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Perspective

As our industrial society continues
to demand more space and more resources
for technological purposes, the need for
planned use of land grows urgent. Land-
use planning is essential if we hope to guide
future developments in a way which min-"
imizes further unnecessary and irreversible
destruction of our dwindling natural re-
sources.

The first step in planning land use is
to classify the kinds of natural habitats
which still exist. These classifications make
it possible to interpret the potential of dif-
ferent types of habitat for producing such
valuable renewable resources as wildlife
and water. Sometimes, the most helpful
classifications for the land-use planner are
general ones as, for example, the broad cat-
egories of the Canada Land Inventory.
However, when individual land units, such
as a marsh, are being evaluated, we need
more detailed and specific ways of describ-
ing their values.

This paper attempts to improve upon
existing systems of classifying some impor-

tant ndtmal habitats ChdldCt(‘llb'{[C of wes-
tern Canada: the marshes, ponds, and
sloughs of the grassland and parkland re-
gions — landscape features which may col-
lectively be termed wetlands. My objective
is to provide a convenient guide for the
land-use investigator which will aid him in
classifying these wetlands. The classifica-
tion system described here is both flexible
and thorough enough to allow those respon-
sible for evaluating habitat to assess wet-
lands efficiently and accurately, using as
many refinements as are approprialo to the
particular task at hand.

Abstract

The system of classifying marshes
and shallow’ open waters descr 1bvd in this
paper is based on data obtained duringa
10-year study of 103 wetlands at three lo-
cations in the grassland and aspen parkland
regions of Saskatchewan. The features I
have used in this system fall into two
groups, those related to a wetland’s vegeta-
tion and those based on its physical charac-
teristics.

Wetland vegetation is divided ac-
cording to species composition, stability,
and gross appearance into seven calegories
or zones as follows: Wet Meadow, Shallow
Marsh, Emergent Deep Marsh, Transitional
Open Water, Shallow Open Water, Open
Alkali, and Disturbed. The first five zones
form a gradient indicative of increasing



depth and duration of flooding, while the
last two reflect extreme salinity and disturb-
ance respectively.

I have defined and, with one excep-
tion, have named the basic types of wet-
lands in terms of the vegetation zone which
occupies the central or lowest portion of
the depression. Wetlands having a central
Shallow Open Water Zone are divided into
two types, Open Water Marshes and Shal-
low Open Water Wetlands, according to the
proportion of the wetland occupied by the
Shallow Open Water Zone.

The proportion of the wetland occu-
pied by the central vegetation zone, the
density of emergent vegetation at its centre,
the extent of and reason for that density
value, and the pattern or sequence of veget-
ation zones all contribute additional inform-
ation about a wetland’s moisture regime
and relative stability.

Vegetation can also be used to inter-
pret a wetland’s salinity and hence some-
thing of its moisture regime and attractive-
ness to waterfowl. Furthermore, within any
vegetation zone the particular species which
dominate provide further clues about its
moisture regime and recent history. Finally,
regional variations in plant behaviour can
influence the interpretation of moisture
regime.

The physical features of a wetland
have particular value as classification cri-
teria because, unlike vegetation, they usu-
ally change little over a span of years and
hence provide a more reliable indication of
a wetland’s long-term potential value. Three
of these features — size, basin depth, and
position in a watershed — are included in
my classification system. Wetland size
affects water regime because the rate of
water loss is directly related to the length
of shoreline per hectare of area, which in
turn is inversely related to pond size. Basin
depth can limit water regime by restricting
the amount of water that a wetland can
hold. The nature of a wetland’s watershed
determines the amount of water it can re-
ceive from spring runoff or heavy rains and
hence affects its water regime.

Although this classification system
may, at first glance, seem rather complex,
it is important to remember that the various
criteria are intended to be used individually
or in whatever combinations are best suited
to a particular project. All categories have
been given code numbers as well as names
to facilitate direct input of data into a com-
puter for analysis.

Résumé

Le systeme de classification des
marais et des nappes d’eau superficielles a
découvert décrit dans cet exposé se fonde
sur les données recueillies en dix ans d’é-
tude de 103 terres mouillées situées dans
trois régions de prés et de peupleraies de la
Saskatchewan. Les caractéristiques utilisées
dans la présente classification se regroupent
en deux catégories en fonction soit de la
végétation des terres mouillées, soit de
leurs éléments physiques.

La composition, la stabilité et ’ap-
parence générale des especes ont servia
diviser la végétation des terres mouillées en
sept catégories ou secteurs: prés humides,
marais superficiels, marais profonds a
végétation émergente, eaux libres de transi-
tion, eaux libres superficielles, eaux libres
alcalines et eaux perturbées. L’ordre d’é-
numération des cinq premiers secteurs
nommés ci-haut manifeste une augmenta-
tion progressive de la profondeur et de la
durée d’inondation tandis que les deux
derniers dénotent respectivement des con-
ditions extrémes de salinité et de boule-
versement.

J’ai défini et, a une exception pres,
désigné les types fondamentaux de terres
mouillées en fonction de la catégorie dont
releve la végétation retrouvée dans la partie
inférieure ou centrale de la dépression.
Celles des terres mouillées qui comportent
un secteur central d’eaux libres superfici-
elles ont été réparties en deux types, marais
d’eaux libres et terres mouillées d’eaux
libres superficielles, selon la proportion de
la terre que comprend le secteur en cause.

La proportion de la mouillére cons-
tituée d’un secteur central de végétation,

la densité de la végétation émergente au
centre, 'importance et les raisons de cette
valeur de densité, ainsi que la structure ou
Pordre séquentiel des secteurs de végéta-
tion, autant d’apports supplémentaires a
notre savoir sur le régime hygrométrique
et la stabilité relative d’une terre mouillée.

La végétation peut aussi servir a
interpréter la salinité d’une mouillére,
donc & nous en apprendre sur son régime
hygrométrique et attrait qu’elle peut
exercer sur les oiseaux aquatiques. En
outre, de connaitre ’espéce dominante au
sein d’un secteur de végétation apporte des
indices supplémentaires sur le régime hy-
grométrique et le passé récent d’une terre
mouillée. Enfin, 'interprétation de ce type
de régime peut varier en fonction des varia-
tions régionales en matiére de physiologie
des plantes.

Les caractéristiques physiques d’une
terre mouillée possédent une valeur parti-
culiere en tant que critére de classification
car, au contraire de la végétation, elles de-
meurent généralement stables pendant un
certain nombre d’années et donnent donc
une idée plus fiable du potentiel a long
terme d’une terre mouillée. La présente
classification comporte trois de ces carac-
téristiques: dimensions, profondeur du
bassin et emplacement dans le bassin ver-
sant. La dimension d’une terre mouillée
influence son régime hydrologique car le
taux de perte d’eau est directement propor-
tionnel a la longueur de la rive par hectare
de terrain et cette derniére inversement
proportionnelle aux dimensions de I’étang.
La profondeur d’une dépression peut limi-
ter le régime hydrologique en réduisant la
quantité d’eau qu’une mouillére peut con-
tenir. La nature du bassin versant déter-
mine la quantité d’eau que peut recevoir
une terre mouillée tant du ruissellement
printanier que de fortes pluies, en influen-
cant ainsi le régime hydrologique.

Bien qu’a premiere vue, cette classi-
fication puisse sembler assez complexe, il
importe de se rappeler qu’il faut recourir
aux critéres invoqués, soit isolément, soit
en les combinant de la fagon qui convienne



le micux aux fins d’un projet donné. Toutes
les catégories ont re¢u un numéro de code
et un nom afin de faciliter 'entrée directe
des données dans I'ordinateur pour
analyse.

Pesome

Kracendrrammonnas ciereMa 60-
JOT I MEJIRIIX OTKPLITHIX BOJIOCMOB, OTIH-
CHIBaCMas B HACTOAILEIT cTaThe, 0CioBaHa
Ha TAHHBIX, MO TYYCHHHX B pe3yabrare
10-~1eTHero n3ydenis 103 3aTomIennX
VYaCTKOB B TPCX MECTHOCTAX TIacTOHIIL-
HBIX YDOAHIT H OCHHOBLIX POIL[ B 03¢/ 1CHEH-
HHIX paifonax (Jackadenana. XapaKTCepH-
CTHKI, HCIOJB30BAHIbIE MAOI0 B HACTOS-
Ireit crereMe, MoApas e aiTes Ha JIBe
IPVIIITL, & IIMEHHO: XapakTe PHCTHKH,
CBA3QHHLIE ¢ PACTHTCJILHOCTHIO 3aTOII-
JeHHBIX Y9ACTROB U ¢ HX GU3HIeCKUMH
gepTaMH.

Pacrture 1bHOCTH 3aTOMICHHBIX y9a-
CTKOB TIOTpas;ieqaseTcs Ha 7 KaTeropuit
HJIH jKe 30H, COMTACHO COCTaBy, YCTOIl-
9UBOCTH H 00IIeMY BHAY, & HMEHHO Ha!
MOKPHIE JYTa, Mearme 60:10Ta, BOSHHKAID-
e rIyOGoRIe 6010Ta, IPOMERYTOTHDIE
OTKPBHITHIE BOJIBI, MeIKIIe OTKPLITHE BO-
Ibl, OTKPLITHE I IpePBaHHble COTOHYAKH.
ITepBrie TATH 30H COOTBETCTBYIOT IIKaJIe
IoKRa3aTedqeil Mo Mepe yBeJIndeHHd IV1y-
GHHBI 1 ITPO;10. 1;KHTe TBHOCTH 3aTOILTe-
HHS, B TO BpeMd Kak M0cTe IHIfe IBe 30HH
0TPASKAIOT COOTBETCTREHHO ITPeNeIbHYI0
COJIEHOCTD I ITPePBAHHOCTh MECTHOCTH.

Muoio 1aercs ompeTeseHHe H, 32
HCKJI0YCHIEM 0HOT0, HA3BAHHA OCHOB-
HBIX THITOB 3aTOILTEHHBIX YIACTKOB ¢ yde-
TOM PACTHTE ILHOCTH 30HBI B IICHTPe ILTH
HIDRAIIIeM MecTe yTySaenuii. SaTom-
JeHHBIe YIACTRH, OTHOCSAITHECST K KaTe-
COPHI MeJKIIX OTKPHITHIX BOJI, TOIPas-
IeJIAI0TCA Ha 1B THIA: 60.10Ta C OTKDLI-
TOI1 BOJIOIT 1 BATOIIeHHLe YUACTRI C
MeJIKO0IT BOJ0il, B COOTBETCTBHIL € IIPOTIOP-
11eit moBepXHOCTell 3aBOHCHHOT0 yia-
CTKA I MOKPHIBAIOILEIT €10 30HB Me 1RO
OTRPHITOIT BOJHL.

CooTHONICHTIE TIOBCPXHOCTI 3ATOTI-
JEHHOI0 YIACTRA I TOBCPXHOCTH, TIOKPLI-
TOII LEHTPA TLHOIL PacTHTEILIOIL 301011,
IIJIOTHOCTD HA/[BOIHOIT PACTIITC IBHOCTIH B
€ro IeHTpe, CTeTIeHb I MPHYHHA HTOT0
3HAYEHTIST TLTOTHOGTH, & TAKIKE Y30P 1
ITOCTIeJOBATE THHOCTh PACTHTE IBHHIX 301I
JAI0T COBORYITHO JOIOTHHTENBHLIC CBe-
DEeHHS 0 PeRIME BJIARIOCTH H OTHOCH-
TeJLHOH YCTOITIHBOCTH 3aTOTL IeHHBIX
YIACTKOR.

TTo pacTiTeIBHOCTH MOKHO TaKIKe
OTTPEIUTE CONTCHOCTD 3ATOTIIICHHEIX
VUACTROB I, C10710BATETHHO, TTOTYYHTh
HeROTOPHIC CREJICTITS O HX BJIaKHOCTHOM
PESRIIMC ¥ IIX TPHBTCRATCIBHOCTIL JITST
Bo:uofl T, Jlaclee, B paMKaxX Ram-
ST01T 30TILI PACTIITEIBHOCTH, HATHYIC TIpe-
06, TaJIAI0IIAX BIIOB JTacT AaJbHeliIre
CBCICHIT 0 00 BJIARHOCTHOM pesKmMe T
weaBHeM mponrioM. H, Harkowel, 06-
JACTHLIC BapHAIHH B TTOBETeHITH PacTH-
TCTLHOCTH MOTYT ITOB.THSITh HA TOTKOBA-
HITe BITAsRIOCTHOTO PesRIMA.

DU3HYCCKEE XAPAKRTePHCTHKHA 3a-
TOTLTEHHHX YYACTKOB IIMEIOT 0c060e 3HA-
JeHHe B KAUeCTBe KIaccHhHKAIIMOAHEX
KpHTepHeB, Tak Kak B OTJIWIHE 0T PACTH-
TCILHOCTH OHH TIOBePraloTes 06BIIHO He-
3HAUHTE TBHLIM H3MeHeHHSIM B TeYeHHe
pAIa JIeT U TAI0T, TTOSTOMY, 60Jree HaIexK-
HBle CBeJIeHHS O J0JII0CDOTHOI BO3MOIMK-
HOCTH HCII0Ib30BAHHSA 3aTOIVIEHHBIX yda-
cTkoB. TpH U3 YHCIa HTHUX TApAMETPOB
— pasmep, INIyOuHa Gacceiina 1 €ro pac-
010K e HHe OTHOCHTE THHO BOJIOPa3mena
— BRJIOUEHBI B MOIO KJIaCCH(DUKAIIHOH-
Hylo crereMy. Pasyep 3aTomTeHHBIX yaa-
CTKOB BJIHSAET HA BOIHHII PesREM, TaK KaK
eTeIIeHb 00e3BORIBANA TPSAMO ITPOIOP-
LIHOHATbHA JTHHe GeperoBoil JIMHAH Ha
aKp MECTHOCTH, T. €. Re.THIHHE, KOTOPas
06paTHO IIPOTTOPIIHOHAILHA Pa3MepPy BO-
JoeMa. I'1y6nHa GacceiiHa MoskeT orpa-
HHYATH BOTHHII PesRHM ITyTeM orpanmde-
HHS KOJTHYeCTBA BOJH, KOTOPOE MOSKET
COTEPIRATHCA HA BATOILIEHHOM YUYacTKe.
[IpupoHbe YCIOBIS BO0PAsIeTa 3aTOTI-

JIEHHOH MeCTHOCTH OITpeIe 10T KOue-
CTBO BOJBI, KOTOPOe MECTHOCTH MOJKET
MO TYYaTh 0T BECEHHHX CTOKOB BOHI HJIH
CILTBHBIX JHBHEH H, TAKHM 00pasoM,
BTHSIET HA €€ BOTHBIIT PesRIM.

XoTp 1 mpegI0sKReHHAsT RIacendi-
RAIJHONIASI CHOTeMA MORET ITORABATLCS
HA IICPBHITT B3IVIAT ¢ 105RHOIT, HEOGXO0,[IIMO
OTMCTHTD, UTO OTEILHBIE RPUTEPHI MOIK-
HO TTPUMEHATH B OTJLCILHOCTI LTI JT10-
6011 RKOMOWHAIIHI, B COOTBOTCTBHII
TPeOOBAHHAME TANHON0 MpoerTa. poye
HA3BAHHII BCe RaTerOpHH 0003HaYCH I
HOMEPHBEIM ROIOM G 11e.TLI0 06eCIIeUCH IS
HeIocpeICTBeHHOr0 BROIA [TAHHHIX B
CYeTHYIO MalllMHY .11 aHaJI3a.



Introduction

In the past four decades several sys-
tems for classifying wetlands have been
developed in the United States and Canada.
The impetus for this work has come largely
from waterfowl ecologists and managers
seeking to understand the relation between
waterfowl production and various kinds of
habitat. Most of these classification systems
have dealt specifically with wetlands in the
glaciated prairie regions of western Canada
and the adjacent United States. Three sys-
tems, however, are continental in their
scope.

The earliest of the continent-wide
systems, that devised by Martin et al. (1953),
is perhaps the one most widely used. They
classified wetlands according to the depth
and duration of flooding, and the composi-
tion and distribution of their vegetation.
Martin’s classification system has been
officially adopted by the U.S. Fish and Wild-
life Service, and used in the Service’s wet-
land acquisition program as well as in sever-
al large-scale wetland inventory programs.
Among the latter have been inventories
conducted by state and federal agencies in
the United States (Shaw and Fredine,
1956), the Canada Land Inventory conduct-
ed by the Agricultural Rehabilitation and
Development Administration (ARDA) (Ben-
son, unpublished, 1965), and the U.S. Na-
tional Wildlife Federation’s wetlands priori-
ty rating program on the Canadian prairies
(Rose and Morgan, 1964).

Still working in the continental con-
text, Mason (1957) has drawn up a rather
generalized list of classes for all types of
water bodies and associated wetlands. He
based his categories on the movement of
water, its permanence and salinity, and the
amount of vegetative cover, but did not de-
fine them quantitatively. Finally, in the
course of a biophysical land classification
program for Canadian forest lands and as-
sociated wildlands, Adams and Zoltai (1969)
have developed a comprehensive system
for classifying open water bodies and wet-
lands. Because their scheme is designed to
serve the needs of many scientific discip-
lines, their classes are necessarily very

general. Moreover, the criteria they use for
subdivisions, including the depth, perma-
nence and chemistry of the water, the cha-
racteristics of the drainage system, and the
sources of water and vegetation, tend to
vary from class to class. Recently, Zoltai

et al. (1975) have modified some minor de-
tails of the system.

Among systems designed specifically
for classifying wetlands of the glaciated
prairie region, Metcalf’s (1931) is the earli-
est on record. He classified lakes and large
sloughs in North Dakota according to their
salinity and the composition of their vegeta-
tion. Metcalf is unique in that he disregards
the permanence of the slough or lake. Hay-
den’s (1943) classification system, which
arranged lowa wetlands in an evolutionary
gradient from early hydroseres to prairie
climax, recognizes the occurrence of wet-
land vegetation in zones. Bach’s system
(1950), designed for air surveys, classifies
North Dakota wetlands according to their
relative permanence, emphasizing vegeta-
tion as an index of permanence and other
water conditions. Although he distinguish-
ed subclasses of wetlands according to their
vegetation in his own surveys, he did not
describe those categories in his report. To
Bach’s permanency factor, Nord, Evans,
and Mann (1951), working in North and
South Dakota and in Minnesota, added
several factors, including wetland area and
the interspersion, density, and composition
of vegetation as criteria for classifying wet-
lands. Thus, they first employed the con-
cept of selecting a chain of factors to meet
the needs of a particular project. The flexib-
ility of this approach to wetland classifica-
tion contributes to the rationale of the sys-
tem proposed here.

Although the classification system
of Martin et al. (1953) has generally been
accepted for survey and inventory work,
the broad and often overlapping nature of
its categories renders it inadequate for the
precise evaluation of individual wetlands
demanded in waterfowl research and man-
agement. Consequently, many investigators
in the prairies have either modified Martin’s



system to provide more detail or have de-
veloped their own classifications. For ex-
ample, Evans and Black (1956) redefined
water depth limits for various wetland cat-
egories and divided seasonally flooded wet-
lands into two types. They also subdivided
their pothole classes according to size, but
did not formally introduce these new dis-
tinctions as part of their system. Lynch,
Evans, and Conover (1963) used a system
in their aerial survey of wetlands in the
Prairie Provinces which, although they
described it as “generally following Martin
et al.”” appears to be their own unique crea-
tion. They distinguished several classes of
wetlands as follows: puddles (cultivated
depressions), potholes (as defined by Evans
and Black), sloughs (in glacial drains and
valleys), lakes, reservoirs, streams, and
man-made waters. They further differ-
entiated these wetlands according to their
size and the extent to which they were filled
with emergent vegetation. However, they
did not consider the composition of the
vegetation in their evaluations.

The classification system which
Ducks Unlimited uses to inventory large
wetlands in the Canadian prairies and park-
lands (Leitch, 1966) has no basis in Mar-
tin’s system at all. Instead, it involves (1) a
rating for permanence adapted from Bach
(1950), but emphasizing historical records
rather than the occurrence of vegetation;
(2) a rating for waterfowl production drawn
from analyses of physical and biological
factors, including those used by Nord et al.
(1951); and (3) an assessment of the soil
zone in which the wetland occurs.

Both Smith (1971) and Stoudt (1971)
used Martin’s system in their extended
studies of waterfowl production in western
Canada, but they additionally classified
wetlands by size, and by the extent of the
emergent cover in the wetland and the
woody vegetation along its margins. Stoudt
also redefined Martin’s Types 6 and 7 wet-
lands to describe man-made water areas.

The most recent effort to classify
prairie wetlands, and the most highly re-
fined, is Stewart and Kantrud’s (1971)

treatment of potholes and lakes in North
Dakota. They base their evaluations entire-
ly on vegetation, classifying wetlands ac-
cording to zonal patterns of plant forms,
the interspersion of emergent cover, and
the species composition of the vegetation:
all factors which reflect relative perma-
nence, salinity, and attractiveness to water-
fowl.

Although each of the classification
systems described above has unique fea-
tures, most have two concepts in common:
(1) water permanence is a key factor in
classifying the wetlands, and (2) vegetation
is used as an index of water permanence.
Thus, numerous investigations have estab-
lished the value of interpreting the perma-
nence of water, in a short-term context, by
analyzing wetland vegetation. At the same
time, however, others (Evans and Black,
1956; Gollop, 1965) have recognized the
instability of plant life as water levels fluc-
tuate over a period of many years. Hence,
vegetation alone is not acceptable as a
wholly reliable index of water permanence,
nor as the sole basis for evaluating a wet-
land. To increase the accuracy of assess-
ments of wetlands and predictions of their
permanence we need additional criteria
which can account for long-term changes
in water levels.

The wetland classification system
presented in this paper incorporates many
of the vegetation criteria used in earlier
classifications, with modifications to im-
prove the interpretation of current water
regime. It also contains several important
features not found in those systems, in-
cluding (1) guidelines for interpreting ve-
getation dynamics as they relate to wetland
classification, and (2) the use of physical
features of wetlands to improve predictions
of long-term water regime.

I have developed my system for
classifying wetlands especially for marshes,
including wet meadows, and for shallow
open water wetlands as Adams (pers.
comm.) has most recently defined them:
“Marshes are grassy wet areas, periodically

inundated up to a depth of 2.00 m (78.70

in.) or less with standing or slowly moving
water. Surface water levels may fluctuate
seasonally... Shallow open waters... are
relatively small nonfluvial bodies of stand-
ing water occupying a transitional stage be-
tween lakes and marshes. In contrast to
marshes, these waters impart a character-
istic open aspect, with proportionately large
expanses of permanent surface water that
lack emergent cover, except for relatively
narrow zones adjoining shorelines...”.
Adams’ current definitions have been
modified somewhat from those in his orig-
inal classification (Adams and Zoltai, 1969).
A number of Canadian government agencies
are likely to adopt some form of Adams and
Zoltai’s system for general use. Consequent-
ly, I have attempted to make my system
formally compatible with comparable por-
tions of theirs. I have, however, incor-
porated into mine those additional details
which I consider useful in evaluating wet-
lands according to their potential as water-
fowl habitat. My system still has to be tested
on other types of wetlands besides marshes
and shallow open waters.

Because so many environmental fac-
tors influence the plant life of a wetland,
my discussion of the classification of wet-
lands by their vegetation is necessarily
more elaborate than that of their physical
features. Appendix 1 is a check-list of the
principal criteria set forth in the text, to-
gether with references to the illustrative
plates (on the front and back covers). The
figures which diagram features of wetlands
and their relationships are, like the plates,
intended to assist investigators in their

field work.



10

Methods

I evolved the system of classifying
marshes and shallow open waters described
in this paper from data obtained during a
10-year study of 103 wetlands in the grass-
land and aspen parkland regions of Sas-
katchewan. Observations of other wetlands
elsewhere in the province have provided
additional information about wetland types
which were not part of the study proper.

Of the wetlands under intensive
study, 32 were near Melfort in the northern
fringe of the aspen parkland, 36 were east
of Saskatoon in the southern portion of the
parkland, and 35 were in the vicinity of
Swift Current in the southwestern part of
Saskatchewan’s grasslands (Fig. 1). Individ-
ual wetlands were chosen to include a rep-
resentative selection of wetland sizes and
examples of the Shallow Marsh to Shallow
Open Water vegetation types (Classes I11
and IV of Stewart and Kantrud, 1971) com-
mon to each locality. Saline wetlands were,
however, inadequately represented, a defi-
ciency somewhat rectified by supplemen-
tary observations.

Between late April or early May and
the end of October of each year from 1962
to 1971, with the exception of the Melfort
study site where observations ended in
1970, Canadian Wildlife Service personnel
visited each wetland at intervals of four
weeks or less. During these visits, we rou-
tinely recorded maximum pond depth,
changes in vegetation, and evidence of dis-
turbance. Our first visit each year was timed
to follow as closely as possible after the
wetlands had been refilled from spring run-
off, usually in late April, but occasionally
as late as the first part of May. Annually, in
mid July, we assessed the species dom-
inance and the density of the vegetation in
each basin. In 1967, as part of studies of
rate of water loss in the wetlands, we ob-
tained comparative data on the surface area
of ponds and on the lengths of their shore-
lines at intervals which represented approx-
imately 15-cm (6-in.) changes in water
depth.

Plant nomenclature here follows
Fernald (1950), except for Salix petiolaris

and Aster hesperius, which are according to
Moss (1959).

The major wetland types and each
category of every wetland characteristic in
my classification system are identified with
both a descriptive name and a code number.
The numbers are intended to facilitate
coding of data for computer analysis, a pro-
cedure explained more fully at the end of
this paper.

Some terms used in this paper can be
interpreted in a variety of ways and to avoid
misunderstandings [ have defined them
below:

Basin — a depression in the land, the
lowest part of which is often occupied by
a wetland or lake.

Wetland — that portion of a basin
which is normally covered with shallow
water for at least a portion of each year and,
in an undisturbed state, supports wetland
vegetation as defined in Section 1. (Vege-
tation zones).

Pond — the water contained in a wet-
land. This term is applied to a wetland only
when it contains water.

Flooding — covering with water; also
immersion or inundation.

Motsture regime or water regime — the
depth and duration of flooding experienced
by a wetland from year to year.

Other terms are defined as they are
used in the text.
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Location of wetland study areas in Saskatchewan
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Classilying
wetlands by
their vegetation

A plant’s abundance, robustness,
and location in a wetland are dictated to a
considerable extent by its tolerance of the
depth and duration of periodic flooding.
This fact allows us, within limits, to use the
distribution of plant life in a wetland to in-
terpret the significance of water as a regular
but variable feature of that site.

In each wetland there is a progressive
change in the composition of its vegetation,
frequently referred to as a vegelation con-
tinuum, from its lowest portions, where
flooding is greatest, to the outer edge,
where flooding is least. Often the contin-
uum is a gradual one, with the overlapping
of species which tolerate slightly different
depths and durations of immersion. Some-
times, however, the changes in vegetation
are abrupt, especially in wetlands support-
ing few species — or in those with steeply
sloping sides. In general, the continuum is
more complex in wetlands which hold water
year-round than it is in those which dry up
annually.

Within this vegetation continuum
there are distinet differences in the physical
forms of the species which are dominant at
various elevations. These differences in the
stature or relative coarseness of various
species are assoclated with the depth and
duration of periodic flooding. Hence, we
can use these visible differences in plant
form to divide wetland vegetation into
zones, cach having a characteristic species
composition which indicates a particular
moisture regime. Definitions of these vege-
tation zones vary considerably in different
classification systems. My own definitions
follow most closely those of Stewart and

Kantrud (1971).

1.  Vegetation zones

In order to simplify the classification
of marshes and shallow open waters, I arbi-
trarily consider as wetland vegetation only
that which occurs within the outer, or
shoreward, margin of an undisturbed wet-
land’s Wet Meadow Zone (Fig. 2), the driest
of the seven vegetation types described
below. When stable natural vegetation has
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been disrupted or destroyed, the outer limit
of wetland vegetation may be defined in
terms of the Disturbed Zone rather than
the Wet Meadow Zone. In adopting this
definition of wetland vegetation, [ am ex-
cluding Stewart and Kantrud’s (1971) drier
Low Prairie Zone, a vegetation type which
is usually under water so briefly that its
value to ducks or other aquatic vertebrates
as feeding or resting habitat is extremely
limited. Also, in cropland the Low Prairie
Zone is normally destroyed by annual cul-
tivation and its position in relation to the
Wet Meadow Zone, which is also usually
cultivated, is difficult to assess. Further-
more, in the northern and eastern portions
of the grassland and in the parkland this
zone is dominated by trees and shrubs
which also grow on moist uplands, a situa-
tion that makes it difficult to identify water-
holding depressions from a distance or from
the air if they contain only this type of
vegetation. Omitting the Low Prairie Zone,
therefore, seems to be a reasonable simpli-
fication, the first of a number proposed
here. This definition of wetland vegetation
is also the basis of my earlier definition of

a wetland.

Within my definition of wetland
vegetation, [ recognize seven vegetation
types or zones. Each vegetation type is
recognizable by its gross physical appear-
ance — four of them by their distinctive
emergent vegelation and the other three by
the presence of open water. Each vegetation
zone can also be characterized according to
its relative stability. Stable zones are those
which normally persist for many years un-
less subjected to abnormal water levels or
man-made disturbance.

Below is a general description of each
vegetation type, with remarks on its stabil-
ity. To facilitate discussion I have, for the
moment, grouped these zones according to
their gross appearance. The principal dom-
inant rooted plant species for each zone are
discussed in Section 5. and examples of the
zones are illustrated in Plates A-R (on front
and back covers). Further details are given
in Appendices 1 and 3.

1.1. Zones having emergent vegetation

Three of the four zones in this
group — the Wet Meadow, Shallow Marsh,
and Emergent Deep Marsh zones — are
considered to be stable and form a gradient
reflecling increasingly longer periods of sea-
sonal inundation. The Disturbed Zone is
transitory in nature and develops when soil
has been exposed.

Wet Meadow Zone (Plate A on front
cover): Normally the Wet Meadow Zone is
flooded only for three or four weeks in the
spring, and the depressions in which this
type occupies the lowest levels are usually
dry by late May. Under natural conditions
in the grassland, fine-textured grasses and
sedges of low stature generally predom-
inate, intermixed with a wide variety of
forbs. Occasionally, willow shrubs (Salix
spp.) may partially dominate. In the park-
land, where willows characteristically dom-
inate, the Wet Meadow Zone is technically
a shrub-carr (Curtis, 1959). In cropland,
cultivation destroys the Wet Meadow Zone
and it is replaced by the Disturbed Zone.

Shallow Marsh Zone (Plates B-D on
front cover): In basins where flooding nor-
mally lasts until July or early August, the
Shallow Marsh Zone develops with grasses,
sedges, and forbs of intermediate height —
0.46 1o 1.22m (1.5 to 4 ft) — as its dom-
inant plant species. Floristically it is much
simpler than the Wet Meadow Zone, with
33 species compared to the 75 species we
found in Wet Meadows (Millar, 1967). The
species composition of Shallow Marsh
Zones varies little throughout the grassland
and parkland regions. Such zones are rarely
cultivated continuously except in the drier
parts of the prairies or during periods of
drought. Even when intermittently culti-
vated, the Shallow Marsh Zone is still fairly
easy to identify and delineate from the re-
generaling remnants of its original vegeta-
tion or from characteristic disturbance
species.

cmergent Deep Marsh Zone (Plates
E, F on front cover) : Inundation of the
Emergent Deep Marsh Zone ordinarily per-
sists from spring to late summer or fall, and



Figure 2

Normal vegetation patterns in stable wetlands
shown in vertical and profile diagrams. With one
exception, the Open Water Marsh (5A), each wet-
land type is given the name of the vegetation zone
which occupies its centre. Open Water Marshes
have a small central Shallow Open Water Zone.
The number following the name of each wetland
type is its code number. Letter abbreviations and
numbers in each vertical diagram identify the in-
dividual vegetation zones

Figure 2
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occasionally throughout the winter. It is
rarely cultivated except during droughts.
The vegetation is very simple — five species
recorded during our studies. Coarse, grass-
like plants dominate, and, with one excep-
tion, Scirpus paludosus, they are distinctly
taller than those in the Shallow Marsh
Zone.

Disturbed Zone (Plates G-I on front
cover) : Pioneering vegetation which char-
acteristically develops in a wetland after
the original vegetation zone(s) have been
destroyed forms a Disturbed Zone. This
vegetation type commonly originates after
cultivation (Plate G) or with overgrazing
(Plate I) of the three emergent vegetation
zones described above, but it can also de-
velop in former open water zones (described
below) when mud flats are exposed by draw-
down or declining water levels (Plate H).
The origin of this vegetation type is an es-
sential element in interpreting its signif-
icance and should be recorded, for example,
as “Disturbed (Drawdown)”.

A Disturbed Zone is, by definition,
transitory and once repeated exposure of
the soil ends it is normally soon trans-
formed into one or more of the stable vege-
tation zones. During this transition a few
pioneering species may continue to dom-
inate for a long time as part of the stabil-
izing vegetation.

My single, broad category of Dis-
turbed Zone simplifies the multiplicity of
tillage, eropland, and natural drawdown
categories of unstable vegetation types
which Stewart and Kantrud (1971) dis-
tinguish. I have treated pioneering vege-
tation in this manner because it is so high-
ly variable, both in composition and se-
quence of appearance, that particular com-
binations of species cannot be reliably
associated with a certain habitat situation.
As Stewart and Kantrud suggest, individu-
al pioneering species can be readily identi-
fied with the particular stable vegetation
zones in which they regularly occur as
minor elements. However, when they
achieve dominance following disturbance,
itis usually as the result of fortuitous
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events which are not necessarily normal —
for instance, plentiful moisture at the time
of germination or during early growth. Con-
sequently, the vegetation of a Disturbed
Zone does not always accurately reflect the
moisture conditions of the wetland over the
longer term, conditions which eventually
stabilize wetland vegetation and so deter-
mine the ultimate character of the wetland.
I have, for example, seen many repeatedly
cultivated wetlands in the Saskatchewan
parklands undergo successive colonization
by pioneering species associated with,
respectively, the Low Prairie, Wet Meadow,
Shallow Marsh, and even Emergent Deep
Marsh vegetation zones, depending upon
the relative wetness of each season. How-
ever, in spite of such variability in the
occurrence of pioneering vegetation, it is
helpful to record the apparent affinities of

a Disturbed Zone to stable zones.

Although variable as to species, the
vegetation of a Disturbed Zone is primarily
forbs, mixed with a few grasses of low or
mid stature. As already noted, I do not con-
sider as natural wetlands those depressions
which contain only Low Prairie vegetation.
In cropland, however, many such sites
become indistinguishable from Wet Mea-
dow depressions when cultivated and may
be classed as Disturbed (Cultivated) Wet-

lands.

1.2, Zones associated with open water

Open water is particularly helpful in
evaluating wetlands because its presence
under natural conditions, other than those
of extremely high salinity, is a reliable
indicator of at least some year-round flood-
ing (Millar, 1973b). Two of the three zones
in this group, the Shallow Open Water and
Open Alkali Zones, are stable while the
third, the Transitional Open Water Zone,
1s transitory.

Shallow Open Water Zone (Plates
J-0 on back cover) : This zone develops
where flooding is permanent or occurs for
several years at a time and where the water
is shallow enough to permit growth of most
rooted aquatic plants. All plant species in a

14

Shallow Open Water Zone are either sub-
mergent or floating, and the species com-
position and gross appearance of the zone
is similar wherever it is found throughout
the grassland and parkland regions. Shallow
Open Water Zones are rarely cultivated
except during extreme drought, and then
primarily in the grasslands.

Open Alkali Zone (Plate P on back
cover): The Open Alkali Zone is devoid of
all rooted vegetation except one submergent
species, Ruppia maritima. It owes its sta-
bility to a high concentration of alkali salts
(chlorides and sulphates of sodium and
magnesium) rather than to prolonged flood-
ing. The flooding of Open Alkali Zones is,
in fact, highly variable: it may occur for
only a few weeks or months, or persist for
an entire season. When the zone is dry,
alkali salts encrust its surface. Because
there may also be salt deposits on exposed
portions of the Shallow Open Water Zones
of Saline Wetlands (described in Section4.),
the investigator should not rely on these
deposits alone to distinguish between these
two zones. The soils of Open Alkali Zones
are so unsuitable for agriculture that they
are almost never disturbed.

Transitional Open Water (Plates
Q, R on back cover) : As the name implies,
the Transitional Open Water Zone is un-
stable. It may develop from any of the three
stable emergent vegetation zones described
above, but most often replaces a Shallow
Marsh Zone. Transitional Open Water
vegetation develops following the natural
destruction of one of the emergent vegeta-
tion types as a result of high water levels,
and it is ultimately replaced either by one
of the emergent vegetation zones, if con-
ditions become drier, or by the Shallow
Open Water Zone, if continuous flooding
persists. The Transitional Open Water
Zone may develop in a single season as a
result of the sudden die-off of the original
emergent vegetation or gradually over two
or three years by progressive thinning-out
of the old plants. The life of a Transitional
Open Water Zone depends only in part
upon the duration of the new moisture

regime. Sometimes rooted Shallow Open
Water vegetation fails to develop, for
reasons unknown, despite continuous
flooding. Two wetlands under observation
in this study still have the characteristics

of Transitional Open Water Zones although
they have been flooded continuously for
nine years.

The vegetation of the Transitional
Open Water Zone is quite variable. Some-
times its rooted submergent species fail to
develop for several years and the only
plants present are floating duckweeds
(Lemna spp.), and aquatic mosses and
liverworts. Within the group of submer-
gent species that is characteristic of the
Transitional Open Water Zone it is possi-
ble to distinguish some that are indicative
of longer periods of flooding than others
(see Section 5.). Isolated stems of emergent
species may persist as well. However, the
gross appearance of the zone, whether
viewed from the air or at a distance, is that
of open water.

Although applicable to a variety of
situations, the term Transitional Open
Water should in practice be used only for
those open water sites originating from
natural changes in moisture regimes, and
where flooding persists during most of the
summer season. Open water resulting from
cultivation of a wetland usually disappears
by midsummer, either because of evapora-
tion or because emergent vegetation soon
carpets the site. Likewise, the transitory
open water condition that exists in most
wetlands following the early spring thaw
and prior to the regrowth of plants will
disappear as vegetation develops. The in-
vestigator should not confuse these very
temporary conditions with the more per-
sistent open water typical of a true Transi-
tional Open Water Zone.

In Table 1, which compares the wet-
land zones just described with those de-
vised by Stewart and Kantrud (1971), I
have rearranged five of these zonesin a
gradient from the driest to the wettest,
according to the depth and duration of
their flooding. The two zones associated



Table 1
Comparison of wetland vegetation zones de-

scribed in this report with those of Stewart and
Kantrud (1971)

Code Stewart & Kantrud’s

no. Zone equivalent

1 Wet Meadow Wet Meadow

2 Shallow Marsh Shallow Marsh

3 Emergent Deep Emergent phase of
Marsh Deep Marsh

4 Transitional Open Primarily the open

Water water phase of

Shallow Marsh
Open Water phase
of Deep Marsh; per-
haps part of their
Permanent Open
Water Zone

Intermittent Alkali

5 Shallow Open
Water

6 Open Alkali
7 Disturbed
« Cultivated

Cropland tillage and
cropland drawdown
phases of various
zones.

» Grazed No specific equiv-
alent; included in
the normal emergent
phases of various

zones

Natural drawdown
phase of various
zones

¢ Drawdown

with other environmental factors, i.e.,
disturbance and extreme salinity, are plac-
ed last. The number assigned to each zone
is its code number in my classification
system.

Stewart and Kantrud’s distinctions
between the species compositions of the
various cropland and drawdown phases of
their vegetation zones do not apply to my
simpler system of treating Disturbed Zones
according to their origins.

I have omitted two of Stewart and
Kantrud’s zones, the Low Prairie and Fen
(alkaline bog) Zones, from my classifica-
tion. The Low Prairie Zone has been left out
because, as mentioned earlier, I have arbi-
trarily limited the definition of wetland
vegetation to those zones lying within the
outer edge of the Wet Meadow Zone. I have
not included their Fen Zone because I have

also limited my classification to marshes
and shallow open waters as defined by
Adams and Zoltai, who consider bogs or
fens to be distinctly different entities.

2.  Vegetation in centre of

wetland

When an investigator sets out to
evaluate a wetland, usually one of the first
things he wants to determine is its moisture
regime, that is, the depth and duration of
flooding it experiences each year. Since the
vegetation zones described in the preceding
section each reflect a different moisture
regime, they provide an effective means of
interpreting current water conditions in a
wetland. The greatest depth and duration
of flooding naturally occurs in the lowest
part of the depression, which is usually
also the centre, and the vegetation zone
occupying this area is, therefore, the key

to interpreting a wetland’s moisture regime.

2.1. Identification of basic wetland types
Because of its importance in the pro-
cess of interpreting wetland moisture re-
gimes, I consider that the central or inner-
most vegetation zone in a wetland is also
the most suitable factor to use in identify-
ing basic wetland types. Therefore, in this
paper I have recognized eight wetland
types, one for each of six of the vegetation
zones discussed earlier and two associated
with the Shallow Open Water Zone. Wet-
lands having a central Shallow Open Water
Zone are divided into two types on the
basis of whether that zone occupies more
or less than 75% of the wetland’s diameter
(56% of its area). This distinction main-
tains the general compatibility between my
classification and that of Adams and Zoltai
(1969), as most recently modified by Adams
(pers. comm.), although the percentages
of area values are not precisely the same.
The descriptive name I have applied
to each wetland type is, with the exception
of one of the Shallow Open Water types,
the same as that of its central vegetation
zone. In order to distinguish between the
Shallow Open Water types I use the term

Table 2
Basic wetland types

Code

Name of wetland

Vegetation in

no. type wetland’s centre

1 Wet Meadow Wet Meadow Zone

2 Shallow Marsh Shallow Marsh Zone

3 Emergent Deep Emergent Deep
Marsh Marsh Zone
Transitional Open Transitional Open
Water Wetland Water Zone

S5A Open Water Marsh ~ Shallow Open Water

Zone (<75% of
wetland’s diameter)

Shallow Open Water

5B Shallow Open

Water Wetland Zone (> 75% of
wetland’s diameter)
6 Open Alkali Open Alkali Zone
Wetland

7 Disturbed Wetland
¢ Cultivated
o Grazed

e Drawdown

Disturbed Zone

Shallow Open Water Wetland only for
those wetlands in which the Shallow Open
Water Zone occupies more than 75% of
the wetland’s diameter, and in which emer-
gent vegetation is confined to a clearly de-
fined narrow marginal band. Wetlands hav-
ing a smaller Shallow Open Water Zone are
given the name Open Water Marsh to indi-
cate that emergent marsh vegetation is a
dominant feature. It is important to re-
member that this term has been introduced
to describe a wetland type and that there is
no corresponding vegetation zone of the
same name.

Each wetland is given the same code
number as the vegetation zone for which it
is named. Since the Shallow Open Water
Zone occupies the centre of the depression
in both Open Water Marshes and Shallow
Open Water Wetlands these types are
coded 5A and 5B respectively. Code num-
bers and descriptive terminology relating to
wetland types are summarized in Table 2.

I have deliberately avoided using
terms indicative of relative permanence,
such as those employed by Stewart and
Kantrud (1971), to identify wetland types
because they tend to lose their significance
in the face of the annual and regional
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variations in water conditions experienced
by the various vegetation types. For ex-
ample, a Shallow Marsh is called a seasonal
pond by those authors, but during drought
in arid southwestern Saskatchewan the sur-
vival time of ponds in such wetlands may
be no longer than they describe for their
ephemeral ponds. Similarly, Open Water
Marshes and Shallow Open Water Wet-
lands are commonly permanent in the
northern parklands, but usually go dry
every few years in the grassland region.

While the identity of the vegetation
occupying the centre of a wetland pro-
vides the basis for determining its general
character and moisture regime, additional
details about that regime can also be inter-
preted from the proportion of the wetland
occupied by the central vegetation zone
and the relative density of its vegetation.
2.2.  Extent of central vegetation zone
The size of the central vegetation
zone in relation to the entire wetland is a
good indicator of whether the current
moisture regime is marginal or favourable
for the innermost flora. In other words, a
Type 3 wetland with a central Emergent
Deep Marsh Zone which occupies only 5%
of its total area probably experiences short-
er periods of flooding than a wetland which
has 75% of its area in a central Emergent
Deep Marsh Zone.

To help investigators evaluate the
extent of the central vegetation zone I have
established five arbitrary categories based
on easily estimated wetland diameters. Wet-
land diameter is used to define the cate-
gories because it can be visually estimated
in the field with less difficulty than area.
Code numbers and diameter and area limits
of the five calegories are summarized below.

Code 96 of 9 of
no. wetland diameter wetland area
1 10 to 25 lto 6
2 26 to 50 7 to 25
3 51 to 75 26 to 56
4 76 to 95 57 to 90
5 Over 95 Over 90
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The diagrams in Figure 3 are guides to the
general appearance of each category. The
dividing point between categories 3 and 4
(75% of wetland diameter) is also the
separation point for distinguishing be-
tween the two types (Open Water Marshes—
5A and Shallow Open Waters—-5B) of wet-
lands having a central Shallow Open Water
Zone.

[t is important to note that the mini-
mal values for category 1 in the table above
are 109 of the wetland’s diameter and 1%
of its area. A vegetation zone which occu-
pies a smaller proportion of the wetland
than this is not recognized as its central
vegelation zone. Stewart and Kantrud
(1971) use 5% of the wetland area as the
minimal value for the central vegetation
zone, but I consider that vegetation stands
occupying 1 to 5% of the area are too
obvious to discount, particularly since they
may occupy 10 to 22.5% of the wetland’s
diameter.

When the shape of a wetland is so
irregular that its diameter is difficult to
establish, the areas of the wetland and its
central vegetation zone can be estimated
from their length and width measurements
by using the formula for the area of an
ellipse (Millar, 1973a). A wetland’s length
and width are normally, of course, the
distances between the outer edges of the
Wet Meadow Zone. However, when a wet-
land lies in a cultivated field the measure-
ments are limited to the extremities of the
uncultivated area or, if taken in early
spring, the extremities of the flooded area.
2.3. Density of emergent vegetation in
centre of wetland
The relative stability of the current
moisture regime can be interpreted from
the density of the emergent plant cover in
the lowest part of the wetland. This is possi-
ble because abnormally long or deep flood-
ing of emergent vegetation reduces the
vitality and density of the plants. If flood-
ing is extreme, the vegetation may die off
rapidly. More often, however, vegetation
changes associated with changes in mois-

Figure 3

Categories used in assessing the proportionate
size of a wetland’s central vegetation zone and the
extent of its central cover density: a guide to their
appearance in the field
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ture regime are gradual. When abnormal
conditions persist, the vegetation usually
thins out progressively thouch some spe-
cies tend to survive in small 1solated
patches. Where sparse or patchy stands of
emergent species occur without evidence
of gross disturbance, they usually indicate
a period of flooding more extreme than that
experienced by dense closed stands of the
same species.

Patchy or thinned-out cover may
also result from muskrat activity, grazing,
or cultivation, but these sources of dis-
turbance are usually easy to identify.
Furthermore, seasonal changes in density
of plant cover occur each year in the norm-
al cycle of growth and decay. For that
reason, it is frequently difficult to interpret
accurately the wetland’s moisture regime
from the condition of its central vegetation
until after the peak of the growing season
in July.

Four categories of cover density
seem adequate for general use. A wetland
is classed as Closed when total open water
or exposed soil occupies less than 1% of its
whole area. At the other extreme, the term
Barren is applied to dry Disturbed Wet-
lands without vegetation. Two intermedi-
ate cover conditions require more detailed
explanation.

A Semi-closed Wetland is one in
which the emergent cover in its centre has
either umfounl\ thinned to the point
where water is visible throughout, or the
vegetation has become sufﬁcnenllv patchy
thdt there are scattered small areas of open
water, each occupying less than 1% of the
total area of the \\(’lld[ld. The visual effect
of a Semi-closed Wetland is that of water
occurring in a matrix of emergent vegeta-
tion, that is to say, the vegetation exceeds
the visible water.

A Semi-open Wetland is one in which
open water in the centre has increased to
the point where the vegetation appears as
sparsely distributed plants or clumps in a
matrix of walter, yet patches of open water
do not individually exceed 1% of the total
area. When emergent vegetation is re-

Table 3

Emerg(‘nt wetland vegetation cover categories

Code

no. Category name Description

1 Closed Total open water or
exposed soil is less
than 19 of wetland

area

2 Semi-closed Vegetation and
water intermixed,
vegetation dom-
inates,

individual patches
of open water are
cach less than 1%
of wetland area

Vegetation and
water intermixed,
water dominates,
individual patches
of open water are
each less than 1%
of wetland area

3 Semi-open

4 Barren No vegetation pre-
sent; applies to Dis-

turbed Wetlands.

duced to only occasional isolated stems,
the wetland is usually classed as Transi-
tional Open Water because the vegetation
is too sparse to be visible on aerial photos
or when viewed from a distance.

Table 3 gives the code numbers and
descriptive terminology of the four cate-
gories of plant cover density just described.
It is important to remember that the rat-
ings of plant cover density used in evalua-
ting moisture regimes apply only to the
central or lowest portions and not to the
wetland as a whole. As with the central
vegetation zone, cover density values are
lecogjmzed only when they involve at least
10% of the wetland’s diameter or 1% of its
area. The open water wetland types des-
cribed earlier are, of course, not rated for
their central vegetation. Cover density
evaluations are influenced by the extent to
which the investigator can clearly see the
entire wetland. It is important, therefore,
that these observations be made from the
highest possible elevation adjacent to the
wetland.

Occasionally it may be helpful to
record the cover density of peripheral

emergent vegetalion zones in open walter
wetlands, particularly in situations where
sparse, semi-open growth makes it difficult
to determine the limits of the open water
zone.

Variations in cover density can be
due to factors other than moisture regime
and it is necessary to recognize these when
evaluatinga w etland. The most common
factors dﬂ(‘ctmg vegelation density are list-
ed below with the code numbers assigned
to them.

Factor
1 Natural causes, i.e.,
moisture regime

Code no.

2 Cultivation

3 Grazing, including activities
of wild animals, e.g.,
muskrats

4 Mowing

5 Artificial alteration of

wetland depth, e.g., partial
drainage and damming

Some general observations on the
dynamies of changes in vegetation density
may also help in assessing wetland moisture
regimes. My studies in Sa\kalclm\\dn show
that Semi-closed and Semi-open cover con-
ditions are not common in Wet Meadow
Wetlands, and that when they do occur they
normally do not last for more than one
season. In Shallow Marsh Wetlands these
same conditions develop frequently when
the moisture regime improves, but seldom
remain constant for more than two or
three years. Continued improvement in the
moisture regime causes the wetland to con-
vert to Transitional Open Water, while
drier seasons cause il to revert to denser
emergent cover. In Emergent Deep Marsh
Zones, Semi-closed and Semi-open vegeta-
tion is often more stable and may survive
for a number of vears, particularly when
Scirpus acutus is the species present.
Because such wetlands tend to have more
permanent water, submergent species
typical of the Shallow Open Water Zone
commonly develop in the open water areas.

Figure 4 shows normal sequences of
change in cover conditions and in wetland
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Figure 4

Normal sequences of change in cover density and
wetland type in Fresh to Saline Wetlands experi-
encing improving moisture regime. The numbers
prefixing the name of each wetland type are com-
binations of the code numbers assigned, first to
that wetland type, and second to the category of
cover density

Figure 4

1.1 - Wet Meadow
(closed)

2.1 — Shallow Marsh
(closed)

2.2 — Shallow Marsh
(semi-closed)

v

2.3 — Shallow Marsh
(semi-open)

v

4 — Transitional Open Water

3.1 - Emergent Deep Marsh

(closed)

v

3.2 — Emergent Deep Marsh
(semi-closed)

v

3.3 = Emergent Deep Marsh
(semi-open)

5A — Open Water Marsh

5B — Shallow Open Water

vegetation type under improving moisture
regime. The numbers prefixed to the name
of each wetland type demonstrate the cod-
ing combination for wetland type and cover
density.

2.4. Extent of central cover density

In most cases, a simple rating of the
density of the central vegetation, together
with the identity and extent of the central
vegetation zone, are all that an investigator
needs to interpret adequately a wetland’s
current moisture regime. When necessary,
however, moisture regime can be evaluated
somewhat more precisely by determining
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the extent of the density category recorded
for the central vegetation. This indicates
whether conditions causing the thinning of
vegetation are of major or minor import-
ance in the wetland. For example, if the
central vegetation zone covers 51 to 75% of
the wetland diameter and Semi-open cover
conditions extend over 10 to 25% of the
diameter, only part of the central vegeta-
tion zone is being affected and the degree of
instability is probably minor. Conversely,
if Semi-open conditions extend over 76 to
95% of the wetland diameter the changes
in moisture regime are likely to be major
because the entire central vegetation zone

plus one or more adjoining zones are affect-
ed. Categories for the extent of central
cover density are the same as those used
for the extent of the central vegetation
zone (Subsection 2.2.).

3. Variations in vegetation
patterns

Thus far T have used only the central
vegetation zone of a wetland to interpret
its moisture regime and general character.
While this is sufficient for most purposes,
additional information can be obtained by
studying the pattern or sequential arrange-
ment of vegetation zones throughout the
entire wetland.

Wetland vegetation zones character-
istically occur as a series of concentric
rings which follow basin contours and re-
flect the relative depth and duration of
flooding. When wetlands experience
several years of relatively stable environ-
mental conditions, including flooding, they
usually develop a particular sequence of
vegetation zones which may be considered
normal. If, however, the moisture regime
fluctuates too widely or human disturb-
ance occurs, a variety of abnormal or de-
viant zonal patterns may develop. Further-
more, when the bottom of a wetland is very
uneven, vegetation zones may be distri-
buted in a patchy pattern rather than the
classic concentric ring arrangement. Un-
less the observer is aware of their causes
and what they signify, the anomalies creat-
ed by zonal irregularities may be confusing
and lead to a misinterpretation of wetland
type. The normal vegetation patterns and
the more common zonal deviations are
described below.

3.1. Normal vegetation patterns

Two vegetation patterns can be con-
sidered normal — those which develop in
Fresh to Saline Wetlands (see Section 4.
for salinity categories) under relatively
stable environmental conditions and the
unique pattern found in Hypersaline or
Open Alkali Wetlands. In Fresh to Saline
Wetlands the stable vegetation zones de-



scribed in Section 1. are distributed from
the outer edge to the centre of the wetland
in the order of their increasing tolerance to
flooding. The complexity of this pattern in-
creases, of course, with the depth and dura-
tion of flooding. Open Alkali Wetlands have
a special vegetation pattern that is stable,
normal for that wetland type, and is related
to extreme salinity rather than moisture
regime. The Emergent Deep Marsh Zone is
absent and the vegetation sequence is Wet
Meadow Zone — Shallow Marsh Zone —
Open Alkali Zone. The normal vegetation
patterns in stable wetland types, including
the special pattern of Open Alkali Wet-
lands, are illustrated in Figure 2.

3.2.  Deviant vegetation patterns related
to fluctuations in water regime

Under prolonged drought conditions
plant species of the various emergent zones
tend to die out in their original location and
invade the lower and moister levels of the
wetland. This produces a shift in the actual
location of the zones, but no deviation from
the normal pattern. Frequently it is possible
to interpret previous water conditions from
surviving remnants of the original vegeta-
tion. Once normal moisture conditions re-
turn, the original vegetation may re-estab-
lish itself rather rapidly from these same
remnants.

A significant deviation occurs in the
vegelation pattern of Open Marsh and Shal-
low Open Water wetlands during drought,
when declining water levels create exposed
mudflats in portions of the Shallow Open
Water Zone. Pioneering forbs or grasses
appear on the exposed soils to form a Dis-
turbed (Drawdown) Zone inside the Emer-
gent Deep Marsh Zone. If the drawdown
lasts for only a single season, the Disturbed
Zone is eliminated during the first year of
reflooding and the original zonal pattern is
restored. However, if lowered water levels
persist for two or more years, a stable Shal-
low Marsh Zone may replace the pioneering
forbs inside the Emergent Deep Marsh
Zone. The result is a sandwiching of the
Emergent Deep Marsh Zone between two

Shallow Marsh Zones. This situation may
persist for several years, if there is sufficient
moisture to keep the Emergent Deep Marsh
species alive and not enough year-long
flooding to kill out the newly-established
Shallow Marsh Zone.

Most deviations in vegetation pat-
terns, however, arise from longer and
deeper flooding rather than drought. Water
level fluctuations in Wet Meadows are
usually not extreme enough to affect the
vegelation seriously. Shallow Marshes,
however, are more susceptible to prolonged
flooding and consequently experience fre-
quent vegetation die-offs (Millar, 1973b).
When tho central Shallow Marsh vegetation
dies out completely it is replaced by a Tran-
sitional Open Water Zone and the wetland
assumes the appearance of a Shallow Open
Water Wetland with its Emergent Deep
Marsh Zone missing. Should flooding be
prolonged, the Transitional Open Water
Zone is usually replaced by a true Shallow
Open Water Zone. However, unless there
is a temporary drawdown to expose suitable
seed-beds for species associated with the
Emergent Deep Marsh Zone, the wetland
will continue to lack that particular zone.

I observed this vegetation pattern frequent-
ly during my 10-year study. Unless sub-
mergent species have grown enough to be
observed from the shore or the air, the true
status of such a wetland cannot be deter-
mined except by detailed examination of
the open water area.

Another deceptive wetland situation
oceurs when an Emergent Deep Marsh is
subjected to extreme H()Odlll”‘ Usually the
Wet Meadow and Shallow \Lus h Zones are
eliminated sooner than the Emergent Deep
Marsh Zone, resulting in an inversion of
the normal zonal sequence with a Transi-
tional Open Water Zone outside the Emer-
gent Deep Marsh Zone. A similar situation
may develop in Open Water Marshes or
Shallow Open Water Wetlands except that
the Emergent Deep Marsh Zone becomes
isolated between two zones of open water.
Occasionally a second Emergent Deep
Marsh Zone may develop on the outer pe-

riphery of the Transitional Open Water
Zone. Prolonged deep flooding will ulti-
mately d(‘stm_\ the isolated Iummg(‘nt Deep
Marsh Zone in the various situations just
described, leaving the wetland with the ap-
pearance of a Shallow Open Water Wetland
that may or may not have a new peripheral
Emergent Deep Marsh Zone. Again, only

a cl()se examination of the open water arca
can establish the true character of such

a wetland.

A remarkable wetland anomaly near
Saskatoon involved a central semi-open
stand of Shallow Marsh vegetation (Scoloch-
loa) surrounded by a wide peripheral Shal-
low Open Water Zone (Myriophyllum). This
wetland experienced several years of con-
tinuous flooding and the survival of the
Scolochloa is difficult to explain.

Occasionally a patchwork pattern of
two vegetation zones replaces the charac-
teristic concentric-r mg pattern in the cen-
tre of the wetland. This situation may orig-
inate as a result of fluctuating water levels,
human disturbance, or topographical irreg-
ularities. Unless the contribuling factors
can be clearly identified the \\Clldlld hould
simply be ¢ lassified according to the vege-
tation zone which appears to be dominant.
3.3.  Deviant vegetation patterns related
to human disturbance
Cultivation of the Wet Meadow and
Shallow Marsh Zones, as explained earlier,
usually results in the development of vege-
tation characteristic of the Disturbed Zone.
Occasionally, however, ideal germination
conditions permit leclgull Dcep Marsh
vegetation, particularly T'ypha, to take hold
in cultivated depressions (Millar, 1973b).

If above-average water conditions persist
for several years, these cattail stands may
survive in what are normally very tempo-
rary wetlands. This situation is more likely
to occur in the moister parkland regions
than elsewhere and can usually be correctly
interpreted from the size and depth of the
wetland.

Drainage activities often produce the
same types of deviations in the wetland
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vegetation patterns as do natural droughts.
Thus, partial drainage of an Open Water
Marsh or Shallow Open Water Wetland
may expose mudflats which then develop
into a Shallow Marsh Zone lying within the
surviving band of Kmergent Deep Marsh
vegetation. On the other hand, when a wet-
land is flooded with abnormal amounts of
runoff water drained from other wetlands,
the existing vegelation may be partially or
entirely destroyed. Usually, the causes of
such changes — drainage ditches — are
easily 10(;(wnlzed but tlled drains and por-

table pumps may bring about the same re-
sults less obviously.

Grazing reduces the plant cover of
a wetland, of course, and in the extreme will
totally eradicate the flora. Where livestock
have destroyed the vegetation, the wetland
may appear as Transitional Open Water
when flooded. After grazing ceases and
pioneering vegelalion appears, the same
depression may be classed as a Disturbed
Wetland. Grazing of Emergent Deep
Marshes, Open Water Marshes, or Shallow
Open Water Wetlands suppresses or elim-
inates the more palatable Wet Meadow and
Shallow Marsh species, while the Emergent
Deep Marsh Zone survives surrounded by
open water. This apparent inversion of
vegetation zones resembles that produced
by excessive flooding of the same types of
wetland. Grazing, hm\e\ er, 1s so obvious
a factor that interpretation of the vegeta-
tion changes associated with it should
present no problem.

Mowing undoubtedly produces
subtle changes in the flora of wetlands by
removing annual species before they pro-
duce seed, yet it causes no apparent changes
in the existing pattern of vegetation zones.
Quasl-de\'mtlons in vegetation patterns
sometimes appear when heavy rains re-
flood the wetland after mowing. The cen-
tral or peripheral areas of open water so
produced superficially resemble Transi-
tional Open Water, but they are only tem-
porary phenomena. Mowed portions of the
wetland bevond the water’s edge should be
a sufficient indication of the true situation
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to allow the observer to make a correct
interpretation.

No doubt some deviations in wetland
vegetation patterns are related to environ-
mental factors not mentioned here. How-
ever, I believe that most of the wetland
vegetation anomalies encountered in the
prairie and parkland regions can be ex-
plained in terms of the factors just des-
cribed.

In classifying a marsh or shallow
open water, the investigator can reduce
information about the sequence of vegeta-
tion zones and vegetation anomalies to a
compact numerical formula by listing the
code numbers of the various vegetation
zones, in the order in which they occur
from the centre of the wetland to its outer
edge. For example, the formula for a Trans-
itional Open Water Wetland with the
Emergent Deep Marsh Zone absent would
be 4-2-1. The only information which needs
to be recorded separately is the nature of
the factor or factors which produced the
anomaly.

4. Vegetation and salinity

Many of the wetland classification
systems described earlier in this paper have
used salinity of surface waters as one of
their criteria. Salinity is of particular value
in that, first, it influences a wetland’s at-
tractiveness to waterfowl, and secondly, it
often reflects the involvement of ground-
water in the moisture regime of a wetland.
For these reasons, salinity studies should
be part of any thorough wetland assess-
ment.

One can determine quite precisely
the salinity of water by measuring its total
dissolved solids in ppm, or alternatively, by
measuring its specific conductivity in
micromhos per cc at 25°C. Either of these
methods is time-consuming. Moreover, un-
less samples are taken repeatedly through-
out the year, such measurements can only
appr ox1mdtely reflect the seasonal fluctua-
tions in the salinity of wetland waters,
which occur as a result of dilution by run-
off in the spring and of progressive concen-

tration due to evapotranspiration during
the summer. A simpler method of assessing
waler salinity, and one which is sufficiently
accurate for most field studies, relates the
composition of a wetland’s vegetation to
the salinity of its waters.

The definition of wetland salinity by
plant associations tends to be somewhat ar-
bitrary. Most plant species tolerate some
variation in salinity, and their presence or
absence indicates average conditions in the
wetland rather than the seasonal extremes
of salinity. Some plant species can survive
for brief periods under very abnormal sa-
linity induced by extreme ﬂoodmv or
drought. In such cases, the \\elland s salin-
ity should be interpreted with considerable
caution. As one might expect, the response
of plants to increasingly saline conditions
isin the nature of a continuum, with indi-
vidual specie% gradually dropping out or
appearing as the level of salinity rises.

My studies of the vegetation in Sas-
katchewan wetlands lIldlCdlC that four sal-
inity categories are adequate for most pur-
poses of wetland evaluation. I have tenta-
tively given these the same salinity limits
as Stewart and Kantrud’s (1971) classes, or
combinations thereof, and they coincide
precisely with the broader calegories sec-
ondarily suggested by those authors. Pos-
sible modification of these salinity limits is
discussed later in this section. In naming
the salinity categories, I have avoided the
term brackish, which should be restricted
to its proper use in connection with mix-
tures of fresh and marine waters (Bayly,
1967). The four salinity categories, then,
with their normal ranges, and with Stewart
and Kantrud’s equivalents, appear in Table 4.

I have chosen to combine Stewart
and Kantrud’s (1971) first four salinity
classes (A, B, C, and D) into two categories
(Code nos. 1 and 2) for two reasons. First,
most of the species which I have found to
be commonly or occasionally dominant in
my Fresh category achieve this dominance
over most or all of the salinity range cov-
ered by Stewart and Kantrud’s classes A
and B. This is true, for example, of all but



Table 4
Wetland salinity categories with Stewart and
Kantrud’s (1971) equivalents

Salinity category

Salinity range

Code Dissolved solids Specific conductivity ~ Stewart and Kantrud’s
no. Name (ppm)* (us/cm? at 25°C.)  salinity class
1 Fresh < 28-1,400 < 40-2,000 A, Fresh
B. Slightly Brackish
2 Moderately 1,400-10,500 2,000-15,000  C. Moderately Brackish
Saline D. Brackish
3 Saline 10,500-31,500 15,000-15,000  E. Subsaline
4 Hypersaline > 31,500 > 45,000 F. Saline

* Parts/million values are derived by multiplying
conductance values by 0.7, the maximum ratio

suggested by Thomas (1953).

one of the 13 Wet Meadow species listed in
Table 5 as flourishing in Fresh Wetlands.
This situation also applies, to a lesser ex-
tent, to their Classes C and D, which I in-
clude in my Moderately Saline category.
Second, many plant sp001es exhibit d1f
ferences in their environmental require-
ments from one part of the grassland and
parkland regions to another (see Section 6.)
and these variations largely overshadow
the finer distinctions in salinity tolerance
suggested by Stewart and Kantrud.

The salinity relationships of plant
species which do not display a uniform re-
sponse over the entire range of one of my
broader categories can be interpreted by
examining their status in adjacent cate-
gories. For example, a pond dominated by
Phragmites communis or Seirpus acutus is
unlikely to be extremely fresh because
those species also dominate in the Moder-
ately Saline category. On the other hand,
the total abscnce of Potamogeton gramineus
from Moderately Saline water suggests that
it is unlikely to dominate at the upper limit
of my Fresh category.

A number of different salinity classi-
fications have been developed for a wide
variety of biological and non-biological
purposes. Their relationships to the system
I propose are illustrated in Figure 5. The
complexity of these other systems varies
from as few as two categories (Northcote
and Larkin, 1963; Williams, 1967) to as

many as eight in a system designed espe-

cially for studies of marine waters (Inter-
national Limnological Society, 1959). What
is more, definitions of fresh water vary
considerably. Most biologically oriented
classification systems consider fresh water
as having less than 300 to 500 ppm of dis-
solved solids, whereas those concerned
with potability use an upper limit of 1,000
ppm. Williams (1967), in his studies of
Australian lakes, uses an extreme of 3,000
ppm, a definition of fresh water which cor-
responds Lo the U.S. Geological Survey’s
limit on slightly saline water (Robinove

et al., 1958), and to the limits on 8-Oligo-
haline water set by the International Lim-
nological Society (1959).

The level of 1,400 ppm, which is the
upper limit of my definition of the Fresh
water category, has no prec(‘dcnl, there-
fore, except in Stewart and Kantrud (1971)
from whom I derived it. [ am not convinced
that 1,400 ppm is necessarily the best point
at which to distinguish Fresh from Mod-
erately Saline waters, but at the same time
I do not feel that the differences in wetland
vegetation at the 350 to 500 ppm level are
sufficient to justify a division there. It is
possible that further study will reveal that
significant changes in vegetation are asso-
ciated with the changes in water chemistry
which Rézkowska and Rézkowski (1969)
observed at 700 and 2,000 ppm.

Of the classification systems which
recognize other categories of salinity

beyond 3,500 ppm, all but one have a divi-

ston at 10,000 to 10,500 ppm, and all but
one have another division at 30,000 to
35,000 ppm — the approximate salinity of
sca water. This agreement about the defini-
tion of high salinity supports my decision
to adopt those distinctions for the more
saline levels in western Canadian wetlands.

Only one classification system, that
of Gorrell (1958), has a ml]lnll_\ category
in excess of 100,000 ppm. Unfortunately,
recent references to this system (Davis and
DeWiest, 1966; and Todd, 1970) obscure
the fact that it was developed for the very
specialized purpose of classifying the sub-
terrancan walers encountered during oil-
drilling operations.

Table 5 presents the relationships of
dominant plant species to the salinity cat-
egories in which each species achieves
normal growth, i.e., vegetative stature and
seed production. In a few cases, I have sup-
plemented my observations of certain spe-
cies with data from Rawson and Moore
(1944) and Stewart anc Kantrud (1971).

[ discuss regional variation in the response
of plant species to salinity in a later
section.

Several general observations regard-
ing vegetation and salinity are relevant.
First, the number of dominant species in
each vegetation zone decreases as the sa-
linity of the wetland’s waters increases,
until only a single species, Ruppia maritima,
occurs in Hypersaline conditions. Second-
ly, when Hypersaline conditions prevail at
the lowest levels in a wetland, the Emer-
gent Deep Marsh Zone is usually absent,
and the salinity at the higher peripheral
elevations is low enough that the Wet
Meadow and Shallow Marsh Zones are dom-
inated by species characteristic of the Saline
category.

Certain generalizations can also be
made in regard to the relationship between
water regime and salinity. Wet Meadow
and bhallo“ Marsh Wetlands are charac-
teristically Fresh or occasionally Moderate-
ly Saline, and normally they dry up each
year. It is usually only in the semi-per-
manent to permanent Emergent Deep
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Marsh, Open Water Marsh and Shallow
Open Water Wetlands that the full range
of conditions from Fresh to Saline occur.
Open Alkali or Hypersaline Wetlands are
extremely variable in terms of their water
regime. Higher levels of salinity may also
indicate that a wetland’s water regime is
being supplemented by groundwater inflow
(Mevboom, 1967).

5.  Dominant plant species

The dominant plant species in each
vegetation zone not only indicate the level
of salinity in a wetland, but also provide a
guide to its recent moisture regime and
disturbances. This information permits
more accurate assessment of a wetland’s
potential as waterfowl habitat.

The discussion of wetland plants in
this paper is limited to those rooted vas-
cular species which I have found to be most
useful for assessing wetlands. Table 5 lists
the species which contribute most signifi-
cantly to the gross appearance of each wet-
land zone and which occur, at least occa-
sionally, as the principal dominant plant
in wetlands in the grasslands and parklands
of western Canada. Stewart and Kantrud
(1971) provide extensive plant lists which
are useful for more detailed wetland vege-
tation studies. Some 80% of their primary
species occur throughout the grasslands
and parklands of the Prairie Provinces, ac-
cording to Breitung (1957), Budd (1957),
Fraser and Russell (1954), Moss (1959),
and Scoggan (1957).

Dominant plant species should be
recorded as part of any wetland assessment
and I have provided for the inclusion of
this information in the data coding scheme
presented in Appendix 2. Each investigator
may assign code numbers to individual
plant species according to his own parti-
cular needs.

Certain of the dominant species listed
in Table 5 are useful as indicators of par-
ticular events or conditions which are im-
portant for wetland evaluation. These
species are discussed below by vegetation
zone.
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Table 5

Principal dominant rooted wetland plant spe-

cies — their vegetation zone, salinity, and frequency
of dominance relationships

Salinity categories

with code no.

Relative frequency

Vegetation in which species occurs? with which species
zone, Mod. dominates in its normal
(code no.) Fresh  Saline  Saline salinity range

and species (1) (2) (3) Common Occasional
Wet Meadow (1)

Agrostis scabra X *
Calamagrostis canadensis X *

Deschampsia caespitosa X *
Poa palustris X 0 ¥

Salix bebbiana X 0 *2

Salix discolour X 0 *2

Salix petiolaris X 0 2

Aster hesperius X 0 *2
Cirsium arvense® X 0 *
Sonchus arvensis® X 0 *
Calamagrostis inexpansa X X *

Juncus balticus X X 0 *

Hordeum jubatum X X 0 *

Distichlis stricta 0 X X *

Shallow Marsh (2)

Phalaris arundinacea X *2
Polygonum coccineum?® X 0 *

Carex atherodes X 0 *

Alisma triviale® X 0 *2
Sparganium eurycarpum X 0 >
Sium suave X 0 *2
Sagittaria cuneata X 0 *
Scolochloa festucacea X X *

Eleocharis palustris X X *

Puccinellia nuttalliana 0 X *

Salicornia rubra 0 X *

Suaeda depressa 0 X *
Emergent Deep Marsh (3)

Scirpus validus X *2

Typha latifolia X 0 i

Phragmites communis X X *2
Scirpus acutus X X *

Scirpus paludosus 0 X X *

cont’d on page 23
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Table 5, cont’d

Principal dominant rooted wetland plant spe-

cies — their vegetation zone, salinity, and frequency
of dominance relationships

Salinity categories

with

Vegetation in which s

code no.
pecies occursl

Relative frequency
with which species

zone, Mod. Hyper- dominates in its normal
(code no.) Fresh  Saline  Saline  saline salinity range

and species (1) (2) (3) (4) Common  Occasional
Disturbed? (7)

El.weria grandis (2) X ¥

Chenopodium album (1) X *
Potentilla norvegica (1) X *
Rorippa islandica (1) X *
Thlaspi arvense (1) X N
Agropyron repens?® (1) X 0 *

Beckmannia syzigachne (2) X 0 *

Alisma triviale® (1) X *
Alopecurus aequalis (2) X *
Polygonum coccineum? (2) X o ®

Polygonum lapathifolium (1) X 0 *
Cirsium arvense® (1) X 0 A
Sonchus arvensis® (1) X 0 *
Senecio congestus (2) X o *2

Artemisia biennis (1) X X *
Chenopodium rubrum (1) X X *
Rumex maritimus (1) X X *
Hordeum jubatum® (1) X X 0 *

Aster brachyactis 0 X *
Transitional Open Water (1)

Potamogeton gramineus X 2

Utricularia vulgaris X 0 *3

Potamogeton pusillus X 0 *

Ranunculus subrigidus X 0 *
Shallow Open Water (5)

Myriophyllum exalbescens X 0 *

Potamogeton richardsonii X o *
Ceratophyllum demersum X 0 *
Potamogeton pectinatus 0 X 0 *

Open Alkali (6)

Ruppia maritima X X *

X and o indicate normal and sub-normal develop-
ment respectively.

Dominance of species is associated with factors
explained in the text.

Commonly a pioneer species, but also capable of
maintaining dominance for long periods, hence it is
listed for both stable and disturbed zones.

* Most disturbance species also occur as minor ele-
ments in stable vegetation zones. The number in
parentheses after each species name is the code
number for the stable vegetation zone with which
itis commonly associated. The Disturbed Zone is
usually dominated by a mixture of two or more
species; hence, most species in this zone are listed
here as occasional dominants.

Wet Meadow Zone: The presence of
three Wet Meadow dominants, Hordeum
Jubatum, Cirsium arvense, and Sonchus ar-
vensis, must be interpreted with care as they
occur both as pioneering species and as
long-term members of relatively stable
vegetation. The absence of willows (Salix
spp-) from Wet Meadow Zones of wetlands
in the parkland region is a reliable indica-
tion that these depressions have at one time
been partially or entirely cultivated.

Shallow Marsh Zone: Four species —
Polygonum coccineum, Carex atherodes,
Scolochloa festucacea, and Eleocharis pa-
lustris — are the most frequent dominants
in this zone. Within this group there are
consistent differences related to moisture
regime. Polygonum coccineum and Carex
atherodes generally dominate in drier situa-
tions where the pond regularly dries up by
midsummer. Scolochloa festucacea and
Eleocharis palustris, on the other hand, fre-
quently occur where there is a longer period
of flooding. Shallow Marshes dominated
by these latter two species are usually the
first to change into Transitional Open
Water or Shallow Open Water Wetlands
when the moisture regime improves in an
area (Millar, 1973b).

Carex atherodes is also indicative of
stable, undisturbed conditions. Polygonum
coccineum is less useful in this regard be-
cause it develops quickly after cultivation
and can persist for many years afterwards
if undisturbed. Scolochloa festucacea is er-
ratic in its behaviour, exhibiting a wide
amplitude in its response to changing mois-
ture regime; sometimes it dies out as a re-
sult of minor changes, and sometimes it
survives drastic changes for two or three
years. Eleocharis palustris often replaces
Carex atherodes and other species when they
are heavily grazed, and in such situations
its presence may lead to the interpretation
of a wetter moisture regime than actually
exists.

Phalaris arundinacea is difficult to
interpret because it is frequently planted
as a forage crop in wetlands. Wherever it
becomes dominant, either naturally or with
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A comparison of some definitions of water salinity

* The definitions of salinity in each system, except
that of Stewart and Kantrud, were originally in
parts per million, or in values directly convertible
to those units. Specific conductivity values of
Stewart and Kantrud have been converted to ppm
by multiplying them by 0.7 (Thomas, 1953).
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the farmer’s help, removal of existing vege-
tation and exposure of the soil appears to
have been a prerequisite. Alisma triviale is
considered to be a disturbance species, but
is also capable of maintaining itself for
several years after disturbance ends.

Several Shallow Marsh species, not-
ably Sium suave and, to a lesser extent,
Alisma triviale, are seasonal dominants in
that they tend to become inconspicuous
after they have matured. A wetland in
which these species are dominant will,
therefore, change its appearance as the sea-
son progresses. Hence, it is advisable to
record the co-dominant and sub-dominant
species associated with these two plants.

Emergent Deep Marsh Zone: The
presence of Typha latifolia in wetlands re-
quires careful interpretation because of its
flexibility in responding to environmental
changes. The fact that its seed is windborne
allows Typha to achieve rapid and wide-
spread dominance in a variety of habitats
provided that it has the right seedbed and
moisture conditions for germination. Thus,
Typha may establish itself in very tempo-
rary water bodies and survive for a few
years if the moisture regime is not too dry.
On the other hand, relatively stable stands
of cattails may persist for years in semi-
permanent Fresh ponds.

Dominant stands of Scirpus validus
were not present in my study samples, and
my interpretation of this species is based
largely upon the work of others. Dabbs
(1971) found S. validus in shallower water
sites than S. acutus; McCauley (pers.
comm.) associates S. validus with unstable
conditions; and Stewart and Kantrud
(1972) refer to it as a pioneering species
which appears after disturbance by grazing.
These observations suggest that the pres-
ence of S. validus indicates environmental
instability. Seirpus acutus, on the other
hand, is a good indicator of relatively stable,
semi-permanent water conditions in the
Fresh (upper end) to Moderately Saline
categories.

Scirpus paludosus indicates not only
Saline conditions, but also a lower level of

water permanence than do other deep
marsh emergents. Ponds dominated by this
species typically go dry from midsummer
onwards but, because groundwater dis-
charge is usually associated with such sites,
the wetland is likely to be reflooded again
when the water table rises after heavy rains.
My observations support those of Stewart
and Kantrud (1972) who found that, as
Emergent Deep Marsh Zones become more
saline, their waters become less permanent.

Phragmites communis has a very lim-
ited distribution in the wetlands of the
grassland and southern parkland, but it
becomes more common northward and
eastward where, according to my few ob-
servations, it does not seem to be restricted
to fen situations as Stewart and Kantrud
(1971) have suggested.

Transitional Open Water Zone: Sub-
mergent species characteristic of this zone
define a gradient in water permanence.
Potamogeton gramineus occurs either as an
understory in the Shallow Marsh Zone or
as a dominant species in Transitional Open
Water, and it commonly thrives without
any year-long flooding (Millar, 1973b).
Utricularia vulgaris has similar habits, but
is more closely associated with occasional
year-long flooding. Finally, Potamogeton
pusillus and Ranunculus subrigidus do not
usually appear until after two or more con-
secutive years of continuous flooding. In
the northern parkland P. pusillus may per-
sist as a dominant for several years.

Shallow Open Water Zone: Except
for the salinity relationships which appear
in Table 5, T have not observed any distinc-
tive habits of the dominant Shallow Open
Water species which might serve as indi-
cators of wetland values. I have previously
discussed the problems involved in inter-
preting past moisture regime from the
drought-induced vegetation sequences in
Shallow Open Water and Transitional Open
Water Zones, but one further observation
of species behaviour deserves mention here.
When normal water levels return in the
year after pioneer vegetation develops on
an exposed mudflat, that vegetation is usu-

ally destroyed and the former open water
zone is re-established. Senecio congestus,
however, is a biennial which tolerates con-
siderable flooding in its second vear, and,
when found next to open water, it is a reli-
able indicator of previous low water levels.
Open Alkali Zone: Since this zone
supports only one plant, Ruppia maritima,
there is no problem in interpreting the
significance of its species composition.
Disturbed Zone: As mentioned ear-
lier, most disturbance species are associated
with stable vegetation zones in which they
regularly occur as minor elements. These
relationships can be used to predict the
probable nature of the stable vegetation
which will develop in a wetland once dis-
turbance stops but, because disturbance
vegetalion responds so readily to the exist-
ing water conditions, this type of interpre-
tation should be made with caution. Affin-
ities of disturbance species with stable vege-
tation zones are indicated in Table 5. Hor-
deum jubatum, Sonchus arvensis, Cirsium
arvense and Alisma triviale have already
been discussed in connection with the
stable zones with which they are associated.
Beckmannia syzigachne and Glyceria grandis
are probably the most common species to
achieve dominance in moderately moist
situations following disturbance and nor-
mally give way to Shallow Marsh vegeta-
tion. Alopecurus aequalis is frequently their
associate, and, although too short in sta-
ture to be a normal dominant, it does dom-
inate on exposed mudflats when it occurs
in pure stands. Contrary to the views of
some authors, including Stewart and Kan-
trud (1972), I have not found these three
species to be restricted as to the specific
types of disturbance situations in which
they will dominate (Millar, 1973b). A few
pioneer species do, however, seem to favour
particular habitat conditions. Senecio con-
gestus, for example, develops primarily on
mudflats created by natural drawdown, but
also occurs in grazed wetlands.



6.  Regional variations in plant
behaviour

Observations during this study sug-
gest that many plants respond quite differ-
ently to moisture regime, salinity, and other
environmental factors, depending upon
whether they are in the grassland or park-
land. These regional differences in behav-
iour can affect our interpretation of mois-
ture regimes. Scholochloa festucacea, for
example, thrives under shorter periods of
flooding at Melfort than it does further to
the south and west. In the grassland and
adjacent parts of the parkland, Salix beb-
biana confines itself to slough edges, but in
the northern and eastern portions of the
parkland it also grows on the low uplands.
Similarly, the shrubs and trees associated
with the Low Prairie Zone also occur on
higher ground in the parkland. It was this
behaviour of Low Prairie species which led
me to omit that vegetation zone from my
wetland classification.

The ability of plant species to grow
under apparently drier conditions further
north and east than they do in the south-
wesl is undoubtedly related to the combina-
tion of higher precipitation and humidity,
reduced wind speeds due to the sheltering
effect of trees and shrubs, and lower tem-
peratures. These factors all affect the pro-
cesses of evaporation and transpiration and
reduce a plant’s requirements for free water
at the upper levels of its root system.

Stewart and Kantrud (1972) lista
number of species as occurring less abund-
antly in wetlands whose surface waters had
a specific conductivity of less than 500 mi-
cromhos per cc at 25°C. Yel I found these
same plants flourishing under such condi-
tions in the northern and eastern parts of
the parkland. The species in question are
Juncus balticus, Calamagrostis inexpansa,
Hordeum jubatum, Scolochloa festucacea,
Eleocharis palustris, Sagittaria cuneata, My-
riophyllum exalbescens, and Potamogeton
richardsonii. Moreover, several species
which Stewart and Kantrud (1972) re-
stricted to fen ponds occur in normal marsh
situations throughout the parkland. These

26

e

Table 6
Expected combinations of wetland vegetation
factors, identified in terms of code numbers

Code nos. of other vegetation-based factors

Extent of

Density of central

Code Wetland type central emergent cover

no. (central veg. zone) veg. zone Category Extent Origin Salinity

] Wet Meadow lto5 1to3 lto5 lto5 lto2

2 Shallow Marsh lto5 1to3 1to5 lto5 1to2

3 Emergent Deep Marsh 1to5 1to3 1to5 1to5 1to3

4 Transitional Open Water ltob NA* NA NA 1to3
Wetland

5A Open Water Marsht 1to3 NA NA NA l1to3

5B Shallow Open Water 4t05 NA NA NA lto3
Wetland

6 Open Alkali Wetland 1to5 NA NA NA 4

7 Disturbed Wetlandf 1to5 1to 4 lto5 1to5 lto3

NA = Not Applicable.

Open Water Marshes (5A) and Shallow Open
Waters (5B) both have the same vegetation zone
(Shallow Open Water) in the wetland centre, but
the proportion of open water to emergent vegeta-
tion is different.

I The origin of the central cover category in Dis-
turbed Wetlands also identifies the origin of the
disturbance.

include Phragmites communis, Deschampsia
caespitosa, Salix interior, Carex rostrata, Ra-
nunculus gmelini, and Hippurusvulgaris.
The environmental basis for these differ-
ences in salinity and fen pond relation-
ships has yet to be determined.

7.  Summary

In the preceding sections I have de-
scribed a variety of ways in which vegeta-
tion can be used to evaluate a wetland’s
water regime and salinity. This discussion
has, of necessity, been rather complex and
detailed and a brief review of its main points
is needed before moving on to consider the
classification of wetlands by their physical
features.

I began by describing the vegetation
zones which can be recognized in wetlands
and identifying the type of moisture regime
under which each normally develops. Wet-
land types are defined according to the vege-
tation zone occupying the centre of the
depression and are, with one exception,
given the name of that central zone. The
exception to this procedure involves wet-
lands with a central Shallow Open Water

Zone, which are divided into two types,
Open Water Marshes and Shallow Open
Waters, according to the proportion of the
wetland which the Shallow Open Water
Zone occupies. I then discussed the use of
the proportional size of the central vegeta-
tion zone, the density of its vegetation, and
variations in the pattern of vegetation zones
to interpret details of water regime. Finally,
I described how vegetation indicates the
wetland’s varying salinity and its history of
disturbance, and also how regional varia-
tions in plant behaviour may influence the
interpretation of moisture regimes.

Every category of each criterion in
my classification is not necessarily found in
every wetland type. For example, Hypersal-
ine conditions do not occur in Wet Meadow
or Shallow Marsh Wetlands. A summary of
the combinations of categories that may be
expected in common wetland situations is
given in Table 6, and some are illustrated in
the colour plates. I have not attempted to
tabulate the multitude of possibilities for
anomalies in arranging vegetation zones.

The vegetation-based factors I have
described provide a variety of detailed in-



formation from which to evaluate the short-
term water regime of wetlands. However,
because vegetation is a dynamic character-
istic, it is less useful in interpreting the
status of a wetland over periods of many
years. In the next section I will discuss the
use of a wetland’s physical features to aid

in the assessment of its long-term potential.

Classilying
wetlands by
physiecal features

A wetland’s physical features, in-
cluding its size, the depth of the basin in
which it lies, and the nature of its water-
shed, limit its potential water regime by in-
teracting to control the amount of water it
can receive from runoff, the depth of water
it can hold, and the rate at which it will lose
water throughout the season. Except for
alterations produced by human activity or
catastrophic natural events, these features,
unlike vegetation, are usually quite stable.
For that reason, they are particularly help-
ful in assessing a wetland’s long-term po-
tential, which may be different from the
level of water regime apparent at the time
the investigator makes his observation. To-
gether, a wetland’s vegetation and its phys-
ical features make possible the most com-
prehensive evaluation of its present and
potential value.

1. Wetland size

Several of the existing classification
systems make reference to wetland size, but
in every case it is considered simply as a
factor which influences waterfowl use. Only
Evans and Black (1956) refer in passing to
the relation of wetland size to water per-
manence.

Data collected over 10 years in Sas-
katchewan show that the rate of water loss
is directly related to the ratio of length of
shoreline to water area, and hence is in-
versely related to pond size (Millar, 1971).
This relationship is explained, in part, by
the fact that as the pond becomes smaller,
the amount of shoreline available for lateral
seepage becomes proportionately greater in
relation to the volume of water remaining.
All ponds experience an accelerated rate
of water loss as they become smaller
through the season, but those which are
small to begin with start the season with a
high rate of water loss and hence go dry
very quickly.

Earlier, I defined a wetland as that
portion of a basin lying within the outer
edge of the Wet Meadow Zone. The limits
of this zone can be used without difficulty
to determine the size of most wetlands be-

cause the long-term fluctuations in water
depth they experience are not extreme
enough to cause significant shifts in the
shoreward margin of the Wet Meadow vege-
tation. There are, however, several situa-
tions in which size determination can pre-
sent special problems. First, large wetlands
lying in deep, steep-sided depressions often
experience variations of several feet in the
depth of waters that flood them. In such
cases maximum size can usually be inter-
preted from previous high-water marks such
as wave-cut banks, old beachlines and water
marks on trees. Second, the size of a wetland
located in cropland is difficult to measure
because the Wet Meadow Zone is almost
always cultivated and frequently the entire
depression is ploughed up. In such cases
the most practical solution is to use aerial
photos or to make ground surveys to mea-
sure the outer limits of spring flooding.
Finally, the most difficult situation is pre-
sented by large wetlands in shallow, saucer-
shaped depressions or flats which can fluc-
tuate wildly in size between periods of
drought and high water. These fluctuations
are most extreme in the arid grassland re-
gion and such wetlands are commonly con-
verted to cropland during dry periods.
When this happens, it is almost impossible
to recognize some of the depressions as po-
tential wetlands, let alone interpret their
former size. In such cases one is forced to
rely on the historical record of old aerial
photos.

Once the limits of a wetland have
been defined, its area can be readily mea-
sured either by planimetering or digitizing
its image on an aerial photo, or measuring
its length and width in the field and calcu-
lating the area by means of the formula for
the area of an ellipse (Millar, 1973a).

My observations of the relationship
between rate of water loss and the size of
the wetland indicate that nine size catego-
ries are convenient for most purposes in
classifying wetlands in the western Cana-
dian grasslands and parklands. The table
below gives the code numbers and size
ranges for these categories.
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Figure 6

Relationship between length of shoreline per hec-
tare and area of wetlands illustrated in terms of
circumference and area of circles and ellipses

Code no. Hectares Acres*
1 0.00 to 0.10 0.00 to 0.25
2 0.11 to  0.20 0.26 to  0.50
3 0.21 to 0.40 0.51 to 1.00
4
5

0.41 to  1.00 1.01 to  2.50

1.01 to  2.00 251 to 5.00
6 2.01 to 4.00 5.01 to 10.00
7 4.01 to 8.00 10.01 to 20.00
8 8.01 to 16.00 20.01 to 40.00
9 >16.00 > 40.00
*Values in categories 4 to 9 have been
rounded to the nearest acre.

As mentioned earlier, rate of water
loss is directly related to the length of
shoreline per hectare of pond area which, in
turn, is inversely related to pond size. With
this in mind, I have established the limits of
the wetland size categories to coincide in
part with changes in the relationship be-
tween the area and length of shoreline
per unit area of the wetland. This latter re-
lationship is plotted for circular and ellip-
tical shapes in Figure 6. Marked changes in
the slopes of the curves are evident at 0.40
and 2.00 hectares (1 and 5 acres), thus war-
ranting separation at these points. In wet-
lands smaller than 0.40 hectare, the length
of the shoreline in proportion to the flooded
area increases sharply, producing large
changes in rate of water loss with small
changes in pond area. For that reason, 1
have created three size categories for wet-
lands of less than 0.40 hectare (1 acre). The
separation at 1 hectare (2.5 acres) is an arbi-
trary one to subdivide the large change in
length of shoreline per hectare which occurs
between 0.41 and 2.00 hectares (1 and 5
acres). In wetlands larger than 2 hectares
(5 acres) the length of shoreline per hectare
changes more slowly in relation to the size
of the wetland. Changes in the rate of water
loss are, therefore, smaller and the catego-
ries are correspondingly larger. I have
placed all wetlands over 16 hectares (40
acres) in a single category, but recognize
that further subdivisions might be useful
for special purposes.

In my studies I rarely found wetlands
of 0.40 hectare (1 acre) or less which held
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water throughout the season, either in the
grasslands or parklands. Those which did
not dry up each year usually had abnor-
mally large sources of water, either inflow
of groundwater or surface runoff. Further-
more, large wetlands had more variable
water regimes than small ones, especially in
the more arid grasslands and in areas of low
topographic relief.

2. Basin and wetland depth

Although the depth of the basin in
which a wetland lies clearly may affect the
relative permanence of its waters, this fac-
tor does not seem to have been considered
in any system of classifying wetlands. A few
authors, notably Martin et a/. (1953) and
Adams and Zoltai (1969), include certain
ranges of water depth in their descriptions
of wetlands, but they make no reference to
the physical limitations that a basin’s depth
places upon the wetland’s potential.

Maximum basin depth can be used by
itself as a measure of the greatest potential
depth a wetland can attain, given an un-
limited supply of water. However, the ex-
tent to which it effectively influences the
water regime of a particular wetland can
best be interpreted when the maximum
depth of the basin and the maximum depth
of the wetland itself are compared. As the
difference between these two values de-
creases, the potential influence of basin
depth increases and it becomes most active
as a limiting factor in wetland water regime
when its overflow level is at the same eleva-
tion as the outer edge of the wetland’s Wet
Meadow Zone.

Three depth categories which can be
used to describe either basin or wetland
depths are proposed as follows:

Code no. Depth category

1 <0.91 m or <36.00 in.

2 0.92 to or 36.10 to 78.70 in.
2.00 m

3 >2.00 m or >78.70 in.

The dividing point at 0.91 m (36.00
in.) was selected because data from my
studies on the stability of wetland vegeta-

tion have demonstrated that Shallow
Marshes which have less than this depth
of water on May 1 are normally stable and
will not undergo conversion to Transition-
al Open Water (Millar, 1973b). This limit
seems to apply regardless of the size or
geographic location of the wetland. Excep-
tions to this are usually wetlands with
groundwater inflow or artificially enlarged
watersheds. Vegetation in Shallow Marsh
Zones tends to become unstable when the
maximum depth of water on May 1 ranges
between 0.76 and 0.91 m (30.00 and 36.00
in.), but even at this point the marsh rarely
progresses to the Transitional Open Water
stage. My division at 0.91 m (36.00 in.)
approximates the one-metre limit which
Adams and Zoltai (1969) assign to their
shallow marsh category.

The 2.00 m (78.70 in.) level is an
arbitrary division which I use to separate
the Shallow Open Water Zone from what
might be called a deep open water zone —
i.e., deeper waters which support little or
no rooted vegetation. Wetlands with a
maximum basin depth of less than 2.00 m
will not develop a deep open walter zone
because they can never become too deep to
support a maximum growth of rooted sub-
mergent vegetation. Some submergent
species can, of course, grow at greater
depths and the 2.00 m level should not be
interpreted as the absolute maximum depth
at which a Shallow Open Water situation
can exist. Zoltai et al. (1975) use the same
depth as the arbitrary limit of the littoral
zone and the dividing line between their
shallow and deep open waters.

3. Position in watershed

The size and character of the water-
shed from which a wetland basin receives
its spring runoff water significantly in-
fluences its water regime. Because the
measurement of a watershed is costly and
time-consuming, this feature of wetland
physiography has never been used syste-
matically in assessing wetland values.
Nevertheless, the position a wetland holds
in a watershed and the drainage patterns

associated with it can usually be deduced
in the field, and from their description it is
possible to refine the assessment of a wet-
land’s potential water regime.

Four kinds of wetlands, based on
characteristics of their watersheds and
topographic position, are worth considering
for purposes of wetland classification.
These are coded below according to their
positions in the watershed, which are dia-
grammed in Figure 7.

Code no. Position in watershed
1 Isolated Wetland
Overflow Wetland
Channel Wetland
Terminal Wetland

=W N

An Isolated Wetland, which re-
ceives runoff waters only from the sur-
rounding upland, never overflows and its
pond is almost always temporary. Small
kettleholes in glacial moraines are typical
of this type.

An Overflow Wetland also receives
runoff waters only from the surrounding
upland, but its depth is limited, and it will
overflow when it receives sufficient water.
Its potential for overflowing is greatest if
the overflow channel is level with the Wet
Meadow Zone. Overflow Wetlands, too, are
characteristic of topographically high areas,
and their ponds are usually temporary.

A Channel Wetland is one which re-
ceives runoff from both the surrounding
uplands and from Overflow or Channel
Wetlands higher in the watershed, and
will overflow itself when full. Again, the
Channel Wetland whose overflow channel
is level with its Wet Meadow Zone is most
susceptible to overflow. This type of wet-
land occurs in a wide variety of topographic
situations, ranging from upland sites to
glacial meltwater channels. Its moisture
regime is highly variable because it depends
for water upon other wetlands further up
the watershed. Thus, overflow can be high
in a wet year and non-existent during
drought. At low elevations, the Channel
Wetland may receive groundwater inflow.
Wetlands in the flood plain of river valleys
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Figure 7

Types of wetlands according to their positions in

a watershed. Lower portion of figure illustrates two
sub-categories. Figures in parentheses are code
numbers assigned to each type

Figure 7

Isolated (1)

Sub-categories

Junction (1)

Overflow (2)

Channel (3)

Terminal (4)

Perched (2)

can be included in this category, although
their source of water is different.

Terminal Wetlands are found in
topographically low areas and represent the
endpoint of internal drainage systems. They
receive runoff from surrounding uplands
and Overflow and Channel Wetlands, but
cannot overflow themselves. Open Alkali
Wetlands are characteristically Terminal
Wetlands, but not all Terminal Wetlands
are Open Alkali Wetlands. The moisture
regime of the Terminal Wetland may be as
variable as that of the Channel Wetland,
and for the same reasons.

Two special sub-categories (Figure 7)
need to be recognized in connection with
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the classification of wetlands according to
the physical features of the watershed.
These sub-category designations are always
associated with one of the four previously
described categories and for that reason I
have assigned them a separate series of
code numbers:

Code no. Sub-category
1 Junction Wetland
2 Perched Wetland

Two or more adjoining wetlands at
about the same elevation are termed Junc-
tion Wetlands if spring runoff or abnormal-
ly high water during the season floods the
ground between them so that their waters

flow together. Under ordinary conditions, a
Wet Meadow Zone or more xeric vegetation
separates Junction Wetlands. If the plant
life between the depressions is character-
istic of a wetter vegetation zone, the de-
pressions are considered to be lobes of the
same wetland. A wetland’s status can
change from Junction to lobed and vice
versa if extremely wet or dry conditions
induce changes in the vegetation. Artificial
Junction Wetlands are created when a
basin is divided by a road or railroad grade
and the two parts are joined by a culvert.

A Perched Wetland is one which is
elevated well above the adjacent terrain.
The limits of this category are difficult to



define precisely, but as a rule a wetland is
considered to be Perched when the land
surface falls sharply away from its edge to a
level lower than the basin. Because of its
peculiar situation, a Perched Wetland is
particularly susceptible to high rates of
natural seepage or drainage through human
activities.

4.  Origin and alteration of
wetlands
To be complete, a system of classify-
ing wetlands should provide for informa-
tion about the origin of individual depres-
sions. Three categories are adequate for
this purpose:

Code no. Origin
1 Natural wetland
2 Dugout, borrow pit, or road

or railroad ditch

3 Dam or reservoir

Some indication of man-made altera-
tions to the wetland or its watershed which
may affect the wetland’s water regime is
also relevant to the assessment of its value.
Seven categories of alteration will cover
most situations:

Code no. Nature of alteration

1 No alteration; wetland in
original condition

2 Wetland area and depth
reduced by partial drainage

3 Wetland area and depth
increased by damming of
overflow channel

4 Wetland depth increased
with a dugout

w

Wetland area reduced by
construction of a road or
railroad grade, earth fill, or
other man-made structure

6 Watershed area reduced by
human activities

7 Watershed area increased
by human activities

Application
of eclassifieation
system

The system for classifying wetlands
described here covers a range o{ environ-
mental factors sufficiently ln oad to assist
those who must evaluate marshes and
shallow open waters for a variety of pur-
poses, whether they are oriented to plant
(‘(‘()10”_\ ,agr 1(‘11111110 forestry, hydrology or
engineering. The chief use of lluc system,
h()\\ ever \\11[ undoubtedly be for water-
fowl nmndﬂ(‘m(‘nt and land-use planning.
r\‘alualmn of wetlands is an essential com-
ponent of both kinds of programs if they
are to serve social and resource needs
wisely.

The limitations of my system relate
to its origin, which was an extended and
qpocmh/od slud\ of wetlands in the grass-
land and parkl: and regions of western
Canada. Its usofu]n(‘ss is vet to be tested in
assessing other kinds of wetlands and those
in other regions. Because many of my cri-
teria are closely co-ordinated with those of
Stewart and Kantrud (1971), this system
probably will be suitable for studies of
similar wetlands in adjacent areas of the
United States.

An important factor in achieving
accuracy in wetland classification is lhe
timing of surveys and measurements. Be-
cause the nature of vegetation is often diffi-
cult to assess early in the season, the best
time for vegetation studies is July or later.
In particular, the true character of open
water becomes most apparent toward the

end of the season, in September or October,

when submergent plants have reached the
surface. On the other hand, the physical
features of a wetland are most clearly visi-
ble in the spring, when flooding is at its
peak and the patterns of runoff and over-
flow are most distinet. Of course, many
studies are such that repeated field trips are
out of the question, and compromises are
necessary to make the most of a single trip
to a wetland site.

As shown earlier, [ have given a code
number as well as a name to each of the
individual categories in my classification
system. These numbus make it possible to
code data in the field in a form that can be

punched directly onto computer cards for
analysis. Appendix 2 gives a sample format
for this procedure. In general, the smallest,
mosl xeric, freshest, shallowest, and least
disturbed wetlands have the lowest num-
bers.

While numerical ratings are neces-
sary for data recording and computer
analyses, descriptive accounts of wetlands
also have particular value, especially for
communicating information to persons
without technical training. The term
“1.1.1.1 wetland”, for example, may be
concise, but to anyone other than a specia-
list the expression “a one-quarter acre, iso-
lated wet meadow less than 0.91 m deep”
is more easily understood.

Taken in its entirety, my classifica-
tion system would provide far more infor-
mation than most wetland studies ordin-
arily require, and I do not intend it to be
treated as a packaged unit that must be used
as a whole or not at all. Rather, T hope that
those who use the system will regard the
wide variety of factors I have described as a
series of individual units which can be used
or rejected according to the needs of a
particular project.
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Appendices

Appendix 1

A check-list of the principal criteria for classifying
wetlands with references to the illustrative plates
(on front and back covers)

1. Vegetation features

a. Basic wetland

type

(central vegeta-

tion zone) Code no. Plate
Wet Meadow 1 A
Shallow Marsh 2 B-D
Emergent Deep Marsh 3 E,F
Transitional Open

Water Wetland 4 Q. R
Open Water Marsh ~ 5A 1, K
Shallow Open Water

Wetland 5B L-0
Open Alkali Wetland 6 P
Disturbed Wetland 7 G-I

Cultivated G

Drawdown H

Grazed I
b. Vegetation patterns
Normal zonation — A-K,0,Q,R
Anomalies — L-N, P
c. Extent of central

vegetation zone (%

of wetland diameter)
10 to 25 1 K
26 to 50 2 —
51 to 75 3 H,]
76 to 95 4 B-F,1,L,0,Q
Over 95 5 A,G,M,N,P, R
d. Density of

central cover
Closed 1 A,B,D* E, I
Semi-closed 2 F
Semi-open 3 C
Barren 4 G,H
e. Extent of central

cover density (% of

wetland diameter)
10 to 25 1 —
26 to 50 2 C, H
51to 75 3 =
76 to 95 4 B,D-F, 1
Over 95 5 A, G
f. Origin of

cover density
Natural 1 A-F,H, J-R
Cultivation 2 G

cont’d on page 34
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Appendix 1, cont’d

Appendix 2
Sample format for computer coding of wetland
assessment data

Code No. Plate Code No. Plate
Grazing 3 —  Perched Wetland 2 B, R (background)
Mowing 4 — d. Origin of wetland
Artificial alteration Only natural wetlands illustrated
of wetland depth 5 I o Wetland and water-
g. Salinity shed alterations
Fresh 1 A-E, G-L,N,0,Q,R No alterations 1 AF,H,J,K,N, P
Moderately Saline 2 F  Partial drainage G,0
Saline 3 M Depthincreased
Hypersaline 4 P bydam 3 L

Depth increased

2. Physical features by dugout 4 I
a. Wetland size Code no. Plate Duea reduced by -
0.10 hectare or less 1 A, G Ll 2 LA
(0:25 acreorless) Watershed area
0.11 to 0.20 hectare 2 Q r?duc('d 6 &
(0.26 to 0.50 acre) .\Vatershed area
0.21t0 0.40 hectare 3 BD oo . -
(0.51 to 1.00 acre) E .Illustrates [.m)blcm of assessing vegetation cover
0.41 to 1.00 hectare 4 [y, ncarlyspring.

(1.01 to 2.50 acres)

1.01 to 2.00 hectares
(2.51 to 5.00 acres)

5 C,F,J, K, O (right)

2.01 to 4.00 hectares 6 E, H, M, O (left)
(5.01 to 10.00 acres)
4.01 to 8.00 hectares 7 N
(10.01 to 20.00 acres)
8.01 to 16.00 hectares 8 R
(20.01 to 40.00 acres)
Over 16.00 hectares 9 P
(over 40 acres)
b. Basin depth (use also
for wetland depth)
Less than 0.91 m 1 A,G
(Less than 36.00 in.)
0.92t0 2.00 m 2 B,]
(36.10 to 78.70 in.)
Over 2.00 m (Over
78.70 in.) 3 C.F,H, I, KR
c. Position in
watershed
Isolated Wetland 1 A,B,LLL Q
Overflow Wetland 2 G
Channel Wetland 3 I,R
Terminal Wetland 4 C-F,H, K, M-P
Special wetland sub-types:
Junction Wetland Il
natural 0
artificial LQ
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Details of the coding sequence are given below,
with italicized titles indicating those features to
which I have assigned code numbers in this paper.
In the field, data may be recorded in coded form
onto sheets of the type shown in Figure 8 and later
be punched directly onto computer cards.

Data

Columns
1-4
5-14

Study identification: study area no., etc.

Location: wetland no., quarter-section,
ete.

Date of observation.

Nature of wetland: 21 is the Origin;
22-24 provide for a maximum of three
different kinds of Basin Alterations.

Size of Wetland: 25 is the Size Cate-
gory; 26-29, the area to the nearest
1/10 hectare (or acre equivalent); 30 is
for an indication of potentially larger
size (coding may indicate ves or no, or
the code number for the maximum

Size Category).

Depth of Basin and Wetland: 31 is
Basin Depth Category; 32-3-} is the ac-
tual depth of wetland to the nearest
centimetre (or inch equivalent); 35 is
the Wetland Depth Category.

Position in Watershed: 36 is Position in
Watershed: 37 is Sub-category.
Peripheral Upland Uses: Each in per-
cent of the basin’s periphery (99%
equals 100).

Note: this is not one of the classification
factors described in this paper, but is in-
cluded as additional habitat information.

25-30

31-35

36-37

38-49

Maximum water depth: to the nearest
centimetre (or inch equivalent) on
date of observation.

Blank -
Wetland Type: based on the vegetation
zone at the centre of the wetland, e.g.,
Wet Meadow (1).

Types 5A and 5B are identified from
the Extent of Central Vegetation Zone
value in column 59.

Density of Central Cover.

Extent of the Density of Central Cover.

9 Extent of Central Vegetation Zone.

Salinity Category.

Vegetation pattern: sequence of vegeta-
tion zones from the wetland centre
outwards.

cont’d on page 35




Figure 8
Sample form for recording v

vetland assessment

data in the field. This form is designed so that data
can be easily transferred to computer punch cards

Appendix 2, cont’d

Columns

Data

66-74

Dominant or co-dominant plant species
in the central vegetation zone: these
columns provide for a maximum of
three species to be coded according to
the requirements of the project.

75-76

Peripheral shrub and tree growth
(99% equals 100%%).

Note: this is added habitat data, not
part of the classification system.

Figure 8

Study number  Geographic location ’4 Sec. Wetland Date of observation
Sec. Twp. Rge. Mer. N No. Day Mo. Yr.
HOERSEN EERRBROTIEDIES NE En
12 374 5 11 211 13 14" 15 20
S
12
Nature of wetland Size of wetland Max. depth of basin & wetland
Pot. Basin  Wetland Wetland
Origin Alterations Cat.  Hectares Larger cat.  depth cm cat.
21 22 24 25 26 29 30 31 32 34 35
Position in  Upland use Max. water depth Blank
watershed Occup. Rd. Grazed on date observed
Cat. Sub. Cult. Hay farm rlwy. past. Wild (nearest cm)
3637 38 49 50 52 53 54
Vegetation-based data
Central Extent of Total extent
Wetland cover central cover of central Salinity
type density density zone category
55 56 57 58 59 60

Deviations in normal
zonation
(zonal sequence)

Dominant or co-dominant plant
species in central zone

1st 2nd 3rd

% of periphery
with woody
vegetation

L]

W I A
61 65

=R
66 6

8

BRERTEMS
69 71 i T ¢

4 75 76

Comments:




Appendix 3
Details of wetlands illustrated on front and back
covers of this report

1. Front cover

Plate A.

Wetland type: Wet Meadow. Vegetation pattern:
normal. Extent of central vegetation zone: over 95%
of wetland diameter. Density of central emergent
cover: Closed. Extent of central cover density: over
95% of wetland diameter. Origin of cover density:
normal. Salinity: Fresh. Wetland size: less than
0.10 hectare (0.25 acre). Basin depth: less than
0.91 m (36.00 in.). Position in watershed: Isolated.
Origin of wetland: natural. Wetland and watershed
alterations: none.

Plate B.

Wetland type: Shallow Marsh. Vegetation pattern:
normal. Extent of central vegetation zone: 76 to 95%
of wetland diameter. Density of central emergent
cover: Closed. Extent of central cover density: 76 to
95% of wetland diameter. Origin of cover density:
normal. Salinity: Fresh. Wetland size: 0.21 to 0.40
hectare (0.51 to 1.00 acre). Basin depth: 0.91 to
2.00 m (36.00 to 78.70 in.). Position in watershed:
Isolated-Perched. Origin of wetland: natural. IFet-
land and watershed alterations: none.

Plate C.

Wetland type: Shallow Marsh. Vegetation pattern:
normal. Extent of central vegetation zone: 76 to 95%
of wetland diameter. Density of central emergent
cover: Semi-open. Extent of central cover density:

26 to 50% of wetland diameter. Origin of cover
density: normal. Salinity: Fresh. Wetland size: 1.01
to 2.00 hectares (2.51 to 5.00 acres). Basin depth:
over 2.00 m (78.70 in.). Position in watershed:
Terminal. Origin of wetland: natural. Wetland and
watershed alterations: none.

Plate D.

Wetland type: Shallow Marsh. Vegetation pattern:
normal. Extent of central vegetation zone: 76 to 95%
of wetland diameter. Density of central emergent
cover: Closed (Semi-open condition shown exists
only in early spring; this illustrates the problem of
assessing cover before new growth develops).
Extent of central cover density: 76 to 95% of wetland
diameter. Origin of cover density: normal. Salinity:
Fresh. Wetland size: 0.21 to 0.40 hectare (0.51 to
1.00 acre). Basin depth: over 2.00 m (78.70 in.).
Position in watershed: Terminal. Origin of wetland:
natural. Wetland and watershed alterations: none.

Plate E.

Wetland type: Emergent Deep Marsh. Vegetation
pattern: normal. Extent of central vegetation zone:
76 to 95% of wetland diameter. Density of central
emergent cover: Closed. Extent of central cover
density: 76 to 95% of wetland diameter. Origin of
cover density: normal. Salinity: Fresh. Wetland
size: 2,01 to 4.00 hectares (5.01 to 10.00 acres).
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Basin depth: over 2.00 m (78.70 in.). Position in
watershed: Terminal. Origin of wetland: natural.
Wetland and watershed alterations: none.

Plate F.

Wetland type: Emergent Deep Marsh. Vegetation
pattern: normal. Extent of central vegetation zone:
76 to 95% of wetland diameter. Density of central
emergent cover: Semi-closed. Extent of central cover
density: 76 to 95% of wetland diameter. Origin of
cover density: normal. Salinity: Moderately Saline.
Wetland size: 1.01 to 2.00 hectares (2.51 to 5.00
acres). Basin depth: over 2.00 m (78.70 in.).
Position in watershed: Terminal. Origin of wetland:
natural. Wetland and watershed alterations: none.

Plate G.
Wetland type: Disturbed (Cultivated) Wetland.
Vegetation pattern: normal. Extent of central vegeta-

tion zone: over 95% of wetland diameter. Density of

central emergent cover: Barren. Extent of central
cover density: over 95% of wetland diameter.
Origin of cover density: cultivation. Salinity: Fresh.
Wetland size: less than 0.10 hectare (0.25 acre).
Basin depth: less than 0.91 m (36.00 in.). Position
in watershed: Overflow. Origin of wetland: natural.
Wetland and watershed alterations: partial drainage
through road ditch in foreground; watershed re-

duced by road ditch.

2. Back cover

Plate J.

Wetland type: Open Water Marsh. Vegetation
pattern: normal. Extent of central vegetation zone:
51 to 75% of wetland diameter. Density of central
emergent cover: not applicable. Extent of central
cover density: not applicable. Origin of cover den-
sity: normal. Salinity: Fresh. Wetland size: 1.01

to 2.00 hectares (2.51 to 5.00 acres). Basin depth:
0.92 to 2.00 m (36.10 to 78.70 in.). Position in
watershed: Channel. Origin of wetland: natural.
Wetland and watershed alterations: none.

Plate K.

Wetland type: Open Water Marsh. Fegetation
pattern: normal. Extent of central vegetation zone:
10 to 25% of wetland diameter. Density of central
cover: not applicable. Extent of central cover density:
not applicable. Origin of cover density: normal.
Salinity: Fresh. Wetland size: 1.01 to 2.00 hectares
(2.51 to 5.00 acres). Basin depth: over 2.00 m
(78.70 in.). Position in watershed: Terminal. Origin
of wetland: natural. Wetland and watershed alter-
ations: none.

Note: The Shallow Open Water Zone is represent-
ed by a small central area of floating submergent
vegetation. The rest of the visible water is a Semi-
open Emergent Deep Marsh Zone.

Plate H.

Wetland type: Disturbed (Drawdown) Wetland —
normally a Shallow Open Water Wetland. Vegeta-
tion pattern: normal. Extent of central vegetation
zone: 51 to 75% of wetland diameter. Density of
central emergent cover: Barren. Extent of central
cover density: 26 to 50% of wetland diameter.
Origin of cover density: normal. Salinity: Fresh.
Wetland size: 2.01 to 4.00 hectares (5.01 to 10.00
acres). Basin depth: over 2.00 m (78.70 in.). Posi-
tion in watershed: Terminal. Origin of wetland:
natural. Wetland and watershed alterations: none.

Plate .

Wetland type: Disturbed (Grazed) Wetland —
normally a Shallow Marsh. Vegetation pattern:
normal (other than alterations). Extent of central
vegetation zone: 76 to 95% of wetland diameter.
Density of central emergent cover: Closed (disre-
garding dugout). Extent of central cover density:

76 to 95% of wetland diameter. Origin of cover
density: artificial alteration of wetland depth.
Salinity: Fresh. Wetland size: 0.41 to 1.00 hectare
(1.01 to 2.50 acres). Basin depth: over 2.00 m
(78.70 in.). Position in watershed: Isolated-Artifi-
cial Junction. Origin of wetland: natural. Wetland
and watershed alterations: wetland area reduced by
road grade; wetland depth increased with dugout;
watershed area increased slightly by road ditches.

Plate L.

Wetland type: Shallow Open Water Wetland.
Vegetation pattern: Shallow Marsh Zone is missing.
Extent of central vegetation zone: 76 to 95% of wet-
land diameter. Density of central emergent cover:
not applicable. Extent of central cover density: not
applicable. Origin of cover density: normal. Salinity:
Fresh. Wetland size: 0.41 to 1.00 hectare (1.01 to
2.50 acres). Basin depth: over 2.00 m (78.70 in.).
Position in watershed: Isolated — isolation artifi-
cially created through damming by road grade at
photo site. Origin of wetland: natural. Wetland and
watershed alterations: depth increased by road
grade acting as a dam.

Plate M.

Wetland type: Shallow Open Water Wetland. Vege-
tation pattern: partial development of two Emer-
gent Deep Marsh Zones. Extent of central vegetation
zone: over 95% of wetland diameter. Density of
central emergent cover: not applicable. Extent of
central cover density: not applicable. Origin of cover
density: normal. Salinity: Saline. Wetland size:
2.01 to 4.00 hectares (5.01 to 10.00 acres). Basin
depth: over 2.00 m (78.70 in.). Position in water-
shed: Terminal. Origin of wetland: natural. Wetland
and watershed alterations: watershed enlarged
slightly by road ditches.

cont’d on page 37




Appendix 3, cont’d

Plate N.

Wetland type: Shallow Open Water Wetland. Fege-
tation pattern: Emergent Deep Marsh Zone absent
probably because of grazing. Extent of central vege-
tation zone: over 95% of wetland diameter. Density
of central emergent cover: not applicable. Extent of
central cover density: not applicable. Origin of cover
density: normal. Salinity: Fresh. Wetland size: 4.01
to 8.00 hectares (10.01 to 20.00 acres). Basin
depth: over 2.00 m (78.70 in.). Position in water-
shed: Terminal. Origin of wetland: natural. Wetland
and watershed alterations: none.

Plate O.

Wetland type: Shallow Open Water Wetland. Fege-
tation pattern: normal. Extent of central vegetation
zone: 76 to 95% of wetland diameter (both basins).
Density of central emergent cover: not applicable.
Extent of central cover density: not applicable. Origin
of cover density: normal. Salinity: Fresh. Wetland
size: left, 2.01 to 4.00 hectares (5.01 to 10.00
acres); right, 1.01 to 2.00 hectares (2.51 to 5.00
acres). Basin depth: over 2.00 m (78.70 in.). Posi-
tion in watershed: Terminal — Natural Junction.
Origin of wetland: natural. Wetland and watershed
alterations: Watershed has been enlarged through
partial drainage of the wetland in the willow aspen
grove (centre right) by the road ditch.

Plate P.

Wetland type: Open Alkali Wetland. Vegetation
pattern: Emergent Deep Marsh Zone absent because
of high salinity. Extent of central vegetation zone:
over 95% of wetland diameter. Density of central
emergent cover: not applicable. Extent of central
cover density: not applicable. Origin of cover density:
normal. Salinity: Hypersaline. Wetland size: over
16.00 hectares (40.00 acres). Basin depth: over
2.00 m (78.70 in.). Position in watershed: Terminal.
Origin of wetland: natural. Wetland and watershed
alterations: none,

Plate Q.

Wetland type: Transitional Open Water Wetland.
Vegetation pattern: normal. Extent of central vege-
tation zone: 76 to 95% of wetland diameter. Density
of central emergent cover: not applicable. Extent of
central cover density: not applicable. Origin of

cover density: normal. Salinity: Fresh. Wetland
size: 0.11 to 0.20 hectare (0.26 to 0.50 acre). Basin
depth: over 2.00 m (78.70 in.). Position in water-
shed: Isolated — Artificial Junction. Origin of wet-
land: natural. Wetland and watershed alterations:
areareduced by road grade.

Plate R.

Wetland type: Transitional Open Water Wetland.
Vegetation pattern: normal. Extent of central vege-
tation zone: over 95% of wetland diameter. Density

of central emergent cover: not applicable. Extentof

central cover density: not applicable. Origin of
cover density: normal. Salinity: Fresh. Wetland

size: 8.01 to 16.00 hectares (20.01 to 40.00 acres).

Basin depth: over 2.00 m (78.70 in.). Position in
watershed: Channel. Origin of wetland: natural.
Wetland and watershed alterations: area reduced
by road grade.

Note: This plate also illustrates a Perched Wet-
land (willow grove on horizon).
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