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ABSTRACT

The practicum is a case study on tallgrass prairie

vegetation which compares a computer-aided approach to inter-

pretation with a manual aPProach.

seventy-eight criteria useful in ínterpreting tallgrass

prairie were identified for four user groups: the native people '

the immigrants, ecologists, and environmental engineers. these

resource-based criteria were structured to reveal an individual

plant,s relationship to levels within the tallgrass prairie

ecosystem. A computer program (sHARRj\) was written to allow a

user to manipulate data stored in a file based on species at

the Living Prairie Museum, Winnipeg, Canada' The program

replicates operations normally undertaken manually listing

the plant inventory, d.isplaying a chart matching plant species

against information in records, sorting information for any com-

binations of performance standards (the criteria) and listing

complying plants, and. displaying plant records a user specifies

by genus.

The program was used to address p*oblems' on the same

site, which had already been solved using manualty constructed

charts. The time and effort for both methods were compared and

from a comparison of the results it became clear that the com-

puter-aided approach greatly extended and complemented the

abilities of an interpreter. The implications of such an alter-

native method of managing information revealed tremendous poten-

tial for development of packages of information on ecosystems

I
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(cassettes or discs) and/or as an extended library of programs

and plant files. Thêre were no apparent high costs involved

and the system lends itself to development, in SmaII incremen-

tal stages, by universities or government agencies. The major

benefits in establishing an alternative approach are the

considerable savings of time and money in preparing environ-

mental impact assessments,and the ease of interpretation in
understandingrusing and managing tallgrass prairie.
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Sharra talked about the properties and virtues

of the roots for which they dug, the leaves for

which they climbed only the healthiest of trees,

or equally elusive herbs that lived obscurely

where other bushes had thorns to scratch...She

was also acquainted with the thick bush leaves,

which made a more fragrant and comfortable bed-

ding than springier fronds...They cut the tufts
from the grass for the therapeutic seeds that
grew along each stem. The larger branches were

laid aside and tied in bundles to be bound to-
gether for a raft...The heart of the grass plant,
just above the root baII, v/as its most important

part. This was dried and pounded into a powder

that was the best medicine knorvn for reducing

fever.
rSometimes I'd like to go north
just to see all the differences,
but then againr' and Sharra shrugged,
'this is where r [five]. r haven't
seen half enough of it yet to begin
to appreciate all its complexity.'

From Anne McCaffreyrs
Draqondrums
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1 1 The General Problem

Interpretation of information is a part of the thought

process for anyone concerned with understanding, using, ot

managing plant species.

Most information on the attributes of plants is stored

in written form for a multitude of narrowly defined working

contexts -- plants as food, ornaments, medicine, buitding

materials etc. so that a view of a plant's overall- merits

and its place in nature is obscured. Yet when it comes to
interpreting man's impact on the environment this is precisely

the sort of overview that is required.

The manual procedure involved in collecting and rework-

ing significant information is time-consuming and very tedious.

Plant or plant community uses are recordedr âs are the essen-

tial relationships between a plant community's composition and

structure, and form determinants such as the availability of

soil moisture. Information provided by specialists or taken

from books is collected and transferred to a hand-drawn chart

(a matrix) where plant species can be matched against perform-

ance standards (criteria) . An office concerned with preparing

an environmental Ímpact assessment will rework the information

to: prepare a plant inventory; ex¡rlgre the workings of the sys-

tem and overaLl merits of the plant species; make predictions

comparing the impact of alternative proposals for a "best land.

use". This information is stored as the accr:¡nulated experience

of individuals and in libraries of related books and charts.
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With limited money and time, this manner of storing and

managing information for interpretation is a very real source

of concern, because every time the same working context is en-

countered a large part of the manual procedure often has to be

repeated . It takes a great deal of time to provide @i!i"d
ansvùers on the behaviour and merits of the plant communJ-ty as

a whole.

The ecosystem, a contextual framework that links all

the components of the environment (Mineral/Vegetable/enímaL/

Man), is increasingly adopted by planners as a "resource unit"

because problems encountered in interpretation usually affect

all the components. Energy and information are synonymous.

The vegetation of an ecosystem can be regarded as nature's

store of information -- an evolved response to problems posed by

environmental constraints and interactinq orqanisms (Fig. 1.1).

lotl F

,:.'r,,,,

,.i, l

cltAr€ts
CONTEXT

TIMEI
SCALE

Fig. 1.I A concepÈual framework for the selection of plant species
lbosed m on ecobgicol 'nrodel'- jenny's k¡¡r- sorl : lcl, p.r,o.t l= vegerotþrì,
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{cu

P

ORGAJ.¡ISMS IOI EI.fVIRONMENT
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The veget,ation of a natural ecosystem (boreal forest, tundra,

tallgrass prairie etc.) is recognisable as characteristic of
I

the system'and is frequently used as an "environmental bench-

mark,,. It provides a base-line study against which the health

of a disrupted ecosystem can be measured. It would be very

convenient if information on plant species vrere stored accord-

ing to nature's contextr ërs well as within specialist classi-

fication systems. Although the ecosystem is important in

regional planning, when specific questions are asked concerning

plant attributes or predictable patterns of change, there are

seldom specific answers immediately available. This is partly

due to the complexity of natural ecosystems but is also due to

the shortcomings of a traditional methodology which does not

manage available informat,ion efficiently.

I.2 The Study

The premise on which this practicum was initiated is
that. it, should be possible to combine the attributes of a com-

puter (speed and accuracy in storing, retrieving and manipula-

ting data) with the abilities of a person (skills of percepLíon/

interpretation) so that the thought process leading up to the

interpretation of information on plant species and communities

is made more efficient and less time-consuming. The practicum

takes the form of a case study on the tallgrass prairie eco-

system, using the computer as an aid to interpretation, and

addresses two specific problems:

:,,
:.:,:

,..::.a:

',. :.

lH. 
".rr.ry

,Factors of Soil Formation (New york : McGraw Hi 11 , l- 9 41 )
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l) Selection of those criteria that will most frequently be

of use. The majority of criteria have to be applicable to

most of the plant species if the management of information

is to be efficient.

2) The second problem is to replicate with the machine those

operations that are normally time-consuming and ineffi-

cient when storing, selecting and sorting of information

on plant material is done manua1ly.

It is important that criteria be derived from a working context

for interpretation of a definable entity such as an ecosystem.

Where working context and criteria are separated, Iarge amounts

of unrelated data are processed, but the procedure gives a very

sma1l return for the computer time involved. An unfortunate

and inaccurate conclusion might then be that the computer is

at fault and' is of limited use as an aid to interpret,ation. In

fact, the fault would. lie with a plant record which, because it

is not clearly applicable t,o a specific problem, is certain to

have an excess of redundant information and' be deficient in

some key specific criteria.
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I.3 Study Objectives

Objectives can be summarized as follows:

a) Establish a systems context for storing in-
formation in plant records so that it has

some clear meaning applicable to solving

interpretative problems.

b) Compile a file on tallgrass prairie speci-es

that is large enough to be of some practical

value in testing the computer-aided approach

to interpretation

c) Write an interactive program which replicates

operations normafly undertaken manually in

storing, selectirg, listing and sorting in-

formation on plants.

d) Test the applicability of a computer-aided

approach to interpretation by undertaking

several exercises in problem solving. The

time and effort involved using the machine

is compared with the manual procedure for

the same problems, on the same site.

e) Draw conclusions from the comparison regarding

the feasibility of such an approach and com-

ment on future developments.
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2.L Context and Criteria

perception of possible use for plant species depends on

the userrs context for interpretation. There is documentation

on several user groups: the native people, immigrants to the

region (from both Western European and late Plains Indian cul-

tures) r ecologists and environmental engineers. Interpretations

relevant to these users provide four related storylines (Appen-

díx l), but more important., they provide justification for a

choice of crit,eria which "mesh" to provide the required over-

view of multiple plant uses and relationships.

Plant species are seen to relate to four 1eve1s (Physi-

cal, P]ant, Animal and Man) r âs part of one whole system

(Fis. 2 .1) .

The plant record reflects criteria that are important

in revealing how to identify species, when and where they are

available, and what uses they have for man and wildlife. Other

crj_teria relating to form determinants reveal why the ta1lgrass

prairie is structured the way it is and how it responds to

change. There is a total of 78 criteria in the plant record.

Lists of plants complying with. any one of these would be

immensely useful to an interpreter, but the real significance

of the record is that the gíven criteria are those which can

most frequently be combined to explore and interpret more com-

plex relationshipsr e.9. between habitat and plant community

composition.

combinations of 10 or more criteria are unlikely to

..,']:

.,lii

.: ..
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yield results. OnIy one of the performance standards relating
to plant type, height, origin and family is likely to be

chosen. If the user select,s , fot example, TREE as a perform-

ance specification, other criteria under PLANT TYPE become

redundant. Were the record derived for a global context, the

nu¡nber of redundant criteria would be hígh when a specific
problem is addressed. Using an ecosystem as a working context

for interpretation ensures t.hat the number of redundent criteria
is kept to a minimum. The checklist offers permutations on 7L

criteria, all of which have an application specific to inter-
preting tallgrass prairie.

...:...
.:..4 

.:.
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.) 2 The St. James Prairie: Focus for the Stud

There are about 200O speciesz spread throughout the

entire range of tallgrass prai-rie in North America (400,000 sq.

miles) . The inventory of plants used for this case study is

based on those which occur at the Living Prairie Museum,

Winnipeg, Canada (Fig. 2.2).

Winnipeg

T}IE T1 ID.CO} ¡TI NE I II ÎRAIRIE

I TallqrnrrP,nur

Fig..2.2 Location of the St. James prairie

Plant resources on the site include native woodland

species (Oakr/Aspen) and introduced species. Some of the in-

troduced species occur within the tallgrass prairie, but the

more obvious introductions are the alien species planted

around a one-time homestead site (as windbreaks or vegetable

gardens). All 169 of the specíes located on the site are in-

cluded in the plant file, along with L7 plants associated with

tallgrass prairie elsewhere in Manitoba, to give a total of

186 species. The records containing the 78 criteria are pre-

sented in Appendix 2, along with the sources of information for

individual criteria. This information was compiled over a

period of six months for the St. James Plant Resources (Fig.

2.3) .

2
David
( New

F.Costello,The Prairie World
York: Thomas Y. CrowelI Co., 1975.)
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Fig. 2.3 St. James Prairie plant resources

The species of the St. James prairie site3were chosen

as the focus for this study because they have been subject to

interpretation by students of ecology and landscape architec-

ture in the past. By comparing the manual procedure involved

in past attempts at solving interpretative problems with a

computer-aided approach, it should be possible to arrive at

some firm conclusions regard.ing the benefits of using the

machine.

3
Department of Parks and Recreation(winnipeg),

Museum Plant Check List 1980.Lr-vr. Prairie
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The site's 39..2 acres were once leased for hay but have

never been ploughedl ft, 1968 the International Biological

Program recommended that the area be conserved, since it was

said to represent the best example of tallgrass prairie in
Manitoba. Since then an interpretative centre has been opened

which is visited by about 12,000 people per year. The St.

James site was chosen as a focus for the study in the hope

that the final program and files may find practical application
in monitoring the health of the plant resources so that the

carrying capacity of the site can be determined.

2.3 Compêring Methods in Mana ging Information

As part of the normal coursework, st,udents were asked

to select up to 30 species and locate them on a plan for the

interpretative centre. Selection of species was in response

to two given problems:

1) !ùhich species would you select for a herbal

garden?

2) Which species would you use to establish taIl-
grass prairie on a berm which surrounds the

partially underground interpretative centre?

Knowing litt1e about the composiÈion or structure of

tallgrass prairie the initial selection of plants was made at

random. As further reading identified criteria specific to
prairie species it became a question of luck as to how many of

the randomly chosen species matched with desirable criteria.

A maximum of about 14 criteria were identified and plant lists

Norman Harburn,livinc Prairie Museum Interpretation Plan
4

(Winnipeg: City parks Department, 1978.) p 20.
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\¡rere constantly changed as it, became obvious that plant species

and performance standards did not match. At. the end of a two-

week period no one was satisfied that their plant selection was

entirely appropriate. Very few of the 115 tallgrass species

had been screened as to their suitability. At the end of the

exercise students had a short checklist of proven criteria and

a better understanding of how plant selection could be made to

fit with processes in nature. The problems in managing the

information were such that they could fully appreciate why many

people advocate the use of native plant material but few

actually use it.

Writing a program that replicates all the procedural

steps undertaken manually as part of the process of selecting

plant material will provide the required interpretative aid.

The user starts the process of plant selection with a given

checklist (78 crj-teria) and a comprehensive file on 186 speci-es,

so there should be a considerable amount of time saved because

the initial process of information gathering is complete. The

speed with which the machine reworks information should lead

to further savings -- how much remaíns t,o be seen.
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3.1 obj ectives for the Proqram

The program is intended to repli-cate three operations

that normally are carried out manually:

a) Provj-de a plant inventory a list of all the

plant species on record (botanical and common name) -- and

display plant names matched against the information on cri-

teria that is in the file so that the user has a chart of

species matched against criteria that normally would be a

hand-drawn matri-x.

b) Locate and display a formatted record for a plant,

specified by the user according to its genus (e.g. Psoralea) .

This procedure is like referring to a book except that the

machine does the searching.

c) Allow the user to select any combination of per-

formance standards from a large checklist of proven crit.eria

and have the machine match them against, the stored records,

list and total the plants that comply (e.g. OPEN PRÃIRIE/AT

ST JAMES/NATIVE HERBAL IVÍEDICINE) . This replicates the visual

sorting that is made of plants in a manually constructed

matrix. The sub-programs that carry out these operat,ions

appear in the appendix with the main prog-ram. They are named

LIST1, SORTI and SORT2 respectively.

tt,



I7

3.2 The Structure of the Program

The program has three levels which are shown in the

flowchart (nig. 3.1). On Level I the mainline program (SHARRA)

explains that the user will be working with information on eco-

systems and offers two options tallgrass prairie (TALLP) and

marshlands (MARSH). Only the case study, Lallgrass prairie, is
operational. The marshlands option, which returns a "no file
available" message, is included to show that Level 2 can be ex-

panded to include other working contextsr e.9. boreal forest,
the city, local nursery stockr ên arbortum, a herbarium, field
crops, forestry in short, âDy situation where people work

with information on plant material and can defj-ne crit,eria per-

tinent to the problems they encounter. Names of species and

plant records are automatically read into the computerrs memory

only for the context chosen, otherwise they remain stored on

tape. The subprogram on Level 2 (TALLP) offers three operational

procedures, on Level 3, which meet the program objectives pre-

viously outlined. LISTI produces a plant inventory and a chart

that displays plant names and records. Other programs could

easíIy be written to generate formatted charts giving flowering

seguence, colour of flowerr oÍ whichever of the 78 criteria are

desired. SORTI displays a specified plant record once the user

gives its genus. The genus can easily be read from the list of

names (botanical and common) which the machine provides. Common

names vary too much from place to place to use them for speci-

fication of a record. SORT2 matches performance specifications
chosen from a displayed checklest against records, lists and

counts the complying plants.
..4

::,:
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E

l9

Choosing any one of the 78 criteria will gíve a plant

list, but more important, any combination of criteria will

give a 1ist. Information retrieved by the other subprograms

is available in books lists of tallgrass prairie species,

edible plants, June flowering species etc. the computer

simply retrieves information more effectively than is possible

by memory. The SORT2 program gives ne\^r inf ormation in that it

is an extension of our memory capabilities and our ability to

synthesize information. It is immensely useful in exploring

relationships. One thing the user should remember is that

helshe is specifying performance criteria, e. g. by specifying

NATIVE, GR-ASS and FORB he,/she gets not a list of native grasses

and forbs but a list of plants that are native and grasses and

forbs.

With further refinement the operational procedures

(LISTI, SORT1,SORT2) could be shared by all the "context"

programs (TALLP, MARSH) .
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PART 4
SHARRA rN USE (APPLrcAtrr@N)
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4. I Testin SHARRÀ as an Aid to Interpretat ion

SHARRA is used to address the exercises in problem

solving identified earlier.

The programs were run separately on cards at the uni-
versity of Manitoba's student terminal. The lineprinter at
the terminat is faster than those affordabl-e to a smarl

office. were the program used elsewhere, the time taken to
produce lists or display records could be increased by a

factor of about 300. However, this is insignificant because

what it means in practice is that instead of receiving the

Iists in 0.5 seconds it might take up to 2.5 minutes.

Expensive hardware will not make any significant difference
to the overall time saved by using the program, SHARRÀr ês

an interpretative aid.

Just how much difference does the computer make? ft
took about 32 hours to select species for a herbal garden

when the process was carried out manually sorting information

stored in books. The easiest eray to show the potential
benefits in using SHÀRRÀ, is to address similar, if slightly
more complex, problems.

QUESTION: How sigrnificant are prairie species as native herbal

cures and in western medicine? Which of the species

identified are available from nurseries to establish
a herbal garden?



#of
Spec ie s

1r5

5I

L4

))

8of
Total

100.00

44.35

12.L7

il
.t. ritl

. i:l
:i

*
Combinat ion of Criteria

OPEN PRÀIRIE/AT ST. JAMES

Fra ar]-a vLr l-nlana
Oenothera biennis
Polygala senega
Rosa arkansana
Solida orL ida

(The

ute,

HERBAL MEDICINE

MEDICINE

HERBAL MEDICTNE/
I\1ED I C INE

PLANTS

Wild Strawberry
Evening Primrose
Seneca Snakeroot
Low Prairie P.ose

Stiff Goldenrod

ll /NATIVE

/wESTERN

/NATIVE
WESTERN

ll

ilI

10 8.17

The native people have a documented medicinal use for

about 452 of the species,while western medicine has a use for

only about I2t. If the interpretor takes only the species use-

fu1 in both cultures and adds SEED AVAILABLE or PLANT AVAILABLE 
'

he,/she receives two alternative plant lists '

I"IEDICTNAL PI,ANTS AVAILABLE AS SEED

Asclepias sYriaca Common lt4ilkweed
Evening Primrose
Seneca Snakeroot
Stiff Goldenrod

Oenothera biennis
PoIygaIa senega

Solidago riqida

MEDICTNAL PLANTS AVATLABLE AS

time taken to retrieve this information was about I mrn-

5 seconds. )

*Criteria are

Data is from

from

the

the checklist of performance standards (SORT2)

files compiled for SHARRA (Appendix 2)

was as for Appendix 3, examPle 3.Formatted output
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QUESTION: What choice of species would be appropriate and

representative of tallgrass prairie on the berm

which surrounds the partially underground interpre-
tive center at St. James? (Àssume the species would

be selected from those on site. )

Grasses cover about 96t of the prairie. One way of
approaching the probrem is to serect a grass/grasses to bind

the soil and then select the forbs. The berm will range from

dry to mesic soil moisture conditions and be in partial shade

for a rarge part of the year because of the building's cast

shadow.

Combination of Criteria LIST OT S EC IES

oPEN PRÀIRIE/BUNCH GRASS/AT ST. JA-r{ESl
NATIVE/DRY

/DRY-MESTC

'l

lr

Little Bluestem

Junegrass
Prairie Dropseed
Needlegrass

Nodding Ryegrass/MESTC

oPEN PRÀIRIE/FORB/AT ST. JAMES/
NATTVE/DRY

rr " ,' /DRY-MESTC

*,|,r/MESIC

ilI

24

31

27

specr_ es

species

species

AIlowance is made for shade by selecting habitats with similar
partial shade conditions.
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oPEN PRÀrRIE/FORB/AT
NATIVE//9JOOD

Combinati-on of Criteria List of Species

Three Flowered Avens
WiId Bergamot

Nodding Onion
wild Licorice
I^lild Bergamot
Tal1 Quinquefoil

ST JAl"lESl
EDGE/DRY

ll /DRY-MESTC

/MESTC Nodding Onion
Spreading Dogbane
Smooth Aster
wild Morning Glory
v^Iild Licorice
Wild Bergamot
Heart Leaved Alexanders

N.B. Spreading Dogbane and Wild Morningl Glory are documented

as occurring in prairie and wood edge. Since they are more

often associated with woodland, I would choose to drop them

from the list. In order that the soil be improved over time,

plant selection should include some nitrogen-fixing species

which are also good cover.

Combination of Criteria List of Species

OPEN PRÀIRIE/LEGUME/COVER PLANT WiId Peavine
White Prairie Clover
Purple Prairie Clover
Indian Breadroot

The final selection of species would be of grasses (to

be seeded) , flowers (to be transplanted to their most fitting

soil moisture location) and legumes (evenly distributed) .

ll
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SLOPE
CONDI TION*

GRÀSSES

AndroPogan scoparlus

Koeleria cristata

Sporobolus heterolepis

Stipa spartea

Elymus canadensrs

FORBS/FLOWERS

AIlium cernuum

Aster laevis

Geum triflorum

Glycyrrhiza lepidota

l'lonarda fistulosa

Potentilla arguta

Ztzia aptera

Litt1e Bluestem

Junegrass

Prairie Drogseed

Needlegrass

Nodding Ryegrass

Nodding Onion

Smooth Aster

Three Flowered Avens

Wild Licorice

I^liId Bergamot

TaI1 Quinquefoil

Heart Leaved Alexanders

D, D-M

I,1

D

D-M rM

DrD-M

D-M

M

LEGUMES

Lathyrus venosus Wild Peavine

White Prairie Clover

Purple Prairie Clover

Indian Breadroot

(¡,1e s ic )

Petalostemum candidum

Petalostemum purpurgurq

Psoralea esculenta

*D (Dry¡, D-M (Dry-mesic), M

(TotaL time to rework information into lists was about 2 min-
utes, 30 seconds.)
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It took 48 working hours to arrive at a plant list for the

berm at St. James without the computer-aid. While Èhe final

proposals could usually be justified it was clear that the

approach had not been comprehensive. Information scrutinj-zed

in the manual processing of datarand in trying to establish

the context of the site' covered only 33 of the information

currently available in the file (30 species x 14 criteria as

against 186 species x 78 criteria). Because considerable

time was given to a careful selectj-on of combinable criteria

that are problem-relatedrabout 16t of plants on file can be

listed by the machine for as many as five performance standards.

But what, about some more complex interpretative problems ?

QUES?ION: Is there a pattern to the flowering seguence of

native prairie species, at the St. James prairie?

Combination of Criteria
NATIVE/OPEN PRÀIRIE/AT ST. JAMES

/APRIL

/Ì4AY

,/JUNE

/JULY

/AUGUST

/SEPTEMBER

/ocroBER

#of
Species

106

5

27

62

Eof
Total

100.00

4.72

25 .47

58.49

66.98

59.43

29 .25

11.32

!l

il lrll

n

tl

llIt

il

ll

ll

7L

63

31

L2

llllil

Í
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(The total time taken to get this

about I min.

information was approx-

56 sec. to type in the

the lineprinter to supply

mate11'2

criter i a

all the

mi-nutes

codes and 4 seconds for

Iists. )

ÀPR JUN. AUG. OCT
MÀY JUL. SEPT.

Fig. 4.I P1ant phenology (native, tallgrass species)

The

tof
speciea

the month

speci fic

times of

9UESTTON:

Combination of Criteria

ALIEN/OPEN PRATRTE/AT ST. JAMES

pattern that emerges is almost symmetrical about

of July and with the lists we can forecast which

speciee will be in bloorn for visits at different
the year (_Fig. 4.II.

Do the introduced alien species fo11ow this
pattern?

9

0

2

9

I

3

I

0

n

I

lt

lt

il

il

n

il

il

lt

il

il /APRIL

/t4Av

/JUNE

/JüLv

/AUGUST

/SEPTEMBER

/ocroBER

#of
Species

?of
TotaI

r00.00

0.00

22.22

l_00.00

88.89

33.33

11 .11

0 .00

il

il



tof
species

M¡,Y JUL. SEPT

Fig. 4.2 plant phenology (a1ien, tallgrass species)

Although the sampre is not large, the fact that all
the aliens bloom (and seed) earlier than the majority of
native species may be one of the factors that gives them a
competitive edge over native species. The alien species do

not conform to the general pattern (Fig . 4.2) .

QUESTTON: rs the symmetrical pattern to prant flowering one

' that, is visuallr¿ evident, given that some species

are numerous while others are rare?

#of
Species

39

I
L2

26

22

24

It
6

2B

åof
Tota I

r00.00

2.56

30 .77

66 .67

56 .41

61.54

28.2L

15 .38

Combination of Criteria

OPEN PRÀTRIE/AT

ll

lt

ll

il

il

tl

I

sT. JA¡.íESlCOVER

rr r' 
/APRTL

rr r' /ttlY

' r' /JUNE

rr r, /JULY

' " /AUGUST

'r " /SEPTEMBER

rr r' /ocroBER

J AUG
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tof
species

MÀY JUL. SEPT.

Fig. 4.2 plant pher¡ology (alien, tallgrass species)

Although the sample is not large, the fact that aIl
the ariens bloom (and seed) earlier than the majority of
native species may be one of the factors that gives them a

competitive edge over native species. The alien species do

not conform to the general pattern (ni_g . 4.2) .

Is the symmetrical pattern to plant

that is visually evident, given that
are numerous while others are rare?

OUESTTON: flowering one

some specres

)o
.Q

Bof
Total

100.00

2.56

30 .77

66 .67

56.41

6L.54

28.2L

15.38

Combination of Criteria
#of

Species

39

I

T2

26

22

24

1I

OPEN PRA]RIE/AT

ll

n

ll

It

I

ll

tl

sT. JAT4ES/COVER

. r, /APRTL

' " /ueY
. ,' /JUNE

rr r' /JULY

" " /AUGUST

rr r' 
,/SEPTEMBER

rr r' /ocroBER 6

. a::



/APRTL

/L4AY

,/JUNE

/JUI,Y

/AUGUST

/SEPTEM3ER

/ocToBER

#of
Species

L7

8

29

8of
TotaI

l-00.00

0 .00

L7 .65

52.94

52.94

64.7L

47.06

L7.65

tof
species

MÀY

Combination of Criteria

OPEN PRÀIRIE/AT ST. JAMES/
FOR.IVIS AGGREGATES

JUL

Fig. 4.3 P1ant phenology (good cover, tallgrass species)

Assuming that the species that make up 75t of the prai-
rie's cover occur in roughly the same numbers, then it would
appear that casuar observation rvourd not revear a peak in Jury
but the observer would be aware of about the same number of
species flowering in June, July and Auoust (Fig. 4.3).

QUESTÏON: ff the casual observer has his attention focused on

groups of flowering plants, is this likely to change

his interpretation of a pattern?

0

3

9

9

il

I1

3

R

il
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tof
species

JUN. ÀUG. ocT.
MÀY JUL. SEPÎ

Fig. 4.4 Plant phenology (aggregates of tallgrass species)

The pattern that would be seen would be one which peaked

later in the year, in August. Even if the observer does not
distinguish between varieties of species (e.g. the four varie-
ties of rose or gordenrod) and sav/ them as one flower, the

pattern does not change. There would sti1l be a visible peak

in August (Fig. 4.4) .

The time taken in corlectingr atl the information was g-10

minutes. The accuracy of predictions on what wourd be seen

can be improved by more detailed information on the numbers of
individual plants, but even then results would only be generally
applicable, as much depends on the colour and size of the flower.

As a general interpretation the results are accurate.
They show the need for quantified information on plant behaviour
as opposed to visuar interpretations, which are deceptive.
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The need for an overview has been stressed throughout

the study. When specific questions have to be addressed on

the merits and working of tallgrass prairie the quantified

information that SHARRÀ provides could be of tremendous value.

The following information represents a ouantitative analysis

of the file for the tallgrass species rvhich are on the St.

James site.

Combination of Criteria
#of

species

11s

5

29

7I

79

66

32

t2

53

9

59

18

37

32

35,

26

22

Eof
total

100.00

4.35

25.22

6r.7 4

68.70

s7 .39

27 .83

10.43

46.09

7 .83

51.30

15.6s

32.L7

27 .83

30 .43

22.6L

19 .13

OPEN PRAIRIE/AT ST JAI{ES

ll

ll

il

lltl

I /APRTL FLOT,VER

/t'lAY FLOWER

/JUNE FLOI^IER

/JULY FLOWER

/AUGUST FLOWER

/SEPTEMBER FLOWER

/ocroBER FLO!ÍER

/PERSISTENT (2 months +)

/EARLY GROhTTH

/WTNTER INTEREST

/wF,T (soil moisture)

^{ET-MESTC
/¡4ESrC

/DRY-l',lESIC

/DRY

/INDTCATOR SPECTES
(soil moisture)

n

il

tt

r'.4.

ll

I

It

t?

I

ll

llil

ll

Í

ll

tt

ll

il

I
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Combination of Criteria
#of

specie s
àof
total

86.96

13.04

5.22

25.22

7.83

14.78

24.35

26.96

I3.04

6L.74

6.96

33.9r

7.83

6.96

2.6t

0 .00

10.43

L4.78

7.83

92.I7

27 .83

13.04

2.6L

15 .65

::..:.a:.

oPEN PRÀrRIE/AT

I

Ù

il

lt

I

n

lt

ra

I

!t

tl

ll

il

il

ll

I

It

ll

I

il

tt

Í

ll

ST, JAMES/FORB or FLOWER

" /GRASS

" /BUNCH GRASS

" /BLrJE or VIOLET FLOWER

" /GREEN or BROI^IN FLOWER

" /RED or PINK FLOWER

" /vtHITE FLOWER

" /YELLOI^I FLOWER

' /S1À,1ALL (<9")

" /NIEDIUM (<36")

" /LARGE ( >36")

" /covrR FLANT

" /EoLTAGE coNTRÀsr

" /sHowY FALL COLOUR

" /DEFENDED

" /FTREPROOF

" /AROMÀTIC

" /FORMS AGGREGATES

" /ALTEN

" /NATrvE

" /coMPosrTE

" /LEGUME

rr ÆOODL.AND (as well as
prairie)

,. /HooDEDGE

100

I5

6

29

9

L7

28

31

15

7L

I

39

9

8

3

0

L2

T7

9

106

32

I5

3

I8

:.:,:.



#of
species

22

4I

33

6I

63

0

20

2T

5

54

I2

32

I4

I2

JJ

O UL

total

t9 .13

5.22

35.65

28.70

s3.04

54 -78

2.6L

0 .00

17 .39

L8.26

4.35

46.96

4.35

I0.43

27 .83

6 .09

L2.L7

r0.43

Combination of Criteria

OPEN DÞÀ TÞ Ttr ,/Ànr ¡s¡¿¿\¿!/ ¿¡¿

il

il

tt

il

il

ll

il

11

il

I

I

ST. JAMES/DISTURBED AREA

" /RARE or ENDANGERED

" /SEED AVAILABLE (from
nurserÍes )

" /PLANT AVAILABLE (from
nurserres )

" /sExuAL REPRODUCTION

'!t /VEGETATIVE REPRODUCTION

" /ANNUAL

" /DroEcrous

/WIND DISPERSAL

'' /ANIMÄL DISPERSAL

" /BrRD DTSPERSAL

" /FOOD FOR WTLDLTFE

'' /HOST SPECIES

/suscEPTrBLE TO
DROUGHT

/PASTURE,/CROP

,/INCREASER

/DECREASER

/INVADER/PIONEER

/TNDTCATOR OF OVER-
GRÀZ ING

/POTSONOUS/AVOTDED
(sheep, cattle)

/VEGETAlc-LE/POTHERB

/POTSONOUS/CAUTTON(to man)

6

3

5

nll

I

I 7

ll

lt

il

n

ll

tl

I

tl

lltt

il

ll

5 4.35

15 13.04

L4 L2.L7

I T2 10.43



Combination of Criteria
#of

soecie s

56

¿6

31

22

25

3

23

51

I4

9

4

19

34

e" Of
Total

48.70

22 .6L

26.96

19.t3

2L.7 4

2.6L

20.00

43.48

L2.L7

7.83

3 .48

L6.52

OPEN PRÀIRIE/AÎ

I

il

ll

It

tl

tl

il

l,

It

I

It

ST. JA¡4ES/EDIBLE PARTS

" /EATEN RAw

,' /TEAICOFFEE SUBSTITUTE

" /ï)SEFUL

" /CULTIVAR

" /hIEAVING/SEWTNG

" /DYE MATERIAL

'' /NATIVE HERBAL MEDICINE

" /IÍESTERN MEDTCTNE

" /DIURETTC/LAXATTVE

" /EMETTC

" /TONTC/VÏTA¡4IN SOURCE

/SLTDE AVATLABLE
(Private collection)

30 26 -09

The assessment reveals that the plant community as a

whole has a tremendous number of uses which are worthy of fur-

ther researeh. ft should be possible to place some economic

value on these multiple uses Lo build a case for the conserva-

tion of prairie.
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5.1 The Value of SHARRÀ

SHARRÀ does not make decisions and therefore does not

substitute for the skills of an interpreter. The programmed

computer does what a machine does best those tasks that are

tedious and repetitious to the human mind and does them

quickry and efficientry. The quantitative information, on the

virtues and attributes of prants, which SHARRA can provide is
of great value because it reveals meaning in the landscape.

When data regarding flowering sequence was quantified it
revealed patterns that could not be identified in a visual in-
terpretation of plant community behaviour.

Arguments for conservation of plant communities often

hinge on a perception of their economic worth, for example as

pasture. Visual and ecological criteria simply do not carry

the same weight as quantified economic arguments do. The

overview which SHARRA can provide on plant use facilitates an

economic argument by revealing potential qualities that are

not obvious. Information on the quantitative analysis, repre-

senting months of work, was reworked in 14 minutes to reveal,

for example, that for tallgrass species on file
472 are noteworthy as food for wildlife

- 27 t are tea,/coffee substitutes

- 208 are dye material

438 have a documented use in native herbal- medicine.

Couple this qualitative information with quantit,ative measure-

ment of plant cover and there is a basis for a much broader

interpretation of the economic worth of the plant community.

:'r':
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The rnultiplicity of uses that apply to individual species in-

dicates that the potential overall wort,h of the community

cannot be accurately represented in a measure of its worth as

pasture.

Cause-effect relationships, in plant records, provide

information useful in interpreting change. It is possible to

predict the plant community's response

a) over time,

b) to different soil-moisture

conditions, including drought,

c) to changes in habitat,

d) under the influence of grazing.

Choosing species for the berm at St. James was an example of

anticipating the plant community's response to a changed en-

vironment so as to arrive at a fitting plant list.

SHARR.A very quickly becomes a part of the background as

the user discovers the ease with which information can be re-

trieved or reworked. The information in the files has already

been structured so that it is amenable to reworking. Lj-sts of

species become the focus of the interpreter's attention. the

result of this is that the user gets caught up in exploring

relationships, devoting more time to the problem and less to

the process of sorting information. Since the criteria offer a

number of alternative routes to the solution of a problem, alter-

native solutions are more likely to be produced. It took only l0
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seconds to get a list of herbal, prairie species that were

available as plants as an alternative to those available as

seed. The manual procedure for plant selection was so cumber-

some that no alternatives were produced and the information

which was the basis for decisions was not checked. Cross-

checking information in the machine is easily done by viewing

the plant,/criteria chart or the individual plant record.

These operations take no more than 60 seconds.

The resuLts from a comparison of the two methodologies

are quite staggering. Take the simplest of problems, the

selection of a species for a herbal garden. In the manual

method of collecting and sorting data, i-nformation (30 species

x 2 criteria, prairie and herbal) represents about 6.5å of the

relevant information now stored on file. The procedure took

32 hours. The machine checked out 1009 of the species on file

for a slightly more complex problem (186 species x 5 criteria)

and took 65 seconds to provide all the requ.j-red results. As

the problems become more difficult the advantages of the machine

become more apparent to the user. The manual- procedure for
selecting berm species required 48 hours compared with 150

seconds by machine.

The accuracy of the results depends on the accuracy of

the information in Èhe file. Because the data on file is so

accessible it. is easy to check and, if necessary, change.

Over time the quality of stored data may be improved. For the

present program the information on a punched card file would

have to be changed, but future development could incorporate
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an editing program into the system. updating of the punched

cards is more likely to happen than updating of information

stored in a library of books or a card-index file because use

of the machine is more rewarding.

One other advantage of the machine is that by adding or

dropping individuar criteria, one at, a t,ime, from the selection
offered in the checklist, the user can see from the lists of
species which criteria most limit the selection of species.

fn choosing species for the berm, the lists of plants dropped

from an average of 27 species to an average of 3 when wooD EDGE

was added. The user could conclude that the number of species

occupying both prairie and wood edge was limited, review, and

if desired revise the selection of criteria. This type of in-
stant feedback helps develop the interpreter's feel for the

problem, complementing and improving the thought process.

In sunmary, the advantages of using the computer are:

1) The user can devote more t,ime to the problem and less to
the mundane and tedious process of sorting information.

2) The process of collecting and analysing data is foreshor-

tened. The existing files represent about 6 months of

work which does not have to be repeated. Collecting and

filing information took about half of this time. The

other half went into identifying useful criteria.

3) The machine provides

Iikely to improve in

checking. The file

quantified information which is
quality over

can readily be

time because of ease of

:.

::':

':ll:.:
.::.:'.

:..

::..

.::. updated and corrected.
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4) The machine-aided procedure complements and improves the

interpreter's thought process by making it easy to cross-

check information, speculate on alternatives, and develop

a "feeI" for the problem. It also includes a checklist of

of proven criteria.

5.2 Application to Interpretation

Everyone who repeatedly faces problems in understanding,

using or managing tallgrass prairie has a potential application

for the existing program and its associated files. Practical
applications for interpretatlon include:

1) Planners requiring an "environmental benchmark" for
a region that has naturally recurring tallgrass prairie,

2) Organisations concerned with interpretation of eco-

systems and their management, e.g. Parks Canada, who use the

plant community as resource material to explain the workings

of nature,

3) Landscape architects and planners concerned with

retaining naturally recurring segments of a regional landscape

which require a minimum of energy expended on management and

which give an area its own unique identity,

4) Educational establi-shments, universities and high

schools,

5) Various special interest groups, concerned with a

single use, would undoubtedly find tire program of use, but only
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occasionallY:

- farmers managing prairie as rangeland,

- wildlife managers conserving prairie as a means of

conserving related wildtife,
researchers into uses for plant speci-es,

e.g. as medicine.

5.3 r lications for Inte etation

The implications for interpretation are tremendously

important and exciting. What the study shows, without
question, is that a change in methodology can have a

tremendous impact on our ability to better manage and inter-
pret information on the environment. Future studies, follow-
ing a similar approach, could expand on the plant inventory

for other ecosystems or clearly d.efinable working contexts.

fmagine the benefits of having structured information that is
readily accessible and easily stored, perhaps as cassettes or

discs. They would be invaluable in providing quick but spe-

cific answers on the consequences of proposed development.

This is especially true for the fragile environments of north-

ern Canada. At a time when the costs of environmental impact

assessments are seen as prohibitive, computer-aids provide an

alternative means of addressing the general problem of inter-
pretation. Nothing in the study suggests that, the costs of

developing this alternative approach would be high. Expensive

hardware is not necessary. The total memory requirements of

the program (45,000 bytes approximately) show that, with some

lhe U nìr¡ersity
of L4¡nitoba

LlrsRARl[q
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modification, it could be handled by a minicomputer of modest

cost, about $3,000.00 (198I). The estimated cost for I/2 a

man year, developing the program was $7'000.00. Were it de-

veloped by retailers of software, easily affordable packages

of programs could be produced. The possible cost could be be-

Iow $50.00 for a disc that fits with existing hardware (e.9.

Apple) .

An alternative to developing a series of discs or cas-

settes would be to build on the existing program structure. A

Iarger institution, such as a university, could offer a range

of programs and a data bank of files on a time-sharing basis.

Programs would still be individually tailoured for specific

ecosystems (Aspen Parkland, Coniferous Forest, Boreal Forest,

Tundra etc.) or definable working contexts (Land Reclamation,

Nurseries, Botanical Gardens etc.) . Each program with its

associated file would constitute what Edward T. Hall (1976)

refers to as "high context integrative systems of thought".

5.4 Potential Development

In the future, other levels could be added to the

existing structure. As well as presenting information derived

from the plant resource, levels could be developed which would

address interpretative problems from Èhe poinÈ of view of wild-

Iife. There is also considerable scope for developing more

procedural programs to make more use of files; for example, a

question-answer Èest on the merits of plant species with the

computer keeping track of the userrs score.
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The front-end developmental work has been completed

through this study and reveals tremendous potential for the

future. What is needed now is the contribution of those spe-

cialists who could further refine a machine-aided approach to

interpretation. A computer data expert, for example, could

reduce the present, memory requirements for the files con-

siderably.

The problem of development is primarily an organisational

one, sj-nce there are no obvious associated high costs involved.

Because the progra¡n can be developed in sma1l, incremental

stages, it might be a task that a university or government

agency would want to undertake. In a university setting depart-

mental coursework could be usefully channelled towards develop-

ment of the program system. Students of computer programming

could develop operational procedures, while students frequently

concerned with collecting information on plant species could

define problems and working contexts and provide plant files.
The benefit to students would be the stimulus they receive from

being a part of a projecÈ that has very obvious applications to

real life problems.

5.5 Reconrmendations

Recommendations are concerned with the potent,ial oppor-

tunity for further development of the studyr êts discrete "pack-

ages of thought" for commercial sale or as a library resource.

Potential sources of funding andr/or labour should be made aware

of the study's existence and potential. Feasibility studies

r:. 1l
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for both alternatives might be initiated by contacting retailers

of software for minicomputers, environmentally concerned organi-

sations (e.9. The Sj-erra CIub) , and educational establishments

which may be j-nterested in development of an alternative metho-

dology for interpretation.

5.6 General Conclusions on the Study

Two specific problems were addressed in the study. The

first was that of selecting appropriate criteria for a plant

file which would be of value in interpretation. The first and

second study objectives relaÈe to this problem.

By choosing an ecosystem as the context for the storage

of information, the boundaries of the problem of interpretation
v/ere immediately narrowed to a recognisable and manageable entity
that is of interest to a range of user groups. The plant record

becomes more than an arbitrary collection of pieces of unrelated

information. It ís structured according to a plantrs relation-

ship with other orders and so establishes connections patterns

in nature -- which is what t,he interpreter most wants to identify.

By reviewing alternative outlooks, information on plant species

was identified that provides a general overview which is

based, not derived from one cultural standpoint.

resource-

The second objective, once having established appropriate

criteria, was to compile a file large enough to be of some prac-

tical value in testing a computer-aided. approach to interpretation.

The file on plant species (Appendix 2l is comprehensive, covering

all of the Living Praj-rie Museum's plant resources' including
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tallgrass prairie. The site was the subject of past study, when

a manual method of managing information was used. Selecting the

site's plant inventory as a basis for the file established Èhe

basis for testing alternative methodologies. The procedure in
solving the same interpretative problems for the same site could

legitimately be compared.

The second specific problem of the study was to replicate
manual operations and test the machine-aided procedure for man-

aging information against Èhe manual approach. The thj-rd,
fourth and fifth study objectives rerate to this problem.

The study's third objective was to write programs repri-
cating the manual operations (Àppendix 3). LISTI provides an

inventory and plant,/criteria chart. SORTT alLows the user to
specify a plant name (genus) and see its record displayed, and

soRT2 lets the user specify any combination of performance

standards, from a checklist, and receive a rist of complying

plants (Appendix 3).

Testing the applicability of a computer-aided approach

was the fourth objectj-ve. Resurts, manual and machine-aided,

were compared for similar problems. More complex problems on

interpreting plant phenology and preparing a quantitative analy-
sis of the tallgrass prairie community vrere also add.ressed,. The

comparison of results was absolutely conclusive, showing not only

that the machine is signif,icantly faster, but also that its in-
builÈ procedure is more comprehensíve in checking available data.
The interpreterrs skill in identifying probrems and proposing

solutions v¡as not hampered by the use of the machine.
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The Process behind problem solving was actually enhanced,

with more time being given over to the problem and preparation

of solutions, and less time being spent on mundane procedures

involved in reworking informat,ion.
- The fifth, and last, objective of the study was to draw

some conclusions from the comparison of methods regarding the

feasibility of a computer-aided approach to interpretation and

to comment on future developments. The study's implications are

tremendously exciting. there are no apparent reasons why the

benefits of a computer-aided approach cannot be realized. Hard-

ware costs are low and affordable, even to a small office.

Sof tware costs are also rniriimal. A conclusion that can be drawn

from the study is that it is entirely feasible that cassettes,

discs or tape libraries offering information on ecosystems can

be made available in the near future. The most lil<ely developers

of such an alternative methodology are seen to be universities,

government agencies t ot retailers of existing computer software.

The approach used in this study to establishing relevant data

for files could be a model for future development of aids to

interpretation of other ecosystems.

How efficient the aids are is not simply a question of

how good a program is. The critical issue lies in how well the

prohlem can be defined and the context understood, and that is

not, generatly the contribution of a programmer. Those people

presently involved in solving environmental problems can, and

should, contribute their expertise towards the development of

better computer aids. Computer technology cannot make us better
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interpreters of information, but it can enhance the thought

process by making information processing much less time-
consuming and tedious. A computer-aided approach to interpre-
tation is highJ-y feasibre, highly desirable, and. inevitable.

.:....
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APPENEIX X

THE EXTENT, IMAGE&
USE TATLGRASS PRAIRIE
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I.1 A Native View

TaIlgrass prairie used to extend from southern l4anitoba

to central Texas, cover 400r000 souare miles, and support B0

species of mammals, 300 specj-es of birds and thousands of
kinds of insects and other animar life ] ,a r." a part of the
Mid-Continental Prairj.e which extended from pennsylvania and

ohio to the Rocky Mountâins and from southern canada to the

Gurf of Mexico the most extensive natural vegetation type
on the North-American Continent. This I'fid-Continental prairie
had many geographic variations and flourished under different
climates. rts botanical components varied from place to prace

as did the indigenous wiIdlife, but it was characterised by

the domj-nance of grasses and their relationship to the larger
mam¡aals bison, pronghorn anterope, d.eer and erk which

influenced the appearance of vast randscapes by their grazing
effects on the vegetation.

The princioal grassland types are often identified
according to their dominant grasses: Èallgrass prairie,
mixed-grass prairie and short-grass prairie (rig. r.r). The

tallgrass predominated where rainfall was 35" or more annuarly

but also extended along the bottomlands of streams and rivers
into drier areas such as southern ìlanitoba (20" rainfarl
annuarly). Big Bluestem communities (Andropogon gerardi) , the
dominant tallgrass, occurred in the broad rowland valreys of
the Red River, the Missouri, the platte and the Arkansas.

Slough or Cordgrass (tseckmannia syziqachne) a component of
tallgrass prairie, occurred in the seasonally frooded areas,
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fires, whereas Bluestem communities, because of their many

protected rhizomes in the top 4" of topsoil, are quick to

recover and so establish a competitive advantage over other

species.

The prairie, lying at the south and southwest (of
Minnesota) , and reaching into the Red Rj-ver Valley
as far north as Lake Winnipeg, was (in 1880) abun-
dant with tallgrasses and bore a great variety of
flowers, including asters (Aster spp.), goldenrods
(So1idago spp.) , Bl azíng Stars (Liatris spp.),
prairie clover (Petalostemum spp.), roses (Rosa
spp
fri

.) , lilies ( Lilium spp.), phlox (Ph1ox spp.) and
nged gentian (Gentiana crinita) .

CosteIIo, The Prairie World,P52)
The original extent to true or tallgrass prairie in Manitoba

is shown in Figure I.2.

The original extent of ManiÈoba's tallgrass
prairie

Tall Grass Prairie

LEGEND

N

Fig. L.2
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The naturar state of the prairie found by the first
Europeans was influenced by the native peopre, who had come to

the New worrd via the Bering rand bridge about,20,000 years

ago. For some r0,000 years or more they lived und.er various
forms of simple interacting cultures v¡hich had a major role in
the evolution of the tallgrass prairie community because of
their use of fire in managing grassland areas and for hunting.
Any scars on the land made by drought, frood, wind erosion,
overgrazing by wild,life, set fires, and the extremes of heat
or cold in suflrmer and winter, made temporary wounds on the
face of a vegetative system that was large enougir and resiri-
ent enough to heal itself.

Archaeologicar diggings revear that the majority of
rndian cultures on the prairie were semi-agricultural with
f ield crops of maize, corn and =qrr.=h,l A Hid.atsa virrage on

the Knife River of ltorth Dakota hacl, for exampre, a population
estimated at 2500, riving 20 to each earth dwerling. They

grew crops in the floodplains of rivers and foraged from un-
cultivated plants !-hat al"t crassif ied as "vegetables, " as

werr as trading cróps'for meat which the neighbouring hunting
culture of the Dakota sioux had in excess. These rndians
sometimes lived lives of viorence, insecurity and physical
hardship but not of poverty since the bison and antelope r^/ere

always available. Bison v¿ere estimated to number about 6o

mill-ion, located primarily on the mixed prairie, while antelope
!,/ere estimated at about 40 m.illion.

3The native peopre had a verl/ general verbal model with
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which they exÞlained their surroundings, vrhether boreal forest

or tallqrass prairie. Vegetation was seen as a part of a sys-

tern which incorporated not just the plant life but all- of

their surroundings (THE FOUR ORDERS: Physical, Plant, Animal,

Human) . They saw life in its visible, material forms as some-

thing brief and transient and assumed that the qualities of

personality that they recognised in themselves vrere common to

all other things in the worId. Every rock, plant, animal or

man was regarded as an individual spirit with certain intrin-

sic powers or character traits. These powers, they believed,

were constantly recycled to maintain a unity with and a

balance within the material world. This was al.,idea as all-

prevailing within Indian cultures as is our notion of progress.

All the parts of the system were seeh as being on the

one level

Any distinction between humans and animals parti-
cularly any notion that one is in some way superior
to the other is blurred as a consequence of their
belief that humans may be reincarnated in animal
f orm y¿:

- 
t.,:

Although they saw a cyclic exchange of tËr"ESç'ln ôh+,w-gr]d

around them they regarded this as a short-term illusion, with

the real world being the spirit world. They apparently did

not feel the need to define the source of these powers but

assumed that nature had always exj-sted and that any source of

powers was so remote and mysterious that it was better to

communicate or worship through the spírits as intermediaries.

Their main concern, during at least 350 years of documented

forced migration, was maintenance of a balance with nature
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and survival as a central issue (Fig. 1.3).

@uut
O**
Or¡*.*

TI]E FOI,R ORIERS

Fig. t.3 A native view; the four orders

What information defined a working context for a Native

People whose prime concern lvas that of survival? An Ojibwa

interpretat,ion provides some answers:

There are FOUR ORDERS in creation. First is the
PHYSICAL world; second, the PLANT world; third the
ANIIVÍAL; Iast the HUMAN world. All four parts are
so intertwined that they make up life and our whole
existence. With less than the four orders, liEe -and being are incomplete and unintelligible. No one
portion is self-sufficient or complete, rather each
derives its meaning from and fu1fills its function
and purpose within the context of the whole creation.

. lVhile there is a natural predilection and in-
stinct for conformity to the great laws of balance in
the world of plants and animals, rnankind is not so
endowed by nature. . Before he can abide by the
law, mankind must understand the framework of the
ordinances. In this wây, man wil honour eor ôf

f l

I

HUMA¡I

as v/as intend
or Mystery) .

ed by Kitche Manitou (The Great Spirit
(Johnston, Oj ibway Heritage,pZL)

I

?f' I
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In this holistic view, each of the orders v/as gifted with a

spl-rit and certain po\,vers (nig. f .¿)t

ORDER COMPONENTS POf{ERS

THE FOUR ORDERS
"À t{hole Existence"

Phys ica I

Plant

Àninals

Rock,/Earth
WaÈer
Fire,/sun
Hínd

F lower s
Grasses
Trees
vegetables

llro leggeds
Four Ieggeds
Hj,ngeds
St¡iruners

Character
Personality
Soul
Spirit
Beart or Feeling
A Life Principle

Groh¡th,/Heal ing
PuJiÍty/Renewal
LÍghÈ/Heat
!,tus ic,/Li f e

spirit of LLî.e/
Grovth/Hea ling/
BeautY,/Halnony,/
and Order

character traits
CurÍosity,
Courage, etc.

The ability to
Dream -
Conacioua ThoughtHuman

"cheej auk'
souL- spirit

Fig. 1. 4 Orders , spirits and Povters

All of nature was personalized and had significant
powers. When the "plant beings" were created they were of

f our categories: FLOI^IERS, GFÂSSES, TREES and \IEGET-CBLES

(both wild and cultivated edible species) . The significant
categories of information to the Native People \^/ere those that
revealed the interaction of planÈ beings with the other orders

as part of a hol-istic concept. In an 1850 history of the
5Ojibwa, G. Copway d,escribes the verbal traditions of his

people regarding plant material:

There is not a flower that buds, hovrever small, that
is not for some wise purpose.

There is
that the

not a blade of grass, however insignificant,
Indian does not require.

were the uses associated with plants and their re-

to the four orders?

Learning this, and acting in accordance wj-th these
truths, will work out your own good, and will please
the Great, Spirit.

(Copway ,The Traditional Histo of the OJIBI{AY NATION,Pl75)
What, then,

lationship
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THE PLANT AND TFIE PHYSICAL ORDER

In the Physical Order the rhythms and cycles of the

Sun, Stars, Earth and Moon the plant beings and their

flowering were indicators of TrME of the year in a cyclic sys-

tem. the Dakota sioux referred to time in terms of the phases

of the moon and seasonal events:

JANUARY MOO¡J OF FROST I}J THE TEPEE

FEBRUARY MOON OF THE DARK RED CALVES

MARCFI MOON OF THE SNOWBLIND

APRÏL MOON OF THE RED GRASS APPEARTNG

¡{À.Y MOON I^IHEN THE PONIES SHED

JUNE MOON OF MAKING FAT

JULY MOON WHEN CHERRIES ARE RTPE

AUGUST MOOI! I^liIEì'l CHERRIES TURN BLACK

' SEPTE¡,IBER IÍOON VIHEN THE PLUMS ARE SCARLET

OCTOBER MOON OF THE CHAI.¡GING SEASON

NOVEI4BER IVIOON OF THE FALLTNG LEAVES

DECE},TB$R . MOON OF THE POPPING TRSES-'

Seguences of growth, flovrering and fruiting lr¡ere attri-

buted to the action of the SUN and EARTH, two of the most

important components in t,he Physical Order. The availability

of plants as "vegetables" meant that food gatherers were in-

terested in the plant's SEASONAL ATTRTBUTES: edibre flowers

that were PERSISTENT (Yarrow, Achillea millefolium) r r.ê. J-n

flower for more than two months of the year; EARLY GROWTH

plants (Milkweed, Asclepias ovalifolia) because they often had

roots that would be the first fresh vegetables of the year
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and were also most nutritious in early Springr and those

species that were of WINTER INTEREST (Smooth Rose, Rosa

blanda as sources of dry berries.

PERS ISIENT/YARROW EARLY GRO!{THIMILKWEED

Å

F(
i
ß

I
I
I

I
L

f
I
t

T.]INTER INTEREST/SMOOTH ROSE ROSE HIPS



61

THE PLANT IIITHIN THE PLANT ORDER

Plants were seen to have VISUAL ATTRIBUTES important in
their identif ication. "Natj-ons" or genera r^/ere identif ied as

sharing similar characteristics, ê.g. of flower or leaf shape,
-i::" 

.

but on a more geneial level PLAIIT TypE (FLot^tER, GRÃss, TREE,

VEGETABLE), col,ouR oF FLOI{ER, PLANT srzE and FOLTAGE were im-

portant criteria for identification. Foliage contrasting with
green, usualry sirvery,/grey species, stands out from the over-

alr framework of the grasses which visually often remain as a
':

backcloth. A SHOWY FALL COLOUR (frembling Aspen, populus

tremuloides ) was interpreted in legend as a gift from the sun.

SHOWY FAIL COLOUR/TREMÐLING ASPEN

one of the useful€[lON-vrsuAL cHARACTERISTTCS was whether

the plant was DEFENDED, i.e. possessing thorns, prickles or a

6skin irritant. They had many uses:

In medicine (Common Nettle, Urtica dioica) to restore feelin g

to numb areas with poor circulation.
In sewing and weaving (Long-spined Hawthorn,

lenta) with thorns that were used as sewing

Cratae s succu-

needles.
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In warfare (Poison Iry, Rhus radicans) which was thrown on

irritant-carrying ashfires upwind

drifted into

of enemy camps so that the

the camp.

DEFENDED/HAWTHORN

FIREPROOF plants (American Hazelnut, Co lus americana) ,

i.e. those that burn onry in intense burns, were important con-

trolling edges to managed areas, such as campsites or huntino

areas.

¡È

't
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AROMATIC species, pleasant in themselves, were valued

as fumigants hung in tepees or used in slveat lodges, and were

used to scent clothes and/or as perfumes. Some were repel-

lants (e.g. Daisy Fleabane, Erigeron strigosus, to repel

fleas , or White Clover, Melilotus alba, to repel moths).

AROMATIC/DAISY FLEABANE

r\
I

Each

HABTTAT and

"p1ant being" was known to prefer a specific

contribute towards its sense of place.

Each valley or any other earth form--a meadow, a
bay, a grove, a hill--possesses a mood which re-
flects the state of being of that p1ace. Whatever
the mood, happy, peaceful, turbulent, or melan-
cho1y, it is the tone of that soul-spirit. As
proof, destroy or alter or remove a portion of the
plant beings, and the mood and tone of that valley
will not be what it was before.

(Johnston 
' 

O i ibway HeriÈage ,P43)
For the native people, the terms PRAIRIE and f^fOODLAl.lD

would be of limited use. The language of the Ðakota Sioux,

for example, was capable of being much more explicit. Their

words for woodland also convey an idea as to how dense it is

and how the trees are distributed.
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AVATT,ABTLTTY of seed \¡/as important not onry because

they were eaten but also because some were sown crose to camps.

There is good reason to suppose that the diversity of some

prairie species is a result of their having been serectively
bred. observation of prants and animars did much to explain
the patterning of the prai rie. The manner oq DTSPERSAL of
seed. contributed to the pattern. caches of seed or nuts that
animals buried might gro$¡ t,o be crumps of grasses or stands of
oak trees. Three potentiår means of dispersal were by wrND

(l'a1se Dandelion, Aqoseris qlauca) ANI¡4AL (I^Iild Licorice,
Glycyrrhiza lepidota called "litt1e jealous woman" by the
sioux because of its adhering burrs) or by BrRD (wood Rose,

Rosa woodsii which cannot germinate naturally until it has

passed through a bird's digestive tract) . If t.here were

\IEG'ETATTVE REPRoDUcrroN then the repeated occurrence of the
plant was predictable for future foraging.

WIND DISPERSAL/FALSE DANDELIoN ANIMAL DISPERsA¡ /uTLD LIcoRTcE
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THE PLANT AND THi ANIMÀL ORDER

Much was learned from observation of animals. Sick

animals would search out specj-es with curative powers. One

legend tells of a frog using Jewel Weed, Impatiens spp.r âs a

cure for poison ivy. I{ungry animals would reveal- edible

plants, though not all plants eaten by animals are edible by

man. The woodpecker is supposed to have discovered the secret

of maple sap as a source of nutrition.
Some species have a particular WILDLIFE ASSOCIATION

with merit as FOOD (Silverweed, Potentj-1Ia anserina a

favourite of geese) or as a HOST SPECIES (Milk$/eed, Asclepias
syrl-aca I -- host f or the monarch butterfly) .

HOST SPECIES,/MTLKVÍEED

Of particular significance was the prairie's value as

PASTURE, and not just because of the grasses (Buffalo Grass,

Buchloe dactyloides, as a major part of the bisonrs diet).
Other species healed bare areas (Common Sunflower, Flelianthus

annus) and,/or fixed nitrogen in the soil (American Vetch,
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Vicía amerícana) .

PAS TU RE,/C ROP/S UNFL OT^TER PASTURE/AMERTCAN VETCH

(There were plants singled out as
which yielded edible seed as well

CROPS,
as oil

Heli-anthus annus,
used for the hair. )

Certain species $/ere POISONOUS or AVOIDED by domes-

ticated stock Locoweed (Oxytropis splendens) , affecting
horses and cattle, and Goldenrods (Solidago spp.) , being

poisonous to sheep. Observation of cattle would also show

that they browse on trees and shrubs, though the native people

could not know that they are a source of many vital minerals

not available elsewhere.

PO I SONOUS/AVO r DEDIGOLDENRODS
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THE PLANT AI.ID TiTE HUMAI'J ORDER

It is in the lluman Order that the "vital link" is
clearly seen. Whereas we have many middlemen for growing,

corJ,ecting, distributing and selting prant materiar as medi-

cines and food r âñ Indian's knowledge of these attributes was

first-hand. He could not fail to see the use of tallgrass
prairie. charl-otte Erichsen-Brown has done a wonderful job

of documenting first-hand accounts of plant uses and she re-
minds us of an agricurtural heritage that is not often por-

trayed as a part of the rndians' use of prairie. she refers
here to the ojibwa vrho farmed in ontariots southern forests
and moved onto the prairie as hunters of bison in the mid-

1700's, but, the same could be said of the Mandan, Hidatsa or

Arikara of North Dakota, who farmed on the prairiel They had

. a sophisticated agriculture and a net-work of
trade routes. They had brought corn to its northern
Iimit of development by carrying north with them the
seeds of frost resistanÈ plants. They had planted
the good edible nut trees near their fields for easy
harvest, again bringing some of these trees to their
northern limits by choosing the nuts from late bud-
ding trees for planting. They spread the native
apples. There is some question as to whether
they knew how to graft as well. They soaked their
corn seed in a decoction of plants before sowing it
to protect it from slugs and birds. They sprouted
their pumpkin seeds in their houses, near their
fires, ready to plant out as soon as danger of frost
had passed.
(Rubus spp. )

They semi-cultivated the raspberry
, two kinds of strawberry ({¡:agaria spp.),

grapes (Vitis spp.), juneberries (Amelanchier spp. ) ,
milkweeds (Asclepias spp.) and the citron or May
apple (Pyrus spp.) for its delicious yellow fruit.

. They burned the climax forests around them to
make clearings of sixty acres or more in which to
plant their corn and to encourage growth of those
plants they semi-cultivated for medicj-ne, fiber and
food. (Erichsen-Brown,Use of Plants, pvii )
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CULTIVAR,/RASPBERRY CULTIVAR/STRÀWBERRY

Plants as FOOD (Prairie Turnip, Psoralea esculenta) or

giving a beverage v/ere readily available from within the un-
Icultivated plant community plants as VEGETABLE OR POTIIERB

(Fireweed, Epilobium augustifolium), those with EDIBLE PARTS

(Canada Thist1e, Cirsium arvense), those that can be EATEN

RAW (Wild Bergamot, l4onarda fistulosa) , those that are fEA/

COFFEE SUBSTITUTES (Pineappleweed, Chamomile, Matricaria

matricarioides) and, of collrse, some thaÈ were avoided, being

POISONOUS TO MAN. (llorsetails, Equisetum spp., are said to
be poisonous to lVhites but not to lndians. tsaneberry, Actaea

rubra, is poisonous to both.) Some species are dangerous if

taken in large amounts (e.9. the milkweeds), therefore they

v/ere used with caution.
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FOOD/PRATRIE TURNIP VE GETABLE/POTHE RB/F I REVTEED

other uses to man are many. under the category head.ing

of USEFUL rve should consider species that are:

Cooking Utensils (Manitoba Þtaple,

and spoons with no wood taste)

Acer negundo for dishes

ia/eapons (Saskatoon, Amelanchier alnifoLia, for arrow shafts)

Games/toys (Grasses, folded and tied as chirdren's dolls)
Scents/soaps (TaIl Meadowrue, Thalictrum dasycarpum , seeds

carried as perfume and used in washing)

Oils (Sunflower, Helianthus annus, for hair oiI)
Gums/glues (tvtilkweed, Asclepias syriaca, for chewing gum)

Brushes (Needlegrass, Stipa spartea, grass stems in a bundle)

Cladding for dwellings (Birch Bark, Betula rif era, se\^/n

together with spruce roots and used in tepees)

Prayer offerings (Asters, Aster raevis, burned or smoked)

Storage utensils (Birch Bark, used for containers)

smoking material (Dogwood, cornus stolonifera, for inner bark)
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Bait for wildlife (New Eng land Aster, Aster novae-anglrae,

smoked in pipe to attract game)

Absorbents (Wood Moss, Dicranum bonjeanii, is mildly anti:

septic and used as diapers or to dress wourlds)

Need 1e s/I ance s,/hook s

hooks to catch birds)

(Hawthorn, Crataegus succulenta, as

Torches (Bullrushes, Scirpus spp., after pith has been

saturated with animal fat)

Structural supports (Aspe

poles )

n, Populus tremuloides, for tepee

Insulation (Northern Bedstraw, Galium septentrionale, bales

used in winter tepee)

- Charms (Dogbane, Apocynum androsaemifolium, root chewed to

counteract evil charms)

- Cordage/fiber

line).

(Canada Thistle, Cirsiuln arvense' for fishing

Some plants also have merit because ti:ey are used in

þIEAVTNG/SEWTNG of baskets, mats etc. (Burdock, Arctium minus,

used for fiber), or to give coloured DYES (Trembling Aspen

leaves give a yellow dye) .

In using plants as MEDICINE, there is great potential

merit in looking at native herbal cures, which v¡ere at least

comparable with herbal medicine as i-t was practiced in Europe

at the time of contact w.ith the native cutture.9 There are

numerous accounts of dOcumented cures and many of our modern

day medicines had their origin as native remedies. Salicin

contained in Aspirin was discovered in the inner bark of
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willow, which was chewed to cure a headache. The potential

f or f urther research in this direction is pi-renomenal . Frances

Densmore categorized the medicinal uses to which the people

of the l^lhite Earth reserve, llinnesota, put plant material,l0

(Fis. 1.5 ) :
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Fig. 1.5 Medicinal uses for plant material
Some prairie plant material is a part of WESTERII MEDI-

CINE and its herbal tradition (Yarrow, AchilIea millefolium) .

Three categories can be included. in the plant record to illus-

trate this future potentiai. They are those which are

DIURETIC or LA)GTIVE (Seneca Snakeroot, PolygaIa senega) ,

E¡{ETIC (Nodding Trillium, Trillium cernuum) , taken to induce

vomiting, and those that have special merit as IONICS or VITA-

MIN SOURCES (Prairie Rose, Rosa arkansana, which has 15 times

more vitamin C than orange juicei.

There is a chance that native herbal practices were

influenced by a European source, since the Vikings occupied

villages on what is norv Newfoundland from 1004 A.D. to 1404 A.D
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Native herbal medicine may be a branch of a continuing tradi-
tion that is known to extend back 60,000 years to Neanderthar

Man.

From this review of native uses of tarrgrass prairie
and its closery associated oak/aspen woodlands, certain
categories of information emerge as significant criteria
(Fig. L.6).

The main reason we see things differently from the

native peopre may be because we rely heavily on the crassifi-
cation of things as objects, not as individual spirits .ll

Prants to us are shade tolerant, native, evergreen, crops,

weeds etc. The native outlook was to see things as subjects
which v/ere essential to his well-being. since only knowredge

that could be stored in the mind could be passed oD, there
were practical limits to the number of mental lists that could.

be stored. our literary heritage has enabled us to estabrish
rabels/classifications as a v/ay of concentrating our energies

and enquiring into the nature of the world, but it is no\¡/ a

less personal world a worrd of objects. This outlook is
well illustrated in a study by Frances Densmore. she as an

anthropologist had to correct information on the use of prants

and assign it to headings such as their use as medicine, as

charms,in art or as food. However, that was not the way her

informants recalled the information; they brought individual
species and identified their use. She states:
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There are al-so some Indian names for plants that
t2

reveal relationshlps. Goldenrods (Solidago spp.) are called

by the Dakota Sioux "Lumpy Stem," which is thought to be a

reference to the insect galls that freguently occur in the

prant since it is a host species. The same prant illustrates
how fndian tribes v/ere attuned to the seasons by floral
events. The Omaha planted their corn when the plum trees

blossomed; they returned from the summer buffalo hunt to har-

vest their corn when the goldenrods bloomed.

(l
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GOLDENRODS "LUMPY STEM''

Our plant names have become labels for identification.
Potential usage and sometj-mes even identifying characteristics
are made more obscure with more reliance being placed on

taxonometric keys (Fig. 1.7). Folk taxonomies communicate more

about plants for a general context.

Here we have our dilemma. At the moment our classifi-

cation systems tend to store information on plants under

headings that make sense only within narrowly defined contexts

so that a holistic view of the merits of pÌ.ant material is
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obscured. As HaII puts it,:

I,n/here do we go for the overview? Who is
things together? Who are the experts in
context inte rative s stems ? Who knows

nece s saryma e type of observat
integrative systems of thought that will
where we stand?

What we mav need is a blend between western

for a working contextof the native people,

from nature.

TONS

puttlng
the high

how to
to build
te1I us

thought and that
that is derived

NÀTTVE NÀME

M,E.ANTNG

COMMON NÀME

È18ÀNTNG

PROPER NÀ}lE

MEÀNTNG

NÀTTVE NÀ.I,1E

¡"18ÀNING

COMMON NÀ¡{E

M,EÀNTNG

PROPER NÀI.ÍE

MEANING

A'dj idamo'wano

'Squirrel tail-" (Specific appearance of the leaf.)
Yarrovt

From Old English "Gearwe,n meanj.ng ,,the Healj.ng
Pl'ant.' (specific reference Èo its use as a herbal
rnedicine. )

Àchil lea ¡ni1lefolium
Resembling yarrow or Milfoil and bearing a thousand
leaves. (General description.)

¡,tûcxodé ci9a9á wûnj

"Prairie skunk plantn (Speclfic reference to its
smell. )

Wild Onion

Fro¡n Anglo-Norman "Unionn meaning ,'pearl, unigue
in size and quantity." (Specific appearance of the
bulb. )

Àlliu¡n stellatum

Garlik-l.ike h'ith star-shaped flowers. (General

appearance when in ftower.)

Fig. L.7 A changing context for nomenclature
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1.2 An Immiqrant View

The Cayler Prairie Botanical Reserve, fowa.

The story of the impact of Europeans on tallgrass
prairie is largely the story of a developing technological

capability at a time when short term goals of survival were

paramount and/or the ramifications of its use were not imme-

diâte1y clear. The black soil v/as a store of potential energy,

an untapped resource, and prairie use was seen as being either

use of the vegeÈation for grazing or use of the soil as crop-

land. When the technology did not exist that would allow the

sod to be easily broken, only small areas were cultivated.by

the pioneers as vegetable and/or herbal gardens, from which

some introduced species (e.g. Asparagus, Asparagus officinalié)

escaped to become another component of tallgrass prairie.

The wirelike mesh of roots close to the surface and the extent

of the rooting systems, which can for individual species be

35 feet deep, initially made grazLng a more feasible option

than growing crops. Domestic cattle replaced the large mam-

ma1s, but now the land was grazed intensively and, if poorly
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managed , had no time to recover f rom overqrazing. InJhen wire

fencrng was introduced (after L874) it became economically

feasible to fence off larger and larger areas, âs this was

much cheaper than the foregoing practice of constructing

wooden fences or planting hedges of prickly plant material
(e.9. the Osage orange hedges of lllinois). Range land thus

conflicted with the migratory movement of the large mamnals,

which were seen to be competing f-or grazíng areas. The sub-

sequent need to move large herds of Longhorn cattle to

shipping points on the rapidly developing railroads was seen

as a reason to extirpate other species (e.g. prairie dogs)

that competed for forage and, by burrowing, created hazards

for travellers on horseback.

Needless to säy, the removal of one species impacted

on entire food chains so that balances within animal communi-

ties were altered. For example, the black-footed ferret's

range decreased as its main source of food, the prairie dog,

was reduced in numbers. The larger predators (the wolf,

prairie grízzly bear, coyote , fox, red-tailed hawk etc. ) were

extermj-nated where possible. The relationship between these

animals and tallgrass prairie vegetation was initially obscure.

As the natural predators for relatively harmless species were

removed, their numbers increased to the point where they con-

stituted a threat, such as the 1880 infestation of locusts in

the Red River Va1ley, l4innesota. Entire vegetative systems
I

were reshaped. The impact of deer browsing in the woodland

areas increased greatly, âs the wolf was removed, so that
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their favoured plant foods were virtualry rem.oved. starvation
among deer became the factor which maintained a barance in
population. By removing the burrowing animals associated with
tarrgrass prai-rie (e.g. gophers) , the means whereby the top-
soil was turned over and aerated. was removed.. Disturbed areas
where the prairie annuals survive and initiate recol- onLzation
were reduced, thereby reducing species diversity and the
ability of the plant community to serf-heal. Removar of wird-
rife also meant removal of the source of organic wastes and

its means of distribution and. recycling into the rich black
soil- By rB30 bison herds east of the Mississippi had been

destroyed and the systematic reduction of the remaining north
and south Plains herds had begun. By 1900 there were 300 wild
bison remaining. The pronghorn Antelope was also nearly
destroyed. rn 1800 they had numbered about 30-40 miLlion; by

1875 their numbers had decreased to 15,000.

The destruction of the prairie ecosystem and its vege-
tatj-on was hastened by improvements in farming technology:
the introduction of the steel plow (1937) ; sulky plowing
(about 1877) when the plowman rode on his plough; the intro-
duction of extensive drainage systems; the arrival of steam

tractors; and, today, the application of intensive farming
techniques that sometimes ki11 off the micro-organisms in the

soil. The tallgrass prairie was almost totarly destroyed

before there was any serious attempt to understand what j-t was

or how it came to b".2

George catrin, the artist, recommended in rB42 that



the entire plains area be set aside in southern Canada for

the use of the Plains Indians in maintaining their hunting
3

lifestyle. In lB50 G. Copway, the Christian Chief of the

Ojì-bwa, tried to convince the U.S. President that he should

set aside what now approximates to the State of Iowa as a

reserve (Fig. 1.8) . Both proposals t,/ere seen as beingr waste-

ful of good farmland and potentially dangerous since they

would bring together large numbers of dispossessed Indians.

At the time the issue was how best to deal with the natíve

people. Very few people saw the retention of tallgrass

prairie as a partial solution to the problem because the pre-

dominant cuLtural view was that the native people had littLe

use for the land.
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Problems were dealt with as they occurred, as separate
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Fig. 1.9 Four levels of being

world that the immigrants had was deficient
4relationships. There was an assumed Iinear

"Chain of Bej-ngr" but relationships between

OF BEING were poorly defined and most scren-

tific ênquiry was directed towards understanding one of the

leveIs in isolation, e.g. the vegetation. Both a religious

outlook and a scientific/evotutionary outlook promoted this
view so that even the native people in the untypicaL late
plains culÈures adopted the European notion of a hierarchy

of levels (Fig. 1.9). (CREATO.¡}
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Biorogical records of the prairie as the Europeans found it
and recorded by early travellers (Narvarez and Cabenza de Vaca

in 1528-36, De soto in 1539-42, coronada in 1540-42, La ver-
endrye and sons in 1742, and Lewis and Clark in IB04-f805) were

generally poor because scientific knowredge was still in its
infancy and the plants encountered. were of undocumented

families. The first complete accounts came from andré Michaux,

J. M- Peck (1834) and H- L. Elrsworth (1937). Most of the
early botanists saw only the striking appearance of the
prairie and ignored the rndian concept of the prairie as a

supplier of food., clothing, medicine and sherter. Fortunatery
there were some noteworthy excepti-ons, e.g. Father Eugene

Buechel's collection of plants as used on the Rosebud reserve
(South Dakota) around L920.

. The idea of separate, self-contained levels of being
promoted scientific thought of a specialist nature. Most of
the criteria (flower type, Ieaf shape etc.) that were impor-

tant to the dominant horticultural view were concerned with
identification, crassification and manipulation of often
unfamiliar plant speci-es. These criteria are.irnnl_r^tant but
because they were not derived in trying to solve a s!¡stems-

related probrem, they are noÈ particularly useful for such a

working context.

When survival is seen as a contest waged against

nature, technological development (science for Manipulation

as in horticulture) is promoted as a necessary curtural
extension of our po\,vers. When survival is seen as a question
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of co-operation with nature, development of a s iotic

re lati- onshi then Wisdom (Science for Understanding) is of

paramount importance. The balance between the two shifts

constantly. It is an ecological viel that is more pertinent

what the native peopleto understanding relationshi ps between

had defined as " the four orders . "



B]

REFERENCES TO RELATED READTNG ON

''AN TMMTGRANT VTEW''

I May
(New

Theilgaard Watts, Readi the Landsca of America
York: Collier Boo c r PP.

2. Dennís Farney, "The Tallgrass Prairie: Can It Be Saved?"
1980), pp. 37-6L.National Ge ra ic (January,

3 Claude
Nature

Mondor, "The Canadian Plains: The Vanishing Act,"
Canada (June, L976) , pp. 32-39.

4
Harper

Schumacher, A Guide for the Þerplexed (New York:
and Row, I97T).





89

1.3 An Ecological View

In¡'hen ecologists turned their attention to the talI-
grass prairie ecosystem, they established criteria relating
to processes which supplement the native viewpoint. They are

often the result of studying managerial problems , ê.g. the

consequences of drought or grazirrg ]

THE PLANT AND THE PHYSICAL ORDER

Flowering time can be plotted

that, in Manitoba, run from April to

species that typify the secruence are:

APRIL (Prairie Crocus, Anemone

against monthly intervals
October. Examples of

MAY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

patens )

(Thimbleweed,

(White Prairie

Anemone canadensis)

Clover, Petalostemum candidum)

(Clasping Leaved Dogbane, Apocynum sibiricum)
(Many Flowered Aster, Aster pansus)

(Smooth Aster, Aster Laevis)

(Stiff Goldenrod, Solidago rigida)

APRIL/PRATRIE CROCUS JUNE/WHITE PRATRIE CLOVER
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JULY/CLASPING LEAVED DOGBANE OCTOBER/STTFF GOLDENROD

with observation of prant phenorog]¡, some relationships emerge.

Flowering sesuences and plant height appear to be related, with

the smaller prairie species blooming early in the season and

the larqer species later. The changing seasons also appear to
be characterized by different colours of flowers, with the

single most mentioned relationship being the late predominance

of ye1low flowering species.

The process of lignification means t,hat some species per-
sist through the winter months as skeletal forms or DRY forms
(Culver's Root, Veronicastrum virginicum) r which are attractive

2in both their natural setting and as indoor arrangements.-

:a WINTER INTEREST/DRY FOR},1/CULVERI S ROOT
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EARLY GROWTH, important to food-foragers, might also

be important to the plant, giving it, a competitive advantage

,over other species.

Probably the most important relationship is betrveen the

occurrence of plant species and the relative availability of
soir moisture. changes have been monitored in community com-

position over a period of seven years of drought. Mostly

because of the type and depth of root systems, it is possible

to anticipate which species are likely to thrive in soil con-

ditions that range from wet to dry.' ',*"a,, implies a surplus

of moisture; runoff from adjacent areas, ê.g. at the bottom

of gradients. "Dry" implíes a net loss of moisturei runoff to

other areas, e.g. at the ridges of gradients. A 4" difference
in adjacent areas can change the plant materiaL. This re-
lationship is so pronounced for some species that they are

referred to as "INDICATOR SPECIES." Some examples follow for
forbs and grasses that occur at the St. James Prairie (Fiq. 1.10).

Soil Moisture Regime Indicator
FORBS

DRY
DRY/MESIC
}lESIC
wETl¡4ESrC
WET

Aster ptarmicoides
Ànemone cylindrica
Solidago missouriensis
Fraga¡ia virginiana
Aster novae-angliae

¿

¡I

\ \¡ GRASSES

Andropogon scoparius
Koeleria cristata

I

DRY
DRY/¡4ESrC
MESIC
wET/¡,1ESrC
WET

Fig. I.tO Indicator species (soil moisture)

Panicum leibergii
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t4ESIC/LOW GOLDENROD WET/NEW ENGLÀND ÀSTER

The flatness of the St. Jam-es site makes such relationships
difficult to interpret, since there are not obvious gradients.

More extreme slope conditions would make this relationship
clearer. A pattern may well exist relating to soil moisture

,* 
Ora having more to do with the depth to bedrock than the

small gradients.

THE PLANT WÏTHTN THE PLANT ORDER

A useful category for PLANT TYPE is BUNCH GRASS (Little

Bluestem, A¡d¡opogon scoparius), i.e. grasses having a root

system adapted to dry conditions with roots near the surface

that bind and stabilize the topsoil (rig. 1.11).

SHRUBS (IrIo1fwillow, Silverbetry, Eleagnus commutata)

can be grouped with the category TREES, since our main concern

is the prairie species. grlhere they occur represents a point

of transition between true prairie and woodland.

Within the VISUAL ATTRIBUTES, HEIGHT is taken to be

SMALL ((9"), MEDIUM ( <36") and LARGE () 36"¡, which was a
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MESIC/LOW GOLDENROD ï¡IETINEW ENGLAND ASTER

The flatness of the St. Jam"es site makes such relationships

difficult to interpret, since there are not obvious gradients.

Ivlore extreme slope conditions would make this relationship

clearer. A pattern may well exist relating to soil moisture

but having more to do with the depth to bedrock than the

small gradients.

THE PLANT WITHIN THE PLANT ORDER

A useful category for PLANT TYPE is BUNCH GRASS (f,ittte

Bluestem, Andropogon scoparius), i.e. grasses having a root

system adapted to dry conditions with roots near the surface

that bind and stabilize the topsoil (rig. 1.II).

SHRUBS (WolfwiÌ1ow, SilverbeÍty, Eleagnus commutata)

can be grouped with the category TREES, since our main concern

is the prairie species. Where they occur represents a point

of transition between true prairie and woodland.

Within the VTSUAL ATTRIBUTES, HEIGHT is taken to be

SMALL ( < 9"), ¡4EDÏUM ( < 36") and LARGE ( ) 36"), which was a
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charactcristic,dereropment of the tops ar¡cl roors of four bunch grassesas they occur in severar uoland communitio. irol.,'rcrì ro right rhey are needregrass(stiþa.sþartca),Jun-egrass i*orrrro.¡lrlrl, rii,r. uirii,". (Androþogon scoþarius), anðprairie dropseed (sþroborus hetcrotcþü). Ná,.,¡", i;;',"p, are onry. about half as highas t he roots are decp.

Fig. 1.11 Bunch grasses



94

fairly arbitrary decision, but one that may be of use in

checkrng any relationship to flowering time.

If a plant is one of the relatively few that make up

752 of the prairie's cover, it is a COVER PLANT (Canada

Everlasting, Antennaria neolecta) . When it occurs rn groups

or "drifts" of one species it is said it AGGREGÀTES (Pasture

Sage, Artemisia friçL.da) .

There are estimated to be in excess of 2,000 species

in tallgrass prairie, t,hioughout its entire range. Those at

St. James, L69 in total, will be the basis for the file.
Trvo categories that. are controversial but of interest

deal with the known origin of =p".i"=.4 ALIEN (Dame's Rocket,

Hesperis matronalis) refers to plants "not .-accepted as con-

stituents of the ManiÈoba fIora. " They are introduced.

NATIVE (Silverleaf Psoralea, Psoralea argophylla) species are

those believed to have had their origins partly or solely in
Manitoba.

ALÌEN/DA.ME I S ROCKET NAT IVEIS ILVERI,EAF P SORAIEA



95

There is no clear understanding of what constitutes an

alien or a native, with the issue becoming increasingry con-

fused for those species that are introduced but reproduce and

spread naturally. some of these "arien weeds" may serve some

usefur purpose in today's tallgrass prairie though they were
5not present r00 years ago. NEONATTVE might be a better laber,

although others argue that because some of the species are

aggressive they are a threat and unwanted. some disrupt the

orcler within tallgrass prairie, occupying niches of native

species and outcompeting them, So that diversity of species

is reduced and the system with fewer potentiar responses is
made less stable. It appears to be a question of time as to
whether an individual species can be shown to contribute to
the system. Even "native" is a term of limited use because

the context for determining a plant's origins can be geograph-

ically much larger than its range within the geographic region.

The situation is rather confused because most references to
origins do not state the context. That a species is native

to tallgrass prairie does not necessarily make it a good

choice for a specific site. To maintain the genotype of a

site's species it is recommended thaL seed come from within a

three kilometer radius. Kentucky Bluegrass ( Poa ratensis) is
believed by some to -be a native of tallgrass prairie, but not

by everyone. It does not do well at St. James because it re-
quires more moisture than is annually available (20") in the

northern and transitional edges of the tallgrass prairie
biome. While research into the use of plant files and
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computer aids is necessary, it should by now be clear that

they are not a subsÈitute for knowing local plant material as

individuals.

Although the natj-ve neople identified the genera of

plants, it was only later that plant FAMILIES could be iden-

tified largq$
g¿j

because the scale of perception was larger.
Three groups emergie as being of particular.importance: the

'1 
....

GRÀSSES, CO¡tpOSfTES and LEGUMES. Plant cover occurs in pre-

dictable percentaqes for a healthy community (Fig. l-.12).

Dig bluesrcrn
'l'r'¡te. 

r tJ sa.m.
7o C,,mp. 'Z Ét.q

Litrle blucsrcm ...
Iliqbluestem.....
Kentuckv bluegrass
Ncedlcgrass
Prairie dropccd
Intliungrass......
Side-oatsgrama...
Small paníc grass€s

J u negrass
No<lcjine rvild-rvc
Srvitchgias.
Sloughgrrss
Forbs -.,.;,.......'

ESTIMATE OF PLANT COVER

FOR TAILGRASS PRÀIRIE. . .
37

r9
roo
88

3r
I

z8
lo
tz
zz
tz
;1

S pec ies

2.c

,-8.o
8.8
t.9
.¡

t.9
.t
.3

.t

.t
t.7
.4

3.6
'fot¿rl

99.oFig. 1.12 Species composition and frequency

Within the general areas of "prairie" and "woodland"

it is of use to identify other areas. Vegetation patterns are

the material represenÈation of the parts of a Dynamic energy

system that changes constantly, in response to changes in some

key factors " In the prairie comnunity this can be competition

for light between seeds and bulbs, tubers etc. when the depth

of litter is critical, or Iater it can be competition for soil

moisture in a plant community that has different depths and
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types of root systems. The roots are stratified so that the

plant comrnunity can survive, sometimes at the expense of

individuals, in a co-operative system that is more efficient
in utiliztng soil moisture than the sum of the parts would

suggest, because of its meshing roots and stratification. rn

a severe drought individuar species are lost but the prairie
cover is maintained.

ltithin the associated oak,/aspen woodland, flowering

and Ieafing sequences for stratified layers (tree, shrub,

herbaceous) evolved through competition for light. Species

in the herbaceous layer may flov¡er earlier in the year before

being shaded out by the tree canopy. The I{OOD EDGE is of

interest because in competing for light at the edge, it has

colne to be characterised b1, a particular association of

species. They form a dense edge, which is a windbreak that
influences the microclimate within the wood.land. It is gen-

erally v/armer and more humid. It is more,,-stable v¡ithout the

extremes of heat and col*, that plants endure on the open
...,.a.:, . ..,.-,

prairie. The wl+ad edge i;.s; also the ecotqme or. ,ff. of È:r,an-

sition where changes.in the relative .r.ul ofì---Ë-Ï"i"ie and

woodland can be monitored. The wood edge may be advancing or

in recession. This I¡IOOD EDGE/TRANSITION is especially impor-

tant to wild1ife, providing them with good cover and a diverse

supply of food.

The area of most rapid transition is within the ta1l-

grass prairie as a DISTURBED AREA. In the past this may have

been a buffalo wallow, a salt lick, a burrow or a holmstead

:a:
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site but today it is more likely to be a rvorn vehicular or

pedestrian trail. They may be characterised, while recovering,

by a predominance of srasses, such as little bluestem, which

have their growing points protected below ground level and

recover quickly. The native annuals t ê.9. Sunflowers, are

adapted to quickly seed and recolonize such areas.

DT STURBED AREA/SUNFLOWERS

However, such areas may also be the point of entry for the

more aggressive alien species (e.9. Dandelion, Taraxacum

officinale) which evolved in Eurasian cultivated fields and

are geared to establish extremely quickly and to persist.

Monitoring and quantification of endangered plant com-

munities, such as tallgrass Þrairie, reveals that some species

are now RARE (Yellow Ladyslipper, Cypripedium calceolus), or

are becominq ENDANGERED (Prairie Lily, Lilium philadelphicum) .

ñt

5

E
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Prairie species are increasingly AVAILABLE from nur-

series and seed farms. When the genotype is not an issue,

e.g. home landscapes, they may be of use either AS A SEED

(wild Berg amot, Monarda fistulosa) and/or AS A PLANT (Purple

Pr'airie Clover, Petalostemum purpureum) .

RARE/YELLOW LADYSLTPPER ENÐANGERED/PRÀTRY LILY

The reproductive method can be used to predict the

future appearance of an area. If the preferred manner is

SEXUAL the characteristics and location of offspring are

diverse and unpredictable. VEGETATIVE REPRODUCTION, from

rhizomes, tubers etc. is more predictable. Many species have

both alternatives.

The vast majority of prairie species are perennials,

some with a lifetime of about thirty vears, but as we have

seen, it is the ANNUAL (Pasture Sage, Artemisia frigida) that.

has a key role within the community as the initiator of the

healing process.
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To ensure the survival of a species

it may be advisable to check whether it is
and its flowering

DIOECIOUS (Canada

ThistIe, Cirsium arvense), i.e. if there are separate male

and f emal-e plants.

THts PLANT AND THE ANIMAL ORDER

Studies on wildlife are a good source for data on a
6plant's value as FOOD, but they are not easy to j-nterpret. A

plant may have value as a high percentage of one animal's diet

or it may have value as a 1ow percentage of the diet for a

great many animals. The category as it is used in the records

is intended to identify those species that are mentioned in

reading material on wildlife requirements.

, Although much has been done to understand changes in

ecosystems under natural conditions, e.g. identification of

species SUSCEPTIBLE TO DROUGHT (Tufted Vetch, Vicia cracca),

some of the most useful research relates to the impact and

management problems of man-the-farmer. Grazing may cause a

species to proliferate if it is an "INCREASER" (Black-eyed

Susan, Rudbeckia serot,ina), or die out if it is a "DECREASER"

(Dwarf False Indigo , Amorpha nana) . l{e have seen some that

are POISONOUS to animals, but others are simply AVOIDED, P€r-

haps because they taste bitter or are DEFENDED. One such

species is Foxtail Grass (Hordeum jubatum) , which causes

mouth sores in cattle that, if infected, can cause death-

Certain species are INDICATORS OF OVERGRÀZING (Canada
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Everlasting, Antennaria neglecta) where they visually dominate.

They may be those left untouched or they may be t,he INVADER/

PIONEER species that first colonize the DISTUP,BED AREA.

TNCREASER/BLACK EYED SUSÀN INVADER/P r oNEER/yELt or{ coAT SBEARD

In reading the landscape of a grazed area both Weaver

and Watts suggest that cattle, lj-ke bj-son, nrây graze into a

prevailing windr so that one side of a pasture might appear

more heavily grazed. Bison/caEble will also have preferred

routes to and from water bodies and separate sleeping areas,

less heavily grazed. It was often the pathways for large

scale migration that were first used by explorers and later

the settlers of the prairies.

THE PLANT AI.ID THE HU},IÀN ORDER

Apart from a

as a minority group

brief period when the

learned willing1y the

immigrant Europeans

$/ays of the native
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people as a prerequisite for survival, the majority cultural-

response has been to ignore the native flora. Settlers used

introduced species for windbreaks (Pea Tree, Caraqana arbores-

cens), garden vegetables (Asparagus, Asparaqus officinalis)
and later to decorate their surroundings. They used styles

and techniques reminiscent of their natj-ve homelands. This

is an alternative attitude towards the selection of plant

material that, has a heavy horticultural bias and stil1 has its
7advocates. Some species now have a CULTIVAR AVAILABLE (Long-

headed Coneflower, Ratibida columnj-fera). Some are viable as

CROPS (Jerusalem Artichoke, Helianthus tuberosus) .

cuLTrvAR AVÀTLABLE/
LONG.HEADED CONEFLOWER

CRoP/JERUSATEM ART TCHOKE

Many of the native species became, in time,

medicine' (ano*..herry, Prunus vir iniana

part of

as a coldwestern

remedy) .
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A combination of criteria (native and ecological) can

be seen as a useful checklist and a starting point for future

studies. The criteria chosen are those r./hich arise f rom the

context of a specific site. They represent what the vegeta-

tion has to offer as it interacts with the four orders or the

interdependent levels of being. The record represents, I

hope, what Edward T. Hall would regard as "a high context

integrative system of thought."

There are numerous other categories which could be

added to the plant record, but those given which arise from

an ecological viewpoint are the minimum reguired to understand

tallgrass prairie vegetation as somethj-ng which relates to all

IeveIs of being (rig. 1.13).

Probably one of the most important emerging lines of

thought this century has been the conceptual "fIip-over" that

Iets us look not at the orders or levels of being in the Iniorld '

but at the exchange of energy between the parts, a concept
9

expressed in Dansereau's l"lodel of Reality as the Ecosystem

(rie. 1.14 ) .

An ecosystem merges the idea of exchanged energies

(central to a native model) and levers of being (central to

an inunigrant model). Levels represent stores of more complex

and concentrated energy but the degree of interdependency

negates any idea of a hierarchical structure. That an organism

is more complex does not make it more important to the health

of the system. The most important component is actually the

ptant level because it is the only PRODUCER in the system'
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Fig. 1.14 The ecosystem

whereas all other levels are CONSUMERS. Such a model is use-

ful for a general interpretation of a specific site but it. is

not going to provide us with a meaningful quantitative model

because the specifics of individual organism behaviour (Worm,

Rose, Bison, Man) are not accurately represented within gener-

alised object classifications (Carnivore, Herbivore, Decomposer) .

Showing control or investments (stores of energy) as entities

separated from mineralr/animalr/p1ant,/man decomposer levels only

serves to confuse or obscure relationships, since controls and

energy storage originate within these levels and may bypass

intermediate levels. Systems analysis shares these problems

but is different in that it can address itself specifically to

quantifying energy exchange and is derived from a vocabulary

of symbols building blocks for models which can be made

specific or general, depending on the nature of the problem

and the quality of information available.

:.ì
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I.4 A Slzstems View

The purpose of thís section is to produce a quantified
generar model of tallgrass prairie, as an energy system, so

that relationships between the parts of a healthy ecosystem

can be appreciated. The model shows the importance of process-

orientated thinking in the management of native prant conmun-

ities by showing how key "forcing: factors" influence the

physical appearance and composition of the plant community.

The general moder is then compared to the system which exists
at the St. James Prairie, inlinnipeg and to its area of main-

tained l-awn, so that the energy expended by man on manasement/

maintenance can be compared.

Symbols.
I

The symbols used are those adopted by Odum (1976).

Energy source from outside accompanied by caus-
al forces.

Heat sink, the draining out of degraded energy after
its use in work.

Energy storage lank delivers energy flow to path-
ways.

Energy interaction. where two kinds of energy are
required to produce high-quality energy ffow.

Producer ¿¡ni, converts and concentrates solar en-

ergy; it is self-maintaining. Details may be shown

inside.

Consunter unit uses high-quality energy and ts

self-maintaining. Details may be shown inside.

¿

+i -\\_,. \

+i
I

D



109A General- Model

Energy flow units are Kcar.m-2.yr l,with assumptions

based,where possible,on data from studies on the ungrazed

Osage tallgrass prairie,Oklahoma (growing season 272 days,

annual precipitation 78.5 cm). Unl_ess otherwise stated ,alI
references in brackets are from rBprg Grassrands S s tems

Analysis and ¡lanl

From Sunlight to Plant Biomass........
Solar radiation available to the plant communit_rz is

I.4g x 106 KcaI.*-2.yr-I. This is converted by photosynthesis

into total plant biomass (Pt) at an efficiency of 0.44? (Sims

and Singh, L97L) . For other tallqrass sites the efficiency
was L.2e", with 554 (Dalman and i(ucera, 1965) of the total
6584.6 Kcal.*-2.yr-I ,ie. 362L.53 Kcal .*-2.yr-l for berowground

biomass (Pb) .

Stores of Plant Biomass

Biomass aboveground. and live 1na) has 110 g(dry wt) .*-2

of Carbon. Biomass beloworound, live and dead (Bb) 78 g(dry wt)
-)

^-'. of Carbon and Biomass of Litter (BI) 325 9(dry wt).m-2 of

Carbon. This in terms of stores of energ!¡ is:

Ba as 880 Kcal.rn-2.yr-l,

Bb as 624 Kcal.*-2.yr-1,

and 81 as 2600 Kcal.*-2.yr-I.
(Carbon is about half the plant's dry rveight and I g dfy weight

of plant material gives 4 KcaI of energy, when burned in a

bomb calorimeter. )

Standing Dead accumulates at 339 g.*-2.yr-I giving a

flow of 1356 Kcal.*-2.yr-l, while the rate of accumulation of
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-2 -1 -2litter is 292.33 g.m

-tyr

.yr , the equivalent of 1169 Kcal.m

For the PRODUCER SYSTEM (Fig. 1.15) we have the fol-
lowing stores of energy and exchanges of energy:

Tà n¡¡¡
To xteouqut fcæt/Uaxc

&rò¡r'rct

Pxoæryrrrerc

'lã Hn:øuty'llrrctt-
' St¡¡¿

-Iô !¿¡c¡la¡¡r¡

Fig. 1.15 The producer system

Two Food Chains

The producer system supports tr,/o simplif ied f ood chains,

above and below ground

a) the herbivore,carnivore,man chain

and b) the decomposerrmicrobacteria chain.

These CONSUÙlER SYSTEMS are self-maintaining and perpetuate a

balance within the overall system by controlling flows of

energy and recycling minerals and nutrients. The overall

pattern is seen as a balance of numbers between trophic levels

that represent storage of energy in increasingly complex forms

(E1ton's Pyramid) and/or a balance in turnover rate, with work

done by many small organisms with short lifeti¡nes supporting

1356
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fewer organisms with longer lifetimes (Fig. l.f6).
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(Afrer Clarke, 1954.)

Fig. 1.16 Trophic structure

Although the trophic structure is modelled as being

pyramidical the pattern breaks down with increasing yields
belng taken by man and closer scrutiny revears natural fluc-
tuations over time r particularly above ground. The system is
dynamj-c and constantly shifts in response to external factors

such as changes in the seasons and internar factors such as

fluctuations in population numbers for organisms (Fig. 1.f7).
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Fig. 1.17 Trophic leve1 fluctuations
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Plant biomass production rates are related to

such as the seasonal distribution of rainfall

LL2

forcing factors

(ris. I.1B ) .

1:

o9

ti
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r10
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0t

0a

0

-r

Dc*¡t Sho.rt

J¿ñ Fcb M¡¡ Ap. M¡y Junc luly AuB Scpt Oct Nov Dtc

Examples of rhc an¡ual cycle of key abiotic driving variables in North American
grasslands based on data from US/lBP grassland biome study sites and nearby locations.

Fig. 1.1-8 Rainfall and plant production

The situation is made more complex by delaying loops

and storages within the system. A large number of variables

influence the soilrs ability to store and release ground water,

e.g. the influence of plant uptake, soil porosity, the rate

of evaporation and the contribution of surface runoff from or

t.o'adjacent areas. !,ihat is clear is that while the flows of

energy may be harder to quantify, a system with more options

regarding the routes that energy might take is more sta¡fe.3

From P1ant Biomass to Soil Conununity. . .

The rate of conversion of parent material to soil is

ooverned by the rate at which the decomposers can rework sup-

plies of root bionass, litter and waste products (feces and

urine). Availability of soil moisture is also a factor.

Turnover in root biomass (O-50 cm) was measured as 0.36 g.m-2

-'tday'for the osage prairie (I.B.P. report L9, pp.156-157)

and as 252 per year for tallgrass prairie in general (Dalman

and Kucera, 1965). This gives a rate of decomposition (Pc)

of between 156 and 525.6 Kcal .^-2.yr-I.

Crr¡r nr¡rnr
¡r¿rrl:ndr .J

. ¿1'./

,1., 

,
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The total depth of topsoil is assumed to be L20 cm (q

feet) and the time since l-ast glaciation about I0,000 years,

which gives an accumulation rate for topsoil of O.L2 **.yr-l
There is some data for the uptake of Nitrogen and Minerals

and an approximate order of importance:

1

2

Nitrogen (partly from
the Legumes)

Carbon ( turnover rate
of 1.6 yrs. )

5 Potassium

6 Calciumr/Magnesium (in
Iitter )

3 Phosphorous 7 Silicon
4 Sulphur I Iron/Aluminum

An estimate of Nitrogen (N) and Mineral (M) uptake by biomass

aboveground is 28 g.m '.rt-' and for biomass belowground is
-2 -I -) -l65 g.m -.yr -, giving a total of 93 g.m '.yt ' (f .B.p. report

L9, p. 726). The amount of water uptake is undetermined.

what is known is that the efficiency of water use (Availabre

water/Total plant biomass) is highest for grassrands with in-
termediate rainfall. Tallgrass prairie does not use available

water as efficiently as mixed-grass prairie (Fig. l.19).

, I
f¡uer¡¡¡

KL

G.-

156-526

decomposers

[':.

'-, 'a
t" .. 'j' '' .. i

i... ..
I'-' ."

I

preop

Fig. I.19 The belowground food chain
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While most plant species

moisture conditions, some

relatronship. Management

appearance of the prairie
(Fis. 1.20 ) .

WET'/INDICATOR

Aster novae-anqliae
Thalictrum dasvcarpum
Veronicastrum virginj-cum

WEl -l,tES IClINDICATOR

Fragaria virginiana
GaLiurn septentrionale
Heuchera richardsonii-
Lathyrus venosus intonsus
Panicu¡n Ieibergii
Rudbeckia serotina

MES IC,/TNDTCATOR

Aster laevis
Convolvulus sepium

Solidago mÍssouriensis
Viola pedatifida

DRY. MES ICilIND ICATOR

A¡emone cylindrica

exhibit a preference for
fndicator species have a

of the water

accordinq to

req].me can

Þredictable

certain soil

very close

shape the

patterns,

Koeleria cristata
Petalostemum candi.dum
Physalis vir giniana
Potentil.la arguta
Sporobolus heterolepis
Stipa spartea
Viola pedatifida

DRY/INDICÀTOR

Àndropogon scoparius
Aster ptarmicoides
Bouteloua curtipendula
Petalostemun purpureum

New England Àster
Tall Meadowrue

Culver's Root

Wild Strawberry
Northern Bedst,raw
ÀIumroot
Wild Peavine
PanicArass
Black Eyed Susan

Smooth Aster
Wild Morning Glory,
Devilrs Guts
Low Goldenrod
Birdfoot Violet

Thimbleweed
Junegrass
White Prairie Clover
Virginia Groundcherry
TaIl Quinquefoll
Prairj.e Dropseed
Needlegrass, Porcupinegrass
Birdfoot Vio1et

Little Bluestem
Upland White Aster
Side Oats Grama

Purple Prairie Clover

Fig. I.20 Indicator species for soil moisture
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From Plant Biomass to Man.

The Osage prairie has no large herbivores. Studies

completed relate to smalI herbivore systems. rn general there

rs a correlation between the total biomass of phytophagous

animals feeding on grassland vegetation and its biomass

(Erlis and French, L973¡ Zrotin, 1975) . species diversity
depends also on the number of plant species present (about

200) and the composition of plant cover 95.42 Grasses,

3.62 Forbs (Weaver, North American prairie, Ig54).

On ungrazed prairie there is a great diversity of ani-
mar species in the small herbivore system (grasshoppers, voJ-es,

mice etc.) . They have a measured dry weight of 42.3 mg.m-2

(I.B.P. report 19, p. 205) , 0.17 KcaI.*-2. Invertebrate pre-

dators occur at 17.3 mg(dry wt) .^-2, 0.07 KcaI .^-2, and are

2r.98 of the total invertebrate population (r.e.p. report L9,

p. 542). Herbivorous invertebrates total 0.32 Kcal.m-2 (r'ig.
1.21 ) .

t]
P REDATORY INVERTEBRÀTES 0 .07

tJ

HERBTVOROUS INVERTEBRÀ'TES O. 32

il
HERBIVORES O.L7

lt0.028 EFFTCTENCY
CONVERSION TO
SMALL HERBIVORU

Bf O-Ì"IÀSS

SMALL
I

PAüttott

lærbilue

6tQrzrt¿surt¡ght

DtJr¡

LrrÊt

lo

DtA¡
l.æf

Fig. 1.21 Biomass for small herbivores and j-nvertebrates
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Moderate grazing would increase Pa by approxrmately

50% (Pearson , L965i Rawes and Ï^leIch, I966; Andrze jewska , L97 4;

WielgoIeski, 1975). Were there large herbivores an estimate

of average grazing would be L3-202 of Pa (Petruseiviez and

Grodinski, L975) with a maximum exploitation rate of 30-452

(Wegent and Evans , L967) . Assuming 13? Pa becomes 4444.5 Kcal.

^-2.yr and 577.8 xcal.m-2 would go to the large grazers. Pro-

duction rate for litter and standing dead would be increased

to 3866.7 Kcal.*-2.yt from the 2525 Kcal.*-2.yr on ungrazed

prairie. The system is made more efficient in investing in

the soil because of the moderate grazing of free ranging her-

bivores. Assessing the impact of grazíng on the make-up of

the plant community is difficult. With no limits to the range

of large grazers, bison appear to take species in approximately

thç same percentages as they occur as cover for the prairie.

If the range is limited more intense grazing promotes the

dominance of grasses and the dying out of forbs. If the range

is ungrazed then the percentage of farbs/flo\¡/ers in the com-

munity increases.

Assuming a 103 efficiency for the conversion of plant

energy to storage in large herbivore biomass since animals are

generally 5-203 efficient ( Southwick Ecoloqy and auality of

our Environment, p. 208) gives a production rate (Ph) of

57.8 Kcal.*-2.yr-l for large herbivores. Large predators

(Prairie wolf , gctzzIy, coyote etc. ) would have a production

rate (pp) of 5. I Kcal.*-2 .yr-l (ri-g. L.22) .
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Pp 5.8

Pa INCREASED 50?

138 TO GRAZTNG Ph 57. B

Summary of averagc dietary botanical composition for all scasons

for large herbivores

Species Number Grass Forb Shrub

t \

Fig. I.22 The aboveground food chain

The several species of large herbivores associated with tal1-
grass prairie were able to co-exist because they were not

competing for the same plant resources (Fig. 1.23).

Cattle
Sheep
Goats
Bu¡ros
Horses

* Bison
¡ Pronghorn

Mule deer+ black-ta¡led deer
* White-tailcd dee¡
r Elk

Rcd deer

t2l
l0s
l3

3

I
t2
82
E3

42
It

5

72+25
50t 23
29t19
8+ 3

69 +23
9¡+10
l5+21
l3t ¡7
l0+ ll
69+26
40+29

l5+ l6
30125
l2tll
39 +26
t5tl6
5+ 4

47!28
28!26
30123
l4t l9
2l +22

l3t
20!
59+
55+
lót
4!

43!
59+
60+
17+
39ì

2t
2t
l8
26
IO

8

32
30
27
z2
35

W.T'Dr¿r
ìK.

* a Prorc,.*r

*_'Oh*

-lt¡

P(orrlo¡t

herbrilore

6A^zr{ôsunl'rght

D!¿r

LírÊt
D'AD
læî

Fig. L.23 Large herbivores and food resources

Shrubs
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Iulan' s role in the system was minimal. He required

2500 KcaI.day-I ao survive (Odum, Lgl6) which he acquired by

hunting and by foraging from many vegetative systems. The

controls for managing the system are mostly built-in and are

the consequence of an evolved symbiotic relationship between

the parts of the system. One exception is t.he occurrence of

fire. ft may be that the natural frequency of fires as they

occur from lightning strikes does not account for the number

of fires necessary to keep an area as tallgrass prairie. The

native people may have had a key role in establishing tall-

grass prairie4since they used fire for hunting and to manage

the prairie with light burns about every L-4 years. How often

one specific area has to be burned over is difficult to say.

What fire does is remove the build-up of standing dead and

litter, which with increasing depth makes the germination of

seeds increasingly difficult. Fire sets back the process of

succession while at the same time releasing stores of minerals

and nutrients to the soil. The soil protects the regrowth

source of most prairie species (perennials) while destroying

shrubs,/trees which girow yearly from points of growth above-

ground. Prairie was increasing because it can regenerate after

fire, while the associated woodlands were receding.

Another control is the effect of burrowing animals in

aerating the soil at the same time as the large grazers were

compacting the soiI. Both actions change the amount, of

storage space for soil moisture which in turn impacts on the

entire system.
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The model that emerges of tallgrass prairie shows

clearly that no part of the system exists in isolation. There

are stores of energy in different forms, but a hierarchy, if

it exists, is only in terms of the quality/concentration of

stored energy. The vital línks that emerge, routes for energy

transfer, are as important as the parts. Understanding the

role of the forcing factors and working with information on

plant preferences enables us to manage the system in accor-

dance with anticipated responses, and our significant criteria

are largely to do with measured responses to change in the

forcinq factors. Different habitats correspond to different

amounts of AVAILABLE SUNLIGHT (OPEN PRAIRIE, WOOD EDGET

TRANSITION, WOODLAND) to AVAILABLE IVATER (DRY, DRY-MESTC,

MESIC, WET-MESIC, I^IET and SUSCEPTIBLE TO DROUGHT) and to FIRE

(FIREPROOF) . We also see man I s place in the scheme of things

and so are better able to interpret his vital link with nature.

Knowing the pattern to energy transfer reveals that the

natural system not only required minimal energy expenditure by

man, but incorporated other components (ttre grazers) to do the

work of management, which, in turn, were sources of energy

sustaining man. With the model (Fig.I.24) we can now explore

grazLng as an alternative, natural form of management for this

plant community.
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Fig. L.24 A systems model for tallgrass prairie
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Energy expended on manasement of the St. Jarnes prairie

THE ST JAMES PRAIRIE

Energy expended by man is st,ilI minimal though it, now

includes substituting planned burns for natural fires and

maintaining areas of 1awn. The open prairie has about l/10th
of its area burned over every year but the advancing woodland

remaj-ns unburned and continues to encroach on the prairie.

The energy expended on maintenance of lawns and mown pathways

is spent on making a mono-culture of grass grow (fertiLízer,

watering etc. ) and on keeping it from growing (mowing) i

A very approxi-mate estimate of the energy expended on

20 m2 of lawn in one year is 2500 Kcal for labour, 10,000 KcaI

for fuel and 2,500 KcaI for fertilizers and pesticides (Falla-

rones Inst. , The Inte ral Urban House, p. 428) . VJhen this is
added to the energy represented by the removed grass clippings
(85,000 KcaI) tne total energy budget is 5,500 Kcal.*-2.yr-1
(approximately $0.69 m-t.or-t) . This is not excessj-ve in

terms of managing lawn where it is needed ($138.00 per year



122

for St. James). Where it is not needed it represents an

increCible waSte of money/enetgy. Tallgrass prairie as an

alternative requires a minimum of manasement the wages

of two firemen (assume $20,000 yr-l) for one day everv two

years, burnj-ng an area of about 15,958 square meters about

-1 -) -l$54.79 yr - total or S0.0034 m-'.yr -. This assumes that for

l98l one dollar is the equivalent of 8000 Kcal (Total energy

consumption in Canada,zGNP) . There are situations where fire

management of tallgrass prairie is not a feasible option but

can this be so for all the maintained grasslands in parks,

roadsides and hydro-rights-of-way? Fire, used to manage the

open prairie at St. James, does not appear to be effective in

reducing the numbers of woodland shrubs that are invading the

area, possibly because there is not enough time between fires

to iet combustible material build up to the point that a burn

will be intense enough to kiII the shrubs. The loss of the

herbivores has reduced the rate at which com.bustible material

is produced, but the rate of burning is based on the frequency

of past fires on grazed prairie. Perhaps it is possible to

reintroduce grazing. Using the model (Fig. I.25) v¿e can test

whether this is possible in theory even though it is not

practical for the si-te as it exists. Energy quantity decreases

as it moves through t.he system but its concentration and qual-

ity increases.
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-2 -1
. day ln -2 -11350500.00 Kcal.m .yrSUNLIGËIT (3700 KcaI m

in lulanitoba)

Photosynthesis (0.44? efficient)

TOTAL PLANT BIOMASS

452 ABOVEGROUND

BOOSTED 5OU BY GRAZING

13U TAKEN BY LARGE HERBTVORES

CONVERTED TO ENERGY STORED AS
ANIMAL BIOMASS (f0S efficiency)

ANI¡4Ä,L BIOMASS (assuming 1g of
animal biomass is the equivalent
of 5 Kcal of stored energY)

ANTMAL BIOMASS ON WHOLE SITE
(tota1 area of 39.5 acres,'
I59,580 square meters)

This

Fig.

59 42 .20

267 3 .99

4010.99

52L.43

52.L4

10.43

-)KcaI .m
_)

KcaI.m
-')KcaI.m

1
KcaI.m

.yt

.yr

.yr

.yr

-I

-1

-1

-l

Kcal.m
-2

-2 -I.yr
-1g.m .yr

-2L664 .42 g.m .yr -1

is the equivalent of three mature bison (500 Kg each) .

l-25 A theoretical test for grazing

While the model indicates that grazing is theoretj-cally

possible it is well to remember that the assumptions behind

the model rvere derived for a larger scale of perception and

that t.he applicability of the model is reduced in trying to

work at such a small scale. Its use is primarily as an inter-

pretive aid. It does not, show that grazing is feasible, but

given conditions as they are believed to have existed, three

bison possibly could be sustained by the amount of edible

material produced in the site (though not necessarilv as a

confined pasture). It may well be that they would be sus-

tained by the total production of aboveground plant biomass

but that they would naturally graze over a much wider range.
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Other changes to the system include the interception

of surface water runoff from surrounding areas so that avail-

able ground water is reduced. Compaction of the mown pathways

by visitors mav also interrupt the flow of avaj-lable ground

\^/ater. The aboveground f ood chain is not evident aS an inter-

pretive resource except in terms of the small herbivores t e.9.

grasshoppers and leafhoppers.

I¡that exists now is only the relics of a once healthy ecosystem

(Fis. 1.26) .
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1.5 Summary

In looking at tallgrass prairie
of thought that represents a developing

what emerges is a line
systems context, from

cultural models to more site-specific ones that
from a

very general

are derived speciali zed working-context
¿'- u.

I

(Fiq. I.27).
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Fig. I.27 A developing systems context
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The native view identified the uniqueness of all

beings and their role as a part of one whole sysÈem. An ex-

planation of the exchange of powers/energies was central to

their beliefs. The immigrant view lost sight of relationships

but quantified information on the parts of the system. the

ecological view combined the parts and the energy exchange

but had no concise way of representing controls or investments

of energy. But a systems view has developed a symbolic

vocabulary that allows us to relate parts and processes -- and

furthermore to quantify the processes.

One of our goals as 
. 
designers,/interpreters should be to

explore and explain, not so1e1y plant material, but the con-

text of ecosystems as the tools of our trade to educate, to

promote wisdom not technology as an end in itself. Under-

standing and participation, for the client,/public, in the

design process is just as important in achieving this end as

is the example of an ecologically sound design solution. The

solution wiIl not be generally acceptable until the rationale

behind it is clear.

This does not mean advocating the indiscriminate use of

native plant material. Plant selection depends on what ends

are to be achieved, the definition of a problem, but mostly

an understandinq of context and a measure of solutions against

alternative solutions, including those of nature. Tallgrass

prairie is not "natural" in the sense that one of the key

factors in its evolution was man-made fire. Understanding our

context requires an increased understanding of fields of study
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such as ecology and energetics.

Ecology is the one science that possesses the ability
to recapture the experience of PERSONALITY in nature.
And it comes into its own as a profession at exactly
the same ti-me that an intense awareness of PERSONHOOD
(an individual's right to self-discovery) enters our
political life. We have begun to liberate the Earth
from her false identity the mechanistic-reduction-
istic image which has made nature into an unfeeling
manipulation just as we begin to fight our $/ay
free of the false identities which have made human
beings the objects of social power. (Roszak, Person/
P1ant, p. 58)

fs this not a call for a Model of Reality similar to that advo-

cated by the native people and ecologists alike, with person-

ality in nature and recognition of the uniqueness of the

individual spirit in all levels of being? Is it accídental

that such Èhought should emerge as we prepare to return to a

steady-state economy, without the luxury of excess energy from

fossil fuels? Is this an example of cultural pre-adaptation?

Cou1d it, be that our thought, originates in the larger system

of things? Lovelock and Epton, environmental scientists, have

developed in their GAIA (Mother Earth) HYPOTHESIS just such a

propositíon.

It appeared to us that, the Earth's biosphere was able
to control at least the temperature of the Earthrs
surface and the composition of the atmosphere...This
led us to the formulaÈion of the proposition that
living matter, the air, the oceans, the land surfaces
were parts of a giant system which was able to con-
trol temperature, the composition of the air and sea,
the pH of the soil and so onr so as to be optimum for
SURVIVAL OF THE BIOSPHERE. The system seemed to ex-
hibit the behaviour of a single organism...One of the
Iaws of system control is that, if a system is to
maintain stability (balance), it must possess adequate
variety of response.llilñãc, is to be feared is that
man-the-farmer and man-the-engineer are reducing the
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total variety of response open to GAIA...Natural
distribution of plants and animals is being changed,
ecological systems destroyed, and whole species
altered or deleted. (Roszak, Person/P1ant , P. 39)

The saving of tallgrass prairie is of global concern,

and hopefully some of the criteria significant to its survj-val

and man's survival are represented in the plant record.

The question is: Can we convj-nce the public that damage has

been done, and do we have time enough to reduce the extent of

the damage? (Fig. I .28)
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APPENDilX 2
A FILE CIN
TAILGRASS PRAIRIE SPEGIES
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2.L The File

Plants in the file are those that occur at the St.

James Prairie. Native woodland species and introduced

species for a one-time holmstead site are included, along

with species that characterise the true or tallgrass
prairie. Added to this list of 169 species are L7 plants

associated with tallgrass prairie elsewhere in trtanitoba,

to give a total of 186 species. The records are presented

in alphabetical order according to a plantrs botanical

name. Sources of information for individual criteria are

listed in the appendix.
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2.2 Limitations of the File

If criteria are to be combined sensibly, the user has

to have some idea of how much documentation was available for

the dif ferent cri-teria
- Only documented informaLion is in the file but not

all criteria are comprehensively covered. Criteria with poor

or incomplete coverage are indicated below (nig. 2.I) .

Poor Coverage

REPRODUCTIVE METHOD

METHOD OF DTSPERSAL

DIOECIOUS

fÍg. 2.1 Coverage of

Incomplete Coverage

EARLY GROIVTH

SOTL MOISTURE PREFERENCE

INDICATOR SPECIES (Soil moisture)

COVER PLANT

FORMS AGGREGATES

SEED AVAILABLE

PLANT AVATLABLE

HOST SPECTES

criteria

The quantitative assessment of tallgrass prairie

species, ât St. James, gives an indication of how comprehensive

the file is (refer Section ¿.f). The fact Èhat the data is
processed by computer does not make stored information more

accurate, s5-nce it was subject to all the errors of omission

and contradiction that are a normal part of compiling any such

file
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2.3 Sources of Information

Specific sources of information are l1sted below.

FLOWERTNc T Il"lE /PERS f STENT
Department of Parks and Recreation
Prairie Museum Plant Check List,.

(Winnipeg) , Living

WINTER INTEREST
Jane Embertson, Pods.

sorI, MorsruRE coNDrrroNs/rNDrcAToR SPECTES
Wehr Nature Center, "Five prairie SegTmentsr"
Propagation Handbook.

A Prairie

Primary sources for
tation of !{isconsin;

above: John T. Curtis, The Vege-
E. Weaver, North AmericãîTffiie.

(Winnipeg) , Living

the
J.

BUNCH GRASS
J. E. Weaver, Prairie plants and Their Environment.

COLOUR OF FLO!,IER
Department of Parks and Recreatj_on
Prairie Museum Plant Check List.

PI,ANT HEIGHT
Manitoba Department of Agriculture,
in Boq, Bush and Prairie.

Native Mani-toba Plants

COVER PLANT
Wehr Nat.ure
Propaqation

Centerr "Prairie Plant
Handbook.

History, " Prairie

Lewis, "IndÍan
1980) .

Fires of Spring, Natural History,

!{eaver, Prairie PIants and Their Environment.

FTREPROOF
Henry T.
(January

AGGREGATES
J. E.

AT ST. JAMES
Department of Parks and Recreation (Winnipeg), Living
Prairie Museum Plant Check List.

AL r EN /NE ONAÎ M /NAT r\rE /C OrvlpOS r TE /LE GUME
H. J. Scoggan, Flora of Manitoba.

HABTTAT (OPEN PRAIRIEÆOODLAND/!{OOD EDGE/DTSTURBED AREA)
Department of Parks and Recreation (Winnipeg), Living
Prairie Museum Plant Check List.
J. E. Weaver, Prairie Plants and Their Environment.
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SEED AVAII"ABLE/PLANT AVAILABLE
Catalogues from:

The Windrift Prairie Shop
- The Potting Shed, P.O. Box 1168, Mj_lwaukie, Wis.
- LaFayette Home Nursery Inc., LaFayette, I11.
- Prairie Nursery, Rt. I, Box 116, Westfield, Wis.

Prairie Ridge Nursery, Overland Rd., Mt. Horeb, Wis.
An extensive 1isÈing of sources of native plant materials
is available from: The Natural Vegetation subcommittee,

Plant Resources Division of the Soil
Conservation Society of America,

7515 N.E. Alkeny Road,
Alkeny, Iowa 5002I.

FOOD FOR WILDLTFE
Martj-n, Zim, Nelson, American Wildlife and plants.

SUSCEPTTBLE TO DROUGHT/PASTURE
J. E. Weaver, Prairie Plants and Their Environment.
Canadian Department of Agriculture, Publication 964,
Ninety-Nine Range Forage P1ants.

CROP
Dilwyn J. Rogers,
Wild Plants of the

Edible t'ledicinal Useful and Poisonous
Northern Great P1ains South Dakota

Region.

INCREASER/DECREASER
J. E. Weaver, Prairie Plants and Their Environment.

INDICATES OVERGRAZING
J. E. Weaver, Prairie Plants and Their Environment.
May Watts, Reading the Landscape of America.

OTHER USES TO MAN
Jackson and Prine, Wild Plants of Central North America.
NeIson Coon, Using Wild and Wayside P1ants,
Dilwyn J. Ro
WiId Plants

gers, Edible Medicinal Useful and Poisonous
of the Northern Great Pl-ains South Dakota

Region.
Charlotte Ericksen-Brou/n,
500 years.

Use of Plants for the past

Frances
Medicine

Densmore, How Indians Use l{ild Plants for Food,
and Craf ts.
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APPENDIX 3
THE PR@GRANÆ
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?1r.¿ Examples of Formatted Output

The following examples are of printout from the three

subproorams in SHARRA.

The first, from LISTI, is a listing of names (a plant

inventory) and a display of the file. Data in the file re-

lates to the four orders and runs from left to right (columns

1-78). A 'f indicates that a criterion is applicable to the

record. A '0' indicates that a criterion is not applicable

or that there was no information from the extensive search of

literature which was undertaken in compiling the file.
The second example, from SORTI, is a display of a

plant record for a species which the user specifies by typing

in its genus (e.9. Psoralea)

The third example is from SORT2. Any combination of

code numbers (column numbers) of criteria is typed in, after
the checklist has b'een displayed to the user, and a tist of

complying species is printed out and totalled.
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3.2 Examples of Formatted output

The following examples are of printout from the three

subproorams in SHARRA.

The first, from LISTI, is a listing of names (a plant

inventory) and a display of the file. Data in the file re-

Iates to the four orders and runs from left to right (columns

I-78). A 'l' indicates that a criterion is applicable to the

record. A 'O' indicates that a criterion is not applicable

or that there was no information from the extensive search of

literature which was undertaken in compiling the file.

The second example,. from SORTI, is a display of a

plant record for a species which the user specifies by typing

in its genus (e.g . Psoralea) .

The third exampJ-e is from SORT2. Any combination of

code numbers (column numbers) of criteria is typed in, after
the checklist has been d.isptayed to the user, and a list of

complying species is printed out and totalled.
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