 1:1, 000, 000 LAIVDSAT imagery. The class groups can be described as follows: A — Peat polygonal areas; 
B - Carex fens; C — Larix fens; D — Picea-domirzated peat-lands; E’ — Patterned fen areas; F — Marshes and swamps; 
G — Peat Plateaus; H-- Palsas; I - Mud flats; M - Stone fields; N and 0 - Glacial till; P — Sandy beach and Iglaciofluvial 
deposits’; R — Bedrock outcrop; Z - Water. 
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zone and with some drainage and beach systems. 

To study these physiographic aspects in more 
detail, the computer comparison of Maps I and 
IV for the land districts and the total map 
area is sumarized in Table 2. Listed are: 

(i) The omission per class group (A, B, 
C,......Z) as a percentage of the 
class group. 

(ii) The omission per class group as a 
percentage of the district or map 
sheet. , 

(iii) The actual area of the class group 
as a percentage of the district. 

(iv) The actual area of the class group 
as a percentage of the map sheet. 

The percentage of misclassification A is cal- 
culated by adding the absolute values of (ii) 
and dividing by two. 

The classification results per land district 
and map area in this summary table are signifi- 
cantly lower than those identified for the 
separate land systems (Figure 3). Apparently, 
errors are cancelled out in the summation 
process. For example, in the Mack Lake 
District, misclassification A is 10.1% while 
Figure 3 shows that most land systems in this 
district have significantly higher amounts. 
To obtain a more accurate indicator, the 
classification performance for each land system 
was weighted according to acreage and summar- 
ized; it is called misclassification B. 
misclassificatian B . (A) or e’ar':h..Zand_s stem .5: acre e .Z[rm1scZass. 

' ’ ’ istmct acreage ~~ ~ 

Table 1 shows that the Coastal and Knife 
Rivers districts have the poorest classifica- 
tion results, followed by the transition zones 
of districts (lB-1A) and (lB-lC). All three 

The 
relatively simple ‘Mack Lake’ district has the 
best classification performance: misclassifi— 
cation A is 10.1% and misclassification B is 
14.72. About 74% of this district is composed 
of peat plateaus. These are only 3.4% over- 
classified, mainly at the cost of sedge- 
dominated areas (class B) which as a result of 
generalization are consistently underclassi- 
fied. 

The LofthousesLovett Lakes district and the 
Seal River district perform equally well on.a 
land system basis, in spite of the fact that 
the Seal River area contains a significant 
proportion of mineral deposits (39% M and 0). 
In both districts, peat polgons represent a 
large part of the unit (between 30% and 50%) 
and are consistently well-classified. In the 
Seal River district, the classification of 

- Table 3: 

patterned fens and stone fields is reasonably 
satisfactory (34% omission). In the latter, 
it is thought that the lack of vegetation on 
M (stone fields) has helped to identify the 
land types. Considerable confusion with 0 
(till areas) is expected, as classes M2 and 
M3 include parts of 0. 

l:250,000 Scale LANDSAT Visual Interpretation 

Table 3, showing the classification results 
for the Mack Lake, Seal River and Lovett Lake 
test areas, is similar to Table 2. From the 
results of misclassifications A and B, the 
detailed interpretation clearly does not compare 
well with the results of Map I based on 
l:l,O00,000 LANDSAT interpretation. The Map I 
results are clearly equal to or better than 
Map II results. Although delineation of a 
land system at the detailed scale is more 
accurate, it is not matched by a similar 
increase in classification accuracy. The 
interpretation time involved for Map II is 
only slightly less than that required for 
interpretation of aerial photographs. 
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AUTOMATED sATELLfi'E. CLASSIFICATION 
There are two different approaches to auto- 
mated classification: supervised and unsuper+ 
vised. Each was applied to single- as well as 
multidate satellite imagery. LANDSAT I tapes 
RS¢l98 and RS¢35 were used; moreover, summer 
and winter data are combined using band 7 of 
RS2863 (30 October 1972) and bands 5, 6 and 7 
of RS2940 (27 July 1972). 

,Superyised_Automatedwclassification 

In supervised classification, the interpreter 
selects the objects to classify and identifies 
tr;air.1:ing- .,ar.eé'S for. the computer. Training 
areas'were selected across the whole image by 

’ available ground control and photo-interpre- 
j,.tation. This;procedure'allows_the selection 
‘= of relatively large, pure_and representative 

‘sites for the respective land‘types,‘ Classi— 
.rfication was carried out using the CCRS 
computer, MAD (Multispectral Analyser Display) 

v "and the MICA;interpretation package, developed 
’.-by scientists at the CCRS. 

, ’tion,'the-Maximum Likelihood Decision Rule 
‘ -was usedgin-allievaluations, as implemented on 

-the CCRS.computer.' After about 15 iterations 
'.» of training, displaying, classifying and 
_‘ganaly2ihg training_statistics, a final train- 
“_ing set evolved;_ This set, including water, 

For the classifica- 

represents 10 different class groups. 

T Table 4_shows the divergence and confusion 
_ 
matrigxfor the class.statistics, and the final 

' 

setafi An increase in the number of classes was 
}_found to—increase”confusion and to give less 

I 
Esatisfactory-results.“ Initially, in the 

‘"_utraining process, an attempt to show land 
~typesf(A1,'B1, B2, C3, etc¢)'was tested, but 

_’ confusion between spectral signatures_of land 
' types made it impossible at this level and 
_duite.broad‘class groups were used. ' 

Using the final training set, the complete 
'satellite.image’was classified (Figure 6).~ 

"This result was subjectively evaluated on a 
--land.district basis by comparison with the 
ecological base map, detailed aerial photo- 
graphs, and ground sampling. Figure 6 
demonstrates the differences and relationships 
between the.unclassified images, automated 
classification and visual interpretation. 

Table 5 shows the results of this evaluation. 
The ratings only identify the classification 
accuracy of the different classes in the‘ 
training set. Whether the particular class 
itself is satisfactory from an ecological 
viewpoint is not considered. Table 5 shows 
that the overall performance of the classifier 
is satisfactory. Best results (70%) are 
achieved in the Mack Lake, Knife Rivers and 
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Table 4: Divergence and Confusion matrix and 
means statistics fbr.the ’finaZ’ training 
set. 4 

Seal River districts, possibly because these 
districts have seven or_fewer classes. The 
Lofthouse-Lake district and its transition 
zones perform uniformly with about 65% classifica- 
tion accuracy. The Coastal Zone has the 
poorest showing: none of the classes except 
'water' and 'willow/alder/birch‘ perform well. 

Although the classification results can be 
described as satisfactory for the total map 
area, they do not indicate that the automated 
classification can generate useful results. 
The nine-class final legend is too broad and 
too simple to be of much value. As a vege- 
tation classification, the results could be 
considered successful; however, as a bio- 
physical classification, the method performs 
poorly. As there is a relation between clas- 
sification resultspof land districts and 
distribution of classes, automated classificae 
tion may be improved by classifying on a land 
district basis. This procedure implies that 
training takes place within a district and is 
repeated for each district, and that legends
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Map I]? - A supervised automated classification of the Churchill area. 
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Table 5: Evaluation of supervised automated 
classification results fbr total map-area 
and for each land district: 1 - very poor; 
2 — poor; 3 = imperfect; 4 — satisfactory; 
5 2 good; and 6 - very good. *Indicates 
that the particular class does not occur in 
appreciable quafitity. 

,_\ LOFIHOUSE—LOVETT O; '- 

fig :2; 5 ._. WLAKES msne -5 ‘Q’ >v < N > z z - In 
E -4 E 1- S m E O 3 Q E :2 sE::;—5E e 3‘. 5" _. - U: " — Lu '— 2 .—_ z “J W '< 2- 54:’ u: D < <" ‘i F CLASS zd E E 3 3 

1 §edge-bs—t| I 3 2 3 2 3 1 3— 

2 Opeh black spruce 4* 4- 4- 4- 3 3 4- 

3 Stqnefields 5* 6* 4+ 5* 6* 5* 4* 4+ 

4 Willow/ald/birch 6* 8* 6* 6"‘ 6* 5* 44: 4+ 

5 Water 5 5 6 5 5 5 5 54 

6 Peat plateaus 4 4+ 5* 4 3-4 44 I 4 

7 Peat pulygones 5* 2 4 4 2-3 2 4- 

8 Lichen—‘sand—ti I I, 4- 4 4+ 4- 3 2 3 34- 

9 Patterned fans 6* _6* 2 3 2‘ 3 I ‘3- 
1o Unclassified 5 3 5 2 3 5 4 4 

AJI Classes 4 4+ 4 4 4 4 2 4 

would vary according to districts. Confusion 
would be reduced considerably. However, it 
would also increase the reuired time for 
training and classification of a satellite 
frame 5 to 20 times, assuming that about 5 to 
20 land districts are likely to occur in one 
satellite frame. Although this procedure 
would not drastically increase computer time, 
it would require a number of days of inter- 
active supervised training, with the probable 
result of a 20- or fewer class legend, varying 
according to land district and heavily biased 
toward vege ta 1;-ion . 

Unsupervised Automated Classification 

In the three test areas (Seal River, Mack Lake 
and Lovett Lake), supervised classification 
was carried out using a multidimensional 
histogram approach (Goldberg and Shlien, 1975). 
In.this method, the image to be classified is 
scanned and a four-dimensional histogram of 
intensity vectors is created. By choosing a 
threshold, the intensity vectors can be 
grouped into clusters. The interpreter 
chooses the threshold value. This procedure 
makes the approach interactive; the intere 
preter can break up a'specific cluster by 
raising the threshold value and treating only 
the vectors belonging to that cluster (Goldberg 
and Shlien, 1975). Eigure 7, showing the Long 
Island area and part of the Lovett Lake test 
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area, permits the comparison of an unsupervised 
clustering (A), a supervised classification (3), 
and interpretation (C) of l:l00,000 scale 
black and white photographs. (C) shows typical 
biophysical land systems as complexes of land 
types, with each primary land type identified 
by a class and percentage of occurrence. The 
unsupervised classification provides the most 
detailed map themes. (A) is the result of 
about 16 clusters, only 10 of which occur in 
considerable quantity. (B) maps only 9 class 
groups., 

The unsupervised clusters are not better 
classes or land types than the ones derived 
from supervised classification. In fact, the 
results of the supervised classification 
closer to an ecologically desirable map than 
are the results of the unsupervised classifica- 
tion. 

The advantage then of the unsupervised technique 
is that the computer, with little user inter- 
action and time, gives an impression of which 
objects are separable. However, relating 
clusters of practical ciasses and themes and 
grouping them is usually not a simple task. 
It can be time-consuming and still not provide 
the most desirable classification. In 
addition, such ‘editing’ requires at least as 
much ground control as is needed for supervised 
classification. 

Use of Multidate Imagery for Automated 
Classification ' 

The-visual interpretation of satellite images 
has demonstrated the value of using multidate 
satellite imagery for classification purposes 
(Thie et al., 1974; see Figure 8). Kalensky 
(1974) also reported improved classification 
accuracy for vegetation mapping using multidate 
information. Winter imagery, especially, 
contains information that is complementary to 
summer date. Figure 9 demonstrates the con- 
siderable difference between the spectral 
characteristics of a sumer and a winter channel 
As a result of the very special associations 
among vegetation, soils and permafrost in this 
subarctic area, winter imagery enhances, for 
example, the distribution of well—drained 
glaciofluvial and beach deposits. The Seal 
River test area was used for the multidate evalu- 

. ation as it has suitable representation of 
mineral and organic soils, and vegetation is not 
visibly disturbed. Both supervised and unsuper- 
vised classifications were applied to a tape 
composed of three summer channels and one winter 
channel._ The addition of the snow covered image 
was mainly beneficial for areas covered with 
vegetation (trees and shrubs) that is suffi- 
ciently high enough to penetrate the snow layer 
and dense enough to lower reflectance values of
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Figure 8: Land system boundaries derived tively estimated, based on the requirements 
from summer (closed lines) and winter ' for regional resource planning. Out of a 
(broken lines) satellite imagery through possible value of 100 (i.e. satisfying most 
visual interpretation. biophysical information requirements for 

regional resource planning though not neces- 
sarily local requirements), the satellite- 
based techniques do not score higher than 
about 15 (l:250,000 visual satellite inter- 
pretation)} The ecological base map, made 
through conventional photo-interpretation, has 
a value of about 75. 

Taking into account the time and cost consid- 
ahrations, Table 6 shows that visual interpre- 
tation of l:l,0O0,000 LANDSAT imagery is the 
most cost-effective satellite interpretation 
method. 

Of the 50 representative land types for the 
area, only a few can be mapped satisfactorily 
using the satellite techniques. This means 
that spectral signatures are inadequate to 
map land types using automated techniques and 
that the addition of shape information using 

snow. However, in areas either devoid of visual techniques does not change this signi- 
vegetation or with the vegetation completely ficantly. The success of the photo-interpre- 
covered by a snow mantle, the~addition of the tation in mapping and describing 43 of the 50 
winter channel was not beneficial, and. land types is likely the result of the relief 
occasionally lowered classification accuracy. information available in the three—dimensional 
Such was the case with the stone field theme. model, and the shape information of landforms 

and micro—landforms, rather than signatures. 
COMPARISON OF INTERPRETATIVE 

METHODS _ DISCUSSION To obtain a reasonable classification with the 
tested interpretative methods, the 50 land 

Table 6 compares the time and cost require- types (classes) had-to be joined into broader 
ments for the various interpretative methods, class groups. In this way, 15 class groups 
including those for the ecological base map. were separable with the visual satellite 
In addition, the information value of each of interpretation and about 10 with the automated 
the maps for resource management was subjec- techniques. These class groups are so broad 
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Figure 9: Oneedimensional histogram displays of the intensities of the composite summer—winter image 3 (summer channels 4, 5 and 6; winter channel 5W) and the summer image A (summer channels 
4, 5, 6 and 7) for‘ the same clustering training" area. The horizontal axis displays the reflec- 
tance values ( from{ 1-65) and ‘the vertical axis, the frequency of pixels with those values. Note the wide range of distrihution and the skew towards light reflectance values of (SW).
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TIME AND COST CONSIDERATIONS* 

Per 13,000 Km2 

Time Mat. Labor Information Value 
l:1,000,000 LANDSAT (VISUAL) 15-20 hrs $ 100 $ 600 8-10 

1:2_50,0oo_ LANDSAT (VISUAL) 80-100 hrs $ 100 $3000 . 1.5 

AUTOMATED LANDSAT 15-20 hrs '$2000 $ 600 5-10 

l:l00,000 Ecological Base Map 120-160 hrs $ 200 $4800 . 75 

* Only listed is the time and cost for interpretation of imagery. 
Fieldwork cost can be considered the same for all methods. 

Cost of fieldwork is not included. 
It constitutes up to 80% of the total 

survey cost for conventional type surveys, depending on the accessibility of the area. (Thie et al, 
1974). - 

that their value to resource managers is very 
restricted, hence the low rating (5+l5) in 
Table 6. The study indicates that an increase 
in the physiographic or ecological complexity 
of the land area causes an increase in misclas- 
sification with all satellite interpretative 
techniques. The more complex areas have.a 
greater variety of surficial materials, veg- 
etation and relief. The present resolution as 
well as the lack of detailed relief informa- 
tion appears to_be the main limiting factor to 
apply satellite interpretative methods. 

This study demonstrates that classification 
methods based only on spectral signatures did 
not map enough land types. The relative 
success of the visual analysis as compared 
with automated methods might be due to the use 
of shapes and spatial patterns in the inter- 
pretative process, as well as the use of multi- 
date images. This apparently more than 
compensates for the loss in spectral informa- 
tion. It can be argued that*present automated 
interpretative techniques allow geometric 
corrections, multidate overlays, and simple 
spatial feature analysis. While they should 
improve classification results, they also 
require additional computer and training time. 
Costs involved at present make it unattractive 
for operational use. 

This study was unusually simple for Canadian 
circumstances with regards to ecology and 
physiography. The land surface is flat or at 
most lightly sloping. Surficial materials 
cover extensive areas and are not mixed. Most 
important, due to a lack of distrubing agents, 
vegetation and therefore its signatures can be 
considered a good indicator of ecosystem or 

land type conditions. Thus, changes in relief, 
soil, drainage, landform, habitat, etc. are 
reflected in vegetation gradients or boundaries. 
However, this exceptional situation does not I. 
hold for most of Canada. Vegetation has been 
disturbed through land use, and in northern 
areas, forest fires and disease are even more 
important. In those situations, changes in 
vegetative cover are not usually related to 
changes in land types. Figure 10 gives a 
striking example of the impact of forest fires 
on the vegetation pattern of the boreal zone in 
Canada. Satellite imagery classification, 
expecially automated performance, can be ex- 
pected to drop considerably in such areas. 
While mapping of vegetative cover type can be- 
reasonably successful with digital techniques, 
soil, landform, and land type classifications 
appear doomed to fail for large areas, except 
large wetlands. 

The above mentioned limitations do not apply to 
air photo interpretation techniques. Through 
the use of relief and shape information, fire 
boundaries can be identified, and only those 
vegetation boundaries are used that are con- 
sidered to reflect land type conditions. 

CONClU$ONS 
Taking into-consideration the usefulness of 
data resulting from the various interpretative 
methods for resource management purposes, photo- 
interpretation of small scale aerial photo- 
graphs presently provide the best cost- and 
data—effective method for ecological-land clas- 
sification in Canada. Satellite data should be 
used in a complementary way; that is, to assess 
and delineate environmental dynamic phenomena,
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Figure 10: Forest fire patterns in the borealzone near Black Lake, Saskatchewan. The snow 
cover on this 7 March, 1974 LAIVDSAT image enhances the complex forest fire pattern. 
Some areas (A) were burned more than 100 years ago, others very recently (B); most of the 
area is burned repeatedly; "This image shows forest fires to be an integral part of the 
boreal ecosystem. . 
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and to delineate land districts. 

Visual interpretation of l:l,O00,000 multidate 
satellite imagery provides an operational 
alternative only if more than 20,000 km2 per 
man-year has to be mapped, and then only in 
ecologically and physiographically simple 
areas: arctic, subarctic, and large wetlands 
in the boreal zone. Automated classification 
appears, at present, unsuitable for ecological 
land classification in Canada. While certain 
simple maps can be made for arctic and sub- 
arctic areas and boreal wetlands, the 
practical usefulness of this information is 
somewhat in doubt. It is expected that this 
assessment will change when a significant 
breakthrough occurs in the automated analysis 
of shapes and textures. 
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BIOPHYSICAL MAPPING IN THE MAcKENzis VALLEY 

S.C. Zoltai 
Canadian Forestry Service 
Environment Canada 
Edmonton, Alberta 

In 1970, the Geological Survey of Canada (GSC) 
undertook a three-year program of mapping the 
surficial deposits in the Mackenzie Valley 
and northern Yukon. As environmental concerns 
relating to a possible energy transportation 
corridor became evident, the survey was 
expanded to include such terrain sensitivity 
indicators as vegetation and soils. In 1971, 
the Canadian Forestry Service was invited to 
provide the vegetation input, and the Soil 
Research Institute was invited to provide 
pedological information. 

The resulting survey was clearly a surficial 
geology study, with vegetation and soils added 
on. Thus, it was never intended nor organized 
to be a biophysical study. The investigators 
of the vegetation-soils aspect had two viable 
choices: 1. to use the mapping units identi- 
fied by the GSC to characterize the vegetation 
and soils of the area; and 2. to map bio- 
physical characteristics of the area. The 
size of the area (120,000 miz) and time 

.t- nomad 
IA}

i

~ 
For! 

Vormlllon 

constraints (two field seasons) were important ' 

constraints, as each of the two teams were to 
cover about 30,000 mi2 a year. 

The northern team chose to use the mapping 
units prepared by the GSC at a scale of 
1:125,000. The mapping units, as conceived by 
the GSC, were to be based strictly on the 
genesis of the surface materials. The vege- 
tation—soi1s team was successful in per- 
suading the surficial geologists to add such 
features as texture and slope to their mapping 
criteria; This made the resulting units more 
suitable to vegetation-soil interpretation 
and paved the way to a modified biophysical 
classification. The modification was neces- 
sary, as the main thrust of the project was 
not productivity of the terrain, but sensitiv- 
ity to disturbance. 

The southern team chose to map the area, 
applying a biophysical classification, as 
interpreted by the investigator. This study 
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very rapidly-became a nightmarish exercise in 
mapping and air photo interpretation of the 
huge area at the detriment of field studies, 
as both the surficial geology mapping and the 
biophysical mapping were proceeding concurrent- 
ly, without effective interchange of ideas or 
maps. In 1972, the Soil Research Institute 
became involved with the southern team and 
produced an integrated report with the Geo- 
logical Survey (Tarnocai, 1973). 

The northern team, free-of the burden of 
duplicating the mapping effort of the GSC, 
concentrated on studying and understanding the 
relationships between landforms (identified by 
the GSC), vegetation, and soil (active layer). 
Two avenues were taken in the reporting: one 
presented the findings of the vegetation-soils 
team only (Zoltai and Pettapiece, 1973), and 
the second avenue was to integrate the vegeta- 
tion-soil-active layer results into the legend 
of the map by GSC. In the legend, the Land 
Zones (e.g. Land or Site Regions) were estab- 
lished on the basis of vegetation chronosequence 
and permafrost characteristics. Within each 
Land Zone (Region), the mapping units were 
characterized as to vegetation and soils. 
stable and fire-originated vegetation were 
indicated for the major moisture regimes (drain- 
age classes) of each landform. Likewise, the 
soil texture, depth of active layer and frost- 
induced microrelief were given for each major 
drainage class of each mapping unit in the 
different Land Zones (Regions). 

The 

This study and subsequent field work in 1973 
(Zoltai and Tarnocai, 1974) enables us to 
develop a terrain sensitivity classification 
(Van Eyk and Zoltai, 1975). In this scheme, 
each drainage class of all mapping units was 
rated as to the expected reaction to specified 
surface disturbances, The resulting ratings 
were generalized and portrayed on a l:l,OO0,000 
map. This map, while too generalized to be of 
value at the local level, shows the regional 
picture and puts southern (boreal forest) fea- 
tures on the same scale as the northern 
(tundra) features. 

The cost of the survey in relation to a bio- 
physical survey cannot be determined. The GSC, 
being the lead agency, decided the various as- 
pects of the field investigations. Thus,'much 
effort may be spent on an area of complex glacial 
history, while other areas of simple depositional 
history may receive little attention, although 
this may be an area sensitive to disturbances. 

The northern team consisted of two or three 
professional Pleistocene geologists, a geo- 
physicist, a vegetation man and a soils man. 
With support staff (technicians, pilots, 
students, labourers and cook) the whole crew 
numbered about 16 persons. ‘A helicopter and a 
Beaver aircraft supplied full-time transporta- 
tion. A biophysical survey, yielding comparable 
results, could have been completed by about 
half the crew in the field, with comparable 
savings. ’ 

My estimate is that such a survey could be con- 
ducted for $175,000 to cover 30,000 miz, or 
about $6/miz. 
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EASTERN IVIELVILLE ISLAND: BIOPHYSICAL ASPECTS OF 
A GEOLOGICAL SURVEY‘ RECONNAISSANCE. 
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ABSTRACT
, 

This paper is a summary of a fuller treatment 
being released as GSC Paper 76-23. It high- 
lights some of the concepts developed on 
Melville Island in integrating the data of 
geomorphologists, geologists, botanists and 
wildlife biologists resulting in 1:125,000 
scale photomosaic maps, expanded legends and 
an encyclopedic text. 

INTRODUCHON 
The biophysical aspects of the Eastern 
Melville Island project were experimental and 
the methodology was evolutionary, particularly 
in the data presentation phase. Several 
progress reports have appeared (Barnett and 
Dredge, 1974; Barnett et al,, l975a), a = 

general approach advocated (Barnett et al,, 
1975b) and a detailed encyclopedic text with 
the maps released as Geological Survey Open 
File 252 (Barnett et al., 1975c). A formal 
methodological paper outlining the basis for 
the mapping system is in press and will appear 
as GSC Paper 76+23 (Barnett et al., 1976). 
This paper is an attempt to précis the most 
important points of particular interest to 
those concerned with Ecological Land Classifi- 
cation. - 

CONCEPTS 
l. A single map was to depict units which 
had common boundaries formulated by geologist- 
geomorphologists, botanists and wildlife 
biologists, all of whom were anticipated to 
recognize various natural subdivisions of the 
terrain. Not all boundaries were anticipated 
to be significant to all disciplines. This 
single map concept was philosophically in 
contrast to the Mackenzie Valley studies 
which were carried out largely independently. 
In the latter case, the data then had to be 
‘recompiled, not without difficulty, for the 
pipeline evaluation process. 

.RESUME .
. 

Le present article constitue un résumé d’un 
communique plus élaboré de la Commission 
géologique du Canada publié sous le numéro 
76-23. Il met en lumiere quelques-uns des 
concepts élaborés dans l’ile Melville 
concernant l'intégration des données 
recueillies par des géomorphologistes, des 
géologues, des botanistes et des biologistes- 
.de la faune en vue de la production de cartes 
photomosaiques au 1:125,0009, de légendes 
détaillées et d’un temte d'infbrmation. 

2. In spite of the high latitude of Melville 
Island, glacial deposits and related erosional 
features are not common attributes of the 
landscape which is dominated by sedimentary 
strata (Figure 1) and their weathering 
products. 

3. Despite the relative lack of glacial 
features, the island was depressed by an ice 
load and the coasts were inundated by the sea 
up to as much as 110 m above present sea level. 
This inundation led to the admixture of marine 
silts with whatever surface materials occur, 
and also led to richer plant communities below 
marine limit by both amount and species. 

4; As pipelining is one of the more probable 
major undertakings for which environmental 
data will be useful, it was decided that the ' 

top three m of material was our target for 
evaluation. This policy must be borne in mind 
when evaluating the maps, for on occasion, 
below the marine limit, a major boundary occurs 
for which there is little or no evidence on the 
imagery. In such localities (perhaps one m 
below the surface), a major change in materials 
is predicted but it is covered by a suite of 
beach materials, marine silts or colluviu. 

5. Although geological, geomorphological, 
botanical and wildlife habitat data were 
combined in determining the location of bound- 
aries, this was not done in such a way that 

Pz-ac. lst Meeting Can. Comm. an Ecological {Bio-physical) Land Class. May 25-28, Z976‘, Petawawa, Ont.
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Aerial oblique photograph looking west across the Devonian sandstone upland west of 
Rea Point, eastern Melville Island. In the middle ground a belt of unconsolidated 
Cretaceous deposits (K22a) is visible resting on the Griper (Dg) Heola Bay (Dhb)

J 

and:Weatherall (Dw) sandstones. Landscape type boundaries are shown.
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Figure 2: Sample of the expanded Zegend for the Bjorne sandstone (Trb) . [Vote the three Zevels 
of detail and the dis«tinct13an between Environmental Variables (data) and Summary Evaluation (qualitative apprarisaZ)1. (After Barnett et a1.-,, 1976).
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individual (disciplinary) terrain attributes 
could no longer be abstracted from the data in 
either the legend or the map. The collabora- 
tion refined the location of boundaries rather 
than compromised them as some critics have 
surmised. 

MAPHNG 
Costs 

The area mapped was approximately 6000 mi2 
(15,500 1<m2) at a» cost to GSC of $13=7,.ooo 
including salaries, or nearly $23/mi2. This 
figure lacks overhead and non-GSC salaries 
plus valuable input from the Polar-Continental 
Shelf Project. It also does not include two 
prior field seasons on Melville Island when 
the work was not specifically oriented toward 
a biophysical product. Adding those earlier 
seasons costs in boosts the rate to $28/miz. 
However, products other than biophysical maps 
are in preparation. 

and'Format 

Mapping was at a-scale of l:l25,000 on a 202 
magenta screened mosaic-base from an inter- 
pretation at l360,000. The format of the 
legend evolved during the_project and it was 
decided that a three-tier hierarchical legend 
was desirable (Figure 2). In this way, 
regional (general), detailed (local), and 
intermediate level appraisals were possible. 
The differences were therefore not of scale 
but of degree of generalization. At the 
regional level, it was concluded that each of 
the rock types - bearing in mind that they are 
gently flexed, sedimentary strata, with little 
glacial modification and rarely far from the 
surface - gave rise to a distinctive landscape, 
hence these units formed the basic regional 
unit. 

_At the most detailed level (terrain unit), a 
total of 49 recurring units were identified. 
This number, although relatively large, was 
necessary to identify the changes in the land- 

' scape which are or may be significant for some 
aspect of the disciplines involved, and there- 
fore for potential land uses» At the inter- 
mediate level, the marine-limit was adopted as 
one of the boundaries. qln some localities it 
is-marked morphologically, in materials 
‘composition and by strong vegetation contrast, 
»and in others it is much more subtle. The 
data on ground ice are not sufficient to con- 
clude a‘significant difference across the 
boundary, but circumstantial evidence and'in- 
conclusive quantitative evidence suggest that 
such a difference may well occur, with'more 
ground ice below marine limit than above. 
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The expanded legend (Figure 2) which may appear 
formidable at first, is organized from'top to 
bottom from geologic to Vegetation to wildlife 
data to one of the more interesting parts-of 
the project, that of sumary evaluation. This 
part of the legend involves value judgements 
based on non-quantitative criteria encompassing 
field experience. A simple numerical rating 
for sensitivity was derived from the field 
data. A broad range of probable responses of 
the terrain to various tracked vehicle uses is 
listed in Barnett et al. (1975c, 1976). As 
they are relative ratings, experience with 
either a particular technique or a particular 
vehicle type may require an adjustment to the 
rating, but it is believed that any such changes 
would be all in the same direction and by a 
similar amount. 

The problem of depicting a variety of data on a 
photo mosaic and have it both readable and 
meaningful is-a continuing problem. In this 
case, a simple a1pha—numeric system was used 
‘which has the following-merits; l) The alpha- 
betic prefix follows-the geological convention 
for—the formation name (to all intents and 
purposes - rock type). 2) The numerical format 
allows almost unlimited additions of new units 
occurring in areas not already mapped. 3) The 
simple designation of‘a digit and three places 
of decimals allows the reader to easily carry 
the information to the legend which is where 
the bulk of the information is. 4) Cartographic 
economies are achieved by this method when 
compared with manuscripts requiring sub- and 
superscripts. 

An attempt to summarize the whole scheme is 
.shown as a characterization matrix with the 
.Landscape Types along one margin and the 
various attributes and evaluations along_the 
other (Figure 3). 

CONCLU$ONS 
I 

Interdisciplinary mapping projects can heighten 
the perception of natural subdivisions of the 
landscape and refine the precision of boundary 
locations. 

For environmental impact assessment, a-study 
involving several related disciplines is ben- 
eficial in that the data are set out in»a 
compatible fashion, thus eliminating a 
reconciliation phase in data compilation.
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CHARACTERIZATION MATRIX DP IANDSCAPE TYPES OF EASTERN MELVILLE ISLAND 
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The matrix portt-aya the variaalea chlrlclerized by rating. A hm-iwntll line is and to separate attributes which dlflar topagraphieally. and an oblique line denotaa 
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The characterization matrix, which portrays variables by ratings or in few words. 
1) sparsely, 0-20%; 2) moderately, 20-70%, and 

The dominant or co-dominant vascular component is shown. 
for trafficability increase in difficulty from 0-2. 

Ratings 
Ratings for sensitivity 

A horizontal line is used to separate attributes which differ 
topographically, and where an oblique line is used; the sepqration is an areal one.
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ABSTRACT 
Boothia Peninsula and northeast Keewatin, an 
area of_approximately 64,000 kmz, were 
surveyed as part of a biophysical study. The 
main objective of the survey was to classify, 
describe and map the artic terrestrial envi- 
ronment in terms of landforms, unconsolidated 
deposits, soils, vegetation, permafrost and 
eco—climate. The information was presented on 
three levels: the ecoregion, ecodistrict and 
ecoarea. The definitions of these three 
levels are given, as are the roles of the 
major ecosystem components. 

A portion of the Pelly Bay West biophysical 
map is used to illustrate the system. For 
this area the ecoregion, ecodistrict and 
ecoareas are described in detail. Field data, 
analyses and cost estimate of the project are 
also given. ‘ 

INTRODUCNON 
Boothia Peninsula and the northeast portion of 
the District of Keewatin (north of latitude 
esou), an area of approximately 64,000 km2 
(25,000 miz), were surveyed as part of a bio- 
physical study (see Figure 1). 

Initial planning and logistical support for 
the field operation was provided by the 
Geological Survey of Canada, Energy, Mines and 
Resources, Canada (A.N. Boydell, project 
leader, now with Environent and Land Use 
Committee Secretariat, Victoria, British 
Columbia). This agency also provided the 
geological and geomorphological information 
for the project. The soil Research Institute 
(Canada Soil Survey), Agriculture Canada, as 
a cooperating agency, provided the soil and 
vegetation information and the delineation of 
ecoregions and ecodistricts. 

In this paper the objectives and methodology 

RESUME
. 

La presqu’ile de Boothia et le nord-est du 
district de Keewatin, une région de quelques 
64,000 km3, ont fait l’objet de relevés dans 
le cadre d'une étude biophysique. L’objectif 
principal du programme était la description, 
la classification et la mise en carte du 
milieu terrestre arctique, compte tenu des 
reliefs, des dépdts non consolidés, des sols, 
de la végétation, du pergélisol et de l'éco— 
climat. Les données ont été présentées sur 
trois plans; l’éco—région, l'éeo-district et 
l'éco-zone. Les définitions de ces trois plans 
sont données ainsi que les r5les des principaux 
éléments des écosystémes. 

Une partie de la carte biophysique de la Baie 
Pelly ouest sert pour illustrer le systéme. 
Pour ce secteurg l'éco-région, l'éco-district 
et l'éco—zone sont décrits en détail. Le 
document présente en outre des données recueil- 
lies sur le terrain, des analyses du projet et 
des évaluations des cofits du projet. 

are given, an example of the land classifi- 
cation is discussed, and cost estimates and 
manpower requirements are outlined. Short de- 
finitions of the geological, geomorphological, 
soil and vegetation terms employed in the 
classification are included in the appendices. 

OBJECTIVES 
The main objective of this biophysical study 
was to classify, describe and map the arctic 
terrestrial environment in terms of landforms, 
unconsolidated deposits, soils, vegetation, 
permafrost and eco—climate. This was done

0 
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Study Area 
A———i_—-4 Northern limit of trees 

'.-=v--=--—.- Southern limit of continuous permafrost 
Southern limit of discontinuouspermafrost 

' Figure 1." Map indicating the location of the Boothia Peninsula- 
Northeast Keewatin biophysical study area in the Central "3 ‘ Canadian Artie. 

to providezareal kndwledge of the physical and 
biological components of the terrain as back- 
ground'information relevant to land use ' 

planning and various aspects of engineering 
construction, especially to pipeline construc- 
tion in the area;

’ 

METHODOLOGY 
Basic Concept % The basic methodology of this 
biophysical classification is similar to that 
of previous land'classification systems, i 
especially that described by Lacate (1969), 
and some of the biophysical work carried out 
in the Mackenzie River area. All of these.’ 
previous biophysical studies were carried out 
in the forested regions of Canada, hence some 
of the terms and definitions'used in the 
Boothia—Northeast’Kegwatin biophysical 
mapping project have been modified to fit the 

arctic environment; 

The biophysical information in this project 
was presented on three levels: the ecoregion, 
ecodistrict and ecoarea. All three are inter- 
connected (hierarchical) and ecologically 
oriented. The landforms and surficial 
materials provided the basis for mapping on 
the ecoarea level since they are probably the 
most stable components of-the environent and 
provide the parent material upon which soils 
and vegetation develop. Vegetation played an 
important role in the delineation of climate 
on the ecoregion level but, since part of the 
area is sparsely vegetated or unvegetated, 
other components of the ecosystem, e.g. soils 
and permafrost (degree of cryoturbation and 
sorting), provided most of.the information. 

‘ The definitions of ecoregion, ecodistrict and 
ecoarea, the three basic levels of the system



used in this study, are as follows: 

Ecoregion - The ecoregion represents similar- 
ities of climate as determined by vegetation, 
soils and, to some degree, the permafrost con- 
dition, which then produce specific eco- 
systems on material having similar properties 
(Tarnocai and Boydell, 1975). Ecoregion 
boundaries were identified through field work 
and were subsequently mapped using l:l,000,000 
scale LANDSAT imagery.

T 

Ecodistrict - The ecodistrict is a sub- 
division of the ecoregion and represents 
similarities of geological, physiographical 
and geomorphological patterns, soil parent 
materials and associated ground ice condi- 
tions. The ecodistricts in this project were 
mapped at a l:250,000 scale and the bound- 
aries were subsequently transferred to the 
’l:l25,000 scale biophysical maps. 

Ecoarea - The ecoarea or mapping unit is a 
recurring pattern of landforms, soils and. 
vegetation. Most of the units mapped in this 
project are a single landform type, soil 
association and vegetation cover class with 
the remainder being composite units developed 
of two or more landform types. Ecoarea 
boundaries were mapped on l£60,000 scale 
panchromatic aerial photographs and were 
subsequently transferred to l:l25,000 scale 
Photomosaics and contour maps- 

MAJOR ECOSYSTEM COMPONENTS 
Eco-climate - An ecologically sound land 
classification must include the regional 
variation in climate. The detailed and long- 
term meteorological information needed to 
classify the climate in northern areas of 
Canada does not exist. Even if this informa- 
tion were available we do not now have the 
information necessary to establish which 
climatic parameters determine the critical 
ecological thresholds. This critical 
ecological threshold value can be estimated, 
however, through knowledge of the climate- 
vegetation-soil-permafrost relationships. 
A degree of climatic uniformity exists in an 
area (ecoregion) when similar ecosystems 
(with similar vegetation, genetic soil, 
cryoturbation, sorting and active layer) 
develop on similar materials and landform. 

Climate is placed at the highest (ecoregion) 
level in this biophysical land classification. 
Ali other levels are arranged according to 
this climatic framework. For example, a 
particular soil association occurs only under 
similar climatic.conditions and therefore 
does not cross ecoregion boundaries. 

161

~ 

Surfic‘al Geology and Geomorphology - The 
sy§tén“a§ed to map the surficial geology and 
geomorphology of the Boothia Peninsula and 
northeast Keewatin is basically the same as 
that used by the Geological Survey in the 
forested areas of Labrador, British Columbia, 
the Mackenzie Valley, central Manitoba, and 
most recently, in the tundra and ‘polar desert’ 
areas of Somerset and Prince of Wales Islands. 
It has been modified each time as new workers 
trimed or expanded certain features within 
it, attempting to accommodate new problems 
as they arose. Essentially, the system 
remains a compromise between the complex 
landform symbolling done in Europe and the 
systems which utilize simply names or numbers 
for their units outlining areas of homo- 
geneous terrain or areas exhibiting a 
characteristic recurring pattern of two or. 
more terrain types. The Australian CSIRO 
system is an example of the latter. 

The Boothia system employs a basic five-part 
symbol for identification of geologic] 
geomorphic units. In order of appearance on 
the interpreted photos, these parts, or 
descriptors ,as they are called, are l) 
material, 2) origin, 3) morphology, 4) relief 
and 5) slope, All parts are considered 
equally important; for ease of interpretation 
and symbol balance, material and morphology 
descriptors are written as lower case letters, 
origin as upper case; arabic numbers indicate 
slope and relief classes. the latter being 
included as a subscript. 

The system is highly flexible. Where neces- 
sary, stratigraphic information may be mapped; 
multiple material and morphologic descriptors 
may be appended to indicate the presence and 
relative amounts of each type wherever it is 
necessary to group them together. If 
secondary, perhaps relatively recent, perhaps 
very old, processes have markedly influenced 
or modified a primary landform, this can be 
indicated by one or more morphologio modifiers. 
Where a process such as stream_aggradation, 
degradation, or delta deposition is observed 
to be active, this can be indicated by a map 
symbol. Where two or more landform units 
occur in a meaningful, mappable pattern within 
an area, they may be mapped as a composite 
unit whose constituent relative abundances are 
indicated on a percentage basis. The system 
also provides for the mapping of relative 
abundances of two or more veneer types when. 
they occur in one or both units of a composite 
unit., Unfortunately, to do all this, the

A 

system employs what to some appears to be a 7 

rather bulky language base. We feel that the 
glossary is not unwieldy for a system which 
apparently can be applied successfully to a



wide variety of terrain conditions, such as 
those encountered during past programs in 
which it has been used and developed upon. A 
listing of the terms used in the Boothia work,V 
or in some cases, the modified terms employed 
on Somerset and Prince of Wales islands, is 
included as a glossary Appendix I, Sections 
A.l to A.4. ' 

In addition to the letter and numeric symbols 
used on the map to denote certain terrain’ 
conditions, a small number of’schematic

» 

symbols are used to indicate the occurrence 
of specific.features whose presence, size, 
or distribution it is felt necessary to show 
vseparately. These special symbols, and their 
meanings, are also described and illustrated 
in Appendix I. Section A.5. - 

To illustrate the system employed during the‘ 
geologic/geomorphic mapping stage, Figure 2 
is included. It consists of a stereopair of 
a portion of a l;60,000 panchromatic aerial 
photograph showing unit boundaries as 
determined by the geomorphologist; A complete 
decoding of the unit symbols is given in 
Table 1. Note that terrain with complex 
morphological relationships can be visualized 
from the symbols alone byta person familiar 
with the system. We feel that by using, where 
possible, the first letter of each descriptor 
term as part of the unit symbol, unfamiliar 
users stand a good chance of successfully 
‘utilizing the final maps with very little 
practice. 

Soils — Soils were mapped as soil associations 
The soil association is a sequence of soils of 
about the same age which have developed on 
parent material of similar origin and physical 
and chemical characteristics, but having 
unlike genetic_charaeteristics because of 
variation in relief and drainage. The soil 
associations are named after local geographic 
names. The numbers after the name indicate 
the change in genetic profile types (sub- 
groups) or lithological changes within a 1.5 m 
depth (veneer). Soil associations occur under 
similar climatic (ecoregion) conditions. Thus, 
soil association.names do not cross ecoregion 
boundaries. They could occur, however, on 
similar parent materials in several different 
ecodistricts within the same ecoregion. 

The soil classification used is included in 
Appendix I, Section B1. The soil parent 
materials were described on the basis of the , 

origin, texture and caco equivalent (see 
Appendix I, Section B2).' Soil drainage 
classes were also indicated and their descrip- 
tion is included in Appendix I, Section B3. 
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Vegetation — Vegetation comunities are named 
acc6¥ding—to the dominant species (see Table 2 
and abbreviations in Appendix I, Section Cl). 
In the map legend, the dominant vegetation 
communities are listed according to the 
increasing moisture condition within a soil 
associatign. On the biophysical map, the 
vegetation cover class (see Figure 4) is 
given for each ecoarea. 

DATA COLLECTION AND. ‘COMPILATION 
Field Data Collection — Field data.collection 
was carried out with full helicopter support 
and also utilized light, all—terrain vehicles 
and foot traverses. ‘Fixed-wing aircraft (Twin 
Otter) provided transportation for people, 
equipment and supplies between the base camp 
and fly_camps. 

‘The study area was covered by helicopter 
traverses using a Jet Ranger helicopter. 
Selected stops were made along these traverses 
and data was collected relating to surfiicial 
deposits, geomorphology, soils and vegetation. 
Soil samples and plant specimens were also 
collected during these stops. Information, 
especially that relating to landforms, 
materials and soils, was also continuously 
collected from the air during these traverses 
and this was immediately checked on the 

,previously interpreted lE60,000 scale pan- 
chrgmatic photographs. Light, all—terrain 
vehicles were used and foot traverses were 
conducted in areas where more detailed 
information was needed. In addition. drilling 
was carried out at 8 locations (for a total 
of approximately 14 days) and detailed soil 
and vegetation studies were carried out on 8 
sites (approximately 1 day per site). During 
the helicopter traverses (approximately 250 
hours flying time) 350 stops were made. The 
foot and all-terrain vehicle traverses covered 
60 miles (100 km) and l00 miles (l60 km) 
respectively- These field aetivities resulted 
in the collection of 401 soil samples, 68 
soil moisture and ice content core samples, 
27 carbon dating samples and 150 Plant 

' specimens. 

Data Analysis and Compilation - Ecoregions and 
ecodistricts were delineated during the field 
season and finalized the following winter. 
Detailed photointerpretation of surficial 
materials and landforms was also finalized 
during the winter. Later, the photographs

V 

were interpreted for soils and vegetation and 
changes or modifications in map unit boundaries 
were made if necessary. The final map unit 
(ecoarea) symbols were then produced- These 
symbols included the soil association descriptor
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Figure 2: Stereopair illustrating some examples of geologic/geomorphic 
units. Soil and vegetation data are subsequently integrated 
into the unit symbols. See Table 1 for a decoding of‘ 
te:z=1’r=a«i1*L data contained on this image.
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and vegetation cover class in the numerator and 
the genetic landform, relief and slope desig- 
nators in the denominator. This information 
was transferred first to l:125,000 scale photo 
mosaics and then to l:125,000 scale contour 
maps.

‘ 

The major changes were made in the original 
geologic/geomorphic symbols during integration 
of soil and vegetation data. Firstly, since 
geomorphologists tend to map texture in 
terms of grain size classes rather than in 
soil terms, their textural descriptors were 
translated into soil terms to become part of 
the ‘soil association’ descriptor. This 
change is made by the pedologist as he 
integrates his data into the map. By doing 
this, repetition of descriptors is eliminated.’ 
Unfortunately, the engineer (or even another 
pedologist who is not familiar with the 
area) probably will not be able to obtain 
textural information as readily after this 
change, unless he or she becomes completely 
familiar with the different soil association 
descriptors which, since they are based on 
geographic names, would surely become numerous 
as large areas are mapped. The engineer 
would probably benefit most if the original 
grain size descriptors were retained on the 
biophysical map as part of the geoglogyl 
geomorphology symbol. Doing so would not 
create additional cartographic size.problems. 

The second major change involves the transfer 
of stratigraphic information from the 
surficial geology/geomorphology symbols into 
the soils legend. The information is keyed 
to the map through the soil association 
descriptors which appear in their respective 
positions in the unit symbols. This move 
significantly reduces the bulk of the final 
symbol, thus avoiding creation of'a major 
cartographical size problem. Once again 
though, unless the engineer is completely 
familiar with the rather numerous soil 
association descriptors, he or she must 
search the soil legend thoroughly to obtain 
information about covered units in the area, 
rather than simply read it at a glance from 
the map. It appears, however, that retention 
of the original geomorphological descriptors 
for landforms with an overlying veneer would 
create major drafting problems at scales 
involving cartographically small units. 

The soil laboratory analysis completed during 
the winter following field work provided the 
basis for the separation and description of 
soil parent materials and for establishing 
and describing soil associations. The 
collected plant specimens were identified or 
the identifications were verified by the 

Department of Botany, University of Manitoba 
herbarium. Vegetation data were compiled and 
the major vegetation comunities were esta- 
blished according to the soil associations and 
moisture conditions. 

DESCRIPTION OF THE BIOPHYSICAL UNITS 
A portion of the Pelly Bay West area (see 
Figures 3 and 4) was chosen to illustrate 
this biophysical classification and all 
detailed information pertains to this area. 

Description of Ecoregions - Two ecoregions, 
the Low—Artic and the Mid-Arctic, were 
delineated in the Boothia Peninsula and 
northeast Keewatin area (see.Figure 3). A 
description is given only for the Low+Arctic 
ecoregion since the chosen portion of the 
Pelly Bay West lies within this unit. 

LQW:AIctic Ecore ion - This ecoregion covers 
the southern quarter of the study area and is 
designated by the ecoregion $Ymb0l L on 
Figure 3. There is continuous vegetation 
cover except on bedrock and eroding surfaces. 
Its northern limit coincides with the northern 
limit of some ericaceous species (Ledum 
decumbens, Vhccinium Vitis—idaea and V. 
uliginosum) and also with that of the tussock- 
forming Eriophorum species. Some willows up 
to 30 cm high are also present along the 
river valleys. The soils in this region are 
dominantly Turbic Cryosols developed on marine 
silt and clay and sandy loan textured till 
materials. Minor amounts of Static Cryosols 
(soils not affected by cryoturbation) which 
have developed on coarse textured fluvial out- 
wash and marine sand and beach deposits are 
present. The most common patterned ground 
types in this ecoregion are the non—sorted 
circles, ice-wedge polygons and earth humocks. 
There is some active peat development in this 
region but these peat deposits cover only 
small areas and are relatively shallow.

~ 

The thickness of the active layer under various 
drainage conditions and soil materials is as 
follows: well to imperfectly drained till, 
80 — 90 cm; poorly drained till 40 — 70 cm; 
well drained sand and gravels, 70 — 80 cm; 
poorly drained sands and gravels, 40 - 60 cm; 
imperfectly drained marine silts and clays, 
40 — 60 cm; poorly drained marine silts and 
clays, 30 ~ 40 cm; well to imperfectly 
drained alluvinm, 60 - 80 cm; and poorly 
drained alluvium, 30 - 50 cm. 

Description of Ecodistricts - The various 
ecodistricts delineated in the Boothia 
Peninsula and northeast Keewatin area are 
designated by an arabic number following
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LEGEND ' 

L -Low ArcficA 

M-émw-Amnc 
2 -Ecojdisfricf Number 

""’ Ecoregion Boundary. 
"=-"' Ecodisifricl B.Voundar‘y. 

Lord Mayor 
SCALE Bay 

94° 92° 90° 

Figure 3. Fcoregions and ecodistricts ‘in the study area. Location 
of area discussed in text is shpum. 
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LEGEND 
TERRAIN 

(Map Symbol) 

GENETIC LANDFORM cLAss MDRPHOLOGIC MODIF1ER (upper case) 

rn marine D dissected 

g Zifigziailluvial floodplain RELIEF CLASS (numerical subscript) 
$3 .bedffick"fg}afi1t1¢j 

My 
1 less than 6 meters 
‘2 6 - 20 meters 

MORPHOLOGY AND SURFACE FORM - 3 21--‘SO meters 
4 greater than 50 meters 

(lower case) p plain = f1at* 
v veneer 
t terraced 

SLOPE CiASS (numerical, on line) 
1 - 5 degrees 
6 - 15 degrees 
16 - 35 degrees 
greater than 35 degrees 
complex s19pes 

UI‘bL9NH 

condsrrr UNITS 

I first of units is more than 802 of total unit area 

I’ first of units is more than 601 ofi total unit area 

_ 

. units are of roughly equel proportions 

For Soil-and Vegetation description, see Table 1; 

VEGETATION COVER CLASSES 
Map Symbol 

1 - Unvegetated (less than 10%) 
2 - Sparse (10 - 40%) 
3 - Moderate (41 - 70%) 
4 - Abundant . (71 — 90%) 
5 f Continuous (91 - 1002) 

MAP SYMBOLS 

Break of slope (scary) ,,n«wwn~+n+ 

Ice wedge po1ygon‘:1IIIII1¢III 

EXPLANATION OF MAP SYMBOL 

Soil Vegetation Cover 
Association \<§\ Class 

Ar1 5. 

flflpbt 5 

‘57l;;;;9n§/ Slope Class 
Relief Class 

Figure 4. An example of the_Z:125,000 scale Pelly Bay West biophysical map.
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Explanation of geologic/geomorphic data encoded in Figure 2. 

alluvial deposits; 60-801 
of the unit is a plain s_ub_1ec__t 
to annual flooding. The plain 
possesses slopes less than 5'‘ 

and a total relief of 5-20 m. 
‘lfhe remainder of the area 
consists of terrace gravels 
above the apparent limit of 
the spring flood. The terraces 
are very low, w_it_h_ slopes less 
than 5° and relief less th_an'5 m_. 

weathering. The entire area 
has been inundated at some time 
by a standing body of water, 
resulting in a certain amount of 
sorting of the surface materials. 
Fine grained deposits may be 
expected to occur in depressions, 
scattered gravel beaches or 
leg co'nce'ntr'at‘e may occur on 
the rises. 

Unit Symbol Explanation Unit Symbol Explanation Unit Symbol Explanation 

f mpz-1 marine plain consisting predom- szfzl These fan-shaped areas consist tlivw-grwvw this area consists of gently 
inangly of 511: and fine gang; of alluvial gravel which is in cam In 2 rolling carbonate and shale bed- 
rggignal s_1op_e _1a'_5a_ than 5", large part subject to annual 3 2 rock with macroscopic relief of 
toul re11¢£ £1-up 1gw_gg; to flooding during the period of 2].-50 m and slopes commonly less 
highest point 5-20 m. snow-melt. The fans are quite than 5°. Superimposed on this 

low, with slopes less than 5" gently rolling landscape occur 
3mPZ1'11/MVZ1 :s§:“:; zoirzfiéfi; :::n:°“ and total relief 5-20 m_. lowerbedrock hills (relief°5-20m) 

plain with regional slope gKf22 A_s above, but the fan surface 2:” age-epu slopes Of 6-15 ' 

. , . 7 out 60-802 of the area is 
less than 5 and a total is steeper. possessing a slope‘ , covered 5 a veneer (ins than 
"15: "5 5‘i.°, ';*%11.'h° Plafi: ‘ 

‘ff °'15'- 1.5 m) ofytill; the remainder 
gznmrgaua 3.521 5:2’; :1‘, :: rrwvfl This area consists of gently (20-401 of the area) is covered 

la“ than 2 m in he‘ ht cam ih 3D A rolling carbonate and shale by a veneer of silty rubble pro- 

wuh local slopes his than /A 1 2 ‘ bedrock (average slope less duced by weathering of bedrock. 
5-V.’ -~rema~indvvu_ -of Hie-~ than §otal relief more The entire arlea was once below 

‘ 
- -- ~ than m . In places the bed- water. This as to ‘some extent 

gealgggfi :l;::82::)m:::::Bt° rock is htmzmocky, the hummocks modified the original materials 

511: and flue hand The“ being less ‘than 5 m in height through sorting and/or redepo- 

areas possess a regional slope hut w1'F'h "tggp slopes of 1'6-3-5" “dam 
not greater than 5' and a :o:31 {he bedrock bl-3 bean dissected rCv these areas of carbonate and 

. y water erosion at some time -.-P: 
relief of 5-20 m. in the Put The diaaéctian canal.‘ shale bedrock conzist g§.steeply 

- . 

' 
. . 1 

gAp1l this area is a grsvelly produced generally does not Sczipngacggegfié majsmum ieuéf 
alluvial plain above the exceed 20 m in relief but the - 

- - 

- greater than 50 m The scarps 
apparent limit of annual spring slopes are very steep (more '

- 

floods The plain aiopes at than 35'). Most of the bedrock are in P?" c°Y§red by a van“: 
an angle less than 5‘ and surface is covered by a thin 

°f ruhny °°11“v“1 “bus. “Wed 
mm mm s m v.;;.e;; <,m;,=m,1-5; . z:.:::.::.:‘:::.:::*:::“.:::;. 

o relief. ‘ t c o s t_ an_ ro_c ru _e * 
. 

- ' 

EXP 11“ 1 this “ea consists of n derived through the action of of gravity‘ 

2 1 ' 3"-‘'° 3' mechanical and/or chemical 

Table 2: Soil dnd vegetation portion of the biophysical map legend.

~ 

Map Ecoregion Parent Material Ground Ice and Ice Content 5 0 I L 
A 

Depth Vegetation 
Symbol and G N d 0f 

E°°d1"r1°t Assizfition egraifigean 2:‘; 

Arl Noncalcareous to weakly cal— Massive ground ice in near Ar'r'ow'smith Brunisolic Turhic -"$0-50 Ner, Et-Mo-L, Ho-L—!-Io. 

caredus si-lty clay to clay surface permafrost (0.5 m River 1 qryosol (I 7) 
_ 

‘ Mo-,Cx » 

marine deposit. or more thick). Ice Gleysolic lfurbic 3-5_60 VEC 
lenses, segregated ice Cryosol (P 3) 
c_ryst_a_ls and vein ice 
are also common’. 
High ice content. 

Ar2 Noncalcarsous to weakly cal- Ice lenses, segregated ice Ar'ro'w‘s'mith Regosolic Static 70 Ner
7 

careous silty clay to clay crystals and vein ice. River 2 cryosol (W) 
mhrine deposit. liedium ice content. _ _ 7 

K21 Noncalcareous marine sand. iiassive ice wedges and Keller Brunisolic Static 3'5-70 L‘-Er, Cr-Mo-Dr, ho-‘L 

segregated ice crystals.‘ River 1 Cryosol (W 8) 
High ‘D 1W 1“ c°n"nt' Regosolic Static 300-90 her 

_ _ Cryosol (W 2) V
. 

xez 1'4 Less than l_.5 m of non_c_al- Massive ice wedges and Kellet Brunisolic étatic 35-70 L-Er, Cr-M.o'—D_r, lflo-L 

careous marine sand over ‘segregated ice crystals. River 2 Cryosol (W) 
marine clay. 

I h t_o Icy i5_e content. V 

Spl Weakly calcareous to noncal- Ice lenses and segregated Steel Point 1 Regosolic Static 90 N 
careous recent sandy ice crystals. ~ Cry'o'sol (P) ‘ 

alluvium. Low to medium i_c_e content. 

Sp2 Weakly calcareous to noncal'- Ice wedges, ice lenses and Steel Point 2 Regosolic Static 60-80 L-Er, Ca-ho-Dr, Mo’-L 
c'areou's sandy slluvium. segregated ice crystals. Cryosol (V1,; 6) 

Medium to high ice content. Brunisolic Static 
_ _ 

Cryoaol (w,I lo) A 

Pc Cosrse—gra_i_ned igneous or --- Precambrian —‘——— -- N 
V’ _ 

metamorphic rock containing Granitic 
quartz as an essential Bedrock 
component, along with feld— ' 

spa; and msfic minerals; 
mainly refers to granite 
and granite gneiss. 

NOTES: 
l 0 

Bedrock slope classes are a's'sum'ed to be complex unless otherwise shown. 
Strstigraphy: 
Drainage Distribution: 

Soil Classification: 

Dep th__ of Thaw: 

d_ep_o_sits less than _l.j5 m _t_hick are indicated as a veneer (v). 
The percentage of each d_r.s_i_nage class is indicated by a decile number 
following the drainage symbol. 

Univ. of Sask., Saskatoon, May 16-18, l973, p. 346-355. 
measured in August, 1974?.‘ 

For abbreviations of plant species, see Appendix 1. Section Cl. 

See Proc. of the Ninth Meeting of the Canada Soil Survey Committee,
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the ecoregion symbol (see Figure 3). A 
description of this ecodistrict, L22, in 
which the Pelly Bay West example lies, is as 
follows: 

Ecodistrict L—2 — The western and central por- 
tion of this district (area between Pelly Bay, 
Arrowsmith River and L-l district boundary) is 
a Precambrian upland with moderate relief. A 
discontinuous veneer of Pelly Bayitill occurs 
mainly in valleys and depressions. The

_ 

surface material of the eastern central part 
of this district, which lies in the Arrowsmith 
River area, is dominantly marine clay 
(Arrowsmith clay) while to the east, the 
terrain is dominated by low granitic hills 
with various amounts of Pelly Bay till and 
Arrowsmith clay. Kellet River sand commonly 
occurs in the southern part of this district. 
Massive ground ice, ice lenses and vein ice 
in the near surface permafrost are comonly 
associated with the Arrowsmith clay. Massive 
ice wedges associated with polygons are 
comon in Kellet River sand and Stael Point 
sandL The ice wedges are especially well- 
developed where Kellet River sand overlays 
marine clay (mapped as Kellet River 2 soil 
association). Pelly Bay till is associated 
with only segregated ice crystals and small 
ice_lenses.

' 

Description of Ecoareas 4 The ecoareas are 
presented on the l:I25,000 biophysical maps 
(Tarnocai et al., in preparation), and are 
classified and described according to their 
characteristic pattern of landform, soils and 
vegetation. The map symbols contain the soil 
association and vegetation cover class 
descriptors in the numerator and the genetic 
»landfofm, relief and slope descriptors in the 
denominator (see Figure 4). The soil parent 
materials, ground ice, ice content, genetic 
soil name, depth of thaw and the dominant 
"vegetation communities are found in the_soil- 
vegetation portion of the map legend (see 
example in Table 2). 

Most of the map units represent a single 
landform type,.soil association and vegetation 
cover class on the biophysical map (e.g. 
Ail 5 

). Composite map units, however, occur 
P where these components are not 

separable at the l:25,000 scale. In this 
case, the components are labeled separately 
and their percentage distribution is identified 
by a symbol .Arl 5 Pc 1 

\ 
V 

(e-g--3fi;- E§-I- ). 

ANTICIPATED USES
_ 

The interpretation of data presented in this 

biophysical study was used for determining 
terrain sensitivity and trafficability ratings 
of the terrain and for estimating the granular 
resources of the area. These interpretations 
were carried out because of their importance 
for pipeline construction. 

This information can also provide a basis for 
determining the capability of the terrain to 
support wildlife and also forestry and 
agriculture if a similar system is used in more 
southern areas. 

COST ESTIMATE OF THE PROJECT 
In total, 5.5 man—years (4 professional and 
1.5 technical man—years) were spent on this 
project. This includes both the field work 
and the office and laboratory work portions. 
The estimated unit cost of the project was 
$8t1/miz. This figure covers the field 
expenses, including the helicopter and fixed- 
wing flying, salaries, materials, equipment 
and shipping cots. 
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APPENDIX I 

A._ Description of Landforms — The genetic 
landform terms used in the Boothia biophysical 
maps, or modified terms based on subse- 
quent work, are defined and briefly 
described below. 

1. Origin 

Morainal - Relating to accumulations of 
unsorted, unstratified glacial drift (till) 
deposited chiefly by the direct action of 
glacier ice in a variety of landforms that 
are primarily independent of control by the 
Surface on which the drift lies. 

Ice—Contact Outwash - Landforms consisting of 
stratified deposits formed in contact with 
melting glacier ice, such as an esker or 
kame. 

V

‘ 

Proglacial Outwash - Pertaining to the land- 
forms and stratified.deposits produced by 
meltwater flowing from wasting glacier ice. 

Marine - Pertaining to materials deposited in 
marine environments; These may form a

' 

blanket of offshore silts and clays, or may 
occur as a series of marine nearshore feat- 
ures, largely composed of gravel and sand, 
such as spits, bars and beaches. 

Deltaic - Refers to alluvial sediments 
deposited where rivers or streams enter 
(entered) standing bodies of water, forming 
broad, nearly horikontal tracts of land,

K 

large or small, which extend-(extended) into 
the present (former) water body. 

Alluvial — Sorted sediments of wide particle 
size range, transported and deposited by‘ 
running water in postglacial time. Units 
are subjectively mapped as active or in- 
active. Active floodplains are those 
immediately adjacent to and below the assumed 
or apparent maximum annual flood level of the 
river or stream which deposited them. They 
comonly support only scant vegetation due to 
yearly flooding and deposition of fresh 
sediment. The surfaces of inactive flood- 
plains are generally at an elevation of 1 to 
3 m above the assumed or apparent maximum 
annual flood level. 

Colluvial - A general term applied to loose 
and incoherent deposits, usually at the 
foot of a slope or cliff and brought there 
chiefly by gravity; may include soliflucted 
material on gentle or strong slopes. 

Eolian — Pertains to deposits such as loess 
or dune sand whose constituents were trans- 
ported, and deposited by wind. 

Weathered Product — A general term referring 
to any significant occurence of essentially 
in situ or cryoturbated unconsolidated or 
partially consolidated material derived from 
an underlying bedrock source through the 
action of mechanical and/or chemical 
weathering. ’ 

Bedrock - A general term for the rock, usually 
solid, that underlies unconsolidated surficial 
material, or is exposed. 

2- Bedrock Type 

Granitic - A term broadly applied to identify 
coarse-grained igneous or metamorphic rock’ 
containing quartz as an essential component, 
along with feldspar and mafic minerals;

_ 

mainly refers to granite and granite gneiss; 
may include minor outcrops of other igneous, 
volcanic, or metamorphic rocks. 

Carbonate - A term intended to identify rocks 
with consist primarily of carbonate minerals; 
mainly refers to limestones or dolomites; 
may include minor occurrences of conglomerate, 
breccia, sandstone, or shale. 

Shale - A laminated sedimentary rock in which 
the constituent particles are-predominantly 
of the clay or silt grades; may include’minor 
outcrops of sandstone or carbonates. 

Sandstone - A cemented or otherwise compacted 
detrital sediment composed predominantly of 
sand-sized quartz grains; may include minor 
outcrops of conglomerate, carbonates, or 
shale. 

Conglomerate -‘A cemented elastic rock con- 
taining rounded fragments corresponding in 
their grade sizes to gravel or pebbles; may 
include minor outcrops of sandstone. 

' 

3. Morphology 

Plain - An area of terrain, large or small, 
with little or no surface undulation; total 
relief and average slope indicated by 
appropriate numeric symbols. 

Rolling - A gently to strongly defined 
succession of hills or broad undulations that 
impart a wave effect to the surface.. 

Humocky - A term referring to the presence 
of moderately to strongly defined mounds, 
knolls, hillocks, or tors which may occur



in closely spaced groups mappable as a single 
terrain unit, or as individuals superimposed 
upon a rolling, ridged, or planar landscape. 

Ridged — A term referring to the presence of 
gently to strongly defined linear hills or 
smaller surface undulations which may occur 
as large individuals or in closely spaced 
groups mappable as a single terrain unit, or 
as individuals or closely spaced groups of 
individuals superimposed upon a rolling or 
planar landscape. 

Terraced — Refers to the presence of one or 
more, relatively level or gently inclined 
surfaces, bounded along one edge by a steep 
ascending slope and along the other by a 
steep descending slope. Terraces commonly 
occur along the margin and above the level 
of an ocean, lake or river, marking former 
water levels. 

Kettled - An area characterized by numerous 
steep—sided, bowl- or basin-shaped depres- 

‘ sions often containing a small lake or pond; 
primarily occurs only in ice—contact, or 
near-glacial, outwash deposits. 

E35 - A gently to strongly sloping mass of 
alluvial or colluvial material forming a‘ 
‘segment of a cone, commonly at a place where 
there is a noticeable change in gradient. 
Colluvial fans, deposited chiefly by mass 
wasting, are generally too small to map at 
a scale of l:l25,000. They are a common 
landform situated at the base of most scarps 
in bedrockédominated terrain. ~ 

Scarped —'An area containing one or more 
escarpments, cliffs or very steep slopes of 
some extent along the margin of a plateau, 
mesa, terrace, bench, or forming the sides of 
a valley. 

4. Morphologic Modifier 

Dissected — A term referring to a pattern of 
closely spaced gullies, ravines, valleys, or 
other linear depressions, and the remnant 
interfluve ridges, formed by water erosion 
acting upon a gently undulating or planar 
topographic surface. 

Washed - A general term referring to landforms 
which have been modified in some manner by 
wave action. The process has resulted in the 
sorting of surface materials, such that 
fine-grained sediment has been moved from 
high ground to adjacent depressions, or in 
the formation of scattered minor beaches. 

Note: The term ‘boulder covered’, a 
morphologic modifier used in the Boothia 
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mapping project to indicate areas of felsenmeen 
has been deleted from the updated version of 
the legend based on classification problems 
encountered on Somerset and Prince of Wales 
Islands. Classic felsenmeer is now being 
mapped as rsWv - rubble and sand weathered 
veneer. It is probable that much of the 
silty rubble overlying Paleozoic rocks of the 
high Arctic is also felsenmeer-like in its 
origin. 

5. Special Symbols 

Drulin, drulinoid (ice direction indicated, 
not indicated) ___4——g ———e——- 

Crageand-tail (ice movement in direction 
of arrow) ———e—5> 

Fluting (ice direction indicated, not 
indicated) ~ ——o% joe- 

/"\\\.l/“‘*O— 

Esker (direction of flow assumed, uncertain) >>>> <><> 
Moraine ridge 

Pingo 9 

Meltwater channel (large, small) w—-:7-_A__v. 
Abandoned beach ridge /*—_‘*———3fr_‘*\ 

Escarpment 1;*1"T"T‘1"1’ 

Slump "V "‘ 
/VVVVVN Retrogressive thaw—f1ow slide 

Frost-cracked terrain (including ice wedges) 

Soil B. 

1, Soil Classification of Cryosols 

Order Great Group Subgroup 

C1-yosolic Turbic Brl1I'l'iS01iC TU.-rib iC 
Cryosol Cryosol 

. Regosolic Turbic 
Gleysolic Turbic 

Cryosol 
Static 

, 
Brunisolic Static 

Cryosol Cryosol 
Regosolic Static 
Gleysolic Static 

Cryosol 

For a more detailed description of Cryosols 
see: Proc. of the Ninth Meeting of the 
Canada’Soil Survey Committee, Univ. of Sask., 
Saskatoon, May 16-18, 1973, 
p. 346-358 .
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2. Calcareous Classes - The classes are de- 
termined on the basis of the CaC03 equivalent. 
The classes are as follows: ‘ 

a) Weakly 
calcareous 2-5% CaC03 equivalent 

b) Moderately '_ 
calcareous 6-15% " " 

c) Strongly
_ 

calcareous 16-25% " " 

d) Very'strongly 
calcareous 26~40Z " " 

3; Soil Drainage Classes — The three soil 
drainage classes used are described below: 

Well drained — Water is removed from the soil 
readily but not rapidly. Well drained soils 
are commonly coarse to intermediate in texture, 
although soils of other textural classes may 
also be well drained. Well drained soils, 
especially coarse textured materials, have 
the deepest active layer. 

Imperfectly drained - Water is removed from‘ 
the soil slowly enough to keep it wet for 
significant periods but not all of the time. 
Imperfectly drained soils commonly have a 
slowly permeable layer within the profile, 
a high water table, additions through seepage, 
or a combination of these conditions. 

Poorly drained - Water is removed so slowly 
that the soil remains wet for a large part of 

the time. The water table is commonly at or 
near the surface during a considerable part of 
the year. Poorly drained conditions are due to 
a high water table, to a very shallow active 
layer, to seepage or to some combination of 
these conditions. 

In Table 
follows: 
drained; 

2 drainage classes are abbreviated as 
W — well drained; I — imperfectly 
and P - poorly drained.‘ 

C. Vegetation 

Vegetation communities are named according to 
the dominant species and listed (see Table 2) 
in order of increasing moisture condition of 
the site. The species abbreviations used in 
Table 2 are shown below. . 

Ca — Carex rupestris, Carex scirpoidea 
Cs - Cassiope tetragona

b Crt— Carex misandra, Cqrex saxatilis 
Cx — Carex stans 
Dr - Dryas integrifblia 
Er - Ericaceae (Ledum decumbens, Vaccinium 

uliginosum, V. Vitis-idaea var. minus} 
Eo — Eriophorum angustifbZium'«. v

‘ 

Et - Eriophorum Tussock (Eriophorum vaginatum) 
L - Lichens ' 

- 

_

. 

Mo - Mosses 
N - Unvegetated (Nudum)

_ 

Sa a Saxifraga oppositifblia 
Sx Salix arctica 

(Modifier abbreviations) 
cb - Cryoturbated 
er — Eroded



LA CARTOGRAFSHIIE EcoLoGIouE INTEGREE DU TERRITOIRE 
DE LA BAIE JAMES 
M. Jurdant, J.L. Bélair, J.P. Ducruc et V. Gerardin 
Service des Etudes Ecologiques Régionales 
Direction des Terr"es 
Environnement Canada 
Ste—Foy, Québec 

RESUME 
La gestion des ressources naturelles d'un 
territoire aussi vaste que celui de la Baie 
James (4l0,000 kmg) dbit étre basée sur une 
planification écologique intégrée a long 
terme. Une telle planification presuppose la 
connaissance dynamique des écosystémes obte- 
nus par un inventaire écologique intégré de 
l'espace. Depuis l973, une équipe multidisci- 
plinaire de 29 personnes a entrepris la carto- 
graphie écologique systématique du territoire. 
Nous exposons les concepts méthodblogiques de 
base et définissons les divers niveaux de 
perception (Region Ecologique, District Ecolo- 
gique, Systeme Ecologique, Type Ecologique et 
Phase Ecologique) utilises dans la realisation 
d’une telle cartographie. 

INTRODUCHON 
La gestion rationnelle d'u territoire doit 
étre basée sur une planification intégrée 5 
long terme. Cette planification doit, en 
outre, étre écologique, c'est-5-dire basée 
sur le respect des équilibres naturels. 

Dans le but de fournir au planificateur et E 
1'aménagiste les informations concernant les 
ressources, leur potentiel et leur suscepti- 
bi-lité 5 la degradation, 11 est nécessaire de 
procéder 5 un inventaire écologique de l‘es- 
pace en uités.identifiées, caractérisées et 
nommées par les composantes'biophysiques de 
l'env1ronnement qui reflétent le mieux les 
perspectives d'uti1isation du milieu naturel. 

La carte écologique représente l'inventaire du 
'Capita1—Nature' (1) d'une région. Elle per- 
met de déterminer les alternatives de develop- 
pement les plus conformes au maintien des 
équilibres écologiques.. Trop souveht, les 
études écologiques ne-sont incorporées an 
processus de planification que dans les der- 
niéres phases, alors que les décisions sont 
déji prises. C'est ainsi que 1'écologie est 
devenue pour beaucoup une science contesta- 

(l) Expression mise de l‘avant par Saint-Marc 
(1971). 

ABSTRACT 
Natural resource management in a vast area 
such as the James Bay Ierritory (4l0,000 kmg) 
must be based on long-term integrated ecolo- 
gical planning, which presupposes a dynamic 
knowledge of the ecosystems involved obtained 
through an integrated ecological space invent- 
ory. Since Z973, a 29-man multidisciplinary 
team has been carrying out a systematic ecolo- 
gical mapping of the area. The basic methodo- 
logy is outlined and the various levels of 
perception used in ecological mapping (Ecolo- 
gical Region, Ecological District, Ecological 
System, Ecological Zype, and Ecological Phase) 
are defined. 

taire, centrée sur les analyses d'impact alors 
qu'e11e peut et qu'elle doit étre une science 
permettant d'orienter le développement pour 
optimiser le ‘Capital-Nature‘. 

Lors de sa création en 1971, la Société de 
Développement de la Baie James a tech pour 
mandat de procéder 5 l'aménagement intégré des 
ressources de cet immense territoire de 
410,000 kfiz (figure 1) tout en veillant 5 la 
qualité de l'environnement. Pour beaucoup, ce 
territoire étant totalement inconnu et, 5 part 
les richesses hydro-électriques, 11 he repré-~ 
sentait qu'une immense étendue de tourbiéres 
et de foréts rabougries improductives. La 
premiere tfiche consistait done 5 évaluer ces 
ressources et leur potential. 

A ce moment, un groupe de chercheurs d'Envi- 
ronnement‘Canada venait de mettre au point une 
méthodologie d'inventaire écologique du terri- 
toire grace 5 la réalisation d'u projet- 
pilote dans la région du Saguenay-Lac—St-Jean 
(Jurdant et al., 1972). Cette recherche fai- 
sait partie d'un effort déployé 5 l'échelle 
nationale visant 5 mettre au point ue méthode 
d'inventaire intégré des ressources naturelles 
applicable aux territoires nordiques du pays 

Proc. lat Meeting Can. Comm. on Ecological’ (Bio-physical) Land Class. May 25-28, Z976, Peta-mama, Ont.



.(Lacate, 1969; Jurdant et aZ., 1975). 

174
_ 

L59 

LEGENDE 
Territoire échantillonné en I973 

Territoire échantjllonqné on I974 

Tenitoire échangijlqnndé en I975 

~~ 

Figure 1: 

Gr§ce 
5 une entente entre la Société de Déve1oppe- 
ment de la Baie James et Environnement Canada, 
le SEER (Service des Etudes Ecologiques Ré- 
gionale des Terres 5 Qqébec) fut donc chargé 
de réaliser, en trois ans, la classification 
et la cartographie écologique de tout le ter- 
ritoire de la muicipalité de la Baie James. 

CONCEPTS METHODQLOGIQUES E1_' 
BUT DE L’lNVENTA|RE ECOLOGIOUE 

Subdiviser le tefritoire en unités 'iso-éco1o- 
giques', tel est, en essence, l'objet méme de 
l'inventaire écologique. 
nous entendons semblable quant 5 la distribu- 
tion des processus écologiques opérant dans ' 

1'écosyst§me. Ces processus doivent §tre~ 
analysés, classifiés et interprétés quant 5 
leur signification par rapport au fonctionne- 
ment global de 1'écosystéme.. L'inventaire 
écologique est, avant tout, un inventaire de 
processus tres divers devant faire~appe1 5 
l'intervention aussi intégrée que possible de 
plusieurs disciplines parmi lesquelles la pé- 
dologie, la phytosociologie et la géomorpho- 

Par 'iso-écologique', 

Localisation du territoire étudié 

logie jouent un r61e prépondérant. 

La méthode utilisée est basée sur une inté- 
gration a priori par laquelle 1e travail inter- 
disciplinaire est une réalité fonctionnelle 5 
toutes les phases du travail: la definition 
des objectifs, la description des écosystémes, 
l'échantillonnage, l'expression des hypotheses, 
la determination des criteres de classification, 
la cartographie et 1'interprétation des éco- 
systemes. - . 

Pour développer cette méthodologie, nous nous 
sommes inspirés de divers travaux d'écologie 
appliquée 5 l'aménagement du territoire, tont 
particuliérementg des méthodes fondées sur u 
travail multidisciplinaire et une integration 
a priori. Citons, entre autres, 1'approche de 
1'éco1e.australienne du C.S.I.R.O. (Common- 
wealth Scientific and Industrial Research Or- 
nganization) (Christian,.l952; Christian et 
Stewart, 1952 en 1968; Christian et aZ., 1968); 
les travaux du C.E.P.E. (Centre d'Etudes Phyto- 
sociologiques et Ecologiques) de Montpellier 
(Gounot, 1958; Long, 1969 et-1974); ceux de 
Hills (1961) en Ontario; les études effectuées
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Figure 2. Organisation en modules d'ufieAééuipe multidiéciplinaire d'inventaire écologique. 

iénuue sou ’ 

LEGENDE 

a fofestier, éico-pédologue 
b a_gronome. écopédologue 
c biologiste, phyfo-écologiste 
di,d2 forestiers, phytotécologisjes 
e1.e2 géographes. géom6rDhbJ°QU_eS 
f‘ §éog'ra'p_he. phytosociologue 
g1.g2 piqlogistes. éco-pédologues 
rj_ biologisle, phytosociologue 
j'1.j2 forestiers, phytosociologuos 
k fiofestie}. pédqlogqe 
I géographe. pédologue 
m technicien», taxonomie végétaje 
n téchnicien. phytosociologue 
p1. p2.o3 te,ch'nici_ens., Dédologues 
q teqhnicign forestier 
r1, r2. r3 techniciens de |abora1oi_re 
s'1 

, s2 d_essi‘n_'ate>urs 
1 secrétaire 
v1,v2 techniciens 

cat o_r_gan_i'gramme 
‘ 

est celui du service 
des Etudes Ecologiques fiégionalds, 
Direction région'a[I"o des Torres 3 O_u6be_c. 
gm‘ r -V _ pour .3 

- -' 

du programme d’étude écologiquie du 
territo_i_r_e de la Baie James (I973-I976). 

MODULE VEGE1A1’,l_OjL_v W3 XKEEE~ 
’|IODULE PHOTO-INTERPRETATION 

immmmm» 

sous 1'égide de la Commission Canadienne de 
Pédologie (CCP, 1972) et finalement plusieurs 
travauk de l'auteur principal de cette publi- 
cation (Jurdant, 1968). 

Dés 1e début de nos travaux d'inventaire, nous 
ffimes conscients du danger inhérent'5 tout 
travail soientifique: celui de produire des 
documents uniquement compréhensibles par les 
scientifiques, cités dans des revues up peu 
partout dans le monde et inutilisés daus la 
région méme pour laquelle ils ont été bétis. 
Pour éviter cela, nous avons clairement défini 
les thémes interprétatifs‘§ étre développésoa 
partir du document-écologique de base." La 
carte écologique doit permettre de lever, dans 

les mémes contours cattographiques, les cartes 
interprétatives suivantes: ' 

— la vocation agricole, 
- la vocation forestiére, 
- la vocation récréative, 
- la vocation faunique, . 

e la vocation récréative des écosystémes 
aquatiques, ‘ i

- 

4 1'attrait du paysage, -
v 

- les chronoséquences végétales aprés feu, 
coupe ou tout autre.type d'intervention, 

— les possibilités d'uti1isation des sols 
pour 1'ingéniérie, 

- la traficabilité, 
- 1e potential de régénération naturelle,
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~ les risques de chablis, logique de l'espace: 
- les risques d'érosion du sol, ’ 

- la capacité de rétention en eau des sols, ler niveau: 1a REGION ECOLOGIQUE (échelle ' 163 risques de destruction OU de déé d'expression l:1,000,000): portion de 
gradation de la vegetation et des sols, tgrritoire caractérisée par un climat - la production potentielle pour diver— regional distinctif, te1 qu'exprimé par 
ses espéces végétales utiles pour 1'a- la végétation. 
griculture, la foresterie, la faune ou 
l'amélioration de la qualité des 2e niveau: 1e DISTRICT ECOLOGIQUE (échelle 
paysages, ‘ d'e3pression l;500,000): portion du ter- 

- les niveaux de complémentarité et de ritoire caractérisée par un pattern pro- 
compat-ibilité des -diversets ressources pre du relief, de la géo-logie, de la geo- 

' 

naturelles renouvelables. 
_ morphologie et de la végétation régionale. 

- 3e niveau: le SZSTEME ECULOGIQUE (échelle 
LES CRITERES DE LA d.'expression 1:125,ooo): portion du ter- 

CLAS.$|F|CAT|0N ECOLOGJQUE ritoire ca-ractérisée par. un pattern pro- 
, pre du relief, des matériaux géologiques 

Les Critéres ont été ChOiSiS en fonction d¢S . de surface, des sols, des chronoséquences 
objectifs poursuivis, de leurs possibilités végétales et des plans d'eau. 
d'interprétation par télédétection et de leur 
permanence; Les critéres retenus sont les 4e -niveau: le TZPE ECOLOGIQUE (échelle d'ex- 
suivants: . pression l:20,000): portion de territoire 

caractérisée par ue combinaison relative- 
E£QS fitémesnterrestres: ’ ment uniforme du sol et de la chronosé- 

quence végétale. - le climat regional, " 13 PhYSi08r3Phiea ’ 
- 5 niveau: la PHASE ECULOGIQUE (échelle d'ex- 

- la géologie du substratum, pression l:10,000): portion de_territoire 
‘.13 gé0m0fPh01°8iea caractérisée par une.combinaison relative- 
- le relief, ment uniforme du sol et de la vegetation. - la pédogenése (type de développement du 
~sol),~. . La cartographie écologique du terfitoire de la - la chronoséquence végétale, ' 

Baie James se situe principalement au 39 niveau, — la texture, l'épaisseur et la pétrogra— bien que Districts et Regions Ecologiques soient 
phie du sol, également cartographiés. Par contre, la classi- 

- le regime hydrique du sol, fication écologique du territoire est réalisée 
' 13 natfire des horizons organiques de 5 chacun de ces cinq niveaux de perception. 

surface, 
"' 1"i"‘3h7‘°’-i°“°“‘i‘°' et la structure de 13 REALISATION PRATIQUE DE L’lNVENTA_lRE ""g°tati°“’ ECOLOGIQUE - la composition de la végétation, " 
- la texture et la pierrosité du sol, Le programme de classification et de cartogra- - la pente. phie du territoire de la Baie James a été réa- 

- 

_ 
lisé par une équipe multidisciplinaire de 29 

Ecoszstémes aguatigueS= 1 personnes dont la composition et l'organisation 
sont illustrées E la figure 2. - l'étendue, 

-‘la profondeur, ‘ Un plan de reconnaissance sur le terrain est 
- la géomorphologie des berges, étafili 5 partir-d'ue photointerprétation pré- 

. 
—‘le découpage du périmetre aquatique, liminaire des Districts Ecologiques. L'objectif 
- la pente de la berme, de ces reconnaissances est de découvrir, pour 
- le.re1ief des rives, ensuite les définir, les principales sequences 
--le systems de drainage. existant entre la vegetation et les principaux 

. gradients écologiques du milieu natural: les 
. 

- l .~ climoséquences, les toposéquences, les litho- 
l-5.5. NIVEAUXVDE PERCEPHON sequences et les chronoséquences. Les travaux 
Ecol"-OGIQUE DE UESPACE, de terrain répartis sur les trois étés du pro- ' 

jet se sont étalés sur une période totale de 
35 semaines. Huit équipes,-constituées chacune 
d'un pédologue et d'un phytosociologue effectu- 
érent um total de 963 reconnaissances écologiques. 

La perception d'un phénoméne naturel est fonc- 
tion de l'échelle 5 laquelle on peut et ou on 
veut l'exprimer. Nous avons ainsi été amenés 
5 considérer cinq niveaux de perception éco-
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Chaque reconnaissance consiste en une descrip- 
tion détaillée des écosystémes rencontrés en 
parcourant uh transect.de trois 5 huit km 
de longueur. Au cours de ces reconnaissances, 
un total de 2,088 stations écologiques de 
référence furent échantillonnées et décrites 
E l'aide de relevés complets du sol, de la 
Végétation et de divers paramétres du milieu. 
A la fin de chaque journée de reconnaissance, 
chaque équipe consigne, sous la forme dfun 
rapport, ses principales observations et 
cartographie les Systémes Ecologiques parcou- 
rus. L'équipe soumet ainsi ses hypotheses 5 
la critique des autres équipes. Une décision 
est alors prise quant 5 la classification de 
ces unites qui deviennent des Systémes Ecolo- 
giques de référence pour la photointerpréta- 
tion finale. Chaque Systems Ecologique car- 
tographié est décrit en pourcentage des Types 
Ecologiques le constituent. Ces derniers 
sont définis 5 partir des stations écoloqiques 
de référence. ‘ 

RESULTATS 
1. Cartographie des Systémes Ecologggues. 

Cette cartographie réalisée 5 l'échelle de 
l:l25,000 représente l'essence meme du projet. 
Les cartes terminées recouvrent actuellement 
une superficvie de 350,000 km2. La cartogra- 
phie finale des 60,000 km2 restant est en 
cours. Les unités cartographiques sont iden- 
tifiées 5 l'aide de symboles (SEER, 1974, 
Ducruc et aZ., 1976) par lesquels sont carac- 
térisés: 

la Région Ecologique, 
le relief, 
l'épaisseur des matériaux meubles, 
la nature et la forme des matériaux 
géologiques de surface, 
la catégorie d'écosystéme aquatique, 
ainsi que certaines de leurs caracté- 
ristiques morpholométriques: découpage 
du périmétre aquatique, pente de la 
berme, pente des rives, profondeur, 
systems de drainage; matériaux géolo- 
giques de surface des rives, 
l'abondance de ruisseaux et de stations 
ripariennes, ,

K 

la repartition (en 2) des Types Ecolo- 
giques permettant de connaitre la su- 
perficie couverte par les types de sol 
et les chronoséquences végétales pour 
chaque unité. T 

Z. Cartographie des Régions Ecologiques. 

Les Régions Ecologiques du Territoire de la 
Baie James ont été décrites et cartographiées 
par l'équipe du SEER (Gerardin et aZ,, 1976). 
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La carté des Régions Ecologiques constitue le 
cadre écoclimatique 5 l'intérieur duquel l'é- 
quipe étudie actuellement les chronoséquences 
végétales. Elle permet aussi d'obtenir, sur 
un seul document, une vue synthétique des 
principales régions naturelles du territoire 
étudié. A ce titre, elle peut étre d'une 
grande utilité comme cadre de référence géo- 
grahique dans la définition des grands objectifs 
d'aménagement du territoire lors du processus 
de planification. 

3. Cartographie des Districts Ecologiques. 

Les Districts Ecologiques du Territoire de la 
Baie James seront décrits et cartographiés par 
1'équipe de SEER durant l'année en cours. La 
carte des Districts Ecologiques se veut étre 
une synthése permettant de saisir la réalité 
globale de l'ensemble du territoire dans ses 
aspects climatiques, phyto—géographiques, 
géologiques et géomorphologiques. 

4. Classification des Types Ecologiques. 

La classification provisoire des Types Ecolo- 
giques du Territoire de la Baie James est dis- 
ponible (Jurdant, 1975).‘ Un rapport descriptif 
de la classification définitive est en-prépara- 
tion. Rappelons que chaque Systéme Ecologique 
(l'unité cartographique de base de 1'inventaire 
écologique) est défini comme étant un pattern 
de Types Ecologiques, a chaque unité cartogra- 
phiée correspond une fiche décrivant le pour- 
centage de l'unité couvert par les Types Eco- 
logiques qui le constituent. - 

5. Classification des Phases Ecologiqnes. 

Le module 'Végétation' de l'équipe du SEER 
travaille actuellement 5 la determination des 
groupes écologiques d'espéces. Ceci permettra 
d'ici deux ans de produire.une classification 
complete de tous les-groupements végétaux du 
Territoire de la Baie James. A l’aide de cette 
classification, les Phases Ecologiques seront 
décrites, condition préalable §’la_détermination 
des chronoséquences végétales. 

6. Cartographie de la vegetation actuelle. 

Bien que le projet de classification et carto- 
graphie écologique du Territoire de la Baie 
James ne prévoit pas le relevé systématique 
de ce theme cartographique, une méthode a été 
mise an point (Ducruc et aZ., 1974) et dé'§ 
appliquée sur une superficie de 50,000 kmg. 

7. Interpretations des cartes écologiques pour 
l'aménagement duwterritoire, 

Dans le but de_fournir 5 l'aménagiste les outils
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necessaires 5 son travail, nous avons prepare 
u certain nombre de documents permettant 
d'interpreter les cartes ecologiques de base. 
11 est essentiel que l'ecologiste traduise 
son jargon en termes comprehensibles pour le 
gestionnaire- Certaines interpretations 
sembleront sans doute osees et insuffisamment 
etayees par une experimentation rigoureuse 
aux yeux de nombreux scientifiques. La sub- 
jectivite inherente E ces evaluations est 
cependant contrebalancee par la possibilite 
de reevaluer toute interpretation sur la 
base de nouveaux criteres, mais en utilisaht 
toujours les donnees biophysiques de base de 
la-carte ecologique dont le niveau de subjec- 
tivite est comparativement moindre. 

Quelques exemples d'elaboration de clefs d'in- 
terpretation sont'exposes par Mbndoux at aZ., 
(1976). Parmi les documents interpretatifs 
disponibles, signalons: 

- les interpretations pour le secteur 
ingeniefie (SEER, 1974), 

- l'evaluation de l'attrait du paysage 
(Jurdant, 1975), 

- les interpretations pour la traficabilite, 
les risques de chablis et les risques 
d'erosion (Jurdant et Belair, 1974), 

- 1'eva1uation on potentiel recreatif des 
. ecosystemes aquatiques (Jurdant, 1975), 
- l'evaluation du potentiel forestier 

(Jurdant, 1975), 
- l'eva1uation du potentiel pour le 

eastor (Traversy, 1974), 
- l'eva1uation du potentiel pour la sauva- 

gine (Belair et Zarnovican, 1975), 
- l'evaluation du potentiel pour la petite 

faune _ter'1-‘es t—re (Gingras , 197-5) , - l'evaluation du potentiel pour la truite 
mouchetee, la truite grise, 1e.dore, 1e 
brochet et la ouananiche (Mondoux, 1976: 
en preparation). 

Parmi les interpretations qui seront realisees 
au cours des deux prochaines annees, signalons: 

- l'evaluation du potentiel agricole, 
- l'evaluation du potentiel pour la 

recreation dans la nature, 
- l'evaluation du potentiel de regenera- 
-tion naturelle des principales essences 

_ 
forestieres, .

‘ 

- les chronosequences vegetales apres 
coupe 5 blanc et apres feua 

UTILE PFIATIOUE 
La crise de 1'environnement que nous connais- 
sons_aujourd'hui resulte souvent d'un manque 
d7attention accorde aux facteurs ecologiques 
dans le ptocessus decisionnel. La carte 

ecologique repond 5 un besoin d'information 
ecologique de base (environmental base-line 
data) necessaire 3 diverses etapes du processus 
de developpement, de planification et d'amena- 
gement du territoire. La connaissance des 
'caracteristiques biophysiques des ecosystemes 
et de leurs inter—relations, obtenue grace 5 
u inventaire ecologique permet de rationali- 
ser la plupart des decisions relatives 5 
l‘utilisation du milieu naturel, Sans etre 
exhaustive, la liste suivante permet de mesu- 
rer l'importance pratique de ce type de docu- 
ment: 

- la determination du niveau de complemen- 
tarite et de compatibilite des diverses 
ressources naturelles, 

- le zonage integre du territoire, 
- la localisation des ecosystemes fragiles 

afin.d'en prevenir la destruction ou la 
degradation, 7 

- la localisation des paysages exception- 
nels du point de vue esthetique et/ou 
culturel, 

- le choix des aires 5 proteger: reserves 
ecologiques, centres d'interpretation 
de la nature, etc..., 

- le choix des_aires les plus propices 3 
un amenagement intensif, (forestier, 
agricole, cynegetique ou recreatif), 

— le choix des cultures agricoles, 
— la determination des cofits de production 

des diverses cultures agricoles, 
- 1e choix des essences E reboiser, 
- le choix des aires 5 reboiser, 
- la determination des cofits de reboise- 
ment et de production des plantations 

. forestieres,' 
- les analyses d'impact des grands projets, 
- le choix des.aires les plus adequates 

pour les equipements collectifs: rou- 
tes, chemins de fer, aeroports, lignes 
de transport d'energie, installations 
portuaires, barrages, oleoducs, gazoducs, 
etc. . . 

- la determination des pratiques sylvicoles 
5 but commercial ou esthetique, 

4 la planification des operations liees 
5 1'exploitation de la matiere ligneuse, 

— la planification du systeme de protect- 
ion contre les incendies de foret. 

CONCLU$ON 
Alors que nous sommes engages dans la derniere 
phase de ce programme de classification et dew 
cartographie ecologique du territoire de la 
Baie James, nous formulons l'espoir qu'il sus- 
citera un dialogue fructueux entre tous ceux 
qui, de pres ou de loin, sont touches par l'a- 
menagement du territoire: non seulement les 
ecologistes, les planificateurs et les amena-



gistes, mais aussi les mandataires publics 
(5 tous les échelons de responsabilité admi- 
nistrative), les industriels, les commergants 
les groupes populaires et tous les citoyens 
qui, réalisant que 1'environnement est un bien 
collectif, s'appliqueront 5 ce que la collec- 
tivité, dans son ensemble, veille 5 son amé- 
nagement. 

Si l'inventaire du ‘Capital-Nature‘ permet de 
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calculer le cofit de la terre, du sol, de l'eau, 
du paysage, peut-étre alors, aurons-nous mo- 
destement contribué 5 promouvoir une utilisa- 
tion plus rationnelle, plns respectueuse et 
surtout plus juste de la nature, condition 
indispensable au véritable avenir social de 
1'home. 
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ANNEXE I: UTILISATION DE LA VEGETATION DANS LA 
1’ 

Régions Ecologiques, leur regroupement en 
' CLASSIFICATION ET LA CARTOGRAPHIE Dorhaines et zones ainsipque la carte des 
ECOLOGIOUE DU TERRITOIRE DE LA BAIE. JAMES Régions Eco Z0g1lques- a l'éc_hel1e du l:l.000.000. 

Par la suite, nous préciserons les limites de 
ces Régions Ecologiquas sur les cartes des 

Les telrrjitpirrel Systémes Ecologiqués an et Pro‘ 
de la Baie James. - 

' céderons 5-la détermination des chronoséquences 
. végétables pour chaque Type Ecologiques dans 

Richard Zarnovican, V. Gerardin, Chacune des Ré9i0"3 Eb0Z09iqM93- 
J.P. Ducruc, M. Jurdant et G. Audet, ‘ ' 

Service des études écologiques régionales N°“S PenS°nS °ePendant que 1'3¥énagi5te P§ut 
Direction régionale des terres déja utiliser la carte des Régzons Ecologtques 
EnVironnement.Canada 

' 

. 

présentée ici comme base de travail pour la 
QuébeC_ ~ 

. présentation générale du territoire sous ses 
' 

' aspects bio—c1imatiques, bio-géographiques et 
‘ 

biologiques. ' 
-

- 

La carte des Régions Ecologiques constitue 
une carte éco-climatique. Son inténrét prati- MET]-{ODE E1’ MATERIEL 
que réside dans le fait que les unités de base, . r 

165 Ré9i0flS Eb0Z09iqu€Sp f0urniSSent Un cadre Dans la premiere étape nous avons utilisé-la 
de référence 5 l'intérieur duquel l‘aménagiste technique des profils pondérés d'éspéces de 
retrouvera les mémes chronoséquences végétales 202 Stations Ecologiques de référence sur till 
sur des habitats Semblab1eS- . bien drainé par les groupes d'espéces indica- 

‘ 

trices des trois variables écologiques suivan- 
Les travaux de terrain sur l'ensemb1.e des tes: longitude, latitude et altitude. 
400.000km2 du Territoire de la Baie James, I

A 

dans le cadre du projet ETBJ ont été effectués La méthodologie et ]_a technique des prQf_i1_s 
durant 163 éfés 1973: 1974 et 1975- LES pondérés d'espéces ont été décrites en détail 
données de base réC0lEé€S 58 SUbdiViSent en par Gerardin et al. (1975). Cette étape nous a 
deux tYPe53 permis dé connaitre la valeur indicatrice de 

quelques 140 espéces vis-E-vis ces trois varia- 
963 Reconnaissances Ecologiques: La Reconnais- bles écologiques et ainsi d'établir une zonatgion 
sance Ecologique consiste en un transect de 1ati;ud1na1e_ 
cinq 5 huit km au long duquel une équipe 
C0nSt1tUée d'Un'Péd°1°8U€ 91 d'Un PhYt0S0Ci0‘ Comma la distribution des tills bien drainés das 
1°8ue effectfie fine C3rt°8T3Phie détaillée des le territoire n'est pas uniforme, la technique 
5015 at de 13 Vé8ét3ti°n- L'°bjeCtif de des profils pondérés est restée limitée quant 
R€C0nh3i3S3nCe EC°1°8iqUe est 13 COflPr5heDSi°ns aux possibilités interprétatives des résultats 
13 description et 13 Classifications Par 1'5‘ obtenus, pour certaines parties du territoire. 
quipe, des écosystémes parcourus.. Chaque 
Reconnaissance Ecologique est concrétisée sous Nous avons done procédé, dang une deuxiame 
la forme d'un rapport de reconnaissance dans étape, 5 l'ana1yse des Types Physionomiques de 
lequel sont décrits un certain nombre de végétation (Jurdant, 1975) dominants de toutes 
"P°intS d'°bSerV3ti°n"- Pour Chacufl de Ceux“ les Reconnaissances effectuées (le.Type Fhysio- 
Ci 1'éq“iPe détermine 1e TYPE PhYSi°n°miQUe nomique dominant est celui qui forme au moins 
de Vé85tat19fls 1e TYPE Ecologique et 19 TYPG 60% de tous les points d'observation effectués 
de r°Che'm5fe Péd¢1°8iqUe (re? Jurdanta 1975)- au cours de la meme Reconnaissance Ecologique). 

_ 
De cette fagon, chaque Reconnaissance est iden- 

2088 Stations Ecologiques de Référence: C95 tifiée au moyen d'un Type Physionomique de 
Stati°n3 éC°1°8iqueS de référence Sont dé‘ végétation reporté sur un fond topographique au 
crites par les diverses équipes aux endroits 1;5oo,ooo, ce procédé nous a permis, d'une part, 
Ch°iSiS C°mme étant 193 Plus représentatifs de préciser et fixer les limites de Zofies et de 
des divers milieux rencontrés au cours de leur S0us—Z0nes telles que fournies par les profils 
Reconnaissance Eco1ogique- Les données re- - pondérés et, d'autre part, d'identifier les 
cueillies (re: Jurdant, l975) constituent la p0aine3_ 
base de toute l’analyse et de toute la classi- 
fication écologique aux divers niveaux de Notons cependant, que pour fixer 135 zones 
PerCePti°n éC°1°8ique de 1'e5P3Ces Y C0mPfiS extremes, arctique au nord et boréale au sud, 
celui de la Région Ecologique. nous avons utilisé en plus des espéces diffé— 

_ 

rentielles. La limite de la Zone arctique suit 
Le présent exposé donne une définition des la limite sud de l'aire de distribution de
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certsines espéces arctiques tandis que la 
‘Zone boréale suit la limite nord de certaines 
plantes boréales. 

Nous avons ensuite procédé 5 l'étab1issement 
des limites des Régions Ebologiques, Une 
Région Ecologiqfie a été définie-5 1'intérieur 
d'un Domains au moyen de 1'espéce ou des 
espéces arborescentes caractéristiques d'une 
région et 5 la fois différentielle des autres 
régions ainsi qu'5 l'aide des composantes 
caractéristiques des strates inférieures. 

Il est 5 remarquer, que pour certains grands 
Lbmaines, nous avons procédé 5 leur division 
en Régions Ebologiques au moyen de limites 
arbitraires. 

1 

Une fois 1e territoire de la Baie_James, 
divisé en Zones, Sous—Zones, Lbnuines et ' 

Régions, nous avons recherché les coincidences 
_possibles entre les limites trouvées et les 
limites de certains indices climatiques, telles 
que fournies par Gagnon et Ferland (1967) et 
Wilson (1971), et nous les commentons ci- 
dessous. ‘ 

RESULTAT$ ET DISCUSSIONS 
Le résultat de la‘classification des Régions 
Ecologiques se traduit, en premier, par la 
carte des Régions Ebologiques E l'échel1e du 
‘l:1.QO0.000'(Figure'l). 

La clé explicative suivante permettra, nous 
1'espérons, de mieux saisir la définitipn et 
1'importance des différentes Régions Ebola- 
giques. 

Zone arctique:- Elle se présente sous forme 
de landes arctiques, ou toundra, dominées ’par les lichens et plantes herbacées avec un 
faible recouvrement des arbustes rabougris. 
On 1a distingue par la-présence des espéces 
arctiques suivantes: 

Arenaria uliginosa 
Carex atrofusca 
Durex misandra 
curex Williamsii 
Deschampsia pumila 
Kbenigia islqndica 
annex norvegica 

'Ces derniéres, sont ici, 5 leur limite sud. 

Dmmaine maritime des Zandes arctiques: Ce 
domains s'étend sur une bande cfitiére plus 
ou moins étroite de Pointe Attiquane an sud, 
jusqu'§ Bear Islands aupnord et ne comprend 
qu'une seule Région Ecologique: Pointe 
Louis XIV. Cette Région Ecologique coincide 

avec la limite de 600 mm de moyenne annuelle 
des précipitations totales (Wilson, 1971). 

Zone hémiarctique: Cette Zone couvre la 
partie la plus septentrionale du territoire 
de la Baie James. La limite entre l'hémi— 
aretique et le subarctique~coEncide avec l'iso- 
ligne de la date moyenne de la fin de l'hiver 
le 10 mai et celui de la date moyenne du début 
de la saison de croissance le 31 ai. Mais 
c'est surtout 1'isoligne de 800 degrés jours 
(Gagnon et Ferland, 1967) qui constitue sa 
limite méridionale-la plus significative. 
Elle est caractérisée par quatre Dbmaines. 

Ebmaine maritime des Zandes boisées 5 Epinette 
blanche et Zichens: Ce domains comprend ue 
seule Région Ebologique: Manitounuk. Elle 
s'étend sur une bande cfitiére étroite de Bear 
Islands au sud, débordang les limites nord du 
territoire au deli du Séeme. Cette Région 
est caractérisée par la constance de l'Epinette 
blanche arborescente; la densité des groupee 
ments n'atteint pas cependant 25% du recouvre- 
men t . 

Domains des Zandes 5 Zichens: Un £bmaine'ou 
1e Type Physionomique prédominant est la 
lande 3 lichens: formations végétales oi les 
espéces ligneuses n'atteignent pas la hauteur 
de 3 m. On remarque l'abondance des arbustes 
comme Betula glandulosa, Alnus crispa et 
Salim spp. Le Domains comprend une Région 
Ecologique: Lsc_Bienyi1le, Au niveau de la 
strate inférieure, c’est la prédominance des 
lichens. 

Domains des Zqndes boisées 5 Méléze, Epinette 
noire et Zichens: Caractérisé surtout par la 
constance du Méléze au niveau de la strate 
arborescente. Meme si les espéces ligneuses, 
telles le Méléze et l'Epinette noire dépassant 
la hauteur de 3 m, il est rare qu'elles 
atteignent'un recouvrement de 25%. Au niveau 
de la strate inférieure, les lichens prédomi— 
nent encore. Ce Domaine comprend une seule 
Région Ebologique: Lac Delorme. 

Lbaine montagnard des Zandes 5 lichens: Il 
est caractérisé par la bande 5 lichens comme 
Type Physionomique prédominant. Les limites 
du Domains correspondent avec les limites de 
la Région Ecologique: Mnnts §hef£§rvi1le- 
Caractérisée par des groupements arbustifs 
dominés par Betula glandulosa, Alnus crispa 
et l'Epinette noire rabougrie avec un tapis 
de lichens dans la strate inférieure. GEO- 
graphiquement, la limite_de la Région Ecolo- 
gique correspond 5 la limite altitudinale de 
2000 pieds. 

Zone subarctique: La Zone subarctique couvre
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presque 752 du territoire de la Baie James et 
s'étend d'est en ouest, entre le 503 et le 
553 Nord. Hare (1950) la définit sous le 
nom de "Open Boreal WbodZand¥, tandis que 
Rousseau (1952) définit la forét subarctique 
comme "un pare aux arbres espacés", ceci 
correspond bien au Type Physionomique, Lande 
boisée E Epinette noire et lichens lequel 
forme un Domaine, dans la partie la plus 
septentrionale. C'est en considérant la 
distribution de différents Domaines et aussi 
des limites climatiques naturelles que nous 
avons subdivisé la Zone subarctique en trois 
Sous-Zones.

' 

Sous-Zone Haut Subarctique; Cette S0us—Zone 
est séparée, au sud, du Mbyen Subarctique, 
par llisoligne 1200 du nombre annuel de 
degrés jours de croissance de Wilson (1971). 
Elle comprend deux Domaines. 

Domaine maritime des Zandes baisées & 
Epinette blanche et Zichens: Les limites du 
Lbmaine correspondent avec les limites de la 
Région Ecologique; Riviére Roggan. Caracté- 
risée par la constance de l'Epinette blanche 
arborescente dont la densité des peuplements 
est inférieure 5 25%, Les strates inférieures 
sont dominées par les lichens; 

Domaine des Zandes boésées 5 Epinette noire 
at Zichens: I1 correspond E l'0pen Boreal 
Woodland de Hare (1950) ou au Para aux arbres 
espacés de Rousseau (1952) et est dominé par 
le Type Physionomique lande boisée 5 Epinette 
noire dont le tapis lichenique forme la strate 
inférieure. Le Lbmaine se divise en deux 
Régions Ecologiques: Région Riviére 
Kanaaupscow 5 l'ouest plus séche et Région 
VLac Legrand plus huide 5 1'est. Elles sont 
séparées par l'isoligne 283 de précipitations 
totales annuelles. 

Sous-Zone Mbyen Subarctique: Cette Sous-Zone 
se différencie de la Sous—Zone Bas Subarcti— 
que par plusieurs limites climatiques 
naturelles: l'isoligne de la date moyenne 
de la fin de l'hivef le 30 avril, l'isoligne 
de la date moyenne, au printemps, 5 laquelle 
la température moyenne quotidienne dépasse 
50°F (l0°C), et l'isoligne de la date moyenne, 
en autome, E laquelle la température moyenne 
quotidienne tombe au dessous de 50°F (l0°C) 
Wilson (1971). Il semble que la limite 
septentrionale du Mbyen Subarctique ait une 
signification écologique tres importante 
puisqu’elle coincide avec la limite des 
foréts de densité D (25 E 40%) et C (402 5 
60% de recouvrement)t Le Moyen Subqrctique_ 
comprend quatre lbmaines, en commengant 5 
l'ouest. 

Lbmaine maritime de'Za Pessiére 5 Epinette 
blanche at moussesn dont les limites coincident 
avec la Région Ecologique: Fort Georges, 
C’est une étroite bande c6tiére entre le 549 
au nord de 1'embouchure de la riviére Conn au 
sud. Elle est dominée par les Pessiéres 
blanches (densité: class D; hauteuri classeD) 
avec un tapis de mousses qui domine les strates 
inférieures. 

Qmnaine de la Pessiére 5 Epinette n0ire;.mousses 
et Ledum: qui comprend une seule Eégion

' 

Ecologique: Lac Sakami. Caractérisée par les 
foréts d'Epinette noire (densité; classes D 
et C; hauteur: classes 4 et 3) mais c'est au 
niveau.des strates inférieures que nous trou- 
vons les éléments différentiels du Domaine 
suivant, c'est-5—dire mousses et Ledum. 

lbmaine de la Pessiére 5 Epinette noire at _ 

Zichens: Le Domaine se distingue du Zbmaine 
précédent, d'une part, par l'absence de 
mousses remplacées par les lichens et, dlautre 
part, par 1'isoligne 700 mm de moyenne annuelle 
de précipitations totales (Wilson, 1971 et,’ 
Gagnon et Ferland, 1967). Le Dbmainé comprend 
une seule Région Ecologique: Lac Nitchicu. 
Le Type Physionomique prédominant qui la catac- 
térise est une forét d'Epinette noire (dénsité: 
classe D; hauteur: classes 4 et 3) avec un V 

tapis lichenique.‘ 

Domaine montagnard des landes boisées 5‘ 
Epinette noire et Zichens: ,Le dernier Dbmaine 
du Mbyen Subarctique, distingué du Dbaine 
précédent par l'isoligne 800 mm de moyenne 
annuelle des précipitations totales (Wilson, 
1971) et géographiquement déterminé, au dessus 
de l'altitude de 2000 pieds. Le Domaine 
coincide avec la RégionsEcoZ0gique: Lag 
Opiscoteo. Elle est caractérisée par la _ 
diminution de la densité des peuplements et le 
Type Physionomique prédominant est la lande 
boisée 5 Epinette noire (hauteur: classe 4). 
tandis que la composante principale des strates 
inférieures est un tapis de lichens.

' 

Sous—Zone Bas Subarctique: La_derniére.S0us- 
Zone de la Zone Subarctique dont la limite 
septentrionale suit plus ou moins le 52° 30' 
de latitude nord a été fixée et précisée par 
la limite nord de la distribution du Sapin 
baumier et du Bouleau blanc dans les relevés 
floristiques ofi ces deux espéces atteignaient 
25% du recouvrement de la strate arborescente. 
De cette fagon, ces espéces deviennent 5 la 
fois caractéristiques pour le Bas Subarctique 
et, en meme temps, différentielles de la‘

' 

Sous—Zone Mbyen Subarctique. La limite meri- 
dionale entre le Bas Subarctique et la Zone 
Borédle suit l'isoligne 1400 degrés jours de 
croissance (Gagnon et Ferland, 1967). Cette
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Sous-Zone comprend trois Domaines. 

Domaine maritime de Za pessiére a Epinette 
blanche, Sapin baumier et mousses: C'est 1e 
Domains le plus méridional de l'Epinette 
blanche du territoire de la Baie James 5 
laquelle s'associe le Sapin baumier, espéce 
différentielle du Bas subarctique. La 
constance de l'Epinette blanche sur la c3te 
a été remarquée par Hustich (l949 et 1950) at 
il l'appelait la maritime tree Zine; Payette 
(verbatim) associe la présence de l'Epinette 
blanche 5 l'hum.id.ité: atmosphérique élnevée due 
5 la grande fréquence des brouillards. Pour 
notre part, nous avons observé, en plus, une 
.nette préférence de l'Epinette blanche pour 
les dép8ts littoraux bien drainés. Ce Domaine 
coincide avec une seule Région Ecoiogique: 
Baie de Rupert caractérisée par le Type Physi- 
onomique suivant: Forét d'Epinette blanche, 
Sapin baumier (densité: classes B et C; 
hauteur: classe 2) § mousses. La Région 
forme une étroite bande c6tiére depuis la 
frontiére provinciale de l'Ontario jusqu'§ 
l'embouchure de la riviére Eastmain. 

Domaine de la Pessiére 5 Epinette-noire, 
Sapin baumier, Bouieau blanc et mousses; Le 
Domaine se distingue du Domaine précédent par 
l'absence d'Epinette blanche, par la présence 
constants d'Epinette noire et Sapin baumier 
come espéces caractéristiques et l'apparition 
du Bouleau blanc. Au niveau des strates 
inférieures, c'est la dominance des mousses. 
Le Domains comprend deux Régions Ecologiques: 
5 l'ouest, la Région Lac Evans caractérisée 
par le Type Physionomique dominant: Foréts 
d'Epinette noire, Sapin baumier, Bouleau blanc 
(densité: classes B et C; hauteur: classes 3 
et 2) 5 mousses. Cette région s'étend jusqu'au 
769 5 l'est. A l'est de l'isoligne de 28 pouces 
de précipitations annuelles totales, c'est la 
Région Ecologique: Lac Mistassini, donc une 
Région Ecologique plus huide, semblable 5 la 
Région précédente mais, par contre, l'abondance 
du Sapin baumier dans les Types Physionomiques 
dominants devient plus grands. A l'est cette 
Région Ecologique débofde probablement les 
limites du territoire étudié. 

Domains montagnard de Za pessiére 5 Epinette 

noire, Sapin baumier et mousses: Ce Domains 
se distingue du Domains précédent par la diminu- 
tion du fiouleau blanc et sa limite coincide 
avec l'isoligne 900 m de moyenne annuelle des 
précipitations totales (Wilson, 1971). De plus, 
ce Domains comprend deux Régions»Ec0Z0giques: 
la Région Ecologique Lac Hippocampe-cagactérisée 
par le Type Physionomique dominant, Foréts 
d'Epinette noire et Sapin baumier (densité: 
classes C et D; hauteur: classes 3 et 4) avec 
les mousses qui dominent les strates inférieures, 
et la Région Ecologique Monts Otish qui comprend 
les piedmonts des Monts Otish avec les foréts 
d'Epinette noire et Sapin baumier (dentisté: 
classes B et C; hauteur: classes 3 et 2)_avec 
les mousses dominant les strates inférieures, 
mais aussi les sommets alpins avec leur végéta— 
tion particuliére de landes 5 lichens. 

zone iboréalei L_a Zone bioclimatique la plus 
méridionale du territoire de la Baie James. 
La limite septentrionale suit la limite nord 
de l'aire de distribution des espéces sui- 
vantes: 

Acer gpicatum 
Sambucus pubens 
Aralia nudicaulis 
Streptopus roseus 
Pteridium aquilinum 

Cette limite coincide avec l'isoligne 1400 
degrés jours de croissance établie par Gagnon 
et Ferland (1967). La Zone comprend un seul 
Domdine: 

Domaine de la Pessiére d Epinette noir, Sapin 
baumier, Bouleau blanc, mousses et herbacées; 
Caractétisté par le Type Physionomique prédomi- 
nant: foréts d'Epinette noire, Sapin baumier, 
Bouleau blanc (densité: classes B et C; 
hauteur: classes 3 et 2); au niveau des strates 
inférieures notons, en plus d'une abondance 
constante des mousses, une constance des 
hepbacées. Le Domains se divise en denx Régions 
Ecologiques 5 savoir: la Région Lac Matagami 
§ l'ouest et la Région Lac Chibou amau 5 l'est. 
La limite qui les sépare passe entre Ie 769 
et 779 longitude ouest, et 11 faut signaler que 
cette limite est, pour le moment, arbitraire.
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une série de caractéres symbolisant les éléments ANNEXE 2: EXEMPLES DE DESCRIPTIONS DES , suivants: SYSTEMES ECOLOGIOUES 

par 

Michel Jurdant, J.L. Bélair, V, Gérardin 
et J.P. Ducruc 

Service des études écologiques régionales 
Direction régionale des terres 5 Québec. 
Environnement Canada 

Le texte qui suit constitue l'annexe 2 d'une 
publication que les auteurs viennent de 
terminer et qui sera publiée prochainement 
sous le titre "L'Inventaire du Capital Nature". 

Nous croyons que l'inc1usion telle quelle'de 
cette information sera de nature 5 éclaircir 
certains éléments relatifs 5 la comprehension 
du systéme de classification utilisé par le 
SEER dans le territoire de la Baie James. 

Nous incluons également quelques cartes tirées 
de cette publication: 

la carte #4; Les Systemes Ecologiques 

la carte #23: L'aptitude des sols pour la 
forét 

la carte #24: La production forestiére 
potentielle (m3/ha/année) 

la carte #31: Le potention de régénération 
naturelle du Pin gris 

la carte #44: Le potentiel pour le Castor 

la carte #47: L'indice du CapitalaNature 

Le SYSTEME ECOLOGIQUE est une portion de ter- 
ritoire caractérisée par un pattern propre du 
relief; des matériaux géologiques de surface, 
des sols, des chr0noséquences<végétales et des 
plans d'eau. 

Nous illustrons ici la description, la clas- 
sification et la signification pour l'aménagiste 
(tableau A2-1) des Systémes Ecologiques 5 l'aide 
de quatre unités provenant de la carte 4 
(annexe 1). Dans les rapports d'inventaire 
écologique cheque carte est accompangée d'un 
fichier ofi les Systémes Ecologiques sont 
decrits en ordre alpha-numérique. Les quatre 
unités choisies seraient ainsi rangées: 

JHI—5E*l—a44 
0H4—IVlA-1-bll 
OR2-1A1V+l—f22 
SM8—01V—1-all 

Chaque Systéme Ecologique est identifié par 

(1) LE CLIMAT REGIONAL. La premiere lettre 
majuscule caractérise et correspond au 
symbole de la Région Ecologique dans la- 
quelle se situe le Systeme Ecologique con- 
sidéré. Les quatre Systémes Ecologiques 
pris en example sont respectivement situés: 
dans les Basses Terres du Haut—Saguenay: 
JHl—5E-1 
dans les Contreforts des Laurentides: 0H4- 
lVlA—l-bll et 0R2—1AlV-l—f22 H 
dans les Hautes Laurentides: SM8-01V—l—a1l 

(2) La seconde lettre majuscule identifie LE 
RELIEF du Systéme Ecologique (fig. 14): 
F: relief plat, 
U: ‘relief ondulé, 
R: relief moutonné, 
H: relief montueux ou accidenté, 
M: relief montagneux on trés accidenté. 

(3) Le chiffre suivant représente les com- 
binaisons d'ERAISSEUR DE MATERIAUX MEUBLES 
dans le Systéme Ecologique: 

épais, 
épais et mince, 
épais et affleurements, 
mince et épais, 
mince, 
mince et affleurements, 
affleurements et épais, 
affleurements et mince, 
affleurements. 

\O®\lO\UI-I-\U)I\J|-' 

o,.-

a 

(4) Les symboles alpha—numériques qui suivent 
caractérisent LA NATURE, L'ORIGINE ET LA 
MOR-PHOLOGIE DES MATERIATJX GEOLOGIQUES DE- 
SURFACE les plus abondants du Systéme

’ 

Ecologique. Lors des travaux exécutés au 
Saguenay/Lac—Saint—Jean nous avons retenu 
les categories suivantes: ' 

Nature et origine des matériaux géologiques 
de surface: . 

1: till, 
2: sédiments fluvio-glaciaires, 

: sédiments deltaiques; _ 

4: sédiments fluviatiles ou glacio-lacustres, 
5: sédiments argilo—marins, 
5*: sédiments littoraux ou deltaiques suru 

sédiments marins, 
6 sédiments littoraux, 
7: sédiments organiques ombrotrophes, 
7*: sédiments organiques minérotrophes,“ 
8: dép6ts de versants, ‘ "' 
9 sédiments éoliens, 
0: roche en place. 

Morphologie_des matériaux géologiques de 
surface: . 

A: contr6lée par la roche en place, 
C: cannelée,



D: drumlinoide, 
E: érodée, 
F: deltaique, 
H: bosselée, 
N: non structurée, 
P: en plaine, 
R: en crétes, 
S: structurée, 
T: en terrasses, 
V: plaquage, 
X: complexe. 

(5) LE NUMERO D'0RDRE du Systems Ecologique 
référe au rapport ou au fichier accompagn- 
ant la carte écologique. I1 permet de 
distinguer les unités sur la base du 
Pattern des sols et des chronoséquences 
végéta1es.' Un example des fiches descrip- 
tives des quatre Systémes Ecologiques est 
illustré aux pages suivantes. Chaque 
fiche comprend l'énumération des Types 
Ebologiques presents dans le Systéme 
Ecologique, le pourcentage de recouvrement 
de chacun d'eui, ainsi que la description 
des matériaux géologiques de surface, des 
types de sols et des chronoséquences 
végétales. 

(6) LES ECOSYSTEMES AQUATIQUES sont décrits 
pour chaque Systéme Ecologique de la 
maniére suivante: 0 

La catégorie d'écosystéme aquatique est 
identifiée 5 l'aide d'une lettre minuscule 
dans la derniére partie du symbols. Dans 
1'exemp1e, tiré des travaux effectués dans 
la région du Saguenay/Lac-Saint-Jean, les 
symboles retenus sont les suivants: 

moins de 5% de la surface de l'unité est 
recouverte par des étendues aquatiques, 
5 5 15% de la surface de l'unité est 
recouverte par des lacs plus petits que 
"250 ha, 
plus de 15% de la surface de 1'unité est 
recouverte par des lacs plus petits que 
250 ha, . 

"plus de 15% de la surface de l'unité est 
recouverte par des lacs dont la superficie 
varie entre 250 et 500 ha, 
plus de'l5Z de la surface de l'unité est 
recouverte par des lacs dont la superficie 
varie entre 500 et l0O0 ha, H plus de 15% de la surface de l‘unité est 
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Les cqractéristiques morphométriques des éc0- 
systémes aquatiques sont décrits dans le fichier 
.5 l'aide du systéme de classement suivant: 

Premier chiffre:

~ Classe Lac découpage _Riviere 
du périmétre forme du cours d'eau 
,,"aquatique 

1 régulier_' Sinueuse 
’2 irrégulier en méandres 
3 trés irrégulier anastomosée 

Deuxiéme chiffre: 
Glasse Lac Riviera

J _ pente de la berme presence de rapide 
l douce ' "=aacan 
2 modérée peu 
3 abrupte beaucoup 

Troisiéme chiffre: 
Classe Pente des rives 

; douce 
2 douce et modérée 
3 douce et abrupte 
4 modérée et douce 
5 'modérée 
6 modérée et abrupte 
7 abrupte et_douce 
8 abrupte et modérée 

' 9 abrupte 

Quatriéme chiffre: 
Classé systaméfdé drainage ue"profondeur 

ouvert et 
ouvert et 
ouvert et 
restreint 
restreint 
restreint 

\'DCD\lO\U'|J-\LOI\>'|-‘ 

fermé et profond 
fermé et peu profond 
fermé et tourbeux 

profond 
peu profond 
tourbeux 
et profond 
et peu profond 
et tourbeux 

recouverte par des lacs dont la superficie 
varie entre 1000 et 2500 ha, 
plus de 152 de la surface de l'unité est 
recouverte par des lacs plus grands que 
2500 ha,

> 

plus de 5% de la surface de l'unité est 
recouverte par des riviéres de plus de 
20 m de largeur, 
unités en bordure du Saguenay. 

La nature des matériaux déologiques de surface 
des rives sont décrits dans le fichier 5 l'aide 
de la nomenclature utilisée pour la description 
des matériaux géologiques 
Ecologique. 

de surface du Systéme



Systéme Ecologique: JHl-5E—l-a44 ~- 

~ ~ ~ 
9 
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Territoire trés accidenté dfi 5 une érosion intense, sitné 
dans la plgine argileuse des Basses Terra: du Haut—Saguenay; dominance d'argi1e marine; peu ou 

pas de lacs et riviéres; beaucoup de ruisseaux et de zones ripariennes 

§1um:13o DE SUPERFICIE TYPE 
_ M , 

REFERENCE RELATIVE ECOLOGIQUE GEOMORPHOLOCYJ‘. SOLS VEGETATION 

1 552 1r23J Argile marine: 2; parties convexes Argile limonelise Ta limon argileux; Terres cultivées ou péiturages; Tremhlaie 
des milieux e_t ha}1_t_s de pentes; drainage bon 5 modérément ban; 5: Rubub pub(A(‘.('.nA 

pence modalez 5-307. Brunisol dystrique orthique; '

' 

Série Larouche: g _ _
_ 

V 
. - . 

- ‘ 'TéF17é's cdliiiiées ou p‘a'tur'ag‘es' Tremblhie 
2 107. chin] Arg11e marine: E; pentes Arg11e limoneuse; drainage 1mpar- _ - V .

‘ 

douces de 2 5 SZ fait; Cleysol orthiqne; Série '3 Rub“/5 ptlbe/Jae“ at P Lite/5 palmaxub 
Chicoutimi: c_h

' 

3 IOZ c1~Z3J Matfiriaux de has de plage, ou Limon sur argile; drainage ban Ierres cuitivées ou pfiturage-s; Tremlilaie 
gl_ac‘i_o-deltaiqpes, sur argile Es modérément ban; Podzol h’umo— E Rubws pubuccrm 
marine: 6b/5. 3C/5; parties fen-ique minimal; Série Taillonz 
cqnvexes des hau'I:s de pentes; Q 
pentemodale: 5-92 

_ _ _ _ 

A 102 am/«J Natériaux de has de p1age.. Limon sur argile; drainage impar- Ierres cultivfies ou p§turées;_ fremblaie 
ou glacio-deltaiques, sur argile _fait; Gleysol humique faiblement 5 Pubua pubc,6cenA et Mlnub Imgoaix 
marine: 6b/5, 3C/5; pentes élfivié; Série Alma: E . 

douces de 2 3 52 

5 10% gi23J Matériaux de bas de plvnge ou Loam sz:b1eu_x snr argi_1e; dr_aina- Terres cultivées ou paturages; Tremblaie 
g1acio—‘deltaiques, sur argile ge ban 5 mcdérément bovn; Podzol 5 Rubub pLtbc5ec1w 
marine: 6b/S, 3C/5, parties humo-ferrique orthique; Série 
convexes des hauts de pentés; (‘-irard: 31 
pence moda1‘e: S-9% 

6 52 all6J* Alluvions récentes: §_<_:_; berges Texture variable; drainage trés A_u1naie a11uvi‘a1e 
de ru'issea'ux: pente Ifiodale: mauvais avec seepage; Régosol 
0-0,5Z gleyifié; Alluvionst all



Systéme Ecologique; 0HA-

~~
. 
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1V1A—l-bll — Territoire montueux des Contfeforts des Lauréntides; 
dominance de till épais et de till mince; 5 5 15% de la surface est constituée par des lacs plus 

petits que 25 0 ha; trés peu de ruisseaux et de zones ripariennes.

~ 

NUMERO DE SUPERFICIE TYPE 
REFERENCE RELATIVE ECOLOGIQUE GFDMDRPHOLOGIE SOLS VEGETATION 

1 102 :y20 Till épais: l_a; parties convexes Loam sableux fin caillouteux; dza1na- Pessiere 5 épinette noire et mousses ou 
des milieux 'de pencea; pence ge ban; Podzol humu—Eerrique orthique; Tremblaie 3 érable rouge et érable 3 
modale: 5-92 Série Tremblayz _t1 épis, éiroluanc vers une Sapiniéfe E 

bouleau jaune et P.te2uLdz;um 

Z 102 ar30* I111 épais: EL parties concaves Loam sableux fin caillouteux; draina- Tremblaie Ta {arable 5 épis at Athyniwn 
des pentes inférieures; pente ge modérément hon avec seepage; ou Bétulaie blanche 5 érable In épis et 

' Inodale: 15-302 Podzol humo-.ferrique fleyifié; Série Azthyibéwn ou Bétulaie blanche Ta sapin, 
' Armisszin: 3 érable 5 épis et bouleau jaune, évoluant 

_ 
vets u_ne Sapiniere E bouleau jaune. 
Oxal/£4 et Athyuum 

—~.- — — —- , 
3 dq20 T111 mince: lagllg; parties con- Loam sableux fin‘ cailloixtéuxj draina- Pinéde Ia pin gris, Kalmixz, Alnws cIuZApa 

vexes" des hauts de pentes; pente ge ban; Podzol humo-fen.-ique orthique; at Colmua cankxdamu ou Tremblaie Ta 

modale: 9-152 Sér1_e Dequen; 1:1 érable rouge et érable 73 épis, é'vo1uax_1Vt 
‘ vers u-ne Pessiere 5 épinetce noire, 

mousses et lichens, ensuice vers une 
Pessfere 3 épinetce noire, sapin at 
amelanchier et finalement, une Sapiniére 
E: bouleau jaune er Ptvuidium 

4 10% p02 4' T111 mince: lagkg; parties con- Loam sableux fin caillouteux; dtaina- Tremblaie E érable Ex sucre et érable 
caves des hauts dé pentes; pente ge boh iivec seepage: Podzol humo- rouge, évoluant v'er's une Erabliére E 
niodalle: 15-302 ferricfue orthique; Série Portage: £3 érable 5 sucre, bouleau jaune at érable 

rouge 

5 
' 102 3230* ‘I111 mince: la(R); parties con- ioam s_ab;I.eux fin caiilouteux; draina- Trembiaie E érable 5 épis _et Athyuum 

caves des hauts de pentes; pente ge modérément ban avec seepage; ou Bétulaie blanche E érablc 5 épis et 
modalet 9-152 Série Gamelin: 35 houleau jaune, éiroluant v'ers u'ne Sapi- 

niére Ta bouleau jaune, UXILUA ec 
Azhynium 

6 102 ‘ dp20 T111 tres mince: la-R; parties cou— Loam sabieux Ein caiilouteux; draina- Pinede 5 pin gris, Alma/3 cfulépa et ‘Comm/5 
vexes des sommets et des hauts de g‘e hon: Pddzol humo-ferrique 1ithi- canadcwui/3 cu Ttemblaie 5 érable rouge 
pénces; pence madale: 9-152 q'ue'; Série Du Plateau: Q2 et Pfe/t/Ldzéum, évoluant vers la Pessiere 

' E épinette néire, amelanchier et éiable 
rouge; évoluant vers la Sapiniére E 
bouleau ja_une et PM/pidxlum 

7_ 107. dp20* "I111 trés mince: la-R; parties cox'1- Loam sableux fin caillduteux; drain'a- Pinéde 3 pin gris, Alnué Mupa et Colmub 
cayes des hauts d_e pentes; pence ge bun ave_c seepage; Podzol humo- cavLadenA4'/A ou Tremblaie F1 érable rouge at 
modaie: 9-15,2 _ferrique litnfque; Série Du Plateau: Pzteluldwn, évoluant vers ]_._a Pessiere E 

513 épinetce noire, amelanchgter et Erable 
rouge, Evoluant vars la Sapiniere E 
bouleau jaune et OXGUA 

B 101 be20 Affleurements rocheux: R; sommets Affleurements rocheux;. drginage bon; Lande seche 3 KtzZm»{.a., év_oluan} vers 1_a 

e_t irersants abrupts; p'e§te mo'da1e: Régosol 1i:hique;.Série Bédard: b_e Pinéde 5 pin gris, Kalmia et lichens; 
15-302 évoluant vets la Pessfere Z1 épinette 

noire et 1_ich_ens; évoluant vers la 
Pessiere E épinette noire, amélanchier 
et érable rouge 

TYPE ECOLOGIQUE AQUATIQUE: bl'1-3381-10: lacs plus pecits que 250 ha occupant: de 5 E 157 de la surface du Systéme Ecclogique, 
{res peu de ruisseaux, 
tr‘es peu de zones ripariennes, 
découpage du périmeix-’e ziquatiduet trés 1.rrég'ulier, 
pence de la berme:_ abrupge. 
pente des rives: abrupte et modérée, 
systéme de drainage ouvert; lacs profonds, 
matéfiaux géologiques de surface des rives: till ec affleurements rocheux.

~



Systéme Ecologiquez
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0R2a1AIV-1-£22 — Territoire fioutonné des Contrefdfts des Laurefitides; 
dominance de till épais et de till mince; plus de 15% de la surface est constituée par des 1acs_ 

plus grands que 250 ha et plus fietits que 500 ha; peu de ruisseaux et de zones ripariennes 

- \ . 
, 7,‘/,-1‘: -;u ’xx r’< ‘ 

I ‘I H-. Au -;~; np_w“p.u,,_
\ ‘V ,/\ 4| ~ V

/ , \ 

TYPE ECOLOGIQUE AQUATIQUE : f-22-1365-101: 
du Systéme Ecologique, 

peu de ruisseaux, 
fieu de zdnes ripa'r'iennes, 
qécoupgge du périmfitre aqugavtiqug: 

abrupte, 
Inodérée et abrupte, 

pence de la berme: 
peute des rives: 

Lacs plus grands que 250 ha 2: plus petits que 500 ha, 

régulier, 

s'ystEi\e de drainage restraint et lacs peu prbfdnds, 
matériauag géologiques (12 surface des r1ves_:_ sédiments g1__aéio—1acusc1jes 

NUPERO DE SUPERFIQIE TYPE 
REFERENCE RELATIVE ECOLOGIQUE GEOMORPHOLOGIE SOLS VEGETATION 

1 1:02 tyZ0 T111 épais: E; patties convexes Loam sableux fin caillouteux; draina- Pessiére Ea épinggte t;oir_e er. mogxssesy cu 
des milieux de p'eutes; pence ge hon; Podzol humo‘-‘ferrique orthique T1-emblaie 5 érahle rouge et érable 31 

medals: 5-91 Sérle Trémblayz £1 épis, évoluant vets une sapiniére Z: 

bbuléau jaune et Pivlidéum 

2 102 31:30 T111 épaia: E; parties con- Loam sableux fin caillouceux; draina- Ttemblaie 5 érable E épvis at Axthy/Léum, 
' 'vexe's des milieux et bas de ge modérément Hon; Podzol humo-Eerri- évoluanl: vets la Sapiniéte E bouleau 

pgn_tes, pente modale: 2-51 due ortliique; Série Armissanz g ja'une, 0xaL<'A ét Azthy/uLum 

3 102 Inc-.40 T111 épais: L5; parties en Loam sableux fin caillouteux; draina- Pessiére 3 épigette nohje, mqussea ex; 
pence doube; pente Inodale: ge impatfait; Podzol humo—ferrique Sphaignes, cu Pessiére 3 épinetie noire, 
Z-SZ gléyifié; Série Hésy: E séipin et sph’:-:1gne's, ou Sapiniére ‘a 

bouleau blénc, Hy£oconu'.um' at sphaigiies 

A 202 dq20 T111 mince: lagky; hauts de Loam sableux fin caillouteux; draina- Pinéde 5 pin gt-is, Ka1JM'.a, A.1f.nu.6 c)uZApcL 
pentes convexés; pence mo- ge ban; Podzol humo-ferrique ctthi- et Cofuruu canadenub ou Trélixblaie E 
dale: 9-152 que; Sétie Deliuenz ¢_i_q_ érable rouge at érable ‘a épis, évol'uant 

vets ,une_ Pes_s:LEre 5 ép1net't_e noire, mous- 
ses_ et 11;:_hens, ensuite vets une Pes- 
siére 5 épinette noire, sapin at ame- 
la_nch1_er at finalement vets, une sepi- 
niére 3 bouleau jaune at Pate/Lidaéwn 

5 151 dp20 T111 tiés mince; la-R; hauts Loam sableux fin cailloucéux; di'a:'ma- Pinéde 5 pin gtis, Alriub C/t»('Apa at 
de pentes cg1j\c_aves, pgnte ge ban av_e_c_ sqepage; Podzpl hu_mp- C_0Iur[uA cailad2rL_AiA cu Trembléie ‘a érable 
modale: 9-152 -ferrique lithique, Série Du P’latea_u: rouge et Ptuuldium, §Vo:1uan_t vgrs la 

gg Pessiére E épinetgze quite, amelgnchier 
at érable rouge, évoluant vets 1a_Sap1- 
niére 3 bouleau jaune at OXJIUA 

6 51 a1160* Alluvions réceptes: _l4_g; befges Texture variable; drainage trés mau- Aulnaie alluviale 
de cpurs Ad'eau‘, ou de lacs; vai_s avec seepage; Régospl g1eyi- 
pante modale: O-O,5Z fife; Ailuvionsz ajll. 

occupant plus de 15% de la surface 

at till.
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Systéme Ecologique: 3M8-0lV—1—a;1 - Territoires mbntagnefix des Hautes Laurentides; dominance 
d'aff1eurements rochéux et de till mince; peu du pas de lacs, 

riviéres, ruisseaux et zones ripariennes.
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wumzno ma su1='mu_-j1c'1'a Tjm; . b 

REFERENCE RELATIVE ECOLOGIQUE GEOMORPHOLQGIE SOLS VEGE‘I‘A'l'vION 

1 20% mils Affleux-emVenc_s rqc_heu:_:: _13_; Affleuremenps rockgeux; drainage Pessiére 5 épinette noir'e,' KaIJM}1 et 
sonnets et versants ‘abtupts; ¢_=.xces_s1f; Régosol liihique; lichens 
pente modal:-2: 15-SOZ Sétie Caron: E 

2 402 
' 

l;é2§ 
“ 

Aéflexigémedts rdcheux: 3; Affléutements rc-cheux; drainage Pes_s1Ere 3 épinette noire, Kq.£nu'.a ec 
versants abrupts; p'ente hon; Régdsol lithique; Série lichens 
modalez 15-502 Bédafd: b_e 

3 302 gc2S T111 rt:|V:é7§7mi‘.nce;»1'ii3_5_ Loam sableux fin_ cai1l_aul:_eu_x; Eessiére 3 épinétte noiie, Kalfimla, 
' 
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19 Aptitude des sols pour 1'agricu1tL'n:e 
‘ 

531' 7%: 512:: 7%: 7?‘: 

20 Aptitude des sols pour la gourgane 26 lb 38 22 25 35 3 

21 Risque: d'érosion du 501 36 13 21 26 33 ll 17 22 31 39 22 

22 Besoins de drainage artificial 17 33 l 1 l 

23 Aptitude des sols pour la forét 3 4.3: 34 5%r 36 léir $1’ 51:13.: 31 

24 Production furestiére potentiellfe (m3/ha/année) 6,6 4,8 4,7 1,7 

25 Aptitude des sols; pbur 1e bouleau jaune 3 25 1!‘ (31 27 33 
I

3 

26 Difficulté de plantation >2); 3?: Hi: 5 Ligc r Llgc 3l]:'c 

27 COG: dc production dos plantations ($/m3) 1:‘ 7 9 28 

25 Ttaficabilité 3.7;... 4%.’. 5% 2?: 53 3?... 1‘ 2?: 53.. 53 3%.. 

29 Risques de Chablis 17 33 2° 33 11 15 35 22 39 ‘Z1 

30 Potential du régfinération naturcllc dz‘ 1'épinert.- ct dn sapin 3 28 32 28 12 27 13 

31 Pntenticl do 'régC-n(‘r.:.t ion naturcllu du pin gris 39 ll 3 3 

32 Potunticl dc rég,énC-ration nuturelli‘ du pt-upliur :’uux—tremb1<- 1 17 22 31 17 22 3]‘ 3 

33 Attrait du p:1_Vs;ip,e (pondérntiun ":."> 4253 4251 5195 5213 

32. Actrai: 4.. paysagc (§>0ndC-ration "..") 5193 14283 4234 5193 

35 Potential récréatif des Ec:J:~'_\'.~'cErnL-5 aquaciquc-5 70 573 3152 70 

36 Potentiel pour 1:. rficréatlon dans 1:. n4“]'.lIrL’ .5120 5150 5150 530 

37 Possibilité d'utiLisntion dcs 501.; pour l'ing,C‘niL'riu 4:7: 53 455 535 3&5 2% L19... 5.2»... 5.5» 

38 Types de terrain pour l'ing(-nierie C4-M (T/R)5(R)3(T)2 (T)6(T/R)2(R)Z ‘(R)9(T/R)l 

39 Capacité de rfitention on can dos 5015 17 53 55 4“ 71 3‘ 43 153 5 

40 Potential pour 1'origna1 ZF 2C Zc 

A1 Potential pour le caribou 7C 7C 7C Lfm 

42 Potential pour le chevreuil 7C 2C 2C 7C 

43 Potentiel p'our la sauvagine 3 3 
-I

3 

Mo Potential p_our le caster 1 3 3 3 

45 Aptitude des sols pour 1'érable 5 épis 28 12 24 13 33 28 32 39 ll 

46 Niveau d'incégraciun re'quis 111 A1=(R) 111 Rp(o) 111 FR 1 1.- 

47 Indice du Capital-Nature 150 130 150 (,0
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MANITOBA 
G.F. Mills 
Canada—Manitoba Soil Survey 
Winnipeg, Manitoba 

ABSTRACT 
A systematic biophysical land classification 
of northern Manitoba was initiated in July, 
l974. Development of the system took place 
over the first year and at present an opera- 
tional program has completed a field inven- 
tory of some 85,500 km3 (33,000 miz). The 
objective of this land classification is to 
classify map terrain in terms of land- 
forms, surface deposits, vegetation, soils, 
drainage, permafrost, associated aquatic 
systems and climate. The inventory is de- 
signed to provide an ecologically sound 
basis for making land use decisions concern- 
ing fbrestry, agriculture, recreation, wild- 
life, community development and hydrology. 
The methodology for data collection, compila- 
tion and presentation is described. An 
example of the methodology illustrating the 
hierarchical nature of the system is taken 
from the Hayes River area in northeastern 
Manitoba. The strength of this methodology 
appears to lie in an integrated approach to 
data presentation enabling a more complete 
description of the land element of the terrain. 
Some anticipated uses and limitations of the 
data, together with estimated costs of the 
inventory, are presented. 

INTRODUCUON 
During the last few decades, resource develop- 
ment activities in northern Manitoba have 
increased to a great extent. Developments in 
the north are often in the form of large 
projects; the establishment of Thompson, a 
comunity which became in a few years the 
third largest population centre in the pro- 
vince, and the hydro—e1ectric developments on 
the Nelson and Churchill Rivers are examples 
of the kind and magnitude of some recent 
northern projects. It is apparent that the 

LAND CLASSIFICATION OF N0RT.I?lIF‘l.lRVNlli 

RESUME 
Une classification biophysique systematique du 
territoire a debute en juillet 1974 dans le 
nord du Manitoba. La premiere annee a ete 
consacree d la mise au point du systeme et, 
jusqu’ici, un programme operationnel a permis 
la realisation d'un inventaire sur place de 
quelque 85,000 km-3 (53,000 mi2). Cette 
classification a pour objectif la repartition 
des terres et l'etablissement des cartes 
compte tenu de diverses caracteristiques telles 
que le relief, les depdts de surface, la 
vegetation, la nature des sols, le drainage, 
le pergelisol, les systemes aquatiques 
associes et le climat. Cet inventaire est 
destine & servir de fondement environnemental 
de la prise de decisions concernant l‘utilisa- 
tion des terres dans les domaines des fbrets, 
de l’agriculture, de la recreation, de la 
faune, de la croissance des communautes et de 
l'hydrologie. Le document presente une 
description de la methodologie de collecte, 
de compilation et de presentation des donnees. 
Un exemple de la methodologie illustrant la 
nature hierarchique de systeme est donne 
pour la region de la riviere Hayes, dans le 
nord—est du Manitoba. La valeur de cette 
methodologie semble provenir d’une approche 
integree d la presentation des donnees, qui 
rend possible une description plus complete 
des elements terrestres des zones etudiees. 
Le document presente en outre diverses utili- 
sations et limites eventuelles des donnees, 
de meme qu’une estimation des cofits de 
l’inventaire.

' 

effects these developments have on the 
environment and the people in the north will be 
great. It can be expected that similar 
projects will be proposed and very likely 
implemented in the north in the not too 
distant future. 

To be able to plan for future developments, 
resource use planners require information 
about the resources and the environment. 
These requirements will not be the same for 

Proc. let Meeting Can. com. on Ecological (Bio-physical} [and Class. May 25-28, 1976‘, Petanxzwa, Ont.
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all resource use planners, but will have a 
common need for some kind of basic informa- 
tion. This information relates to elements 
in the environment — landforms, climate, soils, 
permafrost, vegetation, water bodies — that 
form homogeneous or ecologically significant 
land units which can be recognized and mapped. 
Recognizing a need_for certain kinds of basic 
resource data in the planning process, the 
Manitoba Department of Mines, Resources and 
Environmental Management initiated the North- 
ern Resource Information Program (NRIP) in 
1974. ’ 

OBJECTIVE 

The purpose of the Northern Resource Informa- 
tion Program is to provide data for resource 
use planners that will help them plan for the 
development of natural resources in a way 
that will benefit all Manitobans. This means 
generally the provision of data useful for 
macro scale planning, although the data may 
be in some instances sufficient for limited 
micro scale planning. However, because of 
the reconnaissance nature of the program, 
usefulness of the data will be greatest when 
applied at a broad regional level. This 
means that the data will be useful for 
planning for the development of renewable and 
nonrenewable resources on a regional basis; 
for planning for industrial and comunity 
development, the protection of the environment, 
the development of infrastructure, etc. 

During the first year of this program, a 
system of land classification was developed 

for northern Manitoba and a systematic survey 
initiated. The main objective of this survey 
is to classify approximately 388,500 km2 
(l50,000 miz) of Manitoba into ecologically 
significant land units. A system that 
classifies land units on such a basis is 
commonly referred to as a biophysical land 
classification. 

The objective of the present land classifica- 
tion as with numerous other integrated 
ecological surveys, is to classify and map 
terrain in terms of landforms and surface 
deposits, vegetation, soils, drainage, perma- 
frost, associated aquatic systems and climate. 
Such an inventory will provide an ecologically 
sound basis for making land use decisions 
concerning forestry, agriculture, recreation, 
wildlife, community development and hydrology. 
The portion of Manitoba for which a bio- 
physical land classification has been 
requested and the status of work done to date 
is shown in Figure 1. 

METHODOLOGY 
Team Approach - To achieve the objectives 
established for the biophysical land classi- 
fication of Manitoba a team approach was 
chosen. A multidisciplinary team consisting 
of two people from the staff of the Canada- 
Manitoba Soil Survey and two people from the 
Manitoba Department of Mines, Resources and 
Environmental Management was brought together. 
In the first year of the program, the team 
consisted of the following areas of expertise: 

Northern Resource Information Program Study Team - 1975. 
H. Morris, S. Forrester, D. Forrester, H. Veldhuis, R. Schmidt, G.F. Mills. 
R. Bakowsky, c. Fryer, K; Dutchak. 

Left to right, front row: J. Clark, 
Back row:
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Figure 1: Location of biophysical Zand classification projects in Northern 
of work done towdate.
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During the second year of the program, the 
team was expanded to include a botanist and 
a resource technician to expedite field 
operations and to provide input to water 
body investigations. 

A provincial advisory committee was established 
at the outset of the program to provide lead- 
ership and direction for the study team and to 
promote liaison with users. This advisory 
group was made up of expertise in the 
following areas: 

resource planning ' 

biophysical survey and classification 
remote sensing 
water body classification 
vegetation — wildlife - environment 

concerns 
data management 

#526
! 

.1" 

project leader 

This group functioned mainly in an advisory 
capacity during the first year of the program. 
Contact with users was maintained through the 
comittee and it provided the initial 
evaluation of available systems for carrying 
out a biophysical land classification. Once 
a satisfactory methodology was selected, the 
advisory role of the group diminished, 
although it continues to provide liaison and 
contact with users. In this way, the group 
helps to determine priority areas in the 
province where the study team should conceni 
trate its efforts. 

Pilot Project - The first year of the program 
served as a pilot project to develop the system 
of classification and the method of presenting 
the data to potential users. It soon became 
apparent, that to classify and map the large 
area with which the program was concerned 
within a reasonable time frame, the amount 
of ground truthing must be limited and much 
of the mapping had to be done by means of air
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photo interpretation. This in turn, 
necessitates that the system classify the map 
patterns of soil, landform, vegetation and 
water rather than small units containing 
discrete soil types, vegetation comunities, 
or drainage conditions. Scale of presentation, 
time frame and intensity of ground truthing all 
indicated that the land base should be delin- 
eated into land units throughout which there 
is a recurring pattern of landforms, soils and 
vegetation. ' 

Based on experience from the pilot study and 
subsequent_coments from users, the number of 
ground truth stops per map sheet was increased. 
‘It was.felt that 80 to 90 stops per map sheet 
would provide the coverage required to 
adequately map the various deposits and soils 
and vegetation conditions, especially if many 
of the stops consisted of a short transect 
describing two or more site conditions. 
Collection of vegetation data also required 
some improvement and should provide a 
floristic list and mensurational data as well 
as some information on cover and sociability. 

Because most of the field operations were now 
carried out from remote base camps, the 
logistical component of the survey became very 
important, To ensure a smooth field operation, 
the resource technician acted as expeditor in 
addition to his involvement in other aspects 
of the program. 

The System of Classification (see Appendix I) - 
Previous work in Canada has led to the 
establishment of a relatively uniform 
methodology for carrying out biophysical 
classifications. Afterexamining some of the 
approaches taken to terrain classification, 
the study team decided to utilize a hier- 
archical system patterned closely after that 
proposed and defined by Lacate (1969). 

DATA COLLECTION, COMPILATION 
A_ND PRESENTATION 

A realistic evaluation of the data collection 
phase in the Manitoba program has been made 
based on the first full field season. However, 
at present, only a rather cursory evaluation of 
the data compilation and data presentation 
phases has been carried out. ' 

Data Collection - In 1975, field studies were 
carried out from June l2 to September l9. 
During this period, a biophysical land classi- 
fication was completed on 62,640 km2 
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(24,500 m2) equivalent to 4 1/2 N.T‘.S. 
l:250,000 scale map sheets, mainly in the 
Northeastern Planning Zone of northern 
Manitoba. 

Terrain investigations in this area required 
68 days during which a total of 382 stops 
were made and detailed information on 567 
sites collected. The terrain studies had 
full helicopter support enabling data collec- 
tion on_soil, landform and vegetation by one 
or two 2-3 man crews. An average of 35 
minutes of helicopter time was expended per 
stop. Ground truth stops varied from about 
one hour to 2.5 hours, the longer stops 
permitting the characterization of two or 
three significantly different sites by means 
of short transects of l to 2 km. 

Water studies throughout the area were carried 
out on a selection of large, medium—sized and 
small lakes and several water courses. Data 
were collected on the following parameters: 

rwmfikcmmamw 
‘— temperature 
— depth 
- shoreline characteristics 

— materials I 

7 length - configuration 
— vegetation 

backshoreiproperties 
+ materials 
— slope 
— drainage 
- vegetation‘ 

An eighteen-second lake survey (Nelson and 
Faulkner, l97l) using an instrumentaequipped 
helicopter provided data for the first three_ 
parameters. The last two items were assessed 
visually from the helicopter while flying 
and through examination of the air photos 
in conjunction with terrain studies. A total 
of nine days in the field and 39 hours of 
helicopter time was utilized to obtain data 
on 295 water bodies. 

The wildlife biologist on the study team 
characterized major 1andform—soil—vegetation 
associations present in each map sheet in 
terms of small mammal counts (traplines) and 
song bird counts (short transects in early 
morning) and by means of winter aerial surveys 
for moose and caribou. These data are 
combined with biophysical relations derived by



other team members to form a basis for identi- 
fication of wildlife habitat within biophys- 
ical map units. The wildlife biologist was 
also responsible for wetland and waterfowl 
studies. A small fixed-wing aircraft flown 
at 70 to 90 m.p.h, and 50 to 300 feet above 
ground was utilized to examine 987 water 
bodies (lakes, ponds and streams), Data 
collected comprised numbers and species of 
waterfowl, water depth, turbidity and colour, 
relative abundance of aquatic vegetation and 
shoreline and backshore features. 

Data Compilation — Landform, soil and vegeta - 
tion data were recorded in the field on forms 
designed for direct input to an automated 
storage and retrieval system. The forms for 
soil and landform characteristics were those 
developed by the Canada Soil Information 
System (CanSIS). Field forms for vegetation 
and water body studies were designed under a 
similar format as the CanSIS forms in order 
that they be compatible with that system. 
Much of the wildlife data was recorded on 
tape and then transcribed into a longhand 
format. 

The study team has not had time as yet to 
work with the field data in any more than a 
preliminary fashion necessary for the pro- 
duction of a biophysical map and accompanying 
legend. Future plans call for additional 
effort in the analysis of field data, 
particularly in those areas where it is 
possible to be quantitative about land use, 
hazards to use and productivity for various 
uses. We realize, in many cases, that 
analysis of field data and backup research 
is necessary to become more quantitative and 
such effort will detract from the map 
production phase of the overall inventory. 
However, where demands are for interpretive 
data for particular uses, the basic bio- 
physical information becomes more viable and 
has increased value to the user as a result 
of such studies. 

Data Presentation - Although the basic docu- 
ment of the biophysical land classification 
in Manitoba is a map and legend depicting 
land systems at a scale of l:l25,000, the 
interrelationship between pattern of land 
types and land system is always considered in 
the context of Land Regions and Districts as 
well. Region,and District boundaries are 
superimposed on the land system map and a 
description of their biophysical condition 
can be attached to the map in tabular form or' 
included in narrative form in an accompanying 
text. 

The boundaries of most map units are based 
initially on landform and related surface 
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deposits and delineated on panchromatic 
black and white l:60,000 scale aerial photo- 
graphs. The landform units are usually 
further refined in terms of topographic 
variation and patterns of soils, drainage 
condition and vegetation. Such character-' 
ization of the landform units is accomplished 
through the field program involving detailed 
descriptions of the soil, vegetation and‘ 
topographic conditions on selected portions 
of a landform. These site descriptions 
generally apply to a landscape segment 
equivalent to a Land Type or a complex of 
Land Types. 

Land systems depicted at the l:l25,000 scale 
are characterized by a recurring pattern of 
landforms, soils and vegetation. The unit 
is described by a map symbol providing the 
user with a fair account of the land 

‘

_ 

characteristics but for more detailed informa- 
tion the user must consult an extended legend. 

The map symbol for a land system is set up in 
the following manner: 

Organic landforms‘
! 

Soil Association(s) 
topographic Mineral landforms 
expression Soil Associo'tion(s) 

The various components of the landscape in a f 

particular land system are described in terms 
of genetic landform, textural category of the 
surficial deposits, the kind of morphology 
and surface form, erosional modifier, slope 
and relief class and soil association. 

Map Symbol: 
genetic mineral landform class 

morphology and surface category.
T 

,,,m,,a| cg_geg°,Y erosional modifier 
V 

1

_ 

genetic organic landform class 

6 //.2 .\ 2 lMd_ 
_ 

Bv- t Fp 

SK; ugly,/Be. ,’Py. 

slope class 

relief class

\ 
soil association 

The soil association symbol directs the user 
to the expanded legend which will provide 
information about the land region, parent 
material, the various soil subgroups belonging 
to the association, drainage, landscape 
position of the dominant member of'thei 
association, ice content and depth of thaw" 
where permafrost occurs, and the vegetation 
associated with the dominant soil subgroup. 

This approach to data presentation is best 
described_by reference to a map area recently 
completed in northern Manitoba. The



descriptive material for two land systems 
from the French River Land District in the 
Low Subarctic Region as described in the 
Biophysical Land Classification of the Hayes 
River area (NTS 54C) is included in.Appendix 
II. In carrying out the classification for 
this area, the study team had access to 
surficial geology maps produced by the 
Geological Survey of Canada (Klassen, R.W, 
and J.A. Netterville, 1971-74) in addition to 
data collected from our own ground truth 
program. 

ANTICIPATED USES 
Ideally, a biophysical classification such 
as described in the foregoing section and in 
the Appendices will serve as an ecological 
basis for land use planning involving future 
management of lands for forestry, agriculture, 
recreation, wildlife, community development 
and hydrology. Biophysical resource data 
are also capable of interacting in the plan- 
ning process concerning alternate land use 
decisions. Guidelines for terrain sensitivity 
can be formulated from such data. They can 
aid in such specific problem solving as 
delineation of corridors for transportation 
and pipeline routes. 

This hierarchical approach to terrain classi- 
fication should increase its adaptability to 
those uses which function at different 
scales. Land Regions and Districts provide 
an overview of the extremely complex rela- 
tions between the biological and physical 
aspects of the environment. An overview at 
.this scale is possibly of more interest to 
those concerned with broad macro planning at 
the regional and provincial level. Data 
portrayed at the Land System.leve1 may be 
sufficient for local and regional planning 
but users often ask for more detail. In 
Manitoba, we are experiencing increased 
pressure for detailed biophysical data around 
settlements. Such data would presumably be 
collected and portrayed at a scale equivalent 
to the Land Type. At present, we have no 
experience in carrying out completely 
integrated terrain surveys at the Land Type 
level. There are indications that work at 
this scale tends to become specialized into 
one or two disciplines,-depending on the 
type of information required. Theoretically, 
it is possible to portray all terrain and 
related elements at all levels of detail. It 
may not be practical, however, to carry_out a 
completely integrated.inventory showing all 
terrain elements at such larger scales. 

The degree to which the biophysical classi- 
fication is successful in meeting user 
requirements is not the same in all instances. 
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It varies with the background and expertise 
of the user, the kind of questions to be 
asked of the data and in certain cases, our 
inability to predict precise behavior and 
response of the environment to manipulation 
and use. Past experience in dealing with the 
application of natural resource data to 
various uses indicates that many user require- 
ments are for interpreted information. The 
absence of interpretations then becomes a 
limitation to use of the data. This limita- 
tion can be overcome if those involved 
in carrying out integrated resource surveys 
plan either to provide an interpretation of 
their data or be prepared to cooperate with 
individual users in deriving such inter- 
pretations. 

Another major limitation to use of biophysical 
data is the inability of both collectors and 
users of the data to be as precise as we 
might wish in predicting behavior and response 
of the environment under various conditions. 
This limitation is apparent particularly in 
northern areas lacking the regional experience 
and applied research necessary for successful 
interpretation of that environment. Accumula- 
tion of regional experience and inclusion of 
a certain research element in the data 
collection phase of the biophysical inventory 
will help to minimize this limitation. 

COSTS 
Cost estimates to carry out the l:l25,000 
scale biophysical land classification 
currently being applied in northern Manitoba 
are based mainly on our experience during the 
1975-76 fiscal year. Precise costs are 
available for a field program lasting 103 days 
with full helicopter support and operating 
from remote base camps. .These costs, 
excluding salaries totalled $121,800 or 
$5.00/miz. Field costs including salaries 
during the field season and a prorated 
adjustment for developmental costs and capital 
equipment costs amount to $6.20/miz. 

Exact costs of the professional and technical 
staff input to the program are more difficult 
to calculate. Estimates based on professional 
and technical time expended place total 
salaries at $99,000 (based on 3 professional 
S.M.Y., field and office; 2 technical S.M.Y., 
laboratory; and the equivalent of 2 technical 
S.M.Y. field and office). The total cost of 
the 1975-76 program is therefore $220,800 
$121,800 field costs and $99,000 salaries) or 
$9.00/miz. However, one should consider these 
costs in the context of what the program has 
produced to date. The Manitoba program has 
not_yet achieved a balanced effort between 
the data collection phase (field program) and



the data processing and map production phase. 
This imbalance has resulted in a substantial 
backlog of map sheets as field work is 
complete on about 6 1/2 map areas with only 
one being published to date. A second map 
area is currently nearing completion. 

Wildlife studies utilizing one full profes- 
sional S.M.Y. also developed a backlog of 
unpublished information. This backlog 
resulted in part from the imbalance between 
data collection and data processing and 
publication phases. The developmental aspects 
of the wildlife part of the program further 
contributed to the backlog. The results of 
the wildlife studies, which include an 
interpretation of the biophysical data for 
wildlife, will appear shortly in a narrative 
style report pertaining to the first 
published map area. 

.Data collected from the water studies have 
been stored but not brought to any final 
conclusion either alone or in integrated form 
with the terrain data. Considerable effort 
_researching this subject was expended by one 
team member and a preliminary presentation 
based on an hierarchical ordering of water- 
sheds was developed. Evaluation of this 
approach has not been attempted as yet. 

The level of field activities in 1975, in 
spite of the allocation of substantial effort 
to water and wildlife studies, achieved a 
certain economy and efficiency of scale. How— 
ever, these efficiencies of operation are lost 
through inability to adequately process and 
present the data within a reasonable time 
frame. Adjustments currently being made in 
reducing the size of the annual inventory 
area and increasing the professional input 
on the data processing and map production 
phase should help to eliminate the backlog of 
maps and bring the two phases of the program 
into balance. These adjustments will also 
increase the costs of classification per unit 
area from those experienced during the first 
two years of operation. 

SUMMARY 
The nature of land inventories is rapidly 
changing. Operational biophysical surveys 
employing multidisciplinary teams of 
pedologists, ecologists, wildlife biologists 
and geomorphologists have emerged during the 
past decade and now make a substantial 
contribution to resource inventories in 
Canada. Prior to the advent of biophysical 
surveys, the Geological Survey of Canada 
@.S.C.) and the cooperative Canada Soil Survey 
were the two main agencies concerned with 
"surface of the earth inventories". 
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The G.S.C., since its inception 134 years ago, 
has carried out a systematic reconnaissance 
inventory of both bedrock materials and surface 
deposits over most of Canada's vast'land area. 
Similarily, for some 50 years, the cooperative 
program of Soil.Surveys has played an important 
role in the inventory of Canada's land resource. 
The area covered by Soil Survey is about 
3,175,635 km2 or 1,225,168 m12. This repre- 
sents about 35Z of Canada's total land mass'of 
9,976,700 m2 or 3»,soo,ooo 1:112. The soil 
information collected to—date does concern‘ 
most of the settled portions of Canada and 
provides a very comprehensive assessment of 
the basic attributes of land. It has become 
some of the most useful data for much, if 
not most of the rational land resource planning 
in Canada. 

In this day of comprehensive land use planning, 
much criticism has been leveled at single 
discipline or single purpose resource surveys. 
A single discipline‘study, by its very nature, 
is bound to have limitations for satisfying 
many user needs. In the past, soil surveys 
have been criticized for the same reason. 
However, methodology employed by the cooperative 
soil survey tends to overcome some but not all of 
the deficiencies of a single discipline survey. 
This methodology keys on the pedological 
concept of the soil profile as the basis for. 
inventory. This concept presupposes that 
similar materials, if occurring under identical 
environmental conditions of regional and local 
climate, biological activity, relief, drainage 
and time, will develop identical soil Profiles. 
It further assumes that similar soil conditions 
will respond in similar fashion to manipulation 
or management and will produce similar yields 
in terms of biomass. The soil profile is the 
most stable, environmentally sensitive element 
in the landscape. Thus, the concept recognizes 
the integrated effect of all factors of soil 
formation in the soil profile rather than 
attempting to separately evaluate each. 
different factor. It is this end product, the 
identified soil profile, characterized by its 
chemical, physical and biological properties, 
that has proven to be the useful predictive 
model representing actual delineated land- 
scape segments. 

Recognizing an increasingly wide spectrum of 
users, and as well, the criticism aimed at 
single discipline resource studies, the Soil 
Survey in recent years has broadened its 
traditional approach to inventory so that 
ground-truthing, while still emphasising the 
soil profile, has shifted to include other . 

"land attributes". Data collection is often 
by a team of specialists who attempt to 
define map units with greater sophistication 
and precision largely in terms of additional



data concerning the "land attributes" of the 
landscape, i.e.'landform and vegetative cover. 
Recognizing this trend, the national Soil 
Survey recently adopted for its use a 
modification of the landform classification 
developed by the Geological Survey of Canada. 
In addition, individual soil survey groups 
have established a close working rapport 
with ecologists and botanists in order to 
provide a better correlation of soil and

_ 

vegetation relations. No doubt, part of this 
shift in direction has come about through 
pressure on soil survey personnel to become 
involved in biophysical type inventories 
across Canada. '

- 

Many soil surveys, particularly where a wide 
,spectrum of users is anticipated, attempt 
as completely as possible, to characterize ' 

landscape segments in terms of individual 
components, soil, landform and vegetation, all 
integrated within a climatic framework. By 
means of this approach a soil survey provides 
a product which is fundamentally the same as 
that of a biophysical land classification. 
Such an integrated approach to_terrain 
classification is basic to the biophysical 
land classification Currently being carried 
out in Manitoba. We retain a strong emphasis 

‘ on the soil, which as the most stable and 
environmentally sensitive component of the 
landscape, is capable of interpretation for a 
wide range of biological and physical uses. 
Landform and materials are likewise relatively 
stable, but biological use interpretation 
based solely on physical parameters is of 
limited value when no consideration is given 
to the effects of regional climate and 
vegetation on that material. Similarly, 
vegetation, although sensitive to climatic 
and certain physical conditions, is relatively 
unstable and, therefore, cannot be interpreted 
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consistently for a wide range of uses. 

Biophysical land classification, on the other 
hand, is not a single science, but a group of 
sciences brought together as'a mapping 
methodology. In Manitoba, we feel that there 
are advantages to working with an integrated 
land classification, particularly if the 
various elements can be ordered hierarchically 
as under the biophysical approach. The 
hierarchy enables one to be specific or 
generalized in depicting the.various physical 
and biological terrain elements. It is 
possible to show relationships between the 
various components in the environment at each~ 
level of abstraction. In addition, at the 
Land Region level of abstration, one is able 
to synthesize a general climatic framework 
for distinguishing soil series, the basic 
building blocks of a soil survey. 

In summary, the approach being taken to terrain 
classification in Manitoba differs‘only ' 

slightly from the standard biophysical survey 
developed in Canada over the past decade. 
The main difference lies in a stronger 
emphasis on soil as compared to that given to 
other components of the environment. The 
increased importance attributed to soil is 
justified because soil is studied and 
classified as an integration of several 
environmental factors. Soil, as a relatively 
stable environmental component,.still remains 
sensitive to the effects of other less stable 
environmental components. Both approaches, 
the standard biophysical methodology and the 
Manitoba approach giving additional weight 
to soil, provide an integrated resource 
inventory giving a more complete picture of 
the biophysical environment than it is 
possible to obtain from a single discipline 
resource survey.



209 

APPENDIX I 

THE SYSTEM OF CLASSIFICATION AND 
THE CONCEPT OF LAND REGIONS 

Previous work in Canada has led to the 
establishment of a relatively uniform 
methodology for carrying out biophysical 
classifications. 'A hierarchy of four basic , 

classification units was proposed and defined 
by Lacate (1969) for the systematic 
description of terrain:' 

Land Region -_an area of land characterized 
by a distinctive regional climate as expressed 
by vegetation. 

Land District — an area of land characterized 
by a distinctive pattern of relief, geology, 
geomorphology and associated vegetation. 

Land System — an area of land throughout which 
there is a recurring pattern of landforms, 
soils and vegetation. 

Land Type — an area of land on a particular 
landform segment having a fairly homogeneous 
combination of soils and chronosequence (i.e. 
successsional development) of vegetation. 

The approach taken in Manitoba is patterned 
after that of Lacate but includes some 
modification in the definition of the Land 
Region. All four levels of classification 
have been used in the Manitoba approach. The 
basic product of our biophysical classification 
is a map depicting Land Systems at a scale of 
l:l25,000. The ground truth and sampling. 
carried out to produce the Land System map is 
collected at the Land Type level. Land 
System units, in turn, have been grouped into 
Land Districts on the basis of general 
physiographic features. However, Land 
Districts can also be considered as subdivi- 
sions of a Land Region. It is emphasized 
that the boundaries for Land Districts and 
Land Regions become really meaningful only 
after a study of interrelationships in 
patterns of land types and land systems. 

The Land Region — Concepts and.Rationale 

The concept of Land Region as utilized in the 
present studies has been broadened somewhat 
in definition from that given above. Broad 
regions of uniform climate are identified 
not only on the basis of vegetation, but also 
on trends in soil development and permafrost 
features. 

For example, the High Subarctic Land Region 

in Manitoba is defined to-include those 
conditions of regional climate which result in 
a particular pattern of forest cover inter- 
spersed with treeless areas of Tundra, i.e. 
Forest-Tundra transition. This Land Region 
further exhibits permafrost conditions which 
are characteristic of the Continuous Permae 
frost Zone, i.e. depth, distribution and 
surface expression. The presence of perma- 
frost in the soils of this region is associated 
with processes and properties which are a 
consequence of cold temperatures. Climate, 
and particularly temperature therefore, are 
major factors governing the development of 
the soils of this region. Thus, soil 
‘development, as it reflects climate, becomes 
a useful criterion for defining the Region. 

The degree of climatic uniformity observable 
in a Land Region favours the development of 
similar ecosystems on material having similar 
properties. For example, similar physio- 
graphic sites (i.e. those having the same 
landform, slppe, parent soil material and 
drainage characteristics) may occur in _ 

several climatic regions. Within a region, 
these sites will support the same vegetation 
communities, but in other regions vegetation_ 
on the sites will be different. -Thus, beach 
ridges in an Arctic Land Region support low _ 

growing shrubs and forbs, whereas beaches 
in the Boreal Region usually have dense 
growth of black spruce or jack pine. ,Soils 
display similar trends, as the.kind and. 
development of soil profiles vary from region 
to region on similar physiographic sites. 
The depth of the thawed layer, and the form 
and kind of surface expression of permafrost 
also vary on similar sites between_regions 
but remain relatively constant on comparable 
sites within a region (Zoltai, 1973). Land 
Regions, therefore, describe broad areas 
where one can expect to find the same kinds 
of vegetation and soil associations on 
similar sites. 

when considering Land Region differences, 
one should realize that regional boundaries 
indicate where significant ecologic changes 
are taking place, often over a transitional 
zone. A boundary occurs where change in 
the climate-soilevegetation conditions appear 
to be most pronounced or significant when 
compared to adjacent areas. A line drawn in 
this—way is only an approximation of where 
the majority of changes occur and there are 
many local variations which become obvious 
when mapping a smaller area in more detail 
(e.g. an NTS map sheet). For this reason, 
a particular soil name or vegetation type may 
be applied in two adjacent Land Regions when 
site conditions are similar in these regions.



This situation usually occurs only within a 
limited area on either side of a Land Region 
boundary; as distance from the boundary line 
increases, climatic change is sufficient to 
produce major, significant differences in 
similar site condition. 

An ecological description_of extensive land 
areas must incorporate regional variations 
in climate; however, climatic information 
needed to classify such regions does not 
exist for the most part. In addition, we 
do not always know which climatic parameters 
have the greatest influence and are most 
significant_to the ecology of an area or to 
potential land use developments. Because 
‘meteorological data can only show trends or 
gradients, the critical values or ecological 
thresholds can only be determined through 
knowledge of climate-vegetation-soil 
relationships. Existing climatic data 
serve only to corroborate to a certain extent 
the validity of the regional division but 
cannot define or identify them. 

Because climatic change from region to region 
has such importance to the ecology of an 
area, the Land Region is useful for estabe 
lishing soil series and associations. The 
soils of each Land Region are associated with 
a range of climatic parameters which influence 
not only the thermal regime of the soil but 
also the various biological and physical 
activities involved in the processes of soil 
development. Soils developed on similar 
parent materials and drainage conditions but 
in different Land Regions are given different 
names according to the Land Region in which 
they occur to indicate that many of the 
associated ecologic conditions are dissimilar. 

APPENDIX ll 

EXAMPLE OF INTEGRATED APPROACH 
TO DATA PRESENTATION 

Land Regions — The Hayes River map area 
contains parts of three Land Regions named 
from southwest to northeast High Boreal, Low 
Subarctic and High Subarctic (Figure 2).‘ 

The Land Regions shown in Figure 2 are 
delineated on the basis of dominant soil, 
vegetation and permafrost conditions occurring 
over large areas. Because the major changes. 
in dominant soil, vegetation and permafrost 
conditions of a Region are related to clflnate, 
there is an orderly zonation from south to 
north. Zonation is complicated by the pre- 
sence of local features such as large water 
bodies, valleys,extensive organic plains and 
north—south trending ridges. Some of these 
features favor development of soil-vegetation 
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Figure 2: Land Regions in Northern Manitoba 
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associations typical of adjacent Land Regions. 
Such atypical "outlier" associations were 
considered too small or insignificant to be 
delineated separately, but their presence 
should be recognized. 

The land regions in the Hayes River map area 
have been described and compared in a 
tentative summary of their biophysical 
properties by Mills et al. (1976). In this 
summary, the broad vegetation zonation is 
after Rowe (1972); permafrost regime has been 
defined by Brown (1970), and the soil 
characteristics are derived from exploratory 
surveys carried out by the Canada—Manitoba 
Soil Survey. An attempt has been made to 
describe the stable vegetation according to 
soil and soil moisture conditions. Local 
physiographic (site) conditions may change the 
local climate and hence vegetation development. 
Such conditions occur on steep south—facing 
slopes in protected valleys which may make 
the site warmer, or on north—facing slopes, 
exposed ridges, snow accumulation areas and 
in frost pockets, any of which may make the
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site colder. Sites which are not so 
influenced may be called normal or mesic, as 
the vegetation on them expresses the normal 
effect of the regional climate (Hills, 1960). 

The land district and land systems described 
in this Appendix are in the Low Subarctic 
land region. This land region is character- 
ized by open coniferous forest or subarctic 
forest vegetation. The permafrost is 
discontinuous and widespread. Dominant soils 
are Brunisolic Static Cryosols, Brunisols, 
Luvisols, Gleysolic Static Cryosols and 
Organo Cryosols. The organic soils occur 
on peat plateaus, palsas, bog veneers and 
fens lacking permafrost. Sandy soils are 
non—frozen, but loams and clays are frozen 
with an active layer ranging from 30 cm to in 
excess of l’m. Cryoturbation is active in 
lower slopes and depressions but is sporadic 
in mid and upper slope positions. 

Land Districts - Six Land Districts are 
delineated and described in the Hayes River 
area; one in the High Subarctic Land Region, 
four in the Low Subarctic Land Region and 
one in the High Boreal Land Region. The 
location of the Land Districts is shown on 
the Biophysical Land Classification map of 
the Hayes River area (Mills at aZ., 1976) and 
on Figure 3. The two land systems described 
in detail in the Appendix occur in the French 
River Land District in the central part of 
the Low Subarctic Land Region. 

The French River land district is mainly an 
organic plain, with microrelief provided by 
scattered occurrence of drumlins and 
abandoned marine beaches. Elevation varies 
from 120 m along the eastern border to 75 m 
in the north. The broad U—shaped channel of 
the Gods River forms a major topographic 
break in the landscape. This district 
includes a large cluster of lakes occupying 
the western 2/3 of the area; the remainder is 
dominated by organic landforms. The shape 
of the lakes reflects the topography of the 
underlying till which is often covered by a 
thin mantle of marine deposits. 

The organic deposits which dominate the 
District occur in the form of peat plateaus, 
bog veneers and fens. The peat plateaus are 
raised, permanently frozen peat landforms; 
the bog veneers are thin organic accumulations, 
which contain a sporadic occurrence of 
permafrost. The fens consist of moderately 
deep to deep, very poorly drained organic 
deposits, which contain no permafrost, except 
in the case of patterned fens. In such 
cases, frost is found under some of the better 
developed ridges. 

On upland sites and organic peat plateaus and 
bog veneers Black Spruce forms the stable 
_tree cover; on the better drained ridges, 
Black Spruce is often replaced by Jack Pine as a 
result of fire. On bogs, the Black Spruce 
is associated with Sphagnum spp., lichens and 
ericaceous shrubs. On upland sites the ground 
cover consists mainly of lichens and/or 
feathermosses, with minor components of 
ericaceous shrubs. The vegetation in the fens 
is dominantly sedges, Bog Bean, Cottongrass 
and brown mosses, with, in some cases, a 
stunted tree cover of Tamarack. In the case 
of patterned fens the ridges are formed by 
Sphagnum spp. and other mosses which support 
stunted Tamarack and Black Spruce. 

Mesic Organo Cryosols are the-dominant soils 
associated with peat plateaus; Terric Mesi- 
sols and Terric Mesic Fibrisols usually occur 
with some Peaty Gleysols in non—frozen parts 
of the bog veneer areas. Fens are character- 
ized by dominantly Terric and Typic Mesisols 
formed on fen peat. The active layer in the 
organic deposits is about 50 cm and ice 
content of the permanently frozen materials 
is high. Medium textured till materials are 
characterized by Eutric Brunisols on the mid 
and upper slopes and Peaty Gleysols and 
Gleysolic Static Cryosols in lower slopes and 
minor depressions. On beach ridges, the 
dominant soils are Degraded Eutric Brunisols 
often associated with Gleyed Degraded Eutric 
Brunisols on the lower slopes. 

Land Systems — Part of the biophysical map of 
the French River land district is reproduced 
in Figure 4. The landform and vegetation 
pattern characteristic of different land 
systems is seen in the aerial photograph of 
the same area (Figure 5). The following 
symbols describe two land systems located 
side by side south of the Gods River. They 
are: 

lMde2 Bv.t6Fp2 'Dt7 Fp3 
b2 s1. D1 Pe Py and Fe Py 3 ’2 1 1 1 ‘ l _ 

2 6 2 
1. Land System b2 lmde Bv't Fp 

S13 Dl2Pe1Pyl 

This symbol reads as follows: 

Twenty percent of the land unit consists of 
loamy till in the form of drumlins or drum- 
linoid features, which have been eroded byw 
water . The relief of these landforms is from 
3 to 5 meters, with most slopes between 6 and 
12 percent. The associated soils belong to
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Fégure 4: Portion of 1:125,000 scale biophysical map of the Hayes River.area 
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LEGEND — GEOMORPHOLOGY 

GENETIC MINERAL LANDFORM MORPHOLOGY AND SURFACE FORM TEXTURAL CATEGORY IEROSIONAL MODIFIER 
CLASS CATEGORY (placed before (placed after morphology 

A alluvial (placed after landform class) landform class) ' & surface form category) 

2 ggiigzial p plain 
_ 

c clayey c channeled 
' -A h hummocky 1 loamy e eroded G g1ac1°_£1uvia1 u undulatin a sand’ i dissected L glacio-lacustrine g y 

M marginal m rolling f fragmental (gravelly, 1 .def1eted 
' ~* d drumlinized cobbly or bouldery) w washed W mar1ne.. 

. k kettled -s skeletal (used in com- U undifferentiated ' -M v’” ' : - 

r ridged bination with 
BEDROCR CLASS t terraced clayey, loamy or 

a apron sandy) 
aR bedrock, acidic A delta 
bR bedrock, basic f fan 
cR bedrock, carbonatic b blanket 
uR bedrock; undifferentiated v veneer 

GENETIC ORGANIC LANDFORM CLASS AND CATEGORY RELIEF CLASS SLOPE CLASS 
B Bog (meters) degrees 2 

E Palfia a 0- 2 1 0- 2 0- 5 
b bowl has *1: -3-. 5 2 3- 7.5 6-15 
f flat has at 6-20 3 8-15 16-30 
1 blanket b°8 d 21-50 4 16-30 31-60 
W Peat mound e 51-100 5 >30 >60 
P has plateau f >100 6 complex 
t peat plateau 
v bog veneer 
y polygonal peat plateau BIO-PHYSICAL BOUNDARIES 

F Fen . I 

j-.—'- Land Region Wglz 
c collapse scar ‘1 ‘— _- Land District V 

f floating fen ' _.____——- Land System 
h horizontal fen . 

1 sigpigg fen NOTES: 1. See text for explanation of Map Symbol 
m mlnefotrophic pglga 2. See Table 1 for soil and vegetation 
p patterned fen 3; See Appendix III-for definition of terms 

S Swamp



Lcmdform and vegetation patterns’ of land systems in the French Rive?) Land Distmict 
{ see text for descriptions») ' 

Mm='1=1'i1'c colivsmloius 

1. 

to 

&~ 

. Hap units may be pure or complex: 

. Areas of dominantly deep organic deposits are designated -according to the organic landform only. 
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Legend for Cartographic Symbols 
and Mapping Conventions 

CARTOGRAPHIC SYMBOLS 

Iiorphology and surface-form cat_ego_1:ie_s are applied‘ 4.,-y—, break of ‘slope (scsrp) 
individually or in combination to the Genetic Mineral 
iandform or Bedrock Class G iaghted hiuock or humock 
Topographic expression applies to both mineral and >>><>< ask!" (di~-"nun of “W a~ss‘-‘med’ u‘-1-cextain) 

bédroclt landforms and, as well, to sh'alloi4 organic -O9 .—O—drumlin or drumlinoid (ice direction shown, 
landforms (bog veneer and blanlget bag) which reflect not shown) 
the configura}:3_.pn of the underlying material. The 
topographic characteristics of all other organic 
landforms are described in the definitionof each 
laiidform. 

.0-O-&_— moraine ridge 
-o-—O-0- abandoned strnndline 
4- -0- +buried strandline 

_ 
V-1-V. meltwater channel 

gonna‘ of cm’. component cW“i“8>85 minor intersecting lineaments or grooves percent','of the map unit. ‘ ><Z < ‘ 

. 
W - 

Coglex units consist of two or more , n, the
_ relative proportion of each being designated in deciles by [Arabic numerals placed as superscripts after each lan_d_for_m_._ 

The organic landform portion of the map unit is always designated last in the symbol and is separated from mineral 
and/or bedrock portions by 

I

. 

Thin veneers o'r blankets of one geologic .material may overly another morphologically dominant unit. Where the 
oye_rl_ay is a continuous blanket, the nature of the underlying material is described at the Land District level; 
if the overlay occurs as a continuous veneer, the underlying materials are described in the definition of the soil 
association. .A 

r

' 

The underlying- 
materinls are described at the Land District level.
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the Strobus Lake 3 association. 

Sixty percent of the land system is covered by 
bogs, which are dominantly of the bog veneer 
type, while the remainder is in the form of 
peat plateaus. Twenty percent of the land 
system is covered by patterned fens. The 
soil associations are respectively Deer 
Island 2, Bemichagamau 1 and Pennycutaway'l. 
Using the soil association as a key, additional 
information can be found in the extended 
legend (see Table 1). 

,2. ‘Land System Bt? ~ Fp3 
Pél . Pylh 

This symbol reads as follows: 

The unit consists entirely of organic land- 
forms in the form of peat plateaus and _> 

patterned fens. Approximately 70 percent of 
the land system consists of raised peat 
plateaus occurring singly and as complex 
associations of peat plateau fields. The 
associated soils belong to the Pemichagamau 
~association. Thirty percent of the_land 
system is covered by patterned fens character- 
ized by the Fennycutaway soils. Utilizing the" 
soil association symbol as an entry to the 
extended legend, the user can find additional 
information on depth and physical properties 
of the soil materials along with drainage 
characteristics and associated vegetation 
types. 

,APPE,ND|_X_ loll 

_ 

DEFINITION OF TERMS 
(Acton, 1975; Tarnocai,_l974; Flint, 1971) 

Genetic Mineral Landform Classes - 

Alluvial (A). Accumulation of material 
deposited during comparatively recent geologic 
time by a stream or other body of running 
water as a sorted or semi—sorted sediment in 
the bed of the stream or on its flood plain 
or delta, or as a cone or fan at the base of 
a mountain slope. 

Colluvial (C). Accumulation of any loose, 
heterogeneous and incoherent mass of material 
or rock fragments (variable mixture of boulder 
to clay) deposited chiefly by mass—wasting, 
usually at the base of a steep slope or cliff. 

Eolian (E). Accumulation of deposits (sand 
and silt) whose constituents were transported 
(blown) and laid down by atmospheric currents, 
or of deposits produced or eroded by the wind. 

Glaciofluvial (G). Pertaining to the outwash 
deposits and landforms, produced by meltwater 

streams‘associated with and flowing from wasting 
glacier ice. Such stratified sediments, 
depending on the depositional environment, are 

V 

classed as ice contact_deposits or outwash 
sediments. 

«Ice contact outwash includes kames, eskers and 
kame moraines deposited upon or immediately 
adjacent to glacier ice. In addition to a 
distinctive surface form, ice contact deposits 
are characterized by extreme range and abrupt 
changes in grainrsize, inclusions of till bodies 
and marked deformation. 

' 

’ " 

Voutwash sediments include stratified materials,» 
mainly wel1—sorted sands and gravels deposited 
by streams usually in the form of fans, terraces 
and valley trains; 

Glaciolocustrine (L). “Materials deposited in 
g ac"a a’és: specifically, landforms and ~ ~ 

‘ deposits composed of suspended materials 
transported by streams into lakes bordering aA_

" 

glacier which has since disappeared. 

Morainal (M). Accumulations of unsorted, 
unstratified glacial drift, predominantly till, 
deposited chiefly by the direct action of- 
glacier ice in a variety of.landforms that are 
primarily independent of control by the-surface . 

underlying the drift. 

Marine (W). Materials deposited in marine , 

environments. These may form a blanket of” 
deeper-water silts and clays, or occur as a 
series of marine nearshore features-composed 
largely of gravels and sands and deposited_as. 
spits, bars and beaches. ' 

‘

" 

Undifferentiated (U). Deposits whose genesis 
cannot be determined from the available 
evidence, or mixtures of deposits resulting 
from the interaction of several genetic 
processes. 

Bedrock Classes 

Acidic (aR). Igneous intrusive or extrusive 
bedrock having more than 66% S102. 

Basic (bR). ‘Igneous intrusive or extrusive 
bedrock having less than 66% S102. 

Bedrock (R). A general term for the rock, 
usually solid, that is exposed or underlies 
unconsolidated surficial material. Types of 
bedrock encountered are grouped into "acidic, 
basic or cafbonatic"'classes. 

Carbonatic (cR). Sedimentary rocks containing 
large amoqnts-of calcite and other carbonate 
materials.
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Table 1: Portion of the extended Zegend5'Hayes-River Map area, 540 Manitoba 

LEGEND FOR SOIL AND VEGETATION 

Soil Association 1,g Parent Material Map ' Soii and Drainage“ Landscape Position3 Ice Content Dominant 
. 

’ cw Unit ' 

1 and Vege- Symbol Name M M ‘ Dominant Subgroup Significant 
, 3 5 . 

. _:£ .symbu1 Subgroup Inclusionsz Depth of Thaw3 tation 2 

Di Deer Isiand _LS ,Shal1ow (40—160 cm) deposits Dil Terrie Mesic 
L 

Raised peat p1at— High; 50 cm ‘ bS—Er—Li- 
' of mesic to humic forest Organo Cryosol (i—p) eaus and palsas Fm 

peat with alternating sub— - - : ‘ bS—Er-Sp- 
dominant layers of fibric Fm 
:::ag::: Eszgtizigogymesic Diz ‘Terric Mesisol (p) Terrie Meeic 

I 

Gently sloping areas Moderate; 50 bS—Sp—Er P - Organo Cryosol (p-i) with shallow chan—. cm to 100+ cm bS-Fm—Er— -medium to fine textured ‘ 

nels ,runne1s and Li marine-sediments, deptéssions 
Pe .Pemichag— LS Deep (>160 cm) deposits of Eel Mesic Organo Typic Mesisol Raised peat_p1at— High; 50 cm hS—Er-Li- 

amau ‘mesic to humic forest peat Cryosol (i-p) eaus and palsas Fm 
' bS-Er—Sp 

Py Pennycutaway LS Deep (>160 cm) deposits of‘ Pyl Typic Mesisol (v) Typic Mesisol, Level to depres— eNon—frozen Cx-Dp—Co 
-mesic fen peat or very sphagnic phase (v) sional fens, water 
thin (15-60 cm) discontin— « track fens 
uouslfibrig Sphaggum peat Pyz Typic Mesisol, 

_ 

Typic Mesisol (v) Level to depres— Non—frozen tL—Cx-Dp— over y ng en pea ' sphagnic phase (v) sional fens Sp 
S1 Strobus Lake LS Very strongly calcareous, S11 Degraded Eutric‘ Orthic Grey Apex and upper Nonefrozen bS—(jP— ‘ho ‘medium to moderately fine Brunisol (w) Luvisol (w) slopes tA)-Fm-A1 E; textured stony ti11L Gleyed Degraded 

Eutric Brunisol (1) 
‘S12 Gleyed Degraded Rego Gleysor, peaty Mid to lower »None to moder- bS-Fm—Er— 

Eutric Brunisol (i) phase (p) ‘slope ate; 50 cm to A1 
Gleyaolic Static 100* Cm 
Cryosol, peaty ph.(p) 

S13 Rego Gleysol, peaty Gleysolic Static Depressional-to None to high; bS—Sp—Er— 
' phase (p) Cryosol, pesty ph.(p) level 50 cm to 100+ Fm 

- cm: 

Notes: 1. Dominant subgroup comprises more than 40 percent of soil association. 5. Vegetation: species abbreviation 
2. Significant subgroup inclusions are 20 to #0 percent of soil association. Dp - Drepanocladus 

Minor subgroups are listed in order of dominance. bS' — black spruce (Picea mariana) 
3. “Landscape position, ice content, depth of thaw and dominant vegetation - wS' — white spruce (Pic:g glauca) 

‘ refer to the dominant subgroup. W3 - White birch (Betugg Eépxriferfl) 
4. Drainage classification - 

i 

‘ Bi - dwarf birch (Betu_g glandulosa) 
e — excessively drained- tL - tamarack (Larix laricina) 
w _ we11 drained Ni - willow (Sa1ix sp.) 

. i - imperfectly drained A1 - alder (Alnus 5P-) 
I 

p - p°or1y drained 
. _ 

- 
’ tA - trembling aspen (Populus tremuloides) 

V _ Vetx poorly drained 
, 

bRo - black poplar (Popu1us,ba1samifera) 
1 ‘ 

_ 
. 

V 

, _ 

I CxA — Sedge (Carex sp.)' v' 
Co: - Cottongrass (Eriophorum sp.) 
Li h Lichen (cladonia sp.) 
Sp‘ — Sphagnum (Sphagnum sp.)_ 
Er_ 4 Ericareae (Ledum, Chamaedaphne, Kalmisr etc.) 

‘ Fm — Feathermosses ‘ 

jP - Jack Pine (Pinus.bsnksiana)
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Undifferentiated (uR). A bedrock material 
where differentiation into a specific class 
is impractical or impossible. 

Morphology and Surface,Form Category 

Apron (a). An extensive, continuous, gently 
sloping and blanket-like deposit of uncon- 
solidated material derived from an identifiable 
source such as the edge of a large esker or 
along fault scarps. 

Blanket (b). An extensive area of relatively 
thick (>1 m) surface deposits which subdue 
but do not completely mask the configuration of 
the underlying bedrock or deposit. 

Delta ( A.). Usually a triangular shaped 
area composed of stratified materials (ranging 
from coarse to fine)_deposited by streams into 
large bodies of water. " 

Drumlinized (d). Elongated, smooth, stream- 
lined ridges with long axes parallel to the 

‘ direction of ice movement. 

Ean_(f). A gently sloping, fan-shaped mass 
of detritus forming a section of a very 
shallow cone, commonly at a place where there 
is a noticeable change in gradient. 

Hummocky (h). Terrain having a broken, 
irregular surface with distinct knobs or 
mounds and depressions. 

Kettled (k). An'area of glacial drift pitted 
with numerous steep—sided, bowl— or basins 
shaped depressions that often contain lakes; 
surface drainage is generally deranged. 

Plain (p). An area of comparatively flat, 
smooth, and level land having few or no 
prominent surface irregularities, but 
sometimes having a considerable unit tilt. 

Ridged (r). Terrain characterized by long, 
narrow elevations which may occur indepen- 
dently or in parallel or intersecting 
patterns. Ridges usually have sharp crests 
and steep sides. 

Rolling (m). -Terrain having a smooth, regular 
surface with broad topographic highs. Slopes 
are usually 1 km or greater in length. 

Terraced (t). A long, narrow, relatively 
level or gently inclined surface bounded 
along one edge by a steeper descending slope 
and along the other by a steeper ascending 
slope; a large bench or step-like ledge 
breaking the continuity of a slope. 

Undulating (u). Terrain having a smooth, 
regular surface with broad shallow topographic 
lows and broad medium to subdued topographic 
highs. Slopes are.usually less than 1 km in 
length. - 

Veneer (v). An extensive area of thin (<1 m) 
unconsolidated surficial deposits which mask 
little of the configuration of the underlying 
bedrock or deposits. 

Erosional Modifier 

Channeled (c). Modification of a deposit or 
feature by the cutting of channels and removal 
of material from along local drainage ways.’ 

Deflated (1). 
of wind. 

Modification by erosive action 

‘Dissected (i). A network of gullies, ravines, 
valleys and remnant flat—topped interstream 
ridges formed by stream erosion acting on a 
relatively even topographic surface.

' 

Eroded (e). The production or modification of 
a landform by the action of streams, waves or 
glaciers. ' 

' 

’
- 

Washed (w). Landforms which have been modified 
in some manner by wave action are said to be 
washed. The process results in.the-sorting of 
surface materials or the formation of scattered 
minor beaches. 

;

v 

Textural Category 

Three categories of texture are utilized to‘ 
describe the nature of the deposits associated 
with a landform. The texture classes within 
each category are estimated in terms of size 
and the distribution of primary particles. 
Significant inclusions of very coarse particles 
(gravel, cobbles and boulders) within a deposit 
are indicated by adding the term "skeletal" as 
a modifier to the symbol for a textural 
category. 

Primary_Earticles 

Name of Separate Diameter, mm 

Boulders, stones >250 
Cobbles 250-75 
Gravel 75s2.0 
Very coarse sand 2.0-1.0 
Coarse sand l.0e0.5 
Medium sand 0.5.0.25 
Fine sand 0.25-0.10 
Very fine sand 0.10-0.05 
s11: o . 05-0". 002 

V \ 

Clay Less than 0.002
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Broad Textural Categories 

Clayey (c). Material less than 2 mm contains 
352 or more clay by weight and particles 2 mm. 
to 25 cm size are less than 35% by volume. 

.lncludes heavy clay loam, heavy silty clay 
loam, sandy clay, silty clay, clay and heavy 
clay. ‘ 

P" 

Fragmental (f). Gravel, cobbles and boulders 
0 mm to more than 25 cm) containing too little 
fine materials to fill the spaces larger than 
1 mm. 

Loamy (1). Material less than 2 mm contains 
less than 35% clay by weight and includes 
coarser materials up to very fine sand size. 
Particles of 2 mm to 25 on size are less than 
35% by volume. 

Includes 2 main groups of texture: 

(1) Light (less than l8Z clay by weight): 
- sandy loam, fine sandy loam, loam, very 

fine sandy loam,.loamy very fine sand, 
‘ 

loam, silt loam, silt 

(2) Heavy (18-35% clay by weight): 
sandy loam, fine sandy loam, loam, very 

‘fine sandy loam, silt loam, sandy clay 
loam, clay loam, silty clay loam 

Sandy (s). \Material less than 2 mm contains 
less than 18% clay and more than 70% sand 
exclusive of loamy very fine sand and very 
fine sand. Particles of 2 mm to 25 cm size 
are less than 352 by volume. 

Includes sands and loamy sands. 

Skeletal (s). Modifies the main textural 
categories containing more than 35% by volume 
of particles coarser than 2 mm size. 

Genetic Organic Landform Classes and Categories 

3.328. (B) 

A bog is a peat—covered or peat-filled area, 
generally with a high water table. Since the 
surface of the peatland is slightly elevated, 
bogs are either unaffected or partly affected 
by nutrient-rich groundwaters from the 
surrounding mineral soils. The groundwater is 
generally acidic and low in nutrients 
(ombrotrophic). The dominant peat materials 
are sphagnum and forest peat, underlain at 
times by fen peat. 

_Peat Mound (Bm). 

Categories of Bogs 

Bog Plateau (Bp). The height of these peat 
landforms varies from 0.5 to l m and is due to 
greater peat deposition as compared to the 
surrounding wet fen areas. Bog plateaus are 
of ten _t.ear;-drop shaped.

‘ 

Bog Veneer (By). This type of bog occurs when 
a shallow peat (generally 50-100 cm thick) 
covers slopes and to some degree, depressions 
and uplands. The surface topography is often 
micro-hummocky (sphagnum mounds). Permafrost 
is discontinuous in this type of bog, and most 
often found in the better developed mounds. 

§2wl_§gg (Bp). This type of bog has developed 
in topographic depressions and has a concave 
peat surface. 

Blanket Bog (Bl). This type of hog occurs 
when peat covers the uplands, slopes and 
depressions alike up to a considerable degree 
of slope. 

Flat Bog (Bf). This type of bog is a level 
peatland area having-only slight differences 
in the level of its surface. Irregularities 
or slopes of the substratum are completely or 
almost completely masked by the peat deposit. 

Palsa (Ba). A mound of peat with a frozen 
peat and/or mineral core, occurring in water- 
logged, treeless or sparsely wooded fens. The 
height of a palsa is generally between 1 and 
3 m, while the width is in the order of some 
tens of meters. 

Permanently frozen treeless 
mounds (0.5 to l m in diameter and about 30 
to 50 cm high) which occur in water saturated 
fens. 

Peat Plateau (Bt). Peat plateaus are associated 
with permafrost and their height (approximately 
1 m) is dominantly due to ice lens formation 
in the frozen core. Their sizes range from 
several acres to tens of acres. 

Polygonal Peat Plateau (By). These frozen 
organic landforms resemble peat plateaus as 
they are elevated about 1 m above the 
surrounding fen areas. The surface of this 
type of peat plateau is dominated by a 
polygonal pattern caused by ice wedge forma- 
tion. The surface morphology resulting from ' 

ice wedge formation is expressed as a network 
of polygons having high, near level or slightly 
depressed centers. The outline of each 
polygon is marked by a polygona1'trench often 
containing a wedge-shaped accumulation of ice.
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BIOPHYSICAL LAND CL_AS.‘Sl’F|CATVlCll*l OF BANFF ANSDCC 
JASPER NATIONAL PARKS 
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Canadian Forestry Service 
Northern Forest Research Centre 
Edmonton, Alberta 

ABSTRACT 
The Banfflflasper biophysical team accepts the 
basic concepts of a biophysical land classi- 
fication system. Modifications to existing 
biophysical inventory methodology are described, 
including problems with classification method- 
ology, and recommendations. Four appendices 
describe operational methodology, results to- 
date, user contact and anticipated applica- 
tions, and problem areas. 

INTRODUCNON 
At the request of Parks Canada in 1973, a bio- 
physical land classification was planned, in 
1974, for Banff and Jasper National Parks and 
initiated by field activities in the Mt. 
Eisenhower-Lake Louise area of Banff National 
Park. The methodology of Lacate (1969) was 
adopted for trial. Field work was initiated 
in Jasper in 1975, and continued in Banff, 
with Lacate's methodology being modified and 
developed as described in this paper. 

Detailed objectives of the Banff—Jasper inven- 
tory project are provided by Day et al. (1975) 
and reiterated in Progress Report No. 1 by 
Holland et al. (1975). The objectives of the 
project may be summarized as follows: 

1) To quantitatively and qualitatively 
describe the landforms, soils and vegetation 
characteristics of both Parks - in map and 
report form. 

2) To provide interpretation of data for 
Parks‘ purposes; eg. land use planning and 
management of land within the Parks. 

The terms of reference (Day et al. 1975) 

RESUME 
L'équipe biophysique des pares de Banff et 
Jasper accepte les concepts fbndamentaux d'un 
systeme de classification écologique du 
territoire. Le présent document expliqne les 
modifications apportées a la methodologie 
existante l'inventaire biophysique,_y compris 
les problemes relatifs a la méthodologie de 
la classification et les recommandations. 
Quatre annexes décrivent la méthodologie 
opérationnelle, les résultats obtenus 
jusqu'ici, les contacts avec les usagers, 
les applications prévues et les domaines a 
problemes. 

thoroughly outlines the basic data require- 
ments in terms of a multi-disciplinary team 
approach to integrated resource inventory; 
thus, the adoption of a biophysical land 
classification system. They also provide for 
the inclusion of landform classification 
(Fulton et al. 1974); soil classification 
(Canada Soil Survey Committee 1970, 1973, 
1974); wetlands classification (Zoltai et al. 
1975); vegetation resource description and 
classification; wildlife resources. User 
requirements are desribed. Freedom is provided, 
however, to permit development of integrated 
land classification methodology; for example, 
in the vegetation component of the inventory 
and as dictated by the scale of l:50,000. 

The main emphasis of this paper is on the 
classification methodology that is being used 
in Banff—Jasper and the development of the 
methodology, logistics, problems, etc; is 
presented in four Appendices to this paper. 

CLASSIFICATION METHODOLOGY 
A. Background - The basic concept or aim of 
biophysical land classification-—namely, "to 

Proc- lst Meeting Can. Comm. on Ecological (Bio-physical) Land Class. May 25-28, Z976‘, Petauawa Ont. .
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differentiate and classify ecologically signif- 
icant segments of the land surface" (Lacate 
1969)-his valid and quite acceptable. The 
hierarchical levels of generalization (Lacate 
1969, Jurdant ef a1. 1975) also have.mer1t 
but problems in applying them in the Banff- 
Jasper Land Inventory Project arise for the 
following reasons: 

1. Flexibility of application designed into 
definitions (Zoltai 1970) promotes somewhat 
variable interpretations of the various’ 
classification levels between team members. 

2. Variability of mountain terrain and en- 
vironments is a main problem area. In partic- 
ular, vertical zonation, produced by altitude 
inal macro-climates, necessitates more complex 
and areally smaller separations at highest 
levels of generalization than have been 
recognized in several other projects across 
Canada. 

3. The approximate scales as established by 
Lacate (1969) for a heirachical biophysical 
system are not entirely adequate in the moun- 
tains and do not include the required project 
scale of l:50,000. 

4. Many ecologists feel that there is insuf- 
ficient collection of basic environmental data 
in biophysical inventory projects. These data 
are generally not available but are necessary 
to explain ecological relationships and will 
add integrity to most interpretations. For 
the most part, these relationships are now 
explained by hypotheses. In addition, vege- 
tation scientists desire, in biophysical clas- 
sification systems, more meaningful hierarchical 
structure in terms of ecological significance. 
Consequently, modification and refinement of 
land classification concepts to-date have 
resulted in the Banff-Jasper Biophysical Land 
Classification System as presented in the 
following section. ' 

B. Banff-Jasper Biophysical Land Classifi- 
cation System:§Table‘l) - Table 1 presents a 
breakdown (hierarchical levels of generaliza- 
tion) of the biophysical land classification 
system being used, and proposed for use, in 
Banff'and Jasper‘National.Parks; Levels 1, 
2,4 and 5 are presently operational (e.g. 
Lake Louise Study Area, Walker et al. 1976). 
Level 3 is presently under consideration as a 
means of grouping, at an intermediate hier- 
archical level, those Land Systems that have 
apparently similar environments.

' 

The general objective of this system-is to 
promote holistic, repeating, map unit concepts 
through integration of landscape components 
(landform, soil, and vegetation) within an " 

ecologically sound framework. 

1. Bioclimate Zone (Level.l) constitutes 
the highest level of abstraction in the Banff— 
Jasper Biophysical Land Classification System. 
Separations at this level depict macro- 
climates, as expressed by vegetation, that are 
controlled mainly by elevation and partly by 
latitude and general east-west physiography. 

2. Bioclimate Subzone (Level 2) identifies 
subdivisions of macro-climate based primarily 
on elevation differences as reflected by 
vegetation. For example, Upper Subalpine 
encompasses Subalpine vegetation types (usually 
(spruce/fir forests) that reflect, in this 
structure and species composition, near-Alpine 
conditions- 

3. Végetati0n—SoiZ_'District’ (Level 3) is 
under consideration as an intermediate step 
for differentiating various environmental 
'facies' within some of the more broadly 
defined Bioclimate Subzones. The basic con- 
cept for Level 3 was initiated when biophysical 
map units comprising the Lake Louise Study 
Area (Walker et al. 1976) were grouped for 
purposes of relating soil and vegetation 
development to inferred climatic trends exist- 
ing in that area (see Figure 1). It is felt 
that adoption of this step for the overall 
inventory (l:50,000 scale) will add ecological 
integrity to the Banff-Jasper Biophysical Land 
Classification System. It must be pointed out, 
however, that the 'Districts' listed in Level 3 
(Table l) are highly tentative and-reflect 
experience gained over one year in limited 
areas of both Parks. 

Conceivably, Vegetation-Soil 'Districts' will 
depict trends in soil and vegetation develop- 
ment as influenced by meso-climate (or 
physiographic modification of macro-climate) 
interacting with latitudinal, elevational, and 
broad material (reaction and calcareousness) 
variations. Controlling physiographic param- 
eters are east-west orography (Foothills versus 
Front Ranges versus Main Ranges) and, to a 
lesser extent, slope aspect in broad valleys. 
Specifically, climatic features such as snowfall 
(amount and duration), total precipitation, 
evapo-transpiration, and temperature can be 
qualitatively defined, on a relative basis, 
through an evaluation of trends in soil and 
vegetation development. 

4. Land System (Level 4) is the basic 
conceptual level in the Banff-Jasper bio- 
physical land inventory because Land Systems 
are the most consistent, repeating map concepts 
observable using air photos. .finits that group 
or subdivide (above and below in the hierarchy) 
Land Systems are interpreted or identified as a
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Table 1: Banff¥Jasper Biophysical Land Classification (tentative)

4 

LAND'SYSTEM BIOPHYSICAL MAP UNIT 
Lmmtpr 

V 

1' >~2 3 
csmnmL— 

_ 

.
_ 

IZATION BIOCLIMATIC BIOCLIMATIC VEGETATION-SOIL 'DISTRICT 
ZONE SUBZONE 

‘IA 
Upper Rock and lichen 

ALPINE
, 

Middle & Lowerz Cassia e/PhyZZodoce-- P
. Brunisol/Regosol 

Spruce/fir-Cqssiope--
M 

_ 
Brunisol/Podzol 

Upper. Larchlfir-Brunisol/Podzol 
subalpine Sprupe/fir—Vhccihinm-- 

Brunisol/Podzol 
SUEALPTNE “"' "' ‘ 

Spruce/fir-Ménziesia-- 
_ 

Podzpl 
Lower Spruce/fir-Menziesia-- 

_ Subalpine Podzol/Brunisol 
Pine (Spruce) — 
Shepherdia--Brunisoll 
Luvisol 

‘- I 
(hiddle 5 White spruce/Douglas fir 

MONTANE L°wér)2 —-Brunisol/Luvisol 
Grassland:-Brunisol/ 
Regosol 

BOREAL Upper 3 Foothills ? 

BIO? ' 

PHYSICAL LAND SUBDIVISION OF 
LAND LAND REGION ? 
CLASSI— R3519“ (7) ' 

fiauum 
EQUIVA- 
LENTS1 

Separations at this level are 
presently made within each 
Bioclimatic Subzone and are 
based on landform and major 
drainage features. Consequent- 
ly, each Land System encom- 
passes map units: 
1. on similar geologic 
materials (consideration of 
origin, texture, and re- 
action); 
2. of similgrsterrain 
surface form ’ (eg. aprons & 
fans vs. steep & inclined 
slopes vs. hummocky & ridged, 
etc;); and

' 

3. having dominant soils of 
either: 
a) moderate to very rapid 
drainage 

_ or _ 
b) imperfect to very poor 
drainage. More variability 
is allowed in alluvial (re- 
ceht) material character- 
istics than in,other geomor- 
phic materials. In addition, 
alluvial areas dominated by

" 

Regosolic soils (resulting 
from frequent flooding) are 
separated from alluvial areas 
with more advanced soils. 

LAND SYSTEM (?)

J 

‘types; 

Each Land System is 
subdivided according 
to variations in soil 
and vegetation com- 
ponents as follows: 
- significant land- 
form modifications 
(eg. inclusions of 
other materials, 
erosional processes); 
— significant varia- 
tions in the propor- ' 

tipns of éqmvohént 
soils (phase of sub- 
groups) and represen- 
tative vegetation 

- significant inclu- 
sions of extraneous 
soils and vegetation 
types that influence_ 
overall use potential 

sgmvrapntm umnsvsn 

. Lacate 1969 2. La Roi et 41, 1975 3. Rowe 1972 5. Fulton et al. 1974 5. Acton 1975 

secondary stage. defined as occurring within Vegetation-Soil 
'District'. 

Separations at this level are based on the 
descriptive landform classification system 
initiated by Fulton et al. (1974) and modified» 
by Acton (1975). Materials category (origin) 
and terrain surface form are the basic ele- 
ments of landform classification considered 
in Level 4. However, texture, reaction, and 
calcareousness are also considered. Because 
of use implications in the mountain National 
Parks, areas dominated by poorly and very 
poorly drained (wet) soils are also separated, 
at Level 4, from areas dominated by better 
drained soils. Table 1 lists the criteria by 
which Land System separations are made. 

At the present time, Land Systems are dif-s 
ferentiated within Bioclimatic Subzone 
(Level 2) units. -If Level 3'is accepted as 
part of the hierarchy, Land Systems will be 

Each Land System is identified 
by a geographic place name and, on maps, by a 
two-letter symbol. 

5. Biophysical Map Unit (Level 5) is the-“ 
main mapping level for the Banff-Jasper 
biophysical land inventory. Each map unit is 
identified by a two-letter symbol (indicating 
the Land System in which it belongs) plus a 
number., 

_ gt 

Each Biophysical Map.Unit indicates a pattern 
of soils and vegetation allowable within the. 
geologic and environmental limits imposed by 
higher hierarchical levels in the classification 
system. Table 1 further specifies the criteria 
used to make map units separations.‘ 

The component soil (or soils) of biophysical 
Map Unit is recognized to_be subgroup phase.
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Figure 1: Vegetation—SoiZ "Districts" of the Lake Louise Study Area (from Waiker et a1.gZ976)
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Representative vegetation type (or types) 
constitutes the vegetation element of a bio- 
'physical map unit definition and is based on a 
taxonomic-entity E the vegetation type. A 
vegetation type is the smallest vegetation unit 
discriminable floristically and environmentally 
and is comparable to plant association (sensu 
Braun-Blanquet as modified by Krajina 1960) or 
biogéoaoenosis type (sensu Sukachev 1958, 1960). 

Representative vegetation type is a new con- 
cept introduced as a mapping device (legend) 
in the Lake Louise Study Area (Walker et qZ. 
1976). Since most map units are somewhat 
heterogeneous in terms of vegetative cover, one 
taxonomic vegetation type is selected to 
represent or characterize, in the legend, the 
vegetation of each map unit. This is the 
representative vegetation type of that unit. 
In most'cases, representative vegetation type 
is the dominant type providing it is stabilized 
or mature and reflects model habitat conditions 

of the map unit. Potential climax types need 
not be used as representative vegetation types. 
Shorteterm early or young succession stages 
(following disturbances) and introduced vegeta- 
tion are not used. Types other than the 
representative-vegetation type may in most cases 
be regarded as inclusions in a map unit. Some 
map units may be vegetationally characterized 
by up to three representative vegetation~types. 
These are generally associated with complex 
landforms and habitats where landscape segments 
(e.g. north— versus south—facing s1opes,.dry 
versus wet portions) are defined in the legend 
or situations in which more than one vegetation 
type occupy nearly equal portions of the map 
unit. 

C. Problem Areas -- Problems other-than 
logistics problems, but sometimes.logistics- 
related, remain in the Banff-Jasper Biophysical 
Land Classification System concepts and their 
application.
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1. Cartographic Problems - If rock, ice, and 
permanent snow fields are included within the 
concept of Alpine, Bioclimatic Zones (Level 1) 
are mappable at a scale of l:500,000 and, 
perhaps, smaller scales. However, a major 
cartographic problem occurs in Level 2 because 
some bioclimatic subzones—-namely Alpine areas 
exclusive of rock and ice and Upper Subalpine 
areas--are not mappable at scales smaller than 
l:50,000. Nevertheless, bioclimate subzones 
(Level 2) are ecologically important areas and 
are used as-an organizational tool to group 
units from lower levels in the hierarchy. 

Vegetation-soil ‘districts’ (Level 3) should 
be mappable at l:125,000 to 1:250,000 because 
they span material and landform boundaries. 
However, they occur within bioclimatic subzones 
(Level 2 units), some of which are unmappable 
at the smaller scales (see preceding paragraph). 

The cartographic problem pertaining to Level 2 
also descends to Level 4 (Land System). In 
addition, land systems, as used in the Banffs 
Jasper biophysical land inventory, are con- 
ceptual rather than cartographic groupings of 
biophysical map units (Level 5 units). ln 
other words, map units belonging to a land 
system seldom occur together in the landscape 
but are frequently separated by map units of 
other land systems. 

Biophysical map units (Level 5) are utilized 
in the mapping and work reasonably well at 
scales of l:20,000 to 1:50,000 in the mountain 
terrain. ' ' ' 

2. Data Requirements - As previously 
mentioned in the Background subsection, most 
ecologists express a need for more intensive 
data gathering for purposes of identifying 
and explaining ecological relationships. In 
particular, vegetation scientists desire an 
intensive sampling program (amenable to 
statistical analysis) to adequately character- 
ize and define limits for vegetation types. 
Beyond this, ecological (c1imate-vegetation- 
soil—geo1ogic material) relationships, and 
resulting interpretations, could be more 
confidently established. 

Although intensive“sampling and characteriza- 
tion of vegetation is both necessary and 
desirable, time and monetary constraints limit 
such an approach and necessitate compromises 
in sampling intensity. 

3. Waterbodies and Wetlands — To—date, opera- 
tional mapping procedures within Banff and 
Jasper National Parks have not.inc1uded 
detailed characterization of lakes and streams. 
The relatively small areal extent of water- 
bodies in sections mapped to-date has probably 

been the~main reason for this reduced concern. 
Recent contact with limnologists, hydrologists, 
and wildlife biologists suggests that more 

' attention be given to aquatic ecosystems. 

Present operational mapping in the mountain 
Parks recognizes waterbodies and associated 
wetlands only as accessory features of bio- 
physical map unit (Level 5) definitions. How- 
ever, guidelines for open water and wetland 
classification as outlined by Adams and Zoltai 
(1969) and modified by Jurdant et al. (1972) 
may be tested in the Banff-Jasper Biophysical 

>Land Classification System in the near future. 

4. Classification System Problems — Main 
problems in the Banff-Jasper Biophysical Land 
Classification System center around Level 3 and 
include naming of this category (use of 
"District' may create confusion relative to 
Lacate's 1969 Land District definition) and its 
implementation within the hierarchical structure. 
Regarding the latter problem, several options 
are under consideration. 

a) Level 3 may be retained as a district 
category-as shown in Table 1. Land System 
separations would be made according to the 
specified criteria (Table 1) but within 
each vegetation-soil 'district'. 1‘

. 

b) Levels 1,2,4 and 5 (Table 1) may remain 
operational and Level 3 wi1l_be used out- 
side the system's hierarchy to group 
various soil and vegetation trends for 
discussion purposes. This option would 
necessitate mapping of Level 3 units to 
show climatic and distributional relation- 
ships. 

c) Levels 2 and 3 (Table 1) may be integrated 
into a single hierarchical category with 
less emphasis on the-vertical (altitudinal) 
zonation imposed by Level 2. Such a move 
may alleviate, in_part, the mapping 
problems associated with the Bioclimatic 
Subzone Level (see discussion under‘ 
Cartographic Problems). 

Levels 2 and 4 (Table 1) may be.integrated, 
into one hierarchical category. Carto- 
graphic problems at such a level would, 
however, be compounded. 

d) 

Some of the options will be subjected to testing 
and evaluation during the 1976 field season. _In 
addition, more stringent criteria for Level 3 
separations will be developed in the following 
.year. 

D. Summary Discussion and Recomendations.-
I 

The Banff-Jasper biophysical team accepts the 
basic concepts of a biophysical land classiii—
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cation system. It strongly feels, however, 
that many definitions of terms, taxonomic cri- 
teria, and hierarchical structure be made more 
rigorous. The trial, and/or adoption, of a 
restructured hierarchical classification 
methodology that provides for a category 
approaching Vegetation—Soil ‘District’ as 
described in the above text, is also con- 
sidered very important. 

Recommendations from the Banff—Jasper bio- 
physical team are summarized as follows: 

1. Development of more rigorous terms, 
definitions, taxonomic criteria, hierarchical 
classification structure throughout_the entire 
biophysical system. 

2. The Level 3 concept of Vegetation-Soil 
‘District’ be further developed and adopted 
for trial. ’ 

3. Investigate methods of obtaining extra 
input from vegetation scientists into bio- 
physical inventory by aiming their efforts 
towards further development and/or adoption 
of a unified framework for vegetation clas- 
sification in Canada. 

>4."Exploration be made whereby basic data- 
-gathering for vegetation and soils be made 
more extensive in order to identify and explain 
ecologically significant relationships that 
may be used to verify and strengthen inter- 
pretations. 

5. Efforts be made to develop climatic data 
input into biophysical land classification 
methodology in order to assist in differentia- 
tion to the Vegetation-Soil 'District' Level 
(Level 3, Table 1). 

6. Biophysical team members continue to 
develop user contacts and maintain some 
involvement with site-specific problems and 
studies as a self-training tool (refer to 
Appendix C). 

7. Efforts be made towards upgrading of 
user skills in understanding inventory method- 
ology, resource analysis, and interpretative 
results by development and.sale of.a 

Benchmark Training Manual for Biophysical Land 
Classification Users (refer to Appendices C 
and D). 

8. Research requirements be established in 
order of priority and methods of funding be 
investigated (refer to Appendix D). 

9. Methods of providing publication assist- 
ance for biophysical projects be examined 
(refer to Appendix D). 

ACKNOWLEDGEMENTS 
The survey of Banff and Jasper National Parks 
is a joint project involving the Canadian 
Forestry Service, the Soil Research Institute 
and the Alberta Institute of Pedology. 

Parks Canada is supplying the Major funding. 
Problem areas, data requirements, advice, and 
assistance have been, and are being received 
from Dave Day, C. Zinkan, and P. Benson, 

.Western Region, Parks Canada, Calgary, and from 
Bruce Wilson, Tom Ross, the Warden Service and 
others‘ in’ the respective Parks. 

The project is_receiving whole—heared support 
from the Biophysical team members, namely: 

Alberta Institute of Pedology: 
Dr. Russ Well, Pedologist 
Bruce D. Walker, Pedologist 
Phil Epp, Pedologist 
Ian Corns, Vegetation Scientist 
Alan Westhaver, Vegetation Technician 
Joe Tajek, Soil Technician 

Canadian Forestry Service: 
Dr. S. Kojima, Vegetation Scientist 
Doug Allan, Soil Technician 
Jack Dyck, Vegetation Technician 

Soil Research Institute: 
Dr. G.M. Coen, Pedologist 
Dr. Julian Dumanski, Pedologist 

The above personnel are all contributors, in 
one way or another, to reports emanating from 
the Banff-Jasper Project. The single name on 
the front of this document is convenient for 
referencing and queries.



227 

APPENDIX A 

OPERKHONALMETHODOLOGY 
Inventory requiranents for the overall pro- 
gram (scale l:50,000) are outlined in the 
terms of reference (Day et al. 1975). The 
main procedural methodology is given in the 
Banff-Jasper Bio-Physical Land Inventory 
Progress Report No. l:l974—l975 (Holland et 
al. 1975). These two bulky documents have 
limited availability; their main function is 
to outline some user requirements, point out 
the need for a biophysical land classification 
methodology, relate the biophysical portion of 
the work to other aspects of the overall 
Park's inventory program, and provide a docu- 
mentary reference of project development. 

Figure Al provides an overview of the position 
of the inventory team within the organiza- 
tional framework of the entire resource inven- 
tory currently in progress in the mountain 
.Parks. 

Figure A2 (Holland et al. 1975) provides a 
step—wise View of the inventory procedure. 

1. Logistics 

The survey requirement is for all of Banff and 
Jasper, 17518 km2 (6764 miz) at a scale of 
l:50,000. The time frame is five years. 
Logistic problems occur because of: 

a) high relief and.terrain variability 

b) budgetary and Park restraints on use of 
helicopters 

c) slowness of ground access by foot and 
shortness of survey season 

d) limitations in available photography 

e) the amount of site—specific work that is 
requested. 

Some of the above restraints have no solutions; 
however, a serious attempt was made to obtain 
assistance via new photography. 

2. Air Photos 

The bulk of the air photography is 1972 black 
and white panchromatic at 1:66,000 and 
l:70,000. A number of different flight lines, 
some of which cross one another, and four 
different scales (1:l5,840; l:2l,l20; 1:66,000} 
and l:70,000) have been used to—date particu- 
larly in the Bow Valley corridor and Lake 
Louise area. Because of the need for vegeta- 
tion detail, especially in alpine areas, an 
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Figure A1: Biophysical inventory stages (Day 
get al. 1975) 
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attempt was made in 1974, and again in 1975, to 
obtain full coverage (at l:50,000) with infrared 
Ektachrome (film 2443) and infrared Aero neg. 
(film 2445). 

Results of the color photography were dis- 
appointing for two reasons: 

1. The 1975 flight was flown about July 3, 
just after a rather vigorous snowstorm, and 

2. many of the valley bottom areas are 
under-exposed while the alpine and other high 
elevation areas are over—exposed. The project 
might have benefited from a flight using only 
one film, but with two cameras and two expo- 
sures, one for the valley bottoms and another 
for the alpine and high elevation areas.
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3. Team Approach 

The concepts of a team approach involve an 
equal_and cooperative input from pedologists 
and vegetation.scientists. The team is split 
between the two Parks, with major input into 
Banff in the early stages of the inventory 
and gradual_shift of emphasis to Jasper as the 
project continues. Improvements in the team 

; approach would involve, firstly, a closer and 
more continuous contact with the geologists, 
and secondly, the luxury of enough time to 
become even more involved with site-specific 
problems and requirements. The sitedspecific 
work in which we have been engaged has been one 
of the better learning and teaching tools 
encountered to-date. 

The advantages of a team approach are gradually 
becoming more evident. It broadens the work 
experience and provides interactions that are 
most useful in development of methodology. 
Also, the Banff-Jasper team is small enough 
that field interactions lead to immediate and 
systematic integration of geology, vegetation, 
soil, rather than have each discipline go its 
own way and then attempt integration at the 
end of the survey. We feel that generaliz- 
ations made in the field at the time of ground 
checking are the best way to ifitegrate two or 
more disciplines. 

. . CONCEPTS——>REFINED LEGEND—>CARTOkGRAPHY 
P. ‘PHOTO MAPS 

4. Field and Laboratory Methods 

Soil classification and profile descriptions 
follow the System of soil Classification for 
Canada (Canada Soil Survey Comittee l970, 
1973, 1974). The project is cooperating with, 
and contributing to CanSIS, the national soil 
data bank described by Dumanski and Kloosterman 
(1973). In addition, we are cooperating with 
CanSIS personnel in developing vegetation data 
files. CanSIS is assisting the Canadian Wilde 
life Service in the development of a wildlife 
data file. 

In situ soils data are recorded in the field 
and quantitative soils analyses are.conducted 
in the soil survey laboratory at the Univer= 
sity of Alberta. Methodology is the same as 
that used in the soil survey of Waterton 
Lakes National Park (Holland and Coen, in 
press). 

Plant collections are being made by 
S.Kpjima (1975, 1976) and Tan Corns (1976). 
Nomenclature is based on "Flora of Alberta" 
(Moss 1959). All speciments are preserved in 
the Canadian Forestry Service herbarium, 
Northern Forest Research Centre, Edmonton. 
Where necessary, specimens will be provided 
for Parks’ herbaria. ‘



229 

_APPE_N_D,lX B 
' RESULTS TO-DATE 

Area priorities are determined yearly in con- 
sultation with Park's personnel. The areas 
inventories to-date are the more intensive 
use areas, and include the Bow Valley corridor 
and Lake Louise area in Banff and in Jasper, 
the main Athabasca Valley from about Jasper 
Lake to Sunwapta Falls (See Figures B1 and 
B2). 

Table Bl provides information on data collected 
to-date. ' 

Table.Bl: Vegetation and Soil Observations 
.,I975W__” 

Banff Jasper 

No. of veg; plots 587 103 
No. of veg. types 29 53 
Vascular plant species 505 400 
Vascular plant families 55 48 
Vascular plants collected 1000 2000 
Bryophytes collected 2000 1500 

Soil observation points 558 555 
Soil laboratory samples 73 64 
In situ soil tests , 

12 - 
Notebook records ’ 

65 450 
CanSIS soil description 

sheets: 
Daily forms 475 78 
Semi-detailed 

_ 

1 18 
Detailed (sampling sites) 11 9 

Area surveyed (mi?) 600 800 
Foot traverse mileage’ O 650 

The following site-specific work has concerned 
various members of the biophysical team during 

1975: 

1. Rehabilitation guidelines for Lakes Edith 
and Annette area, Jafiper (full at al. 1975). 

2. Lake Louise Special Study Area, Banff. 

3. Environmental impact study, Mt. Kerkeslin 
campground, Jasper (Trottier et al. 1976). 

4. Whistler Mountain rockfall, Jasper. 

5. Reclamation planting of old highway 
between Maligne Canyon and Medicine Lake (about 
9 mi), Jasper. 

6. Twining of G;P. Railway track in Lake 
Louise area of Bafiff National Park. 

A separate report and map is being'prepared for 
the Lake Louise area; it is also being used as ‘ 

a pilot test area for CanSIS cartographic file. 
Interim reports are being prepared for Banff 
and Jasper, using ltek copies (Alberta Forest 
Service) of annotated air photos instead of 
drafted maps. 

Some of the results are being utilized almost. 
immediately, or at least within the first year,‘ 
particularly the site—specific work. Results 
are also required for the'various Planning 
Units recently established throughout the 
Parks; eg. the Columbia icefields Planning Unit, 
the Lake Louise Special Studies Area, etc; To 
this extent, Parks Planners want our data by 
September 1 of each year in order that resource 
analysis and planning-functions may be completed 
by the end of the fiscal year.’ The complete- 
master planning for the Parks is required at 
the end of the project. '
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‘ 

APPENDIX c 
USE]? CONTACT 

. - 

‘ AND .. 
ANTICIPATED APPLICATIONS 

‘ 'usER CONTACT 

User contact is excellent; by telephone, 
personal contact, written reports, seminars, 
field tunes, and workshops. The Park users 
include various levels of park planners (see 
top of Fig. A1), park administration, regional 
administrators, and interpretive personnel. 
These users are at local and regional Park 
levels. A number of other users occur within 
the DOE establishment; eg, fire, regeneration 
(reclamation and rehabilitation), and Canadian 
Wildlife Service. Users external to Environ- 
ment Canada and Parks are consultants, provin- 
cial agenc=ie's. and various schools-. Requests 
for reports have come from Australia and 
England. It is interesting to note that the 
Soil map afid data used by the master planners 
during the Public Hearings on Waterton Lakes 
National Park was displayed before some 45 
,different agencies in southern Alberta, in- 
cluding Chambers of Commerce, Boards of Trade, 
University of Lethbridge, etc. 

ANTICIPATED APPLICATIONS 

The main user, of course, in Parks Canada. 
Park user requirements are listed in some 
detail by Day at al. (1975). Resource data 
uses are already being applied; however. a 
list of uses, including those that are antic- 
ipated, may be summarized as follows: 

1. .Parks want to manage land, or ecological 
systems; hence the holistic (and integrated) 
a.PP,1‘0aC.h to i_.1'lV€,.1',1t.0rY .- 

2. vMaster planning of planning units and 
whole Parks; eg- for conservation zoning, use 
zoning, potential visitor facility location, 
resource distribution. In fact, a thorough 
"resource analysis will be required before the 
master planning can be completed. 

3. Resource management and resource oper- 
ational pl_an.n.i.ngv: eg- wildlife management 
(introduction, protection, reduction 
censusing), vegetation management (fire protege 
tion, regeneration, reclamation and rehabil- 
i.ta_t_ion.). Resource operational p.la.n_n-i.ng 
becomes very problem-specific, as for example, 
in grizzly bear management studies. 

4. Interpretive themes and coordination, 
so that people in one Park area receive a 
unified story during their visit, and so that 

an interpretation of a certain landform, kind 
of vegetation, etc. is.similar from place to 
place. Included are audiovisual presentation, 
exhibits, nature walks, printed pamphlets, or 
whatever. 

5; Visitor services will be using resource 
data in order to provide wilderness experience 
to the public while minimizing impact on 
resources -. Areas with high recreational 
potential for beaches, trails, swimming, 
canoeing, etc. must be identified. Meanwhile, 
areas must be identified for potential conflict 
between use for recreation and preservation. 
Identification of recource constraints to use 
must be identified; eg. poorly drained soils, 
unstable landforms, fragile vegetation, etc. 
‘Use or resource data will permit better backs 
country management. 

6. Site-specific problems and studies; the 
movement of sand dunes in Jasper, study of 
caves in Bauff. study of—intensive use areas 
such as hotsprings, waterfalls, etc-, reclama- 
tion and rehabilitation of abandoned roads, 
campsites, gravel pits, conflicts of use between 
ungulates and humans, etc. Most of the site- 
specific uses occur in intensive use areas in 
the main valley corridor and around townsites 
and service centres. 

7. Upgrading of skills of planners, wardens, 
naturalists, through familiarization with 
resource data, maps, air photos. The next five 
to ten years will see a marked upgrading of 
skills by many of the Park personnel. it is 
occurring now. 

8. A first-time correlation of wildlife, 
over large areas, with habitats and other 
specific environmental situations; The effect 
on the wildlife approach is already exemplified 
by the work of Oertli and Stelfox (l975), 
McGillis er al. (1976), and Karasiuk (personal 
communication). 

9. Resource-data are expected to be used at 
public hearings, and by ?ark administrators, 
as evidence for decisions on land use assign- 
ments or changes, rules etc. 

l0. Engineering services are also expected 
to use the resource data.



Other uses, presently occurring and antici- 
pated include: 

1. Demonstration of methodology; the 
Multiple Land Use Section and other sections 
of the Alberta Forest Service; Alberta Environ- 
ment, and some people in the Alberta Oil Sands, 
,Environmental Research Program (AOSERP). 

2. A teaching tool; seminars to students in 
forestry‘and at agricultural schools, 
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inclusion in course work at Hinton Forest 
Technology school. 

3. Reference material; requests by schools, 
various libraries, and individuals. 

Certainly the main uses of demonstrated methods 
ology, interpretative uses, and provision of 
resource data for planning purposes, could be 
further developed with more time for external 
contact.
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.PRostsM AREAS 
A broad range of problems exists with varying 
degrees of intensity of problem. »The following 
is not necessarily in any particular order of 
priority, nor does it suggest solutions. 

1) _Acceptance of biophysical terminology: 
‘This, at perhaps the lack of acceptance of 
terminology by many professionals, including 
pedologists, causes difficulties in comunieae 
'tions; Objections include such items as the 
use of geographical names for map units. The 
implication is a weakness in biophysical 
terminology and definitions, an innate stub- 
bornness in professionals, or a lack of 
communication between various workers, or a 
mixture of all three. '

» 

flhil9s9Lhica1Ma.2roach: There 
. are.differences in anpfoachmbetween various 
professional groups, in particular between the 
pedologists and vegetation scientists. The 
pedologist recognizes the mapping problems 
quite early, develops concepts of modal mapping 
units. the range ans limits of such units. and 
proceeds with mapping. The vegetation‘ 
Scientist. on the other hand. attempts to 
sample~the entire population before committing 
any kind of decision. ‘Both approaches have 
merit, but it does present difficulties with 
developing and maintaining an integrated 
biophysical approach. v 

3) Transfer of knowledge to users: The user 
audience is extremely variable in its interests 
and level of training. Thus, we feel strongly 
about how data are presented; for example, we 
Prefer the use of simple map Symbols and an 
extended legend. However helpful the above 
techniques may be, they do not solve all of the 
transfereofeknowledge problem- We knew that 
the presentation of methodology and resource 
data must be augmented by interpretative 
information. Some users possess highly skilled 
training and require no further assistance with 
using the inventory data, but others will 
require very fundamental training before they 
will be able to use the information. Who is 
going to provide the necessary training, when, 
and how? 

4) Cartographic nroblems; Mountainous areas 
like Banff and Jasper always present problems 
dfie to relief and variability of terrain; for 
example, how does one indicate very smaii 

1 
areas of crucial winter range for Rocky Moun- 
tain Sheep, when such areas are below the 
minimum size for synboling. and which virtually 
disappear when transferred to a planetable map?

6 

‘Also, correction for photographic distortion is 
still a problem in transfer of data to maps. 

The production of generic interpretative maps 
by Can$IS has not yet become a reality. 

One limitation of the present approach of the 
biophysical land classification is that the 
prime objective, which is."to differentiate 
and classify ecologically significant segments 
of the land surface" (Lacate 1969), cannot 
always be met. The biophysical approach 
emphasizes landform base, which enables the 
rapid delineation of land units- However, 
landforms may be rather heterogeneous in terms 
05 vegetation. and conversely, one vegetation 
type may cover several landforms. Thus, 
segmentation of the land surface on landform 
alone is undesirable. .Mappable (scale 
dependent), ecologically distinct (as reflected 
hy vegetation) units upon one landform must be 
separated. We must recognize the difficuity.in 
mapping apparently homogeneous vegetation units 
which cross landform bonndaries. The recogni- 
tion and mapping of these instances will be 
dependent upon the mapper's field.eRperience in 
the area concerned. Where the mapper is not 
well-faniliatized with the vegetation or in 
areas which have a lower intensity of ‘ground 
truth’ information, mapping units wiil have a 
stronger landform base- perhaps an unavoidable 
situation. A nroblem thus lies in the recogni- 
tion and mapping of vegetationally uniform, 
ecologically significant segments of the land 
surface where landform boundaries are crossed. 
To partially alleviate this problem. level 3 of 
the Banff-Jasper Bio-physical Land Classifica- 
tion System (Table 1) will provide improved 
continuity of vegetation, at a somewhat general- 
ized level, across landform boundaries. 

5) Researchtrequirementsfi The Banff-Jasper 
project is an opefatienal one. and as such 
does not have the time or funding for some of 
the background research that now appears to be 
desirable. We know, for example, that organic 
matter content of Park soils varies from vir- 
tually zero to highly organic, but we do not 
know what level of organic matter content is 
optimal for best results for trail location, 
campsites, or any area receiving intensive 
human use. We know that alpine soils are 
different from subalpine soils, but the extent 
and significance of such differences are not 
fully known. Some Park land uses. such as 
large campgrounds (800 - 1000 acres), can be 
subjected to rotations (an old agricultural 
custom), but unique areas such as hotsprings,
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waterfalls, etc., cannot be rotated in a 
management system, yet must be maintained in 
an aesthetic state for public consumption. 
Such unique areas require very site-specific 
research with regard to rehabilitation and/or 
maintenance of a favourable environment. 

Requirements for rehabilitation of sites have 
every variation imaginable. ’Much of the veg- 
etative material, rootstocks, and/or seeds, is 
not available in sufficient quantities for 
rehabilitation; for example, few vegetative 
materials are available for rehabilitation of 
40-60 acres of bulldozed ski-runs in a F 

Vegetation Type 8 — alpine larch forest in the 
Upper Subalpine unit. We know much about 
horlticultural stock and our main forest trees, 
but lack information on many kinds of plants 
useful to the mountian Parks. 

One of the user requirements, mentioned 
earlier, was for the identification of resource 
constraints to Park development. Some, such 
as slope, or impeded soil drainage, are not

_ 

too difficult to measure, but others are very 
difficult. For example, the-word ‘fragility’ 
is frequently used to refer to sites or’ 
vegetation types that are sensitive to distur- 
bance. Firstly, it appears as though an over- 
all 'Environental fragility index‘ should be~ 
developed along the lines of the following 
formula: ' 

Environental - time 
fragility : f(soil + vegetation + of + 

index use 

intensity 
of + wildlife) 

use use

~ 
However,*such a 'fragility' index cannot be 
thoroughly developed until we find out what 
vegetation parameters need to be measured and. 
how. 

Measurement of land response to management is 
another area of concern. ' 

—

‘ 

This paper is not a review of research require- 
ments; however, we do know that there is a need 
for research. ‘

- 

6) _Generalization of map units into a hierarche 
ical7classification: How is this best accom- 
plished? ’

< 

7) Logistic problemsf These were discussed 
earlier under "Operational Methodology", 
Appendix A. The majority'of the easily acces- 
sible land in the main corridor is surveyed, 
so the teams are moving into the backcountry 
areas but have limited helicopter support. 
There does not appear to be a fully satisfactory 
solution to the logistics problem." ’ ' 

8) Determination of“user needs; The user", 
requirements are gradually becoming known-to’ 
the biophysical team; production of resource ~ 
data and interpretation, plus continued-user 
contact will solve these needs as they occur; 
No doubt some new requirements will appear -' 
before the project is completed. ‘

' 

9) Publications: Reports emanating from the‘ 
project are in limited quantity, usually four ' 

or five copies, except for the Lake Louise 
Study Area (300 maps printed). This problem 
will be a difficult one to solve unless- 
budgetary constraints are eased.

'
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BIOPHYSICAL ANALYSIS or THE YUKONZWTERRITORY 

E.T. Oswald 
Canadian Forestry Service 
Envifronment Canada 
Victoria, British Columbia 

INTRODUCHON 
During 1975, a broad—scale biophysical anal- 
ysis of the Yukon Territory was conducted. 
The objectives of the project included: 

l) to conduct a biophysical survey of the 
Yukon Territory at‘a scale of l:l,000,000 

'2) to delineate and map broad vegetational, 
physiographic and climatic zones and 
major watersheds 

3) to assist the Yukon Lands and Forest 
Service in the use and interpretation 
of biophysical information and provide 
for staff training as time permits 

4) to develop an information retrieval 
system capable of storing and displaying 
data on resource statistics in metric 
units. 

METHODS 
The survey was conducted by a three-man crew, 
consisting of a plant ecologist, a landform- 
soils man and a technician with some assis- 
tance of a second landform—soils man, 
employing fixed-wing reconnaissance flights 
followed by helicopter and automobile stops 
aided by LANDSAT imagery and physiographic 
maps. Prior to initiation of field work, 
tentative units were devised by reproducing 
available physiographic, climatic, geology, 
forest regions and glacial history data on 
base—maps at a scale of l:l,0O0,000 and over- 
laying them. With the aid of LANDSAT imagery, 
boundaries were placed along lines of coin- 
cidence of the background data. Climatic and 
vegetation data were given-the most weight. 

A pert chart was devised which indicated the 
orderly flow of_tasks and responsibilities to 
be completed by a specified time. Similarly, 
a flight schedule was devised for both fixed- 
wing and helicopter aircraft with approval 
from the Yukon Lands and Forest Service, who 
were providing the aircraft in connection with 
their protection program. Base for the fixed- 
wing aircraft was Whitehorse; the helicopters 
were distributed from Watson Lake, Teslin, 
Ross River, Whitehorse, Carmacks, Haines 
Junction, Beaver Creek, Dawson City and Mayo. 

Meetings were held discussing approach, prior- 
ities, responsibilities and product with 
representatives from Department of Indian and 
Northern Affairs (Yukon Lands and Forest 
Service, Arctic Land Use Research Programme, 
and Water Rights) and Department of Environment 
(Pacific Forest Research, Lands Directorate and 
Forest Management Institute). 

In the field, reconnaissance flights were made 
over most of the southern Yukon. Only one 
flight north of 65°N latitute was possible, 
during which stop-points for ground checking 
were noted. Also, general distribution of 
vegetation types, landforms and wetland surface 
features were recorded. These flights were 
followed by helicopter and road stops at as 
many points as time and logistics allowed.~ 

At each field observation site, data were re- 
corded on landform, vegetation, physical site 
parameters, soil and occurrence of frozen 
material according to a previously devised data 
sheet, Samples were collected of B horizons, 
(and occasionally of other horizons), at most 
sites for laboratory analysis. Collections 
were made of most plant species. 

The unit boundaries were modified periodically 
in light of ground truthing. 

Contact with district and regional officers of 
the Yukon Lands and Forest Service was main- 
tained throughout the field progfamme. Their 
assistance was greatly appreciated for discusss 
ing situations pertinent to regions and arrang- 
ing flights and accomodations. 

Thé information retrieval system was developed 
independent of the survey work. 
designed to cover the area south of 64°! lati- 
tude, essentially the area included in the 
report of Gairns (l968) on forest resources. 
It is capable of portraying the available 
forest statistics and data according to a 
Universal Transverse Mercator grid matrix and 
by management regions as defined by the Yukon 
Lands and Forest Service. For updating 

Prac. Zst Meeting Can.’ Comm. on Ecological (Bio-physical) [and Class. May 25-28, 1976, Petawawa, Ont. 

The system was
i
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purposes, the Whitehorse map sheet (105 D) 
area was used as the primary test area. Ground 
observations were related to signatures on 
LANDSAT imagery as portrayed through Image- 
100 analyses. 

RESULTS 
Twenty-two ecoregions were recognized for the 
Yukon Territory (see Map and Legend) through 
analysis of available information and field 
survey data. »The term ecoregion was selected 
because the units Probably do not meet the 
requirements,.in all cases, of Land Regions 
as defined by Lacate_(l969). ‘Rather they are 
considered to be complexes of Land Regions and 
Land Districts with a physiographic bias. 
Primary parameters used for defining the eco- 
regions were vegetation, climate, landform and 
frozen soil condition, but time did not permit 
sufficient ground observations near the bound- 
arise, which necessitated relying on physio- 
graphic breaks for placing boundary lines. 
The northern units were adopted and largely 
described from the work of Zoltai and ’ 

Pettapiece (1973) and Hettinger, Janz, and 
Wein (1973), because no helicopters were avail- 
able in these areas and roads allowed access to 
only a very minor Portion. 

The ecoregions were delineated on a mosaic 
constructed from LANDSAT imagery at a scale of 
l:2,500,000 for publication purposes. The 
report to accompany the map is near completion. 

Six major watershed systems were delineated, 
although two of these form parts of the Yukon 
River system and two form part of the Mackenzie 
River system. Another is the north slope 
draining directly into the Beaufort Sea, and 
the other is a small area draining into the 
Gulf of Alaska. 

The information retrieval system is functional, 
and has been demonstrated, for portraying 
available forest statistics in metric units 
south of 64°N latitude. Future expansion of 
the system to incorporate up-toédate informa- 
tion, fire history and other resource data, 
to cover the entire Yukon Territory and 
portray the data according to ecoregions, is 
anticipated. 

D$CUS$ON 
Approximately 30 man-weeks were spent in the 
field, working much of the time as two crews. 
Difficulties in scheduling aircraft, especially 
helicopter time, were encountered due to ' 

weather conditions and incidence of forest 
fires. Travel distance among bases, along 
with other commitments for the aircraft, pre- 
vented most alterations in flight schedules. 

Vservice, one of the principal users- 

The-most adversely affected area was the west; 
central part of the Yukon Territory where 
several fires occurred. Consequently, few 
ground observations were made from helicopters 
in the vicinity of Dawson City, Mayo and 
Carmacks. Roads in these areas, as elsewhere, 
mostly follow:rivers, and thus do not permit 
observations of upland sites. 

About $11,000 were required for field opera- 
tions. excluding major equipment. salaries and 
field aircraft time. Assuming a cost of $250/ 
hr. for fixed wing aircraft and $350/hr. for 
helicopter time, approximately $23,000 was 
required for aircraft. The cost of the survey 
then amounts to about $.16/mi2 ($.06/kmz). 
Realistically, the time spent in planning,” 
literature review, pre= and post-data compilation, 
preparation of data for presentation, and 
equipment must be considered, bringing the 
cost up to about $.45/miz ($.18/km ). 

Biophysical mapping of areas the size of the 
Yukon Territory (207,076 mi2, 536,327 1on2), 
and probably considerably smaller areas, should 
be conducted over a minimu period of two years. 
This would allow for a familiarization period, 
for rescheduling flights the second year into 
areas not surveyed the first year, and for 
further work in problem areas. 

It would also be desirable to have representa- 
tion of other resource sectors involved with 
the field work. However, care would be neces- 
sary to prevent the field team from becoming 
too large and cumbersone. ‘Field crews of two 
members are optimal for logistical reasons, but 
two or three such crews, each member represent- 
ing a different discipline, could be set out 
and periodic coordination meetings arranged. 
Problems are inevitable with such a procedure, 
but the final product would be more beneficial; 

Contact was maintained throughout the survey 
with members of the Yukon Lands and Forest 

Training 
programs are anticipated when the final product 
is made available and as the project continues. 

The ecoregion delineation provided a framework 
within which more detailed analyses of all 
biophysical sectors, resource research and 
broad planning and management decisions can be 
conducted.‘ Integration of these data with the 
information retrieval system can aid in the 
definition and interpretation of ecoregions. 
Utilization of the ecoregion format in this 
manner will undoubtedly result in boundary 
modifications so that land regions and land 
districts can eventually be recognized and 
delineated. 

Future work in the project, beginning in 1976,
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will be to concentrate on one ecoregion, ini- 
tially the Liard River Ecoregion, and delineate 
land systems. Involvement will be solicited 
from the Lands, Water and Wildlife sectors so 
that a broader resource data base can be 
established. 
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LEGEND OF ECOREGIONS OF THE YUKON TERRITORY 
1. Beaver River: 3% of Yukon = 16,350 km2 
(6,310 mi ). Mbstly forested with open black 
and white spruce and lodgepole pine; lichens 
prominent on we1l—drained sites, mass on wet 
sites; black spruce and larch in bogs, alpine 
fir and shrub birch—willow—lichen near tree- 
line; treeline at 1200-1350 m; pptn and temp 
moderate. 

.2. Liard River: 52 of Yukon - 24,670 km2 
9,520 mi ). Forested, with closed and 

nearly closed stands of black and white spruce 
and lodgepole pine; understory mostly moss with 
or without shrubs and forbs; black spruce and 
‘larch in bogs, aspen on dry sites, white 
spruce and balsam poplar on flood plains, 
alpine fire in.subalpine; treeline at 1500 m; 
pptn and temp moderate. 

3. Logan Mountains: 2% of Yukon - 13,190 km2 
(5,090 mi ). Mostly alpine treeless tundra 
of shrub birch—wi1low-sedge, open black and 
white spruce-lichen in valleys and lower 
slopes, aspen and lodgepole pine on warmer 
sites, alpine fir and shrub birch—willow in 
subalpine; treeline at 1350-1500 m; pptn high, 
temp moderate. 

4. Pelly Mountains: 72 of Yukon - 36,140 km2 
(13,950 mi ). High elevation treeless tundra 
common, white and black spruce-moss at lower 
elevations, white spruce and lodgepole pine 
on warmer sites, alpine fir and shrub 
,birch—willow in subalpine, sedge tussock in 
alpine wetlands; treeline at 1350-1500 m; 
pptn moderately high, temp moderate. 

5, Lake Laberge: 7% of Yukon — 37,860 km2 
(14,620 mi ). Open white spruce and lodgepole 
pine with moss understory common, black and 
white spruce on cool sites, aspen or sagebrush- 
grassland on drier sites, alpine fir present, 
larch absent; treeline at l200=l35O m; pptn 
low, temp moderately warm. 

6. Coast Mountains: 3% of Yukon - 15,200 km2 
(5,870 mi ). Alpine tundra prominent, white 
spruce-soapberryimoss at lower elevations, 
white spruce=aspen on warmer sites, shrub birch- 
willow in subalpine, alpine fir and lodgepole 
pine absent, black spruce scarce; treeline at 
1050-1200 m; pptn high, temp moderate. 

Z. St._E1ias Mountains; 4% of Yukon - 
22,370”km‘ (8,640 miz). High elevation ice 
and snow fields, white spruce-moss at lower 
elevations, black spruce bog and shrub 
birchewillows on cooler sites, aspen and white 
spruce on warmer sites; treeline at 1050 m; 

pptn high, temp cold." 

3, Rub Ran e: 52 of Yukon - 24,670 km2 
0,520 mi ). Open white and black spruce-moss 
common, black spruce bogs or white birch-alder 
on cooler sites, white spruce-aspen-moss—forb 
on warmer sites, lodgepole pine rare; treeline 
at 1200 m; pptn low, temp moderately cold. 

9. Wellesley Lake: ‘zz of Yukon - 10,900 km2 
(4,210 mi ). Low elevation open bog, black 
spruce-Sphagnum common, black spruce bog and 
bog—fen complex on cool moist sites, white 
spruce-white birch-aspenémoss-alder on warm 
dry sites, treeline at 1050 m; pptn low, temp 
moderately cold. ' 

lQ.M,Dawsgn,Ran e} 6% of Yukon - 29,540 km2 
(11,410 n1;)1 Mostly treeless, shrub birchh 
willow common, white spruce on warm dry sites, 
very open white and black spruce—willow-shrub 
birch at lower elevations, sedge tussock (black 
spruce) on cool moist sites; treeline at 1200 m; 
pptn moderately low, temp moderately cold. 

11. Klondike River: 42 of Yukon - 21,510 kmz 
(8,310 mi ); Black spruce and white birch- 
Ledhm-Sphagnum is common, aspen and white spruce 
on drier sites with balsam poplar on flood 
plains, lodgepole pine scarce; treeline at 
1050 m; pptn moderate, temp moderately cold, 

12. Pelly River: 7% of Yukon - 45,150 km2 
(17,640 mi ). White and black spruce-shrub- 
moss is common, black spruce bog in moist cool 
lowlands, aspen (white spruce) or Sagebrush; 
grassland on warm, dry sites, lodgepole pine 
comon, alpine fir sparse; treeline at 1350- 
1500 m; pptn low, temp moderately cold. 

13. Mayo Lake Ross River: 19% of Yukon — 
45,600 km? (I7,610 miz). Open black-spruce-moss 
(lichen) comon, white spruce on warm dry sites, 
black spruce bog-fen in lowlands, aspen, white 
’birch and lodgepole pine-sparse, larch absent, 
alpine fir in subalpine; treeline at 1350- 
1500 m; pptn moderate, temp moderately cold. 

l4,_,Itsi_Ra e: 3% of Yukon - 15,200 km2 
(5,870 mi ). High elevation tundra, open black 
and white spruce—lichen on lower slopes, shrub 
birch-willow common, bog—fen in valleys, alpine 
fir in subalpine but sparse; treeline at l350= 
1500 m; pptn high, temp moderately cold.

~ 

15. Wernecke Mountains:’ 5% of Yukon -.28,390 
km (10,960 mi ). High elevation tundra, black 
and white spruce-moss (lichen) on protected 
warmer sites, shrub birch-willow is common, 
bog-fen complexes, sedge tussock, in wetland; 
treeline at 1200 m; pptn high, temp moderately 
cold. ‘

'



'(8,080 mi ). 

16. South Ogilvie Mountains: 32 of Yukon - 
13,900 km (5,430 mi ). High elewation tree- 
less tundra, sedge tussock bogs in valleys, 
and shrub birch—willow on slopes, open black 
and white spruce on protected.warm sites; 
treeline at 1050 m; pptn moderate, temp 
moderately cold. 

17. North 0 ilvie Mountains: 9% of Yukon — 
47,0K0’km (I8,l6O mi ). Moderate elevation 
treeless tundra with sedge tussock or shrub 
birch—willow, white spruce on protected sites, 
scattered black spruce in low elevation bogs; 
treeline at 900 m; pptn moderate, temp cold. 

18. Eagle Plain: 32 of Yukon - 17,500 knz 
(6,760 mi ). Very open black spruce—1arch- 
sedge tussock common, white spruce and white 
birch on well-drained sites, bog-fen comon' 
in lowlands; treeline at 750 m; pptn low, 
temp cold.

~ 

19. Peel River; 4% of Yukon - 20,940 km2 
Black spruce-lichen common, 

black spruce—larch=sedge tussock on wetter 
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sites, white spruceewhite birch on well; 
drained sites; treeline at_600-750 m; pptn 
low, temp moderately cold. ’ 

20.,Berry_Creek: 12 of Yukon — 5,450 km? 
(2,100 mi ). 

. 
Black spruceesedge tussock is 

common, black spruce—lichen and shrub—1ichen 
on cool dry sites, white spruce on warm sites, 
larch scarce; treeline at 450 m; pptn low,_ 
temp cold. ' 

' ' 

21. -o1o crow Basin: 32 of Yukon - 16,630 km2 
(6,410 mi ). Open white and black spruce- 
lichen (moss) common, black spruceelichen or 
Sphagnum on cooler sites, white spruce-lichen 
(alder) on warmer sites, larch'spa;se; treeline 
at 300-450 m; pptn low, temp cold. ' ' 

22. Northern Mountains and Coastal Plain: 62 
of Yukon 4’33,340'km‘ (l2,730_mi‘).” Mostly 
treeless tussock tundra, scattered black and’ 
‘white spruce on protected sites, shrub heath 
on many warmer sites; itreeline at 0-300 I9; 
pjptn low, temp cold. ' 

. .1 
' *

‘
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THE use or aIoPHvsIcA.L ANALYSIS IN LAND use PLANN|—NG* 

Alberta Efnergy and Natural Resources 
Edmonton, Alberta 

ABSTRACT 
This paper describes the land use planning 
process carried out by the interdepartmental 
Land Use Assignment Committee which advises 
the Deputy Minister, Alberta Energy and 
Natural Resources on the allocation of public 
lands. Biophysical land classification and 
use potential ratings play a significant part 
in this planning process together with public 
land management agency concerns and present 
land commitments. 

The author identifies areas where improvement 
is required in the planning process as well as 
the biophysical methodology. 

INTnooucnoN 
The very real statement that "land is limited 
but the needs and wants of people are multi- 
plying" is also relevant for Alberta, 
particularly along the fringe areas of settle- 
ment. It could be restated in the vernacular 
that "quality land is limited and the demands 
that people are putting on this scarce land 
resource are unreal". 

Alberta recognized this problem in 1948 when 
an 0rder—in-Council was passed which identi- 
fied several major land use concerns. The 
following points are paraphrased from the 1948 
Order—in—Council: 

1. It became essential to establish the 
orderly allocation of lands according to their 
best use, based on a physical land classifica- 
tion. ' 

2. It became increasingly clear that agri- 
cultural settlement should be restricted to 
lands that were classified as suitable for 
agricultural development to provide sufficient 
sustenance for a settler and his family. 

RESUME 
Le present document expose le processus de 
planification de l'utilisation des terres 
realise par le Comité interministériel des 
terres, qui conseille le ministre albertain de 
l'Energie et des Ressources Naturelles quant d 
l'affectation des terres publiques. La 
classification biophysique du territoire et les 
cotes du potentiel d'utilisation jouent un rdle 
important dans ce processus de planification, 
de meme que les intéréts des organismes de 
gestion des terres publiques et les utilisations 
actuelles des terres. 

L’auteur souligne les aspects 5 améliorer dans 
le processus de planification et la méthodblogie 
biophysiques. 

3. Since the cost of social services for 
remote and scattered settlement became 
increasingly expensive, the government found it 
necessary to prevent random settlement and 
squatting in isolated areas. 

4. It was recognized that many lands in 
Alberta had the potential to sustain a valu— 
able forest cover; thus, it was found necessary 
to prevent land settlement in these areas to 
allow for the orderly management of forest 
lands. 

Thus, to control land settlement, and for land 
management purposes, Alberta was divided into 
three broad areas as follows: 

*This paper explains the application of bio- 
physical land analysis carried out by the Land 
Use Assignment Section of Alberta Energy and 
Natural Resources (Alta. E&NR) for the Inter- 
departmental Land Use Assignment Committee 
(LUAC). Mr. Rennick is Head of the Section, 

PI-ac. lat Meeting am. Comm. on Ecological (Bio-physical) Land Class May 25-28 Z976‘ Petawanl Ja Ont . 
' 
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(a) Green Area - This area comprises lands 
withdrawn from settlement. 'Any disposition/ 
of the right to use the surface of these, 
public lands is for comercial or indnstrial» 
purposes, or for such other uses as the

‘ 

Minister may consider to be in the public 
interest. ~ 

Today, much of the Green Area is managed for 
multiple uses such as timber production, fish 
and wildlife production, and limited domestic 
grazing, as well as providing opportunities 
for outdoor recreation. " 

The sustaining of a quality environment is a 
key concern in thexarea and this is provided. 
for by such means as the ground rules imple- 
mented by the Alberta Forest Service to 
ensure watershed protection and to reduce soil 
erosion during and after timber harvesting 
operations (Forest Service, Alberta Energy 
and Natural Resources, 1975). 

' ° 

(b) White Area -_This is the settled part_of 
the province. Although much of the land in

x 

the area is managed for food production under 
private ownership, significant portions of 
public land remain which are managed for 
watershed protection, outdoor recreation, 
fish and wildlife production, timber produc-‘ 
tion and other purposes. '

. 

(c) Yellow Area - This is where most of the 
land settlement action is taking place . It 
is also the area where user conflicts are the 
most intense. Dispositions such as Homestead 

t Sales for agricultural purposes leading to 
title may be granted. The Yellow Area will 
utlimately become part of the White Area, 
although it will contain public lands reserved 
for the various public requirements noted in 
the White Area description. 

Figure 1 illustrates the current land settle- 
ment pattern in Alberta. 

Much credit is due to the authors of the 1948 
‘Green Area‘ concept. Although it is not a 
land ‘freeze’, by restricting settlement to 
suitable lands, it allows the governent to 
plan for the optimum use of public land. 

The same concerns for efficient and effective 
land use exist today as they did in l948. 
They have merely magnified since more people 
are exerting greater demands on a limited 
landvresource. 

Today, we do, however, have a greater aware- 
ness and understanding than we did in 1948,. 
of the ecological factors and the importance 
that they have in the land use planning 
process. 
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.This early awareness of land use problems to- 
‘gether with the initiation during the 1960's 
of the ecological approach to land analysis 
'has brought us to our present means of advising 
the Deputy Minister on the preferred use of 
public lands. -

.

\ 

OUR MEANS FOR LAND ALLOCATION 
Resource planning should begin by defining the 
problem to be resolved. Once this is achieved 
and the problem understood by the participants, 
the means for arriving at effective solutions 
become clear.

7 

As stated above, one of the problems to be 
solved by the Alberta Department of Energy and 
Natural Resources (Alta. E&NR) is to achieve 
within a quality environment the optimum inte- 
grated use of public land.. This means that for 
such land uses as timber production, fish and 
wildlife production, domestic grazing and out- 
door recreation, the Alta. E&NR must endeavour 
to allocate land resources to achieve a 

-compatible mix of these uses- 

As we all know, this is indeed a difficult task, 
. due to such factors as the physical limitations 
of the land, the present land commitments, and 
the uncertainty of future needs. It is further 
complicated by the need to provide all of these 
uses and at the same time maintain a quality 
environment. '

' 

The means for solving this problem. although 
not crystal clear, involve at least two compo- 
nents. -Firstly, we require relevent information 
on which to base decisions. Secondly, we need 
to bring together the affected people so that 
effective solutions may be found. 

In 1969, the Alta. E&NR (formerly the Department 
of Lands and Forests) tackled the second- 
mentioned component by establishing the inter- 
departmental and interdisciplinary Land Use 
Assignment Comittee (LUAC) which brings 
together the appropriate public land managers. 
We are not so naive-to suggest that the LUAC is 
the ideal structure to solve the problem. How- 
ever, it does allow for a coordinated approach 
and provides the means for advising the Minister 
of Alta. E&NR on the preferred uses of public 
land. 

The first-mentioned component, that of providing 
relevant information, was provided in part by 
the establishment of the Land Use Assignment 
Section, presently located.in the Technical 
Division of Alta. E&NR. The section is made 
up of an interdisciplinary group of resource 
specialists who describe, classify, and * 

illustrate for the LUAC the ecological character 
and use potential of the natural land systems



Alberta 
ENERGY AND 

NATURAL RESOURCES 

- Yellow Area - Available for settlement 

D White Area . Agricultural — Not a_va_i|a_b_|e 

f__or Homestead sale 

Green Area - Withdrawn from settlement 

247 

Figure

~



in the province. 

We now then have the means of solving the 
problems through_the consideration of relevant 
information by a group of involved managers. 

ENABLING LEGISLATION AND CUR_RENT STUDIES 
' 

The classification of public lands-in Alberta 
and the designation of their use is the res- 
ponsibility of the Minister of Alta. E&NR as 
authorized by Section 12 of the Public Lands 
Act. The Minister also represents the Crown 
as the owner and steward of these public 
lands on behalf of the people of the Province. 
It is the intent of the Government to ensure 
that the present and future generations of 
Albertans obtain optimum benefits from these 
lands. ' 

The purpose of the LUAC, as stated above, is 
to advise the Deputy Minister of Alta. E&NR 
on the preferred uses for public land, 
including the settlement/non-settlement bound- 
ary. Although the main concern is for public 
lands, the adjacent patented lands are also 
studied to provide a better perspective. 

Figure 2 illustrates the studies currently in 
progress and those completed by the LUAC since 
1969. By comparing Figure l and-2, it will be 
observed that, for the most part, the study 
areas are located along the interface between 
settlement and non-settlement lands. For it 
is here that difficult land use decisions are 
required to reduce user conflicts and to 
assure that integrated land use takes place. 

THESTRUCTURE 
The LUAC is supported by the Technical 
Divisionl of Alta. E&NR which provides the 
Chairman, the technical advisor and the 
secretary, as well as biophysical analysis 
and mapping services. ' 

The Committee is made up of eight members, 
one from each of the following Provincial 
Government agencies: Forestry Division, Alta. 
E&NR; Lands Division, Alta. E&NR; Energy 
Resources Sector, Alta. E&NR; Parks Division, 
Alta. Recreation, Parks, and Wildlife; Fish 
and Wildlife Division, Alta. Recreation, 
Parks, and Wildlife; Resource Economics 
Branch, Alta. Agriculture; Land Conservation 
and Reclamation Division, Alta. Environment; 

1- A reorganization of Alta. E&NR is presently 
underway, and this structure may not exist by 
the time this article is published. 

‘land Planning Services Division, Alta. Municipal 
Affairs. ‘ 

Figure 3 illustrates the relationship—between 
the LUAC and the Technical Division, The solid 
lines indicate the formal communication chan- 
nels between the LUAC and the Chairman as well 
as between the administrative Heads and the 
Director. 

The broken lines indicate other approved link- 
ages such as between the Technical Advisor and 
the Committee, and the Secretary and the 
Committee. 

The Head of the Section and his professional 
staff also have access to management agency 
specialists via their representative on the 
LUAC. 

THE PLANNING PROCESS 
The planning process carried out by the LUAC is 
summarized in.Figure54 and may be described as 
follows: ’ 

Eroblem.Definition - Study requests originate 
from c6ncerned"Provincial Government agencies. 
as well as local citizen groups. Each concern 
is described, and the area is selected for 
study according to a priority dependent on the 
magnitude of the problem. Once an area is 
selected, the LUAC is requested to undertake a 
study and to submit recommendations to the 
Deputy Minister of Alta. E&NR. 

Data Collection - Although various kinds of 
data are collected during all segments of the 
planning process; the major biophysical data 
'are collected and analyzed during this segment 
by the Land Use Assignment Section of Energy 
and Natural Resources. Staff members of this 
Section prepare a report of the study area with 
the emphasis on biophysical description, and 
present land comitments as well as an indica- 
tion of the productive potential of the land 
for various uses. 

Soon after completion of the biophysical study, 
each Comittee member examines the area in 
light of the biophysical report and prepares a 
written report providing additional data 
related to their particular management interest. 
At the same time, the particular Regional 
Planning Commission staff are given an opportu- 
nity to comment on the socioeconomic factors. 

Policy Consideration - Based on the above data 
and analysis, the LUAC, as an interdisciplinary 
and interdepartmental group, examines the pro- 
posed land uses for the area and endeavours to 
resolve conflicts. The Committee then agrees
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Figure 3: Relationship Between the Land Use Assignment Committee (LUAC) and the Technical 
Division, Alberta Energy and Natural Resources. 
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on a mix of uses_compatib1e with the bios 
physical analysis and the expressed management 
concerns. ' 

Consultation — The draft plan is then presented 
to the concerned parties, such as the local 
managers, the local Agricultural Development 
Committee, the Agricultural Service Board and 
the Regional Planning Comission for their 
information and to provide an opportunity for 
them to express their concerns. A method for 
formal public involvement has not been estab- 
lished, although the LUAC will listen to any 
public group which asks to be involved. 

All of the views expressed during the consul- 
tation segment are then considered. The draft 
may be. revised accordingly. and it is delivered 
to the interdepartmental Conservation and , 

Utilization Comittee for their review and 
comment as to its effect on relevant government 
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policies. 

Final Land Use Recommendations - On the basis 
of the above consultation, the final recom- 
mendations are prepared and delivered to the 
Deputy Minister of Alta. E&NR for his approval. 

Implementation - The recommended preferred uses * 

serve to give direction and guidance to the 
affected Departments for land disposition and 
land management. The plan also provides a 
basis for more detailed local management plans. 

The information collected and the policies 
established during this planning process may 
also be used to guide Regional Planning 
Commissions and Improvement Districts in the 
preparation of regional plans. 

An important part of implementation is the 
transferring of approved land use plans into
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The,Land Use Assignment Comittee Planning Process 
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‘the Township Registry administered by Lands 
Division, Alta. E&NR. The natural land unit 
boundaries are squared off according to the 
closest legal survey (quarter sectiono bound- 
ary, and the recomended uses for each quarter 
section are noted. , 

A fouredigit coding system is used to enter 
all notations and land use reservations in an 
effort to assure that optimum land allocation 
takes place. 

Review - Each study area is to be reexamined 
every five years for possible changes in local 
or regional situations and~in light of any new 
government policies. Preferred uses may then 
be modified or totally revised to reflect the 
new circumstances. 

. THE BIOPHYSICAL METHOD 
Based on a four-level planning hierarchy (i.e. 
Provincial, Regional, Local, and Operational), 
the level of detail presently carried out by 
the LUAC approximates a Local land use plan. 
The published map scale is l:l26,720 which 
restricts the biophysical detail to the land 
system level. However, much of the prelimi- 
nary analysis, including the photo interpreta- 
tion and the field observations, is carried 
out at l:3l,600 to better understand the eco- 
logical character of the area. Details on 

DATA N 

GO LLECTION 
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DRAFT 
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the preliminary maps are then lumped together 
to form land systems and final maps are reduced 
to the published scale of l:l26,720. 

The biophysical details noted during the 
analysis are not lost since they are noted in 
the written description of each land system. 
They play an important role in the use poten~ 
tial ratings. ' 

The biophysical method employed involves 
dividing and classifying the landscape into 
definable ecological land regions, land 
districts and land systems based on distinctive 
patterns of relief, geology, geomorphology,

' 

landforms, characteristic vegetation and 
climatic factors as defined by Lacate (l969)' 
and Jurdant (1975). ‘ 

' 
' 

‘ 
'

' 

Existing information such as soil surveys, 
bedrock geology, surficial geology, and 
climatic data is collected and synthesized for 
biophysical relevance. 

* t" : 

Considerable emphasis is given ;p'air photo
V 

interpretation to delineate distinctive bio- 
physical patterns which reflect the ecological 
nature of the area. This is achieved by cares 
ful observation of landform, slope, drainage , 

and vegetative patterns assisted by knowledge‘ 
of soils and parent materials.‘

l
‘
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To illustrate the biophysical method, let us 
assume that we are dealing with a large 

. expanse of landscape defined as a land 
district (Lacate, 1969). A closer examination 
of_this land district through aerial photograph 
interpretation and field observation reveals 
that it is, in fact, composed of a number of 
separate land systems (Latate, 1969), each 
-system having its own pattern of landform, 
soils, drainage, and associated natural veg- 
etation. 

Due to its inherent physical makeup, each land 
system has a measurable ability for growing 
biotic crops and for providing opportunities 
for outdoor recreation. For instance, river 
terraces and sand dunes, two commonly ocurring 
systems, have different abilities to sustain 
habitat for moose or to provide opportunities 
for outdoor recreation., 

Each land system identified is described 
including the following basic information: 
physiography and soils - including landform,‘ 
slopes and drainage pattern, soil texture, 
soil moisture, soil order and association; 
natural cover - the major tree species, indi- 

‘ cator shrubs and characteristic lesser vegeta- 
tion; present use - indications of the present 
cultural practices, amount of cleared land, 
and management activities; use potential 
ratings (Hills et aZ., 1970) — for agriculture, 
forestry, ungulates, recreation and waterfowl, 
including a general discussion of the poten- 
tial for each use. 

At the same time, the sensitivity of the land- 
scape to development and surface disturbances 

ois indicated such as observations of soil 
stability, hazard lands, and important head- 
water areas- 

Once the natural land systems are studied, 
mapped and described, a report is prepared 
called "Biophysical Analysis and Evaluation 
of Capability". The report also includes ‘ 

current information on land dispositions such 
as patents, leases, licences, agreements and 
other present land commitments since these are 
very important considerations in any planning 
process. The report is then delivered to the 
LUAC for their information and as a base for 
the remainder of the planning process. 

A comment on the 'use potential rate‘ method- 
ology is warranted. During the biophysical 

, study, the existing Canada Land Inventory 
(CLI) capability ratings are used. However, 
they are ‘proportioned’ according to Hills‘ 
"(1970) method to fit the biophysical land 
system base and they are checked in the field 
for accuracy. Where questions arise as to a 
particular rating, the appropriate resource 

specialist is contacted for verification. , 
Every effort is made to provide realistic use 
potential ratings for each land system. It is 
indeed unfortunate that a common biophysical 
base was not used by the various agencies who 
carried out the_CLI programme. It is recog- 
nized that Forestry and Agriculture did use 
similar landform information. « 

THE PLANNING PRODUCT 
Using the land system map2 as a base, the LUAC 
then decides on the preferred uses for each 
land system based on the biophysical analysis, 
management agency concerns, and present land 
commitments. The recomended land uses are 
symbolized according to the land use codes 
illustrated in Figure 5. 

Codes that appear in the numerator indicate 
that the uses may take place throughout the 
land system. Codes that appear in the denom- 
inator indicate.that the uses may take place in, 
that part of the land system biophysically suit- 
able for the activity in consideration for the 
other uses noted. 

When the LUAC completes the land use coding 
exercise and reaches consensus on the uses, an 
agreement is prepared advising the Deputy 
Minister on preferred land uses for the area. 

This document contains the purpose of the 
study, a brief recap of the physical.character 
of the area, the conclusions, and recommenda- 
tions of the LUAC including the recommended 
uses for each coded land unit3. Sensitive areas 
and nonconforming dispositions are also 
included as additional information for the 
concerned managers. 

Included with the recommendations are four maps 
which summarize the preferred uses as follows: 

1. Land Use Coding Map showing the preferred 
uses for each land unit. 

2. Permitted Agricultural Use Map showing 
land units where agricultural practices are 
allowed as well as the proposed settlement/non- 
"settlement boundary. 

2- We cal-l it the Land District Map since, it 
is colour-separated in published form by land 
districts. ' 

3- The separations on this map can no longer 
be called 'Land Systems‘ since land systems 
given the same codes are joined together into 
larger land units where the same uses are 
allowed.



Figure 5 

KEYIO LAND USE ‘CODE 
, 

. 

‘ 

Upsior one letter 7 Symbols in numerator ‘

, 

‘ 

fidontifiu agency. Indicate use: lhnt»7rnay' ‘ 

B E. M ‘U N~

~ 
Ap Wd ‘occur irrwholo unit. 

" 

- 

‘Ft R1 Symbol!‘-in dunaminntor. ' ‘

1 

Lower an latter indicate um Imrmay '

. 

i 

Wdonlifiuzusa. oecurin pan otunit only. '
\ 

5"‘/IRQNMENT - w"_DL|FE 'WEST OF THE-SIXTH MERIDiAN 
. \ 

N / 

Eh HEADWATERLANDS Wp“ PRIME HABITAT
I 

Eb RWERBREAKS wd DISPERSAL AREA SCALE: ONE INCH EOUALS TWO MILES 1:1v26,720 
Ew WATERCOURSES Wn NESTING ”“'“ ‘ '7’ - ° ‘ ’ ’ ‘ ’ ML 
Es SHORELANDS 4 W5‘ STAGING 

_ 
‘-—. in .—:. .-j km 

I ‘ 
v Knlomauu I ’: 0 I 2 3 I 5 I 7 a . 

Er RECHARGE AREA Wfr FISHERIES’ '

. 

Ed DISCHARGE AREA Wm MISCELLANEOUS INTERESTS Universal Ttansvevse Mercator Projection 
Ef FLOOD PLAIN‘ ‘ 

RECREATION 
AGRICULTURE 

Hi INTENSIVE 3'? 
Aa ARABLE Re EXTENSIVE w 
Ap IMPROVEDGRAZING an AREATOBE LEFTALONE 
Ag UNIMPROVEDGRAZING Rs SPECIALSITE . 

Rc RECREATION conmoon ' 

FORESTRY as r@; ‘THESE LANDS HAVE 
P0‘FENTIAL FOR ARABLE 

pt T|MgER . AGRICULTURE. SEE-PERMISSIVE‘ 
Fa W-OODLOT USEAGREEMENT‘ 
Fw WATERSHED‘ 
Fe EROSIONCONTROL

.



.are allowed to focus on the problem. 

3. Land Disposition Map showing the current 
land eommitment situation. 

4." Areas for Land Conservation Practices 
showing sensitive areas within and adjacent 
to river breaks requiring protection. 

The ‘recommendations prepared by the LUAC 
are broad in scope. When approved by the 
Deputy Minister of Alta. E&NR, they serve to 
give direction and guidance to the agencies 
responsible for the disposition and management 
of the natural resources in the study area. 

.. IMPROVEMENTS neoulnsp 
There is good evidence from the many land use 
planning processes carried out in different 
jurisdictions that improved government 
policies may be formulated for complex 
resources when the people involved are placed 
in participative structures, when they use 
two.-way coinmunication s1.<il.1.s*. and when they 

Such'an 
atmosphere encourages mutual learning and thus 
a greater chance that_the resultant land use 
plan will be understood and accepted by the 
management and the users. 

natural 

With that in mind, we in Alta. E&NR have been 
endeavouring to improve the planning process. 
Eollowing are some of the areas viewed by the 
author where improvement is required: 

1. A greater comitment by Government of 
staff and funds for integrated natural 
resource planning to provide guidelines for 
management operations. The big push in the 
past and the present is to staff and fund 
singleasector managementkplanning and 
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operations (e.g. forestry and parks). The‘ 
government is providing lip-service to the 
philosophy of integrated planning. However, 
no substantial commitment.has been made. 

Land use planning is to operational management 
as pre—engineering is to road construction-- 
without it, we have little hope of a sound 
structure or a realization of the ecological 
significance of the land. 

Much of this could be done by a redistribution 
of existing funds, programs and staff rather 
than the infusion of new_funds. To do this, 
senior administrators and politicians must be 
convinced that such a shift will provide better 
information as a basis for management. 

2. Integrated natural resource policies may 
be achieved via a comprehensive planning 
.process by approaching the problem through a 
hierarchy of planning areas. A predetermined 
level of detail and decisionjmaking is 
required for each level. 

For instance, an overview provincial plan will 
indicate in broad terms how the department 
proposes to use or to influence the use of the 
lands and waters-of Alberta to achieve its 
objectives. 

On the other hand, a local plan_will indicate 
in greater detail the type and amount of

_ 

uses that may take place for specific local 
areas.. 7 

The following summarizes this approach to the 
planning task: 

L 5 
. .Planning Level of Plan 

Area Product Detail ,Responsibility_ 

Province of Alberta Provincial Provincially ‘Management 
Natural Planning Regions Plan significant, agencies 

broad together with 
the Planning 

Natural Planning Regions Regional Characteristic unit (LUAC) 
Strategic Areas Plan to Region, 

Comprehensive 
Strategic Areas Local Specific to 
Local Zones Plan area, 

Comprehensive 

Local Zones Operational Specific Management 
Administrative Units Management Single use in agencies 

Plan consideration 
of other uses



3. A participative planning structure and 
style within government is essential for the 
development of effective policies. Those who 
will be required to carry out the plan must 
be part of the designing of the plan so that 
they understand the concepts. ' 

43 Equal emphasis should be given to socio- 
economic factors and biophysical factors. 
Those who will be directly affected by the 
plan must be recognized and given the oppor- 
tunity to become involved throughout the 
planning‘process through such means as commu- 
nity awareness programs, group workshops, 
advisory committees, and the Media. 

5. Relevant study area boundaries are res 
quired considering both natural boundaries 
and administrative management concerns, to 
focus on the problem. All too often, the only 
rationale used to delineate a study is the 
possible extent of suitable agricultural lands 
or an area small enough so that one person can 
handle the work in one year. These are only 
two of many parameters that must be considered 
for establishing the study area boundaries for 
a land use plan. The hierarchy of planning 
areas illustrated above will solve much of‘ 
this concern. Without the hierarchy of areas, 
a good planning principle is to examine a 
larger area than actually required to solve 
the problem, so that external influences may 
be noted. Although these external influences 
may not be dealt with in detail in the plan, 
at least they will give a better perspective 
to the decision—making process. 

6. Problem-oriented biophysical studies are 
required where the methodology is designed to 
facilitate the solutions required by the par- 
ticular management agencies. All too often, 
we, as scientists with rigid scientific 
methods, fail to provide relevant information. 
We are not flexible enough in our means and we 
lose interest in the application. We need to 
be more pragmatic and problem-oriented in our 
means to provide the information required. If 
we do not, managers will be reluctant to give 
credence to our trade. 
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Use Assignment program. 

7. ‘Considerable improvement is required in 
the biophysical method carried out by the Land 

At the moment, for 
instance, the physical attributes of the land- 
scape are adequately described, but the bio- 
logical parameters are only given a cursory 
treatment. ‘The characteristic vegetation, 
including trees, shrubs and lesser plants, 
requires greater consideration in the method- 
ology as well as the characteristic fauna of 
the units described. i 

Improvements are also required in the structure 
of the organization. At present, one person 
carries out most of the biophysical analysis. 
He has the opportunity to consult with his 
peers and other agency specialists. This is 
only partially successful since the other 
people are fully occupied in their own work and 
unable to devote adequate time to the task. 

A team approach is required where each member" 
of the team has sufficient time and_funds to 
properly analyze the ecology of the area. They 
should also work together in the field to fully 
understand the ecological linkages so that an 
adequate biophysical analysis may be prepared. 
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INTEGRATED sunvev oIi= BWIOI»?-IiYSlC.AL nesounces 
IN NATIONAL PARKS 
P.Gi_mbar)zevsky 

» Forest Management Institute 
Environment Canada 
Ottawa, Ontario 

ABSTRACT
' 

The biophysical surveys conducted by the Forest 
Management Institute in national parks involve 
the mapping of land; vegetation and water, as 
primary natural resources at a reconnaissance 
(general or detailedU or a management intensity 
level. The working procedures and classifica- 
tion methods used in the acquisition, presenta- 

» tion and interpretation of resource information 
are described and illustrated with selected 
examples. 

INTRODUCHON 
As a part of its research and development pro- 
gram during the past decades, the Forest Man- 
agement Institute (FMI) has conducted numerous 
studies dealing with the appraisal of forest 
resources in various parts of Canada. These 

, 
studies were usually initiated at the request 
of government agencies to provide basic infor- 
mation on forest resources in selected areas 
to plan and control anticipated forest activ- 
ities, or to assess the environmental impact 
of potential development in the north (e.g. 
pipelines from the Arctic to Southern Canada). 
From a systematic analysis of aerial photo- 
graphs and ground information collected during 
the field inspections, some 300 maps have been 
compiled covering an area of over 130,000 mi2 
(160,000 kmz) at the scales of 1:l5,840, 
l:63,360 and 1:l25,000, mainly in the Yukon 
Territory and the Mackenzie District of the 
Northwest Territories. This work, in addition 
to supplying the requesting agency with the 
information they needed, provided FMI re- 
searchers with an opportunity to develop and 
test survey methods based on an intensive ap- 
plication of remote sensing technology and 

RESUME 
Les études biophysiques effectuées par l’Insti- 
tut d'aménagement fbrestier dans les paras 
nationaux comportent la representation carto- 
graphique dn sol, de la végétation et de lieau, 
en tant que ressources naturelles primaires au 
niveau de la reconnaissance (générale on 
détaillée), on d celui de l'importance de 
l'aménagement.‘ Les méthodes de travail employees 
dans l'acquisition, la presentation de l’inter- 
‘prétation des données sur les ressources sont 
décrites puis illustrées d l’aide d’exemples 
choisis. “ 

physical character of the landscape. 
dynamic nature of the forest and its interrela- 
tionship with other landscape components, the 
proper management of the forest resource requires 
a firm ecological base where the forest cover is 
viewed as an integral part of the environment. 
To provide such an ecological base, management 
planning would require not only the factual in- 
formation on the amount, quality and areal ex- 
tent of forest cover, but also a comprehensive 
knowledge of the physical characteristics of 
the land, its biological capability or limita- 
tions, past and present land use practices, 
distribution of wetlands and water bodies, etc. 
Such information may be acquired through addi- 
tional surveys, or the original survey may be 
organized to integrate the collection of basic 
resource data, thus eliminating costly duplica- 
tions. 

In 1971, FMI was requested and subsequently 
agreed to assist the National Parks Service in 
the appraisal of the biological and physical 
environment in National Parks. Following dis- 
cussions with the Applied Research Division of 

Due to the 

photo interpretation techniques. National Parks, FMI undertook the survey of 
several national parks as pilot studies with the The forest is one of the living components of objectives; 

the earth's surface and its occurrence, struc- 
ture and growth are intimately linked with the a) To provide factual data on primary natural 

"\ 

P1-ac.‘ lst Meeting Can. Comm. on Ecological (Bio-physical) Land Class. May 25-28, Z976‘, Petawawa, Ont.



'resources of the physical and biotic environ- 
'ment for immediate use by the parks managers 
and planners;' ‘ 

b) To undertake developmental work on a 
multi-level approach to integrated resource 
classification and survey using a combined ap- 
plication of remote sensing technology and 

verification; and 

c) To develop comprehensive guidelines for 
the integrated method of resource data acquisi- 
tion and presentation based on demonstrated 
validity of research results. ' 

The hierarchical classification system proposed 
by the National sub-Committee on Bio—physical 
Classification (Lacate, 1969*) is used in the 
evaluation of land, vegetation and water re- _ 

sources, and the surveys are referred to as 
biophysical or integrated survey of biophysical 
resources. 

To meet the users’ requirements and to test 
the classification method, the work extended 
over eight national parks ranging in size from_ 
78 km2 to about 5,000 kmz, and located in 
several Phys-i'ogr.aph_.ic provinces and regions: 

Atlantic Uplands of Nova Scotia, New Bruns- 
wick Highlands and Newfoundland Coastal Low- 
lands of the Appalachian Physiographic Region 
(Kejimkujik, Fundy and L'Anse aux Meadows na- 
tional parks);'

0 

Central St. Lawrence Lowland and Western 
St. Lawrence Lowland of the St. Lawrence Low- 
lands Physiographic Region (St. Lawrence ls- 
lands and Georgian Bay Islands national parks); 

Saskatchewan Plain of the Interior Plains 
Region (Prince Albert National Park); and 

Mackenzie Mountains, Liard Plateau and 
Selwyn Mountains-of the Cordilleran Physio- 
graphic Region (South Nahanni National Park). 

The acquisition of resource data is based 
largely on the application of remote sensing 
technology - interpretation of conventional 
aerial photography and LANDSAT, Thermal IR and 
SLAR imagery combined with field investigation. 
The intensity of field work depends upon the 
complexity of the area, access, amount of re- 
quired detail, and the presentation scale. 
Several scales, ranging-from 135,000 to 
1:l00,000, are used for resource data presen- 
tation and compilation of resource maps and 

Guidelines for bios 
Can. For. Serv. 

* Lacate, D.S. 1969. 
physical land classification. 
Publ. No. 1264. 
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overlays. _The St. Lawrence Islands and Georgian 
Bay Islands national parks are mapped at the 
scales of l}l0,000 and l:5,000, 1’Anse aux 
Meadows at l:10,000, Kejimkujik and Fundy na- 
tional parks at l:l2,500, Pukaskwa and Prince 
Albert national parks at l:25,000 and l:50,000, 
and South Nahanni National Park at l:50,000 and 
l:l00,000. 

Cooperation with Parks Canada, frequent con- 
sultation and exchange of_information with the 
regional staff, training seminars and workshops 
provide an excellent opportunity for develop- 
mental work and demonstration of how the re- 
search results can be put into practice. 

METHODOLOGY 
The approach presently used at FMI for the clas- 
sification and survey of primary natural re- 
sources in national parks is based on a system- 
atic stratification of the land surface and 
delineation of ecologically significant segments 
of the landscape composed of a pattern of land- 

-forms, vegetation and open water bodies. Since 
distribution and growth of natural vegetation 
is closely associated with the physiography of 
the area, the land features are mapped first to 
provide a physical base relatively independent 
of successional or man-introduced changes for 
the evaluation of biological and water resources. 
The hierarchical structure of this classification 

’ method, where the work proceeds from the recogni- 
tion of general landscape patterns toward the 
classification of specific components of this 
pattern, has several advantages. It allows the 
most effective use of remote sensing technology, 
reduces or eliminates unnecessary and costly 
duplications and has a 'built-in‘ provision for 
subsequent more intensive investigations in 
selected areas. 

For practical purposes, the resource evaluation 
is conducted at three intensity levels: 

Reconnaissance level provides a quick overview 
of broad landscape units and associated vegeta- 
tion, delineated as land districts or land re- 
gions, usually presented at the scales smaller 
than l:l00,000. 

General'working level or detailed reconnaissance 
level shows the recurring patterns of landforms, 
soils, drainage conditions and vegetation or 
land systems, mapped as components of a land 
district and presented at intermediate scales. 

Management level is delineation of land types or 
land units characterized by a relatively homo- 
geneous combination of soils, topography, drain- 
age conditions and origin of parent material. 
The vegetation associated with a land type
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(forest cover and non-forest plant communities) 
in most cases occurs as a single forest cover 
type, or as several subtypes, or plant associa- 
tions. The land types are presented at scales 
larger than 1;25,000. 

WORK PHASES 
Regardless_9f the intensity level, the inte—, 
grated survey of principal natural resources 
involves three main work phases (Figure 1): 

Resource data acquisition 
Resource data presentation, and 
Resource data interpretation _ 

1. Resource Data Acquisition 

The acquisition of resource data is the most

~ 
important phase in the integrated survey. Based 
on actual working experience at FMI, it has been 
found convenient to follow a sequence of major 
activities: 

' l 

a) Preliminary work - The preliminary work con- 
sists of gathering and reviewing existing in- 
formation on the area to be surveyed. Available 
background material on bedrock geology, geomor- 
phology, vegetation, soils, land use,\c1imate, 
hydrology, aerial photography, mapping and on_ 
other related aspects are carefully studied, 
sorted by specific subjects, and indexed for 
future reference.

' 

b) Systematic Air Photo Analysis - Small scale 
aerial photographs, mosaics and LANDSAT imagery 
are extremely useful for a general familiariza- 
tion with the study area and a quick overview 
of landscape patterns. A preliminary stereo- 
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Figure 1: Integrated resource classification and survey
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etc.) in blue ink. 
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scopic analysis of smeil scale imagery also 
provides better understanding of geomorphic 
.processes while establishing a broad framework 
for detailed survey. It is often necessary to 
go over small scale photography several times 
before comencing systematic interpretation on 
a larger scale, which will be used for final 
mapping. 

The pre-field photo interpretation, with or 
without a brief field reconnaissance, and trans- 
ferring of land and vegetation information to 
preliminary maps has been found quite conve- 
nient for planning the field work. 

The land, vegetation and water may be delin- 
eated on the same set of photographs using 
different ink colors and outlining, for example, 
the land systems or land types in red, the 
forest cover types in black and the water 
(small lakes and ponds, intermittent streams, 

This assures more consis- 
tency of the boundaries, and considerably res * 

duces the number of prints to be handled while — 

transferring to the base maps. 

c) Field Verification - The field work or col- 
lection of ground truth information, is usually 
the most expensive part of any survey and re- 
quires proper planning and preparation.‘ As 
there is no substitute for the field experience, 
the interpreter who worked on the preliminary 

' classification usually takes part in the field 
verification. All essential field observa- 
tions on physical land characteristics, forest 
cover, non-forest plant comunities, water 
bodies, shorelines, etc. are recorded either 
along predetermined transects or in selected 
localities. Samples of plants and soiis, 
ground photographs, slides, strip aerial photo- 
graphy from helicopter, and other field notes 
on some specific aspects of the area provide a 
valuable support for the final classification 
and analysis of resonrcezdata, 

Id) Classification - After the field verifica- 
tion and a thorough analysis of field data, 
the preliminary photo.interpretation is re- 
viewed; revisions or corrections are made, 
where necessary, keeping in mind the size of 
individual map units at the presentation scale. 

A resource map is_intended to provide the user, 
‘resource manager or planner with factual survey 
data expressed by convent_ion_a;l cartographic 
symbols. For ease in reading and understanding, 
the selection of appropriate symbols should be 
compatible with the survey intensity level and 
the mapping scale. In a reconnaissance survey, 
for example, involving mapping of extensivef 
areas, the essential information that can be 
presented at a small scale will be of a general 
nature. The resulting map units (land regions, 

land districts or land systems) are identified 
by a simple map symbol — a numeral, abbrevia- 
tion of letters and numerals, or geographic 
names, and the essential aspects of topography, 
geology, geomorphology, vegetation, drainage, 
land use, etc., briefly described. 

In detailed surveys for management purposes, the 
survey information is more specific and the map 
symbols should be selected accordingly. The 
symbolization developed at FMI, for example, 
shown in Figures.2 and 3, has been found quite 
convenient and practical for mapping at the 
land type level. ' 

The physical characteristics of a land type are 
expressed as predetermined classes of local topo- 
graphy, moisture conditions, soil texture, origin 
of surface material and depth to underlying bed- 
,rock. 

Local topography is presented graphically by a 
symbol derived from a cross-section profile of 
terrain model resembling the shape of a partic- 
ular surface configuration. The seven texture 
classes (very coarse, coarse, moderately coarse, 
medium, moderately fine, fine, and very fine) 
are expressed as lower case abbreviations (vc, 
c, mc, m, etc.). The soil moisture conditions 
based on/the consideration of local climate, 
surface run-off and permeability are expressed / 

as six drainage classes, indicated with numerals 
from 1 to 6. Class 1 expresses a rapid runoff 
and/or permeability and generally dry moisture 
conditions, while class 6 indicates saturated 
conditions. Classes 2 to 5 indicate drainage 
conditions from well drained to wet. ,The geo- 
morphic origin of a land type is expressed by 
upper case letters indicating the main processes _ 
of deposition and erosion performed by the 
glaciers, water, wind and gravity, or by a com- 
bination of these forces (e.g. T — glacial till; 
‘F 9 glaciofluvialj A - aeolian or windlaid; B — 
bedrock; etc.). The depth of surficial material 
to underlying bedrock where estimated as being 
less than 1 m is indicated by placing the bedrock 
symbol (R) under the geomorphic origin symbol 
(e.g. T/R = thickness of till deposit less than 
1 m). 

The vegetation types (forest cover types and 
nonéforest plant communities) are presented by a 
symbol consisting of letters and numerals to 
indicate the stratification by height and density 
classes, species composition, stand structure 
*and present growing conditions. 

The average height of a forest cover type is 
expressed by numerals in 20-foot or 5-m height 
classes, and the percentage of crown closure as 
density classes 1 to 4. The species composition 
is indicated by conventional abbreviations of 
common tree names listed by the order of their
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Figure 2: The FMI Zqnd type legend 
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dominance within the map unit. The condition 
classes, indicating the successional stage and 
vigour of the type, are expressed by numerals 
1-5 placed under the cover type symbol{ To 
indicate a specific structure of some complex 
vegetation types (e.g. a twoestorey forest 
stand), a combination of conventional symbols 
is used to express a particular situation. 

_ 
Figure 4 shows delineated land types (white 
lines) and their biotic components, the vegeta- 
tion types (black lines). ‘

V 

Open waters — rivers, permanent and intermit- 
tent streams, lakes and ponds — are delineated 
on aerial photographs during the analysis of

' 

land types. Water bodies, often as small as a 
fraction of a hectare, are shown as separate 
map units where technically possible. A de- 
tailed delineation of microdrainage features is 
a relatively inexpensive exercise. Such a 
drainage map (Figure 5), in addition to being 
a comprehensive physical inventory of water 
resources, provides an excellent base for future 
hydrological and engineering investigations - 
stream analyses, determination of drainage 

basins, classification of lakes, shorelineV 
studies, etc. - 

'
» 

2. Resource Data Presentation" 

The final product of’a resource survey is usually 
a map of the area investigated showing the geoe 
graphic location and areal extent of a particular 
resource as map units. This work phase involves 
the preparation of base map(s) at a suitable 
scale, transferring of resource details from 
interpreted aerial photographs to the base or 
compilation of resource map(s), and area deter- 
mination and tabulation by resource classes. 

Base Maps — The selection of adequate scale for 
presentation of resource data depends upon the 
intensity level of the survey. The average size 
of resulting map units — (land regions, land 
districts, land systems or land types) may be 
used as a reliable guide. A 2000 km2 land dis- 
trict, for example, when placed on 1:l,000,000 
or l:500,000 scale map will have a size of 
20 cm2 and 80 cm2 respectively, while a 10 km2 
land system at these scales will appear as a 
dot. The same l0 km2 land system at the scale
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Figure 3: Forest cover type legend. 
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of 1:25o,ooo will cover less than 2.cm2—, and 
10 cm? at the scale of 1:.1oo,ooo. The selec- 
tion of proper scale base maps becomes more 
critical in the presentation of.detailed re- 
source information at the land type level, 
where the map units measure often less than 
10 ha; at the scale of l:25,000 a l0=ha land 
type will measure less than 2 cm2, and about 
10 cm2 at the scale of l:l0,000. 

In pratical application, three general scales 
are used for an effective presentation of re- 

262 

source data: small scale base maps (l;500,000 
and smaller) for the reconnaissance mapping 
(land regions and land districts), intermediate 
scales (l:50,000 to l:250,000) for general 
working level or detailed reconnaissance (land 
systems), and large scales (l:25,000 and larger) 
for a detailed or management level mapping 
(1-and types) - 

The base maps at a desired scale, usually on a 
stable, transparent material, may be compiled 
as Zinemaps or photo maps. 

Line Maps - The most comonly used base for 
presentation of resource data is the National 
Topographic System (NTS) maps,'available for 
all or most of Canada at theVsmall and inter- 
mediate scales (l:l,O00,000, l:500,000, 1:250, 
000 and l:50,000). 'A limited coverage in this 
series is available at the scale of l:25,000, 
but only for some densely populated areas. The 
small and intermediate NTS series maps provide 
a'quite suitable and economical base for pre- 
sentation of resource information at the recon- 
naissance and land system levels. The required 
map sheets may be obtained on transparent 

gstable material which would allow the reproduc- 
tion of additional paper prints. 

A base map at the scale of l:25,000 or larger for 
a relatively small area may be produced by 
photographically enlarging a l:50,000 NTS map 
sheet and then simply-redrafting the required 

’ portion on a stable transparent base. 

For a detailed survey of extensive areas involv- 
,ing several map sheets, the compilation of base 
maps at the scales l:25,000 or larger should 
comply with the NTS subdivision to ensure a con- 
sistency for any future mapping and to retain a 
convenient size of produced map sheets. 

Figure 6 exemplifies the method developed at- 
FMI for the compilation of base maps at the , 

scales of l:25,000, 1:l2,500, l:l0,000 and 1:5, 
000. The large scale maps are derived from the 
NTS base drawn on the Universal Transverse 
Mercator projection (UTM) and the size of pro- 
duced map sheets is approximately the same as 
the size of an average l:50,000 NTS map (80 cm 
by 56 cm). 

A standard l:50,000 NTS map sheet, which is a 
sixteenth of a 1:250,000 sheet, covers an area 
of 30' longitude and 15' latitude. To produce 
a base map at the scale of l:25,000, the 1:50, 
000 NTS map is divided into eight sections and 
referenced as sections a,b,c,d,e,f,g and h. To 
maintain the same size of individual maps, it 
has been found convenient to place two adjoining 
_sections on one 80 cm by 56 cm sheet and to 
reference the four maps as a—b, c-d, e-f, and g—h.
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Figure 6: Subdivision of NTS sheet for compilation of large scale base maps 
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Each of the four l:25,000 scale maps covers an 
area of 15' longitude and 7'30" latitude. 

A similar method is used for the compilation 
of base maps at the scales of l:l2,S00 and 
1:l0,000. For the construction of l:l2,500 
scale base, the l:50,000 NTS map sheet is 
divided into 16 quadrangles, 7'30" longitude 
and 3'45" latitude each, and referenced as 
map sheets aS(south) aN(north), bS, bN...hS 
and hN. 

For compilation of base at the scale of 1:10, 
000, the 1:50,000 NTS map sheet is divided into 
25 quadrangles, each covering an area of 6' 
longitude and 3' latitude, and referenced with 
Roman numerals commencing with I in the south 
west, and ending with XXV in the northwest 
corner. 

The l,000.m UTM grid which is included on all 
large scale base maps has been found a con- 
venient feature for referencing of specific 
map units, and for compilation of base maps 
larger than l:l0,000; 

Photo Mops - Occasionally the resource informa- 
tion may be presented on a photographic base - 
aerial photograph, LANDSAI image, air photo 

-80cm.-
I 

mosaic or orthophoto maps reproduced on a 
stable transparent material which would allow a 
duplication of the compiled resource map by 
photography, or by a less expensive dry process. 

Air photo mosaic - uncontrolled or semi—control— 
led, as well as selected small scale photographs 
or LANDSAI frames enlarged to a required scale, 
often provide a convenient base for resource 
data presentation of the areas that are rela- 
tively small or lack adequate NTS coverage. 
Such a base is relatively inexpensive and simple 
to construct (Figure 7). 

The controlled photo mosaics and orthophoto 
maps combine the advantages of a line map and 
the photographic terrain features corrected to a 
true scale. Although they provide.an excellent 
base for large scale mapping, their use is 
limited by a relatively high cost and terrain 
slope limits (maximum slope for orthophoto maps 
is 502 for 152 mm focal length photography). 

Compilation of Resource Mops e A resource map 
is a cartographic display of the survey results. 
Its compilation involves transferring of re, 
source details interpreted on aerial photographs 
to a base.map, determination of the-area of all 
map units for preparation of summary tables, and
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Figure 7: Semi—c0ntr0ZZed photo mosaic as a base map for presentation of land systems 

_a subsequent construction of required resource 
maps and overlays for management or planning. 

The transfer of resource information from , 

interpreted aerial photographs and the plotting 
of the map units on the base are performed by 
relatively simple instruments or by stereo 
plotters; For mapping low relief areas, the 
use of simple instruments such as a reflecting 
projector or sketchmaster has been found quite 
satisfactory. However, for a correct plotting 
from aerial photographs of a hilly or mountain- 
'ous area, a stereo plotter which allows the 
use of paper prints (e.g., Radial Kail Plotter, 
or 'Stereotop') provides much better results. 

From a checked and edited map manuscript, a 
paper copy is produced for the area determinafi 
tion of each map unit. For this work, a suit- 

-/ 

able dot grid or a planimeter may be used. The 
sizes of all map units (in km2 or ha), numbered 
in a consecutive order, or referenced to the 
UTM coordinates of the map sheet, are listed 
with their appropriate classification symbols 
and coded for computer processing and prepara- 
tion of summary tables.

' 

Standard cartographic procedures are used in 
the construction of final resource maps. They 
may be drafted on the same planimetric base as 
the map manuscript, or scribed and subsequently 
reproduced as composite 1and—vegetation maps 
(Figure 8). In addition, a series of thematic 
overlays may be produced to show some specific 
features such as contour lines, plant communi- 
ties, land use, outstanding or unique features, 
drainage, open water, shoreline classification, 
etc.
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3. Interpretation of Resource Data 

The completed resource maps - land type and 
vegetation cover type - provide in a simple 
form factual information required for manage- 
ment planning and general operation of the 
park. The kind, location and areal extent of 
primary biophysical resources are expressed 
by conventional symbols which indicate basic 
characteristics of map units. These characs 
teristics and their positive or negative effect 
on the suitability of the map unit for a 
particular purpose may be interpreted from the 
resource maps and expressed as capability clas- 
ses for biological productivity or suitability 
for recreation and other purposes, such as 
engineering soil properties, or sites having 
some unique characteristics. 

Land Capability for Biological Productivity - 
_A biological productive capacity of the land 
surface is a function of climate and physical’ 
properties of the land, mainly its topography, 
drainage conditions, texture of the soil and 
prigin or parent material. The land types, 
which are fairly homogeneous segments of a 
landscape and reflect these physical character- 
istics, may be grouped by their physical 
properties and limitations and expressed as 

' capability classes for agriculture, forestry, 
wildlife or recreation. 

Engineering Soil Characteristics - Physical 
aspects of land types may also be interpreted 
to provide data required for the construction 
and maintenance of roads, location of granular 
deposits or for selection of building sites 
and detailed field investigations involving 
specific engineering problems. 

The susceptibility to erosion on various land 
types may be determined from the analysis of 
specific topographic-positions, inherent soil 
characteristics and associated vegetation and 
expressed as high, moderate or low erosion 
hazard classes.‘ 

Outstanding Features - These are sites or loca- 
tions having some unique or unusual character- 
sitics related to biotic or physical aspects 
of the park environment, as for example a 
prominent landform, waterfall, unusual vegeta- 
tion type or a site associated with the past 
history of the area. The recognition of such 
features is important in planning developmental 
work and in setting up an interpretative pro- 
gram fof the park. Such information may be 
interpreted from the completed resource maps 
and presented as a separate thematic map or 
overlay indicating their location and classifi- 
catipn. 

DISCUSSION 
The practical value of remote sensing technology 
in integrated surveys is its versatility to cope 
with the highly dynamic nature of biophysical 
resources. A combination of several sensors is 
a particularly suitable, rapid and economical 
tool for the hierarchical classification approach 
of natural resources. 

For a traditional photo interpretation, the con- 
ventional aerial photography is still the most 
dependable and widely used sensor at FMI. Small 
scale (l:50,000 and smaller) black and white and 
color photography provide a reliable and inex- 
pensive means for a reconnaissance survey, while 
the intermediate-and large scales (l:25,000 to 
l:l0,000) are used for intensive surveys at the 
land type level. The large scales (l:l,200, 
l:2,400 and 1:5,000) flown along preselected 
transects have been used successfnlly in inac- 
cessible areas to reduce the intensity of field 
work. 

The LANDSAT imagery, particularly enlarged to 
l:250,000 scale, provides an excellent overview 
of extensive areas and is being used together 
with conventional photography in-the reconnais- 
sance surveys and for monitoring the dynamic 
character of the biotic components. 

_The application of SLAR and thermal IR imagery" 
has great potential value, but its use in bio- 
physical studies has to be fully explored. 

The cost of a biophysical survey is directly 
related to the complexity and size of the area, 
accessibility, required amount of detail and 
form of data presentation. Generally over 50% 
of the cost is for the acquisition of resource 
data, about 30-40% for data presentation and 
the remaining 10-202 of the total cost for the 
data interpretation phase. 

Continuous cooperation between FMI researchers 
and park personnel as the user of resource 
information is mutually beneficial. Members of 
the regional staff, for example, often partici- 
pate on the survey with the FMI team and become 
familiar with the general techniques of data 
collection. The user is often given advance 
survey data of a high priority area for an im- 
mediate application and this provides an oppor- 
tunity to'test the classification system and 
its suitability for the intended use. As a 
part of this cooperation and technology transfer 
program FMI is organizing and conducting special 
workshops related to a particular study (e.g. 
Halifax, N.S., Cornwall, Ont. and Winnipeg, 
Man.), as well as training seminars for techni- 
ncal staff (e.g. St. John's, Nfld., Halifax, NS.
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and North American Soil Conference, Quebec and Whitehorse, Y.T.). ‘The research data are 
City) .. often used in scientific papers presented at 

national and international conferences (e.g. 
Canadian Remote Sensing Symposium, Guelph, 
0nt., Symposium of IUFRO, Freiburg, W; Germany 

For those interested in further details, FMI has 
published numerous reports and papers.
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