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AsSTRACT

Thís study was conducted in the períod 1970 Ëo L972 and ruas de-

signed to examine the taxonoraic and ecological relationships beËrveen

SaLrpus acutus }fuhl. and ,9. ualidus Vahl in southern Manitoba. Taxon-

omic assessment of the sËands v¡as accomplished using the hybrid index

based on six characters selecÈed ín part from a factor analysis of 13

morphological features. The response of the taxa so defined to a number

of environmental parameEers rüas measured using a rstand performancet

índex, Ëhe product of culm density and fertility.

S. aan'bus and ,9. uaLidtts show morphological discontinuity when

six characters are used in combínaËion. ^t. acutu-s is characterized by

inflcrescencee less than 80 un long; less then 13 prÍ-nari' rays; rârc

development of secondary rays and absence of tertiary and quaternary

rays; spikelets borne in clusters, r¡ith at least one cluster of five

or more present; and culms dark green to olive green ruith aeren-

chyrnal lacunae less than 1.5 nrn, and usually less than 0.86 mm in dia-

meter. ^5. uq.Lidus has inflorescences longer than 47 mm, usually longer

than 80.5 n*i the number of primary rays usually exceeds 13, but never

is less than seven; ray development is extensive r,¡íth secondary and

usually tertiary rays numerous; spíkelets are borne singly or in groups

of less than fíve; culms are light green to glaucous v¡ith lacunar diam-

eters alrvays greater than 0.87 mm and usually more than 1.5 mm.

The habitat i:equirement-s of S, a,czttrts and ^9. uaLidLLs differ ruith



respect Eo \,7ater depth tolerance, the pattern of rvater level fluctu-

aEÍons, and the range of tolerance for conductivity and the concentra-

t.ions oi magnesium and sulfate ions. ^9. acutus is Èypically found at

mean fall water depths of 0 to B0 cn (optÍmum between 15 and 40 crn) in

habitats with relatívely stable r,rater levels. It is capable of toler-

ating rvaters with conductivity readings as high as 2,600 roicrotho"/.m2,

magnesium concentraÈíons of 2r lB0 ng/1 and sulfate concentrations of

11900 ng/l. ,9. uaLidus, however, is usually found at mean fall water

depths less than 30 cm (optimr:n 0 to 20 cm) in habitats rvith unstable

\^rater levels. It has not been found in rvaters with conductivity ín

excess of 494 micromhos / " 
2, magnesium ion concentrations greater

than 230 mg/1 and sulfate ion concentrations more than 700 mg/I. Mag-

nesi'¿n anC/cr sulfate ion concenlrations are prcbably liniting the dis-

tribution of S. UaL¿dus in Manitoba Ëo siLes with a non-calcareous

subs trate.

The occurrence of uorphological intermediates of suspected

hybrid origin is infrequent, suggesting that significant barriers

^ ç1^-' ^-'{,sL betrueen the two taxa.LU BCr¡s !trvl! ç¡\r

This reproductive isolation combined with the morphological

and ecologícal dístinctions indicate that, \"/ithin central North America

at least, .9. acutus and 5. UaLidu-s should be considered as dístinct

species.

The i.nipJ-ícations of these findíngs are discussed, rvith

particular reference to marsh nranagemenL for waterfor.¡l and muskrats.

vl-
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CHAPTER I

INTRODUCTION



A. Statement of the Problem

The genus Seiz'pus L. (Cyperaceae) is represented ín

Manítoba by L2 speeies (Scoggan, L957). I^lithin this group ,s.

acutus Muhl. and 5. uaLidtts Vahl are distinguished by having a

single, erecÈ ínvolucral bract, a paniculate inflorescence, and a

tereËe, leafless culm.

,9. acutuS and ,5. UaLidus are sympatric throughout central

North America and are commonly found in the shallow \¡¡aters of many

marshes and lakes within this area. They frequently are dominanË

members of rhe reedswamp comnuniÈy and, as such, Ëhey have a sig-

nificanE role ín the dynamic processes of the ecosystem. By virtue

of their extensive root and rhizome systems, they conËribute to

delta formaticn anC Ëhe prevention of e-rosion; lvhile the stollt

culms are effect.ive in reducing r.raLer turbulence (Steenis, 1939).

The culms and achenes of both 5. acutus and ,S. UaLidus are used

for cover ancl food by a rvide varíeLy of ruildlife, principally

waterfor+l and muskrats (hnd.atra zibethica f,.¡1 (t'tartin et. aL.,

19s1).

In vier,¡ of their prominent role in North Anerican marsh

ecosystems, it is paradoxical that ,5. acuttts and ^9. uaLidus lnave

hpen fhe sul'¡'iect of considerable taxonomic confusion since 1806'

This confusion has existed for boti-r taxonomists and ecologists and

has been generated for truo reasons.

1 Norn"rr"lature of mammals follorvs Burt and Grossenheider
(L963) .



Firstly, the tr,ro taxa are morphologically similar and show

considerable variation Ín inorphological characters. Thís factor,

along with inconsistent use and inÈerpretation of diagnosËic

characters in the literature has produced a poorly-defined morpho-

logical concept of the two taxa.

The second source of confusíon arises because ^9. aeuttts

and 5. uaLidt¿s are found in sirnílar habitats and the lack of a

comprehensive comparative study of their environmental require-

nents has resulted in confusion of the habitat types occupied by

each.

The presenË study was designed t¿ith

1. To determine the deqree of

tínrri {-v hotr¡pcn theSe hyO

reappraisal of a number of

Lçl Þ .

two basic objectives:

morohol oqí ca] díscon-

taxa by an obj ective

morphological charac-

toa

under-

of

2. To compare the response of the t$ro taxa

number of environmenial parameters.

these objeetives should provide a clearer

taxonomic and environmental relatíonsirips

S. uaLidus.

If met,

standing of the

1Þ. a.cu-tug and

1
^ !..1-. åL ^'l hrôrrorìnrrr f-h l----5 bLUU_y t Ltls

accepted, but reference to
nnf imnlv:n ¡cerrnf¡nee o1t

binomials are used sol ely
avoid further confusion.

existence oÍ the fr¿o taxa is
then by thcir binonr'-als does
rhoir cnr-ni íin ' &L^

-- SLdLUÞ, Ll¡Ç

in deference to tradition to



B. Líterature revierq

1. Taxonomic

The genus Scitpus is composed of tr^¡o natural groups, the

Leafy and the non-leafy species. Beetle (1940) delímited them as

the subgenera Euscirpus (Grisebach) and Aphylloides, based on the

nature of the involucral bract (foliaceous or a single erect bract)

and the cauline leaves (blades well-developed as opposed to reduced

or wanËing). The section PËerolepis Schrader, series Lacustres

(Beetle, L944; secÈion Eulacustres of Beetle, L94L) was defined to

ínclude the non-leafy species with panículate inflorescences,

setulose perianËh bristles, and bi- or trifid styles. This Ëreat-

menE of the subgeneríc categories has been generally accepted. At

the speci-fíc lewel an<l lower, however, there has been no genera'l

agreement on the disposítion of Ëhe taxa involved.

The first-narned Ëaxon within the series ís 5. Lacustr"Ls L.z

prior to 1806, all specimens, European or North Americarl , t^Iere as-

signed to 5. Laeustrùs. S. tabez,nnemontani Gmelín, of Eurasian

distríbution, was described in 1805, and a year later Vahl des-

cribed S. uali,dus from the Llest Indies. The third speeies to be

cliscinguished from ^9. Laeustris rn¡as ,5. acutus Muhl ., described by

Bigelow in 1814 from specimens collected in the eastern United

SËates.

Poor accoñfâñnê ¡i ç11 the neruly-named iaxa prompted ChaSe

(1904) to publísh a clarífication of the Nortl-r AmerÍcan allies of

S. Lacustv,is. She assígned many }Torth Amerj-can specimens to

S. ualidus Vair1, thereby extending the range of this species r+ell



beyond its forrner Lropical disEribuEion. Chase aiso described the

North American ^9. heterocVøetus, clearly distinguisiring between

it, S. uaLidus, and S. Lacust'tis. A thÍrd taxon described by

Chase v¡as ,9. occídentaLis (i{atson), which was later conf irmed to

be a synonym of the earlier S. acutu"s }fuhl. (Fernald, L92O).

DespiËe the confusion created by S. occidentaLis, the North American

taxa began Eo achieve recognition as a result of Chase's paper

(see Brainerd, 1904). In L94L, Beetle summarized Ehe generally

accepEed staÈus of the taxa as follows:

1.

a.). of easLern Canada,
eastern and central
United States

of Ì{orth America, South
America, AusEralia, New
Zealand, China, Japan,
and the Phillipines

of cenËral North America

4. ,9. uaLidus YahL

5 . ,9. acutus Muhl .

Fernald (1943) disagreed, however, and stated that the

Norrh American represenLatives of S. uali,dus r¿ere sufficiently

distínct from their tropical counterparts that tirey should be

distinguished. lle therefore proposed the name 5. ualidu-s Vahl var.

creber f . megasiachyus.

Some authors have expressed doubE as to the validiry of

tlre specif ic distinctÍon bet¡+een 5. acul;us and 5. UaLiCus (Ifartin

and Uhler,1939;Koyama, L962 ar,.d 1963). Koyama (L962) em-

phasized that the r¿hole "scirpus Lacustris complexrt, composed of

Lacustv'Ls L. of European distribution

Lacustz:is L. var. tabernaemontani (Gnelin) Doll
of Eurasia

S. heterochaetus C]¡.aso-.



the fíve taxa nentíorred above. needed revision.

there r¿as insufficient morphological dífference

from ,9. T,aeustt'ís above the subspecific level.

Lacusl;r,is r.¡ould be composed of three subspecies

the follor+ing taxa;

He staÈed Ëhat

to separate any

Tn his view, ,9.

and rvould include

subsp. Lacustnis var, Lacustrís, íncluding
,9. Lacustv|s L. and ,9. hetev,oe?metts.s Chase

subsp . gLaueus, incorporating S. tabernaemontaní
Gmelin and S. acutus Muhl.

3. subsp. ualidus (Vahl), the former 5. uaLidus YahL

Koyamafs treatment has been disputed by SuriËh (f969):

SmiLh states that there is sufficíent morphological dífference to

distinguish the I'Iorth American representatives at the species level .

He qualífíes his view by stating that extensive hybridízatíon oc-

curs beh-reen all three.

Dabbs (L97L) also suspected hybridization between ^9. aeutus

anrl ,9. uaLidus in the SaskaËchewan River Delta, based upon morpho-

logical1y ínterrnediate specimens rqhich were sterile. He felt,

hor^rever, that there was sufficient morphological and ecologíca1

evidence to consider them as distincl- species.

The taxonomic treatment of the North American representa-

tives of the "Sc'inpus Lacastv"Ls complex" has now corne fu1l círcle.

Prior to 1806, all non-leafy round-stenrmecl bulrushes rvere refer-

rable to ^9. 
'[.c"cu.stris. Beginning r.ríth Vahl ilr 1806, the des-

erinFion end ,¿raåtta1 âccentânce of three distinct North Amerícan

species occurred. In 1962, however, Koyarna (ap. ctt.) stated that

all Ëhree shoul<i be re-united rriEh ,5. Lact¿stris. The more recent

I



literature of Srnith (op. cit.) and Dabbs (op. ct-t.), however,

reaffirm the specific status of the North A.merican taxa.

The Èaxonomic confusion has been caused in part bv the use

of different diagnostic characters by differenË authors and also

by lack of agreement in data when the same characters are used.

Chase (1904) used the larger achenes, larger scales, spike-

1et shape and viscid pubescence of the scale to dístinguish 5.

acutus (5. ocaideniaLis (I.Iatson) Chase) from 5. uaLídus.

BeeËle (1941) agreed that spikelet shape and larger scales

were diagnosËic of 5. acutus, but states that the achenes of ,9.

uaLídus are larger (2.5 x 2.0 nnn) than ^9. acutus (2.0 x 1.75 mrn)

and the scales are "...frequently víscid dotted...", in,9. uaLidus,

while he does not clescribe this character for 5. acuttts. Beetle

(op. cit. , p. 692) used the fibrous roots and ovoid spikelets of

,9. uaLidus to distinguish it from 5. acutus (roots spongy and

spikelets subcylindríc) .

Fernald (1950, p. 264) described the spikelets of ,9. acutus

as "slenderly ovoid to linear cylindric" and those of ,5. uaLidus

as "ovoid to cylindric"; this fine distinction was obscured, horv-

ever, by his description (op. cit., p.270) of the spíkelets of

S. uaLi.das (Vahl) var. creber Fern. f. megastachgus Fern. as "ovoíd

to línearly cylindric". Fernald does not use the root morphology

as a diagnostic character, nor does he rnenticn root norpirology ir-r

his descriptions.

Gleason (1952, p. 271,) distinguishes .9. acu-tu-s from 5.

ualidus by the length of the scale in relation to the achene



(ttscales much exceeding the achenestt in ,9. aeutu-s; ttscales about

as long as the achenes" in ^9. uali.d,.æ).

Koyama (I962) based his distinction (at the subspecific

level) of 5. acah,ts and 5. ualidus on the scales (papillose,

punctate and fimbriate-margined in 5. aeutus; glabrescent, usually

non-punctate and less finbriate in ^9. uaLídus) and the scale-achene

length (the scales exceeding the achenes in ,9. acutu"s).

SnLith (1969) considered the number of air spaces (aeren-

chymal lacunae) in a cross section of the culrn, the proporËion of

spikelets borne singly, and the floral scale color as diagnostic.

Dabbs (L97L) used stem color, seconda-ry ray length, presence

of tertíary rays, spikelet color and scale length to distinguish

populations of -q. acutus and ,5. "-alidu,s. The contrasi between

Dabb's (1971) characters and those of Beetle (L947), who attempted

Ëhe first clarificaËion of Ëhe group are not.e\^rorthy at this point.

Beetle did not recognize a color difference of the culms (he des-

cribed both as tgreenr), while Dabbs found that the 'dark green'

culms of ,9. aeutus conËrasted r,¡ith the f light greent culms of

S. uaLidus. The treatment of the ray development by Beetle and

Dabbs is also conflicting. Beetle stated that secondary ray length

r,¡as greater ín ^9. acutus (tt...to 3 cm...ttin S. acutu-s as opposed

to ". ,.to 2 cm..." in ,9. uaLidus) and that in both species the

clevelopment of tr--rtíary rays \,/as traret. Dabbs (op, cit.) stated

Ëhat secondary ray lengths rvere greater ín 5. ualid:¿s, being l0 rnm

or more in length, r+hile those of 5. acutus were "...very short

or absent...." (op. cit., p. 151). Dabbs found the developmeDt



of tertiary rays characteristíc of 5. uaL¿du"s, rvhereas they rvere

absent in ,9. acutus.

2. Ecological

The environmental requirements of ,9. acutus and 5. uaLidus

have noË been clearlv defined ín the literature. This is due ín

part to the simílarities of the habitats occupied by Lhe plants,

but also due to a lack of cornÞarative daLa for a number of envir-

onmental parameters. The confusion has been compounded by simpli-

fied statements in the 1íterature, particularly in floras or oËher

works briefly describing plant habitats, r+hich indicate that S.

acutus and ,9. uaLidu-s occupy the same habitat; these statements

are very often based on one envíronmental- parameter.

0f all the environmental factors acting upon emergent hy-

drophytes, \üater depËh is the most obvious and the rnost easily

measured. As a result, attempts to typify the habitat of emergents

in a short statemenË are usually based on this parameter. lufuenscher

(L944), Fernald (L952), Gleason (T952) and Moss (1959) give bríef

staten'lents on habítat, but do not indicate any differences between

the truo species. Sigler (1948) , hottever, does indicate a water

¡ien,.h ftnrafprenr.^rr ¡+¡ri-^ *h.l-.Ç ¡tn"t*tts: ûrôr.7c ll^g l^-+1-^ ^ç 5 tOr---.---."-g t 5 LaLfltg LIIaL ,. LíÇt'LUL'-Ò ËruwÞ dL ssPLtlù vr

7t4 feeL" r¿hile 5. uaLidus is "abundant in very shallov¡ rv.ater or

marshy areas...". Sñi-th (L969) indicated that ,5. acuius r¿as found

in deeper \.¡ater to 3 m, whereas ,5. uaLtaus gro\ts in ". . .ç¡et mud

and very shallor+ \^/aLer along the shorestt, an<1 was never found at

depths greater than 1 m. Sirnilarly Dabbs (L97L) found that
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uaLidus rarely grehr at depths greater than 60 cm, whereas

acutus r^¡as found at depths of 1.5 rn.

Similarly, little information ís available frorn the liËera-

ture on the chemical quality of \^rater in r¿hich 5. acuttLs and

,9. uaLidus gro\,/. Metcalf (1931) found ,5. acutu"s had a wíde range

of tolerance for saline and alkaline r^raters. He described 5. acutus

as being cofllmon to rare in saline, saline-alkaline, and fresh r'later'

while S. ualidtæ r+as found only in fresh water. lulartin and lJhler

(1939) found that ,9. uaLidus rras restricted to fresh water' while

,9. aeutus "...thrives in nrildly allcaline or slightly brackish

!üaËers...", Fassett, (1940) described .9. acutu's as "common in hard

water...". Muenscher (L944, p. 167) said of 5. acutl'ts: "In cal-

careous ereas this species oflen colrers extensi'.'e 3reas, the so-

called 'tule marshes"'. Ilartin et. a.L. (1951) indicate Lhat,9.

acutus is sornewhat al1ca1i-to]erant, Ëhough less so than the alkali

bulrush (^9. paLttd.osus). Curtis (1959, p. 390) described Ëhe optimum

for 5. uaLidus as medium hard rvaters (50 - 150 ppm CaCOr) and that of

S. acutus as very hard rva¡er (15G1- ppm) - Stet¿art and Kantrud (1969)

descríbed ,S. acul;us as most abundant in slightly to moderately
,

brackish (300 - 81000 mícromhos /cm'¡, whereas 5. ualidus is found
1

in fresh or slightly brackish r,¡aters (40 - 2,200 micromiros /cm'¡.

Snríth (1969) found that ^9. acutu-s tolerated conductivíties in ex-
.'t

cess of 18,000 micrornhos/crn' r,¡hile ,9. uaLidus rùas generally found

aË values be1ol 2.000 micrornhos /"*2.

The utilizaLíon of 5. acutu-s and ^9. zsaLiau-s as a source of

food and cover for r¿aterfor+l has been r'¡ell-documented. Many
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species of diving and dabbling ducks eat the achenes (Metcalf'

193r; Marrin and uhler, 1939; Martin et aL.,1951; Chamberlaín,

L94B; and Keirh and Stanislorvski, 1960). Martin et aL. (op. cit.)

also lisË 22 specj:es of wading birds' seven species of songbirds'

and trvo species of upland gamebirds which feed on the achenes.

Sreenis (1939), ilolf (1955), and Lokomon (1966) indicate the strong

preference of ducks, particularly diving ducks, for these bulrushes

as a source of nesting cover. l{illiams and sooter (1941) found

that Canada geese (Bz,anta canadensis L.)1 will also nest in bulrushes

(5. acutus).

Muskrats (Ondntra zibethica) eat the succulent bases of

both 5. acutus and ^9. UaLidus and use the rhizomes and culms for

constrr-lct:l'.ng their lodges (Yeaeer, i945; Errington, 1948; Bellrose'

1950; Arata, 1959).

Both species of bulrush have been used extensively by abor-

iginal rríbes in North Ameríca (Beetle, 1950). The culms were

collecte<l for thatching and weaving baskets and mats. sËeenis

(op. cít.¡ considers that the genus on a v¡orld-wide scale' repre-

senEs one of the most imPoïtant uncultívated texEile materials'

1 No*ur,"l-ature of bírds follorvs Godfrey (1966)
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Description of the area

l-. General descríptÍon of southern ì'fanitoba

Physiographically, southern Manitoba (south of 54oN) caït

be vísualized as a central triangular basin with upland plateaus

on the east and wesË borders. Altitudes varv from a maximum ín

the r.¡esË of. 827 ¡r above sea level to approxiinately 2L6 m in the

lowest portion of the basin, Lake l,Iínnipeg (Irteir, 1960) . The

easiern uplands, formed by the Canadian Shield, reach an al-

titude of approximaÈely 364 rn above sea level.

The most prominenË feature of Lhe \,restern upland ís the

Manitoba Escarpment, underlain by Cretaceous shales and sandstone

(Figure 1). The surface deposits are predominantly glacial drift

composed of shale and limestone with some adnixture of granitic

materials (Figure 2).

The central basin, or luf,anítoba Lor'rland (l{eir, 1960), has

mixture of lacustrine and calcareous drifL maËería1. ¡¿hích forsìs

mantle of various thickness over bedrock of several geologícal

ages (Figure 2). The bedrock of the tuestern portion of the

Ifanitoba Lor,¡land is mainly límestone of the Jurassic, Devonian,

and Silurían periods. These are replaced furtl-rer east successively

by olcler Ordovician limestone, Ordovician sandstone arrd shale and

finally the Precambrian granites, gneisses and sedÍmentary rock of

Ëhe Canadían (or Precambrian) Shield (Figure 1). The Precambrian

Shield has a clíscontinuous mantle of surface material interspersed

with bedrock outcroppings. The surface deposits ar..e primaríly

glacial drift of granitic origín.

a

a
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Figure 1: Geology of southern ManiËoba (Lleir, 1960).
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Figure 2: Surface deposits of southern I'fanitoba (l^Ieir, 1960).
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The climate of southern I'lanitoba is described as Contin-

ental, witl'i e:rtreme mean temperatures ot -Zloc i.n January and +zLoc

in July (irleir, op. cit., p. 14). The average number of frosL-free

days varies from 100 in the north to 120 ín the south. Average

annual precipitation varies from 43 crn in the northwest to 56 cm

in Ëhe souEheast, approxÍmately 702 occurring as rain.

A north-south gradient in climaËic facEors is in parE re-

sponsible for the northr,¿est-southeast orientation of the five

major naÈural vegetation types in southern I'faniÈoba: the open

grasslands in t.he south and southwest, the aspen parklands, the

deciduous (broadleaf) forests, the mixed woocis, and the northern

coniferous forest ín Ëhe north and northeasÈ.

Open grassiands v¡ere a prominenÈ feature oÍ soutirern

Manitoba prior to Ëhe advent of agrículture. Míxed grass prairie

exËended into southr,¡estern Manitoba from Saskatcherùan and North

Dakota, while ta1l grass prairie r¿as found in the Red River valley

to a latitude of approximatel-.r 52oN. A transitíon zone of rvooded

grassland, the aspen parkland, formed Èhe ecotone between the

grasslands and the deciduous forest furt.her norËh. The scatLered

groves of aspen (PopuLus trerm,tloid.¿s l,lichx.)I an¿ bal-sam poplar

(PopuLus baLsanifera L.) increase ín síze and coalesce in the north,

¡.¡itlr birch (BetuLa papyz,ifera }farch) anrl r+hite spruce (Picea gLauca

1 No*un"lature of plants follols Scoggan (1957).
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(l'loench) Voss) begínning to appear. Sti11 further north this

deciduous i¿oodland becomes a transition, the mixed rvoods, rvith

white spruce, the balsam fir (Abies baLscmea (L.) I'filJ.) rnixed vrith

the aspen and bírch. The decíduous Ërees are gradually replaced

until white spruce and balsan fir are dominant on the hígher well-

drained sites, and black spruce (Pieea mar|ar'a (Ifill) BSP) and

larch (Laz"Læ LarieLna (Du Roi ) K. Koch) occupy the lornier, poorly

drained areas. These species are the dominants of Ëhe northern

coniferous forest.

Five studv areas were located in southern Manitoba in order

to examine the range of marsh habitats produced by the complex of

parent materials and clímate described above. Each of the study

areas has a distinctive topography and different parent rnalerial-s,

rvhich contribute to differences in the water chemístry, type of

rooting medium, and patterns of water level fluctuations throughout

the summer. The areas are referred to as The Pas, Langruth,

Minnedosa, Delta, and Netley (Figure 3); sorne of the dístinctive

features as ¡vell as Ëhe siEes located in each study area are des-

cribed below.
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Figure 3: T.ocat-íon of fíve study areas in southern l,faniËoba.
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2. Description of the study areas and site locations

(a) The Pas

The marshes of this area are associated wíth the floodplaín

of the Saskatchewan River. The topography is f1at, the major re-

1íef feature being the natural levees and man-made dikes associated

Í¡ith the river system. trtrest of The Pas townsite (Figure 4), rich

surficial deposits of alluvium províde a good agricultural soil-.

Nrnnerous dikes have been constructed, particularly along the carroË

Ríver, to alleviate the flooding of Ëhe farmlands. Sires 24 and 3L

are located on this alluvíum, in wild rice (Zizartia aquaiica L. var.

interùoy, Fassett) paddíes constructed by The Pas Indian Band (Fig-

ures 5 and 6).

I'urther west, the Crainage becomes progressÍ-vel-y* poorer,

wíth the accumulaEion of peat in many areas. Sites 34, 35, 4L,

and 42 are located ín the I'furphy Lake-Ifurphy Extension complex

(Figure 7). The margins of these lakes have substantial stands of

aspen, bal-san poplar, and sone rvhite spruce on the higher siËes

(Figure 8); lor,¡er, poorly drained areas are domínated by i¡illor^¡s

(SaLiæ spp.). The emergent zone is dominated by Phz,agmites

cotrrnunis Trín., bulrrrshes (Satrpu.s spp.), sedges (Coreæ spp.),

spíkerush (ELeoehat-Ls palustris (1.) R. & S.), and rvater horsetail

(Equisetun fLuuiatiLe L,). The rooting medium in most instances ís

a f loating nat which is continuous i n to onen r.râ rer hv fhc ea.tÊn-

sive rhizome net\!'ork of 1lellorn' pond 1i1y (itruphat uat"Legai;un

Engelm.). tfurphy Lake and }lurphy Extensíon are interconnecËed

and the \¡Iater levels are controlled artificially by Ducks Unlimited.
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!rÈ;u!ç $. Location of sites ín The Pas study area.
Composite of National Tooographic System
The Pas map sheets, 63 F/Lî\:t and 63 F/L48,
Edition 1. See Appendix I for gríd refer-
ence location to nearest 100 m reference
point for each site. Map scale 1:50,000.
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Fígure 6.

Síte 24, located in a lvild
ríce (Zizania aquatica) paddy.
S. uaLi.dus on the edge of I^later
ín background (August 9 ' 1972).

SíËe 31, located ímmedíatelY east
ot síte 24 (above). ,9. uaLidus
growing at maximum dePth of 35 cm

(AugusË 9, L972) .
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Fígure 7: Location of sites in The Pas sËudy area,
Murphy Lake-Murphy Extension. Taken
from National Topographic System'
Culdesac Lake maP sheet 63 F/I2\1,
Edition 1. See APPendix I for grid
reference location to nearest 100 n
reference point for each site.
Map scale l:50,000"
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Figure B: Site 35, Murphy Lake. ^9' acutus
growing on floating mat in water
depths frorn 150 to 200 cm

(August 11' L972) "

Figure 9: Síte 43, Grace Lake' '9' acutus
growing in water dePths from
25 to 85 crn (August L4, L972) '
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Sites 36 and /r3 are located east of The Pas tor'¡nsite on

Grace Lake (Figures 4 and 9). The lake bottom is composed of cal-

careous coarse sand and gravel r.rith many large boulders ínter-

spersed.Attheeasternend,thebottomísoverlainbyorganic

material and sílt 25 to 50 cm thíck. A fíxed-level conËrol struc-

ture on the north-east side and moderately good drainage into the

lake appear to provide relatively stable lüater levels throughout

the summer.
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Figure 1-0: Location of sites in Langruth sËudy area, 9.7
west of LangruËh. Taken frorn National Topo-
graphíc System, Langruth map sheet 62 J/7W,
Edition 1. See Appendix I for gríd reference
location to nearest 100 m reference point for
each síte. Map scale 1-:50,000.

km
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(b) Langruth

The topography of the Langruth study area is smooth to un-

dulatíng. Numerous beach ridges oríented perpendicular to the land

fall , rvhich is from r,Iest to east, create abundant perm.anent, semi-

permanent, and temporary bodies of surface vTater. Sites 1, 2, 9,

13, L4, 15, 38 are located in the vícinity of Bíg Grass }darsh

(Figure 10), rvhich covers an area of approximately L8,647 ha

The parent material is nedium to coarse-textured very calcaleous

ti1l, which is rarely covered by more than a fer+ centimeters of

organic debrís and silt. Extensive ditching for agrícultural

drainage results ín pronounced declines in ralater levels over Ëhe

sulEtrer.

Aspen (PopuLus trerruLoi.des), poplar (.o. balsønifera) , and

burr oak (Suercus ma.crlocalaË)ø Michx.) are Éhe prevalent tree specíes

on the uplands. Bluffs of Ëhese trees are interspersed wiËh grass-

lands dominated by Poa pz'atensis L. , AgropAron spp . , Andtopogon

seopaz"ius Michx. , and Bt'orrus spp.

The.reed-seramp communiËy assocíated with Big Grass Marsh

and in oËher low-1ying areas is dominated by PhragmLtes contm'tnis,

bulrush (Sciz'pus aeutus), numerous sedges (Careæ spp.), and

sprangletop grass (SeoT,ochLoa festuea.cea. (Iñj'Lld.) Link). The mosL

abundant submerged hydrophytes are Potamogeton T'Ì:chnodsonii (Benn. )

Rydb. and Utz,iculatia uuLgaz'ís L., Ëhe bladderwort. Potønogeton

uaginatus L. ís 1ocal1y abundant in deeper \,7ater'
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(c) l'finnedosa

Sites 6, 11, 16, 2t, 25, 26, 27 and 29 are located along high-

way 10 south of Minnedosa (Figure 11) in an area of dead ice mor-

aine. The topography is smooth to rolling, with Èhe upland aspen

groves interspersed v¡ith cultivated land. The numerous rpoËholest

ate a proninent physiographic feature. The parent material is a

medium to coarse-textured moderately calcareous boulder till of

mixed shale, limestone, and granitic rock (fnrlich et aL.,1957) "

The tpotholest vary greatly in síze from less than 2 ha

t.o approxirnately 65 ha. The open r^/ater areas in the center are

usually devoid of vegeËation" An emergent. zone usually exists,

consisting of pure or míxed stands of cattail (TApVta LatifoLia L.

anð, Typha angustifoLia t-,), sprangletop grass (SeoLoehLoa festucaeea)

and bulrush (,S; acutus) (Figure 12).

The vrat.er level fluctuations are quite variable in different,

fpotholest due in part to suspected dÍfferences in groundr¿ater flow

patterns. Generally, there is a progressive decline in waÈer levels

throught the growing season, suggesting that these are groundvraÈer

recharge depressions; other 'potholest, however, vrill show a relat-

ívely stable r.¡ater level through the entire sunnner, indicatíng

a discharge area (Lissey, L962) "
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Figure 1l: Location of sites in Minnedosa study
area, B h south of Minnedosa.
Taken from National Topographic System,
Moore Par:k rnap sheet 62 J/4\4, Edition 1.
See Appendix I for nearest 100 m grid
reference poínt for each si-te.
Map scale 1:50,000.
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Figure 12: View of Site 21, looking east from
Provincíal HighwaY mrnber 10-

^9. acutus forms the emergeat zone
borderi¡g op€rì lÍaËer (À¡gust 5, 1972).
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(d) Delta

The study area referred to as Delta includes Ehe Delta

Ilarsh, tributary streams leading into it from the south, and the

adjacent areas of the Portage Plains. Sites 20, 22,23,28r 30'

32, 33, 37, 39, 44-60 and 100-103 r.rere located within this area

(Figures 13, L4, and 15). The topography is smooth to gently un-

dulating, rvith numerous meandering channels.

The Delta Marsh ís l0cated at the southern end of Lake

I'fanitoba; it is separated from the lake by a barrier ridge with

three major channels connecting lake and marsh. I^Iater levels of

the marsh tend to fluctuate v¡ith those of the lake, but controlled

lake levels in recent years have reduced the amplitude of rvater

level fluctuatíons; the major fluctuations at Present are due to

rvind tides. The substrate of the marsh is composed of silt and

fine sand wÍth a thick layer of undecomposed organic matter and

muck overlying it. Water depths are usually less than one metre,

although in some areas, depths of 3 m occur. The shallower bays

and channels have vigorous stands of submerged aquatics growing

in them. Potamogeton pecti.natus L" is Ehe most abundant;

IntyriophyLLun eæaLbescens Fern. , UtricuLaria. uuLgaris and

Potamogeton r,¿chaydsonii are also found throughout the area. The

reed-swamp community is dominated by Phragmil;es cormm,Lnís (i^lalker'

i965), rvhich is Ëhe conmon emergent around most of the bays and

along the channels. Cattails (Typha LatifoLia and Typha

angust¿folia) and bulrushes (Scirpus spp.) replace ilne Phragmttes

in some of the shelÈered bays and channels (Figure 16). Wet meadow
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species such as ScoLochLoa festucacea, Spartina pectiruzta Link and

Sonchu.s spp. are prominent on the higher better clrained sites.

[Ialker (1959, 1965) gives detailed descríptions of the vegetation.

Several o1d channels traverse the Portage Plains and appear

to have been connected wíth the marsh in the past" Ilost of these

channels norv hold temporary r"/ater in the spring only. Many are

^,,€€-t^-'¡..F1,, .Ã^,ùu!rrurçrrLrJ uLJ by late sufirmer to permit vehicle access for haying

operations.

The substrate in these channels is composed of silt and fine

sand. The frequent elrposure of the mud has resulted in incorpora-

tion of the organic detritus into the mineral material; as a result,

the substratum has many of the characterístics of a terrestría1 soil

rvhich is periodically ínundated. The vegetatíon of these creek

channels is dominated by slough grass (Beekmannia syzigachne

(Stend.) Fern.), water plantain (Alisma triuiaLe Pursh), water par-

snip (Siun sucùe Inlalt.), spikerush (E\eochot"is paLustris (L.) R. &

S.) and E. acicuLar"ts (L.) R. & S.) and bulrush (Scirpus uaLt'dus)

(Figure 17). Drier sítes have in addition a large number of com-

posites (Aster spp.: Sonchus spp. and Bidens cernua L.).
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Fígure 13: Location of sites in Delta sËudy area'
western portion. Taken from Natíonal
Topographic Sys iem, ì4acDonald map sheet

- '<-' t ) Scc Annenriix T fof6¿ J/LW, -trcll-tl-or. -.
neaïest 100 m grid reference point for
each site. Map scale 1:50r000.



,"." ....,.-w
 ,*¿

 _.1.. ,
I

^;iI

..y;* "i".;!.\"
' 

l;,i,
l.ij

|l)ii
lD

 
.:,"

J"ir, . i-',
''4.' 

--

-Íl 
I 

1

z:;14']:ø

/:Å
,111::" 

'

F
-

Ìo

þz.

l<lÌ

{3)

n3



32

rróure !T. Location of sites in Delta study area,
central portion. Taken from IIatíonal
Topographíc System, MacDonald map sheet
62 J/LE, Editíon l. See Appendix I for
ñôât'ôê r- l nn m ori rl ref erenee noi-nt f Of!lç41sù L lvv rlr 6! ru er¡eç l/vr

each site. Map scale 1:50,000.
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Figure 15: Location of Site 51 in eastern portion
of Delta study area. Taken from
National Topographic System, MacDonald
map sheet 62 J/IE, Edition 2. See
Appendix f for nearest 100 m grid
reference point. Map scale 1:501000.
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Fígure 16: Site 46, ^9. acutus growing in
water from 30 to 50 cm deep.
Male ye1lor.¡headed blackbird
(Xantho c ephaLus æantho cephaLus)
ín centre of photograph
(Ju1y 5, L97L).

Fígure 17: Site 30, ,9. uaLidus along stagnanË
creek. The area Ín the foreground
has been heavily grazed by catËle
(JuLy 26, L97L).
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(e) Netley

Sites 4, 7, B, L2, 17, 19, and 40 are located in t,he

Netley Marsh (Fígure 18). The marsh has formed at the mouth of

Èhe Red River, rvhere numerous channels and bays have developed

and are separated only by the levees created by the channels.

The marsh is connected with Lake Llinnipeg, consequently the water

1evels of the marsh fluctuate with lake levels. Since L966, Ëhe

1eve1 of Lake hlinnipeg has been continuously above the to year

mean by as much as 1 m. This high \ùater has been compounded by

Èhe frequent wind tides which raise Èhe water levels an additional

0.3 m or more (PaxLour et. dL., L972). These recent years of

high lvater have eliminated most of the aquatic vegetaËion; very

few open \^rater areas have any submerged aquaËics, and the emergent

vegetation is now restricted to the higher ground of the levees

and around the marsh perj-phery. The dominanL vegetation is the reed,

Phragmítes connwnis, with burreed (Sparganium spp.), bulrushes

(Scíz,pus spp.)(Figure 19), sedges (Careæ spp.), and sprangletop

grass (ScoLochLoa festucacea) being locally abundant. The parent

material is the fíne-textured non-calcareous deltaic material de-

posited by the Red River.
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Figure 1B: Location of sites in the Netley study area'
inrnediately south of Lake Winnipeg. Taken
from Natíonal Topographíc System, Red River
Delta map sheeË 62 L/7, Edition 2.
spe Annenriix T for nearest 100 m grid re-uee rrt/¡/ur

ference for each site. Map scale 1:50'000"
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Figure 19: Site B, ^9. uaLiúts growing in r'rater from
30 to 50 cm deep. Note the large number

of sterile culms (August 24, L972) "





CHAPTER II

METHODS
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A. Síte selection

During the summer of L970, a preliminary survey of sites

rvas conducted throughout southern lufanitoba in order to become fam-

iliar with the general biology and the range of habitats occupied

by S. aeutus and ,5. ualidtLs. Many of the sites visited in 1970

were revísited in 1971 or L972 for more detaíled analysís.

SíËe selecËion ín 1971 and L972 was based upon several

arbitrary criteria. To be considered for analysis, a site had Ëo

have a bulrush stand with a minimum size of 5 m by 5 m, visually

dominated by one or both of the taxa under study, and be relatively

free from ht¡nan disturbance.

In 1971, all sites selected for study rvere located on or

adjacenË to the Delta Marsh. PrelímLnary síte selection was made

from aería1 photographs of the area prior Ëo the field season. In

míd-l"Iay these sites were visited and Ëhe decision for accePtance

or rejecËion made. SiËes were selected so that the greatest di-

versity of environments and morphological types for the region

would be included in the sample. The Delta Marsh was selected be.

cause both 5. acutus and 5. Ða.L¿&,Ls occur in this area' and also

because the University of Manitoba Field Station (Delta Marsh) Pro-

vided convenient lívíng and laboratory facilíties.

During L972, similar procedures for site selection were

followed, except that sítes r,{ere selected in five major study arâes

ín southern Manitoba. These sËudy areas r¿ere selecËed because Ehey

represent different combinations of parent material, soíls, and

climate, and would therefore reflect divergent habitat types.
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B. General biology

1. Grorvth and reproduction

The patterns of grorvth and flor¿ering of 5. q3¿f,vs and

'S. uaLidus at Delta were monitored in the summer of L97I" Delta

was chosen because both forms occur there, thus eliminatíng any

effect of different environmental and climatic conditions.

The sites are referred to as sites 100 (s. acutus ) and l0l ( s.

uaLidus ) and are located on Figures 13 and 14" Two lm by ho

quadrats were established at each site in early spríng, and as

Ëhe new culms appeared in these quadrats, they were individually

marked wirh a ring of plastic embossing tape (Figure 20) " culm

heights rùere measured and flora1 development noted at Ëhree-day

intervals.

Tn L972, comparisons of net annual productj-on of aerial

shooÈs of ^9. acutus and ,9. ualidus were obtained from 12 sites

in conjunction with the vegetatíon analysis described belov¡"

Five lm by hn quadraËs were spaced equidistant along the main

vegetation Ëransect. The culms were individually cut below the

mud surface as close to the rhizome as possible. The basal sheaths

and the culms r.rere washed to remove any extraneous material . The

shoots were then bagged, d.ried at 95oC for 48 h and weighed. All

samples were obtained in the period from August 1 to 11.

The above-ground and below-ground components of the toÈal

planÈ biomass were measured at sítes I02 and 103 (see Fígures 13

and 14), where Èen 0.5 m by 0.5n plots of aerial shooËs were
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clipped, bagged, and oven-dried at 105oC for 48 hours before

weighing. From the centre of each ploË a core 13 cm in diameter

and 50 cm deep (Figure 21) was removed intact and transported

back to the laboratory for analysis. A five-compartment "washing

table" \,rith 2 nrn mesh scïeen on the bottom of each comparÈmenË

was used to hold the cores whíle a jet of water 2.5 cn in di-ameter

washed the soil Ëhrough the screen, leaving the roots and rhizomes

íntacË. Living roots and rhizomes r^/eïe removed and dried at 105oc

for 48 hours and weighed. Living roots were detected by the pre-

sence of an apical meristem and an intact cortex. Living rhizomes

were verifíed by the presence of live buds, white cortex tissue

which tested positÍve for starch rvith iodine and the absence of

black surface discoloration, which was attríbuted to hydrogen sul-

fide in Ëhe mud"

The sexual phase of reproductíon of ^9. acutus and ^9. uaLidus o

particularly the aspect of achene germination, is difficult to study

under field condítions. There are relatívely few insËances of

germination encountered during a sËudy of this type, and even when

found, it is impossibre to determine the pre-germination environ-

mental conditions to which the achenes ruere exposed. The mosË sat-

isfacËory method of studying germínation in such circumstances is

to artifícially subject achenes to the types of environmental con-

diËions to which they would likely be exposed naturally.
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Figure 20: A loop of plastic embossing tape \ras
used for individual culm markers.
The ends of the loop were staPled
together.

Figure 21: Root cores 50 cm long and 13 cm in
diameÈer vlere extracted for deter-
minaËion of below-ground biomass.





2. Gerrnination tests

Fifteen experíments \^Iere designed to determíne the field

requj-rements for germination of 5. acutus and ,5. UALidus achenes.

Achenes collected in late September of 1970 from sites 100 and 101

were subjected to combinations of several storage and germínation

condiËions, and in six tests specific treatments llere applied to

the achenes (Table I). In test 2, the embryos \¡/ere excised by re-

moving one half of the seed coat and extracting the íntact embryos

and as much of the endosperm as possible. T.hey were placed in a

vial of standard nutrient culture solutíon (Arnon and Hoagland,

L940). The achenes of test 3 rvere immersed in concentrated sul-

furic acid for approximaLely ten mínutes, then removed and rinsed

in distilled water. In test 4, achenes rvere fed to two captive

female mallard ducks which had noË been fed for eight hours pre-

viously. The achenes r¿ere f loat.ed on Ëhe surface of the drinking

\,üater, from which they were readily ingested by the ducks. Feces

were collected six hours later and the achenes separated from the

fecal material Ln a 250-mesh sieve. Both birds were fed the

achenes of ^9. UaLidus, and six days later given those of ,9. q.cutus.

The scarifícation of the achenes in test 9 v¡as done with a scalpel

by tnotchingf the seed coat progressively deeper ur,ltil iË r^ras

p íerced "



Tes t
Time Temperature Light

No. (days) ("C) (hours)

I

a
L

J

I

6

7

B

9

10

11

L2

13

L4

15

l"¿tD.tJL l

Storage Condítions

STORAGE, TREATì4ENT, AND
GERMINATION TESTS OF S.

no

ttu

no

5

5

5

5

5

5

5

5

5

ZU

¿v

JL'

30

30

150

150

150

150

l-20

L20

150

150

s torage

s Eorage

s Eorage

sËorage

Medíum

GERMINATION CONDITIONS FOR 15
ACIIUS AND S. VALIDUS ACHENES

0

0

0

0

0

0

0

0

0

L2

0

Treatment

peat moss

silica sand

humus

stored dry

st,ored dry

dis tilled \.,Iater

wet mud

distílled \,üaÈer

weË mud

dÍstllled r^rater

distilled hTater

none

embryo excision
sulfuric acid

fed to ducks

none

n^nê

none

none

s carification
none

none

frozen 30 days

frozen 30 days

none

nofle

Temperature LÍght
("c) (hours)

Germination Conditions

20

20

20

20

¿U

20

¿U

20
,)^

20

20

20

20

20

20

72

12

L2

L2

L2

12

T2

L2

L2

L2

L2

12

L2

I2

L2

Medium

moist fÍlter paper

standard tRt soluËion

distilled \'iater

dis tilled \,rater

pear moss

silica sand

hrrmus

moist filter paper

distilled l,/ater

J.ístilled lrater
wet. mud

disÈílled vrater

wet mud

dtstilled \,rater

dis tilled r¡rat.er

.Êr,

.t-.
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3. Stand performance

During the inítial visit to each site in spring, a base-

line transect was established along the water depth gradíent, be-

ginning in the shallov¡ portion of the stand and terminating at the

deep water edge. Fíve perpendicular síde transects were marked

vrifh wooden stakes at equal intervals along the main transect líne.

On a second visit during the August to mid-September períod,

when each site vras revisíted for vegetatíon analysis, five 0.5 n

by 0.5 m plots r,¡ere selected at 1m intervals along each of the

five side tïansects. Density and fertility rrere recorded for each

p1ot. Fertilíty was defined as the proportion of total culms which

bore inflorescences with apparently normal achenes " The product

of culm densíty and per cent fertility was used as an index of

stand performance. This is an aËËempt Ëo combine the parameters

of vitality (reproductive success) and vigor (relative size and

health, wíthout reference to reproductive success) as defined by

Daubenmire (l-968).

4. Community relaÈíonships

Both plants and animals aTe a part, of the environment of

any organism; therefore, even an autecological sËudy should be

done rvith the perspective of the whole community in mind. In order

to put the data obtained on growth and environmental response of

these bulrushes into a cournunity context, the associated plant and

animal specíes were recorded at each síte. A lisË of associated

plant species was compiled frorn presence-absence daËa collected for
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each of the vegetation quadrats. Floating aquatics such as the

duckweeds (LenmA spp.) \.reïe not recorded. Interaction of animals

r¿ith bulrushes (e.g. nesting and feeding) were recorded whenever

encountered; no specífic searching methods (e.g. Èo locaÈe duck

nests in bulrush stands) were employed
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C. Taxonomic assessment

1. The raËionale for meEhods of character selectÍon and
taxonomic assessmenÈ

Throughout this study the existence of the taxa ,9. aeutus

and 5. uaLidus nas recognized. The exÈreme forms present enËirely

distinct facies which superficially become a continuous range of

variaÈion r¿hen less ttypicalt specímens are considered. Figure 22

portrays the gradaÈion of inflorescence form encountered in the

ex¡minaËion of herbariu:l specÍmensl "nd Èhe auEhorfs field collections.

The taxonouric problem in this study \,ras to det,ermine the

degree of morphological distinction between these t\,ro taxa. The

confusion over diagnostic characters ín the llteraÈure led the

author to conclude rhat no single characÈer v¡as of diagnostie value.

The hypothesis resulting from these observations has bêen clearly

staÈed by Heslop-Harrison (1952, p. 77):

I'The basic postulate is símply thaÈ two populat,ions
may show inËergradat,ion in every character considered
separatel-y, but that complete discrímination of the two
(íneluding the potentiality of referring any smaIl sample
or even individuals to one or Ëhe other) should be pos-
sible íf a combination of enough reasonably independent
measuremenËs can be taken into account.tt

Heslop-Harrison was referring Ëo thå various Èechniques of

discriminant, analysis, including discrjminant function analysÍs

and the hybrid index of Anderson (1936), which have been ernployed

to solve the type of problem encountered. here (see Riley, 1938).

1'r". Appendix IV for a list of herbarium specimens examined.
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The range of inflorescence types betr^¡een
.9. a.cutus (extreme left) and ^g. ualídus
(extreme ríght) indicates rhe gradation
from one morphological type to Ëhe other.
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The critícism of all these techniques is that they assume an

^Li1i "--insuísh fhe øronns inr¡nlr¡pd /Hpclnn-H:rriqnn4urrrLy LU LIIS L^--o*-_.. r --*-

op. cit., p. 77; Cattell, 1965, p. 4L4), and secondly, rhe char-

acters are chosen a. pr"Lo"i from these subjectively-defined groups.

These críticisms also apply to all previous studies of 5. acu-tus

and ,9. uaLidzs ,

The possibility of hybridízation betr+een 5. uaLidus and

S. aeutus (Smith, L969 and Dabbs , I}TL) and the success of the

hybrid índex technique (see Riley, op. cit. and Davís and He¡vood,

1963, p" 479) in such cases suggested this rechnique as a logícal

means of portraying the variation betrueen ^9. acuttts and 5. ualidus.

Even if hvhri àizatíon is not resoonsihle for rhe varí¿tion- fhe¡s lvl Llle t LIIL

method is still valid, although DavÍs and Heywood (op, cit.,

p. 325) suggest the name "biometric index" in such instances. The

former name is reËained, here, however, in view of the possibility

of hybridization.

The hybríd índex technique involves scoring specimens

(0, 1, or 2) for a nrrnber of characters, the score indicatíng

r,¡hether the specimen shoi+s the extreme expressíons of the character

(0 or 2) or an íntermediate state (1). The sum of the scores

represents the hybrid index of the specimen. The mean index value

can be applied to the sanple from a stand, but inter¡nediate mean

values must be clearly distínguished as being of hybrid origin and

Ëherefore morphologically intermedíate, or due to a mixture of tr+o

morphological types; in either case, the result is an intermediate

value (Davis and Heyr+ood, op, cit", p. 479) ,
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The hybrid index technique has been used in the analysis

of S. acutus and ^9. uaLidus populations (Smith, 1969; Dabbs, 1971),

but the characters used in its construction rvere in both cases

chosen subjecËively. For objective selection of characters, a

technique rvas required which could isolate those characters re-

sponsible for the variaËíon rvithin a nr¡mber of samples of S. acutus

and ^9. ualidus. A basíc requirement of the desired technique is

that no assumption be made that the groups can be dístinguished.

Factor analysÍs meets these requirements (Cattell, o?. cit.,

p. 4L2). The technique has as its purpose the defíniLion of

"factors", composed of one or more -r"trtbr"" (morphological char-

acters in thís case), which account for the variabiliËy in a set

of data. Factors and their associated variables are extracted in

descending order of their ímportance ín accounting for the ob-

served variabilíty. The involvement of two or more variables in

one factor indicaËes covariation of these varíables.

TheoreËically such a factor analysis of morphological data

should provide a number of characËers useful in diagnosing the

variation within a sample. The quesËion arises of how many char-

acËers should be used in the construction of the hybrid index.

As Davis and Heywood (op. eLt., p.110) indicate, the possible

choice of characters ís limíted only by practical considerations.

Ideally, every attribute of an organism should be measured, buË

thís ís irnpossible. The problem then is to maximize effort by

considering those characËers most important in the variability of
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the sample. Sneath (1948) suggests that a minimum number of fíve

characters is usually required by mathcmatícal techniques, although

a much greater number proves more satisfactory. On the choíce of

characters, Heslop-Harríson (op. cit.) suggests that the charact-

ers be obtained from as wide a range of plant organs as possible.

On the basis of this reasoning, a number of morphological

measuremenËs r.úere obtai-ned and analyzed by factor analysis tech-

niques. From this analysis the most important characters (a mini-

mum of five) r.¡ould be used in the hybrid index assessment of mor-

nho'l oøi ea'l af f ír* ¡'- L ^ç-^^- Q qcutus and ^9" ualidus .--IrLy uËLWËErl u¡ L

2. Morphological analysis

Specimens for taxonomic assessment were collected from

each stand in conjunction rvith the vegetatíon analysis. Tbenty-

five mature specimens vrere, collected, one from each of the vegeta-

tion plots.' Inflorescences were placed in plant presses with the

longesË ray extended to facílítate subsequent measuring. A1l

maËerial was dried in an herbarium drier Í.or 48 hours at 65oC.

The follor¿íng morphological feaËures r,¡ere evaluated for

each specimen and served as the basis for Ëhe morphological char-

acters selected for analvsis:

f. inflorescence length: distance from the base of
the involucral bract to the
típ of the most disËal
spíkelet "

distance from base of bract
to intact tip.

2. involucral bract length:
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3. rav development:

spikelet clustering:

5" spikelet length:

6" spikelet width:

7. scale length:

B . s cale ¡vidth :

9 " awn length:

10. achene length:

11. achene width:

L2. lacunar diameter:

number of primery, secondarY,
tertiary, and quaternary raYS
in the inflorescence.

number of spíkelets borne
singly, ín groups of t\,ro to
L2, and more than 12.

maxímum length from bases of
lowermost scale to tiP of
most distal projectíon in-
cluding projectíng atm"

maximum r.¡ídth of sPíkelet
regardless of position, Per-
no-rli ot¡1 ar f n |-h ^ 1 ^-^ ^-'-'^-^19 ru rrË dÃ!Þ .

disËance from basal Portion
of rnidrib to most distal
portion of scale excludíng
Ar¡In.

maximum width of scale, re-
gardless of position, per-
pendicular to long axis.

straíght-line distance from
base where midrib becomes
excurrent to intact tiP.

disËance from base of achene
to base of the "beak".

maximum r¿idËh, regardless of
position, perpendicular to
long axis.

This character was measured
ín the field, since it would
be subject Ëo change when
pressed. The culm diameËer
measured midway from the base
Ëo the tip is dívided bY the
number of aerenchymal lacunae
in cross section. Often the
culms are stronglY oval in
cross section, necessitating
two diameter measurements t
maximum and minímum.
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13, culm color: arbitrarily scored ín the
field as l, 2, or 3 as
fo1lor^¡s:

1 - Munselll colors 10 GY5/4,
10.0 cY5/6, 2.5 c5/6

2 - 7.5 GY5/6, r0.O cY4/6

3 - 5.0 Gv4/4, 5.0 GY4/6,
7 .5 GY3/ 4, 7 .5 GY4/4,
7.5 GY4/6, 10.0 GY4/4

All linear dimensions, with the exception of inflorescence

and bract lengths, r^rere measured using apparatus modified from

Anderson (1968) (Figure 23). This consisËed of a movable mechani-

ca1 microscope stage (Olyurpus Model 206769) mounted on a plexi-

glas base. A metal extension arm was attached to the movable

portion of the stage and modifíed to incorporate a díal indicator

(Mitutoyo, Model 2050) graduated in 0.01 mm. l"faterial for

measurement r¡ras placed on a plexiglas rslidet with a modified

ínseË centrepiece which could be turned 3600. MeasuremenËs rltere

recorded on a line-operated Ëaperecorder (Sony, Model TC 222)

wíth a foot-controlled record switch, and later transferred to

data sheets.

Munsell Book of Colors,
Baltímore, Md.

L967 (I2 ed.) Munsell Color Co.,



Figure 23: The apparatus used for linear morphological measure-
ments. The movable microscope stage is mounted on a
plexiglas base. Movement of the 's1ídet backward
or forrqard moves the dial indicator, rrhich is gradu-
ated in 0.01 mm. (Modifíed from Anderson, 1968)
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3, Mathematical treatment

Thirteen characters \rrere used in the analysis: inflores-

cence length; bract length; spilcelet length; spikelet r+idth;

f1oral scale length; f1oral scale width; awn length; achene

length; achene width; nr:rnber of spikelet clusters with t\^ro or

less spilcelets; nurnber of spikelet clusËers rvíth five or more

spikelets; number of primary rays; total number of secondary,

tertiary, and quaternary rays. Lacunar diameter and culm color

r^/ere not included because they vrere not always referrable to the

specímen from rvhích the other 13 characters v/ere measured. A

factor analysis program was used to assess the relative contribu-

tion of each of the prevíously-mentioned characters to the total

variability in the sample of 60 stands. The program was rvritten

in ForËan IV for the Uníversity of Manitoba TBl,l 360/65 co*p,rt.r.l

rn order to meet the requíremenL of the factor analysís procedure

for constant varíance (cattel1, 1965) a 1og transformation was

made on línear measurements, and a square root transformaËion vras

performed on tcount datat (number of prímary ray¡ for example), as

recommended by BartletË (7947) and snedecor (1956) respecrively.

Those characters with high loadings on the resulting factors

were retained for possible use in the construction of the hvbrid

index.

This techníque involves scoring specimens on an arbitrary

1 S." University
Guíde (Part B)

of Manitoba Computer Centrets Prograntnerts
: Statístical Package, program 20.
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scale of values for a ntrnber of characters; Ëhe extreme values of

the scale represent the expressions of the character typical of

the tr^¡o species. The scores for each specimen on each character

are suntrned to give the index value. The mean index value for a

number of specimens from the same stand is then used to represenË

the hybríd index for that stancl. A three-state coding system of

0, 1, and 2 was used Ëo correspond to the Îvalídus-liket expres-

sion of the characËer (0), intermediate (1), and the tacutus-liker

state (2) 
"

Quantitative characËers in this techníque, where possible,

should shorv no overlap betleen the two specíes (Riley, 1938). In

order to determine rvhich of the characters selected from the factor

analysis were discontinuous in their distríbution beLr'reen the

racutust and fvalidust states, histograms were plotted of 1r500

observations on each character. Those which displayed a unímodal

distributíon rvere discarded, while Ëhose showing a bimodal dis-

tribution T¡rere retained" For Ëhose characters retained, the char-

acËer state to be associated r+ith each of the index scoTes vras

assigned using the techníque of Riley (op. cit.). The frequency

distribution of j.nflorescence lengths is used in Figure 24 as an

example of hor+ the character states of the quantitatíve characters

rsere def ined "

The point of discontinuity (A in Figure 24) was considered

to be the centre of the area of overlap betrnreen the Lwo characËer

sËaËes. The mean (i, ana xr) and standard deviatíon (sd, and sdr)

v/ere computed for each of Ëhe tstatesr so defined. The range of
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values to be assocíated lvith

fined as extendíng from sd,

nqqionpd tn fha rânûêq'lr¡ínoLf LLLo

of sd^.
¿

the íntermediate score rras

to sd^. The extreme scores

to the left of sd, and to

then de-

tvere then

tha rí ohr
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Fígure 24; Frequency histogram of 1,500 ínflorescence lengths
from siËes 1 to 60 illustratíng the method of ,je-
termíning the three character states ('0t, t1r,
and '2'). The means G' and I,) and standard
deviarion (sda and sdr)'for thá tr¡o distributions
separated at rAt as índicated.
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n Environmental parameters

1. Substrate texture

Samples of the rooting medium i¿ere collected ruhen the

transects were establíshed. One sample was collected from each

of the fÍve points of intersection of baseline and síde transect."

The sample was obtained by removing a soíl core 30 cm deep with a

narrow-bladed spade. A tangentíal slice of the core, sufficient.ly

wide to give approximately 500 g air-dried sedíment, LTas removed

with a knife, bagged and oven-dried for 48 hours at 105oC. After

drying, each sample was ground with a mortar and pestle, care

being taken to avoid breairíng pebbles.

Particle size distribution of each sample was determined

using the "pipette method" of Killrner and Alexander (1949) with

modifications "

I'fodif ied Pipette Method

Two subsamples of approximately 10 g each were taken from

each sample, placed in 1abe1led 250 rnl beakers and sufficient

distilled water added to make a thin paste. Organic material

was dígesËed with 30% hydrogen peroxíde. Five milliliters of 30

per cenË hydrogen peroxíde were added and the mixture stirred.

The samples r¡rere placed on a hot plate and heated gently until an

effervescing reaction occurred. They rvere then removed from the

hot plate and allorved to stand until the reaction subsÍded. More

hydrogen peroxide was added and the procedure repeatep untíl no

reaction occurred. Excess hydrogen peroxide was driven off by
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heating.

Ten milliliters of soclir:m hexametaphosphate solutionl rvere

added to the samples and the volume of the mixture brought to

200 nl by adding distilled qrater. The beakers were placed on a

magneËic stirrer for ten minutes, removed and allor,¡ed to settle

f or f ive minutes. The supernatant \^/as poured through a 250-mesh

síeve into a 1,000 ml graduated cylinder. The sedirnent remaíníng

in the beaker r,Jas repeatedly rvashed r^iith a jet of dístilled \^/ater

and fhe suoernâfânf norrred fhronch the siewe nntil clear. The

parËicles remaining on the sieve r,/ere t{ashed baclc into the beaker,

dríed at 105oC for eight hours, and weighed"

The volurne of the suspensíon in the graduated cylínder was

made up to 1,000 ml \^rith dístilled \^/ater. The soil r,¡as then míxed

in the cylinder by vigorous sËirring with a plunger. Forty seconds

after stirring a 25 nI sample was wiËhdrar¿n wÍth a transfer pipette

from a depth of 10 cm. This was placed in a clean, pre-vreighed

50 nl beaker and dried at 1O5oC f.or L2 hours. The beaker was

removed from t.he oven and allor.¡ed to cool to room temperature in

a dessicator, weighed and the weight of sedimenË calculated, A

second sample \"ras v/íthdral^rn aË 7 hours, 4 minutes, dríed and

lueighed as above.

The 250-mesh sieve retaíned all partícles of 62V or

greater, while the sample taken at 40 seconds (tf) included all

particles less than 50U. The final readíng at 7 hours, 4 minutes

1 gS.7 gm CaLgon/liter dístilled vÍater.



61

(t) íncluded all particles less than 2u.

bution was calculated as follows:

Particle size distri-

1 . ruei phf of sand =

2. wciøhr of silt * clay * Calgon in 25 ml (t.,) ='r'
3. weíght of clay * Calgon ín 25 m1 (tZ)

4, weight of Calgon in 25 ml = 35.7 x 0.01 x 0.025
0.0089 g

5- weícht of c'lev in 25 m1 = (3) - (4)r . rYeró¡¡ u

6. rveí øhr of si-1t in 25 ml = (2) - (3)

7. weíght of silt in 1,000 ml = (6) x l'000

B. weight of clay in 1,000 nl = (5) x 1'000

g - roral r^reísht of soil = (l) + (7) + (B)

10. % sand = (1) + (9) xLO07.

11. T" síLt = (6) : (9) x L00%

L2. 7" cLay = (B) ; (9) x L00%

2. I,Iater depth and water level f luctuations

I^later depth measurements \,rere recorded in the centre of

each of the vegetaËion analysis plots using a meter stick resting

vertically on the mud surface. The mean water depth of a stand

calculated from these measurements r+ould represent the mean depth

at the end of the grorvíng season'

Continuous records of water level changes throughout the

suilÌmer rvere obtained for 17 sites, eíght in 1971 and nine in L972.

Leupold and Stevens Type F water level recorders equípped with two-

week chart dríves and battery-operated clocks v¡ere located aË sites

+25

+25
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Figure 25: trriater level recorder at sLte 29 . The
float and weight l,¡hich operate the chart
drun are hidden from vieru. The stí11ing
ryell housing the float can be seen at
the base of the stand.
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rshich ¡qould provide the range in water level fluctuation in the

five study areas (sites 2, 3, L4, L9,2L,22,25,29r 32-34,49,

50, 52, 55, and 60) . Stí11ing ivells \,rere installed rvj-th each re-

corder in order to dampen the oscillation due to wave and \,/ind

action (Figure 25). The dístance between sites and the neces-

sity of servicing the recorders rç¡ice rnonthly made continuous

1¿ater level ¡ggcìrdíno fnr alf .ites impoSsible.

3. I{ater chemistry

Alkalínity, pH, and total dissolved solíds are commonly

used parameters for examiníng surface \,/aters (Moyle, L956; Ster,¡art

and Kantrud, L969); these aspects of the \^/ater chemistry were

chosen to provide the general information on r./ater quality. The

predominance of calcite (CaCO"), dolourite (Calfg(C0")") and gypsum. 3' 5'¿'
(CaSOr.) in some I'fanitoba soils suggested that calcium, magnesium

+

and sulfate ions should also be included in the analvsis.

The following water chemistry parameters therefore \{ere

examined:

1. alkalínity

2. pH

3. total dissolved solids

4 " calcium ion concentration

5. nagnesium ion concentration

6. sulfate ion concentraËion

AlkaliniËy, calcium, magnesium, pH, and sulphate determina-

tions v¡ere made using the Hach water analysis kiË (Mode1 DR-EL).
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Standard curves r,vere produced to check the accuracy of the equip-

ment against knov¡n standards. The total dissolved solids rvere

determined using a Barnstead Model Pl'f-70C8 portable conductivity

bridge; it was checked periodically against a Radioneter I'fodel

CDM2 line-operater conductívity meter t.o ensure battery performance.

Iniater samples were eollected in 500 ml polyethylene boËtles

from the deep-water margin of each stand after completing the veg-

etation analysi-s and placed on ice until ready for analysis. All

analyses were conducted \.^rithin six hours of the time of collection,

samples being allowed to ïeturn to 15oC beforehand.

Glassware used in the analyses vTas soaked approxÍmately

12 hours in "Contrad 701, a surfactant manufactured by Harleco,

then rinsed in three washes of dístilled water" A small trailer

was used as a field laboratory"

4. Nutrient culture experiment

The analysis of \,/ater chemistry parameEers as described

above r,¡ould not allow the investigator to isolate the effects on

growth of sÍngle íons. In order to examine the effect of differ-

enÈ concentrations of a single íon wiËh all other paraneters con-

trolled, overwintexing rhízoues of 5. acutus and ^9. ualidus were

gror^rn in nutrient culture solutions. The effects of different

concentrations of calcium, magnesiuru, and sulfate ions on the

growth of the rhizomes and culms \¿ere measured. A modified sÈand-

ard tRt solution (Arnon and Hoagland, 1940) was used both as the

sËock solution and a control" Concentrations of calcium and
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magnesium \,./ere produced by the addition of their chloride salts;

sodium sulfate was used to íncrease the 1evel of sulfate ions.

The concentrations of calcium and magnesium in the stock

solutíon r+ere within Ëhe observed tolerance range of both S. acutus

and 5. uaLiå,¿s under field conditions. Sulfate, horvever, r^/as

hígher than observed under natural conditions, therefore magnesium

chloríde r¿as substítuted for magnesirnn sulfate ín the stock solu-

tion. This resulted ín the same concentration of mapnesírrm- hrt

raísed the chloride concentration by 130 pprn. Final concenrrations

in the stock and fortified solutions are gíven in Table II.

TABLE II CONCENTRATTON 0F CA].CrUM, IÍAGNESIUM, AÐ SULFATE
IONS IN TIIE CONTROL (STOCI{) AND EXPERII"IENTAL

(FORTIFIED) NUTRIENT SOLUTIONS (ppm)

NuËrient Solution lon ConcentraËions (ppn)

Control Experimental

T2

calcium

magnesíum

sulfate

234

60

18

228

200

100

400

400

300

600

800

900

Oven¿inËeríng rhizomes \¡rere removed from sites 100 and 101

,in 0.25 m'soil blocks in mid-Januarv. The blocks were allowed to

warm slowly to room temperature before carefully washing all soil

away from the roots and rhizomes. Excessively long rhízomes r¡ere
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crrr to l enøfhs of 30 crn.

Twenty-Ruo styrofoam boxes (40 by 40 by 25 cm deep) were

f ì11e¿l to ¡ rlenfh of 10 cm r+j-th acid-ruashed - arrtoclaved silicarveu^1es t eur

sand. Eleven were planted rv:l-th five rhizomes each of ^9. uaLidus

and the remainíng eleven with ,9" acutus rhízomes. Attempts were

made to have an equal number of overwinËeríng buds in each con-

taíner. An additíona1 5 cm of sand r^ras then poured over the

rhizomes to cover them. Pairs of the containers, one containing

each type, r{ere filled to 10 cm above the sand surface rvith the

nutrient solutíons of varvíng ion concenËrations. Grorving con-

dítions r+ere held constant at a light intensity of 8500 foot-

candles, photoperiod of 16h light, and temperature of 20oC. The

containers \.rere draíned and flushed r,¡íth distí1led r.rater r¡eeklv to

prevent accumulation of salts. In addition to the control using

the standard stock solution, a control \^/ith distilled water and

silica sand and one with distilled water and marsh mud r,¡ere used.

As culms developed, they v¡ere individually labelled and

the heights recorded daily from February 19 to April 26, L97I.

On April 26, rhizomes and culms were removed, the increase in

rhízome length noted, then the entire plant oven-dried and weighed.
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^ General Biology

t. Distribution in Southern llanitoba

^9. acutus and 5. ualidus show dif f erent distribution pat.tern

in southern Manitoba despi-te their widespread sympatric distributions

throughout central North Ameri-ca. Fi-gure 26 represents this disËri-

buËion based on collections made ín this study as well as on herbar-

ium collections from the Botany Department, university of Manitoba

and the National luluseum in Ottawa. S. acutus is wídely distribuÈed

throughout southern l"fanitoba on limestone, non-calcareous lacustrÍ-ne,

and granitic surficial deposits. S. uaLidus, however, is absent frou

Lhe calcareous till of the l"fanítoba Lowland, and tends to be re-

stricted Lo the less calcareous lacustrine and granitic d.eposits.

Four apparent exceptions occur, one on the northwest side of Lake

I^Jinnipeg' trvo in Riding Mountain Park north of I'finnedosa and one in

southwestern Manitoba (approximately 49ott to0ow¡. A1l four are her-

barium specímens and not records of the auÈhor. rn víew of the

heterogeneous geological fornatÍons ín the latter three areas, with

shale and granitic rock being prominent, local edaphic facÈors may

be suitable for ,9. UaLidus. The collection from the northwest

síde of Lake Winnipeg may be associated with fluvial deposits at Ëhe

mouth of the saskatchewan River. I.Iith the except.ion of these four

sit.es, which the author has not visited, no records of occurrence of

,5. ualidus on highly calcareous soils have been obtained.

Ti're absence of s" ualidus from the region of ketEle lakes

south of Minnedosa illustrates this restricÈed distrÍbution. The

knob and kettle topography of this area resulrs ín abundant kettle
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Fi-gure 26. lfap of southern Manitoba shorving locations
of 5. acutus (triangles) and S. uaLidus
(circles) stands in relation Ëo the sur-
ficial deposits of southern Manitoba. Each
Ëriangle or circle represents one or more
stands for that location.

non-calcareous, lacustrine
or deltaic

calcareous

granitic (Precambrian Shield)

E
=ffi
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lakes or tpotholest of varying degrees of permanence. In 1972, an

attempt was made to locate five sites each of ,9. Acutus and 5.

uaLidus in thÍs area in order to obtain comparative data on habitat

requiremenËs and response to the environment. Of. 226 potholes ex-

amined , L2O had promínent emergent zones of Sciz'pus, and all were

Ëypical S. acutus, Three small S. uaLídus stands have been found

in this area, none exceeding 6 ^2 in extent. One of these, found

ín 1970, rüas revísited ín 1972, but only dead culms of the previous

year \,/ere found, and in June, L973, there vlere no remnanLs of the

stand. A second stand grorving in a shallow depressíon adjacent to a

f poËho1er in 1972 lnad produced 40 culms r'rhích \^iere scattered among

S. paLudosus, TApha sp. and ScolochLoa festucacea" These culms

persisted in L973, but in reduced numbers. The third site consísted

of several small clones of short culms (30 to 50 cm) r,¡ith reduced

or undeveloped inflorescences" Thís siLe was revisited ín 1973 and

rrosË of the clones had disappeared; those which persisted were

growing with Jmcus baLtieus" RanuncuLus eAntbaLaria, ELeocharis

aeicuLaris, and TrigLochin marLtinta, all of which had increased ín

numbers. The inability of ,9. uaLidus to become establíshed ín this

atea, despite abundant seed sources Ëo the easË and souËh' suggesËs

that there are linriting factors operating Ëo exclude ít'

2. Growth and reproduction

A comparaËive studY

S. acutus (site 100) and 5.

Delta I'farsh to determine íf

of annual growth and flovrering of

uaLidus (site 101) was undertaken in the

there werê genetically based differences
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in any aspects of annual shoot producEion. The following descrip-

tion progresses through the life cycle of the plants, beginning with

cufun ínitiation from the perenníal rhizome, the growth of the annual

culms, flowering , fruit maturation, andrto complete the cycle' the

paËtern of seedling establishment. This is followed by a considera-

tion of some of the factors involved in achene germination as deter-

mined-,in the laboraÈory. Finally, the biomass resulting from a

Isingle year's growEh is considered and comparisons are made betr¿een

S. acutus and ,S. uaLi*us production.

(a) Groi¡th of the annual culms

Culm initiation begins in }fay when the overwinÈering buds

hpoin f n al ¡rnoâf P a-d !:he tios anno:l .4hor.t¡r the nUd. SUf f a¿e.L'Ló !r¡

Figure 27 descríbes the pattern of culm initiation at siLe 100

(S. acuius). During Ehe first three r,reeks of May, B4Z of the

yearts culms are initiated, alEhough occasional nerv cuhns develop

until the end of July. The culms produced Ín late June and July.

are sterile, the inflorescerlces failing to clevelop.

A similar Dattern of culm initiation occurs for ,9. uaLt dus

(Figure 28). During }fay, 747" of the culms appear; L27. begin gror.rlh

during June, the remaining 14% <ieveloping during July an,1 August.

The culms produced ín July and r\ugust are usually sterile, although

occasional very small inflorescences <ievelop. AE both sit.es, sterile

culms rvere produced tirroughout the grot"ing season, but the per-

centage.increased from less thair 20il to compJ-eEe sÈerilicy by

mr-dsuuEner..
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Figure 27.

Figure 28

Culm initiation at SÍËe 100 (S. acutus),
L97L. Cross-hatched portion of each bar
represents the number of culms which did
not produce inflorescences, the open
port.ion represents culms which produced
inflorescences.

Culm initiation at site 101 (^9. uaLidus),
L97L. Cross-hatcheC portion of each bar
represents the nurnber o F culms r,¡h j-ch did
not ¡rodlr¡o inflôrêe^ên.êc iho¡rv L Ir !uuuLç rrirrv , -^.- OPeft
portion represents culms rvhich produced
inflorescences.
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Figure2gdescribestheincreasingheightsofthefirst25

culms marked in each of the quadra.ts at sites I00 and t0l. The mean

heíght of culms in both quadraEs at site 100 increased nore rapidly

than those of sÍte 101. The culms in the deep water quadrat at site

100 could not be measured until the tÍps approached the surface of

the \ìrater on May 18. The greater heíghÈ of t.hese culms at Ëhis time

compared \,rith Èhose of the shallor¡ water quadrat is attributed to

higher mud temperatures throughout the winter in deep vlaËer. The

mud at the shallow \,rater quadrat was -3oC on Februaxy 25, L97L,

while that of the deep \,iater quadraË was +2oC on the same date.

These early culms in both quadrats reached maximum height by the

third week of June, although gro\'rth of younger culms was still in

progress.

Thefirst25culmsineachquadratat'sitel0lshorveda

markeddifferenceint:..meofgrowth(r.igure27).Thesoilofboth

quad.rats was f'rozen during the wirrter, but t.he soil of the shallow

I,,/ater quadrat thawed earlier in the spring because it i,¡as rrot covered

by water; the soil of the deep r*7ater quadrat had not completely

Ëhar,¡ed wherr the first culms appeared at the shallow I'Iater quadrat'

l.Ihengrowthbeganon}lay22atthedeepl,JateÏcluadrat,Lheculmsin

the shallor,r quacirat r¿ere a1,read.y 22 cm high. Ilaximun height was

attained by June 9, but rvas consi<lerably less than for culms at

sice 100. This is thought to be environnientally produced rather

Ëhan genetic, Lrecause the height of ,î. uaLiCus ât other sÍtes often

exceeded. 150 cn. The surface i:unoff through this creek channel was

veryrapi,dinchespring,v¡íthrnost'ofrhesurÍacevatergonebyrnid_
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Figure 29. Mean height of the first 25 culns ini-
tiated in deep-water and shallow-water
quadrars at sire 100 (S. acutus) and
site 101 (S. uaLidus).

Figure 30, Ifean rate of culm elongation for boEh
quadraEs at site 100 (S. acutus)" arÀd

site 101 (S. uaLidus).
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lfay. A ç¡aEer deficic probably occurred anci resulted in earlier

maturation and stunted height of the cuhns.

The mean rates of cu'lm elongation for Ehe entire grorving

season aË sites 100 and 101 are presenEed in Figure 30. This figure

illustrates the effect of the growEh rate of individual culms (Fig-

ure 29) coupled with Ëhe prolonged period of culm initiatíon (Fig-

ures 27 and 28). The maxímum growth rate (cuho elongation) of the

S. acutu,s stand at site 100 occurred during the second r¿eek of June.

At this time, the earliest culms had almost reacired maxímum heíght

(Figure 29), but the younger culms l^¡ere in Êhe period oi most rapid

growth. From a maximum rate of elongation of 2.6 cm per day in míd-

June the rate declined rapidly Ëo mid-July, rviren only occasional

nern¡ culms rv'ere'being produced (Figure 27) .

A lower initial growËh rate is exhibited by the S. ualidus

culms at sire 101, as sho'türì in Figure 30. 1-i ma>:inum of 2.8 cm per

day occurred in late June, rvith a gradual decline until Lhe end oE

July. The growLh rate of ner,' culms ín August (Figure 2B)'¿.15 troa

fcliorued; if ihese had been ¡-*easurecl , thcre r¿ould have 1¡een slíght

rise in the mean growth of the sËand during this period.

Tne length of the gror*ing season can be deterr'rined frorn Fig-

ure 30. For ^9. acul;u-s, ít is approxímately 65 <lalys, tvhereas for

S. uaLidu-s ír ís approximately 90 days. The greater lengEh of the

groiuing season for S. Ualicius is nainly Cue to a greater nurnber of

culms produced in June and July (Figures ?-7 and ')-B) , although the

xate of gror,rth also may be greater for S. acuYu-s (Figure 29). Con-

parisons Èo determine if t'he differences are genetically control-l ed
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T,rould require monitoring the grorutir of both Eaxa under identical

condiËíons.

As the new culms are elongating, a progressive sr+elling of

the tÍp occurs at the base of the bracÈ. When the culm is approxi-

nately three vzeeks old, the sheath enclosing the developing inflor-

escence splits, and this is followed by a rapid elongation of the

rays. Ray elongaticn is accompanied by exsertion of Ehe receptive

styles in all but a few apical florets of each sniLalat rr,o qtyles

wither rqithin 48 hours, and four to six days laÈer the anthers begin

shedding poilen. Pollination is probably anemophilous as rhis is

true for most of the Cyperaceae (l{illis, 1955).

The pattern of florvering in the apical florets is similar,

bui ihe timing is variabie. Tire sÈyies occasionaily are exserted

simultaneously with those of the basal florets, but most frequently

they appear just príor to anthesis ín the basal florets; occasionally

enlarged f.ertlLízed ovaries are present basally before rhe apical

florets flor+er. The number of apical florets i,iith delaye-d florvering

varies from one or h!?o t.o as uruch as L/3 of. Lhe Ëotal in tire spÍ-ke-

1et. This pattern \¡/as ol'¡served ín both S. acutu-s and ^9. uaLídtLs

r+ith no apparent differences.

In summary, cuhns prodticed in early }lay rvill flor¡er in rnid-

Jrrne and f.erLtLízed ovaríes are apparent by the third r,¡eek- of June.

Ripe achenes \r¡ill be present 85 days af ter culn initiation; thus,

culms initiated in the first week of }fay r.rill have rípe achenes be-

ginníng to appear in the basal floreEs by the fi-rst r+eelc of August.

S.,uaLiril/.3 achenes are all shed â.t orr.ce. w:i-thin a periorl of



76

about Lr+o weeks, whereas S. acutus achenes tend to be shed less syn-

chronously over a period of about two rnonths; occasionally, achenes

of ^S. acutas are retained in the inflorescence throush the winter.

A.lthough the achenes are denser than water, they rvil1 float

for as long as 22 days. Achenes of 5. acutus and ,9. uq.Lidus trere

collecËed from sites 100 and 101 and placed in separate beakers of

tap \,¡ater to compare their abilities to float. I^Iíth gentle stirring

once per day, all the ^9. acu-tus achenes sank r'¡ithin 8 days (Figure

31), whereas sone S. uaLì,dus achenes remained on the surface for 22

days (Figure 32). Both types of achenes have a \rraxy, pitted seed

coai- and perianth bristles rvhich aid in flotation, but under con-

stantly turbulent condítions it is unlikely that tirey r¿ould remain

afloat for more than a fev¡ hours.

(b) Natural seedling establíshment

The achenes of ,9. uaLidus gerrrinate more readily under nat-

ural condíLions than do those of 5. q.cL¿'oLts. Di:ríng the study period'

seven stands of ,9. uaLtd:,Ls t¿ere found rvhich are known to have dev-

eloped from seedlings. In contrast, no examples of seedling estab-

líshment of 5. acutts r¿ere found. Drarodorvnl conditions r¿hich expose

mud containing ^9. uaLídu-s achenes result in their rapid gernination.

Alchough the author rùas unable to follor.¡ the events of a single

drawdor¿n Ëhrough the study period, three \,/ere exanined at various

1t Th" term rclrarudov¡nr ís used here
decline in r'¡ater levels, produced
d'hich exÐoses the mud surface.

to refer to a rapid
1 1., ^- L,,lÌaturarry (Jf Dy man t
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Fígure 31 Floating ability of ,S.

showing the number of
ing on the surface on
(initial ntrnber = 60).

Figure 32, Floating ability of .9.

shor,ring the number of
ing on the surface on
(initial number = 60).

a.cu"tus achenes,
achenes remain-
consecutive davs

ualidus achenes
achenes remain-
consecutíve days
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stages of establishment and, together r+ith the hisLory províded by

persons Ínvolved, it is possible to obtain a general pattern of the

establishment of 5. uaLi.dus from seedlinesl. Drarudor¡ns in the fall

which are mainËaíned Ëhrough the folloling summer result in the

germination of S. uaLidus achenes during late June and early Juty.

IniËially the seedlings form a dense mat which becomes less dense

as the seedlíngs grow (Figure 33). By the end of Augrist, the seed-

lings han'e reached a height of 30 to 50 cm (Figure 34) and have es-

tablished a short rhizome; Ëhe culus do not flower in the first

growing season. Observations during the second groling season in-

dicate that a rapid proliferation of the rhizome system oecurs (Fig-

ure 35); by the end of the sr::¡mer it covers an area of 0.2 to 0.5 m2

anci has produceci 3û to 40 fror+ering cuims (Figure 36) . At this time

the seedling origin of the stand is stil1 evident by the clumped

paEtern of the culms r'rhich have developed from individual seedlings

(Fígure 37). Continued vigorous grorvth diiring the third season v¡i1l

result ín these clumps coalescing to prodlrce a more random pattern

of culms.

(c) Achene gerrnination in the laboratory

The absence of information on the germinaLion condiËi-ons re-

quíred for ,5. acutu-s achenes to gerrnínate naturally prompted a number

-l

- I am indebtecl to l'íe.ssrs. I./. G. Leitch, K. A. Pugh, and
G. ti. Torunsencl for information on Ducks Unlimitedts drat"r-
dow*as aL tire l{urphy E)<tension iÍ2 and Cumberland l'{arsh
(tr,,rí-l-loru' Lahes) projects; ancl to I'Ir. P. I'Jard who provided
information for a drawdor¿n r¿hich he undertoolc ín Ëhe
rBack )farsht area of the Delta I'larsh
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Figure 33,

!!óu!E J+.

Germinatíon of 5. uaLidu.s achenes on
Ëhe mud surface at Lake 36 (The Pas).
S. uaLidus seedlings innnedíately be-
hind Mr. Jichuk, EleocTnris aciculatLs
in foreground, and a mature stand of
^9. acutus ín background.
(August \2, 7972)

Single ^9. uaLidu-s seedling aprroximately
25 cn higir, shorving the deve'ìopnent of
3 culms and an overwintering bud frorn a
short rhizome. Ruler graCuated in
ínclres. (Lake 36, The Pas, August L2,
L972)
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Figure 35. Þfature rhizome of 5. uaLiåu-s, showing
the extensive root system developed.
Shoot near rhizome apex (at right) lqill
not develop until follor+ing Spring.
Reddish-bron'n roots of previous gror.ring
seasons contrast sharply rvith newly-
produced roots near apex. (Delta,
Septerrber L4, L97O)

Figure 36. Clone of ^9. ueLi.d:t's produced by one
seedlíng by the end of second grot'rirrg
season. (l^Iilloç' Lakes, nesr Curnbe::land
House, August. 17, L973)
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Hf orrrê <I ,5. uaLidus stand established from seed-
lings; end of second growing season.
Thc clurnped pattern of cuks represents
indivídual clones rvhich have esÈablished
f rom a single seedling. (lüilloiø Lakes,
near Cumberland House, August 17, L972.
I.trater depth at time of photo r¡as 5 to
15 cm. )
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of pr.rminntínn f-estS in the labofatorV. These Werp riesjønr-d to det-

ermine what factors were important in triggering the gerrnÍnation of

,S. a.cuttts achenes, and also Èo compare Ehe gernination behavior of

S. acutus r¿ith ,S. ua.Lidus.

Table III suur¡narizes the results of the fifteen Lests con-

ducted. In test number l, freshly-collected achenes were subjected

to the germÍnation conditions without a period of storage or treaË-

ment; both ,9. acutus and S. ualidus failed to germinate.

In tests 21 3, and 4 fresh achenes rvere subjected to three

treatnents, embryo excision, sulfuric acid, and fed to ducks res-

pectively, in order to determine ruhether or not gerrnination r\ras be-

ing inhibited by seed coat restrictions. l{egative resu,lts r¿ere also

ob tained f o i: ihes e Ëes ts .

Tests 5, 6, and 7 examined the effect on germinaLion of a

l--month cold treatment in the dark using different media (peat moss,

silica sancl , aad htmus). Both 5. acutus and ,9. uaLidu"s showed no

evidence of germlnating at the end of the tests.

The storage period rüas íncreased to 150 clays in tests B to

12- ¡.tith seweral dífferent storase and serminatíon medÍa used. In-- )

test B uncler dry storage condítions, no germination occurred. Dry

storage a-nd germínatíon test ín distilled \,¡ater (test 9) following

scarification of the seecl coat produced no germination írr S. aau-LtLs,

but L57" of the S. ualiCls achenes ge-rorínated. Storage in tlístílled

rrrater rvith no scarir'ication (test 10) produced a lorver gerntination

rate (67") in 5. uaLidtts; S. acuius achenes did r-rot respond.

Irret mud as a medíum for tire storage and germination t.esË
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TABLE III. RESULTS OF GER}IINATION TESTS (SA.}ÍPLE SIZE IN PARENTHESES)

Tes t

Number*

Z Germination

,5. aeutus S. uaLidus

1

2

3

-
5

6

1

x

9

IU

11

L2

t3

L4

15

o (100)

o (10)

o (1oo)

0 (undetermined)

0 (s0)

0 (s0)

0 (s0)

o (so)

0 (20)

0 (r00)

2 (100)

o (100)

0 (100)

o (1oo)

0 (100)

0 (100)

0 (10)

0 (100)

0 (undetermined)

o (so)

o (so)

o (so)

0 (s0)

ls (20)

6 (100)

74 (roo)

10 (100)

8s (100)

1 (1oo)

o (1oo)

* Ref er to Darze 44 for
and achene treatmerrt.

details of storage and gerrnination condítions
íf cnv. irr e¡eh Ëest.
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produced the only germination of S. acutus (test 11). Tlne 2% rate

of gernination of 5. acutus was very poor in comparíson with th'e 74"/"

rate sho\4rn by the ,9. uaLidus achenes, however

The addiLion of a period of f.reezíng afÈer storage (test 13)

produced the highesÈ recorded rate for 5. uaLidus (B5Z), while no

,5. acutus achenes eerminated.

' Freezing in distilled water without mud as a medium for

storage (test 12) resulËed in reducea g.rrin"tion of ,9. uaLidus.

The results of Ëhe first tests índicate that a period of

sÈorage of at least L20 days ís required for gernr-ination of

S. uaLiclils. Best results were obtained ior both types of achenes

r.¡hen mud r,¡as used as a storage medium. Freezing does not enhance

Lire germination oí either S. aeutus or,3. uaL'LcÍus. Tests i4 anci 15

suggest that the períod of storage should be conducted at loiu temp-

eratures, prcbably without light.

Examination of the embryos at the cornpletion of the tests

intlicaterl that they had not been damaged by the test cond:l-tíons, as

they appeared normally developed and healthy upon excision. It

seerìs unlikely then that the lor¡ germination rate' particularly of

,9. acutt¿s, ís due to an inherently poor abilicy to germinate, buL

rather tirat there are precise requirements for germination t¡hich

were not provided in the experimenËs. This is supported by a 92"/"

sermination râte of 5. acu-tus achenes that resulted from 95 days

storage at approximately 2oC. During this time the achene-s unclen¡ent

a period of fermenLatíon suffieient to crâck the stoppered vial in

¡¿hich they rvere sËored. 1lnis indícaEes lirat the achenes of -c. acutus
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are capable of high

of storage at cool

condiËions.

gerorination rates, probably after a combination

femperatures, bacterial action, and anaerobic

(d) Biomass estimaËes

The biomass of aerial shoots which results from one growing

sea,son is presented for 12 sites ín Table IV. The values given in
t

Table IV represenÈ the means of five samples, or 5 m- surface area.

The samples r{ere collected at the end of the growing season and

represent approximate estimates of net primary shoot production.
a

Mean values for the six 5. aeutus sËands range from 83 gfm' at
,síte 42 (The Pas study area) to 365 g/m' at site 2 (Langruth srudy

area). The data for S. uaLidus sites in this table shorvs an even

to 570 g/r2 "t "ít.
4 (Netley }farsh) .

The standard devíatíons associated with the means are verv

large, in afunost all cases equal Èo or greater tlnan 501l of the mean.

Tr.is variabitity makes comparison between 5. acutus and 5, ualidus

production imposs íble.

Table V compartmentalizes the stan<ling crop attríbutable to

+L^ -.^--:^,,^ ^-l ^-Lrrs vdlrvuÞ pr@lrt componerrts. Tire data indicate that the total

standing crop of the above- and beloiv-ground components of ,9. acutus
'a

(site 102) Ls 2,366 glm', while that of S. uaLidt¿s (site 103) is

L,687 E/rn'. Ttre above-ground components represent only 207 of. tine

total biomass in 5. acul;us, but is consíCerably more in the,9. uali,dus

stand (5L"/"). Again, hor¡ever, Ëhe great variation indicated by the
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TASLE IV. ANRIAL BIOMASS OF ,9.
(AÜGUST

ACUTUS AND ,5. VALIDUS
1-11, Lg72)

Bíomass (e/^2¡Site
Number

Number of
Samp les mean s.d.

S. acutus

^9. ual¿dus

1
2

35
JO

4L
42

-
L7
1B
24
31
34

5
5
3
5
5
5

290
365
323
349
L64

B3

574
94

331
49L

6A

L46
289
L6L
295

30
55

160
104
r44
209
LLI

39

5
5
5
5
5
5



TARLE V. BTOMASS OF AERIAL AND SUBTERRANEAN CO}æONENTS OF SCTRPUS
ACUTUS (SITE I02, J-|JLY 2.7, L972> AND S. VALLDUS (SITE 103,
AUGUST L, T972). ALL T^]EIGHTS EXPRESSED AS G/M¿

S. acutus

Site102 n=10

X

ù.U.

Mean Z of toLal biomass

Tnflorescence

,9. uaLidut;

Síte103 n=10
i;
^

ù.U.

I,Iean % of total biomass

Culm

L2.3

L.6

Root

389 .5

160 .6

18. B

Rhízome

322.8

32L.L

15.8

84.0

58.3

4.t

Above

1614.5

792.5

63. B

7L4.4

205,6

47 .2

TOTAL

Below

438.5

L75

20

4s .3

26.6

t1

i,Itrole Plant

L937.0

1001

79.5

842.0

547

6L.4

2366.0

1021.3

798.3

224

50.6

BB. B

547

46.8

L686,7

707 .L

\
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standard deviations makes cornparisons unreliable.



B9

B. Community relationships

L. PLant specíes assocíated wi-t]n S, acutus artd S. uaLídus

A difference in the species compositÍon of plants associaLed

with ^9. acutzls and 5. uaLidus stands suggesLs a markedly different

environment occupied by each of these bulrushes. Table VI lists the

51 species of rooted plants ¡+hich were found associated \,¡ith 27

stands of ,9. actttus and 16 stands of S. uaLidus. The data represent

stands from all five study areas. Although there is no statístical

difference in the mean number of species in stands of each type

(S. acutus*.= 4.5;,5. uaLi,dus x= 6.7; t= L46; p < 0.1), there is

a significant difference in the species associated r,¡ith thern (rank

correlation coefficient = 0.76; n = 51; p < 0.01).

Table VII lists the ten most fresuent associates of 5. acutus

and ^9. uaLi.dus. The occurrence of submerged hydrophytes (1,Ígz,iophyLLwn

eæaLbescern ar;'d Uí;:r"icu1-a.ria uuLgaz,ís) in the ,S. acutus stands indi-

cates a deep, r-elativeJ-y stable water depth in the S. acutus habitat.

In contrast, Beckrrurrnia syzigaehne, Bídens cerlrÌ,la, GaLiun septentr-

ioz¿ale and RqnuncuLz^s cynbaLaz=íe. ace more characteristically found

in moist habitats or shallor'i wat.er and r¿ere frequent associates of

S. uaLiåt"s. The inore frequent occurrence of. Eleocharis paLusttis

and Tgpho- Latiiolia, both shallor¡-r,¡ater ernergents, in .9. "-alidus

stands sinílarly reflects this habitat difference. The equal rank-

íng of Sonchus a.sper in both ,9. acu-tus and ,9. ualídtLs ís ciue to the

frequent occurrence of rhis specíes in the vegetation zone adjacent

to the shalloru-water end of t1-re l¡egetation transecÈs in ^9. acu-tus

sEands; ín ,9. uaLidus stands it occurrerl rvith a higher frequency
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TABLE VI. ASSOCIATED SPECIES OF PLAI,ITS A}TD THEIR
FREQUENCY OF OCCURR.ENCE rN 19 ,9. ACATUS
.qND 13 .9. VALTDUS STANDS

(AUGUST l-31, L972)

Specíes

Nr¡mber

of
Occurrences

S. aeutus

No. 7"

OCCI]RRENCES IN STANDS OF

^9. uaLidus

No.

Typha Latifolia
T. angustifoLía
Sp az, ganium eLE A e q.rpum

Potønogeton uaginatas
P t¡o¡"lt'mn*ìt<

P. zosteriformis
P. ri,chardsonü

ALisma l;ziuiaLe
Sagi,tl:az,ia cuneata

GLyeeria gz,an&Ls

ScoLochLoa festucacea
Poa paLustr.is

Agt opyz'on vepens

CaLcmagro s tis negLecta

Hoz,deum jubatun

B e cþ¡n.rnnia s y zigachne

Spaz, tina graciLis
Zt-zania aquntt ca

Plzragmíte s conn'¡unis

E Le o chaz,i s p aLus L-ní s

l!'. ocLcul,a.rLs

SeLrpus fluuiatiLis
S. paLudosus

Careæ sp.
f 7 non'nnnønvqo uvvu.L yq

C. atherodes

L4

1

6

J

.)

2

1-

5

6

2

1B

2

2

3

J

6

I
I

11

L9

5

6

I

1-6

I
1a

724
I 3.5

3 10.5

3 10.5

2 6.9

2 6.9

1 3.5

00
2 6.9

00
L2 4L

00
00
2 6.9

2 .6.9

2 6.9

1 3.5

00
11 38

931
2 6.9

4L4
00

10 35

00
L4 48

7

0

J

0

0

0

n

+

2

6

2

2

I
I

0

1

0

10

J

2

I
6

1
L

47

0

20

0

0

0

0

33

zo

13

40

13

13

6.7

6.7

26

0

6.7

0

67

20

13

o. /

40

o.l

/î
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TABLE VI (continued)

Specíes

Nr¡mber

of
Occurrences

S. aeu-tu-s

No. "/.

,9. uaLí.dtæ

No.

OCCURRENCES TN STANDS OF

Juncus sp.
J. baLtíeu-s

J. bufonius
Polygonztn ønolzibiwn

ntr. Ldpa.vnLToLLwn

Rwneæ maritdmus

Chenapodiwn sp.
Nuphar ucriegatwn
P41t.t.tv.4t.t'l:.,e nymhn/ aø' q

Anemone canndens¿s

PotentilLa anserina
Geum z,'LuaLe

xlyr.iophy LLum eæaLb e s e ens

Cùcuta maculata

Siutn sunue

Lycopus dspev'

Mentha a,rryens¿s

U tz' i cuLo- t"í a uul g ari s

GaLiu¡n s eptentr,íonc¿Le

Bi.dens ceyry¿Ltq,

Aster sp.

A. punieeus

Soizchus asperl

Cirsiun arùerße

aTxenTLsLa. sp.

3

2

1

3

1

J

4

2

3

1

2

1

9

1

5

4

4

5

3

1

9

2

,

00
2 6.9

135
1 3.5

00
00
2 6.9

2 6.9
nn

00
2 6.9

00
724
00
00
2 6.9
) Áo

4L4
00
00
4L4
00
5 1,7

00
00

320
00
00
2L3
1, 6.7

320
2L3
00
a .)^

L 6.7

00
r 6.7

2L3
L 6.7

533
2 13

2L3
L 'o.7

320
426
2L3
r 6.7
| 

^a+¿o

273
2L3
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TABLE VII. THE TEN }íOST FRNQUENTLY ASSOCIATEÐ SPECIES
0F PLANTS It'I t9 S. ACUTUS AND 13 S. VALIDUS
STA¡IDS, LISTED IN DESCENDING ORDER OF
IMPORTANCE

(AUGUST 1-31, Lg72)

equal

equal

S. acutus

Careæ atherodes

Scoloehloa festucaeea

Phz.agmite s c onrm,¿nis

Caz,eæ sp.

EL e o chaz,i s p alus tr.i s

Typha LatifoLia

IÍyriopVry LLum eæaLb e s c ens

Soncy'¿us asper

Utricu'Lania uulgaris

4ei.v,nu s f7 t ntt' nf.t' /'igL>u J vv,v uu- v u

S. uaLídus

ELe o chay"i s palus tz"is

tgyrLq ul4uuJvuuq

ScolcclzLoa festucacea

Careæ sp"

B e clcnanni a sy zígachne

Careæ atherodes

Bidens eernua.

Sonclrus qsperl

GaLiL,tn s ep telxtz,¿onaL e

R an"¿,:te uLu s cy r* alaria

equal

equal

equal
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throughout the length of che transects. Although the ubíquitous

P|nagmites eontrr'¿nts has been found associated rvith .9. ualidus, iEs

absence from this sample is thought to be significanË, indicating a

drier, less stable habirat than this reed normally occupies.

2. I^Ii1dlÍfe utilization of bulrushes

SaLtpus acutus stands províde favored nesting sites for a

nunber of ryaterfowl and other rvetland species of birds. From Table

VIII j.t is apparent thaË the canvasback duck (Aytltya "^a7-isineria) ,

the Arnerican cooË (FuLica ønerÅ.cana), the redwiaged and yellow-

headed blackbirds (AgeLaius phoeniceus and Xarzthocepha.Lus

æanth.ocepløT-¿s¡ and the marsh wrens (TeT.rnatodytes palu-st:r"is aod

Cistothoxus pLatensis steLLarLs) make the greatesË use of ^9. aeutus

stands as a source of nesting cover. Amongst the relatively few

nests found in ^9. uaLidus stands, the predominance of rrpland-nesting

species (mallard, píntail, baldpate, blue-iuínged tea1, shoveller,

and kil-ldeer) reflects the habitaE most characieristícally occupied

by S. ttali.dus. Stands of this species

¡a¡+-i-n ^-í+¡^ -í- ^^ L^^^,,^^ ^F!r€ù Lrlró ù!Lçù Ir! lrértJ L4Þgù u gçdu5€ u!

probably unsuitable as

unstable r+ater levels

are

the

earJ-y in the grorvíng season.

The rnain functíon of bulrushes for nestine v¡aterforvl r,ias ob-

served to be as a source of cover, r.rith the actual nesting maËerial

being other than bulrush culms. Some species of birds do, horuever,

employ the culins of bulrushes, 5. acu-f;us in partic':lar, in actual

nest constructÍon.

The function of bulrush stems i-n nest ccnstruction is differ-
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TABLE vrrr. sPEcrES oF BIR-DS AND NIJÌ"ßERS oF NESTS i\IrrH EGGS
OR YOUNG IN 69 S. ACU?US -AND 45 .9. VALMUS STANDS

(MAY-JINE L970-r972)

NI]I"ßER OF NESTS IN

Species 1 S. acutus S. ualidus TOTAL

Western grebe

Pied-bílled grebe

American bitËern
Mallard
Pintail
Baldpate

Rlue-r'ringed teal
Sl'rove1ler

Canvasbaclc

Redhead

Ruddy duck

Sora rail
American coot

Killdeer
Forster ts tern
Black tern

n
I4arsh $7rens

Ye1lor¡-headed blachbírd
Red*vinged blackbírd

TOTA].

4

J

I
1

0

1

0

0

B

I
1

0

L4

0

4

4

5

7

8

62

0

0

0

2

1

J

4

I
U

0

0

I
I
I
0

0

I

0

1

L6

3

t-

3

I
+

4

1

B

1

t_

1

15

1

4

6

7

9

78

1- See Appendix ITIfor scientífic names.

2- Long-bílled and short-billed marsh r,rrens not distinguished.
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TABLE IX. SPECIES OF I.IATERFOI.TL UTILIZING ,5. ACATUS

OR ,5. VALTDUS ACHENES1 AS A FOOD SOIIRCE

2
Jpecr_es

Number

of
Samples

Scirpus
0nly

Scírpus
and Other

Other
Food Enpty

NU}ÍBER OF DIGESTIVE TRACTSJ WITH

Mallard

Gadr¿al1

Baldpat e

Blue-r^ringed teal

Shoveller

Redhead

Lesser scaup

TOTAL

11

1

4

+

5

4

5

34

I

0

2

2

J

2

2

I2

2

I

0

0

0

0

0

J

1

\J

1

0

1

2

J

;

1

0

I

I

I

0

1

5

¿

J

Although the achenes of chese tr.vo species are readily
distinguished from those of other Cyperaceae occurring
in }fanitoba, they cannot be distínguisired rviih certainty
from each other.

See Appendix IIIfor scientific names.

Esophagus, proventriculus and rrentriculus.
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ent with different species of birds, but three comnon patterns r./ere

observed. The blackbirds and marsh wrens utilize the culms for

support of an aerial nest, the actual nest maEerial being cattail or

grass leaves. These are inten{oven âmong several bulrush culms, êf-

fectively tying the culms into a loose ring. The nest ís then con-

strucEed around these culms. The coots anc grebes build a floating

nest' and utilize living and dead bulrush culms merely for flotation.

The nest ítself is composed of grasses or other fine rnaterial, or in

Ëhe case of the grebes, debris picked fron the bottom of the marsh

(Figure 38). The ForsËerf s tern, ho-wever, utilízes the dead culms

of the previous year both for flotaËion and as the 'nestt material.

The eggs are laid on floating mats of the previous yearts culms

t^¡hich have been broken and piled by the r+ind, \^rith little attempt to

forn an ¿sfu¿l- ¡oef lT'iorrra ?Ql. i.lhen divíng ducks (mainly the red-

heacl, canvasback s.nd ruddy ducics) utilíze bulrushes to build float-

ing nests, they use the culr¡s both for flotatíon;rn¿l nesl-ino m:fgrial,

although the nest is usually lirred with finer material anci i-eathers.

In addiËion to using bulrushes for nestíng, se-,'eral species

of r.¡aterfor+l feed on the achenes of ,5. acutLrs arrd ,9. ualidus.

Table IX lists the species of ducks r¡hich \\rere e:.aai¡red in laie fall

from Lire Delta ll¿rsh. Although the sarnple síze ís toc¡ s¡r:rll to drarrr

many meaningful conclusions, it seerns signíficant [hat Ehose birds

which had eatcn b.úcrisir acii-nes had lj,ttle or no food ni¿rte::ial of

any other tIPe, sug.gesting Ehat. thesr: birds i¡ere sclectívely feecling

on bulrushe.s. It i-s not clear r¡hether the achenes t{ere beine removed

from the in.florescences or being selectiveiy sougirt once i:hey harl
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Figure 38. Nest of hlestern grebe (Aechmo'tphonu's
occidentaLis), illustrating the use of
bulrush culms (S. acutu,s) for flotation;
the actual nest material ís debris picked
from the lake bottom. (lfurphy Lake,
The Pas study area, June 11, L972)

Figure 39. ForsËerts tern (Ste'rna fov,sieri) nest
on floating mat of dead bulrush cuhns.
The culms provide flotation as well as
the material Íor the tnestr.
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dropped from the plant, The fact that diving ducks appeared to be

selecting them rvould suggest the latter explanation. The absence of

scales or r,¡hole spikelets from the samples rvould also support thís

explanation.

During the study period, 46 stands of bulrushes harbored

one or more active muskraË houses (Fígure 40). These structures

íf found ín bulrush stands are invariably corìsËructed partially or

completely from the culms and rhizomes of Ëhese plants. The animals

forage in the area surrounding the house, heaping cut culms and rhÍ-

zomes rvith adhering mud onto the top of the mound. Thís eventually

results in a circular area around the house l+hich ís devoid of vese-

tation.

In addition to the houses, numerous tfeeding platformst v/ere

found in those stands occupied by muskrats. These feeding sites are

Ëhe resulË of the mtrskraË bringing culms to a centraL area, feeding

on the basal meristematic tíssue, then abandoning the rest of the

culm, whích becomes íncorporaLed ínto the platform. The shredded

m"Lerial on the feeding platfo-rm in Figure 41 is the díscarded leaf

sheaths from the bases of the culms; Ëhese are not generally eaten.

0f the 46 muskrat houses forrnd in bulrush stands. 42 were

associated r+ith 5. asu-tus r only four r+ith S" uaLidus. The prefer-

ence for S. acut¿¿s does not seenl to be based on the qualítv of the

plants, since those '9. uaLid:.¿s stands rvhich r,/ere occupied r+ere

hp'ínr¡ rrf ii í zarT ø--- ^-^i'-^1-'.. -rtL clrb ! v grJv .



99

Figure 40. MuskraË (Ondatra zibethica) 'housef
cons trucËed f rom bulrush (5. actttus)
culms. (Sí-te 42, l'Iurphy Lake,
August :-.6, L97Z)

Fígure 41. l"luskrat ()ndaira zibethica) feedíng
platform. Basal portions of ,9. acuttts
culms have been eaten, the whíte
strips of plant materíal are the leaf
sheaËhs. Upper portions of culms for-rr
the floating plarforin. (Site 52,
Delta study area, JuLy 26, L97L)
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C. Stand performance

The response of S. acutz.ts and -<. uaLidlts to the different

envíronmental conditions in the five sËudy areas \'zas rneasured by a

sËand performance factor. This factor was calculated for each sËand

from the mean density and the fertility rate. The densiËy and ferË-

itity data, as well as their product, stand performance, is presented

for sites 1 - 60 in Table X.
t

The culm densiËy ranged from 5.6 culms/¡' (site 37) to
t

257.6 cuhns/m" for site 56. FertiliËv varíed fro¡n 16 .67" at site 19

to a maximum of 88.4 at site 22. The híghest stand perfonaance

value (L44) was calculated for site 56, the lorvest (4.0) for sites

34 and 37. There is little correlation between density and fertilit,y

rates r,¡hen individual stands are consiclered. or r,rhen stands are

grouped on the basis of study areas. The highest density and

Fort- i1r'frr rror¡. reCorded at De] Ea. SiteS , for exanple, but the lOr.¡eSt

densily was recorded at The Pas and the J-o,¡c.st fertility at Langruth.



S ite
Number

Tl^*^i.Þ..uçrrÞf,Ly, FertÍ1ity
(culms/m') Z

(a) (b)

I

¿

J
T

5

6

9
1.0

I1
\2
IJ

L4
15
rt)
T7
1B
L'

20
2L
,a
L/-

23
24

¿o
n'7

¿ö
29

TABLE X" CALCIILATION 0F STAND PEIr.FOR}IANCE FROl,f
DENSITY AND FERTILIT\I FOR SITES I ro 60

o). z
1¿. O

4B
86 .4

105 .6
lL7 "6q? ?

!l la

7s.6
47 .2
1.(^ a

72.8
56. B

5B
6B
56
J¿+ . ¿+

114. B

6L.6
716 .4

BB. 4
51.2
oo. 4

L32
75.6
/,r1 )
a9 a

'l') /. a

54
84

21 ')

33.2
52.L
48.0
23.2
66.7

37 .4
45 .8
2L.6
J4.C
)a ')

44 .7
ql /,

46.6
18.3
87.5
35
16. 6

68.3

BB. 4
57.2
lq -7

58. B

6A ,4
27
0¿l

S tancl
Performance

(a x l¡)

20.2
25,3
25
4L.5
z+.J
77 .6
29.8
35 .5
J4
9.9

1? q

2L.1
25
)aÁ
11 ')JI. J

10.1

Site
Nr¡mber

Dens ity,
(cu1ms /m")

(a)

a1JI

J{

JO

JI

J¿J

39
40
/,1+I

¿+J

44

¿+o

47
4B
/,o

50
51
52

54
55
56
q7

5B
59
60

L12.0
56.4
76.8
30.4
75.2
81. 6
5.6

BB

30 .5
79 .2
6L.6
26.8
80.4
1É. a

77.6
87 .2
7r.2
52.4
72.8

734 .4
ss.6
76.8
50.7
90

134 .8
257.6

37 .6
92

108
63.2

Fertí11-Ey
/o

(D /

29.9
40.2
10

s4. B
/,c 'l

77 .L
7 3.3
B5 .5
13. 3

29.3
28.3
72.3
30. B

85.2
29.6
39.2
37 .7
22.2
60.9
69

S tand
Performance

(axb)

L04.3
¿+¿.5

L2.8
4B

14.6
70.6

86.2
/,1 ')

65.3
4

2L.B
)1 L

4
¿o.+

103.7
23
24
9.9

11 .1
¿c 1

68. 9
26.3
4s .6
53.9
69.9
L7 .B
42.2
36.6
62,r
67 .4

L44.3
18
63. 5

57 .2
46.8

79.7
37 .7
87 .6
74.2
52.8
32.L
5q ?

7 2.7
69 .4
50.7
56.9
4B. s
69.L
53.7
7 4.L



D. Taxonomic assessment

1. Character selection

Tnirteen morphological characters

analysis Ëo determíne if there \rere one or

ers which shor,¡ed covariation. Such groups

sis as clusters of characÈers contributine

individual factors.

L02

were employed in a factor

more groups of charact.-

v¡ould appear in the analy-

to the definitíon of

The first portion of output from the facËor analysis program

is a matrix of simple correlation coefficients (Table XI). Three

characters shor¿ a highly significant (p . 0.005) correlation wiËh

inflorescence length (1). The number of primary rays (10) varíes

rvíth the inflorescenee length, indicating thet specimens with large

inflorescences also have many primatry rays. A similar relationship

holds for inflorescence length and the number of secondary, tertiary,

and quaternary rays (11). Thus, large inflorescences shor¿ a greater

elabOratíon of ¡ha nrtf Þrn ,rt -.zy branching.

Inflorescence length is also highly correlared r¿ith the

number of spíkelet clusters composed of one or two spíkelets. This

correlation refers to Èhe tendency for larger ínflorescc-nces to have

greater absolute numbers of single or double spikelets. The lack of

correlation bet--"veen inflorescence length and the number of spíkelet

clusters of three or more spíkelets is riue to the tendency for short-

inflorescence specimens (of the ,5. a.cutlt-s form) to have a Laxge

proportion of the clusters of this inultiple-spikelet composítion,

with absolute numbers of clusters beíng relatively small. The large-

inflorescefice specimens of the ,9. uaLic1us form tend Èo have propor-



1.

)

.J.

+.

5

6.

7.

a

o

10.

11.

Tnflorescence lengËh

Involucral bract length

Spikelet length

Spíkelet rEidth

Scale length

Scale wídth

Ar.rn length

Achene length

Achene r¡idth

Number of primary rays

Number of secondary, tertiary and

qu¿ìternary rays combined

L2. Nurnber of spíkelet cl,usters composerl

of one or t.sro spikelets

13. Numl¡er of spikelet clusters composed

of five or more spikelets

ÇÍ¡i



I'lorphological
Characters

I

2

J

¿+

5

a

I

B

v

10

11

L2

13

ÎABLE XI. SD'I?LE CORREIÁTION COEFFICIENTS OF [3 MORPHOLOGïCAL CHARACTERS1 (n = 1,500)

1.00

0 .08 1.00

-0 . 32 0.08

0.19 0.06

-0 .35

*0. 32

-0.23

-0 .10

-0. 20

0. B2*

0. B1't

0 .7 4tl

-0. 15

0.028 0.26

0 .03 0 .27

0.00 0.19

-0.03 0.06

0.05 0.13

-0.01 -0.36

-0.01 -0.41

-0 .03 -0.42

0.00 0.13

r.00

0.31 1.00

-0.01 1.00

0 .09 0 .26

-0.00 0.18

-0.04 0.23

0.01 0.16

0.09 -0.31

0.09 -0.34

0.r2 -0.29

-0 .14 0 .07

ì- See faclng page for
>.' Denotes characËers

1.00

0.10 1.00

0. lr 0.04

0.27 0.07

-0.34 -0.25

-0.38 -0.22

-0.32 -0.27

0.09 0.11

10

descrÍptJ.on of characters correspondíng to numbers 1 to 13.
showing a correlatÍon greaËer than p=.01

l-1_ L2

1 .00

0 .7 6,\ 1.00

-0 .07 -0 .2L

-0.10 -0.23

-0.09 -0.19

0.04 0.03

13

1 .00

0. 86r. 1.00

0 .77 0 . 81* 1.00

-0 .15 -0.27 -0. 19 1 .00
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tionaËely far fewer multiple-spikelet clusters.

The shape of the achenes is relatively constant in the spec-

imens examined; the achene length (8) and the achene width (9) show

a high positive correlatíon, índicating that size may vary, but that

the length and width vary in proportiori to one another.

As indicated in the consideraLion of inflorescence lengËh,

the nr¡nber of primary rays, the nunber of secondary, tertiary and

quaternary rays, and the nr¡mber of síngle- or double-spikelet

clusters al1 rqere posiËively correlated '"¡íth inflorescence length.

It ís expected, then that these characters r,¡ill also be correlated

v¡ith one another. This is the case, as indicated by the high cor-

relation coefficienis for characters'10 and 11, 10 and 12, and ll

and L2

The second portion of the programts output is the factor

loadings rnatrix slr.oru¡n ín Table xrÏ. High factor loadings (posítive

or nágative) for a character on a partícular factor indicaËe a sis-

nificant contribution of that character to the definitioi:. of Lhe

factor. These are indicaLed by asterisks ín Table XII. The com-

munality assocíated r^¡ith each character indícates the proportion

of che variance of the measurements of each chara.cter r¿hich is ac-

counted for by Lhe factors; values síE7rifícantly less than one

indicate that a Þortion of the variance is due to error or some

unique qualiry of the cÏraracter '.+hich is unaccounted for by the

factors. The high communality associated vith each character indí-

cates that virtually all of the variance cê-n be attributed to the

12 factors. The slightly lower conmunality associ¿rted '.sith ray



1.

¿.

Iirflorescence lensth

Involucral bract length

Spikelet length

Spikelet r.¡idrh

Scale length

Scale l¡idth

4.

7 . ^A^wn length

B. Achene length

9. Achene v¡idth

10. Nunrber of primary r¿rys

11. Nu.rber of secondary' tertiary and

quaternary rays comt,ined

L2. Number of spíkelet clusters cornposed

of one or tr,ro spikelets

13. Nunrber of spikelet clusters composed

of five or more spÍkelets
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Characters

TABLE XTÏ. ROTATED FACTOR ì.ÍÄTRTX OF LOÀDTNGS ON 12 FACTORS
FOR 13 MORPHOLOGICAI CHÄRÄCTERS' (n = 1,500)

0 . 87,'. -0 .06

0.0r 0.01

-0.28 0.04

0.10 -0.01

0.r2 0.07

0.02 0 .99't

0.20 0.04

0 .971\ 0 .02

-0 .2L 0 .11 -0. 00 0. 01

9

10

11

T2

13

-0 .24 0.10

-0. .r_6 0.02

Factors

-0 .02 -0 .08

0.00 -0.00

0 .06 0 .07

-0.07 0.00

0.02 0.07

0.03 0.02

-0.01 0 . 95',r -0 .03 -0.03

-0 .15 0.90't

Cl.94'i -.0.04

0.9lt -0.07

0 . B2,t -0 .06

0.05 0.01

0.00 -0.00

o .L4 -0 .09

-0.01 0.01

-0.10 0.10

0.00 0.0s

-'0.95,t 0.09

-0.10 0.95*

1¡^- See facing page for description of characters corresponding t.o numbers I to 13.

0 .02 0 .04

0.01 -0.01

0.01 -0.01

0.05 -0.03

-0.L2 0.0r -0.07 0.00

0.05 0.98r<-0.06 0,02

-0.08 -0.02

0.03 -0.00

0 .92'k 0 .03

0.16 0.00

0.09 -0.01

0.09 -0.02

0.06 -0.01

0.01 -0.02

0.03 0.01

-0.09 -0 .L2

-0.L2 0.03

-0.16 0.50*

0.04 -0.01

0.01 0.01

-0 .00 0 .02

-0.00 -0.09

-0.15 -0.05

-0.06 -0.11

0.98t 0.05

10 11

0.002 -0.43*

0.005 -0.008

0.00 0.01

0.00 -0.01

-0.00 0.01

0.01 0.01

0.00 0.00

-0.27* 0.00

0.37* 0.00

-0.006 0.10

-0.03 0.06

0.01 0.01

-0.00 0.00

-0 .L2 -0.00

-0.02 0.1s

0.07 -0.10

0.11 -0.14

0.06 -0.09

-0.02 0.03

L2 CommunaliÈy

0,99

noo

0.99

0 .99

0 .99

0.99

0 .99

0 .99

0 .99

0 .96

0.92

0 .99

0 .99
H
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developrnent (characters l-0 and 11) cannot be accounted for.

The percent of the variabilíty attributed to each factor

and a sunmary of the characters involved in each factor is presented

in Table XIII. The sane four characters rvhich shor¿ed hísh correla-

tíon in Table XI appear in Factor 1. This factor is interpreËed as

a general rinflorescence formt factor, descríbing the variatíon in

inflorescenee composition and the morphological characlers r¿hich

contribute to the variation. This factor accounts fo:: the lareest

single proportion of the total variance in Ëhe data (33%).

The second factor is clearly an achene size facËor, indicaËed

by the high factor loadings on characters eight and nine. Thírteen

peïcenË of Ëhe variability is attributable to this factor.

The third factor involves a single character, spikelet

rvidÈh, ancl accounts Íor L07" of the total variance. Similarly, the

remaining nine factors involve one character each (cr,ro for Factor 11)

and account for progressively less of the clata varíance. The most

important characters for distinguishing the groups, then, ryould be

L:,ose invoived in factors accounting for the largesi portions of the

total variance.

Tne previously descríbed method of defining the character

states to be associated r^¡ith each of the hvbrid index scores ís

based upon a bimodal frequency histogram of individual measurements

tor a character. The histograms cf infl.orescerÌce length and the

numher of orimarv r,avs - f he first tr.¡o characters in Factor 1

(Table XII), are shor¡n in Fígures 42 and 43. tsoth characters dis-

played biinodal distribulions indícating tr¡o morlal types for each
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TABLE XITI. SUIÍMARY 0F FACTORS 1 ro 1-2, THE %

VARIABILITY ATTRIBUTED TO EACH, AND
THE CHARA.CTERS I^TITTI IIIGI] LOAD]NG ON
EACI{ FACTOR

Factor

Z Variability
Attributed to

Each FacËor
Characters l.trith High

Loadings on Each Factor

inflorescence length
number of 10 rays

33.2 number of. 20, 3o, 40
rays

number of 1- anð, 2-
spikeleE clusters

13.3 achene length
achene r¿idth

3

4

5

10. 4

'74

7.4

6.7

Át

5.4

3.5

3.0

L.2

spikelet rvidth

bract length

nunber of clusters of
q ..- *^--^ ^^-'r.^1_) ur tilure sPrKel-el-s

¡r.rn I on ol- h

^^^1^ 1^-^¿Lð L4rç rgl!ÉLrl

scale '.uidth

spikeleË length

number of 1- and 2-
spikelet clusters

achene length
achene v¡idth

inflorescence length

6

B

9

r0

11

L2
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Figure 42. Histogram of inflorescence lengths of
specimens from sites 1 to 60 (n = 1,500);
abscissa intervals 2 rwn, ordinaËe inter-. vals 5.

FÍgure 43. Histograrn of numl¡ers of primary rays
of specimens from sites I to 60
(n = 1,550); abscissa intervals 2 mm,
ordinate inLervals 10.
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character.

Applying Rileyrs (1938) technique to rhe inflorescence

lengths (Figure 42): those greater than 80.5 rm v¡ere assígned the

value of 0; lengths of 47.1 - 80 .4 vtere intermediate (l); and those

less than 47 mm \,rere scored as 2. Sirailarly, from Figure 43,

specimens ivith 13 or more prirnary rays \{ere scored 0; those with 7 -

13 rays ürere scored 1; ínflorescences \4rith less than 7 ravs \rere

scored as 2.

The occurrence in Factor 1 of the number of primary rays,

the total nimber of secondary, tertiary and quaLernary rays, and

Lhe nririrber of single- and double-spikelet clusters suggested a pos-

sible nelhenalical relaticnship beh¡ecn these three; thc n'¡¡nber cf

primary rays would logically have soroe influence on the possible

number of branches, and these in turn would determine the possible

number of spikelets. lleslop-I1arrÍ.son (L952) and Davis end Hewvood

(1963) cautíon against using empirical-ly related characters.

In orcler to eliminal-e the possíble influence of a rnathenar-

ical relationship and sËi1l retain the correlation r,¡íth inflores-

cence length, qualítative expressions of ray branchíng and spílielet

clusteríng \üere used. The presence or absence of branches (second-

Ê^e!j^-^-- -r'if-ôprî.?\7 É1arôl rrrnlncprl i}¡n ra1 cto.l n,,.-ts+r.ts+lQLJ ¡ Lsr Lrdry , qudL(jr rrdl.y L<rytt ) _-d'|-cct quanEt_Eacl-ve

character. To describe the pattern of spikelet ciusteríng, the

presence or absence of clusters of five or rnore spikelets shor¿ed

the qrpe f'esl' r-ôrre.1.ation with inf l orescenr'ê l enoth 4 ñrô1i-"-'Lrru óLLeLLo L LU!re-j.d.Lru!t wtLll L!I-* -e:¿óLrt. it IJrellml-nafy

analysis of 300 ínflorescences chosen ranrlonly shoi¡ed perfect agree-

ment lreEr'¡een inflorescence leng:h and presence or absence of clusters
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of five or more spikeletsl none of the inflorescences longer than

80.5 nr¡n had spikelet clusËers exceeding four spikelets, rvhile all

those inflorescences less than 47 m long had at least one such

clusËer.

In order to obtain the required mínimum of five characters,

Èhe histograms of achene length and width (Factor 2) were plotËed

(Figures 44 and 45). The distributions were unimodal and therefore

could noË be included ín the analysis.

Although it v¡as unlikely that characters involved in Factors

3 - L2 would prove more useful, histograms of these were plotted for

verificatíon. Figures 46 - 5L índicate the unimodal distributions

displayed by spikeler lengrh and widrh (Fígures 46 and 47), bracx

length (Figure 48), ar,rn length (Figure 49), and flora1 scale length

and r¡idth (Figures 50 and 51). Because these characters shor¿ed no

evidence of bímodality, they could not be divided into the neces-

sary three character states; they were all tirerefore drcpped from

further consicleration.

From the factoi' anal;,.sj 1, four cf thirteen characters were

selected as L'eing of potential use in constructing the hybrid inclex;

all four characters r{ere associated r¿ith the general irrflorescence

form Factor (Factor 1).

T\vo additional characters \,/ere considered for possible in-

clusion. Lacunar diameter and culm color r,rere measured in the fíeld

and had shown some correlation; light green or glaucous stems T¿¡ere

associated v¡ith large lacunae, whíle dark green stenrs had much smal-

1er, more nrl¡nerous lacunae (Figure 52). Lacunar día¡neiers of 11500
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FLgure 44. Frequency histograrn of achene lengÈhs
of speeimens from sites I to 60
(n = 1,500); abscissa intervals 0.05 nm,
ordinate intervals 5.

Figure 45. Frequency histogram of achene v¡idths
of specimens from sites 1 to 60
(n = 1,500); abscissa inLervals 0.04 irnn,
ordinate intervals 5.
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Figure 46. Frequency histogram of spikelet lengths
of specimens from sites I to 60
(n = 1,500); abseissa intervals 0.2 rnrn,
ordinate intervals 5.

Ftgure 47. Frequency histogram of spikelet rvidLhs' of specimens from sites 1 to 60
(n = 1,500); abscissa intervals 0,1 nrn,
ordínate ínterva.ls 5.
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FÍgure 48. Frequency histogram of involucral bracË
lengths of specimens from sites I to 60
(n = 1,500); abscissa intervals I mm,
ordinaËe intervals 5.

Figure 49. Frdqticnc;r histog' :ul of ai,rn 1_e;rgtirs of
specímens from sítes I to 60 (n = 11500);
abscissa inËervals 0.05 rn'n, ordinate
intervals 5.
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Figure 50. Frequency histogram of floral scale
lengths of specimens from sites 1 to 60
(n = 1,500); abscissa intervals 0.05 rrn,
ordinate intervals 5.

Figure 51. Irequency histogram of floral scale i,¡idths
o E spec-imen:; f rcr. sit-es l- trr 60 (n = 11 500) ;
abscissa intervals 0.05 nrn, ordinate j_nËer-
.¿a1s 5.
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Figure 52. Scatter diagram of culm diameter and
number of lacunae. Each circle repre-
sents the mean of. 25 measurements,
Open circles indicate mean culm color
scores betrveen 2 and 3 (dark green),
closed circles represent culm color
scores between 1 and 2 (glaucous or
light green).

Figure 53. Frequency hístogram of lacunar diameters
of specímens f::om sites 1 to ó0
(n = 1,500); abscissa iniervals 0.05 rmn,

. ordínate inter-¡a1s 5.
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Fígure 54. Cross-section of S. acutus culm (x10)
showing the numerous, small aeren-
chymal lacunae.

Figure 55: Cross-section of S. ualiclzls culnì (xfO)
shovring the large aerenchymal lacunae.



LL7

speciüens were plotted in a frequency histogram (Figure 53) and

showed a strongly bimodal distribution. The prevíously used tech-

nique of defíning the Ehree character states rvas employed to assign

the hybríd index score of rOt to lacunar diameters greater than 1.51

fltrn, tlr to diameters between 0.87 and 1.50 rnm, and t2t to diameters

less than 0.87 ¡nm. The difference in the size of lacunae bèËween

the,9. uaLiúts and ^9. acutus sËates is indícated in Figures 54 and

55. The more numerous lacunae in the ,5. acutus culm are also much

smaller than those of 5. uaLidus.

The apparent correlation betl"een lacunar díameter and culm

color shor*'n in Figure 52 rvas the basis for assigning the hybrid

index values of 0, 1, and 2 to color scores reÞresenting the oale

green (0), intermediate (1), and olive green (2) shades, as defíned

on page 53.

A sunnnary of the ciraracter stâtes and the hybrid j-ndex

scores assigned Ëo each is given in Table XIV.

TABLE XIV. SCORNS USED TO COI'ÍFUTE I{YBRID IT.IDEX

Character States

Character
S. uaLidus

(0)
Interrnedial-e

(1)
S, acu-bus

(2)

1. Culm color

2. Inflorescence
length

? ìJ^ ^ç ^-i-,.r. -r yrrulaff

roJù

4. Secondary rays
5 . Lacunar diarne ter
6. Clusters of 5 or

r¡ot'rr cni kcl e tS

color scores
of0

> 80.5 mm

>13
nrêeênf_

> 1.5 mn

abserÌt

co 'l ot. s co res
ofl

47.1-80.4 mm

7-L3

0.9-1.5 nun

color scores
of2

< /+7 mm

absent
< 0.9 urn

nrêqên È
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The agreement betrveen these six characters in scor:ins ?5

specimens from 60 sites was Èhen tested. The mean scores fox 25

specimens from sites I - 60 and the hybrid index values assigned to

these stands on the basis of the six characters are given in Table

xv. All- six characters show good agreement in assessing the hybrid

index of the stands. For any single stand, the range between hybrÍd

índex scores for single characters is ahuays less than one, and us-

ua11y less than 0.5. standard devíaËíons accompanyíng the mean

score for each characÈer indicate the variation of scores for indi-

viduals rvithin each stand. culm color, the presence oÍ secondary

ravs and the lacunar diameter show the highest agreement for scoring

Índividuals within stands; inflorescence length, number of primary

rays and the presence or absence of clusters of five or more spike-

lets shor¿ greater variabilíty, as indicated by the higher standard

deviations. T\vo explanaÉions are possible for this variability in

agreement. The most obvious cause j.s that some of the characters

are more reliable than others because of inaccuracy in definíng the

character states to be associated rvith each of the hvbrid index

scores, The other possibility is that some characters are intrin-

sically more variable than others. Because tr¿o of the three charact-

erS v¡hicir Shor+ hioh r¡¡ríchilir\7 are quantitative characters, the

forner explanation is rnore likely.

The correlation betr¿een scores of irldivíclual characters \,/as

tested by means of their rank correlation coeffícíents (IIoel, 1960,

P. 255). A matrix of the rank correlation coefficienis betç¡een all
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TABLE XV. MEAN HYBRID INDEX SCORES FOR SIX MORPHOLOGTCAL CHARACTERS
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relation betr.¡een all pairs of characters supports the choice of

characters and the definition of the character states. It also indi-

cates Ëhat the characËers chosen from the factor analvsís are in

agreement ¡,¡ith the additional characters, lacunar diameter and culm

co1or.

The roean hybrid j-ndex values for each stand (the last column

of Table XII) are based on the hybrid index scores of. 25 specimens

for the six characters. The scores of the specimens \,¡ere suûmred and

divided by 25 to give the mean value for the stand. Thus, a pure

stand of ^5. acutus rvould be represented by 25 specimens scoring '21

for each character, or suûrming the scores, 25 specimens each with a

hybrió inciex of. L2. The resulting hybi:id índex val-ue for thc stand

r,¡ould then be: 25 x L2 + 25 = L2. Pure stands of ^9. ualidus v¡ould

have hvbrid ir-rdex values of '0t. Frorn Table XII, hybrid index

values for sites I to 60 rangecl from 0.84 (site 7) to 11.82 (sites

42, 49, and 56). These stands represent the extreme ends of the

scale of morphological variability. The remaining 56 slands fal1

between these exLremes, but tend to be clustered towards eíther end

of the scale, with only three stands having hyb::id index values near

the center (sítes 28, 34, and 53).

The distribution of these stands on the hybrid index scale

of zero to tç¡elve is depictecl in Figure 56. l'JÍttr the exception of

the three íntermediate stands, the::e is complete disconEinuíty in

the distributíon.

The inÈermedíate values for sites 28,34, and 53 could arise
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TABLE XVI. I'ÍATRTX OF RANK CORRE"LATION
COEFFICIENTS OF }GAN HYBRID
INDEX SCORES OF 60 STANDS FOR
SIX MORPHOLOGICAI CHARACTM.S

(p .0.01 for r > 0.475)

*characters L Z 3 4 5 6

0. 85 0.91 0 . 89 0 .94 0 .82

0.84 0.87 0.87 0.79

o .92 0. 83 0.88

0.9s 0.91

0. 88

1. culm color
2. inflorescence lerrgth
? -,,*L^É ^r ^-ir. rrLuuDe.r'or prl_mary rays

4. presence or absence of secorrdary rays
5. lacunar diameter

6. presence or absence of clusters of five or more spikeleLs



LZ5

Figure 56. Frequency histogram of hybrid index
scores for sites i to 6û. fne inter-
mediate stands (sites 28, 34, and 53)
are rnixtures of the tl,¡o morphological
Ëypes.
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from one of two sources; either the specimens exa¡nined are all nor-
phologically intermediate or they represent mixtures of the hrro nor-
phological types.

Returning to Table xrr, the sËandard deviatíons for scores

on arr characters for these three sites are high, even for Ëhose

characters that show little or no variation for the other stands

(characters 1, 4, an<i 6). This suggests a mixed population of the

two morphological types. This is verifíed if the hybrid index

scores for the indiv-idual specimens of Ëhe three stands are plotted.

Figure 57 indicates the complete discontinuity betr+een the trtro

groups in each case. No morphologieally intermedíate specimens \^lere

for¡nd in any of tl-rese standse suggesËing that little or no hvbrídi-

zati.on \üas occurring.

One additional mixed stand r,¿as found at sire 20 (Figure 58);

hor'¡ever it did contain a small nunöer of morphoJ-ogical1y intermediate

individuals. Atthough the hybrid index score (10.6) indicates a

sci't'pus acutus stand, there \.ras a narror¡/ band of s. uaLidu,s along

the open water margin, r,iith a re\,¡ scattered indivíduals shor+ing

ínËermediate morphological characters. Because the S. uaLid.u-s and,

the putaÈive hybrids were ín small numbers at one edge of the stand,

a systematic samplíng procedure- resulted ín their Drêsê1r..ê .Iroíng

masked by the predomínant numbers of 5. acul;us specimens (itígLrre 59) .

A special col-lection rùas made from thís site in order to collect

specimens siroi+ing the compleie range of variation. The range in

inflorescence form and the hybrid index scores of each specimen are

shor.¡n in Figure 60. It is evi<lent that sorn¿' "¡ecímens are mornþs*
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Figure 57. Frequency histograms of Ehe hybrid index
scores of inCj-vidual speci-;iens froin
sites 28, 34, and 53 indicating the mor-
phologically mixed nature of these stands.
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Figure 58. Site 20, Portage Creek. ,9. uaLidus
growing on the open-\,/ater margin of
Ëhe creek, \qith S. acutus in shallower
Lrater in the background. At the time
photo was taken (Septerober 2, L972),
the water in the creek rvas very low,
exposing the mud bar on which this
,9. uaLídus had germinated during a
prerrious loi+-water period in 1965.

Fi-gure 59 Frequency histogram of hybrid index
scores of índivídua1 specimens from
site 20. The large prooortion of
^9. acu-trts specimens and the r:elatively
srnall nr:mber of 5. uaLid'¡t-s specirnens
created a high hybríd index score nhich
masked the mixed nature of the stand.
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Figure 60. Síx in-florescences collected from site 20
shor'¡ins the ranse in inf I oreseence form.u¡¡vrY !r¡õ grrv rsrróv

Typical S. uaLidus (a) has a hybrid index
score of zero, typical 5. cctLtus (f) has
a score of L2, and specimens b, cr d, e
have intermediate scol:es. The abnormally
narrorrT spikelets of these latter speci-
mens ís due to the absence of developing
achenes.
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logicaily inÈernediate, and ít is probably significanr that the

spikelets of these individuals bear only one or tr,¡o apparently normal,

although iuunature achenes each, which accounÈs for their narroÌ.r ap-

pearance.

3. AddiÈional morphological- characters

Three additional characters \rere examined because of their

prominence in the literature as diagnostic charact.ers. The resulËs

of analysis and comparison r.zith the hybrid index assessment are pre-

senËed here for subsequenE discussíon.

Floral scale color has been used to distineuish ,9. uaLidus

from,9. aeutu-s by numerous authors (Beetle, 794L; Smíth, L969;

Dabbs , LglL). An examination of herbarium specimens and some of

the authorfs material indicated that, in general, three character

^tsô+^^ ^-.-'^Ê^lsLdLe:i er(r:;Lecr. Ifaterial resembling ^9. uaLidus in other char:acters

tended Ëo have floral scales whici-r were suffused rvith a rustv brown

throughout; 5, o"cutus specinens shor,¡ed Lhe opposile state, r¿íth a

pale giei'ic taiì bacliground coior i¡itl-l variabie nr.l:'bers.,-¡f l-..r1êâr

red dots. Betr+een the trvo extremes, many scales sTroi¿ a partial

suf fusion with red, usually near the Eip, or very dense rc<1 spotti-ng.

These three states r¿ere arbitrati-iy defined and assígned values of

1 (-r,FFr,-o,1 ..,i ¡1. ra.ìl 1 (ro,1 îãA1- f ín nr r¡orv ¡lonq ø r¡ã qnn{.¡inol! \ùur!uùçu rv!;rt r9u/, , ¿ \!çu ¡lc4! Lry uL vçLJ ç_-.__ _ **_116l ,

and 3 (dominantly tan or grey, rvith sone red spotting).

Figure 61 represents the correlation of rnean scale color

scores of 25 scales for sites 1- 60 r.rhen plotted against the hybrid

index values of the sLends (identical values represented by only one
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tr'i orrro ÁJ Scatter diagram of the mean floral scale
color scores of 25 specimens for sites
1 to 60 plotted against the hybrid index
score of the stand. Scales suffused
rvith red (scores near 1) are associated
ïríth stands díagnosed as .9. ualidas by
the hybríd index (If .I. < 4.0) ; scales
v¡ith a tan or grey color (scores near 3)
are associated rvith stands diagnosed as
,9. acutus (H.I. > l0).
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circle). Two groups are apparent, one at mean scale colors near flt,

r,¡ith low hybríd index values, and the second at hybrid index values

near L2, vrith much higher mean scale color scores. The position of

the mixed stands at hybrid index values of 5.7,7.6 anð,8.1 are also

intermediaÈe in scale color. Thus, these three arbitrarily defined

color states do shor¿ a correlation with the hvbrid index assessrnent.

A second characÊer, the scale length to achene length ratio,

rvas initially examined by plotting its frequency histogram (Figure

62). This shows a unimo<ial distríbution of 1,500 measurements indi-

cating that there is no discontinuity between groups. I'Ihen the

means oÍ 25 scale lengËhs and achene lengths for sites I - 60 rvere

plotieC with the hybrid ínCex assess$.ent for each site indicaLed, a

general trend is apparent (Figure 63). The longest scales r'rere

assocíaied wiLh 5. acutus stands (open circles), rvhile ,9. uaLidt¿s

stands occupied the lower to mid-range of the scale. Because of the

r¡ide range íir varíation, however, a t test (Klugh, L970, p. 181) of

the means of the t\{o groups \üas not sígnificant (t = l B7; df = 1,498;

p < 0.01).

The third character examined, spilcelet shape ancl size, riras

compared for the t\,/o groups defined by the hyb::id index. A scatter

Å: ^-^'^^ ^c +L^ -eîn sníkel er 'l cnç'ths and ruiriths of 25 snceímens fromlrJ-dË!dlt U! Lllg Ulsotr olrr\e!uL ¡Lr!ó vL LJ ri/uur!Àurlr

sites 1- 60 is presented in Figure 64. Spike-let r+idths shor,¡ com-

plete overlap for Ëhe ttro groups defined by the hybrid index; the

'l on øps f- sni lce 1e f s ( ørea ter fhan " "--\ ^ ^^^ ^i-.aLed ivitl-r thelvlróLo L oIJrrlLruLo \¿rLu(¡Lç! I ttltL) dLE dÞùVLf

.q nntt*¡tq o-.^r1rr lnnon nirn'lacl 1,,,r j- rL,a r¡naa frnn 5 _ 7 mmp. 4Ç4Ù4O ó!VUP \vpe!¡ u!!uluÐ/¡ t UUL ltl LrlE !4tlë;s LLUTU J -- I Uuut

both 5. q€atus and ,S. uaLidus stands show complete overlap. Again
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Figure 62.

Figure 63.

Frequency histograrn of the ratio of
floral scale length to achene length
for specimens from sites 1 to 60
(n = 1,500); abscissa intervals 0.02 mm'

ordinate intervals 5.

Scatter diagram of ¡rean scale length
and mean achene lengLh for speciinens
from sítes 1 to 60. Open circles rep-
resent stands r..'ith h-vbrid índex scores
gïeater than 10 (S. c-cuttLs), closed
cj-rcles represent stands r,rith hybrid
index scores less than 4. llalf-closed
circles índicate the three nixed
s tands .
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ts I Ortrê t14 ScaLter diagram of spikelet lengths and
r¿idths of specimens from sites I to 60,
each circle represenfins l-he mean of. 25
measurenents. Open circles represent
the stands rvith hybrid index scores
greater than 10 (,9. qcutus), closed
circles represent hybrid index scores
less than 4 (5. uaLíd:.,"s). ilalf-open
circles reÐresent mixed stands.
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df

statistical difference

= L,498; p < 0.0f).
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exists beËlrreen the group means (t = 2.A,
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E. Environmental parameters

Ïn this section, a number of environmental parameters meas-

ured in the five study areas are related to differences of stand

performance of the two morphological types diagnosed by the hybrid

índex.

Substrate texture

Considerable variation of substrate texture \¡ras encountered,

not only between the five study areas but also between siËes \rithin

one area. sites from the Langruth sLudy area had the coarsest
tsoilst, the dominant fraction being sand. The proportion of sand

varÍed from 607 at site 13 to 857" at site 15. The silt fraction

rvas consistently 1or+, 47" at síte 4 to LLZ at site 38: clav varied

fxom L0% ar siËe 2 to 327" ar sire 13.

The mud samples from the Minnedosa sites r,rere also dominaLed

by sands, but tended to be more variable than those from Langruth.

The sand fraction varied from 15 - s97", sÍ-1t from 1 - 352, and clay

from 10 - 622.

The variability in si-tes at The Pas reflects the variation

ín the parent materials. sites 24 - 3L rvest of The Pas shor,red high

silt and clay fractions, sand representing only L77" at both sites.

rn the }furphy Lake-Ifurphy Extension samples, sites 4L and 46 rvere

pred.ominantly sand and c1ay, r+h.l le 34 arrd 42 vere hislr in borh .silt

and clay fractions. Samples from site 36 on Grace Lake were almost

pure silt (BL"Á). Data rüere not available for site 43, buL the sub-

strate r.¡as observed to be a coarse sand r,¡ith numerous boulders.
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The Netley sites were uniformly high in sand (38 - 69%)

cLay (25 - 422), silt-sized particles comprising ZOi( or less of

samples.

Delta samples were also clay-dorninated, r,¡ith the exception

of site 33, which wâs located in an old creek channel (Figure 14) and

had a hígh sand content, 43%. Table XVII sunmarízes these substrate

parÈicle size distributíons for sites 1 - 60.

No difference in substrate textures between the 5. ua.L¿dus

and 5. acutl/"s stands rvas found. Figure 65 positiorrs stands 1- 60

ruiËh respect t.o the proportions of sand, silt and clay in the sub-

strate of each site. The closed circles represent stands determined

to be 5. aa.ttus on the basis of hybríd index values; open circles

índicate 5. uaLidus stands. The distributions of both 5. acu-tus and

,9. ualidtLs are completely overlapping, although 5. acuttts stands

tend to have a r¿ider distribution r¡ith respect to proportíon of clay

Tnís is probe-bly a reflection of the wider range of habitats oc-

cupied bv this form.

2. I,iater depth and r.¡ater level fluctuations

The mean depth of r^¡ater at sites I to 60 was calcu-l-ated from

25 measurements obtained by systematic sampling along the rvater-

depth gradienl. The gror+th response of the trvo morphological types

Ëo different \rater depths is presenied ín Figure 66 and accompanying

Table XVIII. The vertical axis represents the stand performance

parameter; the hybrid index and mean ì,/ater depths of each stand are

plotted on Èhe horizontal axes. Each of the stakes represents a

and

the
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Figure 66.

747

:,;:..,-r{

The relationship betvreen mean \.üater depth, the hybrid index
and stand performance (vertical axis) at sítes 1 to 60.
The numbers on the spheres ídentify the stands. The height
of the spheres above the horizontal plane indicates the
stand performance values; see facing table for actual
values " Tntervals on the water depth scale are l0 cm,
intervals on the hvbrid index scale are 1.
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stand, identified by the site number at Ëhe Ëop.

The 5. ualidus group at the lor,¡ end of the hybrid index

scale is restricted to mean \,rater depths of less than 50 cm. The

highest stand performance values, sites 39, 24 and 31 are associaÈed

with depths less than 20 cm; stands grorvíng in mean \,rater depths

greater than Ëhis shor,¡ reduced sEand performanee. site 37, growing

at a mean depth of 48.3 cm shows the lowest stand performance of

the group of stands.

The 5. aeutus stands clustered at Lhe upper end of the hybrid

index scale show a considerably wider range of mean depths, from

0 - B2 cm (site 47, partially hidden). The stand performance of

those stands near 0 cm is very low (site 10 = 9.9), but stands in

progressively deeper r'/ater show increased stand performance, to ari

optimum in Ëhe range of 15 - 40 crn. Those stands at. depths greater

than 40 cm again shorv reduced stand performance, indicating an opt.í-

mum mean depth rarlge from 15 - 40 cm. Although depths in tiris

range produce the greatest stand performance values, ,S. acutus is

frequently observed growing at Jeplhs of 1.5 - 2 m. Under sucir cir-

cumstances, however, the culros rarely bear inflorescences and grow

very sparsely. Such a stand is illustrated in figure 67, gror+ing

at a depth' of 160 cm.

The mlxed stands, sites 28r 34, and 53, are posítioned near

the rniddle of the hybrid inrlex scale at depths of L7.7, 45.8, and

0 cm, respectively. As r+ould be e:<pected of a mixed siand, site 28

at the intermediate depth showed the highest stand performance.

The relationship portrayed visuall;¡ in Figure 6ó ínCicates a
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Fígure 67 Sland of 5. acutus gror+ing in rvater 160 crn
cieep. Noce cire ioi,¡ <iensity of culms anci
the absence of inflorescences. (Simpson
Bay, Delta }farsh, August 6, L97L)
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significantly different response of Èhe tr+o groups to different water

depths. The relarÍonship is also sËatisrically significant (t = 3.53,

df = 58, p < 0.01), s. aeutus occupying deeper 
'rarer than ^9. uaLidus.

Field observaÈions orì the effecË of changing ruater levels

indicate that 5. uaLidzs is unable to toleraÈe sustained \^/ater depths

greater than 30 cu. Five stands of ,9. uaLidtæ which volunteered. on

the Ducks unlimited Murphy Extension project following a drawdown

were observed in 1970 and again in 1972. Àfter establishrnent of

the 5. uaLidzs stands, the waÈer level r,¡as raised 40 cm and held at

Ëhat level in 1971. By L97z trvo of the five siands had died. our

completely, and the remaining three ¡uere reduced 51, 68, anð. 737" ín

densíty; all r,¡ere sterile, while the fertílity rates had been as

high as 84% ín 7970. conversely, a reduction in mean r,¡ater depths

ftom 32 cm to mud surface ori the Delta Inlaterforvl Research Stationts
tBack I'farshf in 1972 resulted in a 70% increase in fertilítv and a

L57" increase in densíty over the previous year.

The daËa of Table XVIII r.¡ere obtained at the end of the

grorving season; a considerably differenE situation ç-ou1d res-1t if

the clata rvere obtained earlier in the summer. ^9. uaLidu"s is most

typically found in temporary ruater situations r,¡here the water may

be 55 cm <leep in spring but drops to or below the mud surface by mid-

suüuner.

Figure 68 summarizes the continuous \,iater level records of

17 sites monitored in 1971 and L972 ¡¡ít]n stephens r+ater level re-

corders. The sites are arrange<i according to their hybrid index

seores . Five of the seven 5. ualicl.us s tands (H.I. <4) experienced.
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Figure 68. The pattern of ''{aLer depth fluctuations
experienced by 17 stands. Stands are
arranged iron ieíc to rigiri ai-L'i top to
bottom -ín ascenrlíng order of their
hybrid index scores.
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high water in the spring which dropped rapidly below the soíl surface

by nid-August. sites 32 and 19 do nor show this pattern; the lowesË

stand performance of the ^5. uaLidus group is found in these L-wo

s tands .

The rnixed stand at site 34 (H.I. = B.l) was growíng under

stable rrrater level conditions at a mean depth of 45.8 cm (Table

xwrr); the extremely lo¡v stand performance is attríbuted to the

reduced vigor of both the 5. acuttts and 5. uaLidus planËs, the

former as a result of the severe drar.¡dorvn in 1968 and the latter in

Tesponse to the deep water conditíons at the time of sampling.

The pattern of \{ater level fluctuations of the ,9. acutus

group in Figure 68 shows a greater tendency tor.¡ards stable r.raLer

levels. Five of the eight rüater level records for this group show

a fluctuation of Ehe l^/ater levels but a less pronounced drop from

spring to fall. Síte 52, for example, shorvs an amplitude of 29 cm

in the fluctuation of the r,¡ater level, but the ¡vaËer depth never

dropped belor"- 22 em. Three sites deviated from this patËern,

sites 2L, 2 and 29. The stands aË site 2 and site 29 had the

1ov¡est stand performance values (26.2 and 14.6 respectively) of

the ^9. acutus group, buÈ the high stand performance of the site 21

stand (54.8) indicates that r,¡ater depth fl-ucEuatiorL pet: s¿ ís not

the causal factor in reduced stand perforrnance at sites 2 and 29.

Of. 27 additional ,5. uaLidts sites visited in Auqusr or

September, 23 rvere completely dry r¿ith no srrrface r^/ater; thus, of

a toLal of 47 sËands of 5'. ualiaus for r¿hich August daLa are avail-

able, 33 or 7I"/" were completely dry, compared víth 7 of BB S. act¿tus
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stands (92) which r'rere completely dry.

The nature of the unstable water levels in habitats occupied

by ,S. uaLidus is shown in Table XIX which is a comparison of the

habitat types in which ^9. acutus and 5. uali&.ß were found.

TASLE XIX. HABITAT TYPES OCCUPIED BY ^'. ACUTUS AND ,5. VALMUS

Number of Stands

Habitat Type ,5. acutus ,9. uaLidus

Roadside dÍtches

Temporary ponds or creek beds

Borrorv pits

Unstable marsh or lake

Stable marsh or lake

3

0

0

3B

L22

L9

4B

T4

L9

7

2L3 107

The caËegory uns table marsh or lakes includes vlater bodies

which are knov¡n to have undergone a drarvdovrn, artifícially or nat-

urally, and the borders of marshes r¿hich are knor.m to become dry by

f.aIL. ,9. uali.dus more frequently occupies habitat that is disturbed

(such as borror.¡ pits) or has unstable or temporary \{aters.

3. Irrater chemistry parameters

Six rvater chemistry parameters were measured at sítes 1 - 60.

Parameters \ùere chosen r.¡hích rvould be assocíated r¿ith the more cal-

careous parent materials of the Langruth and Minnedosa study areas.

As nentioned prevíous1y (Figure 26), S. uaLidzs Ì,/as not found in
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association \r'ith naterial hieh in lirnestone.

A sirmmary of the hydroxide, carbonate and bicarbonate alkal--

inities, as well as conductívíty and pH values for sites I - 60 is

given in Table XX.

The alkaliníty of waters in the Langruth sËudy area was

chiefly due to bicarbonates, which ranged from 215 - 360 ppm. con-

ductivity readings were relatively low, zgo - 411 micrornhos/cm2.

The range of pH was 8.0 - 8.9.

carbonates made a more important contribution to the alkal-

inity of the I'finned.osa sites. Carbonate concentrations varied from

100 - 240 ppm, rvhíle bicarbonates varied from 90 - 465 ppm. An

anomalo-,rsly high hydroxide alkalinity \ùas obtaine<i for site 57; no

explanation can be made for this isolaÈed occurrence of hvdroxide

alkalinity. conductivities !¡ere among the highesË recorded, ranging

f.rcm 925 - L,375 micrornhos /"*2. High pH values of 8.7 - g.4 r¿ere

recorded for The Pas sites. Alkalinity of sites in The Pas study

area rrere dominated by bicarbonate ions, carbonates never exceedíng

50 ppm. Conductivities varied. from 175 to 980 micromhos /"^2.

The pH also showed a ruide range, from 7.9 - g.L.

SiËes ín the Netley study area can be characterized as beÍng

of bicarbonate-domínated alkaliniÈy (160 - 205 ppm), moderately loru

conductivity (250 - 750 micro*hos/cn2), and pH readings from 8.2 -

8. 6.

The bicarbonaËe ion was also most conspicuous at De1ta,

ranging from B0 - 190 ppm. Conductivity varied greatly at different
')sites, ranging from 427 micromhos/cm' at site 30 to 2,580 mícrom-
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U

ND

0
0
U

IJ

0
U

130

0

U

U

0
0
0

0
0
0
0
0
0

ND

0

0

J

10
U

ND

t0

160
60
20

0

40
240
l0

0
0

]U
L40

n

40
20

1.20
\20

150
0

100
110

ND

100
U

5

Hnrì
J

ConductivÍty

(u mhos /.2¡ pH

200
205

ND

220
260
¿+v
160
205
250
330

U

205
2L5
360
230
an

260
180
195
244
110
190
275
195
245
330

ND

295
4())
L45

290
315

ND

280
{\tl

L250
2Bl,
¿)¿
J.+ )
382

10 85
JJ/

324
JOJ
4LL

10 50
270
275
374

I37 5
L375

279
800
2BT

r.190
925

ND

950
1300

l, ,, -'t

Síte

Number

8.5
8.7

ND

8.5
8.7
8.9
8.6
Õ.J
8.6
8.6
8.7
8.6
8.0
8.2
8,9
9.4
8.2
Õ.D
8.5
9.1
8.7
70
8.2

aa
8.7

ND
QO

8.4
8.0

11JL

32
JJ

35
Jrf
37
3B
JY

40
4L

43
44
45
46
/, -7

4B
/,4

51
52
53

55

<Q

59
60

Allcaliníty (ppm)

OH

0
0
0
0
0
0
0

ND

ND

0
0
0
0
0
0
0

ND

0
0

ND

0
ND

0
ND

0
0
0
0
0

co3

¿U

0
n

0
50

U

0
ND

ND

40
0

10
50

160
160
110

0
ND

60
160

ND

110
ND

50
ND

60
100
100

BO

200

IICO.
J

Conduct lvity

(u mhos l.*2¡ pH

250
380
148
155
r40
¿+ o.)
280

ND

ND

180
130
]-25
150

öU

öU

160
190

ND

30
BO

ND

160
ND

230
ND

30
160
160
150
100

980
1150

350
480
380
230
494
ND

ND

266
¿¿)
240
175

2580
19 50

950
750

ND

1580
17 60

ND

910
ND

720
ND

15 B0

740
740
810

1210

8.2
7.9

7.2
9.1
qrì
8.4

ND

ND

8.6
8.3
8.4
8.9
o^

9.3
8.6

ND
o)
9.6

ND
o1

ND

8.6
ND

9.2
oô
oô
B.B
9.5

.+r,
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t
hos/cu'at site 44. The pH values also shorved a r+ide range, 6.9 -

10.0, the latter at sí-te 44 again. The only marked difference in

the five study areas was the carbonaËe domination of the I'Linnedosa

sites. No statistícal difference exists for any of the other para-

meters betr,¡een sites.

The stands diagnosed as ^9. uaLidu-s \rere not found in waters

r¿ith carbonate concentrat.íons in excess of 150 ppn; ,9. a.cutus stands

were found in waters ranging from 0 - 240 ppm carboriate concentraLion.

There r,ras no statistical difference beLr¿een the means for the two

groups, however. Similarly, no significant difference was found

wiËh respect Lo bicarbonate concentraLions.

The mean conductivity values for the 5. acutus group

G = 877 micromhos /.*2) and the 5. uaLidus group (t = 439 nricromhos/

,
cm") differed significantly (t = 3.5; df = 48; p < 0.0f). The con-

ductivity ís a measure of the total dissolved solids in the vrater,

and índicates here that the ^9. acutus stand.s were found in rvaters

rsith a higher total concentratíon of salts.

The highest pH readings (9.6) were associated r,¡ith S. acutus

stands, but there \,/as no sígnífícant difference between the means

for the groups.

In addition to the three anions mentioned in relatíon to

alkalinity, sulfate concentrations rvere also measured at sires I - 60.

Ì'linnedosa sites shor,¡ed the highest concentratíons of sulfates, 1r900

ppm. The Langruch sites ranged from I7O - 700 ppn. A similar range

occurred ín sÍtes at Delta, although siEes 22, 23, 32 and 33 had con-

centrations below 100 ppm. S¡rlfate concentrations at Netley díd noË
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exceed 180 ppn except at site 17, where 300 ppm was found. The pas

study area had the lorvest concentrations of surfates, generally

ranging from 0 - 30 ppm, with site 3l giving a value of 110 ppn.

A coruparison of the mean sulfate concentratÍons associated

with ,9. aeutus and ,9. uaLidus stands gave a highry signíficanË re-

sult (t = 5.5, df = 52, p < 0.01). This indicates that the mean

sulfate concentrations for the tr,ro groups rn7as different; the dis-

Ëribution of individual stands r,rith respect to their hybrid index

values, sulfate concentrations, and stand performance is indicated

in Figure 69. The comparable tabular data are given in Table )c(r.

The 5. uaLidus stands are clustered at the low end of the hybríd

index scale at sulfate concentrations less than 700 ppm. stand

performance is progressively reduced from 1or¿ to high sulfate

concentrations. The .9. aczttus stands associated r¡ith Ëhe hígher

hybrid index values appear to show an optimum stand performance at

approximately 250 pprn sulfate; but stand perfo::mance is not severely

affected by this parameter even at concentrations as hígh as 1,900

ppm.

The concentratíons of two cations, calcium and magnesíum,

!¡ere measured ín all study areas" The highest calcium levels rvere

found at Delta at sítes 28 and _S? /T,h1a yyrr\ irlith the exception

of these tr,¡o sites, calcium concentrations ranged betr^¡een 185 and

390 ppm. Ininnedosa sites ranged from 210 - 630 ppm calcium, only

sites 6 and 16 being below 500 ppm. Tire Langruth sites did not show

tlre lrigh calcíum concentratíons expected; three sites w-ere belor¡ 200

ppmr Lhe remaÍning four sites shor¡ed a range of 200 - 270 ppm. The



Site
Number

1

z
J

4

à
'7

B

9

10
11
I2
13
-14

15
L6
1aJ.T

1B
T9
20
2I
LL

24
25
26
27
2B
29

lTrrh¡ i 'l
Incìex

TABLE XXT. ST]LFATE CONCENTRATIONS, HYBRID INDEX, AND STAND PERFOR]'IANCE

TL.7
11.5
10. 6

1aI.J

II.2
tt \

0.8
1.1

11.6
11. 6

IL.2
2.6

11. 5

11. B

11.3
TL.7
t1

22
10.6
IL.2
7.2
2.5
n)

11. 4
'tl q

7l-.2
5.7

11.8
I

S tand
Performance

20.2
25.3
25
4L.5
24.3
77.6
?qÂ
35 .5
)L+qo
12.5
2L,I
25
)q6
?1 ?

10.1
?qq
40.2
10
79 .5
54.8
/,c. 1

37 .8
r04.3
42.3
12.B
4B
7 4.9
L4.6
7 0.6

Sulfate
ConcentraLion

(ltg/1)

770
r10
225
1.40
1ó0

19 00
140
110
425
225

1 250
180
2r0
250

27
I 500

300
r70
It¡0
300

1400
70
20
30

17q

1600
1500
500

13s 0
600

Site
Nunrb er

31
J¿

33
34

36
37
3B
J9
40
4L
42
43
44
45
46
.+l

4B
/,o

50
51
52
53
54
55
56

5B
59
60

Hybrid
Index

no
0.7
2

8.1
11.6
11.6

LI.7
2,I
L,6

11 .8
11 .8
11 .8
11.6
11. 3

10 .9
11. 3
1.8

11.. B

11. B

LL.4
10 .8

7.6
11. 5

1. 38
11. B

11.6

TL.2
ll

Stand
Performance

86.2
47.2
6s.3

4

2L.8
22.8

4

ztc .4
I03.7

¿J

24
OO

11 .1
¿+)..L

r.a o

45 .6

Áoo
17,B
/, .) .,

36.6
62.L
o I .4

J-¿+q. J
1B

oJ..)
57 .2
46.8

Sulf¿.rte
Concen t r:ation

(ue/ r)

110
35
45
10

0
7

700
700

NI)

140
rì

4

11
¿¿)
220
22.5

6

N'l)

180
2s0

ND

225
300
180
200
200
250
225
200
250

ts
Ln
N)
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SU P. P. M.

':,tr)aî!.:..1.1{iliÉlV

The relationship between sulphate concentration, the hybrid
index, and stand performance (vertical axis) at sites I to
60. The numbers on the spheres identify the stands. The
height of the spheres above the horizontal plane indícates
the stand performance values; see facing table for actual
values. Intervals on the sulphate axis are 200 ppm, in-
tervals on the hybrid index axis are 1.
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Figure 69 "
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highest level of calcír:m recorded for The pas v¡as 220 ppr¡ at síte 24;

the remaining sites varied from 45 - 125 ppm. At Nerley all sites

except site 17 r^¡ere found at concentrations of 130 - l5O pprn. site

77 had a calcir¡rn concentratÍon of 240 ppn.

There is no significant difference statistically between the

calcilm concentrations of 5. uaLidzts and ,9. aeutus stand.s; however,

Ëhe graphical represenËation of the stands in Figure 70 has two

interesting features. The ,9. acutus group (hybrid index values near

l-2) display an apparent optimum for calciun concentrations at approx-

imately 300 ppm. The snall mrmber of ,9. uaLidus stand.s do noË pernit

such ínterpretation. The second significant feature ís the high

values of calcir:n in which the nixed stand (sites 28 and 53) are

found well beyond the observed range of either group. Rather than

illusErating the hybrid quality of transgressive variaËion (Clausen

and Híesey, 1958), as these stands superfícially appear to, they

must be viewed as mixed stands (not hybrids) which serve to extend

the observed range of tolerance of both ,s. acutzts and ,9. uaLidtn

beyond that which is illustrated bv the pure stands.

The second catíon measured, magnesiun, vtras found at highesË

concentrations at Minnedosa. Site 25 lnad 2,180 ppm magnesium; the

other sites ruíthin the study area ranged from 350 to 1,155 ppm mag-

nesium. The concentration of this íorr at T.anqrrrth sites was ex-

tremely variable, from 0 ppm at síte 15 to 405 ppnr at site 38. AË

The Pas, concentraËions ru¡ere arso quite variable, from 45 to 200 ppin.

rn contrast, a narrohT range p¡as exhibited by sites at Netley, from

95 to 110 ppm, Delta sites Eended to be hígher than eiÈher The pas
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Number Index

TABLE K\II. CALCÏTßI CONCENTRATÏONS, HYBRTD ÏNDEX, AND STAND PERFOR}IANCE

I
a

4
5

tr
;
B

9

r0
11
T2
13
1.4

15
16
I7
18
19
20
2I
22
23
24
25

2B

29

IL.7

10.6
1.3

LL.2
11.5
0.8
1.1

TT.6
11.6
TL.2

¿.o
11 .5
11. B

11. 3

I'1.7
1'l

2.2
10.6
IL.2
I,2

0.2
LL.4
1l q

IL.2
q7

11. B

I

S tand
Performance

20.

25
4r.
24.
77.
)q
?q

34
q

L?.
2L.
25
)q

10.
29.
40.
10
70

54.
45.

L04.
42.
L2.
4B
74.
L4.

CalcÍum
Concentration

(Me/ 1)

a
L

3

6

B

ç

q

1

150
150
425
150
240
260
150
r5.0
245
270
530
150

90
200
270
2r0
240
150
130
260
524
185
200
220
600
630
565

19 90
505
¿+ou

6
?

I
9

2

q

B

1

B

3

J

B

o

S ite
Number

JI

JJ

J4

35
JO

JÔ

JY

40
4I
/,')

43
44
l.É1J

46
47
4B

]U
51
52
53
\/,
55
56

58
59
60

llybrid
Index

0.9
0.7
2

B.l
1.6
1.6
J.¿+

L.7
2.r
1.6
1q

l.B
'lR

1e

0.9
1,)

1Q
1.8
1.8
L.4
0.8
7.6

1. 38
1.8
1.6

r.2
1

S tand
Performance

1

1

1

86.2
4L.2
65.3

4
2T.B
22.8

4
26 .4

103.7
23
¿L+

oo
11.1
45.1
q? q

6B .9
26.3
4s .6
53.9
69 .9

Calclum
Concentration

(Me/1 )

I
1
I
I

1

1

I
1
I
I

1

1
1

I
1I

I

1 )'¡
245
2L0

80
7q

45
1200

245
ND

14s
75
65
10

310
280
270

50
ND

390
300

TTI)

360
1300

380
380
310
JOU

380
JUU

H
(,r¡

17. B

42.2
36 .6

67.4
L44.3

1B
63.5

46. B
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Irgure /u "
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X

1500

CALC UM P.PM,

The relatÍonshj-p betrvee' calcium concentration, trre hybri<líndex, and stand performance (vertical axls) at sÍtes 1 to60- The 
'umbers on trre spheres identify the stands. Theheíght of tl're spheres above the horizontal plane índicatesthe stand performance value; see facÍng tabie for actualvalues. Intervals on the calciun axis ar:e 150 pp'r, inter_vals on tlre hybrici index ¿rxís are 1. The calci.,* .or,..rr*tration for stancl 28 is off the scale at 11990 ppm.

750
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or Netley, but there rras ã marked d.ifference betr^reen sites. SÍte

53 had Ëhe highest concenÈration (990 mg/1), but other sires ranged

beËr¿een 40 and 600 ng/l (Tabte XXIII).

Accompanying this table is Figure 71 which depicts the rela-

Èionship between magnesium concentrations, the hybrid index, and sËand

performance. There is ahighly significant difference (t=4,0; dt=52;

p less than 0.01) between the ,S. ualddus and ,g. acutus groups.

The fieure illustrates the very narro\¡/ range of magnesium concen-

trations exhibited by the,9. ualidus group; none of the,9. uaLidus

stands were found at magnesium concentrations above 230 mg/L. The

S. acutus shows, by its consistently high stand perfornance values,

that rnagnesi'¡::r concentrations as high as 1,990 mg/l do not severely

reduce stand performance. The tolerance of ,9. uali,dtts to magnesium

concentTations may be higher than indicated in Figure 71, since the

two mixed stands (sites 28 and 53) r'¡ere found at concentrations

greater than indicated by the pure stands. Those of ^9. uaLidlLs

individuals in the mixed populations are capable, temporaríly aË

leasË, of withstanding such high magnesium conceritrations.

The staEistical difference betrueen Ëhe ,5. ualidus and

,5. acutus stands rvith respect to magnesium and sulfate concenËra-

ti-ons could be an artifacË. of the data. In boËh cases. a fer^¡ re1-

atively high values (e.g. 2,I80 mg/l rnagnesium for site 25) occur

in the S. acutus group ç¡hich greatlv iilcrease the means and tend to

create ari:ificially high t-sÈatistics. In order to elíminate the

effect of these few high values, the much less powerful 'median testf

(Klugh, 1970) r,ras employed for comparison (Table XXIV) . The agree-



Site
Number

TASLE XXITI. I'{AGNESTUI'Í CONCENTRATTONS, I{YBRTD ÏNDEX, AND STAND PERTORMANCE

1

2

5
A

-

L¡

10
1t-
L2
l3
L+
15
16
1-7

t0
10

20
2I
22
23
¿t+

25
26
27
¿ö

JU

rrJ u L ru

Index

LT.7

10. 6

1.3
LL.2
'l 1 q

0.8
r.i

11 .6
11. 6

rt.2

1r. 5

11.8
11. 3
TL.7
1.r
2.5
2.2

10.6
LL.2
r.2
)\
0.2

11. 4

IL.2

11 A

1

S tand
Perfo rmance

20.2
25.3
25
4L.s
24.3
77.6
?qR
?q \
34
oo

'l) q

2T.T
25
29.6
3r. 3

10.1
,oo
40.2
10
t9 .5
5/i.B
45.t
37 .8

104 .3
42.3
-t ? R

48
'7/, O

l-4.6
70.6

Mronoqi rrm

Concentration
(líe / r)

L25
125
640
90
60

1155
90

100
BO

400
705

95
155
240

0
840
100

90
110
310
350
160
180
200

21 B0

670
?o r.

720
625
225

\r rô H\thrt d

Nurnb er Index

31
32
33
34
35
36
37
JÕ

39
40
4L
42

+¿+

45
46
47
48
t,o

50
5l
52

55

57
5B
s9
60

ôo
0.7

8.1
11. 6

11. 6

LL.7
2.L
1.6

-LI. ö
'l 1 R

11. B

Lr. o
11.3
10 .9
1r. 3
1R

1r. ö
11.8
LL.4
10 .8

11.5
1. 38

11. B

11. 6

11 .5
LL.2
1l

S tand
Performance

86.2
t.1 a
lLtL

6s. 3

4

2L,B
1'Q

4

26 .4
1ôa 7

23
24
oo

11 .1

53.5
68.9
zo. J
45 .6

OY .Y
17.B
42.2
36 .6
62.L
67 .4

r44.3

63.5
57 .2
46.8

I'lrc¡nrtei rrm

Concen tra tion
(ìlc/1)

105
230
190

45
r45
115
140
40s

ND

9s
]-45
140
110
640
610
700
t25

ND

20
580

ND

540
990

65
40
40

s60
OJU

40
JOJ

\¡
@
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Figure 71- The relationship betrveen magnesium concenËratíon, thehybrid index, and stanrl performance (verticar ,*ir) arsites 1 to 60. The nurnbers on the spheres icJentify thestands. t,.'e height of the spheres above the horizåntalplane indicates the stancr perfornÌance values; see facingtable for actual varues. rntervals on the magnesium
scale are 200 p1>m, intervals on the hybrict i'ãex axisare 1. The lragnesi'm concentration for stand 25 ís offthe scale at 2,180 ppm.
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lr'ent between the Ëests is good, verifying the validity of the t-test.

TABLE }CTIV. A CO}ßAR]SON OF ItI STATISTICS AND X2
(MEDLAN TEST) VALUES FOR }ÍAG{ESIIM
A}ID SULFATE CONCENTRATIONS

(*SignificanË ar p < 0.01)

Magnes ium Sulfate

s2)

1)x- (df

4.0*

11.1*

5.5*

8. Brc

4. Nutrient culture experímenË

The response of ^9. acuttts and ^9. uaLidu-s to varying concen-

tratíons of calcium, magnesium, and sulfate ions r¡ras measured in
nutrient culture experiments. The dry weight of culms, percent

fercility of culms, and the percent of transplant.ed rhizomes rvhich

produced shoots in response io four different concentratíons of each

ion are presented in Table ffiV. ^9. acutz.ts rhizornes in both controls

díd not survive, and er-ratic behavior in i:he enriched soluti<,.rs

prevents one from drawing any meaningful conclusions. ,9. uaLidus

produced culrs in all- e:<perimental and control tanks, including the

nutrient-free culËure solutíon. culm dry t+eights, percent culm

fertility, and peïcent of rhizomes sprouti-ng ruere consistently

higher Ín ,9. uaLidus, but the ability of the rhizomes to produce

abundant fertile culns in a nutrient-free medium malces anv more

meaningful conclusíons questionable.

tvo observations are possible, hoivever. The rhizomes of



Ion ConcentratÍons

(ppm)

m^ ñT F rtrti'J.¿TDLTi Ã-¿{V.

Calcium

THE GROI,]TH OF ^9. ACUTU;J AND .'. VALTDUS IN RNSPONSE TO
VARY]NG CONCENTRATIONS OF CALCTI]M, MAGNESIUM AND SUL-
FATE IONS TN NUTRIENT CULTURE. ACTUAL NTJ}4BERS ]N
PARENTHESES. (FEBRUARy 25 to APRIL 18, L}TL)

Controls

M¡onocitm

Controls

Culm Dry l^leighr (e)

S. acutus

0
¿ JL+

400
600

Sulfate

,s. uaLidus

0
0
9

0

^
60

400
800

Controls

25
31
61
49

% EertíLe Culms

S. acutus

0
0

20
2I

0
1B

300
900

,9. ualidus

25
31
34
51

0
0
0
0

0
0

2L
0

70 (14)
10 (4)
42 (2r)
2s (10)

% Rhizomes Sprouting

S. aeutus

25
31
69
31

n

U

0
0

70 (L4)
10 (4)
Bs (L7)
42 (1e)

0
0

33
0

,9. ualidus

100
100

(2) loo
50

0
U

0
0

70 (14)
10 (4)
4s (1s)
27 (6)

0
0

33 (2)
67

(b/
(s)
(s)
(3)

r00 (6)
100 (s)
s0 (3)
67 (4)

U

0
25

0

100
100(1) so

25

(6)
(5)
(3)
(2)



162

s. acu-tus are apparently less able to wiÈhstand. the shock of the

experimental conditions than are those of S. uaLidus. The abilitv

of ,9. ualidus rhizomes to produce healthy, fertire culms despite

the lack of nutrients suggests that nutrients for the growth of ner¡

culms are stored ín the rhizome, and growth may, iniÈially at leasË,

be independent of external nuErient sources.
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A. Morphological

complete rnorphorogicar discontinuity exists belrt¡een s.

acutus and ,s. uaLidsts based on six characters (Figure 72): Ínflor_
escence length, the number of prirnary rays, the presence of second.-

ary or hígher levels of branching, Ëhe presence or absence of spike-

1et clusters composed of five or more spikelets, Ëhe size of aeren-

chymal laeunae, and the color of the culms. Additíonal characters

which shor¿ sorne agreement wiËh the hybrid index diagnosis are the

scaie color, spikelet length, and floral scale length to achene

length ratio; these latter two characters, however, do not show a

statjstically significant diiference betrueen the means for the Ër^¡o

grouPS.

The inflorescerrce length and number of primary rays have not

previously been used Ëo distinguish ,g. acutus from .g. uaLidus. Both

of these characÈers shoru a continuous range of variation betç¡een the

firo extreme sLates, ivith 5. ualidus specimens exhibiting a wid.er

range of variation for both characËers than ^9. acutus. This is in_

dicated by the flatrer, broader peaks of the ,g. uaLidzs group in
Figures 42 and 43. This variation exists both within and between

stands of ,s. ualidu.s, and observations in the field. indicate that

both characters as r'¡e'l l as the branching of the prímary rays may be

nodiíied by environmental conditions. Specimens wÍth short inflor-

escences, few primary and secondary rays, and no tertiary rays occur

(Figure 22) rvhich superficially resemble ,9. acutus; the inflorescence

length in such specimens is greater than 4l mn, hor+ever, and the

pattern of spikelet clustering and ligirt green culms r+ith large
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Figure 72. llne range of ínfiorescence fonns
shorvn in Figure 22 ean be separated
into tv¡o distinct groups on the
basis of six morphologÍcal characters.
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SÍmilar observations lrerelacunae indicate t.he ,5. uaLidus affinitv.

nade by Dabbs (1971).

The ray development (branching of the inflorescence) has

been used previously by Beerle (194r) and Dabbs(197r) r,¡irh con-

flicting interpretaËions. The data presented here support the

ËreaËErent by Dabbs (op. cit.). ,9. acutus rarely shows Lhe develop-

ment of second.ary rays and never do these rebranch to produce tert-

iary or quaternary rays. ,5. uali-dus however has secondary and usu-

ally tertíary rays; quaternary rays are occasionally present.

The pattern of spikelet clustering rùas used by Snith (1969)

("the number of solitary spikelets ouË cf ten"), but this is a char-

acËer rvhich is difficult Ëo interpret; which group of Èen should be

counted? The presence of spikelet clusters conposed of five or more

spikelets, vihich diagnoses 5. acutus, is an unequivocal, easily

measured field character. ,9. acutus inflorescences examined in this

study have mosc of the spikelets arranged ín clusters of t.hree co

eight, rvhereas .9. ualidus most coürnonJ-y shows single spikelets

and clusÈers of t\üo or three.

The aerenchymal lacunae of .9. acutus are smaller and more

numerous in a culm cross section than those of 5. uaLidus. In a

cross section midway from Ehe base to the rip of the cu1m, ^g. acutus

usually shor¿s B to 15 lacunae, v¡ith an average diameter less than

0.9 mm;5. uaLidas culms, however have four to six lacunae, averaging

more than 1 nn, and often greaÈer than 1.5 mm. Sroith (op. cit.) used

the number of lacunae in cross sanf inn. I nnt,*t¿g Shorved more Ëhan

nine and ,9, uaLidus less than four. Very large culms of S. uaLi,dus,
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however, have proportionately more lacunae, uaking the absolute

number an unreliable character.

culm color differs betr¿een s. aeutus and ^9. uaLidus, the

former having dark olive-green culms, the latter pale green or

glaucous. An inËermedíate range of colors exists whích is usually

sho¡¿n by ,5. uaLidus growing in marginal habitaË; the culms then

tend to be a greenish yellow. Thís character has obvious 1ímíta-

tions which make ii of questionabl-e use. The color fades when

specímens are pressed, and Ëhe subjective nature of col-or des-

criptions requires Ëhat a set of reference colors be used (such as

the Munsell color Book used here). Fassert (1940), Ituenscher (L944)

Fernald (1950), and Dabbs (L97L) have referred ro rhis color dif-

ference. The data presenËed here indicate that if standard ref-

erence colors are used, the range of color variation can be object-

ively assessec and described, eliminating the need for subjective

comparison of specimens.

The color of the floral scales of the stands diagnosed as

{.. acukls are a líght bror¡n or gley r+ith variable arncunts of red

spotting;' specímens from the 5. ualidus stands have a suffusion of

rusty red over most of the scale surface. smith (op. cit.) and Dabbs

(op. cit.) have used a related character, spikelet color. Both

describe the spikelets of 5. acutus as grayísh-brown, those of ,9.

uaLid:'ts as reddísh bror,'n. The subjective interpretatíon of these

descriptions ís elimínated, however, when the source of the coloring

on Ëhe scales is considered, as in thís study. The occurrence of

scales r¿ith a red suffusion at the típ and the presence ín both taxa
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of red protruberances justifies the cautious use of the character,

however,

Differences in the size of spikelets, scales, and achenes

are mentioned by many authoïs as characteristic of these taxa (Chase,

r9a4; Beetle, L94L; Fernald, 1950; Gleason, L952; and Dabbs op. cít,).

For all of these characters, the extremes of the síze range may occur

in the tr'ro taxa (the largest spikelets, scares, and achenes in,g.

actttus, the smallest in 5. uaLidus), bur al1 shov¡ such a high oegree

of overlap in most specimens thaË they are not useful. símilarly,

the ratío of scale length to achene length has been used to d.escribe

the more open nature of the ripe spikelet in ,9. uaLidu.s (Dabbs op.

aLt.). The histogram of 1,500 measurements (Figure 62) indicates

the unimodal distribution of this character. I^Ihen the mean scal_e

lengths and mean achene lengths of 25 measurements for 60 stands are

plotted (Figure 63) complete overlap is shorvn, with scale lengths

exceeding achene lengths in all cases. Dabbs (op. cit. p. l4B) found

that ten measureinents of these characters for each of 29 coLLeetions

resultec in tr¿o ttdistinct clust:rstr. Ho',.trever, if the standard.

deviations gíven for the means (incorrectly referred to as standard

error) r,¡ere indicateri, the "distínct clusterstt became a continuous

range of variation rvíth compleËe overlap.

This raises Ëhe question of the reliability of scatter dia-

grams when mean -¡alues are plotted r,¡ith no indicatíon of the varia-

bílity of the measurenents involved. such diagrams are useful to

suggest trends, but if they are to be used as evidence of discon-

tinuity betçueen groups, the range of variation must be taken ínto
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consideration. The range of variation is much more clearly portrayed

in scatËer diagrams or frequency histograms of individ.ual measure-

nents; evidence for discontinuity is mosË validly obtained from such

daËa.

The method of character selection used. in this stud.v is a

posterioz"i or correlation rveighting, whíeh Davís and Heyvood (1963,

p. 48) state is Ëhe only theoretically sound method of character

selectíon. correlation \,reighting is the selection of those charac-

ters r'¡hich show maximum covariation within the taxa under consi,Jera-

tion. This ís essentially the intuitive process employed by taxon-

omists in defining the facies of a taxon; from a nuuber of charac-

ters, those rvhich covary and togeEher define the tconceptr of a taxon

are subconscÍously selected and used for subsequent identifÍcation.

The technique of factor analysís minrics this mental pr-ocess by

operating on a correration matrix and separating (as factors) those

characters which covary. The faclors lvhich account for the greatesË

portions of the varíability represent the facies by,.vhich a taxon Ís

most easil1' recognized.

The factor analysis employed in thís study r+as of limíted

use; of the nost ímportant characters selected by the technique,

only tvro could be utilized in Lheir original form (inflorescence

length and nrmber of primary rays). The t-¡o remainins eharâerêrs

in Factor I had to be changed to qualitative characiers (presence

or absence of branching, presence or absence of clusters of five or

more spikelets), Characters involved in Factors 2 to L2 could not be

used since they shor¿ed unirnodal frequency distributi.ons from r,rhich
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the character states of tl-re hybrid index could not be defined.

This study has, however, illustrated Ehe value of factor

analysis in selecting the most important charact.ers by rvhich oue or

more groups E0ay be described. Once these characters are selected,

the use of factor analysis or any of the other clustering techniques

(see sokal and sneath, 1963) may be employed to examine the relation-

shj-p between taxa. In the present study, the hybrid index was em-

ployed because of its simplíeiry and adaptability to rapid field

assessment of taxonomic relaÈionships (Davis and Heywood., 1963,

p. 479).

The dÍsconÈinui.ty displayed beËrveen the two taxa when

Èhe six characters are used allor.¡s the construction of the follo\,/ing

diagnostic key:

1. Culms dark green (Munsell colors L]cY 5/4, I}GY 5/6,
or 2.5GY 5/6): aerench¡rma1 lacunae less Èhan 0.9 mm

in diarneter; inflorescence lengËh less than 47 nim;
number of pri-mary rays less than 7; secondary rays
absent; clusters of 5 or more spikelets present . .. ,9. acutus

1. Culms light green to glaucous (Þfunsell colors
s?v 4/4, 5Gy 4/6, 7.5Gy 3/4, 7.scy 4/4, 7.5G\ 4/6,
or lOGY a/a); aerenchlmal lacunae more Ehan 1.5 mm
in diâmerêr: inflorescence lensth sreater than
80.5 ru'r; number of primary rays greaEer than 13;
connnâorrr fô?tj-7r' -ñ,ì ^^^-^j^---l 1" ^,,^È^--, --rrrary, ano occasl-onally quacernary
rays present; spikelets mostly borne síng1y, rarely
ín groups of nore than 3 .. .. . ,9. ualí.dzs
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B. Ecological

1. Water depth and r¿ater leve1 fluctuaËÍons

The 5. acutus and ,9. uaLidus stands examined in this study

occuPy habitats r^¡hich differ in r¿ater depth, the pattern of r.rater

level fluctuations, conductivity, and. the concentrations of magnesium

and sulfaÈe ions in the waËel:. These habítat differences are re-
flected in the distribution of the trvo Èaxa in southern }fanitoba and.

the plants and animals found associated with stands of the tT¡/o Ëypes.

The results of this study indicate Ëhat ,5. ac.lttus occupies a

much wider range of mean !¡ater depths Lhan,9. ualidus; s. acutzLs is
found at mean depths frorn 0 to B0 cm, rvhile ,g. uaLídu-s occupies

depths less than 50 cm (Fígure 66). Furthermore, depths in excess

of 2a cm resulË ín reduced stand performance of s. uaLidu.s. sigler
(1948), smith (op. cit.) and Dabbs (op. cit.) found thar ,9. acutus

was characterisrin nf rlaanar ,,¡ater while S. ualidtts v¡as commonlv

found in shallorü v¡ater or wet mud. The mere presence of a planË,

however, gives no índication of the optímum range of water depths.

Ti r use of the stanci performance index (<lensity x fertility) in this

study indícates that the optimum range of mean r^/ater depths for

s, acutus is 15 to 40 cm, vrhile that of ,9. ualid-us is belor+ 20 cm.

From observations made during this study, ,9. ualídus is unable Ëo

withstand prolonged r./ater depths beyond 30 cm; greater depths rvill

eliminate it ín four years. Harris and }farshall (1963) report similar

findings, 5. ualid.u-s r,'as killed in rhree years by depths of 15 inches

(38 cur) .

The measurement of mean r,raËer depth in a stand. at one point
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in time is not the best Ereans of expressing the \rrater depth toler-

ance or optímum of a plant since Ehe water levels fluctuate markedly,

as shor¡n by continuous \ùater leve1 recordings; however, because Èhe

sites in this study r,¡ere disÈributed over a r.ride geographical area,

more frequent measurements r'rere impossible. Ideally, such informa-

tion should be obtained by the extensive use of r"rater level record-

ers and \raËer depths expressed as functíon of both depth and time.

The 17 rnrater level recordings rvhich are presented in Figure

68 indícate that the pattern of water depth f] uctuations also is dif-

ferent for habitats occupied by s. aeu-tus and .9. uaLi&æ. The Ïrabi-

Ëat trypically occupied by s. aeutu"s does not undergo the continuous

drop in Erater levels whieh the 5. uaLidzs stands encounter; rather"

fluctuatíon occurs about a mean depth, with a smaller net drop in

1evels. ,9. uaLiúts stands may encounter trüo disËinct habitats in

one gror,ring season, as the r,,rater depth drops from 50 cm or more in

spring to belor,¡ the mud surface by fall. Sinith (f_969) notes a

similar tendency for ,9. uaLidus to occur in unstable habitats.

AlÈhough optimull depths differ, ^9. uaLii¡¿s and ,9. acutus

show a broad zone of overlap from 0 to 30 crn mean depth in rvhich

the Eero are capable of persisting. It is r+ithin this deprh range

that they are found growing in mixed stands (sites 28 and 53 for

example), although Dabbs (op. cit.) cites extreme depths of 100 cm

for mixed stands. From observations maCe duríng this study, mixed

stands usually result from a lor¿ered r.¡ater level ín an area in ¡shich

,9. acu:tus is established. As a result of these lor¿ered rqater levels,

,S. ualidus achenes gerrninate on Ëhe exposed mud and r¡í11 become es-
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tablished and persist for a variehle nr"riorl nf time, dependi-ng upon

Ëhe subsequent water levels. The result is a zonation of the Èrvo

bulrushes, s. uaLídsts usuaLly occupying the shallower zonei sites

28 and 53 showed this patrern, and Dabbs (op. cit.) reported such a

mixed stand at Big Lake in the saskatcher¿an River Delta.

A second pattern of dispersion occurs in rvhich sparsely

scattered culms of ,9. uaLidus form a matrix ín rr¡hich denser ch¡mps

of S. acutus occur. This pattern was found by the auËhor in Ëhe

uixed sËand of the Murphy Extension project in the saskatchewan

River Delta (site 34). The pattern develops when a drawdorvn is

suificiently severe to cause the die-back of S. acutus plants until

only isolated clu¡nps remain. This ïesponse seeÐs to be caused by

excessive drying of the substrate or prolonged loru- r,zater. slightly

r^reËter conditions must occur in order to allorv ^9. uo.Lid:¿,-s achenes

to germinaËe and subsequent return to previous ivater ievels prod.uces

the pattern; it appears to be only temporary as ihe ,9. ualidsts ís

gradually elirninated ín the deeper \,/ater.

A third patLern r¿as found duríng this study, illustraued by

Ëhe zonation at site 20. Here the typical zonaÈion pattern rras re-

r¡prqp,l r.r'í t-h ,Ç tln'l t'r¡1r,c crn'.'i--, rvlLrr v. Ín a narrovr zone on the deep_ivater

side of the stand. Prior to 1965, this stand r.¡as composed only of

S. acutus v¡hich greu'to the edge of open i\iacer (J. ¡f. Shay, pers.

cornm.). As a result of lorver r/ater levels in 1965, a mud shelf r.¡as

exposed along the outer margin of tl're stand and,9. uaLidus achenes

germinated and became established in a narror{ zone (Figure 58). with

Ëhe return of hígher \,râter 1eve1s, the s. uali-dus persisted, although



174

it was undergoing a progressive reduction during the three years of

this study. water depth and changes in \.rater level have a conËrol-

ling influence on the distribution of these plants; where the two

are found growing Ëogether, it is generally the result of contemp-

orary or recent hístorical water level conditions.

2. hrater chemisËry

The waLer chemistry parameters examined reflecË a greater

tolerance of ,9. aeuttus for alkaline conditions. No statistically

significant difference exists between the mean carbonate and bicarb-

onate ion concentrations of ^9. acutus and ,9. uaLidu_s sites. Carbon-

ate concentrations ranged f rom 0 to 200 ftg/1 f or ,9. acutus and 0 t.o

150nrg/r for 5. uaL'idLß; bicarbonate concentrations ranged frorn 30

to 465 ngll for ^9. acutus and 180 ro 380 mg/L for S. ualídus.

The highest pH values are associated with ,9. acutus stands

(9.6 compared with 8.7 for s. uaLidus), alEhough the means are noË

si gnif icantly dif f erent.

Significant differences Ì:eËi¿een ,S. acutus and .9. ualid.us

did exíst for conductivity. s. ualidus rüas not found at conduct-
n

ivities above 494u mhos /cm" , v¡hereas ,9. acutus occurred in r,¡aters
.)

t¡ith conductÍ-vity as high as 2580U mhos/cin'. Both taxa have been

recorded at higher concluctj-r¿itíes than encountered ín thís study,

horn¡ever (Stewart an<l Kantrud, L969; Snrith, L969),

^9. actttu"s tolerates magnesium ion concentrations as high as

21000 mg/1 and sulfate concentrations as high as 1,900 mg/f . ,S.

ualidus is not found at magnesium concentrations above 230uW/L and
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sulfate concentrations above 700 mg/l. rn the Minnedosa study area,

where ,5. uaLidus does not occur, water analysis of all sites exaü_

ined (6, 11, 16, 2L,25,26,27,29) showed Èhe concenËration of
magnesium (396 to 2,180 mg/r) to be above the observed tolerance

level of ,5. ualidus. similarly the concentratÍon of surfates at
these sites was, with .he exception of site 25, greater than Ëhe

observed maximr:m of 700 mg/t for ,9. uaLidus.

Mean calcium concentrat.ions did not differ statisticalrv
beEween the trvo groups, the ranges for ^g. acutus and s. uaLzdus

being 50 to 630 ne/L and I25 ro 455 o,g/L. Mixed srands (sites 28 and

53) and one stand of s. uaLidus (site 27) were found in r^raters wÍth
considerably higher concenËrations, ho'ever, suggesting the toler-
ance of both taxa may be as high as 1,500 mg/l.

Thus, Ëwo of the najor ions composing these calcareous soirs,
magnesirrm andfor sulfate, are implicated as limiting the distribution
of ,S. uaLddus.

Both of these ions have been found to be rimiting to ter-
restr;al- vegetation (Jacob, t95B; strogonov, 1964; proctor, r97o;

Levitt, L972); Moyle (1956) j-ndicared rhar sulfate in surface

rvaters may be a limiting factor in the distribution of some aquatic

plants in lfinnesota. Although data relaËing magnesium concentrations

Èo toxicity of agricultural crops (strogonov op. cir;: procxor op.

cit.) may not be applicable to aquatic environments, the ,semi-

terrestrialr habicat typical of. s. ualidus sites in r_ate fa1l pro-

vides an aerobic rooting medir¡m similar Èo that for terrestrial

p-l-ants. rn addiËion, the period.ic red.uction of the rdater level to
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or belot+ the soil surface could result in an increased concentra-

tion of salts in the rooËing zone, augmenting the normal salt con-

centrations and creating salt toxicity.

The physiological basis for salt toxicity is either an in-

creased osmotic potentía1 of the external solution (the "soil solu-

tion" of terrestrial habitats), or a direct toxic effect oi a parti-

cular ion (strongonov op. eii;.). Magnesíum toxicity occurs only

in the absence of calcir:m (proctor op. cit.) anð,, sínce calcÍum ions

rùere present in all sarnples measured, it is unlikely that magnesium

toxicity ís operating to lírlit .9. uaLidus. Sulfate salts also have

a direcË toxic effect on the metabolísm of plants (Levitt, lgTz),

initially increasing the transpiration raËe, then slorving it dorun;

the activity of enzyrnes with copper as a cofactor are inhibited by

high sulfate concentrations. Therefore, a physiological basis has

been established for iinplícatíng magnesiun and./or sulfaEe concen-

trations as liariting factors to the observed distribution of ,s.

Uq.LidUS. Further ruork íq rcn:rired^ hoçrer¡er- t.n iSolate the effeCts

of each ion anci determine more precisely the levels of toxíc-ty.

This information could 1¡e obtaíned from nuLrient culture experiments

rsith seedlings.

3. Substrate texture

The textural qualiiy of the substrate does not apÞear to be a

linitins fae.tor for either 5. acu-tu-s or ,9. UaLi(h,c Tl,rino rhr',¿u! çlLlrE! !. ucu-uu-ð uI. ].f. uu.L.tuL,tÐ ¡ -Lu-Ll_llB LttIs

sËudy, both species were found on substrates ranging fron heavy clay

to very coarse sand and gravel. sigler (Lg4B) described s. acutus
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grolt7ing on a e¡ide variety of substraEes from rr...rocky bottoms to

deep mud...". Emerson (1961) found. that s. acutus (in Ne'york

state) grev/ on a wÍde variety of substrates, but did not occur on

clay soils. He attempted to establish ^9. acutus and ^g. ualidus rhj-

zomes in man-¡1¿de ttmarshes" r¿hich had a heavy clay mineral subsÈrate.

The failure of 5. acutus while ,5. uaLidus rapidly beeame established

was attributed ro this ínability to gro\d in heavy clay. similar

experience durÍng Ehis study indicates that ,9. acu,tus may not be

linited by the fine texture so much as Èhe ral rnineral cond.ition of

the substrate which is exposed after the solum is removed.

rf texture $rere a limiting factor, ít would probably be in

reration to the subsLrater s ability to provide a suitable rooting

medium. The combined factors of red.uced friction in a subrnerged

substrate (i{illians and Barber, 196I), the greater erosional forces

of t.he aquatic environment, and the increased physical stress of

r,¡ind and rüaves, make the probrem of secure anchorage greater for

emergents than mosË terrestrial or submerged aquatÍ-c plants. The

¡'-'sence of ernergent vegetation from sand beaches where wave action

can be extremely severe illustrates the greatest substrate-related

liniting factor for emergent vegetation.

In exposed situations where the substrate provides adequa¡e

rooting material, the absence of 5. uaLidus has been noLed by the

present author and also by Marrin and uhrer (i939), Emerson (i961),

and l'Ialker (1965). The culms of S. ualidus cannot withstand breakage

by wind and r¿ave action and this may be related to the reduced aeren-

chymal tissue, which williams and Barbex (op. cit.) suggest is prim-
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arily designed to r,¡ithstand bendíng strain. This characteristic is

also seen in the tendency for dead culms of ,s. ualidus to break

upon drying, whereas those of 5. acutus bend but do not break.

4. Stand performance as an index of plant response to the
environment

An index of plant response to Ëhese environmental parameters

was derived from Ëhe product of culm density and the fertility rate.

These parameters were chosen to indicate the relative vigor and

vítality of different sLands (Daubenrrire, 1968). Several alterna-

tive parameËers hrere considered for vigor, including neË prímary

producLíon in one growing seasori, culm heíght, culm diameter and

Leaf. area índex. The distance between siËes and the Ðoor access-

ability of many sítes required a field technique which could be

ernployed ivith a minimun of equipment. The need for large sample

sizes and adequate drying facilities eliminateci production esLimates.

Culm diameter and height r'¡ould not reflect optímum conditions since

they are physically relaterl Ëo --ater depth. As an example, the crrlm

mean height for the 5. acutz¿s stand in deepest \,¡ater (site 47, EÍ-g-

ure 66 ) rvas 254.6 cm (+ 24.59), r+híle that of a stand in shallorv

r,/ater (site 10) r,ras r70.L2 cm (t L6.57). The mean culm diameters

varied rvith heíght, being 8.04t 0.93 at site 47 and 4.631 0.66 at

site 10. Sírnilar relationships hold for depths as great as 2.5 m,

as found at Lake Athapapuskoru in L970. At one site examined on

tlris lake, culms t/ere grorüíng at maximurn depths of 2.5 n, with maxi-

mum culm heights of 3.6 m. Therefore, rather Ëhan reflectíng optimr.un
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conditions, culm size varies to a maximum at maximr¡n depths. Sinilar

criticisms of leaf area index can be made, sínce leaf (or culm) area

is a function of both height and culm diameter (Dykyjova, 1971).

5. The píoneering ablLíty of S. uaLidus

several facEors combíned indícaÈe thaË ,g. uaLidus is a more

effective pioneer species than ,g. acutus. ,s. uaLid:ts frequently oc-

cupies disturbed habitats such as roadsíde diËches, borrow pits and

sites with unstable water levels. rn the Delta Marsh for example,

s. uaLidus occurs courmonly on the margins of depressions reeenËly

created by earthmoving equipment, but s. aeu-tus is never found in
such sites. The rapíd establishment of s. uaTí-clus from seedling

following a drawdorvn in the Cumberland Marshes is characteristic of

this plant; ,t. q,cutus, hor+ever has not been reported to successfully

establísh from seed; under artificial conditíons as we1l, ^9. ualidus

germinates more readily than ^9. acutus. The biomass data presented

in Table v supporE observatíons that 5. uaLidus produces more

seed than 5. acutus. According to Lot+ (1944), the actual volurne of

seed produced by ^9. uaLi&æ Ls 50"/" more than that produced by s.

a.cutu"s. The achenes produced by ,S. uaLidus float ionger than those

of ,5. acutus (Fígures 3l and 32) and they have been observed to cling

more reaclily to clotlling, suggesting a better dispersal mechanism.

The last two characterisËics may be related to the slightty longer

barbs on the perianth bristles, which has been observed in some S.

uaLidus spçcimens. These characteristics combined indicate a greater

pioneering ability of s. ualidus. Àlthough the achenes of ,s. acutus
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probably maintained by a greater

in stable environnents.
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once Ëhis form is established it is

einphasis on vegeÈative reproducÈion
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C. Taxonomíc treaËment

Irrhile there are a number of characters which agree in defin-

ing the overall facies of the trro taxa, the data presented here in-

dícate that none of the characters examined show a complete discon-

tinuity in the range of variation exhíbited. This problem raises

the question of whether the traditional specifíc level of distinction

between Ëhe taxa should be retained, as chase (1904), Beetle (rg4L),

smith (L969) and Dabbs (L97L) suggesr, or should disrincríon be ar

the subspecific level as Koyama (L962) sËates.

rn order Ëo answer this question, it Ís necessary to con-

síder Ëhe definition of the species caËegory in both the traditional

morphological-geographical sense and ín the biosystemaËic concept,

where species are defined by reproductive isolation. The criteria

for making a d.ecision ¡,¡hich will agree wíth both conceprs are stated.

by Valentine and Love (1958, p. L57)z

"trJhen the morphological and ecological differences are

slight, and experiment shorus complete interfertiliËy,

then the populations concerned should not be given spec-

ífic rank. LÏhen these differences are considerable, and

there are r"¡ell-defined ínternal barriers to øe,ne-exchengs,

then specífic rank should be given."

The data presented indicate that there are a number of

characËers r.¡hích distinguish the LÌ{o taxa. While no single character

is diagnostic ín a1l cases, the sum total of a number of character-s

describes rwo morphologically distinct groups. Differences exist,



TBz

in the Èolerance range for water depth, conductívity, and. concen-

trations of magnesium and/or sulfate ions. on both morphological

and ecological grounds, then, Ëwo distinct groups are apparenË.

The third criterion, that of reproductive isolation, is

somerrrhat more difficult to assess, since no experimencal attempt

has been made to hybridize the trvo taxa. Regarding this problem,

Davis and l{eywood (1963, p. Bz) offer the folloiving suggestion:

"Tbo plants growing in different areas (arlopatric) uray

or may not be interfertile--only experimental evidence

can show us that. But íf they grow in the same area

(syrnpatrie), and particularly rvhen they grow in the same

habitat, the situation Ís different. rf the tr+o plants

continue distinct, it is fair to assume that there is

some reproducËive barrier between them.tt

snirh (op. cit.) Dabbs (op. eLt.) and the presenr author all

found instances of the tv/o taxa grorvíng together in the sane habitat.

smith found 20 mixed stands, 14 containing morphologically inter-

uredíate specimens he felt rvere hybri<is. \^Iard ( pers. conm. , Lg73)

collected extensively ín the same region, however, and found no

morphologíeal evidence of hybrids, and in addition could not d.emon-

strate any abnormality in chromosome behavíor in mitotic pol1en

moËher cell materíal. since he found a consistent difference in

chromosome numbers, one v¡ou1d expect that hybrid pollen r^¡ould show

some evidence of chrornosomal aberration. Dabbs (op. cit.) found

fíve cases of suspected hybridízation; these specimens \,rere sterile.
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The present rnrork cÍtes one example of morphologically intermediate

specimens (¡vhich were also almost sterile) from a total of 60 stands

examined.

The pattern of flowering of spikelets and the anemophilous

pollinaËion (I{illis, 1955) both tend to promote outbreeding; when

these factors are combined r¿ith Ehe overlapping periods of initiation

and gror+th of culms in ,9. acutt¿s and ,s. uaLidus (Figures 29 and 3g),

ideal conditions for hybridization exíst. Under such condítions the

scarcíty of hybrids, even ín rnixed stands, indicates that a signi-

ficant barrier to gene exchange must exist, although it may be

slÍghtly "leaþ" in the rerminology of Solbrig (L970, p. 108).

solbrig (op. ctt.) suggests that there are relatively ferv species

Ëhat do not have "leaky" isolation barriers and that new srrecies

can be forned and maintained even where no absolute barriers to

gene flow exist. Sufficient evidence has been accumulated to índi-

cate that rvithin central North America the taxa here referred to as

s. acutus Þfuh1. and 5. uaLidus Yahl- (Ej.gure 72) should be mainrained

as distinct sÞecies
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D. Ìfanagement application

The uncertaínty surrounding the Ëaxonomíc and ecological

sËatus of s. acutu,s and 5, uaLidus has probably been encounEered

most forcefully by persons attempting to manage marshes in v¡hich

these plants gror¡r. Not only do these individuals encounter the

taxonomic problem, but Ëhey are also faced r¿ith the confusing re-

sponse (or lack of it) of these plants to habitat nanípulation.

The results of thís study should clarify many of the problems pre-

viously encountered in managíng these trvo species.

L. llanagement of S. aeutus

The greatest part of r,retland management to date has been

concerned vrith improving marshes f or r,¡aterf owl or muslrrats, and

because of its habitat rpreferencer for stable, deep r+ater sites,

,9. acutus is the more ímportant species in such rvork. This study

has shown the utÍ1izat-ion of ,9. acutus by r.raterforvl, divíng ciucks

in particurar, which has been documented previously by steenis

(i938'), L'tolf (1955), and Lokomc.r (1966). The achenes are earen

by a varieËy of dívíng and dabbling ducks, as indicated in Table rx.

Ifartin et aL (1951) found that ^9. acu'tus r¿as the most imporËant

bulrush in the diet of ducks in the uníted states, and MartÍn and

Uhler (1938) consÍdered 5. act¿tus to be the mosË cormnon and valuable

marsh plaut of central and western Canada.

During this stutiv, muslcrats r,¡ere a coümon inhabitant of many

s, acutus stands. The importance of s. acutus in the diet of musk-

rats has been docurnented by Yeager (L945), Errington (1948 , Lg63),
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Bel-lrose (1950) , and others.

The r+idespread distribution of s. acutu-s in southern

Èfanitoba eontribuÈes to íts ímportance in wetland management, since

ít is found in most of the major marshes in the area.

I'fanagement of ,5. acutu-s usually involves one of tv¡o basic

aims, to propagate or elirrinate. propagation of ^9. aeuttts has been

largely unsuccessful, i+heÈher seed or rhizomes have been used.

The germination of .9. acutus achenes in laboraÈory experi-

ments during this sËudy did not exceed zz,. rsley (rg44) reported

sinilar results.

A hígh rate (98"a) of germinaËion of ^g. acur;us achenes r^¡hich

rvere ínadvertently allorved Èo undergo a period of fermentatíon sug-

gests that the achenes are capable of higher germination rates.

Harris and Marshall (1960) reported germination rates of 53"A for

^5. acutus achenes sÈored in natural i¡aters for eight months prior

Ëo germinatÍon. ü,4ri1e further v¡ork is needed, the results of this

study and those of l{arris and l'1arshall (1960) índ.icate that the

achenes requíre one or a combination of lor,/ temperature (a.bovr

freezing), anaerobic condítions and bacterial action. Seeding pro-

grams r¿ou1d be most successful if Ëhe achenes r¿ere baç¡ge<l and stored

in stagnant \'¡ater for approximate-i-y eight months prior to actual

seeding.

Even if the correct storage

ation rates, horuever, the problem of

in the desired areas is not assured.

stances r¿et'e found of seedling esËab

proceciure produced high germín-

establishment of the seedlings

During tl'ris sËudy, no in-

lishment of ^9, acul;us. Ilarris



rB6

anrl \rrrehr'll (1960, 1963) found that seeding in the fall on mud ex-\4/ vv

posed by a spring drawdo\,rn produced the best results. The achenes

remained dormant until the follovring spring, rvhen they germinated

on the mud surface. Such a program probably r¿ould not be success-

ful in areas such as Delta, Netley or parts of The Pas study area,

where a drar+down produces germination of ,9. uaLi,dus during the first

suüner. The seedlings become v¡ell-established by fall and would

1ikely out-compete the S. acutus seedlings germinating the next

spring. In areas where S. uaLidus does not occur, such a program

r.¡ould be mOre gçnnacefrrl T'ha r¡¡gp¿gatiOn of ,S. ACUTUS from rhízOme

cuttings, ruhíle more laborious, rril1 probably give better results.

Experience wiËh the rhízomes of Èhis species riuring nutrient culture

experiments indicates that the rhizomes are susceptible to a trans-

planting 'shock', which has been confirmed by Fellows (1951) aad

Emerson (L96L). These ínvestigators found that the mortality rate

I^¡as very high (987. and B0Z respectively) r¿hen the rhizomes \^rere re-

moved from the mud, cut into smaller pieces and transplanred. The

present author found that good growth could be produced by trans-

planting a block of soil rvith intacË rhízomes, and similar fíndings

have been reported by Gates (1948). Until the problems involved in

germination and seedling establishment are solved, the propagatíon

of ,5. acutus probably v¡ill be ÐosË successful if blocks of íntact.

rhízoäres are used.

The propagation of established stands of ,9. acu-tus can be

accomplished by providing optimum habitat conditions. Often, the

only practicai habitar manipulation involves Trater levels. The
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opÈimlrm \^Iater conditions for ^9. ccutus, as deternrined. in this study,

are stable vater levels with waEer depths between 15 and 40 cm.

s. aeutus will groru in r,¡ater above or below this range, buË will

show reduced stand performance.

The second aspect of the management of s. aeutus, its elín-

ínation, is encountered when stands are so extensive as to reduce

"edge effect". rncreased edge can be produced by breaking up a

continuous stand into smaller rislandst with open \^/ater beh¿een

Ëhem. Effectíve reduction in areal cover can be achieved by flood-

ing or a drawdown. rn the authorts experience, flooding is uost

effecËive v¡hen the substrate is composed of a thick, unconsolidated

La¡er of organic. nìatter. I^iater deptlis of 1.5 m rvill reduce the

density of culms as well as cause clumps of rhizomes and the organic

substrate to float to the surface, thereby creating holes ruhích are

not readily recolonized. once the desired reduction in cover has

occurred, usually after one year of flooding, waEer levels can be

lowered for several years until regrorvth has occurred and requires

reflooding. observations on moderate flooding (1.5 n) of areas wiËh

a r¿eII-consolidated substrate suøqest thaf a rerluction in culm

densíty and fertility rui11 occur, with effective eraclication takíng

several years; sterile scattered culms may persist indefinítely, horu-

ever, at depths beh¿een 1.5 and 2.5 m.

2. Management of S. uaLidus

T'he habitat usually occupíed by 5. uaLidus is not utilized

extensively by muskrats or waterfor,¡l because of the shallor,r erater
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and the unstable \,tater 1eve1s characteristically associated with

this species. There are, however, severar characteristics of the

bíology of ,s. uo,Lidus r.¡hich are potentiarly valuable ín r,¡etland

managenent.

^9. uaLídus is more a:nenable to propagation by seed or

rhizome transplants than 5. acutus. The higher germination rate

produced by a period of cold treatment of achenes stored in rvater

makes seed propagatíon a practícal consideration. The greater

tolerance of the rhizomes to tlansplanting símilarly makes ,9. uaLidus

much easier to propagate than ^9. acutus.

The rapid development from seed of florvering culms and

tlre greater volume of seed produced by,s. ,salidz'-s nake it of poten-

tíal use as a source of food for both muskrats and ducks. Access

to the culms may be provided by raising the \^/ater level in the fall

to approximately 40 cm and drainíng the \.¡ater back down to r,¡ithin

15 cm of the mud surface the following spríng. This should provide

sufficient \^/ater for mushrats anci i"¡aterfor,¡l to gain access to the

stands in fa11 and winter anc stíll provide optímtuu groi+ing cond.i-

Ëions the next suilÌmer. Iihíle such a program has not been attemnred-

it is suggestecl that it r,,ould be highly successful if the high \^/arer

before and after the grovring season did not affect t-he dorrnant rhi-

zomes. This has not been determined. horr'ever.

Such a manaqenìent plan ru-ould be of linitcd applicaEion,

since it requires high r.rater levels v¡hen runoff is least available

(in the fall) and low v¡ater in che spríng r^rhen runoff is maximum.

rn marshes r+here food supplies are lirniting and there is an adequate
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upstrean \{ater storage area and a good downstream gradient, such a

program could be highly beneficial"

The abilíty of ^s. uaLídu"s to pioneer on mineral soil makes

it of pctential value in colonizíne either nervl-y-created r,¡etlands

with a mineral substrate, or díkes and islands created for nesting

waterfor'rl . The extensíve root and rhizome sysËem would, effectívelv

bind the soil and reduce erosion, and at the same tiure add organic

matter Ëo the substrate and thus prepare iÈ for more desirable

species, includíng ,s. acutus. rn any such prograrn, horuever, the

inabilíty of ,9. uaLidil"s to r¿ithstand severe r+ind and. rvave aetion

ruíJ-1 determine its usefulness.

Attempts Ëo ut.ilize ,9. uaLidus must be tempered rvith the

fact that the líurited distributíon of this species, rvhich this srudv

indicates is due to high concentrations of magnesium and/or sulfate

ions in the soil, will preclude its use in areas such as the

Ilinnedosa study area r¿here these ions occur in high concentrations.

The necessity to eradicate ,9. uclidus may be encouritered in

tire nranageurent of wilci rice (zLzania aquntica var. .Lni;eriot) paddies,

where ^9. ualidus occasíonally becomes established. This occurred.

at sites 24 and 31, vrhere an uneven botLom and very sirallor¿ r,¡ater

had exposed the higher portions of the mud and S. ualidus seedlings

volunteered. sucir occurrences could be prevented by maintainíng

50 cn or more of rvater on the mucl durínq fhp sriÌ:.Lner: ín tlre, ¿-vr.nL of

esËablishrnent, 5. uaLidus coul-d be elín-inaied by flooding r,'iÈh 30

to 50 cm of water and naintaining thís r.¡ater depth for t.l¡o years

or aore until culms faii to appear ín the suultner.
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3. AddLtíonaL uses for S. acu,tus and S. uaLidus

rn addirion to their usefulness in management prograns

oriented to wildlife, several other possible uses are suggested.

The pranting of 5. ualídus Ín servage lagoons is recommended as a

possible means of making such areas more attractive to a variety of

wÍldlife as well as generally improving the aesthetic qualiÈy of

such areas. seidel (1969) recommends the addÍtion of the closelv-

related S. Lacustr-Ls to artificial ponds in urban areas. The plants

íncrease the aesthetic quality of such ponds, and in addition, they

effectively eliminate some conponents of urban pollution (rnilk,

starches, and sorne r¿ateï-oil mixEures). This aspect of lhe manage-

menË and use of ,5. acutus and 5. uaLidus in North America could

prove very \,/orthwhile, but requires considerable research.

The re-veget.ation of rwaste areast such as borrow pits

and the excavations in abandoned gravel pits could also be aided by

bulrushes. Propagation programs, if properly carried ouE, would

effecEively ttspeed up" succession and prepare the area for coloni-
. ..È-i,-* L., ^+L^-L ;Cron Dy oEner sPecl-es.

There are a number of potentíal uses for S. acutus arrd

,9. ualidus; ivhich species will be most effective for a partÍcular

purpose vrill depend upon the type of habitat involved. This study

provídes a l¡asic premíse for successful management, namely that

S. acul;u-s and ^9. ualidus are dj-stinct. species rvith clistÍnctly

different euvironnental requireìnents. Þlanagement success r,¡ill be

maximu¡l if tliese distinctions are enployed.
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1. The gror+th response of 5. d.cutus and ,5. uaL.Ldus to several environ-

mental parameters \!ras measured at 60 sites in southern LfaniËoba fron
7970 to L972; sites r,¡ere chosen from five stud.y areas r¿hich were

selected on the basis of differences in parent materiar, Ëopography,

and climate. The study was initiaLed. to obtain data on the environ-

;nental requirements of these tÌùo taxa in order to provide a beËter

.ndersEanding of the taxonomic relationship of the Ëwo.

2. Although sympatric throughout central North America, ed.aphic factors

affect the local distribuËion of S. aeutus and 5. ua|-idus. S. ualidus

is restricLed to non-calcareous soils of lacustrine or deltaic origin,

whereas ,5. ar:tLius is f ound on a i"¡icie range of soil tyDes.

3. The groi'zth and reproductíve biology of the trvo taxa \.¡as studied in
L971. Culm initiation begins ín early May ancl continues into June

and July for both ,s. acu-tus and ,s. ual.Ldas. The maximum mean rate

of culm elongation.of 2.5 cm/day ís attained in mid-June for S. actttus

r^¡l.rile the peak for 5. uaLiú,¿s (2.8 cm/day) is reached at the end oi

June. The length of grorring season for ,9. acutus is approximately

65 days, while that of 5. ualtdus is approximately 86 days. Flor+er-

ing begins approximately one montir after culm inítiation. The flolers

are protog-ynous, flol+ering ín individual spikelets being acropetalous.

Receptíve styles '.vither 48 hours after exsertíon; four to six days

later the anthers begin to release pollen. Eighty-five days after

cul-m initiaËíon, ripe achenes are present in Ëhe ba.sal- florets. Af ter
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falling from the inflorescence ripe achenes r+ill float for as long

as 22 days before sinking.

Achenes of 5. uaLidus germinaEe more readily under field con-

ditions than those of .9. acutu,s; germination of ,9. uaLidus achenes is

usually in response Ëo drawdorvn conditions.

The environmental requirements for ge-rrnination hrere examined

in the raboratory; a period of cold storage in the dark in mud or

ï{aÈer produced rates of genoination from 74 Eo B5"a in ^9. ualídus,

but gemination raËes in excess of 2y" f.or s. ac'u-tus did not occur

under any conditíons.

The bíomass of ,9. acuius and ^9. uaLid-u"s stands Lrere compared;

l'alues ranged. from 60 g/o2 to 57a g/n2, the variabil-ity rr'ithia and

betr¿een stands making meaningful comparisons impossible. sinilar

varíabílity was found in a comparison of aerial and subterranean com-

ponents of the bíomass. The subterranean component ïepresented 47

to 797 of the total Þ1ant biomass.

4. The relationshíp betr+een these bulrushes and other plant and anímal

components of the reed-sr¿amp conilunity ís consídered. Fifty-one
qnani oc nf ra¡1a,1 rr.ô^',1 -- -1Leu v@oLsror yrâfltS \'rere found in association v¡j-th

,5. actttus and ,9. uaLidus. Different species composíÈions are associ-

ated '¡ith the tr+o bulrr¡shes.

Twenty specÍes of birds r+ere found nesting in bulrush stands

duríng the study period and eight specíes of ducks cxamined. had eaten

the achenes. The use of both,9. ac¿¿t,t.ts and ^9. ucrLidus by mushrats as
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a food source and as material for lodge construction is also described.

5. sÈand Performance, a combined measure of vitality and vigor, was

calculated from densíty and ferËility data collected for sítes I to

60. Densities ranged from 27.8 to 258 culu¡s/m2, wLth no signifícant

dífference betr,¡een Êhe ,5. aeutus and 5. ualidu.s stands. Fertilíty

ïates ranged from 16.6 to 88.4%. again with no difference betrveen

the taxa.

6. Taxonomic assessment of sítes 1 to 60 r\'as accomplished by the use of

Lhe hybrid ínrlex technique. Characters used in the calculation of the

hybrid index rvere selected in part through a factor analysis of 13

CharaCÈefS. A øønørnl inf'l^r1esCenCe faCtOf ínvolvinø jnfloresgenge

lengtÌr, the number of p,:imary rays, Ëhe combined number of secondary,

Ëertiary and quaternary rays, and the number of single- or double-

spikelet clusters accounted for one-third of the varíability. A

second factor, ínterpreted as an achene síze factor ínvolviirg achene

length and',,¡idth accounted. fot a further L3il o'f the varÍance. A

furtirer LO"/" of the varíance could be attributed to a factor in-

volving the single character, spilcelet t¡idth. The remaining nine

factors rr'ere composed of singls characters and each accountecl for

less than I0Z of the variance. From the analvsis of the thirteen

cha'r:ef ers ^ fou:: ShOf,¡ed a bf¡¡ná:1 Frpnrrennrr riigtf Íbution. Three Of

these characters and three additíonal ones not employed in the factor

analysis rr'êre used in cal-culating the hybrid index values. The
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characters used are:

f. inflorescence length

2. number of primary rays

3. presence or absence of tertiary and quaternary rays

4. presence or absence of spikeleÈ clusters composed.

of five or more spíkelets

5. lacunar diameter

6. culm color

Excellent agreement in scoring stands occurred for all síx characrers.

of the 60 sites examined, 19 were scored. as beins of rhe,9- tnL..f.fl¿s

type, three rve::e intermediaÊe (a mixture of the Lrvo morphologícal

types), and 38 ',,¡ere cf the ,5. acutue forn. complete norphorogical_

discontinuicy exÍsted betr+een the truo rnorphologícal types.

Evidence for hybridization r..¡as obtained for only one sire

(site 20). rvhere a fernr morphological-ly intermediate specinens \^rere

scattered along the zone of overlap betrueen stancls of ^5. acutus and.

s. ualidl¿s. The intermediates \./ere sterile, suggesting a hybrid
n¡-i^i- Ê^- ç1^^^-ur l_grrt ror cnese specl-mens .

rn additi-on to Ëhe sÍx characters used. in the hybrid índex,

three addítíonal characters showed some agreenenË r¿ith the hybrid

index values. These r¿ere floral scale co1or, floral scale length

and spikelet length.

7. The response of the brrlrushes in the 60 sites to a number of environ-

mental pararûeters Idas neasured. I'lean r+aËer depths ranged from 0 Eo
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70 cm, v¡ith ,9. acutus occupying the complete range. ,s. ualidu-s hot¡-

ever was restricted to mean depths less than 30 cm. The habitat tvDes

occupied by ,5. acutus and ,9. uaT,idus differed, ,9. acutus being most

cormon in stable lakes or marshes, whereas ,9. uaLidus r{as most common

in temporary creeks or ponds.

Nc difference between Èhe soil textures of s. aeu-tus and

S. ualidt¿s vüere found at sítes I Lo 60.

^9. acutt¿s ruas found at higher concentraÈions of calcíum

magnesitrn and sulfate ions than ,s. ualidus, although the difference

Ilias statisticaliy significant only for magnesium and sulfate. An in-
tolerance for high coricentraËions of these ions may be the factor

limiiírlg tire dístribution of 5. uaLi,dus in i,lanitoba.

Atternpts to examine Ëhe response of these plants to calcium,

magnesium and sulfate ions in nutrient culture 'rüere unsuccessful .

B. Tlre habitats occupíed by,s. ecutus and,g. uaLidus are different: Ëhe

tIiTo are occasionally found groling together, but this is aitributed

to a recent change in the habítat, usually r.¡ater levels. Even rvhen

the tvro are found Ín close association, the occurrence of mo::pholo-

gically intermediate specimens ís rare; this inclicates the existence

of a subsEantial barrier to gene flow. This eviclence as r,¡ell as the

complete morphological discontinuity found ín the 6C stancls examined

suggests that the specific level of distinction be retained. for

S. acutt¿s and 5. uaLíd,¿s .
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9. Several recounended management. practices are suggesEed by this study:

(a) PropagatÍon of ,9. aeutus r¡ill be mosË successful vhen entire

blocks of soil conËaining rhizones are ËransplanEed.

(b) Maxímum stand performance of established 5. acutus sËands r¿ill

be obtained under stable water levels and water depths of 15

Ëo 40 crn.

(c) Eradicatíon of ,9. acutus can be accomplished by flooding with

1.5 m of r,¡aEer or by a proronged drawdov,rn, the results depend-

ing upon the nature of Ëhe rooting medium.

(d) ,9. uaLidus can be propagared by either seeding afrer a drawdor¿n

or by transplanting rhizomes.

(e) opEimum grorvth of ,9. uaLidus will be obtained in shallow \^rarers

(less than 15cm) wich low magnesium and sulfate concentrations.

(f) The rapid growt.h from seedlings and abundan.t seed. production

of S. ualidus can be mad.e accessible to waterfowl and muskraË.s

by fall flocding and spring drawdornms.

(g) EradÍcatíon of 5. uaLídus can be accomplished by prolonged

floodíng rvíEh 50 cm or more of Í/ater.

(h) Additional uses of these bulrushes in artificial ponds are

suggested as possible avenues of research.
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I ?Ê
ô â? 7 0

0.09s2
ô l .lq

ñ 1a'7

u..tcv
ô {?q
ñ .tl

0.14
ô ôoo
0"0763
^ ^coo
^ I (t

0. 104
0.18

.0.174
0.186
0.0853
t1 1JÊ.

0.10u
0.13t+
0.1t+6
0. 107
0.07?6
0.135
^ 

1 ta

0.148
0.101
õ 1nt

.J5

a . +J
a rJf

.4

a.$o

lra

(-t

t''I
?l

I çÊ

1.52
1.49
L.62
1.48
7 .28
í qÂ

<t

<.,

.¡{3{(
r ça
t ñ?
{1
I Âß
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.âIPENDIX II. MORPHOLOCICÂL 0.1,TÀ (conc.)

Slte No. of Tertlary
_ P.eys

x s.d.

No. of QuaËernary
Rays

i s.d..

No. of ClusEers
( 5 Soikelecs

i g.d.

1

2'
3
l¡
5
6
7
çt

I
10
11
t2
{1

1t+

1S

t7
IQ

20
27

-?2

?u

27
¿ó
29
'30
31
J¿ .
33
34
JJ

37
38
39
40

42
43
44
q5
l+6

l+8

t:
qô
qJ

<t
fJ

J)
çÊ

JI
58
59
ßô

0
0
0

!o.7
0
0
6.63
6.1 6

0

0
0
q

0. 12
0
0
0

1C.r+
1 an

1 
'Añ ta

1^ 1

3 .44
? .a8
U

n

0. 04
3.72
o
õ.r1,

Irr.o
3.72
5.4t+

u
0
8 .48
ô

lA I

0
0
()

0
0
0
n

1' 1

0

0
t,

0

J.10
(1 .04

fð.s
t,

0

0

^ 
It

0
0
0

10. 5
0
0
4.06
6.09
0
ô

0
6.22
0.6
0

0

5.45

4.5?
0.?37
5.33
?{

4.46

0.2

rì'
o.Yt

10
7 .28
4.57
2.? 3
0
0
s.p4
0
7.71
7.27
0
0
o
o
o
0

8.88
0

ù

4,5?

B.3q

0
o
0.332
o

0

0

0.4 4
0
0

0. 04
0
0
0
0.8'0
0
0
0
I Êa

0. 04

0

0
0. 08

c

0
0. 08

ô

0.2r+

0
0
0.3 6

o
o
0
0
0
ô

o
0
0

ft

0
0
0
0

0

I

0
À

0
0
0
1.26
0
0

^o
0
0
0
2.02

o
0
0
J. UI
0

^t0.2
0
o
0.4

r-l

o
0. tl
0
o.277
1

U

0. 5 37
0
/ì

0
I 

^A
0
0
0
0.

n

ô

0
0
0.8

0

0
0
J. ¿ö

o

0
0

4.6 2.29
5.68 1.8¡+
5.64 2.8I+

67 t¡0.3
5.92 2.34
Ê rÂ ,l oo

13 1 .93
la l^ {

s.72 - L.24- 6.32 1.55
7.24 4.32

27 .8 13.5
Þ.JO ¿.5ó

3.56 2.02
4.ô4 2.75
3.58 2.04

25.4 6.7'r
19 -8.81
16 6.74
15.7 ta
6.92 1.&s

21 .9 3.93,t'f ç

te.z S.?1
5. SS 4.1.¡
+.43' 2.2
5.2 2.7 z

23.6 13.9
3 . 6A 2.54

18.4 6. 02
13.4 3.46
10 t

29.2 13 .18.04 s. s
2.24 1.36
2 1.og'77.2 8.39
2.41 I ,7 3

19.q. 5.S5
23 13 .3

3 .0¿ 1 .5E2.32 1.68
1.48 0.595
3 .4I 1 .64
2.88 2.t3
3.28 2.Os
0.6 o.s'l 7

2¡¡ .3 6. 06
4 . I 2. 06ti.04 1 .99¿{.4t{ I .g2
5.S6 1.Bg

16 16 .25.0r+ 1.Sq
22 6.29
3.28 t.1g
2.6E 2.84
3.2 1.s3
3.52 1.39
Lt .72 2,77
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APPB{DIX II" Y0R"PI{OLOGIC.AI DAT.A, (conc.)

S1 Ee

No. of Clust.ers
> 5 spfkelets Ë t{1dËh

(m)

s. d. ,E s. d. x €. d.

2
3
4
5
6
7
I
I

10
11
72
13
1I¡
15
16
t7
18
19
20
2t
22
a 'r.

24
?=
¿c
27
28
29
30
31
32
1â
11,

?(

36.
J'
'tÊ
39

:¡L
42
43
r{4
s5
46
tt7
¡r8
¡¡g

51
q,

53
54
55
Jb
57
58
59
Ê^

{ 'lÊ

0.96
ñ Êo

0. 04
0.6
1.7 6
0

0.6
0.8

. 0, 09
0. 84
0.e8
0.4
2
0.04

0
) 1Ê,

1 .44
o

,l

1.4q
0. 92
0.83
7.72
0.0'+
0. ott
0.04
u.to
¿ . óé
3. 64
, atl

0.28
aa
o

^ 
,a

3.12
3.C4
3 .48
2 .8lt

I ta
t çc

1 .64
t 1,,
¿. !ó

1 .44
1.trB
I OA

c. 04
J.JÞ

1.,32
1.61r
2 .28

8,45
8.12

qn
q ol
7 .42
6.92
5.Br+
5.43
ç ro
? OR

çt
Ê2
., .>a

e ta

7.99
o. uo

( ta
o. /-"
6.07
7 .03

( o?
'| .57
6.4
A <C

7.9r+

O. Uõ
5.64

8.48
8.05
a aa

Çf
Â nl

A,>

8. B9

B.2t+.

'l a1

,.oo
6.4

R a1

o.r/

4.58
4.52

.'.Jö
J. VY
4.72

I 
^{

2.89
a Etl

4.09
a 11
11

J./O
r+.05
4.88
3.82

3.84
a 11

q.JJ

l¡ ac
? c,)

4.15
a aa

3.74
'? 10

.ì Â<

a. ,t
1i
. 1A
? 

^o

? It

4.1t+
J.¿lt)

1 <l

3.5ti
1 2tl

3.46

0.55-o
0.841
0. 7r+ I
0.2
0.'957
0 .97
0

.0
0.6r+5
0. 913
! .22
o.277
0. 943
n ÂÂa
n<
a '1 a

o
0

lç

0
0
ô

ú.7ù1
1

0.812
1 tJ

1 .23

^t

0.37r+
1 .68
L.C¿
1. ro
0.843
,1 1t

0
0.737

1.q-o
'I tÂ

1.4-o

I ôÂ

L

7 .25
0.7 92

L .45
t .77
t\a
7.22
0.69
0 ,7 57

t\ ôa'l

t qa
' 1.3 9

I 
^A

4.778
1.4 9
I l1
I q(

0.937
I çl

0.997
' 

?E

0.68 5

¡.v
, a.t
7.24
t.¿
n ,lq

I OA7

0.7 25
I tq

ô Rt r
I 

^1
0.48 9

¿. cJ
I aa

1 aa

1 .54
^ 

a1a
n o? a

v. óù I
0.834
a a ll

n Ê/ìÊ

^ 
< <,t

I (C

0.329
0.759
v.oz:
ô <a a

v,a ¿J

^ ^t1
^ 

1a 1

1 1n

v.a¿!

0.8t} 8

0.78rr
n Â,ìa
rì cr t
1.t+S
n ? ^o
ô ?o

LA

î),7 9E
û. 54 5
ô n ñ1

0.872
0.849
0.699

^ 
ôt'{

0.624
0.7 62
v . c ¿+
o.627
/t ÂÃt
f1 10t

v. o Y1
ô Êcç
ñ ÁiÊ
n af a

n q{ ?

0. 5 99
0.5
i'l <r r
ñ 't1a

0.489

^ 
?o1

0.83+
.} ñ,ì1
ô E^?

0,4s
0. s 91
U.JbJ
ô qt?

0.5-o5
ô qa7

o.57 3
ñ a aa

0.433
U. C:J
0.385
ô ? Êì
0.3 51
0.424)
0.5¡r5
0.319
0.47¿l
n qî<
C.40t¡

0.3q7
0.429
0.434
0.451
¡'ì ql<

0.r+0î
0.522
0.409
O.5B Ê

0.48
0.334
0.553
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ÂPPE¡¡ÐLX Il. ¡jJ]RPUOLoGIC¿,L DATA (conc.)

Sf te
Bracc Lengch

(nr)
Lacu¡ar Dla¡¡eÈer

(uo)
Culm Color

Ãs. d. s. d. e. d.

I
2
3
4
5
o
7
A

I
10
11
t2
13
at
15
1Ê

LI
{a
19
tõ
27
22
23
24
ZJ

¿t

28
29
30
aa

32
?l

34
?(

36
37
JO

39
40
r+1

¡s2
l+3

4r+
l. E

46

lr8
49
50
51
c)
ç?

54
55
56
57
59
59
60

â2 Ê

JO.¿
t¡a

40.8
41.4
4r+.8
tt7
47 .9

32 .2
çt 'l

41 .6
44.:.
to o

JJ.ö
Ê{ t

rr3.2
4t+.7
46.6
46
JY.J
îa a

1A t
2't )
<.ì t
+e,.?
53
JÚ . Z

35

46.1
31.9
io
¿r5.7
45
1l a
1ç A

tA ll

37.7
J/.O
rt
49
q? a

51,4

ql+

45.lt
qe.3
40.t+

r¿. D

40.4
qÂ {

39.1
32.e

8.16
7 .03

20
13.r¡
72.2
8.35
3 .47

19
19.5
9.86

l, <

I2 .1
11 .2

/ . oJ
11
lâ q

rc a

19.5

9.74
o to
8.95

10.3

7+ .2
10 .4
a1 a

9.52
1C.8

7 .25
10.4

/.Jö
11 .)

o qo

I .17
t.{5

1.1 q

1Õ ''

I .44
1a a

8,16
l't
lÊ q

aa 1

a ôq

I .07
7.5r+
a to
9.99
7"51
o la

{.57
^ 

ci

2
o.56
0.61
.1 .8

o.53
.0.48
o.62

0.57
0.52
n <,
0.51
lq

1.9
1.9
0.68
0.57
1
.a q

a1

{.59
0.9
^ 

<1

.aa

1.6
-0.s8
'u. Þf,
Ð.72
1.8

a1

o "64
1J.O /
o.52
o.51

u"o
I A'

n çâ
n <o
ô Â{

l2

O . t+6

o.64

s.56

v.. o¿

'0.16
.0 .16
¡ {q

¡ qÂ

{ .16
o.t7
'0.53
.0.56
-0.15

.0.18
o.49
o.16
.n { q

0.15
'0.15
.0.43
.0.54
o . sl
o .1s¡ {Â
0.29

.0.59

o.18
.o .17

-^ tÊ

o.48
,n qo

'0 . t¡9

-0.2E
0.18
'o .2
-0.s3
.ô { Â

.n âç
-0.rr8
ô {a
.n I o

{ .1r+
0.16
^ 

a'l
-^ a'r,
.U.JO
.0.18

.0 .1?

.n to

.¿ì i e

^ 
ta

0.L7
ù.16
n lq
fi lll

2.O
a

1.76
0
2
.,

o.24
0
2
2

0
')

,
2
0
0
0.I6
r. 43

0. 19

0
2

0.90
2
0.L?-
0
0.28
0. l7
0. 96

,
r .95
?
0.52

2

¿
a

t
I It

2
0. i7
2
,
)

0. 83

õ
2

-5

2
ì q,

r. ¡Þ
2

0
0
0.44
0
0
0
o.44
0
0
0
0
0
0
0
0
0
0
0
0. 47
0.88
0
0.4
0. 63
0

û
0.28
0. 83
0
0.33
0
0.540.
0. 49
0.76
0
0
0.2
0

0
0
0
0
0
0.33
0
0. 48
0
0

0.5I
0. 65
0
0
0
0
0
0.51
0.37
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3,PPLÀ¿DIX II. ì1ORPIi0L0CICAL DATA (conr.)

Sl ce
Scale LeagËh

(s=D)
Scale Wld¡h

(nm)
Scale Color

Score

xx s. d. 8. d. a. d.

1

2
3
l¡

6
.7
Ê

10
L7
72
i1

14
íq

16
'1.,

ao
19
tñ
27
22
?3

ac

¿a

28
29
JU
31
a,

3tt
Jf,

37
JO

43
+4
+J
I+6

47
48
¡r9
<^
51
cô

<î
5¿r

F1

59
60

1.89
2.81
3.05
2.3 6
a o<

2.77
1.LJ

2.32
2.63
t (R

I .¿.O

a a.
2 .97
2.97
2.95
2.3I
a aa
J '1.O

Z.OJ

2.45
2.3

2.7 7

¿. JC
a aa

3.04
z. 3ð

t 1a
t Ê1
c aa
, 1Ê

2.7 I
2.37
t. öo
2.55
a 1a

2 .88

a 1tl

¿. tö

2.77
2"47

.) E1

2.5r+
2.711
2.39

í cq

nRa
2 .67
t. lo

2.8r+
2. 03

7.7
1 .87
2.07
4 11

1.62
7.7I
2.08
¿. UJ
1 .64
1.88

í al
I Ê,4

1 Ã1
1 't,l

, n<

1 .57
i..6

i .93

, nq
I.ÕL

1.49

I çÊ

a < l,

1.43
1.t+-o

I ÊO

a 11

1.46
a.J:
t tq

1.6s
I ôl

1.69
a 1ê

t.Jo
¿. ¿o

2.09
t 1<
t.72
I q't

2.04
, J1

n aa

¿.qô

¿. Y¿

1.64
2 .28
2.64
1

L.1
2.4
t <n

2.56
I rìa
2.3
¿ . os

2.6
!.zo
1 . C8
a¡t
,) .t

¿.tó
'l 1t

!.24
1.04

2.32

1.94

1.19
I 1')

2.64
z. o+

2 .44

1 1a
t qÊ

2 .6\
) q)

t oÂ

2 .92

l. f,Þ

l. f o
') ')

¿.Ö
1
)A

2 .32
¿ - ¿o
2.52, (^

o.27
0.231
0.263
0.352
0,33
rì ,aa
c.132
0. 167 .

0.243
0.20s
^ 

ìrÌ.Ê
ô I aa

0.243
0.25
0.255

0.!27
ô t<<

^ 
t 

^.)
0.316
n t 1,t
n I ôa

0.139
ù.0806
C.|¿:ll
n îÂf) -

0.442
ñ a<)

0.152

0.184
0.20G

0 . 0 97 5

0.178

c.0978
u.o?07
ñ a aa

^ 
a 

^.)
0.191.

0.298

0.216
n 1?l

0.162

rl { nq
v . L:¿

0.3 26
0.152
0.C1:r4
n l ll

0.222
o.243
0.115

o.247
0.296
0.273
0.179
0.268
n tqÊ

0,121
1\ 't'a.'f
0.268
, 1a

0.251
ñ t<
u. ¿ÈrÒ
n I ô?

0.253
0. 28I
0.14
0,19
U.iDO
0 .227
o.t7 5

0.0984
0.1r+t+

^ 
l qq

n ,Ê?
0 .2t4

0.105
c.132
n I ?r

^ 
I qt

0.278
0.1s
n I âa

u.fc
u. z ¿y
o .177
0.296
n ,qr
D.774

0.0966
ñ I q/)

0 .217
^ 

l la

c. 2 57
î )a a
nl

ô a'r)
u. ¿Q

/tE
ô ql .

o.277
ô. Ala
0.542
0.49
n
ôq
nç
n <.f

Íì A qr

0.408

0. 5+ 5
ô<
0.¡+53

0,1+08
0,707
0.r+3c
0.332
c.43 5

ú. 5A 5

u.:,J.i
0.473

0.374
0.332
0

0.49
0.49
v.l 05

^ 
q n7

0.436
0.476
ô q ñ?

0. t+ 
-o

n <l
ô |i ñ7

ô ql
ô q ô?

0.332

ô ç n7

0 . 5 07
0. -o57.
0. 4 08
tì

n <l
c.453
n q{

ñ ( n?



t,

zL2

APPE¡{DIX III. SCTENTIFIC NA}ES OF BIRDS LISTED IN TABLES
VIII AITD IX. THE SEQUENCE A_¡iD ¡IOIÍENCLATIIRE
FOLLOI{ TIIE A.O.U. CHECKIIST (5th EDITION)
AS APPLIED BY @DFREY (1966) 

"

I.Iestern grebe Aeehnorpvørua occid¿nta,LLs (Larurence)

Pied-billed grebe PodiLyntbus podieeps (Linnaeus)

American bittern Botaurts Lentiginosus (nackett)

lfallard Anas pLatyz,hynehos Linnaeus

Gadwall Anøs strepera Linnaeus

Pínta1l Anas aeuta Linnaeus

Blue-wínged teal Anøs disco:rs Linnaeus

American widgeon Mayeea øneri.cana (GmeLLn)

Shoveler SpatuLa eLypeata (Linnaeus)

Redhead Aythya ønez,ícana (EyÈon)

Canvasback Aytha ualisiney"ia (I.Iilson)

Lesser scaup Agtha affínis (Eyton)

Ruddy duck 2ryu?a jamaíeensis (G¡relin)

Sora raÍl Porzarla. earoLina (Linnaeus)

American cooË luLica anerieayza Grnelin

I(illdeer Charadz-ius uoeífe'tas Linnaeus

Forsterts Ëern Sterna foz,ster| NutËall

Black tern ChLidønías niger, (Linnaeus)

Lorrg-bi1led marsh ç¡ren ?eLmatodytes paLustt"is (I,Iílson)

Short-billed marsh !¡ren Cistothonus platensis (Latharn)

Yellov¡-headed blackbird XanthoeephaLus æøtthocepiøLus (Bonaparte)

Red-winged blackbird AgeLaius p'|zoenicetæ (Linnaeus)
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APPENDIX IV. CITATION OF HERBARIUM SPECII'ÍENS EXA}ÍINED.

A. Specimens of ^9. acutus

(University of Manitoba)7695, 7696, 7700, 7698, 11f45, 7697,
7699, 7685, 7687, 7692, 7693, 7694, 769L, 7686, 7688, 7689, 7690,2L626,
IlL4, 1148, 1149; (National Museúm of Canada)261496, 254855, 28948,
28949, 29465, 29465, 29468, 29466, 29469, 29470, 2947L, 29472, 29473,
29474, 29476, 29477, 29478, 29479, 29480, 2948L, 28950, t2423T, 28951,
28947, 2946I, 29460, 29458, 29459,29457, 29456, 28945, 32598, 320710,
3t7L52, 310146, 30479L, 30047, 286658, 2560t6, 231242, 23L244, 231243,
230474, 22L248, 22t245, 29455, 29456, 28943, 28942, 2894L, 28940, 28939,
305832, 305831, 305829, Lr657O, LL657L, 231245, 22L244, 221246, 221247,
22t243, 29453, 29454, 29452, 29649, 28935, 28936, 28938, 28937, 28934,
28933, 29643, 2945L, 29448, 29450, 29446, 29930, 2893r, 239920, 28932,
28929, 29444, 29445

P, Specímens of ,S. uaLidus

(University of Manitoba)6566, 2814L, 2788L, 26549, 26506,
26039, 25350, 2L7l,3, 25\38, 2!7Ut, 2!7L5, 2!7A9, 2!708, 2L707, 2!706,
ZI7IO, 2I7LL, 24239, 2L639 1148, L149, 2L640, 2L638; (National Museum
of Canada)29703L,165418, I654L9, L65420, 333703,L6542!, 2f4005, 165422,
254849,165423, 165424, 29697, 29698, 29695, 283010, 29694, 29693,
275246, 268026, 29696, 29686, 29687, 263885, 2969r, L24224, 29690,
29688, 29689, 29685, 29684,310785, 29464, 29463, 29675, 196303, 2250L9,
2968L, 29682, 29683, 29679, 29680, 29678, 281161, 309884, 309883,
203962, 203961, 29674, 29673, 2967L, 29672, 209288, 209287, 155403,
L55402, 1I3510, 113508, 113507, 113506, 113505, 113504, 201587,
20i586, 113503, I13502, '¿06275, 2L6930, L242r5, 29670, 29669, 29668,
203455, 29667, 254030, 231697, 231698, 23t699, LL65B2, 116575, 116576,
Lr6577, LL657B, 116579, 1i6580, i16581, 1t6583, 325294, 325292,
3i8993, 3r7r57, 316527, 304798, 300481, 300482, 286673, 286675, 259871,
242146, 227LBr, 22BL4O, 228739, 225777, 325970, L96922, L2423O, 29666,
29665, 29664, 29663, 29662, 2966r, 29660, 29659, 29658, 29657, 29656,
29655, 29653, 323390, 323638, 32LL9B, 32L222, 32L205, 3L8974, 302385,
302386, 277026, 29650, 29652, 2t3220, 22L24L, 2644L6, 2965L, L52553,
29642, 240180, 29648, 29647, 29644, 29645, 29646, 2LL40r, 29447, 2964L


