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This thesis is d.edicated to all those,
who j-n the course of their research on living creatures,
have d-eliberately avoid.ed. inflicting senseless cruelty
or the wasteful taking of the lives of their subjects

if other perhaps rnore round.about and_ ti-me-consuming method_s

of gaining conparable information could. be found..

f,et us speak out against the atrocj-ties
that all too often are comrnitted. in the name of research

by heartless people.
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Countless are the things thou hast mad-e, 0 lord..

Thou hast mad-e all by thy wisdom;

And. the earth is full of the fruits of thy creation.

Psalms, 104224
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Seven sandhill cranes

Seven santlhill cranes,

Suspend.ed- in a broad. expanse of pa1lid. sky'

hrere flying southward.s, fleeing from the autumn rains
AntL growing winds that bent the yellow grass. Their cry
In sudden sorror¡r burst upon the narsh; the strains
Ïfere harsh and. strangely moving, fad-ing to a sigh

And. softly dying, d.isappearing' now

Horlzon-bound. with seven sandhill cranes.

Seven sandhill cranes

Had. come and- swiftly vanished. in the sky's embrace,

their ca1ls unanswered. from the stillness of the plains
That 1ay stretched. out below, where all prepared- to face

The coming winter; some to starve among the canes

0f rustling reed. and. cattaÍ-l, some without a trace
To fall as prey, and. some to greet again

The beating wings of seven sandhill cranes.

Eva Pip Í./??
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AsSTFACT

In the first portion of this study, a small nunber of

aquatic plant-snail associ-ations were examined. quantitatively with

ti-ne. During 1.iine 1972 season, three sites in the Delta Marsh on the

southern shore of Lake Manitoba were sampled. perÍ-otLically by Ekman

dred.ge. The results showed. that many species of molluscs tend.ed. to

occur significantly nore frequently in vegetated. than in bare areas

and. that some tend.ed. to occur in stands of particular macrophytes at

certain times of the season. the two major associations consisted. of

Physa gyrina and þ!g49gþg peqtinartus, and. Lymnaea stagnalis and. P.

,richaTdson+i.

During Line 1-973 season the subnerged. communities at four sitest

inclucLing one outsid.e the Delta Marsh, lrere sampled. quantitatively

with a nod.ified. rnacrophyte sampler. The results showed. that the two

major associations were real in terms of snail numbers and- bionass per

unÍ-t plant dry weight and- surface area. The mean numbers of snails per

plant unit showed. peaks which occu:red. during period.s of active growth

of the host plants and. at these tines d.ifferential d.istributions were

generally most pronounced.. The peaks consisted largely of newly hatched.

young and. times of reproduction and. hatching appeared. to be synchronized-

with the growth of the preferred. host plants. The two associations were

mutually ind"epend.ent but the anounL of grazing sustained. by the plants

at d-ifferent times appeared. to be related. to the total numbers of

gastropods present on the plants.

During LLre 1]74 season sanpling was repeated- at two of the
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four sites, with similar results d.espite altered. environnental

cond.i-tions. the timing of the associations could, not be correlated.

with any of the monitored. envi-rorunental parameters.

Plant material was examined. for total soluble carbohydrate,

total titratable acid.s, total extractable protein and" carotenes, but

only total soluble carbohydrates appeared- to be related- to the tinring

of the association peaks, at least for P_. gyrina. During a large part

of the season, P. pec.tina,tus contained. greater concentrations of

fnrctose and. glucose than d.id- Pj richard.sonii, which contained. greater

proportions of sucrose. This suggested. a possible mechanism for

inception of cLifferential snail d.istributions¡ since aquatic pulmonates

are capable of d-istinguishing between d-ifferent suga^lrs. Reproduction

in the snails followed. high sugar levels in the host plants, suggesting

that regulation by plants of the population d.ynanics of theiT gîazers

nay operate through a conplex physÍ.ological mechanism. The young hatch

when sugar levels in the plants are again high and. their survival is
enhanced.. Differential d.istributions of snails med.iated. by specific

aLLracLants have the advantage of reducing Í-nterspecific competition

for food- and- space.

ïn the second. part of this stud.y, a sutî\rey of subnerged.

plants and. gastropod.s was carried. out at 305 sites in southern Manitoba

and. its peripheral regions. Several nel4i,record.s for plants in Manitoba

were established.. Chi-square analysis showed- that characteristic plant

communities and.'snail conmunities tend.ed- to occur in the region. At

least 161 significant positive and, JL negati-ve tend.encies for plant

and- gastropod. species to occur jointly were found., sone of which could.

not be explained. on the basis of net similaritj-es or d.j-ssinilarities
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in preferences for the nonitored. environmental variables. This

suggested- that the potential for d.ifferent plant-snail associations

was quite gteaL, especially since many species showed_ multiple

significant tend.encies for joint occurrence. Such plasticity regard.ing

possible alternate food. sources may be important in the survival of

gastropod.s. However the particular combination of associati-ons

operative within a given site i-s probably d.ependent upon a complex

a,rray of poorly und.erstood- factors.
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Introduction

Submerged- plant conmunities are anong the most conspicuous

features of aquatic ecosystems. To the casual observer, extensj-ve

submerged- plant stands are striking in their apparent hornogeneity

and in the d.iversity of the organisms they support. Because submerged.

corununities are d.epend.ent upon a variety of elusive physical factors'

nany of which are unknown to their terrestrial counterparts, their

stability presents a problem of unique complexity. Their rapid- and.

often profuse growth fluctuates unpredictably from year to year, while

accompanied. by e:=atic changes in species composition, productivity

and. d-istribution, and- reflects the sensitivity and" precarÍ-ousness of

the relationshi-ps of subnerged. communities with the physicochenical

environment and- other biotic conponents therein.

Submerged. macrophyte communities are important but usually

1itt1e-stud-ied- components of aquatic ecosystems. Their cListribution

is influenced. to a large extent by light' substrate composition and.

water quality and movement (e.g. Spence, 196?, l9?2). În turn, they

motl-ify these factors by intercepting light and. enriching the substrate

with organic materials. They motLify water quali-ty through the uptake

and. release of nutrients and-, through the fund.amental processes of

photosynthesis, they alter the balance of d-issolved. gases, and.

concomitantly the pH of the med-i-um, which in turn regulate many other

physicochemical processes within the limnosphere. Submerged. plant

stand.s provid.e pockets of resistance where cu:rents are encouraged.

to drop their sediment Ioad.s, red.ucing turbid"ity and. enhancing nutrient

accumulation in the iruned.iate areas of the stands.

i:;:. -:. ' l
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Submerged. macrophyte stand.s are perhaps most remarkable in

the uniqueness of the assemblages of other organisns that coexist in

association with them, The vascular plants and. bryophytes that comprise

submerged stand.s provid.e a base for a large variety of nicro- and.

nacro-organisns that complete all or part of their life cycles i-n the

ephemeral shelter of seasonal generations of plant shoots. The plants

greatly influence the organisms in the med-ium around. them, assailS-ng

them constantly with a chaos of metabolites. these organisms may be

d.ivid-ed. on various leveIs into characteristic, often overlapping

comnunities, each of which is ultinately d-epend.ent upon the macrophytes

for its existence.

0f the com¡nunities found. within submerged macrophyte stand.s,

the nost specialized are the biocoenoses of the Aufwuchs. This term

d-efines the complex collection of organisms that are attached. to,

but d-o not penetrate into, the substrate, as well as any free-living

forms associated. with the sessile forms (Ruttner, fgfi). The tern

periphyton, in contrast, defines only the sessile forms. The Aufwuchs

communities of macrophytes occupy singularly specialized. ecologieal

positions because:

1. Although they are influenced. by the external med.ium, they

exist in d-irect interface with living plant tissue and are

therefore highly 1ike1y to be influenced by its metabolites'

and.

2. They exist on an impermanent substratum which itself

und.ergoes growth and. senescence, requiring of the Aufwuchs,

i'j.:':.r:¡i
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rapid- Srowth and. transitory successional stages that never

culminate in stability.

The organisms which normally conprise the Aufwuchs are

bacteria, nonparasitic fungi, d.iatons, green and. bluegreen a1gae,

protozoans, sponges, bryozoans, nefltatod.es, arthropod.s and. rnolluscs,

and- successful coexistence of such d.iverse forns in close association
must, of necessity, entail varying ty¡res and- d-egrees of ord.ered-

interaction with each other and. the living substrate.

Stud-y of such interactions on an integrated- scale is d.iffÍcult
because of the d-iversity of organisms and- the complexity of infl-uencing
factors, while isolation of ind.ividual minority species is often not
practical nor realistic in view of the intricacy of the systen within
which such species normally funetion. on the other hand_, majority
species exert collective effects on the system which are nore easily
observed-, although the eomplexity of the systen nevertheless cannot be

d-iscounted.. rn terrns of bi-omass, the most prominent heterotrophs of
the Aufwuchs of macrophyte cornmunities are the nacroinvertebrates, of
r¡hich aquatic molluscs are especially important because of their large
size, mobility and. complex behavior. Their central position in aquatic
food- chains provid-es a continuity with organisms outsid.e the Aufwuchs,

such as fish, amphibians, waterfowl and. mammals (".g, chura, L96r;
Dirschl, r969i Bartonek and- Hickey, 1969, Eddy, L9T6) which comprÍ_se

yet other levels of conmunity organization that d.epend_ both d.irectly
and- ind-irectly upon the macrophytes. Thus, knowled.ge of the biolog¡r of
molluscs is important i-n wiIùlife nanagenent and_ Í-n physi_ological and.

med-ical d.isciplines where molluscs are used. in studies of pathological
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processes and- where they serve as natural vectors of trematod.es

that infect a large variety of animals includ-ing man (".g. Ivlaclnni-s

et aI, 1974). An improved. und.erstand.ing of plant-snail associations

would- provid.e insight into the mechanisms operative within, and-

structure of, some of the most basic components of aquatic comrnunities,

both present and. past (e.g. Harris and- Pip, I)12),

The present stud-y was carried out with two fund-amental

objectives;

1. To conduct a quantitative stud.y of plant-snail interactions

at a slnall number of selected" sites i-n ord.er to observe

their flux with tine, i.e. in space-1imited., tine-unlimited-

observation.

2. Conversely, to conduct a qualitative study of plant-snail

association potentials at rnany sites at a single point in

time, i.e. in space-unlimited.r time-limited. observation.

Accord.ingly the present work has been d.ivid.ed- into two parts, each

d-ealing with one of these basic objecti-ves.

i 'i:j



PART T

A QUANTITATTVE STUDY

TTIE DYNAI{ICS 0F TtIo AQUATTC

PLANT-SNAIT, ÀSSO CIATIONS



SECÎION f;

Season r (r9?2)



I. Objectives

Secause molluscs comprise a significant component of the : .:.

Aufwuchs of macrophytes, thelr presence implies, or rather necessitates,

some interaction with the host plants. An approach to the problem of

plant-snail interactions must begin with a clarification of the d-egree ,,, ,i,,,,

of passivity or rand.omness such a system possesses, i.e.; i'.::r':

i, . ..,.'.,'1. Can the d.istributions of molluscs in various macrophyte stands ;; ::

and. in other avaiLable habitats within the same r^rater bod-y be

explained. on the basis of chance alone?

2, I-f not due to chance alone, can they be erplaÍned_ on the basis

of selection for physical factors?

3. T-f not due to physical factors alone , are they possibly d.ue to 
:

active biotic interaction with the macrophytes? i

.

The initial aim of the first season's work was to ad.dress the stud.y to

the first two questions, i.e. to d.etermine whether signifi_cant 
i:,:,:,..::d.ifferential d.istri-butions of mol-luscs existed. in space and. time within ,:,:,:.,::::

the same water bod.y with respect tol ',';:,,"','
.:r: -:j-:::

1. areas occupied. by submerged- vegetation as opposed. to bare aïeas,

2. areas occupied- by d.ifferent macrophyte stand_s, and.

]. areas showing d.ifferences in selected- physical parameters. 
¡:,¡¡;,¡.:.
11,¡:¡.1,; 

r- t

the problem l.ras approachecl- in three ways!

1. Using bottom sampling, d-ensities and- size class d-istribution

patterns of live molluscs were conpared-¡ a) among samples
:

from bare areas and. those containing various macrophytes, and. 
r,,rij!.Ì::::
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b) with temporal fluctuations in temperature and- water chemistry.

2. Using bottom sampli-ng, d.ensities and size class d.istributi-on

patterns of d-ead- she11s were compared among sanples fron bare

areas and. those containing various macrophytes'

3. Direct observations of live snails were mad.e on various

macrophytes ind.epend-ently of the bottom samplÌ-ng'

II. Literature review

F.C. Baker (fgtt, 1928) was one of the first workers to

reeognize, on a qualitative basis, the inportance of aquatie nacrophytes

in the ecolog-y of various gastropods, but Krecker (tglÐ was the first

to suggest that d.ensity d.ifferences of gastropods nay be due to the

plants wi-th which they are associated, and- the first to attempt to

relate quantitatively the subnerged nacrophytes and- macroinvertebrates.

He colLected- ind-ividual plant shoots by hand- from a site in western

T¡ake Erie and. counted. the numbers of aninals that remained- on the

plants. ComparÍ-sons were based on the numbers of animals per unit of

linear stem length. Since the tLifferent macrophyte species showed

varying d-egrees of branching, and. leaf size, number and. dissection'

and- since the amounts of faunal loss were unknown, the results were

not truly quantitative.

Rosine çtlSÐ found. that the variety and- abund-ance of the

aquatic flora in Muskee Ïrake, Colorad-o were correlated- with those of

the associated. fauna, and. that seasonal variations occurred- in the

d-istributions of animals over given areas of plant surfaces. Samples

were obtained. by lowering a d-ip net over an incLividual plant shoot

to minimize escape of the macrofauna and. breaking off the sten near

t: .-, tri .: t. ...11

: .¡r::: l::_:::i
r:' :::.:: :l-ti:



9

the substrate Ievel. Results r^rere expressed. in terms of the numbers of

animals per unit host plant surface area,

PeLr (t968) found that quantitative changes in the bionass of

animals, based- on numbers per unit host plant d-:ry weight, in volta Lake,

Ghana were elosely related. to the season and- that sone molluscs appeared.

to show preferences for certain types of plants. In this stud.y, floating
vegetation was sanpled- by inserting a bucket into the water und-erneath

the plants and. lifting them out together with the bucket; submerged.

nacrophytes were sampled. by setting a wire frame on the botton and.

collecting the enclosed. shoots by hand-. However both method.s involved.

unknown amounts of loss of animals from the plants.

rn L970, Decosker and. Persoone found. that seasonal d.ensity

d-j-fferences in gastropods existed- in a Belgian swamp corununity and_

that the snails appeared. to show preferences for some ¡nacrophytes at

certain tines of the season. Sampling was carried. out by hand.-collecting

ind-ividual plant shoots and. packing them into liter jars; the plants

enclosed. in this volume provid-ed. the basis for conparison of the

nunbers of gastropod.s that remained. attached. to the plants after

collection. However these results were not truly quantitative because

the d.egree of packi-ng varied- with the species and. the method. of

collection was attend.ed- by unknown amounts of loss of snails from the

plants. Bownik (tgZo) attenpted. a plant-snaiL association study in
Mikolajskie Lake, Foland, with inconclusive results. Korinkova (lr97]-)

attempted. to relate the plant-snail components of a Rumanian pond_

conmunity, but the sampling apparatus was not d.escribed-. rn southern

Manitoba, a number of sites were stud.ied. using bottom sanrpling (pip ana

Paulishyn, Lg?l) but snail density could not be related quantitatively
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to the macrophytes because the benthos could- not be separated- frorn the

snails originally present on the plants, and. because sampling involved-

unknown amounts of loss.

Calow (tgZÐ conducted- a semiquantitative stud.y of several

comnunities within a single water bod.y in Yorkshire. This work

suggested- that some d.istributional- d.ifferences of molluscs existed-

with respect to the d.ifferent plant stands examined-, but these could-

not be quantified. beyond. a conpari-son based- on relative abund.ance nor

could- they be related quantitatively to the host vegetation. Bishop

and Bishop çtOZÐ conducted- a study of the animals associated r¡ith

marine macrophytic algae; sanpling was carried- out by placing large

plastic bags over ind.ividual plants and. severing the stems (cf. Rosine,

f95Ð. These workers found. that d.istribritional d.ifferences of marine

gastropods appeaïed. to be related. to the host species. Orth çtlZl)
sanpled. eelgrass (Zorstsra ma-rina L. ) communities i-n Chesapeake Bay

using a coring d.evj-ce and- found- that the d.ensity of macroi-nvertebrates

in stand.s of this vascular plant was higher than that observed- in any

other benthic habitat.

Voigts (lgZ9 related- the marsh plants of four aquatic prairie

corununities in Iowa to abund.ance of invertebrates by estimating the

plant cover in a series of rand.omly placed- quadrats along a permanent

transect, and- sampling the invertebrates by d.ip net along the transect.

This seniquantitative approach showed- that little seasonal change in

snai-I d.ensity occurred except in areas of d-ense submerged and. free-

floating vegetation, where snail nunbers increased- greatly as

vegetation cover increased..

:1,/:.1-i...- -ì

Verhoeven (I9? Ð conducted- qualitative observations. of the
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macrofauna associated. with submerged- rnacrophyte conmunities in the

Canargue, France, by collecting by hand- and- d-ip net, and. found. that

soine species of molluscs appeared. to be associated. with the ¡nacrophytes.

lévêque (f9?Ð hand--co11ected. macrophytes from several sites in Lake

Chad.' Ivory Coast, and- found. that variatlons in snail abund.ance, based.

on numbers per unit plant d-ry weight, could- not be co:related. with the

nain ecological (physical) factors of the Iake. Lacoursière et al
(Df Ð hand--co11ected. plant shoots in Quebec and counted. the numbers

of snails that persisted. on the shoots; they found- no affinities for

vegetation among prosobranch molluscs, while pulmonates tend_ed. to

occur largely on emergent plants. Sankurathri and. Holnes (tgZ6)

hand.-collected- submerged. macrophyte shoots in LaJ<e lfabamun, Alberta;

these workers found. that the temporal d.istributions of snails appeared.

to be related. to growth of the host macrophytes.

IIï. Description of the study areas

During t,he 1-972 season, three stud.y sites were selected. on

the southern shore of Lake Manitoba in the Delta Marsh (50o11,N,

g8o23tw) (r'ie. 1) which covers an area of approximately t5,0OO hectares t;::t'l;=:;;;

and. se:rres as the main d.iseharge area for the region bound.ed. on the ',l,lt,"t,l-,,lt,l:'t,,t,,,.,,,',1i,'-,,

south by the Assiniboine River and on the north by Lake Manitoba

(Meyboom, 11962). The und-erlying d.eposits of the marsh are composed of

glacial till (Ehrlich et at, r95?) covered. with a layer of partially ;1,r,:,.;;;;,7,,.

d"ecomposed. organic materials of varying thickness. The physiography

and- vegetation of the marsh have been d.ealt with in d_etaiI by

trfalker (tgøÐ, and Phillips (lgZ6) has d.escribed- the clj.mate of the

region.
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Figure 1. Location of sites I, 2, 3, J and 6 in the Delta Marsh

on the southern shore of l,ake Manitoba. Site 4 was

located. outsid.e of the Delta Marsh.

'ì i.;. i
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the sites selected. had- the following features¡

Subnerged- macrophyte stands were well established", permanently

submerged-, and- subject to little d.irect human interference.

The sites represented- d.ifferent basin origins and. structures,

as well as d.ifferent d.egrees of exposure.

The sites were accessible in all types of weather.

A. Site 1

Site f (f ie. 2J, p,L1-2) consisted. of an T,-shaped. roadsid-e

d-itch with an approximate surface area of 1400 ,3, Ao.uloed. imned-iately

southeast of the University tr'ield. Station build.ings. It originated- as

an artificial excavation for road d.rainage and- was a closed- systen

except during period-s of high water when it connected. with an

ad-jacent ditch by neans of a screened- culvert und.erneath the road- at

the western end. of the d.itch. Maximum water d.epth during nidsummer was

approximately 1 m. The bottom consisted of a fine organic silt with a

clay base containing a sma11 proportion of sand-. the site was well

sheltered. from wind-, resulting in pronounced. vertical- thermal grad.ients

throughout much of the growing season.

The northern arm of the d.itch was occuBied. by d-ense stands

of Potanogeton pectinatus L., interspersed- with Ceratophyllun demersum

T,. The western arm was occupied. by mosaic stands of Potamogeton

richard.sonii (nenn.) ny¿t. and. Myriophyllum exalbescens Fern. An

interaction zone was present between the two types of stand.s at the

bend. of the d.itch and- consisted. of a largely bare area colonized- passim

by isolated. individuals of all four species. The sparse floating

1.

2,

3.

vegetation consisted. of Lemna trisulca L. which was limited. to the
i-.:;¡:-;:;::r;:, i.,"i
:..:'.',{a,:|': . ]1''íi::
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zone of emergent vegetation. The latter zone was cornposed- of

comnuniti-es dominated. by T¡¡pha latifolia L. , Phragrnites coJununSs Trin.

and- @ atherodes Spreng.

The molluscan fauna at site I was d.iverse and. reflected. a

well established community. Sponges (Spongillidae) weïe seasonally

cornmon on submerged. objects and" on d.ecaying vegetation. 0ligochaetes

occu:red- infrequently in the bottom sed.iments, while leeches (ttiruainea) ,

includ-ing the snailivorous Helobd.ella stagnalls I. , were excessÍ-vely

abundant. Cnrstaceans and. insects were also abundant: chi-rononid-,

od.onatan and d.iptetan lartrae were present during most of the growing

season and. trichopteran larval cases were frequently found- attached-

to the plants. Smal1 fishes, particularly sticklebacks, were abundant

withln the submerged macrophyte stands. Various d-evelopmental stages of

leopard- frogs (nana pipieqs Schreber) were also abund.ant and- the d.itch

was used- frequently by waterfowl and. muskrats (Q¡¿atra zibethica L,).

Trenatod.e cercariae were seasonally very abundant.

13. Site 5-

Site 5 consisted. of a 900 ,3 
^="^ 

(30 * 30 m) at the

northeastern end- of Crescent Pond., r,rhich was located. 1.6 km west of

the University Field. Station buildings (fie. 1). Crescent ?ond. was a

remnant of a natural narsh drainage channel which no longer had. surface

connections with either the lake or the present surface drainage systen;

its maximum total surface area was approximately 8.6 hectares. The

bottom sed.iments consisted- of a fine silt overlain by a thick layer

1 Sit"" 2, J and,4 appear in Section II.
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of partÍ-a11y d-ecornposed- organic matter. The site was well exposed_ to

wind., and. vertical thernal grad.Í-ents existed- only during period.s of calm

weather. Maximum seasonal d.epth within the sampling area was 0,75 m,

Crescent Pond. exhibited- drarnatic fluctuations in the

composS-tion of the submerged- macrophyte stands from year to year.

Ðuring ülne 1972 season it was occupied. by honogeneous stands of

Myri.ophyllum exalbescens, bord.ered. passin by clumps of Potjr.mogeton

pectinatus in shallower areas; however the latter was rare within the

sanpli-ng area. The d.ense emergent corununities that completely enclrcled.

Crescent Pond- were d.ominated. by 4ypla latifolia, Phragrnites communis

and- Scirpus agutus Muhl.

The molluscan fauna at site J was slightly less d.iverse than

Lh;aL aL site 1, but far more abundant. Other invertebrate groups were

less abund¡.nt than at site 1. Frogs i,¡ere less cornmon and. fishes were

not observed- at all. The site was used- extensively by waterfowl.

C. Site 6

Site 6 consisted of a 10,000 m2 (fOO x lOO n) area of the

southern lakeshore of LaJce Manitoba, located. northwest of the University

Field- Stati-on build.ings (¡'ig. f). fne site was exposed. to strong wind

and- wave acti-on; naximum seasonal d.epth of the sampling area was 1 m.

The bottom sed.iments were composed- of a layer of sand. of uneven

thickness overlying a e1;ay base.

The sanpling area contained_ d.iscrete stands of Potamogeton

pectinatus which occu:red. in clay pockets within a largely bare area of

sand-. A Chara sp. occurred. sporad.ically in the arrea, while potamqgetqn
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richardso.nii and. Mrriophyllum exalbescens were extremely raïe.

The molluscan fauna at site 6 was highly diversified but

sparsely d.istributed.. conchostracans and. other crustaceans weïe

cornmon. the area was characterized. by a d.iverse fish fauna and.

received. rnod.erate use by waterfowl.

lil.,:".:
L:j.ì -.: Ì.: :
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During the May to August, L972 season' sites 1, J and 6 were

each vlsited. at approximately two week intervals. The d.ates on which

each site was sannpled. are gi-ven in Table I. The sequence in which the

sites were visited. during any sampling period. was determined. by

weather cond-itions.

I. Environmental neasurements

A. 'lrlater chemistry

A surface water sample was collected- at each site in the

early afternoon and- was frozen within one hour of collection. The

sample vqas thawed, I-Z d.ays later and was analyzed- aceord-ing to method.s

recommend-ed- by the American Public HeâLth Association (f97f).

Total filtrable residue luas d.etermíned. by filteri-ng a known

volume (fOO nf) of the sample through a single layer of trfhat¡nan No. 1

filter paper und-er suction, and- evaporating the filtrate at 105 C.

Total alkalinity was estinated. by titration with 0.02N H2S0þ to the

second. endpoint of phenolphthaleín at pH 4,2, using a pH neter. Accuracy

fe1l within * 2 ng/t CaCOr. Chloride was d-eterminetL by titration of a

1OO;1 v/v mixture of sample water and. KrCrO4 solutíon (50 SKrCfrr/IiLer

aq.with0.0141NAsN0,ad-d.ed.unti1precipitateforms,1etstand.12hours

then filter under suction) with 0.0141N Agt{03 to a pi-nkish endpoint. :'t""'

Accuracy of this rnethod. ranged- from * L-4 ng/Li the larger erroïs

resulted- from observer d.iscrepancies due to the subjective nature of

assessing d_egree of pinkness, especially in saline samples. 
iÈi:r
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TASLE ï. Dates of sanpling times

1972 season.

for sites I, J and,6 during the

Sarnpling time site 1 site 5 site 6

NIay 17

IuIay 29

June lJ

June 28

JuLy 12

Juty 24

August p

August 21

May 18

May 3L

June 14

June 26

July 11

JuIy 2J

August B

AugasL 22

May 19

May l0

June 12

June 27

July 10

July 26

August 10

August 2J
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Sulphate was estimated. using a turbid.inetric method-¡ a 20¿L

v/v proportion of sample water and a cond.iti-oning reagent (50 mI

glycerol, 30 mI conc. HCl, 3OO ml d.ist. H29, 100 nl 95% ethanol,

fJ g NaCl) was swirled. for 60 second"s with excess Baclr. Optical

d-ensity was determined- aL l+20 nm in a I cm light path in a spectro-

photometer aL 30 second intervals during the subsequent 4 minutes. The

maxinum value observed- d¿ring this tine was used to compute the

concentration from a ealibration curve. The blank consisted. only of

the water sample and. conditioning reagent. This nethod. was found- to be

accurate to within t ng/t.

Estimates of total nitrate and. nitrite were nad-e by measuring

the optical d.ensity of a 5OzL vfv mixture of sanple water and- lN HCl

al 220 and,2?5 nm in a spectrophotometer, Distilfed water was used' in

place of the unknown for the blank. Twice the readjng at 275 nmwas

subtracted. from the read-ing at 220 nm and- the d-ifference was used- to

calculate the total estinated- concentration from a calibration curve.

The read-ing at 2?5 nn reflected- in large part the amount of interference

from organic matter. The accuracy of this method- was not known, although

it provid.ed read.ings consistent above the 95/" eorÊid"ence level'

Phosphate was estinated. using a molybd.enum-blue reaction;

a 5 nI sanple of water was placed- in a 10 ml volunetric flask; to it

were ad.d.ed- 2 mI Na acetate: acetic acid. buffer (0.02îf : g.lN at pH

¿l.O), 0.5 mI amrnonium molybd.ate (S% 
"q,.) 

solution and- I nl l%

ascorbic acid.. The mixture vras mad.e to volume with d.istilled- water

and- the optical d.ensity was measured. after J minutes at 650 nm in a

spectrophotometer. Distilled- water was used. in place of the unknown
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for the blank. Concentrati-ons were calculated. from a calibration cuïve.

Calciun activity was d.etermined. d.irectly by using a calibrated-

Orion Ionalyzer nod-el 407 witn calcium ion electrod.e mod"el 92-20.

Measurements of surface pH were nad.e in the fieId. with a pH meter.

Dissolved- oxygen concentrations were d-etermined. at mid-d-ay just below

the surface, using a TST 0xygen Meter mod.el- 5I, by means of the

simultaneous calibration nethod-.

3. tight and. temperature measurements

Light and. temperature measurements were mad.e at mid-d.ay using

a calibratetL Griffin environmental conparatoy (S5t-?tZ), 
^ field-

lisht probe (SSt-Zß/o?4) and. a thermistor probe (SS:-Z:8/oAz), The

fieId. lieht probe contained" a cadmium sulphid-e light ceIl which was

relatively more sensitive to longer wavelengths. Read.ings of light

intensity and. temperature were mad"e aL 0.25 rn d.epth intervals.

II. Biotic sarrpling

A. Bottom sampling

Bottom sanpling at the three sites was carried. out frorn a

s¡nal1 boat, using a IJ x 15 x 15 cm Eknan dredge with du1Ied. jaws to

ninimize cutting of the plant shoots. Sanpling points were located.

by tossing the dred.ge into the water at scattered. points throughout

each site. The dred-ge yield.ed. sed-iment samples from sites 1and. J

which were approximately ?,5 en d-eep, while samples from site 6 were

shallower because of the predominantly sand.y substrate. The sanples

contained. the rooted. shoots encompassed. by the area of the dred.ge,

._... :- .r.: ,. i..

'- -a.:...t
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the snails present in or on the substrate and. a proportion of the

snails attached- to the plants.

After allowing excess water to drain, samples fron si-tes 1

and, J were subsanpled. in ord.er to reduce their size, using a coring

d.evice. Subsamples consisted- of the bottom substrate enclosed. within

a cross-sectional area of 28.5 cr? and. a volume of 590 n1, i.e.

34,%" of the origi-nal sanple cross-sectional area and. volume, respec+

tively. Any nacrophyte shoot, all or part of whi-ch was includ-ed. in

the subsample, was treated. as part of the subsample. This subsanple

size, d.etermined- from an area-species curve, r^ras sti1l large enough

to contain the nacrophyte and mollusc species present in the original

sample. Ekman samples fron site 6 were not subsampled. because of the

sma1l numbers of nolluscs that were present.

The sanples or subsamples were fiLtered. in the field- through

1 mm nesh sieves to reduce their volume, sealed- in plastic bags and.

stored. at 4 C until processing. The latter, completed- prior to the

next sampling time, consÍ-sted. of filtering the samples und.er a jet

of water through 1 m¡n mesh sieves and. sorting the materlal by hand..

Molluscs below 1 min in size were excluded because they were in

enbryonic stages and. were not read.ily identifiable (fip ana PaulÍ-shyn,

lg?L). The plants present ín the sanples were air-dried- and. weighed.,

and. the length ffas measured- for at least 10 shoots of each species,

if present, prior to drying. Measurements were taken from substrate

level which was jud.ged. fron the position of greening on the stem.

For unbroken live and. d.ead- shells, æcia1 lengfh, or d"iameter in the

case of planorbids, was measured- to the nearest 0.5 mm using Vernier
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calipers. The pïesence of land- sheIls in the samples Ïtas record-ed- to

provid.e an index for assessing passive redistribution of d.ead- shelIs.

Live snails were returned to the field-.

Twenty Ekman samples were taken during each sanpling time at

site 1. At site 5, 20 samples were collected. on each sampling d-ay

until tine 5, after which only 15 were taken because of the greatly

increasing numbers of snails. At site 6, Z5 sanples were collected-

on each sampling d"aY.

The efficiency of Ekman sampling was tested. with respect to

both the vegetation and- the nolluscs as outlined- below'

a. Vegetation

Cover was estimated. for submerged. nracrophytes during July at

site 5, since this was the only site where the water was clear enough

to provid-e a good. view of the bottom for all samples. Cover estinates

were mad.e using a mod.ification of a line-Ì-ntercept procedure' A

reflecting rule, O.5 m long ancL calibrated- in 1 cm uni-ts' was tossed-

into the water and- the number of units covered by vegetation was

noted- (fig. 2). Tfre rule was removed- and. an Ekman sample was collected-

at the same point. The substrate sanples were subsampled. and- treated.

as described. above. A regfession analysis of plant weight on cover

showed significant (p<'.001' n=ZI) positive correlation of these two

variables, suggesting that the subsamplÍ-ng procedure reflected.

rnacrophyte abundance at an acceptable level of constancy.

b. Molluscs

Although there was little loss of moll-uscs present in the

substrate due to enclosure within the dred.ge, a variable amount of

;:':.. _:.!:.::.:.;
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Figure 2. Estimation of subnerged plant cover at site 5

using a calibrated. 0.J m ru1e.



? 'r !-,
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loss of live snails was e:çected- fron the unenclosed. portions of the

plant shoots. Previous workers, although not sampling by Ekman dred-ge,

assumed. that little loss of snails attached. to plants occurs when the

latter aïe removed- fron the water (".S. Krecker, I939i Petr, 1968;

DeCosker and- Persoone, !9?O; Ldvôque, I9?5, LaCoursière et aI, I9?5),

To examine the efficiency of sampling live snails by Ekman dred-ge,

several 50 x 50 cm quadrats were set up in thick vegetation in areas

of site 1 where the water was shallow enough to a11ow for clear

visibility of the bottom. All live snails present on the botton and.

on the plant shoots rooted- within the quadrat were counted.; then tr,ro

15 x 15 cm Ekman grabs were taJ<en fron each quadrat. The material was

treated. as a normal sample except that subsanples were not taken

because only live snai-ls were consid.ered-. The expected_, non-integer

values correlated. well (p ( .01, n=18) with the observed. i-nteger

values for snails recovered- fron the Eknan grabs. The values were

slightly, but not significantly smaller than the expected values,

suggestlng that relatively little loss occurred-.

B. l,ive counts

llhen the subnerged- vegetation began to reach the surface

1n the beginning of June (tinre 3), tive counts of snails present on

d-ifferent macrophyte species were started. at site 1, since this was

the only site where several plant speci-es occu:red. in large numbers,

where snails were found- on the plants in aLl types of weather and_

where lack of turbulence facilitated. obse::r¡ation. visible snail-s

present on d.ifferent macrophytes r¡iere counted. from a small boat
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during midnorning along several transects which ran paralJ-el to the

margins of the d-itch. Results l^rere expressed. as proportions of various

gastropod- specles present on the d.ifferent macrophytes.

:'
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I. Environnental neasurements

A. Ïfater chemistry

Values for pH of surface water at site f (fie. JA) showed- a

stead-y upward- trend. which persisted. throughout the season. At sÍ-te J,

a sharp increase was obserr¡ed. after sanpling time ], followed- by a

d.ecrease at tine J and, again by another increase at ti-me 6, after

which the pH remained. at a very high leveL until the end. of the

sampling season. -A,t site 6 tne surface pH fluetuated- very little

during the season, rising a net total of 0.J pH units frorn tine 3 to

6, Lhen remaining 1evel and. d.ecreasing slightly by time 8.

Since, in natural waters, pH Í-s largely d.eternrined. by

bicarbonate-free carbon d.ioxid.e eoncentrati-ons, it reflects, asid.e

from atnospheri-c d.iffusion, the net rate of carbon fixation within

the system (Ruttner, 1953). The ri-se in pH at sites l and. J was

probably largely biogenic, resulting from photosynthesis by inereasingly

d-ense nacrophyte and. phytoplankton comrmrnities within a closed. systen.

The pH at site 5 d.id. not rise beyond. a value of 10,7 afber time 6;

accord.ing to Ruttner (79fi), pH values higher than LI cannot be

reached. und-er normal cond-itions because calcium carbonate precipitates

before the hydroxid.e concentration, which results frorn d.ecomposition

of bicarbonate, reaches a higher 1eve1, and- also because photosynthesis

may be inhibited- by high pH. At site 6, macrophyte communj-ties had.

proportionately little influence on pH in relation to the volume of
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Figure J. Values for pH (A), total filtrable residue (*e/l x to-z)
(n), total alkalinny (ngh caco3) (c) and. chlorid-e

6e/t) (O) of surface water at sites 1, J and.6 during
Llne 1972 season.
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¡rater and. the slight rise in pH at this site was probably largely due

to physical factors such as dropping water 1evel.

Total filtrable residue (tr'ig. Jts) showed consid-erable varlation

during the season at all three sites. In general, an increase from an

initially low leve1 occu:red. after Line 2, a mod.erate d-ecrease was

obse:¡red. at time J, fo11owed. by an increase at tine 6 and. a d-ecrease

at time f. Tlne highest val-ues were observed- at site 5, approaching

Z gh during nidseason.

the seasonal patterns for total alkalinity (Fig. JC) were

essentlally similar at the three sites. A sharp d-eerease occunred.

after time 1 fron an initially high level, followed- by an equally

sharp increase to a peak at time J; another d.ecrease occurred. at time

4 at site I and at time J at sites J and 6. ¿ff sites showed a drop at

time 7, followed. by a slight rise at time 8.

llith respect to chlorid.e (f ie. JD), sites J and. 6 showed

parallel patterns with a rnaximum at time J, buL at site 1 a ma>rimurn

occurred. at time 4. Chlorid.e values were mininal at Lime 7 at all

sites, and- increased. again at tine 8.

A ma;cinum value for sulphate concentration (fig. 4A)

occurred- at time ) at aLl- sites, followed. by a d.ecrease at time 4 and.

an increase at time 5. After time 5 sulphate values continued. to rise

at site J, buL d.ecreased- at site 6, while at site 1 they remained.

Ievel until time 6 and- then d-ecreased-. A second. peak oecu:red. at

tine 7 at sites 5 anð, 6,

Estimated. values for total nitrate and ni-tri-te (Fig. 4B)

showed- similar patterns at all sites; a peak occurred. at time 5 and



2g

Figure 4. Values for sulphate (ngf¡ x tO-l) (A), com¡ined- nitrate
and. nitrite (me/r)(3), nolybd-enum-blue phosphorus (meÁ)

(C) and. d.issolved. oxygen (pp*)(o) of surface water at
sites 1, J anð.6 during LLle 1972 season.

':t::."i -
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was most pronounced. at site J. The greatest d.issimilarÍ-ty between sites

was observed. for molybd-enum-bIue phosphorus (fig. ltC) ; the values at
/sites J anð,6 were inversely related-.

Dissolved. oxygen content of surface water (tr'ig. 4D) was 
.:

highly variable at aIl sites throughout the season! this was to be ,j ,ì'

expected- since this factor was d-epend.ent upon both biotic and- physical

cond.itions. Values at the three sites Ïüere generally close to

saturation; during midseason tenperatures Ïrere high and- solubility ,: ,,

was reduced-. The values reflected- to a large extent the photosynthetic 
'

,,t, rt,'-,,

activity of the primary producers which itself was d.epend.ent upon r:':'i:

lnci-d.ent light intensity and- quality, turbid.ity of the water ,

temperature and. numbers and. metabolic state of the primary producers.

On sunny days during rnid.season, the rate of oxygen evoluti-on by

submerged-macrophyLes:lexeeèd-ed.itsso1ubi1ity,resu1tingin
:

supersaturation in the areas of the stands and- active escape of 
I

oxygen to the surface.

The patterns for calcium activity (r'is. J) were simj-Iar at

all sites, where a mid.season minirnun ÌÍas obse:sred at time 4. Tfre 
,,.,,,.,,.,.

greatest amplitud.e in the fluctuatioïrs occurred- at site 5, where ,'..t't'

nearly a 100-fo1d- increase lras obse:¡¡ed. from time 4 Lo 5. ',',"'

Generally, site 1 was the least similar of the three sites

with respect to the seasonal patterns of the monitored. paraneters.

Site 5 showed- the most extreme cond-itions, both iå terns of the 
;,,.,,,..r:,
ì::': ';::: : ::

amplitud-e of fluctuations and- in terms of the highest values for plf,

total filtrable residue, chlorid.e and. sulphate. The most mod.erate

cond-itions were seen at site 6, which was characteri-zed. by the 
:

lowest concentrati-ons and- snallest fluctuations of solutes. 
i:,,¡'i¡':,1.
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Figure J. Values for calcium activity (rnoles/l) of surface water '.'.,'.",',',;',,

at sites 1, 5 and" 6 during ii;]rle l9?2 season.
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B. Light and tenperature

At site 1 at time f (I'ie. 6A) the water sti1l sho¡,red some

residual turbidity from spring runoff and circulation but by Lime 2

the water had. increased. in clarity, which remained- high until after

time 3. Light intensity at the 0.75 n level dropped- after time 2 as

the submerged. vegetation began to grow toward.s the surface. A drop in

líght intensity was observed- at all levels at time 4 because the

macrophytes had, reached. the surface and- had. begun to branch; water

clarity was also reduced- by increasing phytoplankton populations and-

suspend-ed- d-ebris. The d-eerease at time 5 was exaggerated. because of

cloud-y atmospheric cond-itions. Values at tines 6 anù ? showed.

relatively 1ow light penetration below the surface because of heavy

vegetation cover, visibly higher phytoplankton d-ensity and. d.ecaying

d.ebri-s.

At site 5 (fie. 68) light penetration below the surface was

1ow at time 1, but increased. by Lime 2. Read.ings could- not be obtained-

at tine J because of a severe storm, the effects of which were still

reflected- in the d.ecreased. values at time 4 as circulation continued-

and. particles of flocculent organic matter remained. suspend.ed.. The

water cleared- again by time J, buL not to the extent observed_ at

Lime 2 because of obstruction by submerged- vegetation. The d.ecrease

at tine 6 ioas again due to a storn, which ¡ras of lesser intensity

than that at time J anð, the water cleared- by time 7. Storms hacL

profound. effects on light attenuation at this site beeause of its

exposure, large surface area in relation to volume and. easily

suspend-ed. sed.iment.
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Figure 6. Values for light intensity (ft-cand-les x 10-3)(1 tt-c =

Io.?Ø rn/#) at sites 1 (A), 5 (B) and 6 (c), ana

values for temperature (oC) at åites I (D), 5 (E) and. 6

(f) at d-epths just below the surface ( 1) , at O,ZJ n (Z) ,

at 0.50 m (3) and at O.Z5 n (+) "duiing Llrre I9?Z seEùsoïr..
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r^reather, some stratification was apparent and- heating continued-, but

stratification was d-estroyed. by a storm at time J. A thermal grad"ient

was evident at time 4, after which temperatures dropped. and. homothermÌc

cond-itlons persisted- for the remaind.er of the sampling season. Secause

the sanrpling area was located. in the epilimnion, temperature grad.ients

were observed. only durlng period.s of exceptional calm.
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II. Biotic sanpling

A. Site 1

a. Vegetation

At site 1' the first ord.er shoots of Potamogeton pectinatus

and- P. richardso4ii (r'is. fA) began to reach the surface and. the first

inflorescences appeared. at tine l. The mean shoot length d.ecreased- at

time 4 as second. ord.er shoots began to contri-bute to the mean values,

and" a similar drop was obsen¡ed. at this tine for Myriophyllum

exalbescens (tr'ig. 78). Ceratophyllurn d.emersgm (fie. ZB) showed. little
net increase in length, growth occu:=ing in large part through

branching. Measurements for the latter species represented. maximum

branch end--to-end. length because of the absence of roots in this

nacrophyte.

The mean dry weight of ind.ividual P. pectinatus shoots

increased from 0.12 g at time 2 to 0.60 g at time 8; the greatest

rate of increase occumed. from time 5 Lo 6 when rnean d.ry weight

d.oubled- due to increase in shoot length and. branching. The nean dry

weight of P. ri-chard.sonii shoots increased. fron 1.0 g at time 2 to

L,6 g at time J; a slight decrease in weight occurred_ after time 3

as the lower leaves began to d-eteriorate. At time 4 ¿ry weight began

to increase and. culminated- in a naxirnum value of 1.59 g aL time 6,

after which mean dry r^reight d.ecreased., d.espite continued. increase of

sten length, as the lower leaves d.isappeared.. The mean dry weight of

M. exalbescens shoots increased- from 0.14 to 0.39 g during the season

while the maximurn nean dry weight attained. by c. d_emersum was 0,?! g.

The latter speeies was ra,re in the samples until after time 3.
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I'igure ?. ÍIean shoot length (cm) of gotamogeton pqctina,tr4s antL

P, richartL:sonÅi (A) and. of Mrrrio!.hJllum exgl.besqens

and Þgþptryl1uln denersum (B) at site 1 during the

L)12 season. Disjunctions in the curves are due to

d-ifferent shoot generations. Vertical bars represent

stand.ard. effors.
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Due to the nonselective method. of locating sampli-ng points'

many samples were heterogeneous, containing Inore than one species of

pIant. Degrees of sample heterogeneity are given in Table II where

values (q) represent the total weight of species x expressed as a

percent of the total weight of all species in the samples that

contain species s, the species under consid-eration. this relationship

can be expressed as follows;

k
{.w

Q*(ft)=;:þ 1oo

{ €. T.rz=I y=t "yz

(r),

where w represents the weights of species x in incl-ividual samples

containing species ", *y represents the ind.ividual sample weights

of each species present in ind.ividual samples containing species s,

and. wu represents the total weight of each species in all samples

containing specles s. lfhere x=s, the value Q= may be interpreted- as

an index of homogeneity for samples of species s.

I'rom Table IT it was apparent that the totality of species

s samples often contained- only a minor proportion of speeies s by

weight. Of all samples co11ected", 15-20/" contained. no vegetation.

b. Density of live and- d.ead. molluscs

The bottom sanples were d-ivicl-ed. into five habitat ty¡res :,:..::,:

';ljbased. on whether or not they contained. vegetation and- on the type

of vegetation, if present. Since many salnples were heterogeneous

with respect to vegetatlon (tatle II), these lÍere classj-fied.

redund-ant1y into each of the categories of vegetation they contained-;
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TABIE TI. Heterogeneity of plant sanples. Values represent weight of
species x expressed- as a percent of the total weight of all
species in the samples containing the species und.er consid.e-

ration, species s. Read. horizontally to obtain the percentages

that species s sanples contained. of the following species x;
P= Ps.tamo,getoE pectinatr4s, R= L råchards,oqii, M= MyriophJl-lum

CIqlþeEgglq, C= Ceratophf,4urn 4emerygn. Values in parentheses

ind-icate percent homogeneity of species s samplesr since x=s.

Species s Sp.x P

P.. pectinatus
P. richard-sonii
M. exalbescens
C. d-emersum

ßa.Ð 39.3 2.3 0.1
?.9 G9.2) z.g 0

73.8 ?? .7 (g.t) o

98.r o o (t.g)

Time

Species s Sp.x P

D
I.

D
I.

pectinat]rs
richard.sonii-

M. exalbescens
C. d.emersum

(26.t) zz.t i,.?
3.8 (%.8) 2.3
1.8 91,3 (6.8)
L+.6 84,4 Io.5

(:a.e¡ 3.4 o.? 5?.L
18.0 (80.g) o.? 0.4
o.? 39.8 (59,Ð o

L8,7 7.1 o (80,2)

0.1
0.1
0.1

(0.5)

Time

Species s Sp.x P

P. pecti_njrtus
P. richard.sonii
M. exalbe.scens
C. d.enersum

(36,0) 34.L 5.6
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thus samples containing more than one rnacrophyte species were counted-

with each of the habitat tytrres represented. by the macrophytes present.

This approach was based- on the hypothesis that d-i-fferences in snail

d-istribution could" be corelatetl- with d.istributions of macrophytes. 
.:::.:

Once d-istribution patterns were known, the information could- be ::::::'::

weighted- to offset the masking that r^ras expected. as a result of high

sample heterogeneity. The alternative approach, of assigning 
,.:,.,,,

proportional values to snail d-ensities accord.ing to plant weight, was ,,,,,,':.i

d-iscard.ed. because it would. require the assunpti-on that d.ensities of 
: :, .:

all snails were proportional to the weights of all plants, and ¡::':::

therefore equal, and. would. conceal extant tend-encies for association;

furthermorethismethod-wou1d.cauSed.ifficu1tiesinapportioningsize
i

class d.ata.

The purpose of stud.ying d.ead. populations was to observe

their net rates and. d.irections of f1ux, fron which could- be d.educed-

the nature of their most recent increments and. hence the nature of

the living populations from which the d.ead. were drawn. Such d.ata was

complenentary to that obtained. d.irectly for the live populations and_

was necessary because the latter ¡iere in large part too sma11 to

provid.e conclusive results with the tytrre of sampling employed..

The mean d-ensities of l-ive f,ymnaea s-Þaenalis L. per

subsanple (Zg.S 
"r2 bottom area) (rig. e) showed. marcimal values in

all vegetation types at tine J. This peak was followed. by an increase

in dead- shell d.ensity at time 6 in all vegetated. samples; in

Potamogeton richard-sonii samples d-ead. shelI d.ensity continued- to

increase until time 7 as the larger live population in this habitat
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Figure 8. Mean d.ensities of d-ead. and- live ind"ividuals of
Í,ynnaea stagnalis per subsampre (78. S "t3 bottom

area) in sanples containing Potamogeton pectinatus
(e) , P. ri-chardsonii (B) , MrFiophyllun exalbescqns

(C), Ceratqphyllun d.emersum -(o) ana samples from

nonvegetated. areas (E) at site 1 during 1Jtre A9?2

season. Vertical bars represent standard. errors.
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contlnued. to contribute proportionately more d.ead. ind.ividuals.

Second.ary peaks of smaller amplitud-e occurred- at Line 7 in P.

richard.soqii and. Miæiophyllum eëalbescenF sanples and- at time I in

samples containing P. p-ectinatr4s and. Seratophyllun demersum. No live

ind.ivlduals were observed in samples containing no vegetation. The

half life of d.ead- shelIs of L sta€ILalis appeared. to be less than

þ weeks at this site.

The mean d-ensities of d-ead- lnd.ividuals of Stagnicola

palustris MüIler (fie. p) showed. a peak at time 3 in al-I habitats

except for those of C. d.emersum which was not present in nore than

one sample until time 4. ïn samples containing L richar4sonii and-

M. exalbescens a subsequent peak occurred. at time J while in P.

pectinatus, C. d.enersum and. nonvegetated- samples it occurred. at time 6.

The small numbers of live ind.ividuals that were observed showed. peaks

at times 2 and- 6 in vegetated. samples while none occurred in

nonvegetated- samples until tine 7.

The density d.istribution patterns of d-ead. shells of Fossaria

mod.icella Say (F'ig. 10) were similar for P. richardsqnii, M.

exalbescens and- nonvegetated. samples in that maxima occurred. at

time 6. Samples containing P. pectinatus and- C. d.emersum showed-

para11el patterns during the second- half of the season with naxima at

time ?. Peaks in live snail d.ensity occurred. at times 2 and- 6 in

?. richard.sonii and. M. e4albescens samples while in P, pectinatus

samples the greatest d-ensity was observed- at time 2, Tlne pattern for

C. d-emersum samples appeared. unrelated. to those of the other habitats.

No live ind.ividuals were observed- in nonvegetated- samples.

ffi't tlt'tlvr,ç
Eq"%e

eF firiê.¡i3Ttß.A

'i: :1,..r: _i..

l]!i ::rliÌi1,'. j:.t:i: .;
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Figure 9. Mean d.ensiti-es of d.ead. and. live ind.ividuals of
Stagnicola palustris per subsampfe (78,5 

"r3 botton
area) i-n samples containing Potanrogeton pectirnatus

(¿) , p. ri-chard.sonj-i (B) , Mrriophvl}4m exalbeqqe4s

(C), CeratophÏllum d-emersum (D) ana sanples from
nonvegetated areas (E) at site 1 during ttre I9?2
season. Vertical bars represent standard. errors.

r .:r i¡:.' 
:.: .

! r:ji¡r.;,:.

tilèL: :r



3

2

I

o

I
7

6

5

3

2

l

o

I
7

6

5

4

3

2

I

o

f
E()
|(,
@

:

UJJ
o-

=
3n
6
Ð
U'

v,
Ê,
l¿lo
=:)z
z
l¿l

=

4

3

2

I

o

I
7

6

5

4

3

2

I

o

O DEAD
O LIVE

Stognlcolo

t2345678

po lustris
r:j.l::- Jì



t+4

Figure 10. Iviean d-ensities of d.ead. and- live ind.ividuals of
Fossaria mod.iceLl,a per subsampfe (78 .5 .r3 bottom

area) in sanples containing Potamoge.ton pect_inatus

(A), P. ïichardsonii (B), Uvqioplyllum exalbescens
(C), Ceratophyll]4m d-eJrersum (D) and samples from
nonvegetated area.s (E) at site 1 during tine 1972

season. Vertical bars represent standard. êfrors¡
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The mean d-ensities of live and d.ead. ind-ividuals of Physa

ðEina Say (rig. ff) in both P. pectinatus and. C. d-elrgrsum samples

showed- a manrimum at tine 4; another peak for d-ead. shells occurred. at

time 6 in all habitat types. No live ind-ividuals occurred in

nonvegetated- sanples .

Density d.istributions for d-ead- shells of Gyraulus parvus Say

(fig. 12) were sinilar for P. richardsonil and" M. exalbescens samples

in that ma>cima were observed- at times 3, 6 and- 8. In P. pectinatus

samples, although a peak occu:sed. at time J, 1.,lne subsequent pattern

was out of phase with the former two habitat ty¡res. A maxinum for live

i-nd.ividuals was observed. at tine 2 in a1-l- vegetated. habitats exeept

that of C. d.emsrsum.

Mean densities of d.ead. shells of Helisoma tJ:ivolvis Say

(fig. f:) showed. a peak at time 6 in att vegetated- habitats while in

nonvegetatetl- sanples a rnaximum occurred- at time 3. A peak in live

ind.ividuals occurred. at LLme 2 in P.. richard.so.nåi and. M. exalbescens

samples and. at time 6 in all vegetated. samples except those containing

P. richard.sonii where the second.ary peak occurred. at time /. No live

ind-ividuals were observed. in nonvegetated. samples.

Dead. shells of Promenetus exacuous Say (nig' 13) showed-

relatively high values at times 4 and 6 in aAl- habitats except that of

M. exalbescens which showed. a peak at tines 4 and. J. Live ind.ividuals

were rare and- were observed only at time 3 in P. p.ectinatus samples'

Planorbula armigera Say (falte III) showed similar cl-ensity

patterns in P_. pectinatus and. C_. demersun samples while d.istributions

in the remaining sanples appeared. unrelated-. Live intLividuals were not

observed-. A pattern sinilar to that of the preced.ing species was
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Figure 11. Mean d-ensities of d.ead. and. live ind.ivitluals of
Physa ffyrina per subsample (78. 5 .r3 botton area)

in samples containing Po.tamogeton pectinatus (A),

P. richaïJsonii (B) , Mrriophyll-r4m exa,lbescens (C) ,

Ceratophyllun d-eJrerqr4m (O) ana samples from

nonvegetated- areas (E) at site 1 tluring Llrre I9?2

season. Vertical bars represent standard. errors.
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Figure 12. Mean d.ensities of d.ead- and- live ind.ividuals of
Grraqlqs paï.rrlrs per subsample (?8. 5 .r3 bottorn

area) in samples containi-ng Potamjlgeton pectilatus
(l) , p. richard.so,qi-i (3) , uyfiophyllum eëalbescens

(C), CeratophyFum d.enerqrlm (¡) an¿ samples from

nonvegetated- areas (n) at site 1 during i"ine L9?2

season. Vertical bars represent stand.ard- errors.
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Figure 1J. Mean den'sities of d.ead. and. live ind.ividuals of
Helisoma tri-volvis and. P.romenetus exacuous

respectively per subsanple (ZA.S 
"*2 bottonr area)

in samples containing potamoget_on pectinatus (A an¿

F), L richards.onii (B ana G), Myriophyllu¡n exalbescens
(C and. H) , Ceratophyllu¡r d.enlersun (D and I) and samples
from nonvegetated. areas (E and.,i) at site 1 during the
I)12 season. Vertical bars represent stand_ard. errorË.
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observed. for Arniger crista L. (tatte III) but again Live ind-ividuals

were not observed-. For Valvata tricarinata Say, and Arnnicola limosa

Say and- A. lacustris F.C. Baker (Talle III), P. pectinatus and. C.

demersum samples were mutually sirnil-ar as were those of P. richardsonii

and. M. exalbescens, A Pisid.ium sp. occurred. sporad.ically. Dead- shells

of Heliso¡ra anceps Menke and. Aplexa hypnorum L. were observed- only

once, at ti¡re 6, and- were probably the result of accid-ental introduction

from the lake.

the sinilarity between sanples containing P. pectinatus and-

C. d.enersum, and. between those containing P. richard.sonii and- M.

exalb.escens was due in part to the spatial d-istribution of these plants

in the d.itch, resultíng in a greater d.egree of sample overlap between

the members of each pair.

The nean relative d.ensity of d.ead" shells in the 5 lnabiüaL

types (fatte IVA) showed- that the species occurred. in a sirnilar ord.er

of frequency in all vegetated- habitats. Fossaria mod.ic.e1Ia was the

com¡nonest speci-es obse::r¡ed. in the d.ead. sheIl fauna and- seasonal

variation of its relative d-ensity d.epend-ed" largely upon the

fluctuations of other species nurnbers. the next most frequent species,

Physa gyrina, showed frequency d.ifferences between d.ifferent habitat

types, conprising larger proportions of the total she11 fauna in P.

pectinatus and- C. demersg.m samples, wÍ-th naxima at tÍrnes J and 6. The

latter were responsible for correspond.ing mi-nima observed. at these

times for F. nod.icella. Grrraulurs !@, the third- most frequent

species, showed- naxima in all habitats at times 2 and. l, with a

second.ary maximum towards the end. of the season. Stagni-c.oJa paLustri-s

51

l¡t;:i::.]



TABLE rv' Mean relative d.ensity per unit bottom area for dead. (a) ana

IÍ-ve (B) nolluscs at site 1 expressed- as a percent of the
total numbers of molluscs of all species present in each

habÌtat type at each sampling time. Species nunbers represent
the following taxa:

1. Lynnaea stagnalis
2. Stagnicola palustris
J. Fossaria mod-icella

4. Phvsg grrina

5. Aplexa hypnorum

6. Helisoma trivolvis
7, H. ance'ps

8. Gyraulus parvus

p. Planorbula armigera

10. Pr.omenetus exacuorls

11. Armiger crista
12. A*nicola f.imgsa and A. (=E=o¡vthiæ+a) lacuj;tris
11. Val,vata triqaqínata
14. P.i.sigium sp.
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was consistently fourth in order of frequency, showing an initially

high value followed. by a steep decrease at time 2, Fot LJIEtgea

stagnjllis, higher values of relative density were observed 1n sanples

containing P. ric.h3.ld.S.onii and. M. exalbescens with maxima occurring

towards the end. of the season. The species comprising the remainder

were each of minor (< SØ importance and generally occurred in the

following ord.er; H.e.lisoma trÌYolvis, Prqmenelus .ry, Plqpo.rbula

^aïni€æ, vg],vata tricgri$ata, @ spp. r Armiger gisb' Pisidium

sp. , Helisoma ancels and. Aplexa 4yqno.run. This ord.er of freque,ncy was

observed- in nonvegetated. samples as well, except that 9Eg4þ pal:\rus

was slightly more frequent than Physa fiÍrina and sone of the minor

species were not observed.

The mean relative density, of live snails (fatfe fm) showed

a d.i-fferent ord.er of frequency fron that seen for d.ead. sheIls. Here

physa ryrina and lyrflnaea stagnalis conprised. the majority of the fauna.

A maxlmum relative frequency was observed. at time 4 for Physa grrina

in all vegetation types except that of P. qichardsonii where a

maximum was observed- at tine 3. The high values at tines 4 and- I in

M.. exalbescens samples were due to the absence of other species. The

peaks at time 4 were accompanied- by minima in the relatj-ve d-ensity of

Lymnaea stagnalirs. The latter species showed- maxima at time 5 in aII

vegetation types, resulting in concurrent ninima for Physa gfrrj,na.

The frequency of Lymnaga staqnalis appeared to be most consistent in

sanples containing P. richarcLsp.nii. @þ mod.icella and St3,g4ico.1a

palustris were the next most frequent species, the latter showing a

maximun at time 6 in p . pectinatus and. C. d.emer-sl4m samples. A maximum

for Helisoma trivolvis occurred. at time 6, with a higher relative
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d-ensity seen in P.. pectiJrjr,tus and. c. d-e.ners.un samples. Grrraulus

qaruus and. Progtene_tus exacuo.us occurred. sporad-i-ca11y. In nonvegetated_

samples, only one live ind.ividual of Stagnicola palustËis was observed.,

resulting Ln L00% relative d.ensity for this species aL Lime f . 
,,,, ,,,,,..,,.

The frequencies of d.ead. and- live nolluscs d-id. not coincid.e " : "

largely due to different rates of d.isintegrati-on of shell naterial

arnong d.ifferent species, although it was assumed_ that, within a si-ngle 
,,,,,,,,, ,,r:,.site, d-isintegration rates for a given species were the same in alL ,:', ,,,,,,,,t, t.

habitat tytrles. Fossaria nod.icella persisted. longer than the nore 
.r:,,,:.,r.,,::,:

fragile Physa gyrina, resulti-ng in its greater frequency among d.ead. : "

naterial. 0f the majority species, Gyraulus pa^rvus remained. intact for
the longest time, giving ri-se to the greatest d.isparity between

d.ensities of live and_ d.ead_ shells

rn ord-er to ascertai-n whetheï apparent d.istributional

d-ifferences could. be explained. on the basis of chance vari-ation among j
:

samples, unpaired. t-tests were conducted. to examine the significance

of the d.ifference between means for samples from nonvegetated. areas

and- those from each of the vegetated. habitat ty¡res. sxpected. values : ::. ::

,:_ -: ;: :.. ::11:

for t were obtained- fron tabres given by'isher and. Tates (r95ò. The 
,,,.-,,,,,,

results for d.ead. shells (tatte VA) showed. that toward.s the end- of the ""', 
,,"','

season, Ly.mnaea stagtalis occurred" significantly more frequently in
P. richardsonii and. M. exalbesqens samples than in nonvegetated. areas.

Physa glrri.na occurred. significantly nore frequently, although often" i'',,1.i--,,.i:.i.:.t ,i

irregularly, in all vegetated. habitats than in samples from bare areas.

Fossaria nod-icella showed. a significant tend-ency to accumulate in all
vegetated habitats at time 4. Hglisoma triïolvis, G{Iaul=uE paryus,

staenicola oalustris, Arnnicola spp. and. planorbula ar¡,n_ige,ra also ". ,,,,, ,.,,,æ



TABLE v. Results of unpaired- t-tests for the significance of the
d-ifference of mean d.ensities per unit bottom area of d.ead. (A)

and. live (B) mo[uscs between samples from nonvegetated. areas
and. those frorn each vegetated- habitat type at si-te l. syrnbols
índ-icate; * = significantly (p<.oJ) greater values in vegetated
than in nonvegetated. samples, o = no significant d.ifference.
Values in parentheses d.enote tests for which graveyard. ind.ices
were significantly (p<.05) high. specÍ-es numbers represent the
following taxa:

1. Lymnaea stagnalis
2. Stagnisola palustris
l. Fossaria mod.icella

4. physa mnei4g

J. A.plexa hypnorum

6. Helisoma tåivolvis
7, H, ancepE

8. Glrraulus paryus
p. Planorbula a.qmigera

10. Promsnetus exacuous

11. A.rniger cqista
12. Amnicola limosa and A. (=Probythinella) lacustris
LJ. Ya].vaLa tlicarinata
14. pisid_iurn sp.

ft::',i:.:Ìl
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showed- sone affinitj-es for vegetation.

Because accumulation of d.ead. shells is passive to a variable

extent in that nind.s and. currents may red-istribute d-ead. she11s 
'

creating a graveyard. effect, unpaired- t-tests were used. to test the

significanee of the d.ifference of the mean numbers of land- shells

occurring in the samples from nonvegetated- areas and. those from each

of the vegetated. habitat types. Because presence of land- shells in

bottom sedinents is the result of passive d.istributionr they served-

as id-eal narkers fron which the d-egree of graveyard- effect could. be

extrapolated., assuming that physical forces acted. equally to d-istribute

both land. and aquatic shells. Land. shells found. in the samples belonged-

to the following Laxaz Oxyloma retusa Lea, @!!g efectrina Gould-'

Zonitoid.es arboreus Say, Discus cronkhitei Newcomb, Vallonia sPP. 
'

i
Vertigo spp. and- C1onella lubrica Muller. These shel-ls originated- from

the nonsubmerged. land.s lmrned.iately surround-ing the d.itch. The symbols

in parentheses in Table V ind-icate sígnificant tests which nust be

consid.ered. questionable on the basis of significantly (p< .05) friglì

graveyard. ind-ices.

Unpaired- t-tests for l1ve snails in the samples (ruSm W)

showed. general agreenent with the results for d-ead- shells, although

some of the less frequent species failed- to shdw significant tests

because of their low numbers. L@ stafinalis showed. strong affinity

for samples containing P. richard.sonii, and. second¿rily for samples

containing M. exalbêscens. Physa gnrina showed. sone degree of

seasonal- affinity for all vegetation types, particularly for sanples

containing P. pectinatus and- M. exaþescens. Fossaqi-a mod-icella

showed. a tend.ency to occur in all vegetation types except samples
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containing C. dgmêrsr]n. H.elisorna trïvolvis showed. some affinity for

samples containing P. pectlnatus and- C. demersun at tine 6.

Up to this point, sample heterogeneity with respect to

vegetation has been ignored.. By exanining the results of Table V in

the light of Table II, several trend.s emerged-;

1. Lymna,ea stagnalSs was significantly more frequent in P.

riçh4rQse4ii samples at times J, J and" 7; aL these tines these

sanples were ind.eed conposed- of a rnajority by weight of P.

richardsonij-. The significant affinity for M. exalbescens

samples at time 7 nay have been an affinity for the P. richardsonii

present in these samples, sÍ-nce at this tíme these were composed.

of 77.7% bV weight of P. richardsonii.

2. PJysa. å".v-rina was significantly nore frequent in P. pectinatus

samples at times 2 and,8; at these ti-mes P. pectinatus conposed

the majority by weight of these sanples. The affinity for C.

d-enersug samples at tine I may have been an affinity for P.

pectinatus which composed 58.5% of the vegetation by weight

in these sanples at time 8. Physa Kyrina was signifÍ-cantly rnore

frequent at time 3 fn L richa::dsonj-i sanples; at this time P.

ricþardsonii was the major species present in these sanples,

suggesting that affinity for this plant was also real. Significant

affinity was also d"etected. for M. exalbes.cens samples at tine J,

when these samples contained P. rich.ar.4s-o¡ii in the majority. At

time B, an affinity for M. e4albescens samples suggested- that

this plant was also inporLanL, since i-t conposed. the nrajority

of the vegetation present in these samples at time 8.
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3. 4ossa,qia mo.{ics1}g was significantly nore frequent in p.

pec,tiry.jqe samples at tine 2, when these samples contained.

58,% by weight of this pIant. Significant affinity for p,

richar.d.sgnli sanples at times z and. J occurred. when this species

compri-sed 89.2% and 82.1% of these samples, respectively,

suggesting that tr! nod.icella tend.ed. to occur nith this plant as

weI1. An affinity for M. exalbe.scens samples at time 2 nay have

been an affinity for the p. riqharjsonii in these samples since

the latter plant comprised. ??.L% of these sanples.

ll. Heliso@ triïo.lvis was significantly more frequent in p. pec.tinatus

and- C. deme.rsug sanples at tine 6, AL this time the former samples

contained 71.3% and_ the latter 6B,M by weight of p. pectina-Þus.

These results d.id. not d.iscount the possibility that concurrent

affinities existed- as well for species present in the minority in the

samples, but these could. not be d.etected.. The resul-ts were tested. fuither
by conducting unpaired. t-tests internally arnong samples from the

vegetated- habitats " in ord-er to d-etermine whether d.ifferential distribu-
tions could. still be d.emonstrated. among d_ifferent vegetation types.

These tests showed. that Lvmnaea stagnalis tend.ed. to occur significantly
more frequently in samples containing L richardsog_ii than in those

containing P. pec.tinatus, partlcularly toward.s the end. of the season.

Physa ç¡-riæ tend.ed. to occur significantly more frequently in samples

contai-ning P. pectinatus than in those containing p. ri,cþardsonii

during the populatíon peak of this gastropod_ at time þ. The significant
affinity of Phvsa giffing for p= richardsoni.i samples that hacr. been

observed- when conpared. with nonvegetated. samples, became insignificant
when compared. with P. pecti:natus sanples. The d.istributions of
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Fossaria

outlined.

d-efined-.

mod-icella

above for

and. Helisoma trivolviE agreed. with the results

these species, although the affinities were less

c. Live counts

Ïlhen the plants began to reach the surface by time 3, live

counts of snaj-ls present on d.ifferent macrophytes were started.

Results were examined. using t-tests for the significance of the

d"ifferences between sample proportions x1/V7 ana xr/y2 where x

represented- the numbers of species a, the species und.er consid.eration'

and. y represented. the total numbers of ind.ividuals of all species

observed. on the macrophyte species 5-n question, i.e.,

ë
v

N

= n
€NT

k=1 "k

The results (fatfe Vf) showed. that @ trrrrina tend.ed- to

occur in significantly (e<.05) greater proportions on P. pectinatus

as opposed. to P. richard.sonii, during times 3, 4 and- 6. Few ind.ividuals

were observed. on the plants at times 7 and. 8, and at these tines the

d-istributions of thi-s snail on these two macrophytes were not

significantly d-ifferent, agreeing in general with the results of the

bottom sampling. At time 4 an occurrence of secondary importance on

M. exalbescens was not significant when compared- with P. pectinjr.tus.

Àssociation with M. ex.qlbescens was again evid-ent at tine 6, when

breakdown of the association with P. pectinatus had. conmenced..

Lynnaea s.tagnalis lras present in significantly greater
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TABLE VI. Results of t-tests for the significance of the d.ifference

between sample proportions for live snails observed- on d-ifferent macrophytes

at site 1. In the row and. column head-ings, P = Po.ta,mo.geton pectj.,natus, R =

P. richardsonii, M = Myrioplryl.ll-rm exqlþes.cens, C = Ceratophyllgn 1!ry.
1Íithin the tables the letters indicate significantly (p< .05) higher
proportions of snails on the macrophyte d.esignated- by the respective letter
within each test pair¡ 0 ind-icates no significant d-ifference and. - ind.i-

cates no observations of the parti-cular snail species on ei-ther nenber of
the plant test pair.

Physa
simina

Helisona
trivolvis

Lynnaea ¡
stagnalis

MC
-P
-R

RMC

- 'Stagnicola
palustris

PPO
0c

0

Fossg.ria
mod.icellaIII{E

3P
R
M

IRMC
Plo 0 -Rl o-
MI

IRMC
Plo - -Rl oo
ul

tRMC
Plo 0 o
Rl -onl o

IRMC

IR M C

PIPO-

fil ':
IR M C

Plo 0 -

fil o:

IR M C

Pl - - 0
Rl -oMl o

IRMC
Plo 0 -
Rl o-
MI

IRMC
PIO O -

ill o :

P
R
M

IRMC

-

PIR O -

ill ':
IRMC

PIR O -

ill o 
-

IR M C

PlO 0 0
Rl ocMl o

P
R

M

I

R-0
-R

00-
0-
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proportions on F. richardsonii than on P. pqcting,t}rs during tiines

3-?,asreeingwiththeresultsofthebottomsampling.Asecond-ary

occuffence on M. e.xa,lbescens at tine ? was not significant when

compared. with P. {i.cþPrdso.niS'

PhysaFf'ri.4aandLI4!ÊEstagn9listogethercomprised..the........'.. ,.:,:.:.:.r.:::

rnajority of the gastropod.s observed on the plants. The difference

between the proportions of these snails in relation to the total

gastropod. fauna on L pectinatus and- P. richard-sonli d.eclined. towards '::.:..
:,.;.:,:.: : _'::

the end. of the season (fig. 14) as the host plants began to decay' "'r"'rl
, ,.,,.,.,,-,

Fossaria no4ice11a showecL less pronounced. affinities for ,':::.::.1.:':

particular macrophytes; a significantly ggeater proportion of this

snail- was present on P. pecti.,natus than on P. richard.sonil at time 4,

andagreaterproportionwaspresentonLexalbescensthanon?.

richard-sonii at this time, similar to the d.istribution of Physa grrina'

stagnicola palustris showed. an affinity for P. Iichard-sonii at time J,

followed. by a . tendency to occur on L pectinatus at times 6 anð' ? ' 
l

He1isomatrivo1visshowednosignificantaffinities,1arge1ybecause
ì

of the small nunbers observed-. 
i , ..

The combined. results fron the bottom sampling and- the live 
¡.,''....r,,,-1,

: :-::l : - .:. .

counts suggested the following conmon factors' 
'.

.4..-..:. .:..-

1. l{mnaea slagnal_is was strongly associated- with P. richa,rdsonii

during a Lärge part of the growing season'

2. Physa gyrina was significantly associated' with P' pecti.natus 
:,;,,,:¡:,r,¡,¡

during a restricted- period- when d.ensity was màximal ; thls period- -;-'ri:::r:'

lfas preced-ed- and. succeed.ed. by periods of reduced- spatial

d.ifferentiation.

J. tr'ossari,a. mod.icqlla, Sta,,e4ic.o1a pal.ustris and- Helisoma trivolvis 
¡,,..,:..,;::,:
i.,',.,-r:
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Figure 14. Proporti-ons of the total numbers of gastropod-s of all
species comprised. bv PbWa gyring (upper) and Llnnaea
stagnalis (tower) that were observed- on shoots of
Pgtamogeton pecli-natuq and. P. richard.sonf-i respectively

at site 1 during tine 1972 sealSorl.

!' l:.4:'.
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showed less pronounced affinities for specific macrophytes, and-

these appeared to be quite l-ocalized- in time 
"

d-" Size d-istribution patterns of gastropods

In ord-er to examine the behavior of the respective populations

more closely, the net flux of size d-istribution patterns was studied-

for both the live and- dead- gastropod populations"

Size d-istribution patterns for Lymnaea sta8nalis (¡'ig' L5)

showed- that, in sainples containing P. pectinatus, M" exalbsecens and"

C, d-emersum, a mininum value for mean axial length of d-ead" shells

occurred- at time 4, while inP. richard-sonii samples the first ninimum

was observed at time 3. These resufts, together with the sharp d-ecrease

observed for the live popul-ation after tine 2 in the la.tter samples,

suggested- that hatching of the young was proportionally greater and-

began earlier in P. ríchaqd-sonii stand-s. Crossover of nean length

between li-ve and- d-ead. populations was seen after time 3, ind-icating

mortality of adults after reproduction, which resul-ted- in a population

composed largely of young. Secondary period-s of hatching were evident

from the decreased- values observed- for both l-ive and- d-ead. shel-ls at

time J in P. richard-sonii sanples and. at time 7 in all habitat tytrres 
"

Large standard- er:rors for the live population were due to its

variability and" the small numbers of individuals that were collected-"

Size d-istributions of d.ead- shel-Is in nonvegetated samples nost

refl-ected- those of P. richard-sonii samples, suggesting that the latter

pattern T¡Ias nunerically pred.ominant, although the amplitud-es of the

fl-uctuations d-iffered. because of the smaller nunbers of ind-ividuals

that were present in the nonvegetated- samples"
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Figure LJ. Mean axial length of d.ead. and li-ve ind.ividuals of
Lynrn3,ea stagnalSs in subsamples containing Potanogeton
pectina.tus (¿), p. richardsoni-i (B), Mrriophyllum
exalbes.csns (C) , Qeaa:'Lophyllum d.e¡ne1suJn (A) ana those

containing no vegetation (g) at site 1 during Line I9T2

season. Vertical bars represent stand-ard. efrors.

l.::
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For Pþysa gylina (fie. L6), na+,ching of the first young in

samples containing P. pectinatus appeared. to have taken place after

tine l-, while in P- richard-s_onii and. lvÏ- exalbescens samples hatching

was not evid.ent until after LLme 2. Mean axial length of both li-ve and.

d.ead- populations decreased. in al-l vegetated- samples unfil time 4, after

which values for live ind.ividuals in P. p.ec!ing,-t]:s and. C. d-emersum

samples continued. to d"ecrease, while accompanied- by an increase in

mean length for d-ead- she11s in all samples, reflecting adult mortality.

The large d.ecrease at time I in P. pec-Þinatrls and- C. 4e.mqrsum sanples

suggested- a second. period. of reproduction. The patterns for the latter

two habitat ty¡res were similar to a large extent because of sanple

overlap.

For Ë-lagnico.þ palustris (tatte VITA), an initial d.ecrease in

nean axial length of d.ead. shells was observed- after time 1 in the

three vegetated. habitats for which values were avaÍ.lable, and. ind.icated.

the beginning of hatching. After time 2, mean length of d-ead. shells in

P. pecti-natus and- P. richard.sonii samples was relatlvely stable untj-l

tine 3, while in M. eJ:a,1Þes.qens and. nonvegetated. samples it had- begun

to increase. This reflected- nrortality of overwintered. adults and. was

especially pronounced after time 4. A reduced- second. period. of

reproduction in the second half of the season lras suggested- by the

rnod.erate d.ecrease in mean length observed- at time 7 Ln a1,1- habitat

t¡rpes. Few live ind.ividuals of this species were collected-.

Foss.a_ria mod.-ic.e1lra (fatte VIB) showed- a d.ecrease in mean

length in vegetated- habitats after time 1, ind.icating the beginning

of production of young which continued- until nidseason. Crossover

of mean length between live and. d.ead. populations occurred. between
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Figure 16. Mean axial length of d.ead- and. live ind.ividuals of
PhJea gyrina in subsamples containing Potamoget-on

pectinati+s (.t) , p. ri.cþa_r.drsonii (B) , Mrriophyllum
exalbescens (C), Ce.ratophyllurn -demers.u.m 

(O) an¿

those contai-ning no vegetation (f) at site 1 during
LLte 1972 season. Vertical bars represent stand.ard.

errors.
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TASLE VII. Mean axial length of shelIs of d.ead. and. live ind.ividuals of
Stasnicofa palustiis (A) an¿ F.os'saiig mo.dicella (f ) present in botton
samples from the J lnabi-üaL types. Values are in nm; values in parentheses

represent standard- errors.

A. Staglrico.lg palustqis
ÐEAD

Tine fu pgctinatus P. riqhard.sonii M. exalb.e.s.cens C-. de]nersun] nonvegetated-

16.
13.6
73,7
L7.T
17,g
16.4
76.2
76.6

0,9
1.0
t.3
L,6
t.2
7.r
7.2
2,0

14.7
14.8
l_6,o
L5.4
16.5
r5.2
L7,7

0.9
1.1
L,3
t,2
1.0
1.9
T,4
I.

LL.3
r5,6
Lg,g
15.2
18. 1
15,8
1?.t+

0,9
1.0
1.4
7.7
I.2
I.2
T,5
I,3

2.8)
2,L)
4.4)
7.2)
o. g)
2,o)
2.5)

:
15.2 (1..?)
t7,g (,,8)
15.5 @.e)
15.3 G.5)
77,7 G,?)

14.0
L5,7
20.3
10. 1
72,8
12,0
!2,2

1

2
3
4
5
6
7I

LTVE

13.0 (3.0)
10.0 (x)

13.8 (1.1)

:

20.o (x)
zo.5 G)

:
ro.o lx)
13.8 (1.1)

B. Fossaria- nrod-icelIa
DEAD

Time fu pectinatus P. råchard.sonii M. exalbescens C. d.eJrersum nogvegetated-

.7 0.
5,0
3.9
3,8
3.3
4,3
4.8
5.0

0.2
0,2
0.2
0,3
0.2
0.2
0.þ

7,I
5.0
3.6
l+,4
l+,5

3.5
3,8
5.1.

0.9
0.3
0.1
0,2
0.2
0,3
0.2
0.3

7.r
4.9
3.5
4.3
3.3
t+.7
4.0
4,5

0.9
0.3
0.2
0.3
0.4
0,2
0.2
0.3

- tn.z fo. s)
- t+.5 (0.4)

3.? @,3) ø,s U.o)
4.5 @.4) 4.6 (0.4)
t+,3 @.2) s.r (o :)
5.4 (0.4) 5.3 @.9)
5.2 (0.4) 6.6 (0.9)

LTVE

? .2 (0.?)

1.5 (0)
2.? (0.4)
2.5 G)

,L-z 6.3 Q".o) 5.+ þ.9)
34 ?.5 @) ?.5 n5 4,3 (Z.e) L.g @.2)6 2.5 G) z.? (0.4)
? 3.0 (x) 2,5 G)B - 2.0 (*)

?,5 @)
6.8 Oû)
2.5 G)

:
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times 4 and 6 Ln aII vegetated- habitats, ind.icating that the bulk of

adult postreproductive nortallty occurred. during this period..

fnitial reproduction of Heli.soma tLiyolvis (tatte VIIIA)

was evid.ent after Li-me 2, while adult mortality occurred largely

during times 4 to 5, After tine 5 a second. period. of hatching was

observed- whose effects persisted. in the d.ead. shell population until

tine 7 it L pegtina,tus and. C. denersum samples. Few intact lj-ve

ind-ivicluals of this species were collected..

GrrauluÊ païvus (talte VIIß) was included because it

conprised a Large portion of the total d.ead- shell population. For

this species, the effects of the appearance of the young of the year

were evident in the d-eacl she1l population after l.;ime 2. Mean shell-

d.ianeter reached- a maximum during mid.season; this was fo11owed. by

another d-ecrease which ind.icated. a second- period. of reproduction.

Due to the sma1l size of this species, net changes were less pronounced.

and- many young were lost duri-ng processi-ng of the samples since all

naterial less than 2 nm in size was d"iscard.ed-.



21

TABITE VIfi, $ean maximum dianeter (nm) of shells of dead- and- live
ind.ividuals of HefisoJra t{iIo,lJis (A) an¿ GÏraulqs q?r.vu.s- (B) present

in bottom samples from the 5 habitat ty¡res. Values in parentheses

represent stand-ard errors.

A. Heliso,ma tr_igoW.is
DEAD

Time P- p.e.c.ti,natgs P. richal{qq¡!! M. exalbescens C. d-qmeçlm nonvegetated

L-2 6.5 G.8) a.5 G) rr.J Q)
3 6.g (r.o) 5.8 (L'.Ð 4.0 (2.Ð - ?.2 (0.8)
4 z.e @.Ð z.o (0.6) 8.8 (5.3) 3.8 (1.2)
5 9.5 e.4) 6,2 (2.9) 10.8 (7.9) 13.0 (4.8)
6 e .e (t.ú 1.8 (0.3) 6.9 G.r) 6.t+ (z.z) 5.0 (x)
? 2.0 (o) 12.5 rc.z) æÕ (oû) 2.0 (x) a.5 G)

L

2
3
4
5
6
7
I

L6.6 (L,5)

22,5 Q,,5)

ß.5 G)

22.5 (t.5)

zo,5 G) ß.6 (1.5)

B. Gyraulus parvuE
DEAÐ

Time P. peetinatus P. richard.sonii M. exalbesce4s C. demersuq nonvegetated.

L 2,2 (0.2
2 2,2 (O.I
3 2,2 (0.I
+ 2.0 ( 0.1
5 1.8 (0.1
6 z.o (0.1
7 2.0 (0.1
8 2.5 $.5

2,6
2.I
'lo
2.0
2,L
2.0
2.o

0.1
0.1
0.1
0.1
0.1
0.1
0.2

2.3
2.I
2,2
2.4
2.0
2.1
3.0

- 3.3 fo.:)- 2.5 @.5)
2.0 (0.1) 2.1 (0.2)
1.9 (0.1) 2.4 (03)
z.o (0.1) 2.3 @.2)
2,L (0,2) t.6 (0. t)
2.5 Ø.5) 1.5 (o)

o. 1)
0. 1)
0.1)
0.3)
0, 1)
0.1)
x)

t
2
3
4
5
6
7
I

tIVE

2.0 (x)

:

3.0 (*) 3.0 ¡Ð
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B. Site 5

a. Vegetation

the first ord-er shoots of Myriophyl.lum exalbegcens at site J

(fig. 1?A) had. reached the surface and the first inflorescences had

appeared. by tirne 4. Second- and. subsequent ord-er shoots were progressive-

1y shorter because of falling water levels; increasing stand-ard. errors

reflected. the lncreasi-ng variability of shoot lengths as samples

includ.ed. shoots of d.ifferent ord-ers. The growth pattern at this site

was not comelated. with that of M. exalbesce4Ë at site 1 (fig. æ).

The mean dry weight of ind.ividual shoots of M. exalbescens

increased- from an initial mean value of 0,07 g at ti-me 1 to a maximum

of 0.70 e aL Line 7; at time 8 this value was only 0,49 g due to

d-eterioration of old.er shoots, Í-ncomplete naturity of younger shoots

and, possibLy grazing. The maximum mean dry weight of this macrophyte

was approximately twice that observed. at site 1. 0f the total bottom

samples co1lected., 13-20% contained- no vegetation.

b. Ðensity of live and. d.ead. molluscs

Because lrynnaea ptagnalis was represented. by only one d.ead.

ind-ividual collected- during the entire season, this speci-es was not

believed- to be a norrnal component of the fauna at this site. Stagnicola

palustris (rig. 184-B) was present in ¡nod.erate nunbers and. l-ive and_

d.ead. populations, respectÍ-vely, in both vegetated. and. nonvegetated_

samples showed- similar d.ensity patterns. These in turn were similar

to the pattern observed. for d-ead. shells ir L e-xa1b.e.sce+s sanples at

site 1 (rig. 9c) in that peaks occurred- at ti-mes 3 and. J, although

|:+.ì:Ìi'':ì:r.i.:
:i'::::i';:1:_1''rr :::i
ì. j :: .:. ,:.1
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Figure L?. M,ean shoot length (cm) of Myriophyllum exalÞescens

at site 5 (A) and Sotamo.Feton pestinatus at site 6

(¡) during Line 1972 season. Disjunctions in the

curves are due to d.ifferent shoot generations.

Vertical bars represent stand.ard. errors.
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tr'igure 18. Mean d-ensiti-es of d-ead- and. live ind.ividuals of
Sta.gnicola palustris (A ana B), Fossa,qia modicel.la
(C ana D) and. physa Fyrina (n ana tr') in vegetated
and. nonvegetated subsamples (?8. 5 .r3 bottom area)
respectively at site J during Line ISZZ season.

Vertical bars represent stand.ard- efroïs¡

::la-. :
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the former peak at site J was questionable because of the large

stand.ard- error. In general, d-ensity of d-ead. S. palustris at site 1

lras more than twice that at site J. However d.ensi-ties of live

ind.ivid-uals were comparable in magnitud.e at the two sites; therefore

d-ead. shells of this speci-es persisted. twice as long at sj_te 1.

Mean d.ensity of d.ead. ind.ividuals of Fossaria mod.icella

(F.ie, 18C-D) showed- naxima at times 3 and. / in vegetated. samples,

nhile live ind-ividuals showed. a peak at time 7 anð, occurred. i-n

greater nuinbers in vegetated- areas. For M. exalbescens sanples at

site 1 (n'ig. 10C), the first peak for dead. shelI d.ensities also

occurred. at time 3 buL the second. peak occurred. at time 6. Density

peaks for live índ.ividuals at site 1 occurred. earlier than at site 5,

i.e. at times 2 and 6. Densities of both live and d.ead. ind.ividuaLs

of F. mod.icell-a aú,-site J were approximately one-third. of those

observed- in M. exalbescens sanples at site 1, suggesting that rates

of d.isintegration of d.ead. she11s of this speci-es were similar at both

sites.

Mean d"ensity of dead. shells of physa gEcina (fig. 188-F)

showed- increasing values until a maximum at time ?. Greater numbers

of shells accumulated. in vegetated. aïeas. l,ive ind.ivicluals showed. an

initial peak at time 3 Ì-n vegetated. samples which was followed. by a

slight decline at time 4. During times 5 to ?, the population und.erwent

a period- of geometric growth where the d-ensity d.oubled. every two weeks.

A d-ecrease was observed. after time ?. The d.ensity pattern of d.ead.

shells with time at site J bore little resemblance to that seen in
M. e.xalbescens samples at site t (rig. 11c), although live ind.ividuals

at both sites showed- a peaJ< at time 3 ancl- a late-season increase at
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time 7. the d.ensity of d.ead. shells at site J was approximately twice

that of I{. exalbescens sanples at slte 1 while d.ensity of live

ind.ividual-s at site 5 was 6-24 times as great, suggesting that shells

of Physa d-isappeared.3-I2 tines more quickly at site J. Shells of this

specÍ-es had. the shortest half-life of all gastropod. shells present in

the sed"iments at this site.

Mean d-ensity of d.ead- shells of Grraulus parvus (f ie. 194-B)

showed. a peak at time 6 in vegetated. atreas and- at times 5 and. I in

nonvegetated. samples. The reduced- rate of increase between times J

and- þ correspond-ed. to the peak at time J in M. e.xalbescens sanples at

site l- (fie. LZC); subsequent peaks were observed. at tine 6 at both

sites. At site 1 a peak in live population d-ensity was observed. at

time 2 while at site J iL oecurred. during the latter half of the

season. Density of d.ead. shells at site 5 was J-J times as great as

that at si-te I while d.ensity of live ind-ividuals was simiLar at both

sites, suggesting that d-ead- shelLs of this species persisted. longer

at site J. A proportion of the d-ead. shelIs of this species present

i-n the sanples d.id. not originate during the cu:rent season on account

of the longevity of this species in the sed.inents.

For Heljsorna triïo]-vis (¡'ig. 19C-D), a peak in both live

and- d.ead. shell d.ensities was observed. at time J. At site 1, maximum

d-ead- shel1 d.ensity ir L exallegcens sanples occu:red. at ti-mes J anð,

/ ..ó' while ma:cimun d-ensity of live snails was obseryed. at tines 2 and,6.

The magnitud.e of d-ensity values for both live and. d.ead- shells was

similar at both sites, suggesting that d-eterioration of d-ead. shells

proceed.ed. at approxinately equal rates at the two si_tes.
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Figure 19. Î{ean d-ensities of d-ead- and- live ind.ividuals of
Grraulus parvus (A anA f ) and- Hel-.i-so.ma trivolvis
(C and- D) in vegetated. and. nonvegetated. subsamples

(?A,5 
"*2 bottom area) respectively at site J during

Llne L972 sêâson. Vertical bars represent stand-ard.

effOïS.
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li:.:

Fi

Density of d-ead. shells of Promenetus exacltous (ris. zoA-B)

showed. a sma1l peak at Lime 2 and. a major peak at time 5. Nonvegetated-

samples showed. consistently higher d-ensities than vegetated. sanples.

At site 1, this species also showed. a peak at tine 5 i-nþ e.xa,L,Þesce4s

samples (fig. nH). Dead- shells were up to IJ times more frequent at

site 5 but no live ind.ividuals were collected".

4r*_igË cJ:ista (¡'ie. 20C-D) showed. a d.ensity d-istribution

pattern that was similar to that of L e,Jcjrcl4o-qs; d.ensities of this

species were higher in nonvegetated- sanrples. Dead- shell-s were up to

45 times more frequent at site 5 than at síte 1 but no live ind.ivid.uals

were col-lected.. P.lanorbuta ?r,migeTs was observed- only at time 2 in

nonvegetated. samples and- no live ind-ivÍduaIs were observed..

Dead. shells of Vaþata tgicarj,nata (fie. 2OE-F) showed.

sinilar values for d-ensity at both sites 1 and- J although timing of

the peaks d-id. not coincid.e. T.¡ive ind-ividuals showed- peak d.ensities at

ti-mes 4 and- 6 in vegetated. samples at site J.

A peak occurred. at time J for d.ensities of d.ead. she1ls of

Am4i_cqla limqsa (¡'ie. 20G-H) which was pïeced.ed. by a peak at time 4

for live ind.ividuals in nonvegetated. samples. This d-istribution was

not correlated with that observed at site f (geþfe

sp. occurred" sporad.ically but was very rare.

IffC). A Pisid"ium

The mean relative d.ensities of d-ead. she]-lS Ín the sed.iment

samples (ratre rxR) showed. that Grraqþs panrus occurred. in the

greatest numbers in both vegetated. and. nonvegetated- areas. physa

g]¡rinP was the next most frequent species and. showed. higher reLative

d.ensities in vegetated. samples, with a peak at time f. Beyond. this
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Figure 20, llean d-ensities of d.ead. and- live ind-ividuals of
Promenetus exacuous (A an¿ B), Arniger cris.ta
(C ana D), Valvata i.;ri.earinaha (E an¿ F) and

Amnicola limosa (G and. tt) in vegetated. and.

nonvegetated subsanpfes (78,5 
"r3 bottom area)

respectively at site J during Llne 7972 season.

Vertical bars represent stand.ard. errors.

;fi:. lt.:j:1



25

2A

O oean
@ ulve

25

20

t5

to

5

o

t4

t2

to

I
6

4

2

o

3

2

I

o

3

2

I

o

o

5

o

2

o

I
6

4

2

o

5

?

I

o

I

c\l
E
(J

lO

có
r-
-l
UJrl
fL
2,
U'
fD
f
CI'

(t)
É,
t¡J
m

f
z.

z
l¡J
z,

t 2 3 4 56
c

a2345678 2345678

234567

4 5 6 7I

TIME



TASLE lX. Ivlean relative d-ensity per unit bottom area for dead (A)

and. live (B) rnolluscs at site J expressed. as a percent of

the total numbers of all species present in vegetated- and-

nonvegetated.samples'respectively.Speciesnumbers
represent the following taxa;

1. Lynnaea stagnalis
2. SLaanicola palustris

3. Fossaria nod-i-celIa

4. Phvsa Evrina
5. Helisoma tri-volvis
6. Gyraulus parvus

7. Planorbula arnigera

8. Promenetus exacuous

9. Arniqer crista
10. Amnicola fimosa

11. Valvata tri-carinata
12.@sp.
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point the ord-er in which subsequent species occu:red. d.iffered.

between vegetated- and. nonvegetated. samples.

In vegetated. sanples, @þ mod.fc-ella was the third. most

frequentspecies,fo11owedconsecutive1ybyP]ryqe+etqs'W,

Arniser cgistg., Qtaflgþgla pq,þs.tris, þllsorg trivolvis, þ1va.þ3

trica.r.Lnalp,, AnrìiçqÞ limgPa and- Pisidi.um sp. In nonvegetated. sanples'

the third. nost frequent species was ProJreJrStuS efF:quoqs, followed. by

Armi-ger cgiEta, Fossaria m,od.icqlla, Þ.tgæicola palust"rls, þ!!ry
trivolvis, @þþ ar:nigera and. Valvata tricaqinata. Anni.cola

linqÞa and. Pis:irllgm sp. were not observed. in the latter sanples¡

while Plano.rbula arm.i.gera was not present in the forrner.

Àmong live molluscs (talle Tlß), Pþysa gyrina was the most

frequent species in all samples, followed. by Fossaria mod.icella and.

Valva,ta trica4inata. In vegetated- samples, the renaind.er of the live

fauna was mad"e up of G¡rraulus .!ffi, Staqnicola .pelustris and

Heligoma trivolvis. ln nonvegetated. samples the only other 1i-ve

ind.ividuals present were those of Amnicola l..imosa and- Stagnicola

palustris. the IOO% val-:ues for relative d.ensity for some species in

the nonvegetated- samples were due to the occurïence therein of single

live i-nd.ividuals of only that species.

The ord-er of frequency Í-n which species occurred- i¿as not the

same for live and. d.ead. molluscs because of the varying rates at which

shells of d-ifferent speci-es were d.estroyed- in the sed.iments. As at

site 1, the snal-l planorbids such as 9lr. aulJ-rs pa,ryus and. Armi-ger

cËistg appeared. to persist for the longest period- of tine.

ïn ord-er to d.etermine whether any significant d.istributional

d.ifferences existed. between vegetated- and- nonvegetated- samples,
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unpaired- t-tests were conducted- to examine the significance of the

difference between the two ty¡res of sample means. Anong the d.ead_

shell- fauna (falte ïA), Fossaria Jno.4ics_11,.ar p-4ypa qlrr+n?, 4çJriso-{ra

trivolTis and" va,lva,tj, tåLcgriqatju showed. significant (p<.05) positive
tend-encies to occur in sanples containing vegetation; Gy+r}}us parv]rs

showed- a positive tend.ency at times 2 and- 6 ¡ut a negati-ve tend.ency

at time 8. Stag4icolg pal*rstris, plarlo_rbu]a agmigera and Armiger
crista each showed. a significant negative tend.ency to accumulate in
vegetated. areas at a single point in time.

Land- shel1s present in the sed.inent samples from site J
belonged to the taxa QëJrloma retrlsjr. Lea and veqtiqo spp. Graveyard_

indices (see p. JB ) were estimated. for the land shells using unpaired

t-tests to test the significance of the d.ifference between the mean

numbers present i-n vegetated- and. nonvegetated. samples. The symbõ1s

in parentheses in Table X ind.icate significant tests which must be

consi-dered questionabre on the basis of significantly (p<.0J) rrigrr

graveyard. ind.ices

unpaired t-tests conducted for live snai-ls (ratte )G) shoned.

that Phvsa Svqina and- Fossaria mod.iqella were significantly associated.

with vegetated. areas during nuch of the growing season. va.r,v,ata

trica,rina,ta showed. a positive tend.ency to occur in vegetated. areas

at times ll and 6 while St-ag+icoþ ?a,lustris and. G¡Faulus parvus both
showed. a positive tend.ency at time 6. These resur_ts agreed. wi-th those
from site 1, where both rive and. d.ead. ph{qp gwing and. Fossarl?
modicella showed- a greater tend.ency to oecur in samples containing
M- -e.x?frescens than d-id- any other nollusc species except Lymnaea

sla6na,lris (tatre v) although these sanples ï¡rere composed. largely of



TAB]IE ï. Results of unpaired- t-tests for the significance of the

d.ifferenceofmeand-ensitiesperunitbottomareaof
d.ead. (A) and. live (B) molluses between vegetated. and

nonvegetated. habitats at sites J anð' 6 during L972'

Symbols ind.icate; * = significantly (p< '05) greater

valuesinvegetated.thaninnonvegetated-sanples,0=
no significant di-fference, - = significantly (e< '05)

greater values in nonvegetated. than in vegetatecl samples.

values in parentheses d.enote tests for which graveyard.

ind-ices were significantly (p<.05) high. Species numbers

represent the following taxa!

Site 5

1. T,vmnaea stagrlalis
2. Staqnicola Palustris
3. Fossaria mod.icella

4. Phvsa evrina#

5. Hel-lsoma trivolvis
6. Gvraulus parvus

7. Planorbula anmi-gera

8. Promenetus exacuous

9. Armieer crista
10. @!gþ limosa

11. Valvata tric?rinata
12. Pisid.ium sP.

Site 6

1. f,vrnnaea stagnalis
2. Stasnicofa palustris
3. tr"ossaria mod-icella

4. Phvsa svrina
5. Ferrissia rivularis
6. Gvraulus parvus

7. PlanorbuLa a-rmigera

8. Pr.omenetup exacuqus

9. Armieer crista
10. Amnicola limosa ancl A.

(@iffiI la,cuãIris

11. Valva,ta trica{inata
12. Pisi-clium casertanum
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TABLE X.

A. XEAD
STTE 5 SITE 6

Species Time r2345678 r23456?8
0000000
0000000
00+00+0
0000000
0000000

(+)+oo+++
0000000
00+0*00
0000000
0++++0+
0009++0
0000000

00 00000
00 -0000
00 00++0
0+ 000++
00 +000+
0+ 00+0-
0- 00000
00 00000
00 000-0
00 00000
oo o(+)++o
00 00000

1

2
3
4
5
6
(
8
o

10
t1_

t2

B. ITVE
SITE 5 SITE 6

Species Îi-me r23456?8 r2345678

: :i:i_

0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000+++
0000000
++0+0++

00 00000
00 9g+00
00 +++++
00 +++++
00 00000
00 00+00
00 00000
00 00000
00 00000
00 00000
00 +0+00
00 00000

t
2
3
4
5
6

7
I
o

10
T7
T2

; l,'rrì.:'j r':i
:l.rr;:i:r.ìhi ,:

t..



Potamogeton richard.sonii .

Essentially the following features lrere seen at site Jr

Lynlnaea stagng,Jis was absent.

PhyF-a årrrina and @þ nod.icel-la showed- significantly high

tend-encies to occur in sanples containing 1{. q4al.bescens as

opposed. to those from bare areas. These tend-encies persisted-

during a large part of the growlng season.

Valvata tric,ari4ata, Grra.ulus parfrus andl- Slaq4icola pglustris

showed less pronounced. but stil1 significant tend-encies to occur

in samples containing M. exalbescens but these were more restricted-

in time.

c. Size d-istribution patterns of gastropod.s

The nean axial length of d.ead shells of Physa gyrina (fig. Zf)

d-ecreased- in both vegetated. and. nonvegetated. habitats after time 1 and.

again after tine I due to influx of young into the population. Live

snails in vegetated areas showed. a midseason mamimum at time 4;

subsequent d-ecrease of mean axial length was due to increasÍ-ng numbers

of young as well as to mortality of adults. The structure of the live

population in vegetated. areas, represented- by the frequency-time

surface in Fig. 22, showed a progressive reduction of adults toward.

the end- of the season; the sharp peaks at tines 6 and, f indicated-

that the bulk of the population was then rnad-e up of the young of the

year. The peak evid.ent at time 7 had, advanced. to the next higher size

classes by time 8, but its base was broad-er because of the continued.

influx of young and- its amplitud-e was diminished. because of mortality.

Similarly the peak at time 6 fraa recruited upwards to comprise much

84

1.

2,

3.
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Figure 2!, Mean axial length of d.ead- and- live ind.ivitluaLs of
PÂvs? syTÅna in vegetate¿ (A) and- nonvegetated (3)

subsanples at site J during Line L972 season. Vertical
bars represent stand.ard. errors.
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Figure 22" Frequency-tine surface for l-ive Physa å.v-rina

populations from vegetated subsamples at site 5

during Line 1972 season. Size cl-asses T^rere constructed
at 0.5 nin intervals 

"
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of the outward- flank of the peak at time 7. Si-nce population

growth durÍ-ng times 5-7 foLLowed. a geometric progression, essentially

the population was expand.ing without limi-tations until ti-ne 8, when

perhaps d-eclining temperature, photoperiod- and- d-ecreasing food. supply

as well as crowd.ing caused. reproduction to d.ecline.

tr'or Fossaria mod-icella (tatte lilA) , mean axial length of

d-ead- shells in vegetated- areas showed- two period.s of d-ecline, after
^-/.times I and 6, ind.icating ad-d-ition of young to the population. As with

Physa, mean axial length of the live popuLation was greater than that

of the d"ead. population because the latter contained- cumulative numbers

of young which pred-ominated- in the sed.iments on account of high

fecundity and. high mortality.

Dead. shells of Stasnicola palgstris (tatfe Xm) showed-

minima in nean axial length at times 2, 4 anð, /, ind-icating appearance

of young. Helisomgu trivolvis (tatte XIC) showed. a relatively high

mortality of young, since the latter pred-ominated- in the d.ead- shell

fauna at times 2 and- 6, Live ind.ividuals of both of these species

were collected- only during the second. half of the season.

Gyraul}s païvus (fatte XID) showed. an initial d.ecrease i-n

mean d.iameter of d.ead- shells after time 1, with subsequent continued.

d-ecrease to a mininun at time 5r reflecting the influx of young.

Prome,.netus exa:c.uous (rarte xrrA) showed. evid.enee of hatching after

tinres 2 and' 6 Aut no live ind-ividuals were collected.. The mean shell

d.iameter of Armiger crirsta (taute xrI3) appeared. to remain relatively
constant throughout the season, but this was not believed- to reflect
the entire population. The young of the latter three species were not
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TASLE XI. Mean axial length or mean d-iameter (mm) of shells of d.ead

and- live ind-ividuals of Fossaria mo4icelIa (A), Stagnicola pa,lustris (B),

Heliso4a trivolvis (C) ana Gy-raulus parvus (D) present in vegetated- and

nonvegetated- samples, ïespectively, from site J. Values in parentheses

represent stand¿rd. errors.

A. Fo.ssaqjra no.dicell.a
DEAD

Tine M. exalbescens

B. Stagnicola palustris
DEAD

nonvegetated. M, exalbescens nonvegetated.

L6,5
n,6
ß.0
11,I
73.2
18,g
13,t

2
3
4
5
6

7
8

3.7
3.3
2,8
2.7
2,9
3.4
3.1
3.4

0,3
0,3
0.4
0,2
0,3
0,2
0,2
0.3

3

l+

L

2
3
3

(
(
(
(
(
(
(

r¡.e lo.e)

t6. 5 G)
8. o (x)

18.0 (x)

lt. ol
(0.3)
(0.3)
(0.9)
(t.t)

.0
,3

.1,

.9

.4
o

,4

"t:

v_.5 @.5)
13.0 (x)
11.4 ( 1. 1)

-
4.6 (0.4)
t+.6 (0.+)
5.1 (0.5)
4.9 (0.4)
5.1 (1.0)

LTVE

D,O (2,0)9.5 G)

D. Gyraulus pgrJus
DEAD

C. Heliso_ma trivolvis
DEAD

Tine M. exalbescens nonvegetated.

2.5 G)

exalbescens nonvegetated

3.7
Z,L+

x0.1
0.1
0.1
0)
o1
o)
0.1

2.7
2.3
2,2
2.0
2.0
2,7
2.I

2.0 (o)

2.? (0.2)
3.7 @,?)
2.0 ( o)
s.8 (z.g)
5,0 (1-.4)

0.1)

z.o lo.r)
2.0 (o)
1.8 (0.1)
2.3 (0.2)

LTVE

9.0 [*)
10.0 (x)
11.0 (x)

2.0 (x)
2.4 (0.3)
2.5 @.3)
2,0 (0.2)
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TABLE XII. Mean diameter of shells of d-ead- Promenetus exacuous (A) an¿

Armiger crista (l) present in vegetated. and nonvegetated- sanples'

respectively, fron site 5. Values are in mm; values in parentheses

represent stand.ard. errors '

89

A. Promenetus exacuous
DEAD

Time M. exalbgls.cens

B. Armieer crista
DEAD

nonvegetated. M. exalbescens nonvegetated.

1.5 (0)
1.8 (0.1)

z.o lo.r)
t.6 (o.t)
r.8 (o.t)
1.8 (0.1)
t.a (o.t)

0.1)
0. 1)
0. 1)
0.1)
o)
0.1)
0. 1)
o)

1.8
1_,9
t_. o
1.7
T,7
1.7
r.7
1.8

23 (0.8)
2.e @ 3)
2.6lo,z)
2,4 (o,z)
2.6 (o :)
3.0 (0.3)
2.4 (0.2)

0.2)
0.2)
x)
o. 1)
0. 1)
0.3)
0.3)
0.1)

2,I
3.0
2,0
2,3
2.2
2,5
2.t
2,0

I
2
3
4
5
6

7
I
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represented. to their true extent in the samples since in these species

the newly hatched. ind.ividuals were fess than 1 mm in d.iameter and-

consequently rnost of the young were lost during processing of the

sed.inent sanples.
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C. Site 6

a. Vegetation

The first ord.er shoots of Potamogeto.n peqtinatus at site 6

(fig. 17S) nad reached the surface and the first inflorescences had

appeared- by time 3, as at site 1, although the d.istance required. to

reach the surface was greater at site 6. tne d.ecrease in mean shoot

length at time 6 was due to the appearance of second. ord.er shoots at

the water surface.

The mean dry weight of Ìnd.ividual shoots increased. fron a mean :

va1ueofO.L3eat,Lime2toO.)4gaLtine5.Bytime6trrefirst
I

ord.er shoots had. increased. to a mean value of 1,42 g while the second.

ord.er shoots had- a mean value of 0,512 g, At time 7, the mean d.ry weight

of combined- first and- second- ord-er shoots, which were by now ind.istin- 
i

gçrishable, ïnras LI6 g, This value dropped- to O.B9 g aL time 8 as general 
i

d.eterioratj-onofthe1eavesbecameevid.ent.Themaximunmeanva1uefor

shoot dry weight at site 6 was approximaüeay 2t times that observed.

at site 1; at site 6 the plant stems were nore robust and. less branched. 
,;

than at site 1 because of the severe wave action characteristic of '

site 6. 
"

Macrophyte stand.s occurred. only in areas where the substrate

consi-sted- of clay that was sufficiently near the surface of the bottom

sed-iments that it could. be penetratecl- by the rhizomes. Apparently the

unstable nature of purely sand.y substrates d.iscouraged- the establish-

ment of submerged. macrophytes at this site.0f the total botton samples

eollected- on each sanpling day, 24-48/o conLained no vegetation.
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b. Density of live and. d.ead. molluscs

Despite the great d-iversÍ-ty of species present at site 6, the

d-ensities of molluscs were very low and during the sampling season

live índ-ividuals of only three species were collected-.

In both the live and- d-ead- populations, the amnicolid.s

Amnicola limgsa and A. (=lrob,vthinelþ) lacqstqis (fatte XIIÏ) showed.

the highest iLensities per unit, bottom area. Maxlma were observed. for

d.ead. shells of these species at times 2 anð. / while live ind.i-viduals

showed. the greatest d.ensities at times 3 and, /. These peaks d.id_ not

coincid.e with those observed" at either sites I or J,

Dead- shells of Gyraulus parvus (taUte XIIIA) showed peak

d.ensities in vegetated. samples at times 2, 4 anð" 6 A:ut live j-ncl-ividuals

(latte lfiTß) were observed- only at time J in vegetated. samples. Live

ind.ividuals of Pisid.ium cagertc,nqm Poli, a bivalve mollusc, showed.

naximum d.ensities at tj-mes 2 anð. l, and- like live ind.ividuals of the

other species, occurred. pred.ominantly within areas occupied- by 
ì

subnerged. nacrophyte stand.s.

All other species lÍere represented. in the sanples only by !. ,,.,

d.ead. shel-ls. T,¡lmnaeg s,tagnalis, S-Þaenicol-a palustris and- PLanorbula ., . '..

armigera (ratte lilrr) were each collected. only during one sampling """"'''
period.. F.o-ssari-a mo4ice1la showed. maxj-mum mean d.ensities at times 4

and I in vegetated. samples. Dead. shells of Pþvrsa ffrcina and. Armiger

crista were collected. at times 3, 5 and f in vegetated. sanples , t;lrii:,';'.;,.'-:. -- :

Promenqtus exg.c]rou"s showed. peak d.ensities at times 4 and. 6 in
vegetated- samples, while Ï?lvjlta tricarl-nata showed- peak d.ensities at

times 2 anð" /. tr'er.rissig qivul-aris say showed- a major peak at time ?
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and- occurred. only in vegetated. sainples.

The greatest percentage of the d-ead. she1l fauna (tatte XIVA)

consisted. of the amnicolid.s Amnicola linosa and- A. (=Pï.qÞXl4inel1a)

facustris; the mean relative d.ensities of these species showed- greal

variation in nonvegetated. samples because of the comparatively smal1

nunbers present. Valvatg tricarinata showed- the next highest relative

d-ensity in both vegetated- and. nonvegetated. samples, fo11owed. by

GE:jlulus -@,, Promenetus @9, Fossaria mod--iceIla, FeJ=issia

rivularis, Physa Fyrina, Armigeg crista, Stagnicola p.alustJis, Lymnaea

sta.gnalis and. Planorbula armigera. Other species present at site 6

but too rare to be collected. in the sed.iment samples werer Helisoma

trivolvis, H. anceps, ApLexa hlrpnorum, and- Fossaria decamp.i Streng,

and- Staenicola catascopium Say. The bivalves A4ogonta ga.nd_is gra,nd_is

Say and. LanpsiEs rad.iata sirliquoid.ea Barnes generally occumed- in

d.eeper water outsid.e the northern bound.ary of the sampling ground..

Little accumulation of d.ead- shells occu:red" at site 6 because

the sheLls rrere soon broken up by the heavy wave action¡ this was

particularly true for the larger speci-es,

Live populations (falte lfflB) weïe numerically dominated. by

Pisid.ium cas-ertanum; the two species of Amnicola and. Qyraglus qar\nrs

conpri-sed- the remaind.er of the live populations that were collected.

in the botton samples. rn nonvegetated. samples, the Looft varues for
relative d.ensity were due to the occurrence of single li-ve ind.ividuals

of only that species in the samples.

Unpaired. t-tests were conducted. to examine the significance

of the d.ifference of sample neans from vegetated- and. nonvegetated.

í:'i.'

ilir!::.,1:t:lj::::irì



TABLE )Ív. Mean relative d.ensity per unit bottom area for dead- (A)

and- live (B) molluscs at site 6 expressed. as a percent
of the total numbers of nolluscs of all species present
in vegetated. and- nonvegetatetl habitats, respectively.
Species numbers represent the followi_ng ta;ca:

1. l¿+nae.a s.basna.liE

2. Sta,Fnicola palustris
J. Fos,s.aqi,a mqdiceJl,a

4. P.hySq syrina
5. 9irraqluF paryps

6. Pl-anorbJrla aq4iäera

7. Prqqenetus exacqoys

8. Armilqer crj-sta
t. Ferrissia ri-vularis

10. Anniqola limosa and A. (=prgÞytfrinelþ)
lacuFtris

11. Va]vata tricariqata
12. P,lsi4iun c?Sertanum
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aïeas. The results for d.ead. sheIls (fatte XA) showed. that Amni-cola

limosa, A. (=Erobvtþiqelþ) lqcl-r.stqis, ÊvrauluÊ" .@,, Fossaria

mod.icella, Pronene.tus e.xacJl.ogs and þfgg!3 tricarjrnata tend-ed- to

accumulate significanLly (p<.05) more frequently in vegetated. areas

than in nonvegetated. areas.

Land. shells present in the sediment samples from site 6

belonged- to the following taxa; Succinea avara Say, Va11o4ia spp.,

Discus qaoakhilej Newcomb, Neso.vitrea electrina Gould-, Vertigo spp.

and. Eucon]rlus fulr{us Mïil1er. Graveyard. ind.ices rrere assessed. by

testing the signifj-cance of the d-ifference between sample neans for

land. shells from vegetated. and- nonvegetated. areas by neans of unpaired.

t-tests (p. 58). A significantly (p<,05) high graveyard. ind.ex was

found- only at LLme 2; accord.ingly the significant test for Glrraulus

parvus at this time must be regard.ed. as questionable.

Anong live populations (tatte XB), Pisi¿ium casertanum

showed a significantly (p<.05) trigh tend.ency to occur in vegetated

samples during rnrch of the season except for times 4 and. 6, while

Amnicola l-inrosg and 4,. (=lro¡vthinelþ) lacqslË:is showed significant

tend-encies to occur in vegetated. samples during the latter part of

the season.

Essentially, for si-te 6¡

1. Densities of molluses were very low.

2. Pisi3ium casertanum and. the amnicolid.s Annico.lra, liJngsa and_ A.

(-Probvt-hinéJ1a) lacustris showed significant tendencies to

occur i-n samples containing L pec.tinqtl¿s as opposed. to those

from nonvegetated. â,reâs.
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Discussion

The d.istributions of several species of molluscs at sites 1'

J and 6 with respect to vegetated. and. nonvegetated. habitats, and. with

respect to d.ifferent ty¡res of vegetation, cou1d. not be explained. by

chance a1one. l,ive snails generally showecl- significant tend.encies to

occur in vegetated. habitats, and. at site 1, often showed. affinities for

specifÍ-c vegetation types. The times of naxi-mum mean d.ensity i-n samples

containing the "prefe:ffed." species of plant were co:reIated. with

hatching of the young. The species of plant with which some snails

tend-ed. to associate was not necessarily constant or unique i-n time.

The results for the live populations llere supported- by data for d-ead-

shell accunulation in the various types of habitats and. d.istributi-onal

d.ifferences could" be attributed. to passive red.istribution only some

of the time.

The snail species for whi-ch significant affinlties for

vegetated- habitats were deteeted. were largely majority species. The

possibility that many minority species also showed affinities for

vegetated. habitats could. not be exclud.ed., since the sna1l numbers of

such species that were collected- with the nethod. of sampling may have

preclud-ed- the d.emonstration of significant d-istributional d.ifferences.

At site 1, the major associati-ons that were detected- showed.

a polarity of d.istribution that coincid.ed with the distributions of

the respective macrophytes. LIgæ glefngl.i.s was strongly associated.

with Potano.qe,tog ficþ?rdsqFi during nuch of the growing season. Snail

d.ensity peaks in samples containing this plant occurred. at times 3, 5

!.: , . : r
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a;nð.7 and were composed of significant proportions of young which

hatched. in large part just prior to these tines' with the main peak

occurring at time 5. HaLcl^tÍ-ng in 1. {ichar4Ègåii- stands appeared to

connence earlier and- was of greater magnitud.e than in other vegetated.

habitats at this site. These results suggested that P. richar,4çg$ji

stand-s contained- some factor that was favorable or perhaps attractive

to L. stagnalie.

The other numerically pred-ominant species at site 1, Physa

gtrrina, was significantly associated. with Pota,mogqton .pgctingtu.s at

the beginning of the season, but by time 3 also sho¡red affinity for

P. richard.sgniS. Numbers of snails per unit bottom area continued- to

be greater in P- p-e.qlinatus than in P. richar9.s.oni-i stand.s until time

63 afüer time 6 no differential affinities could be d-emonstrated until

tirne 8, when significantly greater numbers were again present in

sanples contaíning P . pe-ctinatus. Physa I ,Imina also showed. a significant

affinity for Myriophyllun exal,bes,csns at time 8. The first hatching of

the young of P. ffXrina occu:red. after time 1 in P. leclinatgp stand-s,

and- this appeared. to preced.e hatching of this snail in other vegetation

types. Major reproduction occu:red- at times 4 and- 8.

Fqssaria nod-i,cella, the third. most frequent species in the

live populations at site 1, showed. some sinilarities to the d.istribution

of L gyrina in that it was assoclated with P. pecti.qa.tgs early in the

season but also showed. affinity for P. richard.sonii, Reproduction in

this species comrnenced- after time 1 and. conti-nued. until midseason in

stands of both Potámg$e,tòI species.

Stagnicola palustïîS, on the other hand., Tras associated. with
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richardsonii until time 3 in terms of numbers per unit botton area'

t / .,by time ó it was associated. with P. pectinatus, as seen from the

resul-ts of the live counts. Reproduction of this snail appeared. to

take place in both ty¡res of Po_tjurmpgeton stands. The results of the

bottom sampling showed. that live ind.ividual-s of Helis-o.mq triJr-oFis

were significantly associated. with P, pectinj¡,tus at time 6, which was

also the time of major reproduction in thÍ-s species.

Snail associations with lvlrriophy1}un qxalbes.csns and-

Ceratgpþ.yllr4n d.enersum were weak during the first half of the season¡

this may have been an effect of masking by the more dominant

Pota¡qogeton species in the sanples, or it may have been due to a real

absence of snails beyond. the numbers expected. due to chance from these

samples during the first part of the season. DeCosker and- Persoone

(tgZO), working near Ghent, 3e1giun, also found that C,. d.eqersun

appeared. to be preferred by gastropods later in the growing season.

Accord-ing to Lawalree (195Ð, young Ceratophyllum and. l{rriophyllum

shoots produce the inhibitor, myriophyllin, which protects young

plants from grazing by discouraging aquatic gastropods.

lfith respect to seasonal numerical relationships between

major species, DeCosker and- Persoone (tgZO) found. that densities of

Lymna,ea staffn3,lis in vegetated. habitats were inversely comelated.

with those of other, smaller species. To some extent this was true at

site 1, particularly for rel-ative d-ensities of L. s.tagnalis and-

P. gyrin3. during mi-dseason (see Table IfB). At site l this could be

explained. by non-simulir,aneous reproduction of these two species.

' :.

At site J, where the vegetation consisted. almost entirely
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of 14J'rio.pþ.y-1.19m qÍ?lb_e,åce.ns, major positive associations with this

plant were obsen¡ed for PþJsa gy,riñâ and tr}¡spqi:ia mo-d-j--c.ç1.19 after tj-ne

3. Prior to tine 3 aLl of the shoots were young and- perhaps contained-

high leve1s of snail repellant. These two gastropod. species were also

predoninant at site 1 in sanples containine L eTgþ-e*?c.eg?. Hatching

of Phy"sa in M. exalb.essqns stand.s at both sites I and- 5 d.id. not occur

until after ltirme 2 even though it commenced. earlier in P. pe.qtÅnatus

stand.s at site 1, suggesting that M. exalbescens may not have been as

favorable a habitat early during the growing season.

The unrestricted. growth of the Physa population at site J

during the second- half of the season in M. qxalrbes.cs.ns stand.s rend.ered-

this plant-snail association particularly striking. Krecker (t93Ð ana

Mackie and Qadri (l-gZl) have also noted. the presence of P,hys-a on

Mf!:iophy11um. The reasons why the spectacular e{pansion of the

population occurred. at site J whereas at site I it renained. in check

may have been due to a conbination of factors. The absence fronr site J

of Lymnaea stagnalis, an important competí.tor for food. at site 1

because of its large size and. numbersr ilâ¡r have contributed. to the

continued- population increase of PhIsa as the mean dry weight of the

host plants continued. to increase. Both snail d.ensity and- mean shoot

weight decreased. sharply at time 8. 4os,F_?"li.a modicella, the second.

most frequent species among the live populations at site 5, was not

an important competitor in this regard. because, although its size

was similar to that of Phlp_q., its d.ensity per unit bottom aïea was

significantly sinaller. Another factoï may have been the l-esser

d-egree of pred.ation at site J. leopard. frogs, which account for

some pred-ation on snails in the Delta Marsh (naay, I)16) and
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snailivorous leeches were less abundant and. feed.ing by waterfowl was

spread. over a much larger surface area than aL site 1; also fish were

not seen at site 5. fet' another facüot may have been an intrinsic

characteristic of the population: si-nce the reproduction during the

second. half of the season lras due to the young of the year that had-

hatched- during the first part of the season, there renaining no adults

during the second. half of the season, the young of the year at this

sj-te i,¡ere repi:odilcing when tfieir size, and- age' lras smaller than the

size of the young of the year that were repïoducing at site 1 (compare

Figs. L6 anð. Z1). ffris, combined with the fact that surface temperatures

remained high at site 5 untiL the end- of the season (tr'ig. 6), may have

contributed. to larger amounts of egg-laying since temperature is

known to influence growth rate (Imfrof, I9?3). Higher temperatures

may also have shortened- the time required- for embryonic d-evelopnent

(net,litt, r99+).

At site 6, where pure stand-s of Potgmo$eton Eg[!¡g@ weïe

present, major positive associations rÍere d.etected. only for the two

Anlqicola species and. Pis_1d.ium cas.ertanum. However these species were

unlikely to feed. directly upon living plant tissue to any significant

extent. Pisi,tl-ium e.as.gr!a.num, a bivalve, is a truly benthic organism

and. relies upon filter-feetling. Its significant tendency to occur

in macrophyte stand.s was probably due to the nore sheltered. cond.itions

prevalent therein in terms of reduced. turbulence and. turbid.ity and.

enhanced. substrate stability. The consistency of the substrabe,

which was d-ifferent in vegetated. and. nonvegetated- areas, as well as

possibly d.ifferences in the numbers and. ty¡res of filterable organisms
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between the two types of habitats may also have been contributing

factors which infl-uenced. the d.istribution of this species.

The amnicolids, Amnicola 4ingsa and A. (=pro,¡"vtþ+æfþ)

laclstris, l¡'ere unlikely to feed. significantly upon living plant

tissue because of their sna11 size and- the weak radula characteristic

of these prosobranch gastropods. Monakov (lgZZ) reported. that

prosobranehs ingest sand. grains, si1t, d_iatoms, unicellular green

algae and. bacteria although some evid.ence was found. that higher plant

tissues are eaten as well. The amnicolids at site 6 were observed- to

be present d.irectly upon the macrophytes but may have been feed.ing

largely upon periphyton.

Although nany species of pulmonates were present at si_te 6,

their d.ensities were very low and. live ind.lviduals were neither

collected- in the bottom samples noi observed- upon the macrophytes.

This may have been due in part to the turbulence at this site which

mad.e i-t d.ifficult for large snails to stay on the plants. At site J

snails were observed- to d.isappear from the upper portions of the

plants during period.s of turbuleflce. These observations support those

of szczeplnska (tgSa in Bownik, rg?o) who found that wave action can

conpletely eliminate the nolluscs from the plants.

In general, the results gained_ fron stud_y of d.ead. she1l

accumulati-ons augmented. the d.ata obtained- for live populations insofar

as sequentÍ-a1 sampling was employed-. However it was d.iscovered_ that

shells of d.ifferent species d-isintegrate at d.ifferent rates at the

same and" at d.ifferent si-tes and. therefore nust not be used- in
stratigraphic stud.ies to extrapolate the structures of past aquatic

corununities since the composition of d.ead. assemblages is not
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proportional to that of the living populations from which they have

been drawn.

The plant-snail associations that were d-emonstrated. at the

three sites ï{eïe examined- with respect to the monitored- environnental

paraneters. since d-ensity peaks consisted" of a large proportlon of

young as

could. be

well as some adults, it was possible that certain factors

correlated temporally with the d-istribution of adults and.

with reproduction. However correlation coefficients for snail d-ensity

and. each of the monitored. parameters for water chemistry failed- to

show any significant colrelations. These results were thus the same

as those of f,évèque (f9?Ð, who stud-ied- C.e-r.at-o.ph$h+m d-qnersqm

coinnunities in Lake Chad-, lvory Coast, and. also could- not correlate

snail d-ensities with any of the principal ecological paraneters of

the lake.

Accord.ing to Delfitt (t95+, 1955, 196?), temperature, and-

possibly to a lesser extent, photoperiod, influence egg-laying in

Physa and LImnasa. He found that, in Michigan populations of Phr{s-a

glrcina, oviposition coinmenced at a water temperature above 10 C.

These results were supported. by those of Sankurathri and. Holmes (lgZ6)

who stud.ied. a populãtion in f,ake Ïlabamun, Alberta. However at sites

I anð. 5, the earliest hatching of R. qqriq+ was not observed- until

after time 1, when water temperatures llere alread.y high (Fig, 6).

Allowing more than a week for embryonic d.evelopment aL 20 C (Oeltitt,

L954), which was elose to the mean temperatures at both sites at tine

1, temperatures weïe nonetheless well above 10 C during the first

oviposition, at or slightly prior to time 1. Furthermore, at site 1'
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hatching in lqta]rgff¡ton pgs-bi.na-T}S stands slightly preceded that

observed. i-n other types of stand.s; if temperature d.ifferences d.id.

exist between the d-ifferent types of stands, these were not d.etected..

This suggests that other factors in ad.d.ition to temperature nay have

influenced. reproduction. Photoperiod. was obvÍ-ousIy the same in al1

habitats.

Essentially, the results of the I)12 season suggested. that;

1. Many specÍ-es of noll-uscs occurred- significantly more frequently

i-n vegetated- than in nonvegetated. habitats.

2. A,L site 1, majority species of molluscs often occurred.

significantly more frequently in certain ty¡res of vegetation

than in other available vegetated- habitats.

l. The plant-snail associations, in terms of snai-l d.ensity per unit
bottom area in the stand.s, r^rere ti-me-d-epend.ent and. were related.

to reproduction.

4. tfre d.ifferential snail d.istributions could. often not be explained-

on the basis of chance nor could. they be co:selated_ with any of

the monitored. environnental parameters, but appeared. to be

comelatetl with the distributions of (specific) macrophytes.

J. The specific associations appeared. to show sone flexibility from

site to site, d.epend.ing upon the ty¡res of macrophytes that were

present.

0n the basis of these obserwations, the following planb-ryazer

mod-els were postulated., assuning thaL grazing of the plants by snails
d.id. ind.eed- occur¡

1. At site 1, the basic nrod.el consisted. of the macrophytes

4o-Þqriogeton pecti.na,tús and. P. ricþárÈ.s.o+ii, and the pulmonates
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Phyg? gyring and Lymnaea slg,gnaliE. Fossaria gg}s],la,

Stagnicola palustris and þ!þg tligoJ-vis forned

smaller subsid-iary associations with the two macrophytes.

2. At site 5, Lh'e basic mod.el consisted- of &X!ågp-hJ1f.r1m

gxF,lþ-eF-ce.ns and. the pulmonates Pbv.p.a WTing and. Fgs.s#:ig

mod.icella. This mod.el coexisted- with mod-el 1 at site 1 on

a reduced. scale.

3. At site 6, Line basic mod.el consisted- of Potamogeton psctinqtus

and. the prosobranch Annicola speeies. This mod.el was not

believed. to represent a true planL-grazer mod-el' although

there r^ras sone evid.ence for the existence of this nod.el on

a ninor scale at site l.

The first mod-el was the most complex since it involved. the

simultaneous interaction of several species of plants and. snails on a

sinilar scale; d-ifferential association patterns within such a systen

would. represent a high ord.er of ad-aptation. The second- and- third.

mod-els represented- a single-nacrophyte system, and. therefore a lower

ord-er of ad-aptation because any tend.encies to occur in vegetation

involved. obligatory interspecific competition among the snaiLs. Mod.els

1 antl 2 were examined- in greater d-epth during the subsequent seasons,

while mod.e1 J was set asid.e for the balance of Part T.
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T. Objectives

ïn ord.er to examine the plant-snail communities nore closeIy,

sampling by Ekman d.retlge was no longer suitable since, with thi-s method.,

the benthos was not separable fron the snails that had. been originally

present on the plants, and., since the quadrat size was too smal-I to,

a1low for quantitative sampling of the latter, the snails could. not be

related quantitatively to the plants. Although sampling by Ekman dred-ge

probably entailed. little loss of snails from the plants, agreeing with

the contentions of DeCosker and- Persoone (tgZO) that snails are not

easily renoved. fron the plants, Mackie and Qadri (J]Zl-) found. that

the Ekman dred-ge operated. with varying d.egrees of efficiency in

recovering sna11s from d.ifferent ty¡res of macrophyte stands. Therefore,

before the problen could- be pursued- further, a revised. nethod. of

sampling ¡ras necessar¡r that would";

1. sanple both nacrophytes and. associated- macrofauna quantitatively

with a mi-ninum of d.isturbance to the communiti-es being sampled.,

and-

2. exclud-e benthos '" '

such a sampler was not comrnercially available and- previous

workers (pp. 8-11 ) rraa little success in overcoming these d.ifficulties 
ì.,¡..:;¡::;.

The sampler pïoposed. by Gerking (lgSZ), although it exclud.e¿. the ;:,,,,..',.:.1,'.,.-i

benthos, had. the d.isatlvantages that¡

1. because of its nanual operation, it could. only be used. in

shallow water and. could- not be operated. from a boat, resulting

i¡;=1;:'rili:1id
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in trampling and. d.isturbance to portions of the corununity that

were not includ-ed- in the sanple,

2. in d-ense stands, the vegetation was not cut completely

because insufficient shearing force Ïras geneïated. by hand.,

3, the vegetation was sheared. above substrate level, exclud.ing

lower portions of the shoots and. young plants from the sample,

and.

4, the tine which elapsed. between positioning of the sanpler and.

insertion of the bottom screen all-owed. disturbed. fauna within
the sampler to settle to the bottorn and- be exclud.ed- from the

sanple.

T'n r97r, Mackie and. Qad.ri proposed. an apparatus for the

quantitative sanpling of aquatic phytonacrofauna. This sampler had.

the ad.vantages that it could. be operated. at any d.epth fron a boat,

it exclud.ed- the benthos, and. its operation was fast and. efficient.
However the size of the sampled. quadrat was too small to allow for
quantitative sampling of macrophytes, the sanrpling error due to ed.ge

effect (Kershaw, L964) was large, and. the quadrat si-ze was fixed. The

d.esign was altered- and. a nod.ifÌed. macrophyte sampler (eip and_ stewart,
1976) was constructed that would sanrple both the macrophytes and

associated. phytomacrofauna with a ni_ninun of error.

The primary objectives of L?.e 19?3-4 seasons' work vÍere:

1. To examine quantitatively the valid.ity and. nature of the

plant-snail mod.er proposed- for site 1 on the basis of the

results of the r)lz season, which consi-sted- of the macrophytes

Potamoqe-ÞoJr pecli+atus and p. richardsonii and the pulmonates
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P4vsjl glginâ and. IyJnn?ea StaA{latis, and- on a subsid-iary scaIe,

of Fossarþ modi-qeIIa, Stä#icbla qal-.ustiis and- 4elisoma

tqiïqlvis. If this mod-el were true, then;

a. these five gastropod.s would. be expected- to occur

largely on the plant shoots while the remaind-er of the

nolluscs would. occilr in the benthos, and-

b. the d.ifferential temporal and spatial- distribution

patterns suggested. by the mod-el could- be d-emonstrated-

quantitatively in terms of host plant units.

2. To d.etermine whether this mod-el was true in other si-tes'

3. To examine quantitatively an example of the second. mod.el, i.e.

a single-macrophyte systen.

These objectives were approached. in the following ways:

1. Densities of all nrolluscs present on the plants in the

respective@standsatd-ifferents1teswereexamined.

with time in relation to; a) unit botton area-, b) unit dry

plant weight and. c) unit plant surface area.

2. Blomass of the two major gastropod.s in mod.el l was examined

with time in the respective Potamogetpn stands at d-ifferent

sites in relation to: a) unit bottom area, b) unit dry plant

weight and. c) unit plant surface area.

J. The population dynamics of the the major gastropod-s in mod.el I

were examinetl- with respect to the phenological cycles of the

host plants.

4. lfre grazLng d-amage sustained. by the plants at d.ifferent times

was estinated.

5. Enviroruænta1 parameters continued- to be monitored-.
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II. Ðescription of the stud.y areas

The sites selected. d.uring Llne L973 season, apart from site 1,

had. the following features¡

1. The sites contained. one or both of 4qtpgo,fflo+ ?çc.ligqt]+s and.for

P* ricþqfÊspJ*å, and- a molluscan fauna that included., but

consisted. of more tlnan, the two major species stipulated. by

mod-el 1.

2. The sites were relatively protected. from l¡ind" and. turbulence.

Results from the l)12 season had. suggested- that wave action

drives larger snails from the plants.

J. The sites Ïrere accessible in all types of weather.

4. tne sites were subject to little d.irect human interference. Such

sites were established. for several years, and- the sumound.ing

vegetation was und.isturbed. and- continuous. The remains of

plant and. animal material fron the previous season represented.

the same types of communities as those of the current season.

During Lhe 1973 season, four si_tes were stud.ied.; of these,

sites r, 2 anð" 4 contained both PqtgLqqe-toJ} species and. were thus

suitable for testing mod-el 1, while site 3 contai-ned_ only p. peftiqatuq

and. ¡+as suitabre for observing a single-nacrophyte system. During the

1pf4 season, only sites I and. Z were stud.ied..

A. Sites I and,2

Site 1 (fie. 23) naa been studied in I9?2 and, has been

described on p. 13.

site 2 (nie. z4) consisted of an L-shaped drainage ditch that f:,ì
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Figure 21. Position of Potjunogelon pectinatus and. P. richardsonii
d.ominated stands within site 1 during Llne lgZZ-3
seasons.
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FÍ-gure 24. Position of Potanogeton pectinatus and. p. {ichard.sonii
dominated. stands within site 2 during i.}ine I9?j
season.
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was sinilar in aspect and. origin to site 1. It was located. ad.jacent

to site 1 but was not connected" to it during L]ne L973 season. Site

2 conlaLned a smal1 passage at its western encl to a shallow marsh

bay which was ultimately connected. to the Blind. Channel. The site

was well-protected. from wj-nd- and- the maximum seasonal cLepth was 0.75 n.

The bottom consisted. of a fine organic silt with a clay base and

varying proportions of sand and gravel.

The northernmost portion of the northern ar¡n contained- an

und-isturbed- pocket of Pota,mo.gelon peçtj.,natus interspersed. with

Cera,to.pþyllum d.emersu+; the western arn contained. mosaic stands of

P. richar-d.s.oniji and. Myriophl:l1um e.4alÞescens. The intervening bare

area between the two types of stand-s was d-isturbed. by boat traffic

since the site provid-ed- ind.irect access to the 31ind- Channel. l,_egna

ninor L. occumed- sporad.ically among the emergent vegetation in the

northern arm. The margins of the d-itch were occupied. by stands

dominated by Pjqqen4leË ryþ, Tfpla lati_fol,ia and Carex a,thero4es.

The species composition of the molluscan fauna at site 2 was id-entical

to that of site 1.

During 1"]ne L974 season, the character of sites L anð.2

changed- abruptly as the result of severe flood.ing in the Delta Marsh

during the spring. During Apri1, surface connections between sites I

and 2 and. the surzound.ing marsh allowed. for the unrestricted- migration

of fauna. At this tine carp gained. access to both sites and. persisted.

throughout the I)14 season. During May and- June, sites 1 and. 2 were

sti11 connected. by means of a culvert and. during this period. muskrats

frequented- both sites. Ïfater Ievels remained. high until the end. of

the season.
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The increased. influx of silt into the sites and. related. factors

associated. with the flood.ing had- a pronounced. effect on the subnerged-

corununities. $yrjþpèyEu.$ eJaB>qcèFj; d.isappeared. conpletely from both

sites during Lh;e 1974 season, even though at the beginning of lvlay it

appeared- to be germinating normally fron perennating bud.s. The P.

p-estinatus stand-s were very spatrse and- grew poorly, especially at site

1, although P. rj,c4qrdso¡åi appeared to be less affected.. CeratoqhllrÞrn

4emeqsq4r ¡¡hich had, previously been present only in the P,. p.Wli',na.t!rS

stand.s, spread. completely throughout both sites. At site 2, Llne

d.iscontinuation of motor-propelled. boats allowed" the P. pec.lina_lus

stand.s to ad.vance farther south along the d.itch, making contact with

the P. qic4ardgonli zone.

A phenomenon with particularly far-reaching effects on the

submerged- corununities was the explosion of lem4a triqu.lca and- I'. +inor

at both sites. By the end. of July the water surface was entirely

covered. with d.ense mats of these plants.

During LLre 1-974 season, both Bhysa qy,+na and. l,ynnaea st?Jrnalis

populations d.eclined. at both sites, while other gastropod.s, notabl¡r

Sta,gniqola palustris, increased. in importance.

B. Site 3

Site 3 consi-sted. of the northernmost J0 m portion of a

drainage d.itch located- in the east Delta Marsh at the entrance to the

ïnkster property, with access via the east dyke road. (fie. f). fne

d.itch was d.irectly connected- to the Blind. Channel, but was completely

und.isturbed. and. well'protected. from wind.. The botton sed.iments

consisted. largely of clay and. incompletely d-ecomposed- organic matter.
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Fi,g:re 2J, Position of Potamogeto.n pectinâtus

dominated- stands within site 4 (A)

during t"1ne L973 season.

and. P. rich_ard.sgnii

and. site 3 (B)

l.r,,i:
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Although the site was spanned by

very light. The maximum seasonal

subject to sharp fl-uctuations in

end- of the season.

LT7

a bridge (¡'is. zfr) , traffi-c was

d-epth was 0 ,5 m, but this site was

water level, particularly toward-s the

The subnerged. vegetation consisted- of a d.ense stand- of

Potanogeto.n pectinatr€ at the northern end. The remaind.er of the ditch

T^ras occupied. by scattered- clumps of Myriopþy.l1-um exalbes.cens.

Filamentous algae r^rere corunon. The emergent vegetation I^Ias d-ominated-

by Carex spp. , Phra,gmites comrnunis and. Sp.arganium sp. The j-nvertebrate

fauna at site 3 was sinil-ar to that at sites I and- 2. Fishes were not

observed- but the site was extensively used- by waterfowl and. small

mammals "

C. Site 4

Site 4 i,¡as l-ocated. in the Big Grass Marsh west of Langruth.

The Big Grass Marsh covers an area of approximately 18,600 hectares

west of Lake Manitoba. The und-erlying d-eposits are composed largely

of poorly sorted- calcareous tilI containing a smal1 proportion of

granitic materials.

Site 4 Ïias conposed- of a portion of a l-inear d.raj-nage d.itch

¡rith an east-west orientation that was continuous for several-

kiloneters along the southern sid.e of Provi-ncia1 Tzunk Highway No, 265,

A 50 n section of the ditch l-ocated. I2,5kn west of Langruth was used.

for stud.y (¡'is. 25Ã) " The bottom sed.iments consj-sted- of coarse sand.,

gravel and- scattered- rock covered. by a layer of calcium carbonate

and. organic d.ebris. Maximum water d.epth at si-te 4 ranged- from l-.0 m

during the early part of the season to 0.25 n by August. The site
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was relatively exposed- to the prevailing winds.

The submerged. vegetation was dense and- diverse, and consisted

of Potamo.get-o¡ pe,c-tiryut}.s, P. ri.ch9..q4Fqniå, 4+ vaåi4qtus Turcz., P,

na.tans L. , Myrjo.phyl.lun e:.r91!qs.cens ' @!gfg4þ Lul4aTis t. and- a

Chara sp. The Po.tano4eton species occurred. in fairly d-iscrete' although

scattered stand.s; P. pec,tinatus and- P. vafîing.tus ¡IeTe cofiImon along the

shallower margins of the d-itch, while P,. ricþa.rd.?onii and- P. nalans

tend.ed. to occur in the d.eeper central portions. Emergent vegetation

was composed. of Hippu-ris vulgaris L. ' $agittaria sp., Alj-,sma t{iviale

Pursh, Me.ntha arverìsås L., Carex spP., Phra,gnitqs communis, Typha

latifolia and" Scir-lous acutlts Muhl.

The nolluscan fauna was similar to that of sites 1-3. Sna11

crustaceans and- insects were coÍrmon. The sanpling ground.s contained. a

family of crayfish (Cambarinae) while nematomorphans were found.

entwined. about the plant shoots fairly comnonly. The site was used.

by waterfowl.

..::):
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În L973 sites 1-4 were sanpled. at two-week intervals fron

May to August while Ln L974 sites 1-2 were sampled. i¿ith the sane

frequency and. for the same period.. Sites I and- 2, and- sites 3 and 4,

respectively, were sampled. on the same d.ays. The d.ates for sampling

times during tlne L973-4 seasons are given in Table XV.

T. Environmental neasurements

A. trrlater chemistry

A surface water sanple was colfected. at each site in the
,

earl-.y afternoon, placed. imrned.iately in iced., lightproof containers

and. frozen within J hours of collection. The samples were thawed. 1-3

days later and. analryzed- accord.ing to method.s ïecorunend.ecL by the
1

American Public Health Association (1g?t) which have been d.escribed 
i

on p. 1f . Measurements of surface pH were mad.e with a pH meter. ì

Calcium activity was d.eternined duringLg?3 by using a calibrated

Orion Tonalyzer rnod.el 407 witn calciun electrode mod.el 92-20. ,;,,,,.,.,,.,,:.,-': 
"i 

..r ''

Because the sites were located. close to unpaved. road.s and. ;. . .',.'., ',:,
.. . . :.. ..:. :.-

were subject to fallout from dust, the influx of solutes from

atmospheric sources, in the form of dust or d-issolved. in rainwater,

was estimated- by placing glass jars that were 16.J cm d-eep and- had- an 
,, ,.,,,,..,

opening of 38.5.t3 near the ed.ge of the water at sites L, J anð,4 aL :".''-.'r''.'.'

tine 3, chosen rand.omly, during A9n, The jars were retri-eved. at time

4 and. their contents were treated. as nornal water samples
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TASLE XV.

A. L973

Sampling

La

7

2

3

l+

5

6

?

I

B. L97+

Sampling

L

z

3

l+

5

6

7

8

Dates of sampling tinres for sites

for sites 1-2 durine t9?t+ (g) '

sites l--2

l4ay 11

Ntay 16

14ay 30

June 13

June 27

July 11

JuIy 2J

August 8

AugasL 22

sites 1-2

M,ay L3

Ntay 2f
June 10

June 26

July 8

JuLy 22

August 6

August 19

1-4 durine I9?3- (A) ana

sites l-4

*^U ,A
June 11

June 2J

July 9

JuIy 2J

August f
August 20
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B. Light and. temperature measurements

Light measurements were mad-e at 0,25 n d-epth intervals with a

Griffin envirorunental comparator (p. 20) . Ternperature measurements

were rnad-e aL 0,2J m d-epth intervals with a thernometer.

II. Siotic sampling

A. Field. apparatus and. procedures

a. Mod-ified- nacrophyte sampler

The nodified macrophyte sampler (tig, Z6) consisted of a

heavy guage (6 r*) alumi-num frame with inside dimensj-ons of 50 x 50 x 58

cm. One stationary and. one movabl-e blad.e, each J cm wid.e, were set in

runner slits 3 cm above the base of the frame. trfhen the sampler was in

position, the 3 cm of clearance between the base and- the blad-es sank

into the substrate, placing the blad.es at substrate level and. anchoring

the sarnpler during operation. The method. of operation was essentially

the same as that proposed. by l{ackie and Qadri (l!Zt). A 0.85 kS

messenger released. the trigger mechanisn, and. if the safety pin was

not engaged-, the movable blad.e was pu11ed. rapid.ly towards the

stationary blad.e by a series of heavy-duty rubber bands attached. to

the protrud.ing ends of the blad-es, shearing the enclosed. vegetation

at substrate level. A fold.ing vinyl scïeen with I mm mesh was attached.

to the novabLe blad-e; this closed. the bottom opening and. prevented-

escape of the contents. Vinyl screening with a 1 run mesh covered. all
sid.es and- the top hinged_ d.oors of the sanpler.

The size of the enclosed. quadrat could. be reduced_ from the

naximum d.inensions of 37. 5 x 50 cm by insertÍ-ng blad.es of varying
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Figtrce 26. Si-d.e (A) and- botton (B)

macrophyte sampler.

views of the mod.ified.

.è-e,
l: :l.lr i:ì.
i:::-:Á: r:
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r^rid.th in front of the stationary bIad.e. The quadrat size used- in this

stud.y had. dimensions of 30,5 x 50 cn (tg5 
"t3), This quadrat, size

r¡¿s large enough to minimize both the effects of possible heterogeneous

faunal d-istributions within a clump and- the effects of ed-ge and- 
:: :,.

contagion within a plant stand-, but was small enough that the quadrat : '::'

size cl-id. not exceed mean clump size (Kershaw, L9?Ð of the two

Potamogeton species at sites I anð. 2. 
j : ,: ;:.

The efficiency of the sampler wi-th respect to the two ' , ,

:

Potamogetog species was estimated- by comparing the nunbers of shoots
, 

tt, 

'.. -.,,

enclosed. by the sampler before sampling with the numbers recovered.

fron the sampler after sampling and- was found- to vary from 80 Lo IO0/o,

d-epend.ing on bottom contours and- presence of extraneous materials.

The samples comprised. the contents of the water column that exceed-ed-

I mm in size and includ-ed- free-swimming invertebrates and- fish.

b. Sampling procedure
l

Sarnpling was conducted. at all times fron a smalf boat.

Sanrpling points were selected. rand.omly within areas occupied. by

homogeneousp1antstand.s;suchstand.sweredefinetl-bytheabsenceof

other species when examinetl- visirally. ":"""t"

,,.a, 
t 

''t ''

tr'ive samples were taken in each of the two ty¡res of Potamogeto.n - :

stand.s at each site, except site J which contained- only one type of

Potampgeton stand-, on each sampl-ing d-ay. This number of samples was

d.etermj-ned- from an examination of the sampling d.istribution of the :,I :

..¡.;,':.t,t t

mean (Spiegel, f96L) for plant d:ry weight from the sites,

During tlne l-974 season, selection of sampling points after
l

time 6 was completely rand.om because the d.ense surface mats of Lenna

at sltes 1 and- 2 preclud-ed- any visual assessment of stand. homogeneity. 
:ì:.:.:.r:,
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However, except for the @, heterogeneity of the samples was

minimal since Myr-iophy]lum exalbescens was absent from these sites

during f974.

The samples were sealed. in plastic bags, refrigerated. al 3 C.

and. processed. within 10 days. Initial processing consisted- of washing

the samples und.er a jet of water through a nest of sieves, the smal-lest

nesh being 1 run. The residue was sorted. by hand. into plant and- animal

components.

3. Vegetation

a. Shoot length

During eaeh sanpling period., a total of at least 10 rand.only

chosen shoots of each of the two Potamogeton species from each site,

was set asid-e fronr the samples for measurement of length, surface area

and. ind.ividual dry weight. Shoot length was d"etermined. by measuring

from the severed. proximal end., assumed- to represent substrate Ievel,

to the d.istal terminus of the longest branch or inflorescence.

b. Surface area

The surface areas of the shoots that had. been set asid.e in

section a above were d-etermined. using the procedure d-escribed. by

Harrod. and- Hall Ggez). The inflorescences lrere renoved- because the

weight-area relati-onships for these parts d.iffered. from those of the

submerged- vegetative portions, and. being energent, they were not

subject to the same d.egree of grazing by aquatic organisrns.
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i. Weight of surface film

Each shoot was briefly immersed- in acetone to remove the

periphyton (Hal=od and Ha1l, 1962), the acetone was a11oned. to dry

and. the shoot was weighed-. Imrned.iately after weighing, the shoot was

irunersed- in Teepol 6fO (Sfrefl Oil Co., distributed. by BDH Chemicals),

removed. and- shaken for 20 sec at the rate of 4 tlmes peï sec to remove

excess solution and- to allow an even filn to spread. over the plant

surfaces. The shoot was then weighed.. This procedure was repeated-

J times for each shoot. The initial weight of the ti-ssue was subtracted.

fron the mean value for LI'¡e 5 read.ings to obtain the mean weight of the

surface filn.

ii. ïleight of surface film vs. surface area

After d.etermination of the weight of the surface fi1m, shoots

used. for the calibration curve were thoroughly washed. to remove the

Teepol d.etergent. The plants were cut into snal-l parallelograms and.

triangles, each having a surface area of 0,4-2,0.r3. The d-inensions

of each section were measured. and. the conbined. area of the upper and.

lower surfaces was,..ca1culated. using the relationships,

A=Zl-:w .(3)

for parallelograms and.

A - Lw .(þ)

for triangles. The surface area of the stem was estirnated. by treating

it as a cylind.er with area

A- Îa¡, .(5).

The areas thus obtained_ were sumrned..
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The relationship between surface area and- weight of surface

film (Fig. 27) was shown by both species of Potanoge-ton at a high

d-egree of corelation between the two variables (p<.005, rçI?) and.

coul-d. be erpressed. as:

A = F:q:0023 (Á\
0.0071 '\v'l'

where F represents the weight of the surface filn (g) and. A is the
2,surface area ( crrr-) .

iii. Surface area vs. dry weight

Although the procedure for estimating surface area from the

weight of the surface film was accurate, its application to whol-e

samples was inpractical because of their large size and_ the anount

of time required-. In an attempt to overcone this d_ifficulty, the

relationships between surface area and. dry weight Ìrere examined_.

Scatter d.iagrams for the regression of dry weight on surface

area in P. pecti.na,tl,rs (rig. ze) and. P-. richard.sonii (eie. Z)) were

constructed- using val-ues for shoots collected_ throughout tine L973

season at all study sites. For P. qecli4gtus, (p<.001, n=?9), this

relationship could. be expressed. as:

¡= (w/o.oo14)- t5.zLu3 .(Z),

while for P.. richaqÊsonii,(p(.001, n=5?), it could be expressed as¡

¡ = (w/o.ool7)+ 2?.4?06 . (B),

where A = surface area kt3) and Îf = dry weight (e) . rhìere r^rere no

significant d.ifferences in weight-.area relationships between shoots

originating fron d.ifferent sites nor was there any signÍ-ficant

d-eviation throughout the season within a single site.
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Figure 2f, Regression of plant surface area ("*2¡ on weight of
surface fih (S) of Teepol 610 in potamogeton

pectinatus and. P. richaqdsonii. This relationship
can be approximated by equation 6l

. T' - 0,002?,^--ð - o.oo?1

where A = surface area ("*2) and- F = wei8ht of surface

fihn (e).
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Fig. 28. Scatter d.iagram illustrating the relati-onship between

shoot dry weight (e) and surface area Gt3) in
PotaJLoåeton pectin3.tus from sites l, 2 and J. This
reLationship can be approxinrated. by equation 7z

¡=(w/o.oo14) -r5.zrV3

where A = surface area GrÊ) and ÌÍ = dïy weight (g).
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Fi-gure 29. ScaI,Ler d-iagram illustrating the relationship between

shoot dry weight (s) and- surface area Gt3) in
Po-tamogeton richard.sonii from sites I, 2 and. 4. This

relati-onship can be approximated. by equation B;

¡ = (w/o.oo1?)+ z?,4?06

where A = surface aïea Grh and- Îf = drt weight (g).
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Using equations 7 anð.8, the total surface area of the

macrophytes in each quadrat sanple was estinated fron their total

dry weight.

c. Lesíon ind-ex

The vegetati-on renaining in the samples after selection of

the shoots for sectlons a and" b above was used- for estinating lesion

ind.ex. One hundred. rand.omly selected. d.iscs I cn in d.ianeter were

punched- fron the leaves of P. rich3,rd.soni! with a cork borer. For

P. pectinatus, where flat leaf blad.es were present, 100 blad-e sections

about L.J cn long were cut rand.omly from the plants. An equal number

(eO) of sections was taken from each quadrat sample. The sections were

blotted- to rernove excess water and fvozen in airtight containers.

Freezing had. no effect on lesion moqpholog-y.

0n thawing, the leaf sections lrere examined- und.er transmitted-

light und-er a d-issecting microscope for the presence of characteristic

lesions (n'ie. 30) which were compared. with those mad-e by snails in

the laboratory. Such lesions had- well-d-efined., although jagged- ed.ges,

the pigmentation along the margins was not altered. and. they often

occu:=ed- in series which ran parallel- to the l-eaf axis, although the

lesions themselves could. have any orientation. Perforation was elther

complete or incomplete, d.epend.ing on the sj-ze of Line ryazer and. the

grazing intensity.

fu L righa.rdsgnii, grazer-induced. lesions could_ further be

d.istinguished- from other ty¡res of lesions by the following characteris-

tics ¡

L, Grazer-induced- lesions were not characterized. by rnottling of

the margins with red- pigments.
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Figure 30. Lesions mad-e by snaÍ-ls in Polanogeton rjlchard.sonii

leaves.
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2, Grazer-induced- lesions had. currred., irregular margins which d.id-

not follow the pattern of venation in the 1eaf, although they

often occurred. between major veins. Mechanical tears of the leaf,

as a rule, had- margins that were always paralIel to the leaf

venation.

J. Grazer-induced. lesions were often, but not always, enclosed. on

all sid.es by únd-anraged. lamina, and when perforated-, had- a

characteristic "shot" appearance.

In P. peqtinatus, gra,zer-induced. lesions were hard-er to

recognize on account of the filiform morphology of the leaves but

could. nonetheless be d-ifferentiated. by the following features¡

1, Mechanically induced- lesions caused- by creasing of the leaf r^rere,

as a rule, linear and. extend-ed- across the wid.th of the enti-re

leaf.

2. Lesions caused- by fungal infection were circular and- small;

during the early stages of d-evelopment they were light green in

co1or, d-eveloping later into necrotic red.d.ish-orange or black

spots. These lesions never perforated. the leaf and. were often

grouped. in large numbers along a si-ngle blad-e.

J. Grazer-induced- lesions were i:regularly shaped. and. were often

perforated-.

A lesion ind.ex was estimated- by scoring the l_eaf sections

accord.ing to presence or absence of grazer-induced. leslons, and.

expressing the nunber of leaf sections exhibiting lesÍ-ons as a

percentage of the total number of sections examined-.

r:: r'r;
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d-. Dry weight

All macrophytes were washed- und.er a jet of water to remove as

much as possible of attached. sponges, insect l,arva]- cases, line

incrustations and- epiphytic algae. Dry weight of plant material was

d-etermined- after drying to constant weight at LO5 c. Reproductive

structures were treated. separately from the vegetative portions.

C. Gastropod.s ':, ,',:,',:,,:,i

a. Nunbers and. si-ze class frequencies , ,,,,', ,

ij :l: --r 1:;'

the numbers of all gastropod.s present in the quadrat samples 
:

were record-ed.. The axial lengths of all intact ind.ividuals of pþvs? 
,

lgwina and. Lymnaea stagng.lis were measured. to the nearest 0.J mrn

using Vernier cali-pers.

b. Bionass

ìBecause of the large size of the samples, it was not practical 
I

to clean, bl-ot and. weigh all snails d.irectly. ïnstead-, ind-ividuals of 
i

P: gyrina and. T,. stagnalis chosen rand.omly from the quadrat samples

were cleaned-' blotted to remove excess water and- weighed.. From these i¡..,;..,i .,,.'
a:"

values, relationships weïe constructed- between axial length and. 1i-ve ;',,i :,:, ,,

..,., ,:., ...
weight (".g. stiven and trrralton, L96?i Daniels and Armitage, r)6);
Burky, I97Ii Boerger, I9?5bi Herrrnann and. Harnan, L9?5),

Scatter d'agrams for 1og live weight versus 1og axial length 
i.::._,.,.:,:,r:,,,are given for P. sr-ring in Fig. J1 and forþ pt+glalls in Fig. 32. r....",

These relationships could. be approxirnated. by the general equation,

logyi=kl-og*i+Q .. (g),



r3Lþ

Figure J1. Regression of 1og live weight (g) on 1og axial length
(r*) in PhyFju slrrina fron sites L, 2, 3 and 4. tnis
relationship can be approximated. by equation 10;

log yi = 2.72 1og x. - 3.63

where yi = ind.ivi-dual live weigfrt (e) and x. *
axial length (*o).
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lr.t.-:

Figure J2. Reryession of 1og live weight (e) on 1og axial length
(n*) in Lymnaea sta$nal-is from sites !, 2, 3 and. 4.
This relationship can be approximated. by equation 111

1oB Ii = 2,94 1og x. - 4.29

where yi = individual live weight (e) and- x. =

axial length (t*).
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where yi = ind-ividual live weight (s), *i = axial length (mm) and k

and- Q are constants (Pip and Stewart, L9?6). For P: grying from the

conbined. sites, this relationship was, at p(.001, n=II9a

1os yi = 2,?2 1og x. - 3.Ø (ro),

and. for L. stagnalis, aL p < .001 , n=221-, it was;

los Yi = 2.9t+ 1os x. ' 4.29 (11).

No d"ifferences in weight-length relationshi-ps were found- between

ind.ividuals grouped- accord.ing to d-ifferent sites.

The snail-s present in each quad.rat sample were grouped. into

si-ze classes at 0.5 run intervals. Rei,miting equation ) in erponential

form, the mean live weight of an ind-ividual in each size class (yi)

was calculated.¡

vi = loQ*ik (tz).

This value was multiplied. by the number of ind.ividuaLs present in

each size class (n") to give the total live weight of the size class

\ycl t

n" = n.xi = ,r" (toQ*rk)

136

The estimated. weights of all size classes lrere sunmed. to give an

estinate of the total live weight of each species in the sample (y):

y = { r" = {r," {roQ*rk) (14).

Since in L. sta,g+aL,i.s the variability in live weight increases in the

larger size classes, the cornparatively few ind-ividuals of this speci-es
..''.'.'',-.
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that exceedeð,2J run in axial length were all weighed. to increase the

¿;cçl.tracy of the total estimate. lfhere d-anaged- ind.ividuals occurred-

for which the axial length could. not be d-etermi-ned-, the live weight

for these was estimated. from the mean axial length for the subpopula-

tion at the particular site, habitat and- tine. Snails were returned

to the field. after measurement.

i. .:i ::

|'.'':

¡.:rr"i ,l
ìl::ìi¡': ,. :ì:r



at site 3,

followed. by

at site 4.

138

higher

time 4,

al LLme I

Values for total filtrable residue at sítes 1 and. Z (tr'ig. 33C)

followed. sinilar patterns; values were slightly higher at site 1 during

the second. hal-f of the season, but by tirne 8 values at site 1 d.ecreased.

sharply while those at site 2 showed- a mod.erate increase, values at

site l- duri-ng Llne l-973 season were higher than those observed. during

Dlz (ris. F) .

?he patterns for total filtrable residue at sites 3 and U

(fi8. IJD) showed- similar timing of fluctuations, with ninima observed.

at both sites at time J. values at site 4 were very high at the

beginning of the season, exceed_ing t e/t at tine J.

Values for total alkalinity at sites 1 and Z (pie, J4A) were
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Figure )J. Yalues for pH (A and B) and" total filtrable residue

6e/t x to-z) (C ana D) of surface water at sites
I and. 2 and sites 3 and- 4 respectively during the
1973 season.
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Figure 14. Values for total alkalinitv 6e/L CaCO. x tO-?)

(A and. B) and chlorid.e (ÍrsÆ x to'z) (ó ana n)

of surface water at sites 1 and- 2 anù sites J and" 4

respectively during the 1973 season.

:-r:.Ìi,::t:
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highest during times 3-5, those at site 1 being consistently higher

than those at site 2, except for time B. The values for sites J and.4

(fig. J4B) were lower than those at sites 1 and.2, with a high value at

time 3 fol-l-owed- by a general d.ecline. An abrupt i-ncrease was observed-

at site 4 after time 7.

Chloride values at sites 1 and e (fie. 34C) foffowed. a pattern

that was sinilar to that of total filtrable residue; values during the

first part of the season ï^rere slightly higher at site 2, bu| after

time 5 values were higher at site 1. As with total filtrabl-e residue,

a sharp d-ecline occurred. at site l- after time 7 whil-e a mod.erate

j-ncrease was observed at site 2. The values at sltes 3 and- 4 (fig, 34D)

were generally lower and- large fluctuations were apparent at site J.

Values for molybd-enum-blue phosphorus at sites 1 and. 2 (Vig,

JJA) were out of phase by one sampling period., a peak occurring at

time J at site 1 and- at time þ at site 2. Values for sites 3 and 4

(fie. 3-F) appeared to fluctuate in synchrony.

The patterns for sulphate (fie. 35C anð. D) showed little

correlation between sites 1 and- 2 and- sites 3 and- 4. A minimum was

observed. at time J at sites 2 and ) and, at time 7 at sites 2 and- 4.

A peak occurced. at time 6 at sites 2 and. 4. Site 1 showed- the smallest

anplitud-e of the fluctuations of this parameter.

Combined. nitrate and. nitrite estimates were consistently

higher at site I than at site z (rig. 36e) tut the tining of the

fluctuations was poorly correlated. sites J anð.4 (rig. J6B) showed.

patterns that were similar during times J-6.

Calcium activity Et, both sites l- and_ Z (tr'ig. l6C) showed a

general increase from an initially low value until a peak at times



IL+2

Figure 35, Yalues for molybd-enum-blue phosphorus (mg/f) (A and. f)
and- sulphate (ngft x fo-1) (C ana D) of surface water

at sites 1 and. 2 and sites 3 and- 4 respectively during
f]ne 1973 season.

:::i::1 _....

I t:r : ,.r.
ì::i:::::,..-.
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Figure J6. Vatues for coinbined- nitrate and nitriLe (ng/t) (A an¿

B) and calcium activity (rnofes/f) (C and. D) of
surface water at sites 1 and- 2 anð. sites 3 and. 4

respectively during the 1pll season.

j,: a.
Lll-. ..
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4 and. J respectively. Minima were observed- at both sites at time 6.

The patterns for sites ) anð,4 (F'ig. J6D) were sinilar and also

showed. d.ecreases at time 6. tne high values observed. at site þ for

calcium activity reflected- the calcareous nature of the parent 
:;.:

material . At this site the stems and. upper surfaces of the leaves of ::r).::":'''

submerged- nacrophytes 'were heavily encrusted. with calciurn carbonate

which resulted- from d.ecomposition of bicarbonate at these surfaces. 
,,, -,Ïn general , sites 1 and- 2 were similar with respect to water ,.,:., 

,

: :l: .,:

chemistry; site l showed. higher varues for pH, total alkalinity and. 
r, ,ì,,,,,,.i,, 

,,
: .: :.::l -'conbined. nitrate and. nitrite while site 2 was characterized. by large

fluctuations of sulphate. Although site 3 was aLso located. in the

De1taMarsh,itshor"red.greatersirni1aritytosite4,whichwas

situated. in a separate hydrological system, than to sites ! and, z,

with respect to levels and- fluctuati-ons of pH, total filtrable residue,

total alkalinity, nolybd.enum-blue phosphorus, calcium activity and.
l

combined. nitrate and- nitrite. Site 4 represented. the most extreme ',

conditi-ons in that it showed. the highest values for total filtrable
residue and. calcium activity but the lowest values for total alkalinity 

i:,,ì,,:,i,
and. chlori-d.e. ',. ,' ','

_-::..: ..: .

i. Chemical fallout ., ,,,, ',,,,:..1 : .:

The proximity of unpaved. roads at all of the sites caused_

sone concern since the contributed. solutes, in the form of dust

carried- by wind- or d.eposited. with precipitation, nay have been of .,., i,,,,:., ,:..¡,:

sufficient magnitude to affect water quality at the sites. In an effort
to assess the magnitud.e of such fa11out, the precipitation accumulated.

at water leve1 during the two week perÍ-od. from tine 3 to 4 was

exanined-, yield.ing the results in Table rvr, These values represented. 
.:.:¡.ii::,
'. : .:'
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ÎABLE XVI. Results of the analysis of the total precipitation and-

fallout occurring during the two-week period. from times

3 Lo 4, L9?3, at sites l, ) and 4.

site I site 3 site þ

Total sanple volune, m1 250 L95 Lt+?

pH 9.4 8.5 8.1

Total filtrable residue, ng/L 596 t3? 0

Total alkalinitl¡ rng CaCOr/L 130 1,4,4 I5.O

Chlorid.e , ng/I 756 ?3 0

Molybd-enum-blue phosphorus, ngfl 4.0 6.5 0

Sulphate, ngþ 4? 12 0

Nitrate and nitrite, ngfL 0.8 9.0 0.4

Calcium activity, molesfi 2,f x LO'þ o o
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the influx of solutes from atnospheric sources only and- d.id- not

includ.e the contributions fron surface :runoff.

The greatest influx of solutes fron atmospheric sources

occu:red at site 1, and- presumably.t al the ad.jacent site 2, Hete' all

of the nonitored. variables showed. surprisingly high values, suggesting

that use of the ad.jacent roads had- a significant effect on the water

quality at these sites. The values at site 3 showed- comparatively

snaller values for total filtrable residue, total alkalinity, chlori-d.e'

sulphate and. calcium activity but greater values for molybdenum-blue

phosphorus and- combined. nitrate and. nitrite. The generally reduced.

values perhaps reflected- the linited amount of traffic using the

ïoad; the increased. values for phosphorus and nitrogen may have

reflected- the proximity of corunercial farming operations. Site 4,

ad.jacent to a gravelled- provincial trunk highway, showed the least

contribution due to fallout of all of the sites. Measurable levels

lrere record.ed- for total alkalinity and- combined. nitrate and- nitrite.

Thus, parad.oxi-ca11y, the nost exposed. site with respect to public

access was also the least affected. in terms of water quality by

human activity.

b. Season Tff. (f9?4)

Values for surface pH at sites 1 and Z (rig. 3?A) were

significantly lower than those of the l)l) season and. reached. a

mininum cluring times 4 and- J. These low values r¡rere probably a

consequence of the spring flood.ing which d-iluted. the water and-

retard-ed. the gror+th of submerged- macrophytes.

Values for total filtrable residue (fig. 373) showed-

naxima at both sites during midseason. The values at site 1 were
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Figure 3?, YaLues for pH (A), total filtrable residue (ne/t x
rc-| (l), total alkalinity (ns caffirh x ro-2) (c)

and. chlorid.e (mg^ x tO-z) (o) of surface water at
sites 1 and. 2 during Line A974 season,
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slightly higher than those at site z, buL were stj_ll signifieanLry

lower than the values of the r)lJ season, although they were similar
to the 1972 levels at site l_.

values for total alkalinity (Fig. l/c) were higher at site 1

than at site 2 during much of the growing season. like those of total
filtrable residue, these values were lower than those of L9?3, bu|
similar to those of l9?2.

values for chloride (Fig. 3zD) were simil_ar at both sites
but were almost half of the concentrations observed_ duri_pg ]ooil}- r9?3

and. 1972.

varues for molybd-enum-blue phosphorus (Fig. IBA) were very

sinilar at both sites and" no 1ag between the two si_tes was observed.

such as had. been seen during r9?3. The val_ues weïe lower than those

observed during both the I9?3 and,1pf2 seasons.

Sulphate levels (tr'ig. lB) ffuctuated. relatively 1itt1e during
L]ne l-974 season but were not reduced. significantly from those of the

previous two seasons, asÍ-d.e from the peak: at site z in rg7i (ris. 3fr).
combined nitrate and. nitrite values (r'ig. Jgc) were higher

at site 1 than at site z, as they had. been during r9?3, The magnitude

of the values was si-miIar to those of r9?3 but were slightly lower
than those obseryed. at site I in l9ZZ.

rn general, the water quality during Lt'e r9?4 season reftected.
the effects of the spring flood.ing in the d.ecreased. values, as cornpared.

with the previous 
""""orr, for pH, total filtrable residue, total

alkalinity and- rnolybd.enum-blue phosphorus. However the !)lz season,

during which no flood.ing occurred., was also characterlzed. by lower
values at site 1, as compared. with the lpfJ season, for total

',,.it:\,:ì:tr: ..t.;'I ' ":.!l .''
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Figure JB. Values for nolybdenum-blue phosphoru= (*e/1) (.q),

sulphate (*e/t)(B) ana combined nitrate and- nitrite
6S/t)(C) of surface water at sites I and 2 during
Lhle L)14 season.
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filtrable residue and- total- al-kalinity. The parameters most affected

by flooding at site 1 appeared- to be pH, chlorid-e and molybd-enum-bfue

phosphorus.

B. Light and temperature

a. Season Tr (ryn)

At site f (fig" 39A), light penetration was d-ecreased at

time I largely on account of residual suspend-ed- particles and

coloration persisting from spring runoff and- circulation; water

clarity continued- to d-ecrease until a minimum at time 3, By time 4

the water had- cl-eared- but light intensity at d.eeper strata was

red-uced- because the submerged vegetation had. begun to reach the

surface. The d-ecreased- values observed- at times 5 and.7 were

exaggerated- due to heavy cloud- and- rain at the time of measurement"

The extreme attenuation observed. froin times 6 to B was d.ue to

obstruction by d-ense submerged vegetation"

At site Z (fie" 3%) , light penetration at tiine I was

similar to that at site 1; however after time 1 light penetration

continued- to increase until a maximum at time 4. The ninina at times

J and / were exaggerated- due to cloud-y atmospheric cond-itions. Degree

of l-ight attenuation at times 6 to 8 was not as pronounced- as at site

l- because the submerged. vegetation at sj-te 2 was not as d-ense.

At site 3 (fig. 39C), light penetration was high at LLme Z,

but dropped- sharply by time I as the subnerged- vegetation reached-

the surface and. filamentous algae continued to proliferate. By time J

light penetration showed. an increase; the sharp d.ecl-ine at time 6 was

d.ue to d.ense branching of the macrophytes cornbined- with falling water
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Figure 39, Yatues for light intensity (ft-canoles x 10-3) (t ft-c =

10.?63 rn/#) at sites 1 (A) , z (v), 3 (c) ana 4 (n),
and. values for temperature (oC) at sites f (n) , 2 (T),

3 (c) and- 4 (it) at d-epths just below the surface (1),
al O.ZJ n (2) and at O.5O m (3) during Line A9?3 season.

I irr-.:: ¡.;r..;'¡,. i i

a.ii rjl .i:..,
ii: ::tiì t:¡r.::it.;j:: lt::,
i -- ;:-. r ii^;:..-.
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levels, and. was exaggerated by cloud.y atmospheric cond-itions.

At site 4 (fie. 39D), the water showed a high d-egree of

transparency at time 3; the d-ecreased- values at times 4, 6 and, I were

due to heavy cloud- overcast at the time of measurement. The relatively

low values at tine J were a reflection of the turbid.ity due to runoff

and. turbulence that resulted. from storns preced-ing time 5; the bottom

at this site was covered. by a flocculent layer of carbonates and.

organic d.ebris whose particles were easily suspentl-ed.. By tirne 8 nater

clarity had. inproved. but was not as pronounced. as it had. been at time

3. 0f the four sites, light penetration with d-epth was generally

greatest at site þ.

The temperature regimes at site f (fie. 3gg) showed. a period-

of rapid. warming prior to time 1, fo11owed. by a state of homothermy

at tine 1. Á,s warmÍ-ng continued., vertical thermal grad.ients d.eveloped.

by tine 2 and- became highly pronounced. by time J. Temperatures

continued. to rise and. all strata reached. a maxinum at time J. After

tirne J temperatures began to d.ecrease until a ninimum was reached- at

time 7. A period. of warming after tine 7 heated- the surface layers

and. resulted- in the extreme stratification observed. at time 8. Thus,

after tlme 1, thermal grad.ients persisted throughout the season and-

were not interrupted. by a period- of homothermy during mid.season such

as had- been observed- durine L9?2 (fie. 6n).

At site z (rig. 39F), temperatures at time 1 were significantly
lower than those at site 1. Thermal stratification lras apparent by time

J, buL was less pronounced- than at site 1. Temperatures d.ecreased-

after time 3. A d.ecrease accompanied. by homothermy was observed_ at

Line 7i this was followed- by Í-ncreased. temperatures but the d.ifferent



strata lrere heated. nuch more uniformly than

intensity of thernal stratification at site

r53

site 1. The reduced-

compared with site 1,

nas due to its larger surface area and- lesser d.epth' facilitating

mixing and. heat exchange between various strata; the use of motor-

propelled- boats at this site inay also have disturbed- the stratification.

At site 3 (f ie. 39G) , temperatures lÍere alread-y high and-

thermal grad-ients were pronounced. by time 2. Temperatures decreased

after time 2 and- a state of honothenny ensued. at time 4. The mídseason

peak occurred at time 5, accompanied. by stratification, after which

temperatures clecreased- and. stratifícation broke d-own, resulting in

homothermy at time 6.

At site 4 (I'ie. 39H), thernal grad.i-ents were not pronounced-

due to the relatively exposed. aspect of this site. l[eak stratification

was observed. at times J and. 8; however thermal grad.i-ents were usually

evid.ent only below the 0.5 m leve1. A homothermic maximum occurred. at

Lime7, compared. to the minimum observed. at this time at si-tes 1-and.Z,

The highest temperatures were attained- at site I while both

sites 1 and- J showed. the most pronounced. vertical thernal grad.ients.

b. Season T.fi. (I9?4)

Light attenuation patterns at site 1 (fie. 4OA) were

exaggerated. at tine 2 due to overcast atmospherj-c cond.itions. Although

light intensity d-ecreased. just below the surface at time I due to

groi+th of þg, light intensity at d.eeper strata increased. due to

increasing water transparency. the marked. attenuation obseryed. at

times 4-B was due largely to obstnrction by a d.ense surface mat of

Lenna.

aL

2,

: r.til-::,:i. :-



rY+

Figure 40. Val-ues for light intensity (rt-candles x 1O-3) (t rt-" =

70,?Ø rr"/#) at sites 1 (A) and.2 (l), ana values for
tenperature (oC) at sites 1 (C) and.2 (O) at d-epths

just below the surface (t), at O,ZJ n (Z), at 0,50 m

(3), ut O.?5 n (4) and aL !,OO m (J) durins Line L974

season.
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At site Z (tie. 4Ol), the pattern of light attenuation at

Lime 2 suggested. that the water was fairly cIear. Light penetration

was reduced- at time 3 due to growth of @, but increased- by tine 4,

paralleling the increase observed- at site 1. Ðecreased. light intensity

at times J, 6 and I was due to heavy growth of @: At time ?, inig}r

light intensities reflected- the high d.egree of water transparency

resultÌng fron the absence of significant phytoplankton populatÍ-ons;

the read-ings at this time were taken aL a break in the surface rnat.

Temperature patterns at site I (¡'ig. 4OC) sfrowed. some grad.ients

at tines 2 and, J but these were reduced. to a state of near homothermy

at tine 4. Stratification d.eveloped. again at tine J, temperatures

reached. maximum values at time 6 and- stratification was most marked-

at times I anð,8, although temperatures had. begun to d.ecline.

At site Z (tr'ig. 4OD), sorne stratification was evid.ent at tinre

2; this was followed. by a state of homothermy at time 3. Subsequent

d.evelopment of stratification was generally weak; maximum temperatures

were observed. at tine 6 and. stratification was well-d.eveloped- only at

times 6 and. 8. Thus, stratÌfication was less pronounced. at site 2 L;nan

at site 1, as had. been the case during 1"ine i-973 season, largely on

account of the physical conformation of the water basin.

| :r-,:::.
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IL Biotic sampling

A, Season fI (r9n)

a. Vegetation

i. Mean shoot length

The growth of Pota.moge.to.{t pe-cti,n3.:þgs in terms of mean shoot

length at sites 1 and Z (tr'ig. 41-l\) was greater at site I than at si-te

2 because of the shallower d.epth of the latter site. The period. between

times 1 and- 2 was marked. by intensive growth towards the surface; when

the surface had. been reached. at time 3, the first inflorescences

appeared. the rate of net increase in length d.ecreased. after time 3

and. second. ord-er shoots were produced. Since the first ord.er shoots

had- d.eteriorated. by time 8, the measurernents at this time were based.

on secondary shoots, accounti-ng for the slight d.ecrease in mean stem

length observed- after time 7. This pattern of growth was similar to

that observed at site 1 duri-ng I9?2 (FLg. ?A) although the mean shoot

lengths during the second. half of the 1972 season were greater than

those during 1973 because of higher water Ievels.

The mean shoot lengths of P. pectinatus at sites 3 and- 4

(fig. 4fC) were not as great as those at sites I and 2 because at

both of the former sites this macrophyte occu:red- in shallower water.

Although increase in sten length appeared- to be out of phase at sites

3 ancl- 4, flowering began at both sites at time 4, when nost of the

shoots at site J and- the shoots in shallower water at si-te 4 fra¿

reached. the surface. The continued- increase in mean stern length at

site 4 after time /l was due to growth of plants fronr d.eeper aïeas.
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Figure 41. Mean shoot length (cm) of potamo.getog pectinatus (A an¿
C) and P. riqhardsonåi (B ana D) at sites 1 and 2 anù
sites 3 and 4 respectively during tine I)lJ season.
Disjunctions in the curves are due to d.ifferent shoot
generations. vertical bars represent stand.ard- erroïs.

l'.1-:'::. !:-rì1:::':.:.-\
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The mean shoot lengths of Potanlo$etg.n lic4aqls_onjri at sites

l- and- 2 (Fig. 41B) showed- similar patterns; the disjunctions during

rnid.season were d.ue to shoots of d-ifferent ord-ers. The val-ue at time

1 represented- línear shoots that al-read-y had. approximately 11 leaves;

by time 2, 22-23 leaves were present and- branching and- fl-owering had

commenced- by time 3, when some of the shoots had. reached- the surface.

Flowering and. achene production by d.ifferent ord.er shoots continued

until- the end- of the season although by time 8 senescence lias generally

evid-ent.

Increase in stem length of P. richard.sonii shoots at site 4

(fie. 4tl) was nore rapid. than that of P" pectinalus at this site,

since by time ] shoots of the former species ¡rere more than twice as

long as shoots of the latter" InP" rishard.sonii, the first shoots had.

alread.y reached- the surface, branched- and- produced- inflorescence buds

by time l. The appearance of second. and- third- ord-er shoots followed-

after the first ord.er shoots had. begun to flower.

ii. Mean d.ry weight per quadrat sample

The mean values for dry weight of L pe.c_t-in-atus per quadrat
,2

sanple (TSZS cr{') at sites 1 and- Z (F.ig, 4Zl) suggested. that growth at

the two sites was synchronous. The larger values observed- at site 2

during the second- hal-f of the season were due to increased. branching

of the plants at that site" Even though the rate of stein length

increase d-ecreased. after tiine 3, the bulk of growth, in terins of dry

weight' occurred- only after the plants had. reached the surface at time J"

The mean dry weight of P. pe.ctinatus per quadrat sample at

site J (pie. 4ZC) appeared to shor^i development that was later than that

at sites l- and. 2. A small increase in mean d-ry weight was observed- at
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Figure 42, Î{ean dry weight (e) of shoots (excluding reproductive
parts) per quadrat sample (tnS 

"r2 bottom area) of
Pptamo.ge_ton pectinatus (A ana C) and. P-, richardsonii
(f ana D) at sites 1 and. Z and, sites 3 and. k respec-
tively d-uring t]^e r9z3 season. vertical bars represent
stand.ard- errors.
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time l, but growth d-id- not accelerate until after time 4. Growth of

P_. pegtiqatus at site 4 (Fie. 42C) was reduced., compared- wi-th that at

sites l-3, and- was less synchronized- within the site since shoots in

shallower water reached. the surface slightly sooner than those from

d-eeper areas. The flrst increase in growth occu:red- after the first

inflorescences had. appeared. at time 4.

The mean values for dry weíght of L richa,r*ronii per quadrat

sample at sites 1 and. e (f ig. 42ts) sfrowed. a two-week 1ag in d.evelopment

between the two si-tes which first becane evid.ent after Lime 2. Maximum

dry weight per unit area was observed- at time J at site I and. at time 6

at site 2. the naxima were foIlowed. by steep d"ecreases as the shoots

d.eteriorated..

The growth of P. richard.sonii at site 4 (fig. 4Zo) in terms of

mean dry weight per quadrat sample was of far smaller magnitud.e than

that at sites 1 and.2, and- showed. two maxima, at times 5and?.

The mean dry weight of seeds and. nature reproductive parts

of P. pectinatuç per quadrat sample (Table:XVII) was greater at site 1

than at site 2, d.espite the greater mean dry weight of above-ground.

vegetative parts of this plant at site 2, AL site 1, the mean ratio

of reproductive to vegetative dry weight'rose from a value of 0.003

at time 4 Lo a maximum of 0. l-64 aL Line ? and- d.eclined to O.I2? aL

tine 8. At site 2, Line value for this ratio increased. from 0,015 aL

time J to 0.052 aL time 7 and. declined to 0.041 at time 8. This

suggested. that the relative energy channelled. into reprod.uction at

site 2 was less than one-third. of that at site 1.

A.t site l, mature reproductive parts of L "ægææ were

present only at time 6; these represented a reproductive to vegetative



TABLE XVII. Mean dry weight (g)

Values in parentheses ind.icate standard. errors.

per quad.rat sample

and- P. richardsonii

167

of seeds and. mature reproductive parts
(tSzS .r3) or Bo-bamoeetol Elilrgtu's
at si-tes 1-4 during the 1!/J season.

Time

site
P: pectinat}s P.

1 site
richardsonii P. pectinatus P.

2

richard,sonii

1

2

3

4

5

6

7

8

0

0

0

o.08 (o.o?)

1.64 (0.48)

4.03 (1.25)
4.55 (1.23)
2.24 (0.48)

0

0

0

0

12.41 (t.26)
2.82 (1.00)

0.68 (0.13)

o.48 (0.1?)

;
0

0

0.3+ þ.15)
1.97 (0.61)
r.89 @.64)
1.oo (0.32)

0

0

0

0. 5e @.4)
2.00 (0.?0)

3.?5 @.58)
t.rs rc.25)
0.37 (0.18)

site J
P. pec-tinatr4s

site 4
P. pectinatqs P., richards.onii

L

2

3

Lt.

5

6

7

I

0

0

0

0

0.13 (0.04)

0

0

0

o.t2 (0.05)
o.06 (0.03)

o,L+t+ (0.24)

0

o.03 (0.03)

o,3L (0.1,5)

o,59 (0,4L)
0.26 (0.2r)
o,26 (0.20)
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d.ry weight ratio of only o.oo9. Apparently sexual reproduction was

rare at this site. At site ll, the maximum dry weight of reproductive

parts of L pectiqatug per quadrat sample was observed. at time g; this
represented. a maximum reproductive to vegetative d.ry weight ratio of
0.063.

As had. been the case with g. pecti,na.tuq, the nean dry weight

of reproductive parts of p: ïi_c4ardso4ii was also significantly greater

per unit bottom area aL site 1 tinan aL site 2. A well-d.efined- ma>rirnurn

occurred- at time J at site l- while at site 2, Lhe maxi-murn occurred- at
tirne 6 but was l-ess than one-third. the nagnitud.e of the maxinum at site
1' The reproductive to vegetative dry weight ::atio at site 1 d.eclined.

froin a maximum of 0.J64 aL time J to a value of 0,035 aL time g. At
site 2, this ratio declined- from a value of o. ro2 at, time 6 to 0.04þ

at time 8.

At site 4, marcimum dry weight of reproductive parts per

quadrat sanple was observed- for p. richard"soniji at time 6; this
represented. a maximum repïoductive to vegetative dry weight ratio
of 0.113.

iii. Surface aïea per quadrat sample

The mean values for surface area of above-ground_ parts of
P- pectinatJ:s and- 4. r-ichardsonii per quadrat sample, exclud.ing

reproductÍ-ve parts, fo110wed patterns at the four sites (Fig. þ3A-D)

that paralleled those of dry weight. However the proportions of surface
area to dry weight were d.ifferent for the two species, resulting in
accentuation of the fluctuations in p. richard.sgnii relative to those
of P. p.ectiria.turs.

i.
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Figure 4J, ltean surface area ( 
"r3 * 1o'3) of shoots (excluding

reproductive parts) p"= quadrat sample (f525 crf
bottom area) of Potamosejton pesti-n?tuE (A an¿ C) and.

P. richard.sonii (f ana D) at sites 1 and 2 and. sites
3 and" 4 respectirely durÍ-ng i.ine l9?3 season. Vertical
bars represent stand.ard- errors.
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b. Gastropods

i. Mean d-ensity per quadrat sainple

The mean numbers of PhJ¡s3 FY{ina per quad-rat sample (L525 c#)

in stands of lgtamg.getg.n pectirla,lus (f ie. 444) showed synchronous

patterns at sites l- and. 2, wiiJn naximuin d-ensity observed. at time 5.

The naximurn density at site 2 was approximately one-third- of that at

site l-. The density patterns in stands of P.. Iichju]Iþoni,L (fig. 4+l)

T^rere synchronous and- of the sane magnitud-e at both sites, with a

inaximum observed. at tiines 4 and" J.

At site 1, d-ensity per unit bottom area was greater inP.

pgctina,tu-s than in P.. richard-sorlii stand.s throughout the season. Paired

t-tests showed. this d-ifference to be significant (p<.001-.05, n=10)

during times 5-8. At site 2, d.ensity per unit bottom area was greater

in P. richard.sonii than in P. pectiåatqs stand-s; this d-ifference was

significant (p< .02-"0J, n=10) at times 4, 5 and- 8.

At site 4 (tr.ig. 44C and- D) , densities of P= ffyrina were

slightly, but not significantly higher in P. richaf:d.sonii than in P.

pectinati+s stand.s except during the major d.ensity peak at time 8, when

the reversel{as true" A minor density peak was also observed at time 5

ir B= peqtinat_r+E stand.s, and- at times 4-5 in P. richardsonii- stand.s.

At site 3 (fie. 45), O.ensities of L glrrinjì. reached extremely

high level-s in the Lr pecti-natus stand.s, with a maximun occurring at

time 4.

The d-ensity patterns for l,I¡mnaea staflnalls in terms of mean

numbers per quadrat sample at sites 1 and. 2 wete synchronous in stands

of P. pecti.$atus (rig. 4A) with the highest values observed at time 6.

Densities at sj-te 2 were approximately half of those at site 1 in these
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Figure þþ, ¡t¡s¿y1 numbers of Physa grrrj,na per quadrat sanple (LSZS

"*2 
bottom area) from stands of FotaJnogeton pec.tjlngtus

(A an¿ C) and P. richardsoqii (f and D) at sites 1 and

2 and. site þ respectively during the 1973 season.

Vertical bars represent stand.ard. errors.
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Figure l+J, Nlean numbers of PhJsa mrcinjr per quadrat sample (|SZS
2

cm' bottom area) from stands of P_otamogetgn pectinatus
at site I during tlne !973 season. Vertical bars
represent standard. errors.
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Figure 46, M,ean numbers of Lymnaea sta$nalis per quadrat sample

(|SZS 
"*2 bottoin area) from stands of pota.mogetol

pe.c-tiJratr¿S (A ana C) and. P. richardsonii (B and. D)

at sites 1 and- 2 and- sites 3 and- 4 respectively during
t,hre 1973 seâsorì. Vertj-cal bars represent stand.ard_

erïoÏS.
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stand.s for most of the season. The d.ensity patterns in p- richg,rg.sgqii

stand-s (tr'ig. 468) showed. a two-week 1ag between the two sites;

d-ivergence began after Lime 2 because of failure to reproduce at

site 2 ín these stands, resulting in a d.ensity peak at tine þ at site . .,:,:

1 and at tirne J at sLLe 2. ':'

At site 1, significantly (p..001-.0J, n=10) greater densiti-es

of L. staAnalis were observed. in P. riclra.r.dsoni.i than in Pa qectinatus 
,:_ :: : :

stand-s during times 3-5. Ar time 6, significantly (p<.01, n=10) ',,'
greater d.ensities were observed- in E. pesting,tus stand.s, while 

,,.,,,,,1,,
d.ifferences between the two ty¡res of stands at times ? and I were not

significant. At site 2, significantly (p<.Ot-.05, n=10) greater
I

d.ensiti-es of L stagns,lis were observed. in p. richaqd.sonii than in
P. pectinatus stand.s during times 3-?. Dj-ffeïences between the two

ty¡res of stand.s at time 8 were not sÌ_gnificant. 
,

'

At site ll (rig. 46c and- D), densities of L. stasnalis were i :

I

significantly (p<.01-.0J, n=10) greater ir L richa44soqii than in i

p.pecti4a,tqsstand.sduringti.mes4-?.Densitypeaksoccu:red.inboth

types of stands at times l+ and 6,
I :.. , :. l.:.:

',.':a',t.,.'At site 3 (tr'ig. 46C), d.ensity levels of L.staqqa_lj€. were l, 
, ,,

comparable to those observed. in P... qqcti.na,tus stand.s at si-te 4, ':, ,,...'

although a peak was observed. at time 3.

The only other gastropod.s that weïe present in the samples

from sites 1-4 were {'o.ssa{þ Jnod.is:el.I.q, Þta,gni.cpla .qa+s,plaE and ,,r." 
.. 

.,t1,i)j:.:l

He'liso4a lriÏo.lvis, although the latter speci_es was absent from site 4.

The mean nurnbers of FosÊa.ïig rnod.iqellg per quadrat sample

(ralte xvrfiA) at site 1 were significantly (p<.001-.00i, n=10)

greater in P: pe.þti,natr€ than in P. richarctsonil stands during times j,,.,;,,,,..¡
ir,.:
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TABL,E XVTII. Mean numbers of F-osrs#ijr Tnod.icell,a. (A) an¿ S,tasqicola

palustris (n) per sanple quadrat (1525 cr3) in Pgtamoseton

pectinatus and. P. richard.soni! stands, respectively' at
#

sites 1-4. Values in parentheses represent stand-ard. errors.

A. Fossari-a mod-icella
site I site 2

Tlme P: pec.tiJrju$rg E. richalcL;sgl-ii P: pec,tilratus P. ric4arqdsonii

00-0
0000

r.4 ( t. o) o o ,z (o,z) o

3r.6 (11.1) z8.o (8.5) 3.8 (0.8) 7.8 (1.0)
6o,z (1,r.2) r3.z (t.z) 3,6 (0.?) tt,B (?.9)
?2.0 (r8.2) 0.6 (0.4) 1.4 (0.?) 0.6 (0.þ)
34,2 (3.4) 0.2 (0,2) 0.4 (o.z) 0.2 (0.2)
0.4 (0.4) o 20.8 (6.Ð o

I
2
3
4
5
6

7
B

site 3

P. pectinatus
site 4

P. qestånatqs P. richardsonii

-
0

ß.8 (r.?)
8,4 (2.r)
3.4 (0.?)
1.0 (0.6)
1.2 (o .5)

;
n,4 (to,g)
4.2 (0.7)
1.6 (0.?)
1.6 (o.B)
3.0 ( o .8)

0
r38.5 o.4)
209,5 (84.0)
219,5 QS.t+)
92'o (?_u'u)

L
2
3
4
5
6
t)(

I

B. Staenicola palus_Þris

site 1

Time P. pectinatus P. richards.o.4ii P. pectina-9us P,. riqhar4sglii
site 2

0.2 (0.2) o
00

0,2 (0,2) 0.4 (0.¿l)
3.4 (0.?) 3.2 (i,.8)
3.4 (r.z) 6,0 (z.t)
7.6 (t,Ð 8.0 (1.0)
5.2 e.Ð ß.0 e.r)

00
o o ,2 (0.2)

0.8 (0.5) o
o 0,6 (o,6)

0.4 (o.z) 3,+ $.?)
0.4 (o.z) 1r.6 (z.t)
3.4 (1 ,6) t6,4 (2.5)
L.6 (0.?) t,z (0.6)

T

2
3
4
5
6
õ(
I

Time

site 3

P. pectinatus
site 4

P..: pecti.pat];s P. ricþp.rdsonii

2.0 (0.9)
1.0 (0.3)
0. 8 ( 0.5)
2.2 (r.t)
0.8 (0.2)
o.B (0.4)

r.5 (r.o)
0,6 (0.6)
0.6 (0.¿+)
0,6 (o,z)
t.4 (0.7)
1.0 (1.0)

2 O.? (0.2)3 0,5 rc.s)t+ 4,3 (z,r)
5 1.5 (o.e)
6 0.5 @.5)
ñ(-
I
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5-?. Af site 2, mean d.ensity was signifieantly (p..01, n=10) greater

it L pestina,tr+S stands at tine B, and. significantly (p..01, n=10)

greater fr L ripþ.a-q4So.nåi stand.s at time 4. A similar dualism of

preference had. been seen for this species at site 1 d.uring 1972,

At site 1, a d.ensity peak occurred. ir L p_esginat]:s stands at

tine 6 while at site 2 il occarred. abruptly at tirne 8. tn L rish#:grsonii

stand.s, the naximum occurred. at time 4 at site I and. at time J at site

2, and. thus showed a two-week 1ag.

At site 4, densities of L m.gd.åLella weïe greater, but not

significantly so, inL pec.tin?ty€ stands at tines 4, 6, I and 8, and

greater ir L ri chaqdsonij stand.s at tine 5. Maximum d.ensities were

observed. at time 4 in botfr types of stands.

At site 3, densities of F. motLice_llg in the P. pe.ctinatus

stand.s reached. very high level-s and- the ma:rimum was observed. at time J.

The mean numbers of Slag4lc.qþ palurs-tÍiç per quadrat sample

(talte XVIIB) at site 1 were significantly (p<.005-.001, n=10)

greater in P. richa.{cls_gqii than in P.. leqliqqtus stands during times

5-7. ¿.t siüe 2, nean d-ensit5-es were greater, but not signÍ-ficantly so,

it L {ichar-4soqi3 stands at times 4, 6, f anð,8. Density peaks occu:red

in P. .qecti4a"tlq stands at time f at both sltes; in L riqLarr4s.o¡ii

stand.s the peaks were out of phase, occurying at time Z at site l_ and-

at time I at site 2.

At site 4, d.ensities of S: pglg,stAirs were slightly but not

significantly greater in P. qiqhardsonij stands during times j-6, I1ax:-:nø

occurred. at times 3 and I in P* pe.qlip,qtl4F stands and at times 3 and" 6

in P. richard.sonü stands.

,. r::. .;.
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At site J, values for mean d.ensity were comparabl-e to those

observed. it P,. pec.tin3tus stand.s at the other sites and showed- a

maximum at time 4.

The mean numbers of þ}!gg Hi-.vplvås per quadrat sanple

(latte xIX) at site 1 were significantly (p<,02'.001, n=10) greater

in P. pectinatus than in P. richardsonii stand.s during times 5-8. At

site 2, rnean d.ensity was significantly (p..01-.001, n=10) greater in

P. pectinatræ than in P. qiqhg4d.s.oqii stands at tines 7 and 8. Although

values r^rere greater in P. richard.s.o!åi stand.s at site 2 during times

3-6, Lne d-ifference was not significant because of the large variance

of these values. Maximum d-ensity in L peqtinaj,us stand.s occu:red. at

times 5-6 al, site 1 and. at times 5 and- ? at, sL1oe 2,

At site 3, L trivolÏiË Ïtas rare and- was observed in the

samples only at time 6.

thus, the mean d.ensity values suggested. the following featurest

1. At site 1, Physa grrrinq (najor species) and Fossa{ig mod-jqella

and. Hel-isoma triyolvls (minor species) occu:=ed significantly

more frequently ir L pectina-tJrs than j-n P. ri-chard.sonij- stands

during part of the season. Lv.44aeg sta4nalis (major species)

and. Stagnicôla pa,l.us.tris (minor species) occumed- significantly

nore frequently ir L richa,rÇåonii stands for part of the sêELSon.

These find.ings agreed. with motlel 1.

2. AL site 2, although temporal d.istributions of the snails were

similar to those at site 1, L fi.glr"+g¿Sg-r}i.-i stands appeared to

show relatively higher gastropod. d.ensities, comparecl- with P.

pectina,ttë;, than at site 1. This was apparent for aLL J gastropod.s

and. suggested. that the P. pectinatus stand.s at site 2 were
i.,,::r'ì
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TABLE XIX. Ilean numbers of Hel3soma trivolvirq per sample quadrat
D(tYS c#-) rn |g!æ,to.n p.ec.tina.tus and- P. ricþa44qqqii

stand.s, respectively, at sites 1-J. Values in parentheses

represent stand-ard. errors.

site 1 site 2

P . pectinatus P,, richardsonii l. pp,cli4atl4s P . ric4aqds9nii

1

2

3

4

5

6

7

B

0

0

o.þ (0.4)

3.0 (Z,O)

4.6 (0.?)

4,6 (0.?)

3.2 (0.6)

1.2 (0.5)

0

0

0

1.0 (0.6)

1.þ (0.5)

7,2 (o.t+)

0.8 (o.z)

0

0

0

0.4 (o.z)
2.0 (0.3)

1.o (0.3)

5.4 (1.2)

4.0 ( r. r)

0

0

o.z (o.z)
4,4 ß.2)
¿l,.0 (1.5)
2.2 (0,6)

0.4 (0.2)

0,6 (o.z)

Ti-ne

site l
P. pec.tinatug

t
2

3

4

5

6

7

8

;
0

0

0

0.3 ( 0. 3)

ìì.-¡:ìì

r'-: -:::.
,i.'.,'' ì 

, 
:: :
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cornparatively less favorable than those at site 1 since nean

d-ensities in the P. richard.sonii stands were similar at both

sitesr unlike those in the P,. qecti+F,turs stand.s.

A lag between sites 1 and. 2 appeared. to exi-st for d-ensity

patterns in the P. qicha,r4so4i-i stands. Subpopulations of

I.,. s_Þaffnalis in the latter stand.s were out of phase at the two

sites, as r¡rere, Lo a lesser extent, those of the lymnaeid.s

F. ¡]o.d.icqlL,a antl- S. pa.lustriç. The nonlymnaeids Phyqa, Srrina

and- 4. trivqL,vis d-id. not show this lag. Growth of the P.

ri_chaÏ*;onii itself was out of phase.

At site 4, the above affinities were sti11 present, but, as at

site 2, B. ric4a.rdsonii stands appeared. to show relatively

higher gastropod- d-ensities relative to L pecti-natus than at

site 1. The density peaks of T,. stggnalis and F. m,oÈics11a in

the P. richard-sonii stand-s coi-ncid-edl- with those observed. at

site 1 nhile those of L palustlis did not.

Site 3 represented. a special case that was characterized. by

extremely high d.ensities of the major species P. Syri$a and-

ï! mo3,ic.e.11_a, and. by normal d-ensities, relative to the other

sites, of the ninor speci-es I, stagna]ls and- S.. palus,t$i,s.

H_elisoma tlivglvip was rare. The population dynamics of the

gastropods at site J were similar to those observed. at site J

during i.,he L972 season.

Other molluscs present at the sites d-id not occuï in the

macrophyte sanples, suggesting that these were benthic, and-

that supposition 1a (p. 110) of the basic nodel was coruect.

4.

5.

6.
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ii. Mean nunbers of ind-ividuals per unit plant dry weight

Although d.ensity d.ifferences suggested- sone affinities for

the respective plants, they may also have reflected- d-ifferences in

the amount of plant substrate available per unit bottom alea in the

various stands. Thus, d-enser stand.s may have provid.ed- more food- and-

surface area than sparse stands of the same species, or, stand.s of

d.ifferent macrophyte species may have provid.ed- nore substrate per unit

bottom area than those of other species present at the same site.

Because affinities had. been shown for two respective macrophyte species,

the possibility was exanined- that one of the association ty¡res may have

been due to d.ifferences in the amount of available substrate' i.e.

plant d-:ry weighL and-for surface a;rea,

The mean nunbers of Phys.a qrrina per Sram dry weight of the

above-ground vegetative parts of P. Pec-tjlnalus (F'ie. 4fA) showed-

fluctuation patterns at sites I and. 2 iùinaL were significantly (p< .001,

n=?) correlated. (syntonic), with a weLf-d.efined- peak at time J. The

magnitud.e of the peak at site 2 was approximately one-fifth of that

at site 1. The patterns in P. richardsqnii., stands (fig. 478) ¡'¡ere not

significantly correlated- with respect to simultaneity and. the values

were slightly larger at site 2 aL times 3, l*, J anð. f. Paired. t-tests

showed that at site 1, time 3, significantly (p<.02, n=10) greater

numbers of snails ÏÍere present per unit dry weight of P. pectina,tus

than of P. richaJîdso.nii. At site 2, time J, there were also more

snails present per unit dry weight of P. pe.c,.tinqtJ.ts although the

d-i-fference between the two types of stands was reduced., perhaps

because the stand.s of P. qej¿tina,tus at this site were snalfer and

i: "..:I
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I'igure 47, "Mean numbers of Þ¿sa gyrina peï gram dry weight of
P-otamoge.t-on pectinatus (A ana C) and P. richaidsoni.i
(3 anA D) at sites I and- 2 and. site 4 respectively
during Lhe 1973 season. Vertical bars represent
stand.ard- er:rors.
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movement of small fauna between the d.ifferent stand.s was restricted. by

an intervening area d.isturbed. by boat traffic.

At site 4 (fig. VlC anð. D) , significantly (p. . O2J, n=IO)

greater numbers of L gyqi4q were present per unit d.ry weight of p.

qçc-ting.tgS than of F. richard.sonii at times 4 and. J. The greatest

nunbers were observed. at tiine þ in both types of stands.

At site 3 (tr'ie. 48), an extremely sharp peak composed_ largely

of newly hatched. young was obserwed. at time 4. During the interval

between times J and.4, a gxeater than ten-foId increase in population

relative to host plant dry weight was observed.; this was fo11owed. by

a steep d.ecrease at time J.

The mean numbe::s of LImrySa qtg.etalis peï gram dry weight of

P. pectinatuE (rie. 494) were significantly correlated- (p<.01, n=10)

(syntonic) at sites 1 and. 2, wjriln the greatest numbers observed. at

Lime 2. The large values for rneans and- stand.ard- errors in these stand.s

during the early part of the season r^rere due to chance occurrence of

a few snails in sone samples at a time when the host plant mass was

very small. The fluctuation patterns in F. rÅçþards.oqii stand_s (r'is.

4%) ar sites 1 and 2 were out of phase by two weeks. This 1ag period-

was significantly (p<.0r, n=6) consistent during times 2-8. paired.

t-tests showed a significant tendency for t. 
".Efinpf-ig 

to occur in
stands of L {ighandÊo-nij, as opposed to those of p . pqc.#=natus. At
site 1, a maxinum in pi råcha.fgSo.nÍJ stands occu:red. at time 3 (p<.01,
n=10) while at site 2 r,he maximum occurred. two weeks l-ater at time þ
(p< .0J, n=10). The rise at time Z ir L qiçþ?fgÞog+i stands at site 2

was partly due to a d.ecrease in host plant dry weight that was not

accompanied. by a si-nultaneous d-ecrease in snail nunbers. Such an

n6
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Figure 48. llean numbers of Phvsa grci4g peï gïam dry weight of
Potanosqtgln pectinatus at site I during Line I9T3
season. Vertical bars represent stand.ard. erïors.
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Figure 49, Î{ean numbers of l,yinnasa stag4elis per gran d.ry weight
of Potaqo&etgn pec-tinatu's (A and" C) and. P,. richards_o.nii
(3 and. D) at sites I and 2 and- sites J and- 4 respective-
ly during Lhre L973 season. Vertieal bars represent
stand.ard. errors. O = site 1, (D = site 2, E = site J,

| = site 4.
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that

inL

increase had. also been seen for Pì .gy:ri,na ir L
at this time (Fig. 478),

179

richardsoni-i stands

At site 4 (fie, 49C and. D) , L s.tg.snatis lras present in

significantly (p<.001, n=10) greater nunbers per unit dry reight of

P. pectina-þqs than of P. ïicha4dPoJrii at times 4 and J; however at

time 6 this d.ifference was no longer significant, and. by time 7,

significantly (p<.01, n=10) greater numbers were observed- per uni-t

dry weight of P.. {ighgrdsoni_i than of P ,l pgctina_t.rls. Two peaks, at

times 4 and. 6, were observed- for snails present in P. richard.sonii

stand"s.

At site 3 (fie. 49C), L. stjugnalis ?Ías present in numbers

were similar, on a host plant dry weight basi-s, to those present

p.ectinatus stands at site 4. A peak was observed. at time 4.

0f the minor species, Foqsarig mod..icSÅ1,q. (f ie. 504 and B)

occurced- in significantly (p< .001-.01, n=10) greater nunbers per

unit dry weight of L pectinatuF than of P. richar4Fonii at site I

during times 5-8. At site 2, 4. nodiseF.g. nas s1ight1y, but not

significantly more frequent ir L richgulds,qnii stands at tines 4. and

5. In P. pecti¡a,tJ.¡,s stand.s at site 1, a d-iffuse peak was obseryed_ at

times 5 and- 6, while at site 2 it was largely centred at time 5 anù

was of consid.erably snraller nagnitud_e than that at site 1. Tr L
r,iqþg.4d.rsgnii stands, the conveïse occu:red.; peaks were observed- at

ti-me 4 at both sites but the peak at site 2 extend-ed. to tine J. The

d.istribution of F. modjrc.ell? with respect to the two stands at both

sites was sini-lar to the d.istribution of P= g{rÍha in that consistent

associati_on with p.. pes.t"jrnqtus was observed_ for both species at site 1,

whereas at site 2, values for P. peitihg.tus stands were higher only
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Figure 50. Mean numbers of Fossaria mo.d.icella peï gram dry weight
of P-o.tamogetog pectiqatus (A an¿ C) and. p= r,ichjrrd.sqni,i
(B ana D) at sites 1 and_ Z and_ site & respectively
during Line L9?3 season. Vertical bars represent
stand.ard" errors.
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aL tLne 3,

At site 4 (f ie. 5OC and. O), p; räôdåtella was present in

significantly (p<.001-.025, n=10) greater numbers per unit dry weight

of P. pe-ctinatug than of P.. r-isha.r4s-o.4i3 at times J and 6. The peak

occurred at time J in P. pgcti-natus stand.s while in P... ricþardso.nii

stand.s it occurred two weeks earlier, at time 4, and. was thus similar

to the timing observed- for the subpopulations of this species present

in the two types of stands at site 1.

At site 3 (fig. 51), F. mod.icella was present in very high

numbers per unit dry weight of P. pectinqtqs during times )-J, and.

the peak, composed. largely of young, was observed. at time 4.

Staeqicola pa}+striÊ (fig. LA and. B) at site 1 occurred in

significantly (p<.01-.001, n=10) greater numbe::s per unit dry weight

of P. richard.sonåi than of P. pec_tinatus during times 6-8. At site 2,

S. palustris occu:red. in greater, but not significantly so, numbers

in P. richard.sonii stand-s during times 6-8. Maxima in stand.s of

P. richar.dsonii occu:red- at time 7 at both sites while the d-istribution

in P.. pectSna_Þ}S stands showed little d.efinition with time.

At site 4 (fig. 52C and- D) , a greater number of ind-ividuals

occurred- fn L eqc.tiryu;Ugs than in P,- ric4a¡ldsonii stands at times þ

and. J while at time 6 tne ïeveïse was true, although this d-iffeïence

was not signifieant. Peaks were observed. at times J and. 6 in p.

richarSsonii stands while in P. p.ec-biFatus stands a rnaximun occurred-

at tine 4.

At site 3 (f ie. 52C) , numbers of fu þaluÈ.tqi.s per unit dry

weight of L pectinat]rs attained a maxinum at time 4.

:::.-
:: a.: , . .

t:.: .: .: )

:ì-r.tllr:ì,i.t l
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Figure 51. Mean numbers of @þ inodisellp per gram dry weight

of Potamoqe.ton p.ecti-natu-s at site J during i',he 1973

season. Vertical bars represent stand.ard- errors.
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Figure J2, Iu|ean numbers of Sta,en-icôIâ palustris per gram dry weight
of Potanogeto.n pgitinatirs (A an¿ C) and P. richa_rdsonii
(f and. Ð) at sites 1 and 2 and sites J and- 4 respectively
during Line I9?3 season. Verti-cal bars represent stand.ard.

errors.
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Helis.oma trivolvfs (f iS. 534 and. B) occured- in significantly

(p..025-.001, n=10) greater numbers per uni-t d:ry weight of P.

pectlnatus than of P,. richgl*;g.nii at site 1 at tines J and_ 8. At

site 2, H. triïoþ_iÊ occured in significantly (p..025-,01, n=10)

greater nunbers per unit dry weight of P. pg.ctinatus than of p.

4ichard.s.onii at tines f and 8. Peaks ir E. pec.tinatus stands occurred-

at tine J at both sites while in P.. ric4ar4sonii stands the distribu-

tions d.id. not appear to be co:related-. rn the former stands at site 1,

other maxima also occurred- at times 6 and. 8, while at site 2 anof,?.er

peak occurred- at time 7.

H.elis.omg trl..vglÏis was not present at si_te 4. At site I it

was collected- only at tirne 6, when a mean number of 0.02 ind.ividuals

per gram dry L p.e_ctinatus was observed..

In summary, the nunbersr per unit plant dry weight showed. the

following features¡

1. Phvsa Fsrri4g ÏIas associated- with P. pectinatus at least during

the period. when snail numbers were highest in relation to dry

weight of the prefared. plant. Peak numbers per unit dry weight

of L pec.tina,tus occuæed. at time J at sites 1 and. 2, where the

growth of this macrophyte was also synchronous. Peaks occurred.

at time 4 at sites J and 4 where growth of L pecji,+a.tr4s lagged

behind that at sites I and, Z.

2. I-.lynna,ea qtjrsnalis was associated with Lniç4pIÊpSü during a

large part of the growing season. peak numbers per unit dry

weight of L €chardrsonii occumed at time J at site 1 and. at

time 4 aL sj-1,e 2, coincid.ing with the 1ag period. obseryed.

for growth of this plant at the two sites. peaks occu:red. at
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Figure 53. Mean numbers of Helisoma tqivolÏis per gram dry weight
of PotanosetoJr pectínatus (A) an¿ p. richard.sonii (B)

at sites 1 and 2 during i.,ine L973 season. Vertical bars
represent standard. errors.
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tinres 4 and. 6 at site 4, and. appeared- to be related. to the two

peaks observed for the growth of P. rich3gþonÅi in terns of

d-ry weight per unit bottom area at this site.

the peaks in nunbers of P- gtÉing and- L. sta.æalls per unit

d.ry weight of the respectively assoeiated. plants coinci-d.ed.

with the early stages of a steep increase in the d.ry weight

of these plants.

Fossarj-g mo-dics.lÅa was associated. with P. pec.ti4aJ,qq for at

least part of the growing season. Peak nurnbers per unit dry

weight of this plant occurred. at time J at sites L, 2 and. 4

while at site I the maximun occurred- at time 4. ln P,. riqhard.-

sonii stand.s maxima were observed- at time 4 at sites I, 2 and,4,

These peaks d-id not coincid-e with the timing of growth of the

host plants.

Sta,gnicola palustrj-s was associated. with P. richar.d.qonii during

the second. half of the sêâsofl. Ma>rima were observed. in these

stands at tine f at sites 1 and 2, anð" at times 3 and 6 at site

þ. These peaks were not co:related. with growth of the host

plants.

4eli.somg triv,olyig was associated with P.. pec_tina,tus during the

second. half of the season. A maximum was observed. in these stands

at time J at both sites 1 and. 2, and, at time 6 at site 3. Some

correlation of these peaks could- be d-emonstrated. with respect

to growth of the plants. Howerrer, a) the d.iffeïence between the

two ty¡res of stands was not significant during the peaks, and.

b) the peaks did not coincide with a period of increasing

growth of the plants.

5.

6.
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At sites 2 and- 4, the P. Iicþards.oni.i stands continued- to

show higher nunbers of snails in terms of plant dry weight relative

to those of q. p.eptina,tus than tl-id- the fu ri,chgrqds_olt_ii stands at site 1,

suggesting that the factor(s) affecting snail distributions were less

effective in the P: ps.ctinq!,uE stands at sites 2 and.4 than at site 1.

This may have been possibly due to d.i-sturbance by boat traffic at site

2 and- the mixed. nature of the stand.s at site 4, which may have reduced-

the intensity of the d-ifference of the active factor(s) between the

two types of stand.s. The tno-week 1ag periods observed. for the d.ensity

patterns of F. mod.i_c.ellg and- S. pa,lurstriE in the P. rich.ard.sonii

stand.s at si-tes 1 and. 2 in Lerms of numbers per unit bottom area

turned. out to be spurious when exanined- in relation to plant dry weight.

iii. Total grazer population and. lesion ind.ex

At sites 1 and- 2, maximum mean total numbers of snails per

unit dry weight of P.. pec.tingtus (tatte XX) were observed at time J.

This maximum was followed. at time 4 by an increase in the lesion i-nd-ex

(tatte XXI) at site 1 for P". pectinatgs. Lesj-on ind-ex at this site

d.ecreased. by time J, reflecting the abrupt d_ecrease in total snail

numbers per unit plant dry weight at time þ. At site 2, the d.ecrease

in snail numbers at time 4 was relatively less sharp and- lesion ind.ex

at this site continued. to increase until Lime 5, perhaps reflecting

the increasing sizes of the snails which may have compensated. for the

slightly reduced. numbers. Estination of lesion ind.ex toward.s the end.

of the season involved. increasing eïror because of extensive fungal

infections. At site 4, the maximum numbers of snails per unit dry

plant weight in the P. peqtinatus stands occurred. at time J, but the

lesion ind.ex couId. not be estj-mated. for plants from this site because
, l:....1
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TABLE TX, lvlean total numbers of gastropod-s per gram dry host plant

weight at sites 1-4 during the 1973 season.

site 1 site 2

Time P. peclinju.tuj; P. richald.sonii P. p-eJ:3ingluq P. {j-c4ardsoJLSi

1

2

3

l+

5

6

(

I

0

2,9

21,7
o?

9,6
8.5
11,,6

4.6

r.5
7.2

5.0

5.8
3.3

5.2
4.2

3.0

L.2

4.8

3.7

),(
T,2

1.0

0,5

0

0,5

3.7
8,2

6.0

1.9

5.2
1.0

Time

site 3

P. pectinatus
site 4

P. peqt+ngÞus P. richardsonii

L

2

3

l+

5

6

7

8

13.4

179.2

L522.3

45.6

12,-3

33.7
25.6

6,5
r.7
4.0

5.0
13.4

3.9

5,1
1,.O

3.3

,::j,
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the l-eaves ¡rere too nasow to allow for accurate scoring.

ïr L fich?r.d.sonii stand.s, maximum total numbers of snails

per unit plant dry weight were obserwed. at time 4 at both sites I and-

2. This maximun was fol-lowed. by a maximum in the lesion ind-ex at

time 5 at both sites. At site 4, maxi-num nunbers of snails in p.

richard.sonii stand.s were observed- at tine 4 but lesion ind.ex d-id. not

show an increase until time 6, perhaps because heavy calcareous

d-eposits on the upper leaf surfaces at this site may have interfered.

wj-t]n gxazing by young snails which cornposed. the bulk of the snail

d.ensity naxima.

ïn general, lesion 1nd-ex reflected. grazing changes only

within each particular site¡ cornparisons between sites coul¿ not be

mad.e since grazLng intensity at d-ifferent sites d.epend.ed. on other

factors such as the relative sizes of the different plant stand.s,

d-egree of exposure to physical d.isturbance, and., in p. ?ectinatqs
stand.s' the proportions of the plants that were suitable for sampling

for lesion ind.ex esti-mation. The latter factor rÁras compound.ed. by the

possibility that the proportion of the gastropod population that

qzazed. upon the proportion of plants that was suitabl_e for sampling

may not have been constant at d.ifferent sites or d.ifferent tines

within the same site,

The numbers of each species present per gram d.ry plant weight,

expressed. as a percent of the total numbers of snails of all species

(ralte lo(Ir) , showed that the dominant species ir L pec,tina.tgg

stands at all sltes was fu gyrina. This species was also the most

frequent ir L ricþardsogii stands, but here its importance was

reduced. while that of 1,. stgena]is was increased.. Fosqq.ria nod1cella



TA31,E XXII. Mean numbers of each gastropod- species per unit dry

plant weight expressed. as a percent of all species

present at sites 1-4 during the l-973 season. Species

numbers represent the following ta:ca:

1. Phys3. grr+na

2, LyJnna?a sta,gnelis

J. Fossa,ria no4i.cs.l'la

4. Stagnicol,a pahls.tris

J. Helisonla tri.vol,vj-s
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composed- a greater percentage of the snails it L pec.lipa,tus than in

P.. qi"ghqqd-sprlii stands, although it was least important at site 2.

S!æ#cSJa p-+_lgp-þtiS and. H. tri.gg_1.vjrp were largely minor cornponents

of the total fauna that was present on the plant shoots.

P.hys.a flyTiTlp and- L qtg4Aliq together cornprised the bul-k of

the molluscan fauna present on the plants throughout the season at

all sites. In P. eec.tång_bus stands, the conbined. percentage of these

two species ranged. from 58.3-100% at site 1, 64.g-gf,% al site 2,

34,9-?9.V. aL site J and 62.1t'-86.7" aL site 4. Ir L riclardqo4i.i

stands, these values ranged fron 66.8-L00% at site 1, 81,4-IOØ at

site 2 and.60.9-9I.0% at site 4. thus the lesion ind-ex was probably

largely attributable to these species. Secause of the relatively

small numbers of non-d.oninant snails, their input into the total

grazing sustained. by the plants at these sites was probably ninor,

particularly d.uring times of peak numbers of the dbminant species.

iv. Mean numbers of ind.ividuals per unit plant surface area

In general, the patterns for numbers of ind.ividuals per unit

plant surface area were similar to those expressed. i-n terms of plant

dry weight, although the l, 4iSlr,.a.r4sqnii associations appeared

slightly rnore pronounced. relatj-ve to those of L .pecjifu.
The mean numbers of L gy{+4? per 100 cn2 of plant surface

area (Fig. 541 and. B) at site I were significantly (p<.01-.02, n=10)

greater ir L pçct"i.ngltlq than in P= ri.c.þ"?-Tds.g:ri.i stands at times

J and- 5. ¿,t site 2, P., gy"riæ lras present in s1ightly,,but not

significantly greater numbers in F-: peqSiÍat*F stands at time 3i aL

times 4 and / it was present significantly (p<.01-.0J, n=IO) more

frequently in L qiphgg$go.n*i stands.
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TABLE XXI. Val-ues for lesion ind.ex at sites L, 2 and 4 during L]ne L973

season, representing the nunbers of leaf sections with

grazer-Lnduced. lesions as a fractj-on of the total nunber of

sections examined-.

site 1 site 2

Time P-. ppptå++tu.p P... ri-c,lr9,r--ds,9nii 1., pqc-þång,J'us P,. righ-a.{d'So4ii

2 O,O? 0.26 0.18 0.43

3 0.24 0.29 o,2I 0,3I

4 o.4o 0.33 o.3O 0,24

5 0,26 0.44 0,39 0.38

6-0.32-0.18
7 O,t4 0.25 - 0.25

8 - 0,25

site 4

Time P. pectinatus P. richard.sonii
-#7-

2-
3 - 0.27

4 - 0,34

5 - 0.30

6 - 0.38

? - 0.40

8-

l: ".-. .



t93

Figure 54. ylean numbers of Physa grcina per 100 
"rn2 "rr"fu.ce 

aïea

of lotanogeton pectinatus (A ana C) and. P. richardsoniri
(l and. D) at sites 1 and 2 and. site 4 respectively
during i.,lne L973 season. Vertical bars represent
stand.ard- errors.

:.i;l I '1 r:;.

:I.'ì:.tì ..t.: a::l
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At site 4 (fig. !+C anð, D) , L fi,.Ê:ilrg was pïesent in

significantly (p < ,05, n=10) greater numbers in p. psgtSJratus than

in P ric.h,a.Tdsoqü stands at times 4 and 5,

At site 3 (pie. 55), the naximum numbers of L gy{i4a per

unit surface area of P.. pqctirnatus were observed- at time 4.

Lr¡m4ge.a s.t-afin?1j.s (¡'ie, J6A and, B) at site 1 was significantly
(p<.01, n=10) more frequently associated with p-. r:lclardqo.ni-i in
terms of surf,ace area than with p. pect+4artr4s during the maximum in
the former stands at time 3, AL site 2, L. sta,qnal,is was signi-ficantly
(p<. ot-.05, n=10) more frequently associated with p. richardsonii

during the maximun at time 4 in these stand.s, and. during times 6-g.

At site 4 (fig. J6C and D), L sta,finalis was significantly
(p<.001, n=10) more frequently associated_ with p. p.ectinatus at
times 4'J anð- with P. richardsonii (p<.01, n=10) at time /.

At site 3 (¡'ie. 56c), maxima were observed. at times z anð,4,

The results for the mi-nor species tr! m,od-icella, s. p.aluqtrirq

and H. trivolvis (tatte lürrr) generally showed. affinities similar
to those ascribed on the basis of plant weight. paired. t-tests showed.

that at site 1, F. mo.dicella was present significantly (p..oot-.05,
n=10) more frequently rn L ?gc.!åqatl+s stands at times J and J while
at site 2 it was present slightly nore frequently in p,. qirc.hqqdso_nii

stands at time 4. At site 4, it was present significantly (p<.01,
n=10) more frequently in p. pecti.nafgp stands at time J.

stagnic.ola palustris occurred. rnore frequently in p. ri_chardsonii
stand.s during the second. har-f of the season at sites I and_ z, T'e
nulnbers of H. trirvor.viil in terms of plant surface area Ïrere too small_

to show significant trend.s.
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Figure 55, NIean numbers of E4Isg gyrihj¡, per 100 cm2 surface area

of Eolauq€qlo.n pectinatus at site J during Llne 1973

season. Vertical bars represent stand.ard. errors.

i.: :" '
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Figure J6, Mean numbers of Lynnaea ptjlgnalis per 100 cm2 srrrface
area of PotaJrogetqn pectínatus (A an¿ C) and_ p,.

richard-Sgnii (n and D) at sites 1 and_ Z and. sites J
and. 4 respectively during the L)f) season. Vertical
bars represent stand.ard" errors.

i' .. _', :i,.....
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D
TABLE XXIII. Mean nunbers per 100 cn' of plant surface area of

Fossg{ia nodicel-.la and Stas4ico]? pal.ust{jrs ( conb:_ned) (A)

and H.elisoga trivoJvis (3) in the respective stands at sites
t-4. Values in parentheses represent stand.ard. errors.

A. Fossariju ¡nodice]l.a and Stagnicola palus,triJ (ò-ómbj-r1eÐ

site l- site 2
Time 1. pectina.tus P.. rich?J:d,s,onii P,, pec-binatus P. richardsonii

I
2

3
4
5
6

7
I

0
0

o.o1 (o)
0.14 (0.03)
0.15 (0.10)
o.o4 (o)
0.13 (0.05)
o.03 (0.01)

00
o o.o1 (0.01) o

0.11 (0.04) o o.o1 (0.01)
0.39 (0.18) o.zL (0.ú) o.o6 (o.or)
0.45 @.0?) o.09 (0.02) 0.14 (0.10)
0.4? (o.LÐ o.zo (o.oþ) o.o2 (o)
o.zo (0.03) o.æ (0.ú) o.o3 (o)
o.zz (o.olþ) 0.16 (0.03) o.oz (o)

site J
l. pec.tina.tus P. ?qqti+g,tus P. {i.chardqonii

-:- o.ts @.06)
- 0.87 (0.14)

L.4z (0.24) o.z? (0.06)
o.26 (o.o?) 0.19 (0.05)
o.04 (0.01) o.04 (0.02)
o.o? (0.03) o.o? (0.03)

o.62 (o.z?)
7.15 (0.80)

46.68 (tg.øe)
4.04 (2.06)
o.9r (0.72)

.

I
2
3
4
5
6

7
8

B. Helisona tq.ivolvis
site 1 site 2

Time P.. pectinatJ:s P. richjrrdqo-4ü P. pectinatus p. r:þþardsonii
0-0
000

02)000
o.o1 (o) o.o1 (o) 0.06 (0.04)o o.o& (o.oz) o.o3 (0.01)01) o.oz (o) o o.ol io) '
o.o1 (o) o.oz (o) o.or (o)
o.o1 (o) o.or (o) o

0
0

o.o2 (o.
o.o2 (o)
o.o4 (o)
0.03 (0.
o.o2 (o)
o.o3 (o)

7

2
3
4
5
6

7
8

Tine
site 3

P. pqctiqalus
L

2
3
4
5
6

7
I

0
0
0
0

o.oo3 (o)
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v. Snail biomass

The mean 11ve weight of P, glrrina per quadrat sample (|SZS 
"t3)

(fie. 5?A anð, B) at site 1 was greater in P. pecfirytJrs than in P.

richard.sonii stand.s at tines J and. 4, but during tines J-l di-.fferences

between the two ty¡res of stand.s d.eclined- and- at time B greater live

weights were observed- in P. ric4er4so4ii stand.s. At site 2, greater

live weights were observed. in L pec.tinatus stands at times J and- B.

A peak was observed- in P. rèchard.rsonä stand.s at time f. The patterns

were synchronous at both sites in the latter stands and- approximately

so in the E. pectina,tus stand.s.

At site 4 (fig. 5?C anð" D), greater l-ive weights were observed

for P. gyrina at times 3 and I in P. pegtiqatus stand.s but this

d.ifference was not significant.

At site 3 (tr'ig. 5?C), P. gyrin? showed. maxi-mum live weight

per unit botton area at time 4 in the P= pectiqF.tus stand.s.

An examination of the values for live weight of P. Arrrlna in

relation to plant dry weight (fig. 584 and. 3) showed- Linat a time-

d.epend-ent relationship existed- between snail and. plant mass. At site 1,

time J, the mean live weight per unit plant dry weight was significantly
(p..02, n=10) higher ir L pqctinatue than in p. richp.rdsonii stands

and. this difference was still significanL aL time 4. After tine 5,

a significant (p<.01., n=10) shift of biomass occurred- towards the

P. richardsgníi stands. At site z, LLme J, biomass of L B:Ë:rna was

significantly (p<.0J, n=10) greater ir L pectinajrls stands. As at

site 1, the biomass of Phyqa pred.ominated significantly (p..oo1-.05,

n=10) in the l. richa,qdsoqii stand.s after time j, and was due to the

presenee of larger ind.ividuals during the latter part of the season
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Figure 5?, Ulean total live weight (S) of Physa g..nrina per
quadrat sanple (tSzS 

"r2 
bottom area) in stands of

Potanqseton pectinatus (A and. C) and- P. richardsonii
(n and. D) at sites I and- 2 and. sites 3 and" 4 respec-

tively during fh,'e 1973 season. Vertical bars represent
stand.ard. errors.
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Figure J8. Mean live weight (g) of Physa ffyrina per gram dry

weight of þþgqggglon pejctina.tus (A ana C) and- P.

richardsonii (3 ana D) at sites I and- 2 and- site 4

respectively during +,he 1973 season. Vertical bars

represent stand.ard. errors.



F-
.L
(9

l¡l

=
t-z
J
o-

É,
ô

l.o

0.9

o.8

o.7

o.6

o.5

o.4

o.3

o.2

o.t

o

=

E r.o

\ O.9

3 0'8

. o.7F

ä 0.6
il
= o.5

t¡J O.4

f o.g

=. O.z

E o.r

o

t.o

o.9

o.8

o.7

o.6

o.5

o.4

o.

o.2

o.t

o

Ti

Ht

l-
I
I
t
I
t
I
I

¡

t 2 3
I

c

2345678
lIME

2345678

O SITE I

o stTE 2

T SITE 4

564
.4"

î

,43

I
I
l
I
I
I
I
I
t
I

78

I
I
I
I
I
t

r.o

o.9

o.8

o.7

o.6

o.5

o.4

o.3
'o.2

o. I+..

j.a.,ij:ta:

ì;.,:;.r¡:5r

o 2345678



207

in these stand.s.

At site 4 (fig. 58C and. D), significantly (p. .0J, n=10)

greater values for bionass of P. glrrina were observed. in P. pecti.natus

stand-s at time 4t al l,ine J biomass was still greater in these stand-s

but the d-ifference was no longer significant.

At site 3 (fig, 59), naxLmun biomass of Phys.a per unit d-ry

weight of P. peqtinatl.rs was observed at time þ.

The mean 1i-ve weight of P. flyqina per unit plant surface area

of the two macrophytes (fig. 6O) showed- patterns similar to those

expressed. in terms of plant dry weight.

The rnean live weight of L. stagqalis per unÍt bottom area

(fie. 614 an¿ B) at site 1 was greater in P. ÊichardsjËrii than in E.

pectinatus stand.s during times 3-7, lt site 2, higher values were

observed- in P. richard.sonii stand-s at times )-4 and 6-8.

At site 4 (fig. 61Cand. D), greater values were observed- in

P._,giçhe dqqnii stand.s at tines 3 and,6-8.

At site 3 (fie. 6tC), maximum live weight per unit bottom

area r^ras observed- at time J.

The nean live weight of L. stagnalis per unit plant dry

weight (¡'ie. 62A anA B) at site 1 was significantly (p<. OO7-,02, n=10)

greater ir L r.i.chards.ogi-i than in P. peqti+atuq stands d-uring times

4-?. lt site 2, biomass was significantly (p<.02, n=10) greater in

P.. richard-sonii stand.s at times 4 and- /. The two-week 1ag between

1. richard.sonii stand-s at sites 1 and. 2 was evid.ent during the first

half of the season.

At site 4 (f ig. 62C and. D), biomass lras greater in p.

richard.sonii stands at times 4 and. 6 ¡ut this d.ifference was not
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Figure 59. M,ean live weight (e) of Pþysa syrinjr per gram dry
weight of Po-Lamogeton pectÌnatus at site I during
Ll;..e L973 season. Vertical bars represent stand.ard.

eï:rors.
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Figure 60. Mean live weight (S) of phySa glrrina per 100 cmz

surface area of Potamoseton pectina.tg.p- (A ana C)

and P. ïichardsoni.i (B ana D) at sites L and.2

and. sites 3 and 4 respectively during Line L)lJ
season. Vertical bars represent stand.ard. errors.
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Figure 61. Mean total live weight (e) of lymnaea stagnalis per
quadrat sample (|SZS 

"*2 
bottom area) in stands of

Potamoffeto.n pectinatus (A ana C) and- p,. richardsonii
(B ana n) at sites 1 and. 2 and. sites 3 and 4 respec-
tively d.uring Llne 1973 season. Vertical bars represent
stand.ard. errors.
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Figure 62, Mean live weight (e) of Lymqaea s,tagnalis peï gram

dry weight of Potarnosetôn pectinatus (A an¿ C) and

P. richard-sonii (B and D) at sites 1 and- 2 and. sites
3 and 4 respectively during Llne 1973 season. Vertical
bars represent stand.ard- errors.
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significant because of the large vari-ance among the samples.

At site 3 (fig. 6ZC), maximum biomass of L. sta-gna]is per

unit dry weight of P. pecti4a-þus was observed. at time 4.

The mean live weight of L sta,gnalis per unit plant surface

area (Fig, Ø) continued. to show the tendencies that were significant

in terms of plant dry weight.

vi. Size class d.istributions

At site 1, L srÉing (f,ig. 644 and l) showed initially high

nean axial lengths that represented. the overwintered- adults. The axi-al

length decreased by tíme J in both types of stand.s, ind.icating the

appearance of young. However, aL this time the values in the p.

pectinatus stands were slightly higher than those in the P. richgrd.sonii

stand.s because hatching of the young 1n the former stand.s had. alread.y

oecurred before tine 3 (rig. 65 ), and by time 3 these ind.ividuals had.

advanced. to several higher size classes, accounting for the higher mean

axial length. Hatching began later in the p. richgrd.sonii stands (rig,
6fr), i-.e. approximately at tirne l, since at that ti-me most of the

j-nd-ividuals were still in the lower size classes. Although nore young

hatched. per unit botton area Ln the p: pectinatr€ stand.s, the growth

rate of the snails was more rapid- in the latter part of the season in
the þ riqh3.r{so,niri stands, accounting for the greater snair bi_omass

observed. in these stands after time J (fig. JgA and B).

At site ?, again mean axial length (f ie. 64A anA B) was

greater in the l. pqctinatus than in the fu richgrdsoqli stands duri_ng

the first part of the season. Reversal between the tr"ro types of stand-s

in terms of nean axial length occu:red. later than at site 1 because a

reLatively greater proportion of adults persisted. in the p. pe.c"tinatuq
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Figure 63, T4ean live weight (e) of T,ynlnae.a Ftagn?lis per 100 cmz

surface area of Pgtamogeton p,g-ctinjulus (A ana C) and

P. rieha{d-sonii (B ana D) at sites 1 and- 2 and. sites
3 and- 4 respectively during Llne I)lJ season. Vertical
bars represent stand.ard. errors.
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Figure 64, ylean axial length (run) of Ph{sa grrina in stands of
Ps¡tamo.geton pectinatus (A an¿ C) and p,. qichar4sonii
(l and. D) at sites 1 and. Z anð- si-tes 3 anð,4 respec-
tively during i"lne 1973 season. Vertical bars represent
standard. errors.
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Figure 65. Stze class d.istribution of Physa gyrina in stand.s of
P,otamogeton p.e-ctlnatus (A) an¿ P, richartL:sonii (3)

at site 1 during Llne L973 seâsorì. Values represent
the total numbers of ind.ividuals record-ed. in five
sample quadrats (Z6zS 

"*2 bottom area). Size classes

were constructed. at 0.J run intervals.
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stands at site Z (I'ie, 66), llatching again occur:retL slightly earlier

in the P . pectj-natus than the P . richard.sonii stands , but, as at

site 1, growth of the snails occurred. at a faster rate in the P.

richard.sonii stand.s. The greater numbers subsequently present in

the fu rish3.r4sonii stands reflêcted. the approximately equal d-ensities

of this snai-l observed- in these stands at the two si-tes.

At sites l- and.2, i.,lne few adults present in the spring d-ied-

out afmost completely after reproducing early in the season. Reproduc-

tion later in the season may have been due to some young of the year

that had. reached. reproductive maturity while cond-itions were still

suitable for mating. This find.ing is consistent with those of Detrfitt

(f95Ð and. Sankurathri and Holmes (tgZ6). However reproduction soon

d.eclined- and. ceased- at these sites, perhaps because of generally

d-eclining temperatures (except at time 8) or diminishing food. quality

or supply, The behavior of the population at site 1 with time has been

d-escribed. in d-etail in terns of a matrix nod-el by Pip and. Stewart

(tgZÐ (Append.ix r).

At site 4, values for mean axial length of P. grcina (fig.

6l+C and D) were higher in the P-. ?ectinqtl-rs than in the P,. TicharÊsonii

stand-s during the first part of the season because greater proportions

of adults persisted- in these stands, and- therefore the shift to P.

richard.sonii stand.s that had- been observed. at sites 1 and. 2 during

the second. half of the season was not observed. at site 4. Some

hatching (f ie. 6?A anð.B) was evid.ent by time ), and, it appeared.

to have conmenced. slightly earlier in the P. pecling,rtl-rs stands,

although at times 3 and. 4 it was of greater magnitud-e in the P.

ir¡_!.:ì:aìi r:

f: .-,

ì!.;.

richardsonii stand.s in terms of unit botton area because of the larger
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Figure 66. size cLass d.istribution of physg gyrina in stands of
Po.tamogetgn pectina_tus (A) an¿ p= richg;rdSonii (B)

at site 2 during 1"lne 1973 seâsorr. Values represent
the total numbers of ind.ividuals record.ed. in five
sanple quaùrats (Z6zS 

"*2 
bottom area). Size classes

i^rere constructed. at 0.J mm intervals.
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Figure 67. Sire class d.istribution of P.4ys.a Kyrina in stand.s of
Potamgseton pectinatls (A) an¿ P. richardsonii (B)

at site 4 during Llne 1973 season. Values represent
the total numbers of ind.ividuals record-ed. in five
sample quadrats Qez5 "*2 

bottorn area) . Size classes
were constructed. at 0.J nm intervals.
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plant nass in the latter stands. After time 6, hatching was of

greaüer magnitud-e in the P. pes-þ.i.natus stand.s, and. a large cohort

hatched at tine 8. Because the population lras composed entirely of

young during the second- half of the season' this peak was due to

reproduction by the young of the year that had. hatched. earlier duri-ng

the season. Reproduction on such a large scale so late in the season

may have been partly influenced. by the rise in temperature at this

site after time 6 (r'ie. 39H) ,

At site 3 (¡'ie. 6Ln), nean axial length of Physa showed- a

sharp d-ecrease due to hatching of young (fig. 68) which conrnenced

before time 3 at this site. A very large number of young appeared-

before tine 4 but reproduction d.eclj-ned. at times J anð,6. The mean

axial length conti-nued- to d-ecrease throughout the season as young

continued- to hatch and. the adults d-isappeared. the population d-ynamÍ-cs

at this site were sinilar to those observed at site J during I9?2.

The mean axial length of L staæalis (f ie. 69A. ana B) at

site 1 d.ecreased. at time 3 in P . ri.,qhard.sonii and- at tine 4 in P.

pec.tinatus stands since hatching started- slightly before time 3 in the

former stand.s while in the latter stand.s it was limited. and. the young

were not present in these samples until time 4 (fig. ?04 and. f). ffre

overwintered- adults were present during the first half of the season

but became less coÍrmon as the juveniles contlnued- to increase in size.

Growth during the second. half of the season occured- at a faster rate

in the P,. richardsonli stands.

At site 2, mean axial length (fie. 6pA ana f) decreased in

the P. richard-sonli stands two weeks later than at site 1. the reduced.

value at time J in the P.. qecliqatHs stands was due to the absence of

i':, 
'.'. 

¡::;; f:¡

,i_l '.11i.11

'
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Figure 68. Size class distribution of PhJqa glrrina in stands of
Potam.o.geto-n pectlnatu.F at site I during L]ne 1973

season. Values represent the total numbers of
ind.ividuals record.ed- in four sample quadrats (6100 cmz

bottom area). Size classes lÍere constructed- at 0.J mm

intervals.
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Figure 69. ylean axial length (mrn) of Lymnaea sta,gnalis in stand.s

of Potamosgto! pectinatus (A an¿ C) and P, ri.clprds.oqii
(l and. D) at sites 1 and- 2 anð. sites I and- 4 respec-

tively"during Lh.e 1973 season. Vertlcal bars represent
standard. erors. O = site 1, O = site 2, E = si-te

3, l=site4.
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Figure 70. sLze class d.istribution of rymnaea staßnalis in stands

of Lotamogeton pecti,na-Þus (A) anA P. rf-chardsohii (B)

at site 1 during Lhre 1973 season. Values represent the
total numbers of ind.ividuals record.ed. in five sample

ô
quadrats (Z6ZS cm' bottom area). Size classes were

constructed- at 0.5 mm interyals.
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adults from these samples. Adults Ìüere present in 1. pectinatls samples

from site I and. accounted- for the large stand-ard- error of the value at

tine 3. At site 2, time J (fie. /14 and- B), insignificant numbers of

newly hatched- i-nd.ividuals were present in the P. richardsog3i stand.s

and. the bulk of the young d.id. not appear unt1l time 4. Snal-ler numbers

of young were observed. in P. psctinatus stands. Again, the numbers of

adults gradually d-ecreased. toward.s the end- of the season but d.id. not

d-isappear completely. rt appears that ind-ividuals of both p= gyrina

and- r,.. staffnalri.s may survive beyond- the second- summer, although nrost

of the population d.oes not. Differences between growth rates in the

two types of stand.s during the second. half of the season at site 2

were not significant.

Egg cases of L. stagna,l-is were frequently observed- attached- to

the stems and. leaves of P. richard-sonii- during the sampling period.s

precedÍ-ng hatching at sites 1 and.2. Adults collected aL Lj:me 2 ar,

site 1 1aid. eggs in the laboratory, where enbryonic d.evelopment at

20 C. required.' approximately 14 d_ays.

At site 4 (rig. 6gc ana D), axial lengths of the subpopulations

in both t¡rpes of stand.s showed. d-ecreases* at times 4 and. 6. Hatching of
].,. qtagnalis began before time 3 in the p. ïichardqonli stands (r,ie.

?2) t young were not present ir P. pe.qtina.-t.!1s stands until- time 4.

Hatching in the P. risha.rdso.nii stands continued. until time 4 and

was foIlowed. by another period. of hatching which began at tine 6.

Fewer young were observed- in p. pec,tj4atlq stands in terms of unit
bottom area.

At site : (rie. 69c), minimum axial length for r.. sta,gnalis

was observed- at time 5 but no sharp d-ecrease occu:red. that could. d-efine
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Figure 7L. Size cl-ass d-istribution of Lyrnnaea s.tagnalis in stand.s

of Potamoseton pectinatys (A) ana p. ri,chãî¡lso.nii (B)

at site 2 during rh'e a9z3 season. values represent the
total nurnbers of ind.ividuals record.ed. in five sanple
quadrats (?625 

"*2 bottom area). Size cl-asses were

constructed. at 0.5 mm intervals.
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Figure 12. Size class d-istributi-on of Lyrnnaea s.!agn+.l.is in stands

of Pota4o.seton pe.ctirn?tus (A) an¿ P. rjchardsonii (B)

at site 4 during Line I9?3 season. Values represent the
total numbers of ind_ividuals record.ed. in five sample

quadrats (Z6zS 
"*2 bottoin area). Size classes were

constructed- at 0.5 run intervals.
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Figure 73, SLze class d-istribution of Lymnaea stagnalis in stands

of Potamogeto-n pectinatus at site J during i..]ne L973

season. Values represent the total numbers of
ind.ividuals record.ed. in four sample quadrats (6tOO cmz

botton area), Size classes weïe constructed- at 0.J mm

interyals.
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a period- of coord.inated- hatching. The first young began to hatch

before tine 4 (fie. n) and. hatching continued- at times 5 and,6,

Essentially, the size cl-ass distribution d.ata suggested- the

following features;

1. The subpopulations of the gastropod"s present in each of the two

types of plant stand-s within the same site behaved. as recognizably

d.istinct units.

2. HaLchîng of young often started- earlier in stand-s of the

preferred- nacrophyte than in those of the alternate stand. and-

was generally of greater inagni'cud"e.

J. Periods of hatching appeared- to coincid-e with the early stages

of increased- gror,rth of the preferred- rnacrophytes.

4. Growth rates of both gastropod.s were often higher during the

second" half of the season in P. richardsonii stands.
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B. Season Tr.I (f9?4)

a. Vegetation

i. Mean shoot length

The growth of Po-tamogeton p_ecti-nat]+s in terms of mean shoot

length was synchronous at both sites 1 and- Z (tr'ig. ?4A), but, as in

L973, the mean sh-oot length was smaller at site 2 than at site 1

because of the shallower water d.epth at site 2. The shoots began to

reach the surface at both si-tes after time 4 and. the first inflorescences

appeared. after time 5 but these were very rare, perhaps because of

d.isturbances related- to the heavy spring flood-ing.

The mean shoot lengths of P. richardsonli at the two sites

(fig. ?48) showed- smaller growth inerements at site 2 afiler Lime 2

than at site 1, but mean stem lengths were again sinilar at both sites

at tine 4. Inflorescence bud.s were not evid.ent until time 4 and-

flowering comrnenced" approximately at time J. The phenological cycles

of both nacrophytes Ìrere significantly d.elayed. when compared- with

those of the 1973 season.

ii. Mean d-ry weight per quadrat sample

The mean d.ry weight of P. pectinatus per quadrat sample
Ò

(t525 crrÍ) at sites 1 and- Z (tr'ig. ?5Ð indicated that growth of this

plant T^ras approximately synchronous at the two sites. As in 1973,

plants from si-te 2 showed" greater values for mean dry weight than

those from site 1 during the latter part of the season because of

increased- branching. The mean dry weight per unit bottom area at both

si-tes was approximately one-third- of that observed- during correspond.Í-ng

stages of the growth curve at these sites în l9?3.

The mean values for dry weight of L Tich?{dsonii per quadrat
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Figure ?4. Mean shoot length (cm) of lglam,qeetþ+ pectinatr4s (e) ana

P. {i-chard,sonii (g) at sites l- and- 2 during ii,ine l-974

season. Vertical bars represent standard errors.
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Figure 75.Niean dry weight (e) (A anaB) and. nean surface area ("t2)
(C ana D) of Potamoge-to.n pectinatus and- P,. rigþardqonii
shoots respectively (exclud-ing reproductive parts)

per quadrat sample (tSzs 
"*2 

bottom area) at sites
I and. 2 during lùine 1974 sêâsorl. Vertical bars

represent stand-ard- errors.
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sample (F.ig. Zn) suggested. that growth was synchronous at both sites

un'til time 4 when a 1ag between the two sites became apparent. After

time 4, mean dry weight at site 1 continued. to increase rapidly while

at site 2 a temporary halt in growth was observed. until time J, when

branching occurred.. Maxinra for mean dry weight were observed. at both

sites at time 6 and were followed. by accel-erated. d.eterioration as

Lem4a proliferated. at both sites and. obscured. the water surface.

No rnature reproductive parts of L p.ectinatus (fatte XXIV)

were observed. at site 1 whíLe at site 2 these were record-ed- onJ-y at

times 7 and B and- represented. a mean ratio of reproductive to above-

ground- vegetative parts of only 0.002-0.008. Thus, less than one-sixth

of the maximum net energy channelled- into sexual reproductÍ-on during

1973 was used. for this purpose durine l97l+ at site 2 while at site 1,

sexual reproduction apparently d.id- not occur.

As in L973, the mean dry weight of reproductive parts of

P. richard-sonii per unit bottom area Ìras greater at site 1 than at

site 2. The ratio of reprodueti-ve to vegetative parts by weight at

site l- achieved- a maximum value of O. 166 al, time 7, i.e. less than

half of the maximum value observed at this si-te during 1973, At site
2, this ratio achieved- a naximum value of 0.043 at time 6, which again

was less than half of the maximum value seen at this site d.uring r9?3.

iii. Surface aree- per quadrat sample

The mean values for surface area of the above-ground.

vegetative parts of L pectina,tus and_ P. qiqhar4qonii per quadrat

sample (F'ig. ?fr and D) followed patterns sinilar to those of dry

weight, although the surface area of P. richar'd.sbnii- was smaller

in proportion to dry weight relative to that of Pj ps"gti.4qtu,s.
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TABLE lffiIv. Mean dry weight (g) of seeds and. mature reproductive parts
per quadrat sample (f525 cr3) of Pota.nogeton p.ecting,tils

and P= ric4ard.so.nii at sites 1 and 2 during i-Lte 1974 season.

Values in parentheses ind.icate stand.ard. errors.

site 1 site 2

Time P. pec.tinatus P. richard-sonii P. pectinatus P. richard.sonii

10000
20000
30000
40000
5 o o o o,o2(0.02)
6 o t.6t (o.lZ) o o.B9 @.zr)
7 o 2,98 (I.oz) 0.03 (0.01) o.zz (0.10)
B o 1.?6(L.z?) 0.11 (0.04) o.zz(o,o})

i :t::-rr:-.,;:jr':

i;a : . ::t:
ii'i:r.r'¡.i::
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b. Gastropods

i. Mean d.ensity per quadrat sample

The d-ensity patterns for Physa gy{ina in terms of the mean

numbers per quadrat sample (tSzS .r3¡ ut sites 1 and z (tie. Z6A)

ÏÍere synchronous in the P. pectinatus stands, with a maximum at tine

6 at both sites. Tr L qichardsonii stands (r'ie. ?68), maxima occurred

at time 6 at both sites although at sj-te t high values were observed.

at time 5 as well. At site 1, greater densities of L ggilg weïe

observed. in L richard.s-onii stand.s during most of the season, perhaps

because of the greatly reduced. P. pectinatus stand.s, whÍ-le at site 2

d.ensi-ties in both ty¡res of stand.s r^rere approximately equa1.

The mean nurnbers of Lym4aea stagna,lip per quadrat sample

(r'ie. ?6c and, D) were greater in P. rj-chardsonii than in E. pectinatus

stand.s during times J-f . Tlne d.ensity patterns in the T. richardsonii

stand.s from the two sites were out of phase by two weeks and. the

greatest d-ivergence between the sites occurred- after time 4. The

d-ensity patterns in the P: p.ecti ngtr+s stand.s, although of reduced_

magnitud.e, were also out of phase at the two sites, resulting in
synchronous d"ensity patterns for the two ty¡res of stand.s wi-thin each

site.

The d-ensity values for other gastropod.s during Line l9?4

season were characterized. by the stead.y increase in importance of

s"tagqiqq-le p?lu.stris relative to that of F$ggrta gggigerþ (taute

lflilB) , and- by time 6 tne latter species had al-l but d-isappeared.. A

large peak (latle xxvA) in the combined. values of ¡nean numbers of
these two species per quadrat sample was observed. at time 6 in all
stand-s at both sites and- consisted. largely of s: palustris.
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Figure f6, NIean nunbers of physa gyrina (A ana B) and_ Lynnaea
stasnafis (C and D) per quadrat sample (ISZS ct?
bottom area) from stand.s of potamogeton pectinatus
and. P. richard.so_nii respectively at sites I anð. Z

during Llne I9Z4 season. Vertical bars represent
stand.ard_ errors.

i..: ...
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TABTE )ffiV.

A. Mean combined. numbers of 4oss,arj,a mg4iqel.la and- Stagnic.ola pal-ustris
o

per quadrat sample (|SZS crrí) in the two tytrres of stands at sites
1 and. 2 durlng f974, Values in parentheses represent stand-ard- errors.

site 1 site 2

Time P. p.ectlnat3rs P-. richju-rd.So-nii P. pqetinat}s P= rii:.hj¡,qdsoni.i

1

2

3

l+

5

6

7
aU

0

0

0

o.60 (0.40)

18.60 (11.%)

92.0o (8.02)

ß.Lto (z.g+)

l.6o (r.36)

0

0

0

6.40 (r.36)
48.20 (l,ZO¡

55.80 (1-4.85)

6,20 (1,.02)

o.4o ( 0.24)

0

0

0

o.20 (0.20)

3r.20 (8.60)

6z.zo (tz.lo)
23.80 (432)
3.80 ( r.39)

0

0

0

o.60 (0.24)

14.4o (l.gl)
3t.40 (4.20)

o.6o (0.24')

0

B. Mean numbers of Sta(picola palustris expressed. as a fraction of the

above total numbers of L palus.tris and- F, mod.ice$a per quadrat

sample fron the two ty¡res of stand.s at sites I and 2.

site 1 site 2

P. pectinatus P. richard.so4ii P.. pectinatus P. richa.rdso4ii

L

2

3

4

5

6

7

8

(o)

(o)

(o)

I .00

0.62

0.78

0.95

0.94

(o)

(o)

(o)

0.16

0,*
0.93

1 .00

1.00

(o)

(o)

(o)

(o)

0.67

0.97

o.9g

1.00

(o)

(o)

(o)

0.33

0.47

0.94

1.00

(o)

r'i::_:'.:
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At site 1, time 4, paired. t-tests showed that S. palustris

was present in significantly (p<.01, n=10) greaLer densities in

p. rj:cha,+þgnii than in P. pp.c,tinatr+s stands while at times 7 and" I

these values were sÍ-gnificantly (p. .02=.95, n=10) greater in P-.

pectinatuÞ stand-s. At site 2, Lpp.1ustri.,s was present ín significantly "'l' 'i"+

(p..001-.0J, n=10) greater d.ensities in P. peqtinatr.+s stands during

ti-mes 6-8. tlo significant tend.encies could- be d.etected- for F. mqd.icqlla

because of the small numbers of this gastropod- observed. during the , , ,', 
'r::::, ..:'::.:

1g74 season. 
,,,,, ,,r,, ,

The d.ensity patterns of H.elisoma trivolvis per quadrat sample

(fatte XXVIA) shovqed maxima at tine 5 in the P. richald-sqnii stands at

both sites followed. by peaks at time 6 in ¡oth l. pectinatus stands.

At site 1, tine 5, H. trivolviE l^ras pïesent in significantly (p<.05,

n=10) greater densities ir L richardso.nii than in P. pectinat}s '

stand.s. At site 2, d-ensities of this snail were significantly (p<.01 , 
'

n=10) greater in P. richa.rd.s.onii stands at times 5 and- 6,

Tlne 1974 season was characterized- by the appearance of a

sixth gastropod- species on the plant shoots, @@ e.Iasuous
', ,. .': ..-:'..

(tatte liln¡ß), whiòh ïras present only ir L richald.qonii stands at i:';::::'':':';

'. I ' , ,,:,

both sites. Densities in these stands were signifícantly (p<.05, ,',,,,". '.,

n=10) greater at site 1 during times 4-6 and at site 2 aL Line J.

During Line 1-973 season, although P. gxa,c]+o.qs occurred. at both sites,

itoccupÍ-ed.benthichabitatsand.waSneVeTencounteredonthep1ant:'' r-. j. f: :::'

shoots

Essential-ly, the d.ensity patterns for the 1974 season

suggested. the following features;



23t

TABLE XXVI. Mean nunbers of Helisoma trivolvis (A) ana p.romene_t]Ìs
o

exarcu.ouE (¡) per quadrat sample (LSZS cn') from the two

types of stands at sites 1 and. 2 during 1924, Values in
parentheses represent stand.ard. errors.

A. Helisoma trivolvls
site I site 2

Time P. pectinatus P. richard.sonii P. pe.ctinatus P. richard.sonii

10000
20000
30000
4 o 0.6o (0.40) o o.4o (0.40)

5 o.6o (0.60) 3.60 ç1.03) o.2o (0.20) 1_0,20 (2.s6)
6 r.4o (0.¡r) 2.00 (0.55) 1.80 (0.58) 9.80 (1.??)

7 0.20 (0.20) 1.oo (0.55) o.8o (0.37) o.6o (0.40)
8 0.60 (0.40) o.zo (o.zo) o.zo (o.zo) o.2o (0.20)

B. Promenetus exarcuous

site 1 site 2

Time P. peclina:tus P. richa-rd.so.nii P. p-ectinalus p-, richardsonii

1o0oo
20000
30000
4 o 0.6o(0.24) o o.zo(o,zo)
5 o 1.zo (0.58) o 1.60 (0.60)
6 o z.zo(1,.o?) o 1.¿ro(o.ge)
7 o o.zo(o.zo) o o

8 o o.zo(o.zo) o o
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1. Density patterns for P. flyri.4a were synchronous ir L pectina_Þus

stands at both sites

2, A two-week lag period. was observed. between the dl-ensity patterns

of L stagnalis in the P. richard"s.o.nii stand.s at the two sites;

the reduced- patterns in the P. pectinatus stand"s were also out

of phase.

3. S-Þasnicola

affinities

pal-ustris increased- sharply in importance and- the

for ¡nacrophytes of both this species and. H. trj-volvis

were the reverse of those observed. during the previous two

SEASONS

4, Pronenetus exacuoqs appeared. on the P. richard.sonii shoots.

ii. Mean numbers of ind-ividuals per unit plant dry wè;tght

The mean nurnbers of P. grcina per unit dry weight of the

above-ground vegetative parts of l...peq,t.inat::s. (f iS. 7?A) aL sites 1

and' 2 rose shazply after time 4 and- the values continued- to increase

until a maxirnum at time 6. The patterns were significantly (p<.001,

n=8) correlated in time (syntoníc) at both sites. In the P. qichard.qonii

stand.s (fie. ?78), the patterns were s1ightly, but not significantly
out of phase; d-ivergence between the sites conrnenced- after time J.

Àt site 1, significantly (p <.05, n=10) greater numbers per

unit plant dry weight were observed. in l. pecti.natus stand.s at times

4 and 6. AL site 2, significantly (p<.07-.05, n=10) greater numbers

were observed. in P.. p.ec.tinatus stand.s at ti_nes 5, 6 and. 8.

The patterns for mean numbers of L.. qtagrlplis per unit d.ry

weight of L richa{dsonii (rie. llD) were out of phase by two weeks;

this 1ag period was significantly (p<.01, n=þ) consi-stent during

times 3-7. Tlne rnaximum occurred. at tine 5 at site 1 and- at tine 6 at
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Figure 77. llean numbers of Bbvqa ðrrina (A ana B) and" Iy.nnasa

stagnafis (C ana D) per gram dry weight of p.o.-t-anloseþn

pectinatus and. P. richjurd.sonijl respectively at sites
1 and 2 during Line 1974 season. Verti_cal bars represent
stand.ard- errors.

I r'.:'.:i.
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site 2. The peak at time 3 at site 2 was due to the chance occurrence'

reflected- by the large stand-ard error, of a few ind-ividuals in the

sanples when plant mass I^Ias very smalL. The patterns for snails in

P. pectinatus sanples (fie. llT) were synchronous and- significantly

(p<.001, n=8) correlated (syntonic) at both sites, with a naximurn at

time 5.

Lynrnae,g stafigalis was present significantly (p<.02, n=I})

more frequently in P. richard.sonil than 1n P: pectinatrls stands at time

4 at site 1, while at site 2 it was present significantly (p <.02, n=10)

more frequently in P. rlchar-d.s.onii stand.s at times 4 and 7.

The combined. val-ues of F. nod-icella and S. Palustris (fie. ?B)

showed- maxima in P. pec-tinatus stand.s at time J at site 2 anð" at time

6 at site 1; these consisted. largely of fu palgFt{is (tatte XXVB).

Values in L richard-qonii stands were much reduced-. At site 1, S...pa,lus.tris

was significantly (p<.001, n=10) associated. with P. pqctinatus at time

6, while at site 2 it was significantly (p<.01-.0J, n=10) associated.

with P. pectingtus during tines J-8. Foqsaqla mod.icell.a showed. no

significant affinities because of its snall numbers.

The mean numbers of L tqivolïi,s (F'ie. ?9A. and B) per unit dry

P-, ?e.cting.,br+s reached- a maxinum value at time 6 at both sites, while in

R . {ichard.s-o4ii stands the maximum occurred. at time 5 at both sites.

Although at site 1 values were slightly greater in E. r3c4a.r3rso,4ii

stand-s at time J anð- greater i^ L pe,ctinatus stand.s at time 6, these

d-ifferences were not significant. At site 2, values were significantly

(p<.0J, n=10) greater ir L,licha{d,so4iÅ stands at tirne 5,

the mean numbers of P. exacuous (¡'ig. ?9C anð. D) per unit

:ír..
l::
ì:

d.rx¡ P. riehardsonii were generally small but maximum values were
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Figure /8. Mean combined. numbers of Staenico_l-a pjllustris and.

4oÊsaria nod"icg]la per grarn dry weight of Potâmogeton

peclinatus (A) an¿ P. richar.ds-onii (f ) at sites 1

and- 2 during Line A974 season. Vertical bars represent
stand.ard- errors.
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t.igure ?9. Nìean numbers of Helisoma trivolvis (A ana 3) and.

Pronene-Lus exjtcuous (C ana D) per gram dry weight

of Potamogeton pectinatus and. P. richard.sonii respec-

tively at sites 1 and- 2 during 1.j]ne 1974 season.

Vertical bars represent stand-ard. errors.
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observed. d.uring mid.season. At site 1, values were significantly

(p..0J, n=10) greater it L {ig.hards.onii stands at times 4 and 6

while at site 2 iÙiney were significantly (p<.02, n=LO) greater in

P. richarrj-s,oåii stand.s at tine J. None occurred. it L pe.qtfnjlSus

stand.s.

In summary, the numbers per unit dry plant r"reight showed- the

following features:

1. Physjl ðHina was associated with P. qectinatus r+ith the

association peak occu:ring at times J and,6 at both sites.

During bo1ùkr L973 and- 1974, the numbers of P. fiIrina per unit

d.ry plant weight were syntonic in the two P. pecjinatus stand.s,

but incompletely correlated in the P. richa.rdso4ii stands. The

behavior of the two subpopulations at each site appeared. to be

related. in time to the growth of the host plants.

2, Lymnaeq sta,gngl_ls T^ras associated- with P. riqha.rd.qq4i_i; association

peaks i-n stand-s of this plant occurred- at times J anð- 6,

respectively, at sites 1 and. 2. Tlne two-week lag period. between

the sites was naintained. during both the 1973 and.1pl4 seasons

and. appeared. to coincid.e nith the 1ag period- observed- for the

growth of L tic.þg.f3.eo+ij at these sites. Patterns in P. qestin?tus

stand.s were syntonic at the two sites d.uring both the 1973 anð,

1pf4 seasons, and. also appeared to be related. in time to the

growth of these plants.

3. S,tqgqicol? p:r,1_t+Sjrip was associated- with P. p.qc-9i,ngtug during the

second half of the season, while H. trito.l.vls tend-ed- to associ-ate

with F: ri,g4a.Td-s.qqii during nidseason. These affinities ¡iere the

reverse of those obseryed during 1',lne L973 season, and- tLid. not
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appeaÏ to be refated. j-n time to growth of the host plants.

4. PJ:o.nlqns.tr+s ej[qcuous ]ras associated- with P. ris4a,q4s.o.nii during

mid.season but again this association d-id- not appear to be

related. to growth of the host plants.

Thus the two najor plant-snail associations suggested. in

nod.e1 1 remained constant d-espite the dramatic alteration of environ-

mental cond.itions that had- resulted- from the spring flood-. This

suggested- that the population d-ynamics of the members of each plant-

snail association system were either: a) both regulated- by the same

external factor, or b) largely ind.epend-ent of external factors, asid-e

fron limiting coniLitions. The association peaks conmenced during the

early stages of increases in the growth rate of the respective host

plants. The clinactic point of the association, i.e. the point on the

growth curve of the host plant where snail numbers per unit d.ry weight

were maximal, was l-ocated. relatively earller on the growth curue of

P. pectina,tus than of P. ri.qha{tLsonij, suggesting that the speci-fic

regulatory agent was d-ifferent for the two associations.

The results obtained. for S. palqstrls and- H. trivqlJis

confirned- the suspicions of the previous season's work that' although

these species showed. d.ifferential d.istributions, these patterns were

not co:telated. with growth of the host plants. @!5

could- also be includ-ed- in the l-atter category.

exacuous

iii. Composition of the total gastropod" population

The inean total nunbers of snails per unlt dry plant weight

(fabte Xlffil) fr L p-egþi.4a,tg"s. stand.s at site 1 were maximal at time

6 while at site 2 Llne maximum in these stand.s occurred. at ti-me J' with

only a slightly lower value at time 6. In P. richardsonii stand-s, the
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TABIE XXVII. Mean total numbers of gastropod.s per gram dry host plant

weight at sites I and 2 during i.;lne l-974 season.

site 2site 1

Time P. qeqtinatqq P. richa{4qoni-i l: p-qc.linatus Ì. {iq4ardsoltii

10000
20000
3 o o o 0.9

4 0.5 3.6 0.2 o.þ

5 11.1 8.4. 23.8 4.6

6 18.6 6.t 23.0 5.0

? 5.5 1.8 2.5 0.6

8 r.? 0.6 r.4 0.5

i:. ll-r.r ::
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naximum at site 1 was observed at time J while at site 2 it occurred-

at i-Lme 6,

The mean percentage species composition of these grazer

conmunities (Table XXWII) differed. in several major respects from

that of tine 1973 season. Îlhereas the P. pec-bin3.tùs stand"s at si-tes 1

and.2 during i./ne 1973 season were numerically d-ominated- by L grrrina

and. F. qod.icella, during Line 7974 season these stand.s were d-ominated-

by S. pal-ustris and- to a lesser extent bV L gy{ina. Sta,gqicola palus-

tris composed. the majority of the grazer population in these stands

until a d-ecrease at ti¡ne B at both sites, which resulted. in an

apparent increase in the relative frequency of P' grrina. The relative

frequency of F. nod.ice.l.la was slightly greater in P . pesting.tqs than

in P. richard.sonii stands but in both habitats it decreased stead.ily

throughout the season as the frequency of fu pa-lls.tqis increased-. The

relative frequency of L gy:rina was higher in P. richard"sonii than in

P. pectinatus stand.s because of the greatly reduced- importance of

S,. palustris in the former stand.s. The relative frequencies of L=

stagnalis and- H.. tqivo-lv3s were also greater in P. richardsqnii stand.s.

Despite the increased. numbers of S. palustris obserr¡ed. during

Lkre 1974 season, the combined numbers of P. g{qina,.andL staånalis

still- formed. a significant proportion of the total grazer population

at both sites, particularly in P. Ii_cþaq9Fqnii- stands. fu T. pe,ctinatr4Ë

stand-s, the conbined" nean percentage of these two species

18.2-69,7% ar site 1 and from 22.?-??.?% aL site 2. In E.

stands, these values ranged- from Jl.8-93.6ft aL site 1 and-

I0A% ar site 2.

ranged- from

richard.soni-i

fron 37.I-



T
A

31
E

 X
X

V
IT

I. 
M

ea
n 

nu
m

be
rs

 o
f 

ea
ch

 g
as

tr
op

od
. 

sp
ec

ie
s 

pe
r 

un
it 

dr
y 

pl
an

t 
w

ei
gh

t 
ex

pr
es

se
d.

 a
s 

a 
pe

rc
en

t

of
 a

ll 
sp

ec
ie

s 
pr

es
en

t 
at

 s
ite

s 
I 

an
d.

 2
 d

ur
Ln

g 
Ll

ne
 1

97
4 

se
as

on
. 

S
pe

ci
es

 n
um

be
rs

 r
ep

re
se

nt

th
e 

fo
llo

w
in

g 
ta

rc
ar

 1
. 

ru
{E

a^
€y

rr
.m

, 
2.

 Iy
Jr

na
,q

a 
st

a6
43

1i
,s

, 
3.

 Iþ
,s

sq
{ia

 m
o4

ic
-e

f}
a,

 4
. 

S
t?

sT
lic

ol
:a

pa
lu

st
riq

, 
5.

 þ
!!s

o.
m

a 
tfi

r¿
ol

yi
q,

 6
. 
@

s 
e¡

q-
c.

ug
us

.

S
pe

ci
-e

s 
T

im
e 

L

t 2 3 4 5 6

P
9J

rA
}[

9G
E

T
9N

 p
E

cq
rN

4r
uF

 S
A

IT
P

LE
S

00
0

00
0

00
0

00
0

00
0

00
0

S
pe

ci
es

 T
lm

e 
I

7 2 3 4 5 6

P
O

T
A

P
IO

G
E

T
O

N
 P

E
C

T
T

N
A

T
U

S
 S

A
}{

P
I,Ð

S

25
.9

 3
0.

7 
26

,2
o 

13
.8

 2
,6

o 
20

,8
 I

5,
4

74
.r

 3
3.

9 
54

.8
0 

1.
þ 

1.
0

00
0

S
T

T
E

 1

00
0

00
0

00
0

00
0

00
0

00
0

76
.0

 6
8,

5
2,

2 
L2

4.
 o

 
r.

6
75

,5
 2

5,
2

2.
3 

3.
5

00

50
.o

 1
8.

8 
22

.3
o 

9.
4 

8.
7

50
.0

 4
.6

 
2,

0
o 

48
.0

 6
5.

3
0 

0.
2 

1"
,7

00
0

P
{T

A
U

O
S

E
T

O
N

 R
r.

c.
r1

4R
pF

0,
ry

]I 
S

A
rr

pl
,E

S

S
IT

E
 2

00
0

00
0

00
0

00
0

00
0

00
0

5.
6 

69
,6

L7
,L

 8
.1

0.
8 

0

74
.9

 2
0.

7
1,

.6
 1

-,
5

00

P
O

T
A

}{
O

G
E

T
O

N
 

R
IC

H
A

R
D

S
O

N
IT

 
S

A
M

P
T

,E
S

46
,6

12
,g

29
.r

5,
5

0 2.
5

39
.2

 4
1 

.0
20

,5
 1

0.
8

ß
.?

 
3.

2
19

.7
 4

r.
9

r,
4 

1.
0

0.
8 

r.
3

00 00 00 00 00 00

0 
30

.0
10

0.
0 

35
,0

0 
1,

3,
1+

o 
6,

6
0 

10
.0

0 
5.

0

64
,6

 g
o.

+
9.

4 
3.

2
00 20

.4
 3

.2
2.

3 
3,

5
0,

6 
r,

6

2+
.r

 2
6.

3
13

.0
 2

8,
8

t7
,I 

r.
g

15
,7

 3
0.

r
27

 ,0
 n

,5
3.

7 
t.4

71
.8

 7
3,

3
14

.1
. 

15
.6

00 7,
8 

o
6.

1 
rr

,!
00

¡\
) 

:,:
.1

t Þ
 

::l 1:
,.

"1
" :ì' .ij :.1

:" ..:
:

¡') t,¡ i1
':

t,.
,

.'1
.

:.i
::

:r
,iì :'; i"i



242

iv. Mean numbers of ind.ividuals per uni-t plant surface area

At site 1, L mærtng occured- in greater numbers per unit

plant surface area (Fig. 804 and- B) in P. richardsonii than in P,

pectinatus stand.s at time þ ¡ut by time 6 tne ïeveïse was true, At

site 2, the d-ifferences in snail numbers in the two ty¡res of stands

IÁIere moïe d.efined. than at site 1; significantly (p<.01-.0J, n=10)

greater numbers were observed in P. pectinatus stand.s at times J, 6

and. 8.

The nean numbers of L= stagnalis per unÍ-t surface atea aL

site 1 (tr'ie. 80C and- D) were significantly (p<.01, n=10) greater in

P. richardsoni-i stands at time /l while at site 2, significantly

(p<.02, n=10) greater nunbers were observed- in P. richardsofrii

stand.s at time 4, but by time ? significantly (p<.01, n=10) greater

numbers were present in P. pectinatus stand.s.

The mean conbined- numbers of F. mod.icella and- S. palustris

(tatte IüIXA) were higher in P. pectinatus stands during most of the

season, with maxima observed- at times 5 and,6 in ¡oth types of stand.s

at both sites. For S. palustris, the d.ifference between the two t¡ryes

of stands at site l was significant (p<.001, n=10) at ti-me 6 while

at site 2 it was significant (p<.01-.0J, n=10) durÍ-ng times J-8.

The values for H. trivolvis (tatte l0fflG) vrere generally low;

at site 2, time J, significantly (p(.05, n=10) greater numbers were

present in P. richard.sonii stand.s while at site 1 the vaLues were too

snall to show any significant affinities, as were the values for

P. exacuous at both sites.

l.r:.!i"i.!lr;1
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Figure BO. Mean numbers of lhvsg gyrina (A an¿ B) and Ï¡yqnaea

stagnalis (C ana D) per IOO ct? surface area of
Potamofieton pe_c.tinatuE and. P,. richar*;_gnii respec-
Lively at sites 1 and- 2 during LLre 1974 season.

Vertical bars represent stand.ard- errors.

;':::':
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TABÍTE XXIX. Mean numbeïs per 100 cm' of plant surface area of

Fossaria nod.icel.la and Stagnicola palustris (combined.) (A,),

Helisoqa tr_ivolvis (B) anA PromenetJ+s exÞcuotls (C) in the
respective stands at sites 1 and 2. values in parentheses

represent stand.ard. errors

A. 4osFarig. mod-ic-ell.a and. Stagnicol.a pa.lgs.tris (combined.)

site 1 site 2

Time P-, qectinatr4s P-. richard.soJrii p. pec-tina.tls p.. richardsonij-

0.2t
0.52
0,47
0.06

000
000
000
( 0.06) o . 01 ( 0.01) o . 01 ( o) :-.:. '(0.07) 2.u+ (0,62) 0.25 @,05)(0..t¡) z.te (0.?r) o.z? (0.03)(o) o.z? (0.09) o.o1 (o)
o o.o4 (0.01) o

0
0
0

o.o6 (0.04)
0.85 (0.39)
r.8 @ .25)
o.6z (0,26)
o.06 (0.03)

7

2
3
4
5
6

7
I

B. Hel:þoma trivolvis

Time

site
P. pectinatus P.

1 site 2

richard.sonii P. pectinatus P. ri-chardsonii

0
0
0
(o)
(o.oZ)
(o.oz)
(o)
(o)

00
00
00(o.or) o(o.or) o.01 (o)(o) o.o5 (o.oz)(o) o.o1 (o)
00

0
0
0
0

o.o2 (0.02)
o.03 (0.01)
o.02 (0.02)
o.o1 (o)

L

2
3
4
5
6

7
CJ

0.01
0.2I
0.10
0.01
0.01

0.02
0.04
0.02
0.02

C. Promenetus exacuous

site 1 site 2

Time P. pqctinqtus P. richard.sonii P.. pectinatus P.. rigþardsonii

0.02
0.01
0.01

I
2

3
4
5
6
7
I

0
0
0
0
0
0
0
0

0
0
0
0

o.o3 (o)
o.o1 (o)

0
0

0
0
0
0
0
0
0
0

0
0
0

(o)
(o)
(o)
0
0
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v. Snail biomass

At both sites values for the mean live weight of q. Avrina

per quadrat sample (fig. 814 and- B) were greater in P. richardsonii

than in P: pectinatus stands. At site 1, this d.ifference was significant

(p<.0!-,05, n=10) at times 4-6 and 8, and. was due in large part to

the sparse nature of the P. pectinatus stand.s. At site 2 Lhe d.ifference

in snail biomass between the two types of stands nas not significant.

The patterns were synchronous in both B. pectinatus stand.s. In P.,,

richard.sonii stands the maxinum value at site 1 was observed. at time

6 r"rhile at site 2 trine peak was d.iffused over times 6 and" ?,

The patterns for mean live weight of L. stagnalis per quadrat

sample (¡'ig. 81C and. D) were out of phase in the P. richardsonii-

stand-s at the two sites. At site 1 the maximum occumed. at time J

and. at site 2 it was observed- at time 6. Values in P. pectinatus

stand.s were lower than those in P. rj-chard.sonii stand-s; at site 1

this d.ifference was significant (p<.001-.0J, n=10) tturing times

4-6 while at site 2 it was significant (p 1,O5, n=10) at time 6.

The mean live weight patterns of P. s.v-rina per unit d-ry plant

weight (fig. 824 and- B) were highly cor=elated (p<.001, n=8) in the

P. pectinatgs stand.s at the two sites throughout the season. Values

in the P. richard.sonii stands were not correlated-. At site 1, values

were only slightly higher in P. pectinatus than in P. richard.sonii

stand.s at tine 6 while at site 2 this d-i-fference lras significant

(p<.02, n=LO).

The mean live weight patterns for L. stagnalis per unit dry

plant weight (fig. 82C and. D) were asynchronous in the P. richardsonii

stand.s at the two sites, while those in P. pectj-natus stand-s were
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Figure 81. Mean total live weight (e) of Physa gy'ríqa (A ana n)

and Lymnaea stagnalis (C ana D) per quadrat sample

(|SZS 
"*2 bottom area) in stands of Potamo.geton

pectinatus and. P. richardson3i respectively at sites
1 and. 2 during Line L974 seâsorr. Vertical bars represent
stand.ard. effors.
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Figure 82. Mean live weight (e) of physjr. syring (A an¿ B) and

Lynnae.g, stagnalis (C and D) per gram dry weight of
Fotanoffeton pec_Þ-inatus and. p. ric_hard.sonii respec-
tively at sites 1 and. 2 during tine l9?4 season.
Vertical bars represent stand.ard. errots.
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synchTonous, with maxina occurring at time J at both sites, although

the values at site 1 were much reduced.. Significantly (p<.Ot-.05,

n=10) greater rraÏr¡es were observed. in P. richard.sonii- stand.s at site 1

during tines 4-6, anð, at site 2 (p<,0J, n=LO) at time þ.

The mean live weight patterns for p. glrrina per unit surface

area of P. pectinatus (r'ig. 8JA) were co:selated- at the two sites

while those in P. richardsonii stands (f,ig. 8S) were not.

The mean live weight patterns of l. stagnalis per unit plant

surface area (Fig. 83c and. D) r^rere asynchronous in p. rj-chard.sonii

stand.s and- co:re1ated. in time in the p. pectinatus stand.s. Values

were significantly (p<.001-.0J, n=10) greater in B. richardsonii

stand.s at site 1 during times 4-6 whil-e at site 2 Line d.ifferences

were not significant.

Thus, the associations erpressed_ in terms of live weight

of snails generally confirned. the results expressed- in terms of snail
numbers.

vi. Size class d.istributÍons

At site 1, L gyrina first appeared_ on the plant shoots at

time 4, when nean axial length (r'ig. 844 and- B) was slightly greater

in P. pectinatus than in P. richard.sonii stands. At this time a limited.

amount of hatching had. occu:rred. in P. richard.sonii stand.s, as well as

in those of P. pectinatFE (tr'ig. 8J), since by tine J the young had

advanced. to several- higher size classes in both ty¡res of stands. After
tirne 4, the nean axi-al length d.ecreased- nore sharply in the p.

pectinatus stand.s, largely because of the smaller numbers of adults

that were present. After ti¡ne 5, a large cohort of young emerged- in

the P. pectinatuÊ stands, as r,re11 as a smaller one in the p.

..-::.:.
':: :.il

::':.::::1i:.
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Figure 81. Mean live weight (S) of physa sy-ring (l ana B) and

Lvmnaea stqgnali-s (c and. D) per 100 cn2 surface area
of Potamogeton pectinatus and. p. Iichar-dsonijl respec_
tively at sites 1 and. Z ùrcing Line I9?4 season.
Vertical bars represent stand.ard_ erïoïs.
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Figure 84. rlean axial length (mm) of Rhv"g grrrina (A ana B) and.

r,vmnaea stagnalis (c ana l) in stands of Eotamogeton
pectinatuÊ and- p. {ichard.sonii respectively at sites
1 and- 2 during rhe l9z4 season. vertical bars represent
stand.ard_ errors.
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Figure 85. Sire class distribution of P-hy.sg gyrina in stands of
Potamoge.ton pec-tinatus (A) an¿ P. rlchar.d.s_onii (B)

at site 1 during Llne 1974 season. Values represent the
total numbers of ind.ividuals record.ed. in five sanple
quadrats (Z6zS 

"*2 bottom area). Size classes were

constructed. at 0.5 nn intervals.
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richard.sonii stands. Hatching was still evid-ent at tine 6 in the latter

stand-s but mean axial length was greater in these stand-s because a

snaller proportion of this subpopulation was composed. of young, compared.

with that in theP. pectinatus stands. At ti-me l, mean axial length

d.ecreased. in the P. richard.sonii stands as a large cohort hatched- in

these stands; a secondary period- of hatching was observed. in the p.

pectinatus stands at tine 8. A period. of high mortality followed time

6, parLicularly in the P. pectinatus stand.s, since little remained. of

the large groups of juveniles that had been present at times J and,6.

The numbers of ind.ividuals in Fig. BJ were greater in the P. richardsonii

stand-s because the values r^Iere expressed. in terms of bottom area and.

were not related- quantitatively to the host plants.

At site 2, time 4 (tr'ie. 844 and B), rnean axial length of p.

gv-rina was again higher in the P. pectinatus stand.s but these values

d.ecreased. after tine 4 as young appeared (fig. 86). tne nean axial

length increased. in the P. richardsonii- stands as snaller proportions

of young lrere present and- by tine 7 these subpopulations contained-

very few young while those j-n P. pectinatus stands contained. very few

adults. By time 8 adults were rare in both types of stands. A

secondary period. of reproduction oecu:nced. prior to tine 8 and.,was

largely restri-cted to the P. pectinatus stand.s. As at site 1,

mortality was high after tine 6, particularly in the P. pectinatus

stand-s.

The mean axial length of L. stasnalis at site f (fig. SttC and D)

d.ecreased at time J due to hatching of young (rig. 8/), which occurred.

onJ-y once during the season. Both adults and- young occurred.
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Figure 86, SLze class d.istribution of PhÏsa g{rina in stand.s of
Potamogeton pectinatus (A) and. P. richarlþonii (3)

at site 2 during Line L974 season. Values represent the
total numbers of ind.ividuals record.ed. in five sample

quadrats (Z6zS 
"*2 bottom area), Size classes were

constructed. at 0.5 run i-ntervals.
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Figure Bl. Size class distribution of Ly¡4ngga stagnal_is in
stands of Pqtamogeton qectinatus (a) and p.
rjchardsoni_i (B) at site 1 during tine I9?t+ season.
Values represent the total numbers of ind.ividuals
recorded- in five sample quadrats (Z6ZS 

"*2 bottoln
area). Si-ze classes were constructed. at O.J mm

intervals.
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predominantly in the P. richard.sonii stands and. hatching appeared. to

conmence earli-er in these stand.s since the young were alread.y observed.

here at tinre 4 and. by tine 5 the cohorts had advanced slightly farther

in the P . rj-chard.sonii than in the P, pectinatus stand.s.

At site z (rig. 8¿tc and D), mean axial length again decreased

at time J when the first young appeared but the bulk of hatching

occurred after time 5 in the P, richardsonii stand.s (rie. 88), unlike

the situation at site 1, where most of the hatching occurred. after
time 4. Again, reproduction occurred. only once during the season.

Thus, the size class d.istribution d.ata showed. the following

features:

1. As in 1973, the timing of hatching was apparently related- to the

growth of the host plants and. appeared. to coincid.e with the

early stages of increased- growth of the prefened. nacrophytes.

2. Like that of the nacrophytes, reproduction by the two gastropod.s

was nof,iceably curtaj-led. during rine 1974 season, suggesting that

cond-itions were suboptimal.

J. Because of high rnortality and low natality during Line I9?4

season, it was d.ifficult to assess the relative growth rates

of the snails in the two t¡rpes of stands. The high mortality

after time 6 may have been related. to proliferation of f,emna

which obscured- the i,rater surface and. led- to accelerated_ d_ecay

of the submerged- macrophytes.
i.:

. -:i ::r,'
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Figure 88. Size class d.istribution of Lymqaqa .stagnalis in
stand.s of Potamogeton pectinatus (A) and p.

richard-sonii (B) at site 2 during Line l9?4 season.

Values represent the total numbers of ind.ividual-s

recorded. in five sample quadrats QAZ5 "*2 botto*
area), Size cfasses were constructed. at 0.J mm

lntervals.
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During L]ne L973-þ seasons, snail nurnbers and- biomass per unit
plant dry weight and. surface area showed- a signíficant tend.ency for ,' ,' ,

Physa gyrina to occur in stand.s of potanogeton pectinatus, while

Lymnaea stagnalis tend.ed. to occur in P. richardsonii stand.s. The nean

numbers of these snails per unit dry plant weight and. surface aïea ..

,.,'.-'. ; r.,

were not constant but showed. well-d.efined. peaks in association intensity
-...,...1

which occu:red. during periods of active growth of the host plants. ,.i....,

During both the l9z3 anð' r)14 seasons, the association 
l

patterns of P. S.v-rina were syntonic at sites I and_ Z in the L. 
i

1

pectinatus stand.s, whose growth was also synchronous at the two sites,

but were incompletely coæelated. in the P. richard.sonij- stands, whose 
,

growthwasoutofphase.TheassociationpatternsofL.stagna1is
iduring both the L973 and- l-924 seasons lrere out of phase by approximately

two weeks in the P. richard.sonii stand.s at sítes 1 and. 2 and. were

correlated. with the growth of these plants. The association patterns

of L. stagnalis for the sma11 subpopulatj-ons present in the R. pectina- .r.,','-ìì'.1

tus stands at the two sites were syntonic and- comelated. with the :

'.::'. : _.. 
.:.

synchronous growth of these plants. Thus the population d_ynamics of

the two major grazers tend-ed- to follow the growth patterns of the

host plants. The reason for the asynchronous growth of the p. 
¡.r::¡:,r,.,11.,,

richard.soni-i stands at sites 1 and. 2 is not known. i;r'-r'ir"i

Both plant diry weight and- snail density per unit botton area

often continued. to increase after the association peak, but the

assocíation intensity d.ecreased. because the plants outgrew the snail-s.
l,tli.:-.
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lfith senescence of the plants at the end. of the season, the d.ifferential

snail d.istributions d.isappeared-.

The two najor associations persisted. d-espite the flood-

cond.itions Ln 1-974 which resulted, in altered. community composition.

The abund-ance of P. pectinatu.s fluctuated. more from year to

year than d-id- that of L richard.sonii; such fluctuations of the former

species have also been noted" by Southwick and. pine (19?J) and. Zinadi-n

(tgS6). The latter worker noted the sensitivity of L pectiJratus to

flood.ing and- suggested- that the reduced abund.ance and. vigor of this

plant during peri-od.s of high water levels may be due to reduced. light

intensity (cf . lrleyer et al , 1943) ,

Because the association peaks were composed- of young snai-ls

as well as adrrlts, the associations must be exarnined- in terms of

factors which; a) influence the d-istribution of adults and- b) influence

reproducti-on.

The d.ifferential distribution of adults between the two types

of macrophyte stand-s could- not be correlated. with any of the moni-tored.

environmental paraneters. Boerger (tg?'5\)suggested that some

d.istributional d.ifferences rnay result from passive d.istribution by

wlnd--induced. surface currents of snails which have cone to the surface

for air. Such d-istributions would. be expected. to show a greater

d.ensity of all snail species to leeward-; i.e. at sites 1 and. 2 Llne

prevailing westerly winds would- be e>çected. to push snails to the

eastern portions of the sites into the P, pestinatus stand.s. However¡

7. the P. richard.sonii stand.s showed. greater d-ensities of some

species than those of P. pectinatus at sites 1 and. 2, and-

2. differential distributions between the two types of stands
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Ìrere obse:r¡ed" at site 4 even though here the stand_s were

intermixed- and. wind.-induced. currents were very strong.

Although L. stagnaliq appears to be quite sensitive to heat

bud.gets (van d-er Schalie and Berry, A973) and. exhibits negative

thermotaxis from areas of high temperatures (Bovbjerg, l9?5), the

optimum being 20 C (McDona1d., l9?Ð, this factor d.id not appear to

account for the d.ifferential d.istributions because no sÍ-gnificant

temperature d.ifferences could. be d.etected. at comparable d.epths between

the two types of stand.s at each site. Sankurathri and. Holmes (VZe)

reported- higher d.ensities of P. ffrrina in an area of T,ake lfabamun,

Alberta heated- by thermal effluents, where temperatures occasionally

exceed-ed. l0 C than in the unheated. control area where temperatures

during rnid-season reached. only 20 C. These workers found. that numbers

of snails per unit dry plant weight showed. a well-d-efined. seasonal peak

in the warmeï area when the macrophytes Ìrere growing acti-veIy, d.espite

the fact that reproduction in this area could. continue on a year-round.

basis; no peak was observed- in the cold.er area. Although these results

may have largely been due to tenperature effects, the significance

of the d.ifference in the respective plant com¡nunities r¡ras not explored.;

it is interesting that the cold.er area contained., among other species,

PqtamoFeton riçhs.4$.qo4ii but not P,. psqti.+atus, while in the wa^rrner

area the reverse was true.

The differential distri-butions of different gastropods in

various macrophyte stand.s have been noted- by several other workers

(u.e. Krecker, 1939; Rosine, a955i DeCosker and- Fersoone, I)fO; Calow,

1973; Higler, L9?6). It has been suggested. (".g. Shelford., l91B;

lÍieser, 795r¡ calow, rgn) that structural d-ifferences between
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d-lfferent ty¡res of plants may account for d.ifferential snail d.istribu-

tions. shelford (1918) and- Frohne (tgS6) implied- that plants were only

vehicles of surface and llieser (]rgSt) postulated. that und-er equal

environmental cond-itions the numbers of organisrns occurri-ng on rnarine

plants were d-irectly d.epend.ent on the surface àr.èà, And.rews and. Hasler

(lrg+Ð believed that the abundance and diversity of the associated-

fauna was d.irectly comelated. with the d.egree of leaf d.issection of

the host macrophytes. Rosine (r95Ð attempted. to test this viewpoint

by examining the communities of several types of macrophyte stand_s on

the basis of surface area. He found- that seasonal variations existed-

j-n the d.istributions of aninals over given areas of plant surfaces

and. concluded. that the results d.id not support llieser's (f95f)

hypothesis. An earlier stud.y by Entz (rg4?) had- also shown differences

in the d.ensity of organisms in terms of surface area of macrophytes,

which' hoi^rever, he interpreted. to be representati-ve of varying

ecological conditions. Calow (f9n) and Bishop and. Bishop (tgZl)

continued. to subscribe to the vien that preference by snails for
d.ifferent plant stand-s was d-epend.ent upon plant morphology.

Since the morpholory of the filiform p. pectinatus differs
greatly from that of the broad-l-eaved P. riclar4sonii, plant form

appeared. to be a valid- question to which the following argunents

could- be ad.dressed.:

1. Accord.ing to the view that plants with the nost finely d-issected. 
;:....,.1;.,

leaves support the d.ensest macrofauna, p. pectinatus would- be

erpected. to support the greater numbers of snails of all species.

However, only P. grci-na and- one or two (d.epend-ing on the season)

other gastropod.s r^rere associated- with P. pectinatr+s in greater 
ii:,,,,.,^,.:r.,
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numbers, and" the occu:rence of associ-ation peaks and. seasonal

d.istributions would- not be expected. since the plants retain

the same morphology throughout the season.

2. Accord.ing to the view that surface area d.etermines the d-ensity 
1, . :..,

of organisms, all snail species woul-d" be expected- to occupy both ' ', ' 
'

plant species in equal d.ensities per unit surface area, since both

plants were equally available for population. However, snail

d-ensities on the basis of plant surface area continued- to show ,,:;',":',:';,,t,",'',,',,',',

significant d.istributional affinities for certain nacrophytes ,,,.

at certai-n times of the growing season, 
tl't ''- -"'.':'':

ït night be argued. that smaller species, such as p. gyrina, ;

would. find. ad.equate mechanical support on the thin stems of Pr._. pectilatus,

while the larger species, such as T,. stagnalis, would_ require support

from huskier species. During the I)l) season, the sma1l Foss.aria 
,,

mod.icella was ind.eed. associated- with P. peetinat]r-s, but so was the
l

large Helisona trivolvi-s. Duri-ng L]ne 1974 season, II. trivolvis was 
;

associated. with P. ríchardsonjj, but the large Sta$nicola palustriE

was associated. with P. pectinatus. the very sna11 Promqnetus exacuous
,, :,.tr,t,t,ir,.tr.,t,

was associated only with P. richard.qonj-i. Furtherrnore, this theory 
: ,,,, ,

would. not explain why the associations were time-d.epend-ent. ','.,".'",,,'.,1,'.'

Related- to this argument is the hypothesis that differential

d.istributions within a single water bod-y nay be related to differential

oxygen consumption, since with increasÍ-ng bod.y weight, more oxygen is ,-,.1 
:

required by gastropods (Boergeï, f9?5b). According to this view,

snaller species would. have d-istributions d.ifferent fron those of

larger species. However, large and. small species occurred. in both

t¡rpes of stands



262

Îühen d.i-ssolved- oxygen level-s are hi-gh, proportionately less

surface breathing is required" (Cheatum, L)J4; McDonald, fgn). L
stagnalís has been reported. at d-epths of up r,o 15-25 m in Starnbergesee

(eauly, r8?7 in cheatun, Lg34) and- even al 250 m in Lake Geneva (Fore1,

l.869 in cheatum, l%l+), while P. glrrina has been repo::ted at depths of

up to 7 m in Lake Mend.ota, Michigan (uuttkowski, 1918 in cheatum, rg34),

At such d.epths, as well as in winter, surface breathing d"oes not occuï

and. oxygen requirenents are met by dtffusion through the air-water

i-nterfaee at the pulmonary cavity and. by skin respiration, which may

compri-se nore than 50% of the total respiration (Jones, 196r). und.er

cond"itions of higher temperature and- correspond.ingly reduced. oxygen

tensions, proporti-onately more time is spent breathing at the surface

(McDonald-, r9?3). sankurathrí and Holmes (ryf6) suggested. that, asid.e

from the need. for food., snails were closely associated. with macrophytes

because the latter provid.ed. an avenue of ascent to the surface for
breathing. Although macrophytes d.o provid-e such an avenue, both

plant species are equally suitable since both reach the surface and_

this explanation shed.s no light on d.ifferential associations. These

workers also explained. the presence of hatchlings on plants by

suggestÍ-ng that the latter provid-e an avenue of d.escent which "nay

be essential for hatchlings to escape the surface tension" (Sankurathri

and- Holnes, L9?6). Ïfhat is meant by this statenent 1s unclear because

the young of both Ly¡qpaea (Cheaturn, l-.9j4) and ptryga (neWitt , I9g+)

have the pulnonary cavity fill-ed. wi-th water and- d.o not ascend_ to the

surface for some tine after hatching.

Oxygen levels measured. at site 1 during 1ùlrre L9?Z season

showed- that concentrations remained. at or above saturation levels
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during nost of the growing season. It is 1ike1y that in such situations

surface breathing for non-hatchlings would. be most important during

mid-season when temperatures are high and- during the latter part of

the season when bod.y weight has increased.. Since both species of

nacrophytes reach the surface at approximately the same time, this

factor could. not account for d.ifferential d.istributions at the study

si-tes.

the role of behavioral factors 1n snail d-istributi-on has been ,l:t...',

discussed- by several- workers (".e. Townsend-, r9Z4; Thonas et al , rg?5). 
i,,,.,,.,

Snails often follow mucus trails laid- by ind.ividuals of the sanne, but "r.:':

not of another, specíes (Dawson, Lglr¡ Townsend., rg?4) "significantly
morefrequent1ythanwou1d.beexpected.duetochanceafterinitia1

i

contact with the traiI. Ifells and. Bucklev GgZz) and. Townsena (ry78)

found.thatthesetrai1scontaind.irectiona1informationsincesnai1s
l

folIow these trails for longer periods of time when proceed.ing in the i

i

same d-irection as that in which the trail was laid_. chemoreception 
i

appears to be involved. in trail following; llilson QgAÐ found that

the trails of Lymnaea truncatula contaín free glucose, J protein 
i,.,, ,.

fractions, !6 amLno acid.s, amrnonla, esterified. and- free fatty acids tt,.,.
,,: . ,'.,.'.

and- cholesterol. Although trail following has the advantages that :,'' 
"."

locomotion is facilitated. and. the ehances of meeting a prospectj_ve

mate are increased. (Townsend., l9?4), it is unlikely that trails
contribute to large-scale d.ifferential cl-istributions because the ll-:r,i,i

i'::l: ':ì:':

i-nformation contained. in the trails is short-lived. and. d.isappears

within less than an hour after the trail has been laid. (hreIls and.

Buckley, L9?2; Townsend., r9?4). The highest recorded instantah,eous

i:l1jì.j,i.ì:;

speed. for snails is 528 cmfhour¡(Clampitt, fg?O); however since
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snails d.o not travel in straight lines nor at constant speed.s, the rates

of d.ispersal are generally an ord.er of magnitud-e below that of the

maximum instantaneous speed.; the maximum net rate of d.ispersal record.ed-

for P. g¡rrina in si-Lu is 2? ,I cm/hour and. the naximum record.ed. net

d.istance travelled- i-s 18.5 n in 14 days (Clanpitt,I9?O). Thus trail-

following behavior couId. not account sufficiently for d-ifferential

d-istributions unless the d.ifferent types of stands were in close

proximity to each other, as at site þ. But even at site 4, one nust

stil1 explain why the pioneer snails laid- the trails.

Asid.e fron trail-foIlowing, the record.ed. rates of d.ispersal

would- in thenselves be sufficient to account for active travel of

snails over the d.istances separating the two types of stand.s at si-tes

1- and 2.

Thustheresu1ts1ead.toagreementwithRosine(t95Ðthat
i

such d.istributions are "strongly suggestive of a d.irect influence of i

plants . . . even possibly on aninals in the water around. them.',

Secause a large proportion of newly hatched- young comprised.

the association peaks, reproduction played. a significant role in the
,-:¡,'.,,:'',.

association patterns. The time of reproduction was assumed. to have i.,.'..,
.:,, ..:-:.',:.,:

preced.ed. the association peak by approximately two weeks, or one ,.:.,: :,:.,: 
:

sampling period-. The d-evelopmental time required. for eggs of 1,.

stagnalis from the study sites lras approximately 14 days aL 20 C, in

the laboratory; this value agreed with the value of IZ-|U d.ays at 20 c. ,:,', '
j . i: i,:j.: -l

reported by Levina (tgZÐ for U.S.S.R. populations, although van d.er

Steen et al (f969) found that d.evelopment of eggs from populations

in the Netherland-s could- require as little as / dl-ays aL zo c. und-er

cond.itions of constantly renewed. water supply. The d-evelopmental time 
j;.¡¡,;i;;j;,.
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required. for eggs of P. glrrjrna was slightly longer than that of L

stagnalis; Sankurathri and. Holmes (tlZ6) found- LLraL I6-L8 d.ays aL 20 C,

hrere required- for eggs from Alberta populations, but DeÏüitt (f954)

reported- that eggs from Michigan populations required. 7-8 d"ays at

20-2J C,z thi-s shorter time nay have been influenced. by the slightly

higher tenperatures since the rate of d.evel-opnent is proportional to

temperature (DeWitt, L954i f,evina, L9n) but may have been influenced.

by other factors as weIl.

Since the egg-cases are usually attached. to plants (Levina,

L9?Ð, the latter may influence hatching by provid.ing oxygen; plant

exud.ates may also affect hatching since it has been suggested. that

these nay stimulate hatching of rnosquito (lê¿es trivittatus Coquillett)

eggs (auae1-Ma1ek, 1948).

The factors that govern oviposition ¿ìtre complex and. incomplete-

ly und.erstood. Accordi-ng to Delfitt (f96?), tenperature rather than

photoperiod. is the primary factor that stimulates oviposition in both

physid-s and- lymnaeid.s; a rise in temperature above 10 C . induces

oviposition in P.: srrina (oewitt, J?1;{., 1955). Levi-na (r9n) found

that in L. stagnalis spawning colnmences in the spring when water

temperatures rise Lo 15-16 C., although reproduction may continue i-n

the fal1 until temperatures d.ecrease to t0'I2 C. Temperatures at all

of the stud-y sites during the time of major reproduction in 1973 were

wel-l above 10 C., while in1974 they were approximabely 25 C. Althorlgh

reproduction per unit host plant was greater in stand-s of the preferred

species, respectively, no temperature d.ifferences were detected- between

the stand.s. Since the fecund-ity of I,. stagnalis increases with linear

she1l size and- body weight (Levina, l9?3), d"ifferences in the latter
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two paraneters between the two types of stand.s may have affected. the

relative magnitud-e of reproduction in the stand.s but could- not account

for the d.iscrepancies in timing of reproduction between d.ifferent

stand.s and. d.ifferent si-tes. Apparently reproduction at these sites

'.',.' 
1, .1,.t'

was also d-epend.ent on other factors once the threshold. value for

temperature had- been exceed.ed-.

Imhof (tgZÐ and' van d-er Steen (w6?) found that lengthening 
,.,,.,, ,,',,:,of the photoperiod. also sti-mulates spawning in lymnaeid.s, provid.ed. 
,.,,,i.,1:,:,,

that the specific thresholcr. values for temperature lrere exceed_ed.. .: r:r,,,,
?hotoperiod. as a significant factor in the current stud.y was rejected- 

- ''; ;

because of: a) the d.iscrepancy between the sites for reproduction 
:

during I9?3, .,. b) the 1ag between sites 1and.2 for l. stagnalis

in the P. richard.sonii stand.s but not in the P. neef.i na.f.us sf.ends

duringI9?3-4,c)thed'iscrepancyinthetimeofreproductionbetween

l9?3 and Ig?4, and. d) snails from the stud.y sites continued. to
l

reproduce throughout the winter und-er cond.itions of natural photoperiod.

in ind.oor aquaria stocked. nith cultures of the respective macrophytes

(unpublished.). 
,,,1 ,'.,,,..,r,..:.

Russell Hunter (lgø]-) suggested. that, asid.e fron environmental : '' ' ,',

factorsr solne populations may be genetically pïograrnmed. to a particular '' ''''.:"¡'''t:'

pattern of reproducti-on, This factor was also probably not significant

in the current stud.y since the proximity of sites 1 and- z, wiüh their

consequent periodic contact during ti-mes of high i+ater levels lli;.i.:=,:;,..,,:.,-.- ,..

facilitated. the interchange of population members. During the spring

flood- of 1974, the two sites úere uni-ted. for severar weeks, yet the

1ag period. between the subpopulations in the p. richard.sonii stands

Persisted'' 
, ;..'
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The occurrence of second.ary period-s of reprod.uction in
pulnonates within a single season has been reported. by several

workers (u.e. Dellit, f955; Dellitt, A955; Duncan, 1959; Clampitt,

1970; Levina, 1973; Young, f975; Sankurathri and Holmes, I)f6) and.

appears to be related. to the growth rates of the young. since

reproductive maturity is attained- at a certain size (r,evina, rg?j),
the magnitud.e of which varies with the genetic makeup and. environrnental-

cond.iti-ons, the earlier in the season that the first hatching occuïs,

the nore 1ike1y is the occurïence of a second- period- of reproducti-on

duri-ng the same season (Young, L9ZÐ. Accord-inglx, the condj-tions

which regulate the timing of the first period. of reproduction also

d.ecid.e to a large extent whether more than one generation will be

produced. during the season. At sites r and,2, second-ary period.s of

reproduction in L. stagnalis d-id. not occuï during LLp- r9?4 season

because the young of the year emerged- too late to reach reproductive

naturity while environnental cond-iti-ons were stirl suitable for
oviposition.

The growth rates can be correlated. with rate of food- intake

(Thomas et al-, D?Ð and- are influenced. by the type and. abundance of
primary production (Hunter, 19?þ), temperature (tmnof , r9z3; Levina,

lgn) and the proximity of other feed.ing snai-t-s (Mooij-vogelaar and

van der steen, L973; Thomas et al, L9?5). ÏÍhy the growth rates of

both Physa and- Lynnaea were higher in stand.s of q. richard.sonii

during the second. half of the r)fJ season is not knonn. The maxi-mum

size aLüained. by P. gv{in? at both sites 1 and. 2 was in excess of
27 nn; the largest specimen of thi-s species previously record.ed" from
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the canadian rnterior Basin had. a length of 24,1 run (ctarke, a9Z3),

The latter worker suggested. that exceptional size in this species

may have been related- to the absence of high concentrations of
the metaboli-tes of other snai-ls, as well as to other factors.

certain ind-ividuals of both p: grri4a and L. s-tagnalis

appeared. to survive beyond. the second. sunmer; Levina çtlZÐ reported.

old_-timers of L. stagnaliE that were up to J years old. At site 3,

very few ind,ivid.uals of P4v.,?a survived. even one winter and. complete

replacement of the population occurred. during the summer; such a

pattern has also been reported for p. fontin?L,is L. (OeWit, D5Ð,
The reproductive patterns observed. in the current stud-y

could- not be correlated- with any of the monitored. physical variables;

although the two-week 1ag period. between sites 1 and- 2 in tlte seasonal

patterns of molybd-enun-blue phosphorus during Line r9?3 season showed_

some promise of correlating with the growth of p . ri.cha.rd.sonii, this
possibility had to be discard.ed after Lhe I9?4 season.

The most obvious remaining factors i¡ere the plants themselves,

Bretshneiaer (r9&8 in Dellitt, r94) reported that oviposition in t.
stagnalis was stimulated- by renewal of aquarium water and- the ad.d.ition

of Hvjrocharis shoots. Nieuwenhaven and. Lever (lrg+e in Dellitt, 1954)

suggested. that oviposition was stimulated. by the oxygen produced. by

4vdro.qha.{i,s; however the snails had. to come into contact with the

leaves before oviposi-tion could. occur. DeÏÍitt (tglÐ found that El_odea

had- no effect on oviposition ir L grcing. young (rgz5), Hunter

(tgzø and b) and- sankurathri and. Holmes (tgz6) suggested that the

reproductive patterns of nolluscan grazers may be related_ to the

nature and. extent of the prÍ-mary producers, and_ these workers as well

Ìil:.:-.ji:.:1,i:.



269

as Eisenbere (t966) postulated. that such a mechanism may operate

through limitation of food.. Thonas et a1 (tgfÐ conjectured that

other plant factors such as ind-ole acetic acid, nay influence growth

and natality rates by acting d.irectly on the snails.

The controversy surrounding the question of whether submerged.

nacrophytes are grazed upon has had. a long history and. confusion has

perslsted until recent tines. shelford (1918) stated_ that "one could

p:rcbab1y substitute glass structures of the same forn and. surface

texture without greatly affecting the immed.iate food. relations".
lfelch (tglÐ wrote that "it is now certain that (Shelford.'s) statenent

is not well ground.ed.; that these higher aquatic plants serve d.irectly

as food. for a consid.erable array of animals, the quantities of the

plants consumed. soneti-mes being great". Rosine.'s (rg5Ð work which

cited shelford. (rgrg) stimulated- Frohne (tgsq to argue that macrophytes,

particularly species of pQ!þanogeton (Moore, l?],5 in Frohne, LgS6)

sustain extensive d.irect gtazi-ng pressure from invertebrates. Robson

Ggeq resumeeted. the problem by stating that "r^reerl,s are seldom

eaten while growing but when they d.ie they provid.e one of the main

sources of nutri-ents for much of the animal life of freshwater".

Ïlestlake (tgZÐ suggested tlraL grazing of submerged comrnunities may

occur but consid.ered. only the chord.ate gïazers.

That the snails d.o eat living vascular plant tissue has been

d-enonstrated. in the current stud-y through observation of the lesions

produced by snail grazers as well as lfarner's (t976) observations that
lesions reflect relative feed.ing frequenci-es. The normal d.iets of
physid.s and. lpnnaeid.s have been reported. to consist of higher plant

ti-ssue, as well as small amounts of unicellular a1gae, d.etritus and-
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carrion (Graham, 1955¡ Monakov, f9?2). The feed-ing behavior of gtazing

snails has been d-escribed. in d.etail by several workers (".S. Hubend.ick,

L95?¡ Dawkins, f9?+),

The behavioral patterns of L sta.enalis and_ P. gyq:lna show

a positive ki-nesis towards aggregation on vegetation (Bovbjerg, 19?5i

lfarner, L9?6). The d.istance perception of vegetation is unl-ikely to be

primarily optical si-nce the eyes in L. stagnalis are believed to

function largely for monitoring light intensity and. d.irection (Stoll

anct Bijlsna, l9?3) although thei-r precise functions are incompletely

und.erstood. (StoII , lgn). Pulmonates exercise chenoreception of plant

chemicaLs (Townsend", l9?3i Calow, l9n) at variable di-stances and. can

apparently d.istinguish among quantitative levels of a single food.

source to the extent that they can ad.just their feed.ing d.ensities to

conform to the available food levels (Ïfarner, I)16). Since snails also

appear to distinguish between d-ifferent types of food (Bovbjerg, L968,

l9?Ð, the evid.ence strongly suggested- that the plants were active

participants in the inception of the associations and. perhaps held.

the key to the phenomenon of d.ifferential seasonaL snail d.istributions.
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the biochemical status of the rnacrophytes
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Secause the association peaks of Physa ðrrjna and. hrnnaea

stagnal-is appeared- to be co:related. with the growth patterns of

P.otamoqeton pectjqatu.s and. P, ri-chaqtLqo44i respectively, and_ because

the macrophytes nere grazed upon by the snaj-ls, the objective of this

portÍ-on of the stud.y was to assess the seasonal conposi-tion of the

macrophytes in terms of selected. biochemical variables. At the very

least, such an assessment would. provid.e basic informati-on on the

quality of the plant tissues as food- at d.ifferent times of the season,

and- at most, it night provid.e a factor that could. be coirelated. with

the association patterns.

At the outset, the following classes of compound.s were

examined.¡

1. Total soluble carbohydrates.

2. Total titratable acid.s.

3. Total extractable proteins.

þ. Carotenoid. compound.s.

Classes 1 and. 2 were examined. because of their nutritional value and.

because their solubility suggested. that they were likely components of

plant exud.ates. class J was exa¡nined- because, accord-ing to ¡oy¿ (r97o),

total protei-n is an irnportant lnd.ex of the nutriti-ve quality of

primary producers. Class 4 was exannined. because these compounds are

necessary for photosensitivity in snails and. originate from plant

tissues (Senjamin and hralker, l)lT).

ir. .r ,:-.,ii.
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During tine 1972-4 seasons, plant shoots were collected- by

hand- on each sampling d-ay fron points scattered- throughout each site.

The shoots were rinsed. in the field. and" inrned.iately placed- in iced-,

lightproof containers and. were fyozen within 6 hours of collection.

The frozen plants were subsequently freeze-dzied- und.er liquid.

nitrogen and. ground. in an electric mill using a ! m¡n mesh scrreen.

The powd.er r{as stored. in airtight glass containers in a freezer. 0n1y

above-ground. vegetative parts were used..

I. Season t (ryfz)

A. Total soluble carbohydrate

A 0.5 g sample of plant powd.er was placed. in a small

erlenmeyer flask with 20 nI 80/" ethanol. The flask was swirled- for

one minute and- the suspension was transfered. Lo a J0 ml centrifuge

tube. The flask was rinsed. with an ad.ditional 10 nL 80% ethanol which

was ad.d.ed. to the centrifuge tube. The suspension was centrifuged. at

5000 rpm for J minutes. The supernatant was d.ecanted- and. nad.e up to

a volune of 30 ml with 80% ebhranol¡ the volume lost in the pellet

and. through evaporation was less than 5 nL. To minimize evaporation,

the procedure was performed. at 4 C. The extract was stored. in

airti-ght glass vials in a freezer.

The total soluble carbohydrate in the extracts was estinated.

using the method. of Roe (lgSÐ. To a 0.1 nI aliquot of extract in a

test tube were ad.ded 0.9 m1 d-istilled water and- 4.0 ml anthrone

reagent (tOO me anthrone and 1.0 g thiourea in 100 ml ?5%HflOU,
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stored. in tLark at /l C), and. shaken we1l. The solution was heated- for

1J minutes i-n a water bath at 100 C. After cooling, the optical

d.ensity of the solution was measured- in a spectrophotometer aL 620 nm

against a blank that had. been treated. in the sa¡ne way as the unknown

but contained. d.istilled. water in place of the extract. This procedure

rùas repeated. for J aliquots of each extract. The carbohyd.rate

concentrations were d.etermined. from a calibration cur'\¡e for glucose,

and. results were e:çressed in terns of equivalent glucose concentra-

tions.

B. Total titratable acid.s

Fractionation of the plant material was carried- out

accord-ing to the method- d.escribed. by Cook and. Bielest<i (fp68) . e

100 rng sample of plant powder was suspend.ed- in 2 ml- I{CW (nethanol/

chloroform/ water, tZ/S/l by volume). the suspension was centrÍ-f,uged-
;

at 10OOg for 5 ninutes and- the pe11et was extracted- twice more using j

I

2 m1 MClf each time. The 3 MCi[ extracts were pooled. and. to these were

ad-d.ed- 2 ml chloroform anð. 2 nl d-istilled water. The solutions were

mixed_ and. transfered- to a 10 ml separatory funnel where the two 
r.,,,.,,,,,

phases were allowed. to separate. The chloroforn Iayer, containing . ,

lipid.s, oi1s, phospholipid.s and. pigments was d.iscard.ed. and- the -'', ','..

aqueous layer, containing organi-c acid-s, amino acid.s and. phosphate

esters was used. for titration.

The volume of the aqueous fraction (ca. Þ.5 ú) was ¡nad-e ,:,;:,
::"::rjr':

up to 6 mt witfi UCW. The snaIl chloroform fraction that separated

was d.iscard.ed.. A 1 ml volume of the aqueous fraction lras mad.e up to

a volume of 10 ml with d.istilled. water. This soluti-on was titrated.

with 0.001 N NaOH until pH 8.J, the beginning of the ind.icator range
:;:ì!:t;:+:;
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for phenolphthalein (WoocL, 1]52), using a pH meter. A control was

mad.e by separating 6 rîr MCll into aqueous and. chloroforn fractions

as d.escri-bed. above and. using 1 m1 of the aqueous fraction mad.e up

to 10 ml with d.istilled. water for titration. The results were

extrrressed. as neqf g titratable acid.ity. Accord-ing to Wooa (L)JZ),

the value of acid.ity obtained by titration j-s proportional to the

total organic acid.s present in the extract.

C. Total protein

A 0.10 g sample of plant powd.er was suspencled- in approximately

30 ml of 1 N NaOH by shaking vigorously and was centrifuged. at 10,000

r1pm for J mi-nutes. The supernatant was d_ecanted. and. mad.e up to a

volume of 50 n1 with 1 N NaoH. Protein content of this solution was

estimated. using the method. of Loi,rry et a1 (l!St). A 0.3 nl aliquot

of the solution was mad.e up to 0.5 rnl volurne with 1N NaoH. To this

was added 2,5 rrÈ of alkaline copper sulphate solution (SO ,nt 27"

NarCO, in 0.1 N NaOH and- 1 ml 0.5% CuSOU.SITO in L%Na tartrate, nixed

just before use), and- the solution was aLlowed- to stand- for 10 minutes,

after nhich time 0.J ml Folin reagent (50/" aq, Folin-ciocalteu phenol

reagent) was ad-d.ed. and- the solution was mixed.. After J0 minutes the

optieal d.ensity of the solution lÍas measured. in a spectrophotonreter

aL 500 nm. This procedure was repeated. for J aliquots of each

extract. For the control, d.istilled. i,rater was used. in place of the

extract. The protein content was estimated. from a ealibration cuïve

for bovine serun albumin and- was expressed. as mg proüeinfg.

i,ilir::iit.:i-r:iì
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D. Carotenoid.s

Carotenoid-s were extracted. using the method_ d.escribed. by

Goodwin çtlSÐ. A O.J g sample of plant powd.er was mixed i-n a mortar

with 0.5 g of acid-washed silica sand" and_ 7.5 e each of anhydrous

NtzsO¿, and- acid.-washed. alumina until the nixture was honogeneous.

The nixture Ïras transfered. to a t x t6 cn glass column containing

a mixture of equal weights of anhydrous NarSOU and. acid--washed. alumina.

A 5o mr volume of 2% acetone i-n n-hexane was flushed. through the

column und-er light suction with a syringe. The volume of the effluent

was measured. and. the optical d.ensity was d-etermined, aL 4J6 nm in a

spectrophotometer against a blank of 2/" acetone in n-hexane. The

concentration was calculated. from Goodwinrs (l-}5Ð formula¡

where c= carotene concentration (^g/g tissue), v = final volune of

effluent at the tine of reading (*f), L = light path length (cn),

and W = weight of ti-ssue sample (g).

According to Goodwin (f9jÐ, 95y'" of the active carotenes

present in the tissue are extracted- by this nethod. and. consist

largely of beta-carotene although sone alpha-carotene is present

as well.

II. Seasons II and. ITI (tgZl-+)

During Line 1973-4 seasons, the

total soluble carbohydrate were mad.e as

Tlne 80% ethanol extracts were separated.

extraction and. estimation

d.escribed. above (p. 2?3),

on ion-exchange colunns

of
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(Wang, I96Oi Canvin and- Beevers, L)6t) using Dowex -50W (50 x 8)(H+;

2oO-400 mesh) and- Dowex -1 (1 x 10) (cr-; 2oo-4oo mesh). The resins

r{ere prepared- in bulk (Atkins and- Canvin, l9?l). Dowex -50tr'I was boiled.

wiüh 2 N HCl and. poured. into L x L6 cn glass columns plugged- at the

bottom with glass wool. Dowex -1 was converted. to the formate fornr by

treating with 1 N sod.ium formate in a large column until the effluent

gave a negative test for chlorid-e with Agl{0r. The treated- resin was

poured. into 1 x 1,6 cm glass colu¡nns as described. above and. each

colunn was washed- with 10 ml 0.1 N formic acid.. Both ty¡res of colunns

were then washed- with distilled water until the pH of the effluent

was stable. Tmmed.iately prior to use, the columns were flushed- with

at least 2 bed. volumes of d.istilled. water.

Each ethanol extract was dried. und-er an air jet and. the

residue was red.issolved. in 2 ril 80Ø eblnanol. This solution was placed.

on a Dowex -501t column and. flushed- with 100 n1 distilled- water. The

effluent (Fraction 1) was dried und.er an air jet; it contained. organi-c

acid-s, sugars and sugar phosphates (Canvin and" Beevers, l)6!; Cossins

and. Beeverc, 1963). Amino acld.s renained. in the colunn and- were

eluted. with 100 ml 4 N NH'OH (Fraction 2). the residue of Fracti-on 1

was red.issolved. in 2 nL 80Ø eLhanol, placed. on a Dowex -1 column and.

flushed. with 100 nl d.istilled water. The effluent (Fraction J) was

d.ried. und.er an air jet and. contained- sugars. Sugar phosphates and.

organic acids remained. in the column and- were eluted. with 80 mJ- of

4 N formic acid. followed by 20 nl of 6 U UCf (Fraction 4).

The residue of Fraction J was red"issolved. in 1 mI of 70y'"

isopropanol. Two replicate 30 microliter aliquots of each solution

were spotted- ad.jacent to each other on a 46 x 5? cm sheet of lfhatman
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No. 1 filter paper. Ivlarkers r¡rere prepared- by spotting 10 microliter

samples of known sugars (t% in 1-0ft isopropanol) on each sheet.

Chromatograrns were run for 48 hours in a d.escend.ing solvent of

n-butanol/aceLic acið,/waher (SZ/tl/35 by volune) (putman, tgs?),

After the chromatograrn had- dried-, it was cut into strips to separate

replicate samples. One of each sample pair was d.eveloped. by d.ipping

into a tray containing aniline d.iphenylamine phosphate soluti-on

( 1O vot , of I% aniline and L% d-iphenylaitrine in acetone conbined with

1 vol. of 85% phosphoric acid, irunediately prior to use)(Bacon and

Dickinson, L957¡ Snith, f960), and. heating the chromatogran for a

few ninutes at 95 C, Und.eveloped. portions of the chromatograms were

conpared. with d.eveloped. portions. Positions on the former that

correspond-ed. to locations of sugars on the latter were cut out and.

eluted. ind-ividually with 5 ml of I0/o isopropanol. The elute was

dried. und.er an air jet and. the residue was redissolved. in 1 ml of

Ll/o isopropanol. The sugar present in this solution was quantffied.

using the anthrone method of Roe (1959 d.escribed on p. Z?3,

.:.t._.1.: : '

l.' :.. : I

'::'.:: -'
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of maxÍmunr d.ensity of ruysa grrina per unit bottom area i-n these

stand.s and- the time of the greatest numbers of young of this snail.

Also the greatest net d"ifference 1n carbohydrate levels between the

two rnacrophytes was observed. at this time. At time J a mininum

occurred in P. pectinatus but a maximum in P. richard-sonii, coincj-d.ing

with the time of maximum d.ensity of L¡,rmnaea stagnalis per unit bottom

area in stand.s of the latter plant.

The total titratable acidity (fig. e!B) showed- the greatest

observed- net d.ifference between the two macrophytes at tine 6. The

greatest observed. net differences in total protein content (¡'ie. 89C)

were seen at the beginning and. end. of the season.

Carotene content (¡'ig. 8pD) showed. a general increase during

the season, and- except for time /, values were generally higher in

P. richard.sonii tissue. At time 8, a marked. d.ecrease was observed- in

P. pectinatus while in P. richardsonii carotene levels continued- to

rise.

At site 5 (Tatfe TTXÀ) r total soLuble carbohydrate levels

in Myriophyllum exalbescens were high at the beglnning of the season

and. the first oviposition in P . gfrrina occu:red- at time 2. After
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Figure 8p. Total soluble carbohydrate (mg eq. glucosefg dry
tissue)(Á.), total titratable organic acids (r"q..

titratable acLd./g dry tissue x tO3)(U), totat
extractable protein (^e/e dry tissue)(C) and. carotene

6e/e dry tissue) (D) content of Potamogeton pectinatus
(O) an¿ P. ri.chardsonii (f ) tissues at site 1 tluring
Llne 1972 season.

t::::-:-:
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TABLE XXX. Mean total soluble carbohydrate (ng eq. glucose/g tissue)
(A) ana rnean total soluble protein (^e/e tissue)(B) content

of tissues of EÉgpby@ exalbescens at site J and-

Potamogeton pec.tinatus at site 6 respectively, during the

L972 season.

A. Total soluble
Time

carbohydrate

site J site 6

L

2

3

4

5

6

7

I

26.6

2L,6

8.1

!3.4
2,0,8

16,3

ß.1þ

zi.o

36,4
zl+.5

L8,2

70.5

30,6
22,2

B. lota1 soluble
Time

protein
site site 6

7

2

3

l+

5

6

7

I

45.2

58,5

l+6,5

6L,5
t+Lt.o

43.5

6.8

,,2. s

30.0
1T3,5

43.5

L21_.0

45,o

76.5
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hatching of the young at ti-ne l, a quiescent period. foIlowed. with no

reproduction and. carbohydrate levels in the plant tissues d.ecreased-.

Oviposition resumed- at time 5, when carbohydrate levels began to

rise and. continued- until after time 6, when carbohydrate levels again

began to d.ecrease. In general, carbohydrate levels in il. exalbescens

at both sites 1 and- J were lower than those i-n P. pectinatus at site

1.

At site 6 (fatte XXXA), carbohydrate levels i-n p. pectinatus

reached. maxima at times J and, f I coincidj-ng with naxima in d.ensities

of AÍrn:Lqela limosa and. A. (=Ssgbythinella) lacustris per unit botton

area in these stand.s.

Maxina in total soluble protein (ratte Ðoß) were obserr¡ed.

at times 2 and" J at site J, while at si-te 6 an abrupt peak occunred-

at time 6, fo11owed. by a d-ecrease at tirne ? and- another i-ncrease at

tine 8.

II. Seasons IT and. III (Wfyt+)

the total soluble carbohydrate levels in p. pectinatus

tissues at sites I and- 2 during L]ne 1973 season (rig. 90.{) continued-

to fluctuate regularly with a period. of approximately þ weeks and.

the patterns were synchronous at these two si-tes. The naximum observed.

in these plants at time J coineid-ed- with d.ecreases in the carbohydrate

levels in P. richardsonii (tr'ig. 9OB) . Hoi+ever at site Z Line neL

d.ifference beti+een the two nacrophytes rras much smaller than at si-te

1 and. may have contributed- to the reduced. intensity of association

of snails with P. pectinatus at site 2, hL time 2, the projected. time

of oviposition in P. gyrina, carbohydrate levels in p. richard.sonii

were d.ecreasing while those i-n P. pectinatus had. reached_ a minimun i. .r.:i,:::ia
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Figure 90. Total soluble carbohydrate (mg eq. glucose/g d:ry

tissue) content of tissues of potamogetog pqclinalus
at sites 1 and Z (t) and sites J and 4 (C), and of
P. richard.sonii at sites 1 and. Z (B) and. si-te þ (D)

during the L)l) season. Vertical bars represent
stand.ard" errors.

l;:l:.:::. '.:.-::

!:: :l

l.r':.:.:::: .



+
,E
.9
(l'

=
c
C'

CL

bIt

E
C'
L
ctr

Q'
an
o(t
t
ctl

ci
ct

ctl
E

80

70

60

50

40

30

20

to

o

P pectinotus

2345678

P. richordsonii

2345678

30

eo

to

o

50

40

30

20

to

o45678
TIME

o srrE r

o strE z

3

4

tr

I

,å.,\
.,\

fl. t
¡.-l

23 5 67I

S¡TE

SIT E

èi ì:¡:ì.)::",'l:



28Lt

and. increased. agai-n after Lime 2. The timing of reproduction at both

sites was such that the young energed. during a peak in the carbohyd--

rate content of P. pectinatus. Although the association patterns of

P. gj,rrina appeared- to be related. to the carbohydrate content of P.

pectinatus, those of ],. stagnalis d.id. not appear to be related- to the

total carbohydrate content of P. gþ@@!!.

At site 4 (fig. 90C) ' carbohydrate values in Pr pectiJLatuE

also fluctuatetL regularly with a period- of approxirnately 4 weeks.

The fluctuations l^Iere apparently two weeks out of phase with those

observed- at sites 1 and. 2 and correspond.ed- with the 1ag period. seen

for the association peak for P. ffyrina at thís site. The carbohydrate

peak at time 4 coi-ncid.ed. with the association mancimum for P_. ff/ri-na

with this plant. Unlike the situation at sites 1 and 2, Llne amplitud.e

of the oscillations in carbohydrate content increased. instead. of

d.ecreased- as the season progressed. and. the d.ifferences between the

two macrophytes at site 4 became most pronounced- toward-s the end. of

the season. This may have contributed. to the fact that the bulk of

reproducti-on in P. gyrina at this site occurred. towards the end of

the season. "At time 4, carbohydrate values were higher in P. riehard.-

sonii (F'ig. 9On) d.espite the association peak with P. pectinatus;

after time 5 values in the forner plant declined. while those in the

latter increased, créating a situation analogous to that seen at

LLne 2 at sites 1 and. 2. However oviposition at tine 5 d.id. not occur

because by this time the previous year's adults had- d-ied- out after

reproducing at tine 3 and. the first young of the year had- not yet

reached. reproductive naturity. Some reproduction occumed- at time 6

when sone young began to mature, and. by time f, when carbohydrate
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1eve1s in P. pecting.tus were about to increase again, large-scale

reproduction occurred. which resulted. in emergence of a large cohort

of young at tine I when carbohydrate levels were maximal. Because

p1antmaSSpeÏunitbottomareawas1argeatthistime,thisd.i-d.not

result in as pronounced- an associati-on peak in terms of snail numbers '''ìt'''

per unit plant as d.id. the earlier peak, although in terms of snail

d.ensity per unit bottom area, thÍ-s gave the seasonal maxinum. 
.,.,::.

Association peaks for L. stagnalis ir L richard.sonii stand.s t,..,,.,, 
.:,

:: . .-..:!

were observed- at site 4 at tines 4 and. 6 aut carbohydrate values for 
i,-,,,1,,,,,,

this macrophyte showed. a maximun only at time 4. ;1:::::"'ìì:::

At site l, hatching of P. g.v-rina commenced. at tine J, but the
l

association peak occu:red. at time 4, suggesting that the majority of i

the oviposition occur:eed- at time J, when carbohydrate levels were

about to increase in the P. pectinatus (tr'ig. 90C). At this site
i

carbohydrate values d.id not fluctuate at regular intervals although 
i

.

the levels were similar to those observed. at site Z.

During tlle 1974 season total carbohydrate levels were

synchronous j-n P. pectinatus after Lime 2 at sites 1 and. Z (F.ig. 9lâ), . : ,1
,a ..:,..,;l.a..t

but values lrere higher than those observed. during Line r)lJ season, ' ,., 
t,,,,

:ï::ï';;: :: ;'=,:^"::ïäïï"i::':;;åefirs, 
' .''

half of the season and. during the association peak for p. mrrina at

tine 6, while at site 2 values were greater in P. pectina,tus at tj-mes ; . ,',' ,,:
, -:. .. r,:

5 and,6. As inIg?3, the largest part of oviposition in p. svrina

occurued. following a peak in carbohydrate Ievels in p. pectinatus and.

was timed. so that it preced.ed. another peak. Thus, by the tine hatching

had. occu:red-' the host P. pecti-natus had. reached. another peak in ,,....,, _., ,
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Figure 91. Total soluble carbohydrate (mg eq. glucose/g dry
tissue) content of tissues of Potanrogetqn p_qclinatus

(A) ana P. richardsoni.,i (n) at sites 1 and. 2 during
tlle 1-974 sêasor. Vertical bars represent stand.ard.

erroïs.
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carbohyd.rate levels, coincid.ing with the association peak. As in lg\3,
the total carbohydrate leveIs in P. richard.sonii were not co:related.

with the population d.ynamics of L. stagnalis.

The total soluble carbohydrates in both macrophytes were

conposed. of fmctose, glucose and. sucrose (Tanles lilffir and. xlüTr).

These find"ings agreed- with Hodgson's (1966) obsenrati-ons for p.

pectinatus shoots that were nore than 10 d.ays o1d.. However the

relative proportions of these sugars follor^red- d_ifferent patterns

in the two macrophytes.

During the first part of Llne 1-973 season, the soluble

carbohydrates i-n P. pectinatus were composed. largely of fnrctose and.

glucose' while P. rich?rd.sonii contained. high levels of sucrose which

often exceeded. the sun of the glucose and. fructose concentrati-ons in
this plant (talte xxxrrr). Hod.gson QgeA) found that sucrose/glucose/

fructose ratios in L pectinatus shoots averaged t|/l/l regardless of
age. However hÌs results were based. upon plants gnown in arti_ficial

environnents und.er constant cond.iti-ons. At site 1, durÍ-ng the associa-

tion peak with P. gyri-na at ti-¡ne J, the combined. values of the glucose

and. fructose concentrations in P. pectina_þus were 8.6 times greater

than those in P. richardsonii, while at site z Lhey were z.l tines

greater in P. pectinatus at time 3. Ar site 4, during the association

peak at time &, P. pectiJntus contained_ 2.0 times as much glucose and.

fructose as d.i-d. P. richardsonii. During the projected_ time of ovÍ-posi-

tion at site 1, Line 2, combined- glucose and- fructose values were 1.p

times greater in P. pectinatus than in P.. richarrd.sonii; á,t site 2,

these values were 1.1 times greater, while at site 4, time ), these
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ÎA3LE Xxlfi. Fmctose, glucose and. sucrose content (*g eq. glucose/
g tissue) of Potamoge_ton pectinatu.s and. p- richard.sonii
tissues at sites 1-4 during the lpfJ season.

A. Site 1

Tine

P0 TAI{o.GET0 N PECTTNATUÊ

Fructose Glucose Sucrose

PO 1.AI4O GETO N RTCHARDSONT,I

Fructose Glucose Sucrose

Ia
I
2

3

l+

5

6

7

8

3,L6

l+.21t'

6.?o

2.59

5.24
2,40

2.52

3.04

I.60

2.75

2.60

2.22

6,45

1_.66

L36
2.27

r_.32

7.?o

3. oo

2.18

3.63

5.32
6.80

6. gg

,.ro
2.12

0.80

4.lg
0.98

2.51

4. oo

r.42

2.92 7.oo
L,50 r+,7 5

0.28 L.tt
7.42 4.16

0.58 5.?6
2.00 3.02
I.58 I0 .t+7

7.98 0

B. Site 2

Time

POTAT.4O GETON PECTTNATUS POTAMOGETON RTCHARDSONTÎ

t'ructose Glucose Sucrose Fructose Glucose Sucrose

I
2

3

4

5

6

7

8

6.69

6.16

0,82

0,23

t,?6
t,5I
3,32

5,O9

1.78

2,47

2.60

0.86

1.76

2.15

,.r,
3.18
7.58

4,zz
0.92

2,86

r.87

28.39

6,Lg

L28
2,03

T,L2

t'26
r,64
]-30

0

2.75

2.31

0,22

0.I2
r.34
1.48

0.87

4,35

4.oz

3.52
4.17

3,34
1_.64

7.35
6.08

continued. . .
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TASLE lilXI. ( continued)

C. Site J

PO TA},IO GETO N PECTTNATUS

Time Fructose Glucose Sucrose

7-
2 6.09 3.25 3.3t+

3 0,20 1.0& 0

4 0.65 L.6j o.B9

5 L,Ln !.51 L.34
6 o ,?z r,9z þ. Bo

7-
8-

D. Site 4
PoTAI{oGETON PECT,TNATUS P0T440GETON Rr.Cr+RtSoNIr

Time Fructose Glucose Sucrose Fructose Glucose Sucrose

T-
2

3 3,4g L,?8 !,?B t.L5 L,!? 2.0?
4 3.Iz z,5z o t,6u 3.2? 5,Bg

5 t. 5O 1 .88 1 . 88 t,I6 I.g8 5.to
6 L,? j 3.66 z.gu L.ru L.55 4. Bo

7 1.34 L.gz 5,L5 r.8? 1.56 3,30
8 0.?6 1.56 6.42 r.5I L.34 2,?8
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TABT,E XlffiII. Fructose, glucose and- sucrose content (*g eq. glucose/
g tissue) of Potamo.qeton qec_þinatus and. 1. richard-.sonii
tissues at sites 1 and. 2 during Line 1-974 season.

A. Site 1

Tine

POTAI,IOGETON PECTTNATUS

Fructose Glucose Sucrose

P.0 rAlr0 GqT0 N Rl.cHARpSoIrI

Fructose Glucose Sucrose

7

2

3

4

5

6

7

I

12,96

27,20

rt+,94

23,78

23.50

5.95

7.L5

u,r,
24.20

l+7,34

5,63
16. 08

I+,1+L

2,62

,.ro
r5,84
19.07

5.08
6.fi
3.27
r.73

70.60

15. oo

26.8?

15.82

1I.02

9.99
LLLtT

7 .64 0,20

12.40 14,54

LL.96 ?.35
t3,37 7,30
8. sz 5,86
6.2+ 4.01

5.62 2.L3

3. Site 2

P9TAMoGETO N PECTTNATLS

Time Fructose Glucose Sucrose

P9I4M,0GEÏ0N 4rqHARpSo n-Jr

Fructose Gl-ucose Sucrose

t
2

3

4

5

6

7

8

,.ro
L.2g

10.00

3,LL

3.43
4,44

3.87

u.ru
0.48

5.34
6.9t
t+.96

2.43

2.18

10 .07

0.08

7.94
9,66

TT,O7

6,rz
2,06

40. oo

1,.22

r.50
1.40

4,27

3.06
0.55

o ).uo
0,67 0,5?

5.92 79.7t+

4.oo 5.30

3,50 6,1,1t'

2.62 5.80
o. 57 r.74
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TABLE xxxrrr. Sucrose to combined. fructose and. glucose rati-os in
Po.tamogeton p_ectiqatiis and p. rSqhard.so4ii tissue at
sites 1-4 during the 1923 season.

site 1 site 2

Time P. peqti_nat]rs P= qi-clardsonii P: pqctinatus P. richardsonii

Ia
T

2

3

4

5

6

7

I

0;28

0.2t+

0.32

0.1+5

0,3L

L.3L

7.7 5

r.30

L.TL!

t.3r
1.03

0,72

3,69
0.6?

1 .88

0

0.79

0,39

0.48

1.49

0.35

0.87

0,34

0.15

0.45

0.98

r,83
2.69

0.53

2,36

2,80

site 3

P. pectinatus
site 4

P. p-ectinatus P. richard.sonii

L

2

3

4

5

6

7

8

0.36

0

0.39

0,46

!,82

o,;
0

0.56

o.9t
L.58

2.77

o. eg

1,20

1.62

L.7B

0.96

0. gB

i:,:.i.,.¡.'
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values were 2.J tines greater.

Sucrose levels lrere generally greater in p. richard.sonii

than in P. pec.tinatus tissues during the association peaks of L=

çtagnalis (site 2, Lime 41 2,6 times greater; site 4, time 4, no

sucrose in P. pecti{ralus, and. at ti-me 6, 1.6 ti_nes greater), except

at site 1, time l, where sucrose levels in p. richardsonii were rower

than those in P. pectinatus. However during the projected. time of

oviposition, sucrose levels ÌÍere greater in p. richq,rdçonii tissues

at all sites: site 1, tine 2, 2,8 times; site 2, time J, 1;1 tines;

site 4, times 3 and 5,2,3 and- 1.1 times greater). Although

association peaks occurred- at time z for L. s.tagnalis in p. pecti-natus

stands at sites 1 and- 2, these were not the result of reproduction.

At site 1, sucrose values were alread.y high in P. richard.sonii

tissues at time 1 and. continued- to increase until Lime 2, when

oviposition occurred.. The LatLer ceased. after time þ when sucrose

levels d.eclined- and. d.id. not resume d.espite the sucrose increase at
time 5r perhaps because nost of the adults had. d.isappeared.. At site 2,

sucrose levels in P. richard.sonii stand.s were low at the beglnning of
the season and- ovíposition d.id. not occur until time 3 when sucrose

levels had. increased.. Oviposition ceased. after time 5 when sucrose

levels began to d.ecrine although a fair proportion of adults was

stil1 present at this site during the second. half of the season.

At site lt., the first oviposition occurred. at tines z and J in
P. richardsonii stands, when sucïose l-evels were increasing. A second.

period. of oviposition occurced. at times 5 and,6 when sucrose values

were sti1l increasing but declined at time ?.

i.'
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At site J' the proportions of sucrose to combi-ned. glucose

and- fructose l'rere similar to those observed. for p. psctiqa_þ}s tissues

at other sites. the first young of p. mrri4a emerged_ at time 3 when

no measurable levels of sucrose could- be d.etected. in the macrophytes.

The major associ-ation peak followed. at tine 4 when the proportions

of glucose and. fructose were still high. However the sugar concen-

trations in these plants d.id- not explain the rnagnitud.e of the

association peak. No well-d.efined. period- of reproducti-on was observed.

for L. sta.gnalis at this site.

Ðuring Lhe l-974 season, again p. pectinatus generally

contained. proportionately rnore glucose and. fructose than p.

riqhardsqnii (ralte xxffiv) . DurÍ-ng the association peak of p. gyrina

at times J and' 6, P. pectingtus contained. 1.01 and. z,oz Limes,

respectively, more glucose and. fructose than p. richardsonii at site
1' while at site 2 these values were 1.86 and. 1.10 times, respec-

tively. At site I the ratio of sucrose to conbined. glucose and.

fructose increased- until time 4 and. ovi-position in p. etËing d_id

not commence until after time þ when sucrose 1eve1s d_eclined.. At

site 2, the first d.ecrease in sucrose Ievels occurred. after Lime Z

but aclult snails d.id not appear on the plants until time 4, after
which oviposition occurred.. Another period. of oviposition was

observed. at time I in P.., qectinatus stand.s at both sj_tes 1 and. 2 as

f:ructose and. glucose levels renained. high. values for fructose and.

glucose in P. ri_chard.son_ii tissues weïe greater at site 1 than at
site 2 and. reproduction of p. $rrina was also greater i-n these

stands at site 1. Thus during boili^ \9?3 and, r)lb, reproduction of
P- grri-na appeared. to be related. to high fructose and. glucose levels,
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TABLE XXffiV. Sucrose to combined. fructose and. glucose ratios in
Po.tamogeton pecti.njltus and- P. richa,rd.sonii tissue at
sites 1 and- 2 ù:ri-ng tine A974 season.

site 1 site 2

Time P. pectinatus P. richar9sonii P. pe-c-biqatus P. richard.sonii

T

2

3

l+

5

6

7

I

0,L7

0.3r

o'3t+

0,I7

o,16

0,32

0.18

0.01

0,53

0.L9

0,25

0.30

0,25

0.L2

0,99

0.05

0,52

0.86

!,32

0.89

0.74

o. 06

o'30

2.58

0.98

0.79

1.02

r.64

f: .,r-:. ¡ t:f .
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or to minima in the suclfose to combined. fructose and. glucose ratios.

Sucrose levels were higher i-n P. Ticlard.qonii than in p .

pecti-natus tissues during the association peak of L. stagnalis at

site 1 (tine 5) ¡ut not at site 2 (tine 6). trre first oviposition

began at site 1 at time J when sucrose levels in p. richard.sonii

were relatively high and_ continued. until time 4; oviposition at

site 2 corunenced. at time 4 when sucrose Ievels had. increased. and.

continued. until tirne J. In both cases oviposition followed- increases

in the relative proportions of sucrose.

ïn general, as the carbohydrate leve1s d_eclined., so d.id. the

intensities of the associations. During the second- half of the season

the snails appeared. to lose interest in d-iscrimlnating between the

macrophytes. The sucrose to combi-ned- fructose and. glucose ratios,

although usually higher in P. richar4sonii ti-ssues during rnÍ-d.season,

often became greater in P. pectinatus tissues towards the end. of the

season.

l, t'

rr+:i
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During L]ne L972 season, the total protein cóntent of the

plant tissues showed. little correlation with the population d-ynamics

of the two major gastropod.s. The nutritive quality of L richarlþonii

tissue in terms of soluble protein was greatest at the beginning and.

end. of the season, while that of P. pectinatus showed a midseason

maxinum. The itLentities of the anino acid.s were not pursued. since

Boyd. (1970) naa shown that the relative amino acid composition of

total protein is very similar for aquatie vascular nacrophytes of

d-ifferent species, ages and- sites, although the nagnitud.es may d.iffer.

Carotene content cLicl- not appear to be co:related- with the

association patterns. Carotenes, carotenoproteins and. xanthophylls,

partlcularly beta-carotene and. lutein, occur in the tissues of

lymnaea (Fox, 1966) and probably in Physa as weII, and- are believecL

to be d-erived. from plant tissues. Benjamin and Tfalker (tgZZ)

separated. 7 carotenoid- fractions from Lymnaea and. suggested- that the

carotenoid- prosthetic group in herbivorous gastropod.s may be a

reflection of the plant d.iet. The function of carotenoids in snail

tissues is not clear although they appear to be important as med.iators

in light sensitivi-ty; they are already present in newly hatched

young where they are believed. to originate from plant substances

via naterial in the eggs (Benjamin and lfalker, l9?2). However in the

present stutly hatching neither coincid-ed. with nor succeed-ed- periods

of elevated carotenoid. levels in the respective host plants.

The total titratable acids did- not appear to be co:related"

with the association patterns. However at thÍ-s point ind.ividual

ti-'.
i-::
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organic aci-d-s cannot be d.iscounted. as factors biologi-calIy irnportant

to snails because of their solubility, and. their id-entities waryant

further stud-y.

The total soluble carbohyd.rate levels in P. pec_Linatus appeared.

to be correlated. with the associ-ation pattern of þysa gginq. The

d-ifferential concentrations of sucrose, glucose and_ fn-rctose in

P. pectinatus and. P. richard.sonii during i"Lre L973 and 7974 seasons

suggested. a possi-ble mechanisn through which d.ifferential snail

d-istributions might arise,

Since the plants are highly active metabolically before and.

during the tines of d.ensest snail occupation, they may produce soluble

exudates which may act as specifi-c attractants. Accord.ing to hletzel

(t969a and. b), macrophytes excrete significant amounts of d-issolved.

organic compound.s into the su:round.ing med.ium; secretion rates und.er

various cond-itions may vary frorn 0.05 to I00/. of the carbon fixed.,

although nost values d-o not exceed I0% (lIetzel and. Manny, l9?Z),

The d-ense stand.s and- polar d-istribution of the macrophytes at si-tes

! anð.Z, conbined. with the absence of turbulence, would. favor the

existence of chenical d.ifferences in the regions of the d.ifferent

stand.s. Although it is like1y that chemical grad-ients would be

rapid.ly d.estroyed by bacteria (Wetzel and Manny, f9?Z), perhaps

sufficient amounts couId. persist to act as attractants. At site 4,

the intermixed. nature of the two types of stand.s couId. still result

in d.ifferences along the interfaces between stand.s. rn areas with

only one ty¡re of stand., d.ifferences would. occur between vegetated.

and. bare areas.

¡:'

r::..:::tiì'ì:.t!:

r::li.l:.r :::..
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Several workers (".e. Kohn, 196I; Bovbjerg, 1968, I)fJ) have

noted. the inportance of chemoreception in food. selection, particularly

in experÍ-ments with plant ti-ssues (Townsend., I9?3). Bovbjere Gg68)

observed- a 50% response of f,ynnaea stagnal.is to L richard.sonii

filtrate at d.ilutions of Iz 500, and- control levers of response were

reached. at d-ilutions of 7tI200. Such levels could. easily exist within

the stud.y sites, and. would- be enhaneed. by the escape of plant tissue

fluid.s fron the lesions alread.y nad.e by gxazing snails.

A quantitative stud.y by Jager (l-gZt) showed. that 1ow

rnolecular weight carbohydrates stimulate eating responses in r.
stagnal-E and- that this snail can d.istinguish between various t¡ryes

of sugars. The low threshold. coneentration of -3. 5 rog molar for

sucrose 1ed. Jager (]IgZl-) to suggest that "sucrose is a biologically

important cornpound. for !. qtaånalis". since sucïose levels were

generally higher in P-, riclar4sonii than in P. psqti-natu,s tj-ssues

during aetive growth of the macrophytes, thÍ-s nray explain in part

why L. s.tagnalis tend.ed. to associate with l. richard.sonii.

In general, for L. sta,g4alis, d.isaccharid.es aïe more

effective than monosaccharid.es in inducing eating responses,

suggesting that enzymatic splitting of d.isaccharid-es may occur at

the receptor sites in this snail; however the snails can arso

d-istÍ-nguish between the monosaccharid.es fructose, glucose and.

galactose (Jager, r9?Ð. The responsiveness of L $r3na to various

carbohydrates warrants investigation si-nce the results of the

current study suggest that fructose and- glucose may be biologically

i-mportant compound.s for this snail.

:; tì,. ,.i

i.....: , -
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The nature of the chemoreceptor sites in basorunatophoran

snails is not well und-erstood.. Michelson (tg6O) suggested that the

extrapallial osphrad-ium was the najor site for this functi-on in

Siomphal.aria sl.alqartq, but Baile¡ Qg68 in Townsenð., I9?3) and

Bailey and. Benjamin (f968 in Townsenð,, I9?3) were unable to show

chemoreception by this organ in a related- species, Bl-a4orbarius

corneus. The observations of Bovbjery Gg68) suggested. that the

tentacl-es and. general surface of the head- and- foot appear to contain

chemoreceptor sites for plant and animal food., although the two t¡rpes

of food. elicit d.ifferent Tesponses, apparently due to percepti-on

d.ifferences. Related- to this problem are the find.ings of Zylstra

(tgZZ), who suggested. that the epidermal cells of L stagnalÀs rnay

also possess a d.igestive function, and- that these snails may be able

to take advantage of d.issolved. nutrients through selective uptake.

The relationships between carbohydrate intake and. blood.

sugar levels in snai-ls have been d.iscussed. by God-d.ard- and. Martin

Qgeq. Fri-ed-l- (l.!Zl-) and- Veldhuijzen (tgZS") found. that glucose

concentration i-n the haemolymph increases after the snails have

been fed. on a carbohydrate-rich d.iet. Concomitant with this increase

is a drop in ammonia output, which ind-icates a reduction i-n protei-n

metabolisnr (F'rieat, ry?Ð. Apparently the role of lipid.s as an

energy source in pulmonates is limited- and. the metabolism of these

snails is carbohydrate oriented. (Vefafrui¡zen and. van Beek, 19?6),

Reproduction causes a large d.emand. for carbohydrate

(Vefafrui¡zen, I9?5a and- b; Veldhuljzen and Dogtercn, l9?5).

Veldhuijzen (J9?þ") fras suggested. that an increase in the haernolymph
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glucose concentration is the stimulus for the start of reproduction

and. growth und.er constant envirorunental cond.iti-ons. Veldhui jzen and

cuperus (lgZ6) have proposed- a detailetl physiological nod-el for this

process. Accord.ing to these workers, a d.ietary-induced. increase in

haemolynph glucose levels sti-nulates the end-ocrine ceI1s of the

lateral lobes to release a neurohormone which sti-mulates the d.orsal

bod.ies, attached to the cerebral ganglia, to rel-ease the d.orsal bod.y

hormone (Geraerts and. Algera, A972; Geraerts and- Bohlken, I9Z6i

Geraerts and. Joosse, r)16) into the haemolymph. This hormone may

possibly influence galactogen synthesis in the albumen glands d.irectly,

or it may stimuLate the reproductive organs to produce a gonad.al

factor which is essential for the stimuLation of galactogen synthesis.

since glucose is the precuïsor of galactogen, this process lowers the

haenolymph glucose concentration. Thus, accord.ing to this mod-el, a

d.ecrease in carbohydrate content of the food- would- reduce the rate

of replenishrnent of haemolymph glucose levels per unit of feed.ing

effort. veldhuijzen and. cupems (ryf6) have also suggested- that lovr

temperatures inhibit the release of neurohoïmones and. this may explain

why a temperature threshold. must be exceed-ed. for reproduction to

occur.

Thus a key to the phenomenon of time-d.epend-ent plant-snaiI

associations nay repose in such a mechanism, because lÍe have seen

that reproduction generally followed. a high carbohydrate concentration

in the host plant tissues, and- reproduction was an inportant event in
the setting up of association peaks.

I :i ,: : :r:l
\ i; ii 1.ili

The results fron site 5 suggested that the population
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d.ynanics of P. g.rrri4a in vegetated. habitats other than those of the

two. Potamogeton species also appeared- to be co:related. with carbohyd.-

rate levels in the host plants. Apparently d.ifferential snail

d.istributions were not as stringently d.epend.ent upon the specific

id-entity of the maerophytes as upon their biocheinical status. The

results from site 6 were interesting in that, although the amnicolid.s

Amnicol,a limosa and A= (=pgoqythrne11a) lacustris probably do not feed_

to a significant extent on vascular plant tissues, they nonetheless

may be affected. by plant exudates since they occur often on the plants.

This effect may work d.irectly on the snails, or Í-t may be manifested.

through a higher carbohydrate content of the periphyton ingested_ by

the snails, and. may thus stimulate reproduction.

The carbohydrate energy d.erived- from plant tissue is not

linited to the soluble fractions; according to Nlonk (19?6) and.

Nielsen and. Marsha]j- (I9?3 i-n Thomas et al, lg?Ð, pulmonates

contain high activity levels of cellulases and. polysaccharid.ases

which increase the efficiency of plant food- utilizaLion.

Although earbohydrates appear to be influential factors in
governing d.ifferential snail d.istributions, other factors cannot at
present be exclud.ed.. Bousfield. (personal conmunication) has found. that
plant-originated- compounds active in attracting Biqmphalaria glabrata

have relatively l-ow rnolecular weights (1ess than J00) and. prelininary

observations ind.icate that in this organism fatty acid.s may be nore

potent than amino acid.s or even sugars. Possibly other plant-originated.

substances may come to light as well with further stud.y and. it is
liJ<e1y that d-ifferences i-n sensitivity to various compounds rnay exi-st

.. r: ::',;':
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between d.ifferent gastropod. species.

Both P. pectigatus ancl P. qicha,qdsonii contain a variety of

conplex conpound.s whose effects, if any, on snail grazing are unknolrn.

su and. staba (tgZz) found that potamogeton species contain various

alkaloitLs and- flavonoid_s. 0f the latter class, both p. pectinatus

and- P: ricþard.sonii contain flavonors; the for¡ner species also

contains flavonones while catechi-n has been d-etected. in the latter.
Potamolqeton qj-chardsonii contains tannins and. the steroid., beta-

sitosterol, has been tentatively id.entified. in tissues of this plant.

By feecling on plant tissues, snails d-erive many other factors

necessary for growth. The importanee of carotenoids has already been

d-iscussed- above. Shell formation is an important physiological process

in pulmonates. Although aquatic gastropod.s can absorb calci_un

d-irectly from the external med.ium, calciun obtained. from food. is also

utilized (van d.er Borght and- van puynbroeck, 1966). Boycott (tg36) ana

Macan (tgso in Greenai,ay, rg?l) found that L. stagnali-s requÍ-res a

minimum concentration of 0.5 millimolar ca/t in the water; accord.ing

to Greenaway (L97r), calcium uptake above this level requires little
energy' although uptake can continue at smaller external concentrations

with nore enerry expend.iture. At sites r, z and. l, calcium activity
d-ecreased. below this level during part of the growing season and_ it
is likely that calcium originating from food. r^ras nore important at
these times for all gastropod.s. However it is unlikely that calciurn

hunger contri-buted. to d.ifferentíal d.istributions si-nce calcium was

not a liniting factor at site 4 yeL the associations were stil1
observed-.
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Thus far the d.iscussion has centered" on the effects of

plants on snails. However the closeness of the associations must

entail some effects of snails on plants, T-n grazing' the snails

remove some of the periphyton which consti-tutes a portion of the

ingested. nateri-al (Bovbjerg, 1968) and- calcium carbonate deposits

on the leaves nay also be ingested.. trfound.ing of the plants during

grazLng may enlrance the extrusion of plant metabolites into the

med.iun, which nay in turn attract more snails, and- this may affect

the growth of the plants. Snail-originated. conpound.s nay also affect

the plants; for example thonas et al (tgZÐ suggestetL that

carbohydrases and. exogenous cellulases may be produced- by snails.

lfright and- Ronald, (I9?2) found. that water cond.itioned- by Stagnicgla

palustris contained. amino acids; Maclnni-s et al (tgZ4) found that

water conditioned by Biomphalaria glgbrata contained. 19 amino acids,

a peptid.e fraction and. other unid.entified. groups. Compounds of snail

origin may originate from waste products and. fron mucus, although

amj-no acids may also be released. from epithelial cells in the process

of osmoregulation (fotts, 196? in Maclnnis et aL, I9?4). These

compound.s may enrich the medium and. be absorbed. by plant shoots,

which in submerged" macrophytes are the nain sites of nutrient

absorption (Arens, L933i Steenan Nielsen, I957i LowenhaupL, f956).

î¡leLzel and McGre gor (t968) observed. that the presence of Amnicola

in cultures of Cþura stinulated- the growth of this plant.

The provision of carbon d-ioxid-e by respiration of snai-ls

is probably of minor importance since a large proporti-on of breathing

occurs at the surface. Some carbon d.ioxid.e from the bod.y fluids of

pulmonates may be fixed- into interned.iates of the citric acid. cycle
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within the body and. may be later released. by d.ecarboxylation of

oxalo-acetate and. converted- to carbonate and- bicarbonate by carbonic

anhydrase (Timnermans, 1969) which is present in the mantle of
pulnonates and- rr"hich accelerates calcium d.eposition (Freerøn, \)60;
Timrnerrnans, I)6)) .

The participation of plants

population d.ynamics of theiT gra;zers

the regulati-on of the

an interesting concept but it

l_n

LS

nust be remembered. that nechanisms of such complexity, based. upon

physiological processes, provid.e for a wid.e range of variation, and.

ultimately of flexibility within the system. several workers (".e.
Bovbjerg, r968i Jager, l9?Li McDonald-, L9n) have noted. the ind_ividu-

alistic natures of behavioral responses in snails subjected. to the

same sets of external stinuli; perhaps such plasticity within closed.

populatlons in nature provid.es a means for further evolution and-

ad.aptation of the system in the face of changing environmental

pressures r
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This portion of the study has d-emonstrated. that d.ifferential,

time-d-epend.ent d-istributi-ons of gastropod.s existed. with respect to

d.ifferent macrophyte stands, and. that the populatlon d.ynamics of the

snails were related" to the growth patterns of the host plants. The

particular systens that showecl- this behavior were those of Physa ffyri-na

and- Polamogeton Þectinatpç, and. LJmnaqa stagnalis and. P. richard.sonii.

The two associati-ons functioned- ind-epend-ently of each other when

coexisting within the same water bod.y.

At this point, the plant-snail association mod.el could. be

formulated. by the following statements¡

1. P4yqa gyrina and L. qtqflnali=S¡ appeared. to respond to slightly

d.ifferent exud.ates from d-ifferent food. sources; these may have

involved. fructose and. glucose in the forner and- sucrose in the

latter, or products resi¡lting from microbial activity which

altered. the itl-entity of the original compound.s.

2. Pqtamogeton pecti4qtrls produced. higher levels and. proporbions

of fructose and. glucose than d.id. l. ri.char.dsonii during a large

part of the season¡ L richar4s_onii produced higher proportions

of sucrose.

During the early part of the growing season, a large part of

each respective snail population migrated- to the prefe:red.

plants; taxis may have been based. on d.ifferential concentrations

of specific carbohydrates or other plant-originated. factors.

The snails grazed- on the plants. The first rise in sugar levels

in the host plant tissues raised. the haemolyrnph glucose

concentrations in the snails.

3.

...., i l

:{

4.
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5. Provid.etl- that the temperature threshold- had. been exceed-ed., the

increased. haemolymph glucose levels stimul_ated_ reproduction

which occurred. on the respective plants.

6' Because carbohydrate levels in the plants fluctuated. with time,

oviposition occurred. during a d.ecrease in carbohydrate levels

in the plants which followed the first peak that had raised- the

haernolynph glucose levels¡ The eggs hatched- by the time the

plant carbohydrate levels had. again increased..

f. Reproduction ceased. because; a) carbohydrate levels in the host

plants d-ecreased., or b) the aclults d.isappeared-. Reproduction

resumed- later in the season because temperatures still exceed.ed.

the threshold- value and. the young of the year had_ reached.

reproductive maturity. The second. period. of reproduction was

often preced-ed. by an increase in the carbohydrate levels in the

host plants.

These associations were not obligatory in that the specific

cornponents of this mod-el could. be exchanged- for alternate species,

provid-ed- that the plants produced. higher proportions of the respective

at1utacLants and. that the snails were responsive to these substances.

The evolution of such a system has the advantages that the

young energe at a time when the substrate is ri_cher in energ-y and.

their chances for survival are enhanced., and. the d-ifferenti-al resource

partitioning within a closed- environment minimizes interspecific

competition for food- and. space.

The precise nechanisns that govern the operation of

dynanically related. plant-snail associations can at this point only

t:i¡;í:
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be speculated. upon, pend.ing a better und-erstand.ing of submerged_

macrophyte ecophysiology and. snail physiology and.-behavlor. In
particular, subsequent stud.ies should. be d.irected. at the compositj-on

of plant exud.ates und.er various environmental cond_itions, the

concentrations of these compounds and- their persistence in the ned.iurn

and. the responsiveness of d-ifferent gastropods to various plant

fractions. rt is Iikely that other associations will be brought to

light, for such systens are probably wid.espread..



PART ÏI.

A SIIRVEY OF SIIBI\ÍERGED PIANT-SNATI

COMMUNITTES AND ÀSSOCTATTONS
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T. Objectives

The quantitative stud-y of submerged- inacrophyte corununities . 
.,,.,,,,in Part I had- shown that two major plant-snail associations existed.

within the stud.y areas; these appeared. to be persistent from year to

year d.espite varying envirorunental cond.itions. Because the stud.y in 
: :

': 
.' -.:'.'.:Part r was confined. to a snalI geographlcal region, it provid-ed. ,',,,,1

little information regard-ing the extensity of these associations on 
¡,r,,.:

a wid.er topographical or envlronmental scale, while the limited-

numbersofspeciespresentatthestud.ysitesreduced.thepotenti-a1

for the d.evelopnent of other associations.
:

Accord.ingly, a stud-y with a time-limited., space-unlimited-

approach was constructed. having the following objectives: 
i1.ToaSSeSStheextensityofthepotentia1ford.eve1opmentofthe

Potanogeto! pectinatus - Physa g.l.rina and. potamggeton .

richard-sonii - Lymnaea stagnalis associations in terms of

selected- envirorunental paranneters within a portion of the 
,, ,,,,ì
:_t L.: ..

geographical ranges of these species. 
,,,,..,,
.., ..2, To estinate the extensity of the potential for d.evelopment of "

other plant-snail a.ssociations in terms of selected. environmental

paraneters within the geographical area in (1).

3. To study the species composition of the plant and. snail it-:,.

comnunities' respectively within which the potential associations

ot (1) ana (2) tend- to occur.
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These problems were approached. in the following Ì{ays;

1. An ecological- tolerance spectrum Ìras estimated. for each species

by record.ing the range of values for each selected. parameter

within which the species occurred- at a large number of si-tes

und.er natural cond.itions. The range of values for sites at

which the species was record.ed- rlras conpared- with that for sites

from which the species appeared. to be absent.

2. An examination ?Ías mad.e of the significance of the tend.ency for:
a) Potamogeton pectinatus to occur jointly with physa mæi.na

and. for P. rlchard.sonii to occur jointly wi-th Lymnaea

stagnalis within the sane site, and-

b) al1 other possible plant-snail conbinations to each occur

jointly within the same site.

J. The significance of the tend_ency for all possible plant

combinati-ons and. all possible snail combinations to each occur

jointly r+ithin the same site was examined..

ïI. Literature review

A. Aquatic macrophyte associations

Much of the current knowled.ge regard.ing the composition of

subnerged- nacrophyte comrnunities with regard. to environmental factors

is the result of fairly recent investi-gations. spence (196?) sampled.

nore than 100 sites in Scotland- for macrophytes and- collected. water

samples fron approxirnately 50 of these. He id.entified_ several plant

associ-ations which could- be correlated with d.efined- ranges of pH and.

alkalinity. sed.don (tgZz) combined- the observations of several

workers for a total of 70 lakes in lfales with respect to the

ir.fi": : l: :
:- :..
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occurrence of macïophytes and- constructed. floristic lists which were

ord-inated. using principal conponent analysis (".g. Orloci, L966),

llater from 22 sites was examined. by Sed-d.on (tgZZ) for the parameters

of pH, conductivity, total d.issolved- solid-s, total alkalinity, color

and. unspecified- cations, anions and trace elements. This study

id.entified. sorne plant associations and. shol.ied- that the tl-istributions

of some macrophytes appeared. to be confinetl- within certain ranges of

hardness and- conductivity; however the small numbers of sites for which

water chemistry was known preclud.ed- more definitive conclusions'

C:r_rm and_ Bachmann (f9n) conducted a survey of the submerged

macrophytes in 6 lakes in Dicklnson County, lowa and were able to

correlate comnunity composition and- d.istribution i,iith Secchi d-isc

transparencies. Reynolds and- Reynords (L9?5) studied' the inacrophytes

of 72 lakes in the Chilcotin region of Sritish Col-umbia in relation to

the parameters of water temperature' conductivity' Secchi d.isc

transparency and. d-issolved- oxygen. These workers suggested- that plant

d.istribution in some areas may be coselated. with the d.ominant anion,

whose effect upon the composition of the submerged- plant communlties

may in turn affect that of the associated- invertebrate fauna.

Malme (tgZÐ d-istinguished. 7 association groups among the

submerged. corununlties of 26 1:akes in western Norway using phytosocio-

logical techniques. He found- that the associations showed. wid-e

tolerance ranges with respect to the parameters of pH, conductivity'

chlorid.e, color, d.ichromate, total phosphorus, nitrate, calcium,

magnesi-um and- sod.i-um. Krauscn (lgZ6) d-escribed- several subnerged.

plant communitles in Germany following the phytosociological method-s

,.r..ì r,ì-,::''-t,
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of Braun-Blanquet (tgZZ, ! Kersinaw, I9?3); rt" recognized several

plant associations and. conclud.ed. that their tolerance to envlronnental

cond.itions depended. upon the species involved..

0n a more limited. scale' surveys of submerged. macrophyte

conmunities have been conducted- within single river systems (".8.

Southwick and Pine, I9?5i Holmes and. Whitton, I9?þ' and b) and.

estuaries (".g. Verhoevenr lg?Ð. Stud.ies restricted. to particular

taxa i-n relation to water chemistry have been mad.e¡ for example,

Hutchinson's (t9?O) study of I species of Mrrriophyl-lum using

Lohanrnar's (f934 in Hutchinson, l9?O) d.ata, and. Hellquist's (tgZS)

outstand.ing study of the genus Potamogeton al )2I sites in New

England.. The latter iqorker exanined. the d.istributlon of the genus

Potamogeton with respect to the parameters of total alkalinity, nítrate,

chlorid.e, free carbon d.ioxid.e and- d.issolved- total phosphate and- found.

that the latter two parameters were of little value in influencing

community composi-tion while total alkalinity, and. to a lesser extent,

nitrate and. chlorid-e appeared. to exert significant effects.

B. Aquatic gastropod associations : ',:: ":.:::1

Gastropod. associations have been littIe stud-ied. asid.e fron .,,," ,

.,-,-',,t'.

qualitative examination of species lists. Baker (tgZB) noted. that

certaln species of nolluscs often tend-ed. to occur with each other

and- with certain submerged macrophytês. Lâ, Rocque Qgeq comp5-1ed and.
:r::'1, ::

examined. qualitatively the species lists of several workers. Clarke i:, , :,,

(fgn) conducted. a survey of the aquatic molluscs of the Canad-ian

Interior Basin; he noted. that certain species often occur together

but provÍ-ded no quantitative data. A survey conducted by Grirun (lgZS)
':
. :'1 .:':i '
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of ) Iakes in Quebec showed- that recognizable assenblages appeared"

to exist but the number of sites examined- was too snall to show

significant association tend.encies.

C. Plant-snail associations

Asid-e fron Baker's (lpZB) pioneering observations, the

d-istribution of plant-snaiL associations has been little stud.i-ed..

Pip and. Paulishyn (l-)Zl) qualitatively examined- the plant and. snail

communities within which Promenetus exacuous occuffed. at several sites

j-n southern Manitoba with respect to sulphate levels in the water.

Ghestem et a1 (tgZ+) conducted. a phytosociologícal study of several

sites in France in an effort to d-efine, in terns of macrophytes, the

biotopes characteristic of Lymnaea truncatula.

D. Analysi-s of association

Forbes (f90?) was the first worker to study associ-ations

quantitatively on the basis of the frequency of joint occurrence of

two species in a number of samples. Some subsequent workers (".g.

Malne, A9?5¡ Krausch, f9?6) have mad.e use of phytosociological

methods (see section A above) in d.escribing plant associations but

the subjective nature of such analysis has limited. its value in

comparative stud.ies. Cole (]-9t+9) based- hi-s measurements of interspecific

associati-on on the Chi-square test for the significance of the

frequency of two species to occur jointly in a series of samples.

The Chí-square test has since been wid-ely used. in associati-on analysis

(".g. DeVries , a953; Goodall , L953; itelch, 1960¡ Agnew, L96I),

Mod.ifications of association anaLysis for restricted. applicatÍ-on,

such as inverted lnd.ices (nute and- TerreAL, I9&+) and Fager's affi-nity

;r: l¡: ::t

'.; 
-l:..ì ::;;:,ìt: ;' ::lì, 

j

,:.:. i '. . J.
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ind.ex (¡g fafty, L9?Ð,sti11 requÍ-re the application of the Chi-square

test to determine associati-on signi-fj-cance.

ïIï. Stud.y area and. site selection

The survey r{as conducted. within the area bound.ed. by 4foN and.

5þoN, and !4oW and 1060ÎÍ. This region 1ay well within the distributional

ranges of Potamggeton pgctinatus and. fu richardsonii (Gleason, agSZ)

as well as those of Physa gfrrina and. Lym.naea stagnalis (Baker, I9Z8;

Clarke, Ign). The heterogeneity of this area in terms of geology and-

the abund.ance of permanently submerged. habitats provid.ed. a large

d.iversity of aquatic environments.

According to lfeir (tg6O), the surface d.eposits of the region

east of approximabely )6otñ to the eastern boundary of the study area

are composed. predominantly of Precambrlan granites and. granitic

gneisses, often massed. in large outcrops, although south of

approxinately JOoN these are replaced. by d.eposits of sand.. The region

west of 96oW to 98oW in the extrene south and- as far as ppotrf in the

area south of Lake Manitoba is characterized. by heavy surface

d-eposits of silts and. clays, while the region from the western shore

of Lake trüinnipeg to approxinately 10001ü, north of the southern shore

of Lake Manitoba, contains extensive d-eposits of limestone, which

grad.e loca11y into d-olomite and. g¡rpsum, and. are often interspersed.

with fragmented. granitic materials. The region west of 100oll and. south

of approximately 50oN contains d.eposits of sand. and. sandy loanns,

although these are locally intermpted. in the south, particularly

around. the Pembina River valley, by shales and. li.nestone. The region

west of 100olf and. north of approximately 5OoN contains surface
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d.eposits of shales and- limestone which are interspersed locally with

silts and. clays. ïreir (fg6O) has sunmarized. the general climate and

vegetation of mueh of this region.

The sites selected. within this region had. the following

features;

1. The sites were pernanent, i.e. they contai-ned- areas that were

submerged- throughout the year.

2. tine sites appeared. to be free from the effects of herbicid-es

and. insecticid.es and. showed. no evid-ence of dumping.

3. fn the case of artÌficially excavated- basins, the sites were

believed. to be sufficiently established. in time to have alread-y

provid.ed. opportunity for colonization by aquatic biota. This

Ïras assessed on the basis of:

&, the presence of established shore flora,

b.theabsenceofd.isturbed.bareareasofsoi1ind.icating

recent excavation,

c. the presence of macroscopic aquatic biota, and-

d-. d.ating the site by inquiry of Local resid.ents, if possible. 
,,,,_.,

4. The sites ?Íere accessible by passenger car or four-¡qheel drive ':,1'.

vehiele . :;";,,:,

. ''..':

Sampling was conducted. during the May to September, 19?l+-6

seasons¡ each site vqas visited. only once

A total of 305 sites was includ.ed. in the survey. The 
i_,,.,,,;

distribution of the sites within the study region is sholrn in Fig. p2;

their locations and. d-escri-ptions are given in Append.ix IT.

0f the sites examÍ-ned, 47.5% were lakes for which the area

of open water exceed-ed- 10 heetares, 6,ffi were rivers for which the
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Figure )2. DisLribution of the sites within the stud.y region.
Sites 20J and,206 are not represented. but lie
farther to the west in Saskatchewan.

Il;'



it'

5!'-

60 KMO\

a
a

t
a
ì

N

r

t¿

I

\
I

\Li\¡¡þ

orþ

\4

'íwJo'-

ag'-

I

aO
a

o¡.
a

a
aiÃ :' -s1Þ

.t
ltl
roo' 99' OeE,

a

a
, q--5

cc' \Je¡'

'e#

i:,;
i .,::

F
¿5 4,i

IIt
o



318

d-epth of the major channeL exceed-ed- 2 m, anð. B.frt were creeks for
which the d-epth of the major channel d.id. not exceed. 2 m. The

remaining 36.7% of the sltes were closed., generally lentic bod.ies

for which the area of open water d.id. not exceed. 10 hectares; this
heterogeneous group i-nclud.ed. oxbows, natural pond.s, bog pooIs,

springs and- artificial excavations.

: ìi !'l:':::ìì
f:.,ì,:r.:. .- -1.'

r.:itj¡¡::::i Ì
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I. Biotic sampling

All species of plants that were at least partially submerged.

and. d.irectly accessible Lo grazing by aquati-c snails, and. all species

of snails, includ.ing specimens in fuift lines, that were seen at each

site were record.ed-. Sites that were smal1 enough to be searched.

within one hour, either by wad.ing or by canoe, lrere erplored- completely,

while in those that were larger, the sampling region rras limited. to

an area of the subnerged- nacrophyte zone that could- be traversed- by

canoe in one hour. The size of this area was d.epend-ent on d.egree of

exposure, weather, curcent, velocity and- visibility beneath the water

surface. Submerged. stand"s that were beyond. reach T^iere sampled- by

using a gard-en rake. In areas where visibility was poor and. drift

lines were absenl, a bottom sample was obtained. using the method-

d.escribed- by Pip and Paulisnyn (t9?1) and. was filtered in the field

through a 1 nm mesh sieve.

IT. Envirorunental- neasurements

A surface water sample was collected- at each site in an

airtight bottle which was iruned.iately placed. i-n ice in a lightproof

container. All water sanples were frozen within a maximun of 4.8 hours

after collecti-on. The pH of the surface water ?ras measured. in the

field. with a pH meter.

The water samples were analyzed,, after thawing, for total

filtrable residue, total alkalinity, chlorid.e, estimated. total

nitrate and. nitrite, sulphate and. nolybd-enum-blue phosphorus, and.

i.:
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an ind-ex for d.issolved. organic matter was d.etermined. using nethod.s

recommended by the American Public Health Association (t9?t) which

have been d-escribed. on p. t?.

i-:. f,

t1ì:itl:,ç.;
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the species of the genera Qhara, Sparganium, Eleocharis,

Caltitriche and. Sagittaria (except S. rigid.a Pursh) were each

grouped. together because of the difficulty of id-entifying individual

species only on the basis of vegetative characters, si-nce reproductive

structures T¡rere often not present at the time of sampling. Submerged.

mosses were also grouped- into a single category; these belonged.

largely to the genera Leptod-ictyun and- Drepanocladus.

Al-isma ffamineum Gmel. was not consid.ered. to be d.istinct

from A. trir|iale Pursh, following the convention of Gleason (tg5Z)

who believed. that the former morph fe1l within the linits of

variation of the latter.

The following were first record.s for Manitoba: polanogetqn

ampli-folius Tuckerm., P. s.piril.trs Tuckerm., P, obtl.rsj{olius lvlert. &

Koch. ancl 4rioca.ulon qeptanzulaqe 1rrith.; Zosterella (--tt"t"=""tt 
"rr)
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TABLE XXXV. Percent relatlve frequency within the study area of
rnacrophytes at least partially subnerged- at the tine of
sampling, based. upon a total of 2116 species lots examined-

fron )0J sites. Species below the d-otted. line were recorded.

at fewer Lhlan 5 sites.

Species or species group /o relaLive frequency

Mwiophyllum exalbescens Fern.

Potamogeton rlchard-sonii (B enn. )nyat.
P. pectinatus L.

Ut_ricularia vulgar.is L.

Ceratophyllum denersun L.

Chara spp.

Sagi-t-tari-a spp. (except S. rigid.a)
f,emna ninor L.

L. trisulca L.

Sparganium spp.

Potamogeton gramineus L.

P. natans L.

Polygonum amphibium L. var. Ë!ipl4€@ (Coternan)Fern.

Nuphar varj-egatum Engelm.

Potamogeton zosteriformis I'ern.
Sium suave Ïfalt.
Elod.ea canad.ensis Michx.

Alisna triviale Pursh

Hippuris virlgarås L.

Submerged. mosses

Potamogeton praelongujs llulfen
Na.'ìas flexilis (Wiff¿.)Rostk. & Schmid.t

Potamogeton pusillus L.

P. friesii Rupr.

Vallrisneria americana Michx.

Potamogeton foliosus Raf .

P. vaginatus Tutcz.
Eleocharis spp.

Spirod.ela polyrhiza (f,. )Scnfeia.

?.6
Ê r'1).(
4.8
4.7
l+,1

3.6

3.6

3,4
3.2

3.0
90

2.9
2,9
2,9
2.7
2,3
2.3
2.7

2.0

2,0

T,9

1.8

1,7

r.6
T,6

1.5

T,5

t.4
I.Lt,

contLnued. .
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TABLE XXXV. (continued)

Species or species group % rel.a1-i-.ve frequency

Potanogeton amplifolius Tuckerm.

Zizania aqug.tica L. var. interior Fassett
Potamogeton epihydrus Raf. var. nuttalli (c.as. )Fern.
P. filiformis Pers.
Utricularia intermed.ia Hayne

Megalod.onta beckii (Torr. )Greene
Ranunculus aquatilis T,. var. capillaceus (ffruift.)OC,
Ruppia maritima L. var. occid-entalis (Wats.)Graebn.

Callitriche spp.

Nymphaea od-orata Ait.
Calla palustris L.

Utricularia minor L.
Nr¡mphaea tetragona Georgi ssp. leibergii (tutorong)

Porsild
Nuphar nicrophyllun (eers.)Fern.
Mentha arvensis L. var. villosa (Benth.)Stewart
Zosterella dubia (.lacq.)

Sagittaria rigida Pursh

Potamogeton alpinus Balbis var. lenuifolius (naf.)Ogaen

P. robbinsii Oakes

P. spirillus Tuckern,

N¡rmphaea tuberosa Paine
Brasenia schreberi Gnel.
Riccia fluitans L.

Potamogeton obtusifolius Mert.&Koch.
Caltha palustri-s L.

Mrriophyllum verticillatum L. var. Bectinatum Ïfallr.
a a a l a a a a a a a a a a r a a r a a a a a a a a l aa a a a a a a a t a a a a a a aa a a a a a a a a a a a a a a a a t a t a a a a a ¡. a

M. alterniflomm DC.

Ranunculus sceleratus L.
Najas graeillima (A.Br.)tUagnus

Polygonum coccineum Muhl.

!,2
r.7
1.0

1.0

1.0

1.0

0,9

0.8

0.8

0,7

0,6
0.6
0.6

0.5
0.5

0.5
0,3
0,3
0.3
0,3
0,3
0.3
0,2

0.2

0,2

0.2

<0,2
10,2

0.1

0.1

continued-. . .
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TABLE XIXV. (eontinuecl)

Species or species group % relaLive frequency

Ranunculus circinatus Sibth. var. subrigidus (nrew) 0.1
Benson

R. emelini DC, vaï. hookeri (Don)lenson 0.1
Mrciophyllum heterophlllum Michx. 0.1
Za_nnichellia palustris L. <0.1
Potamogeton illinoense Morong <0.1
P. strictifolius Benn. var. m_tiloid.es Fern. (0.1
Ranunculus flabellaris Raf. <0.1

R. reptans L. <0.1

Eriocaulon septanzulare trfith. <0.1

Utri-cularia Reniniscapa Benj. <0.1

I ;;' ¡'

i't:,ì:t
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dubia Jacq. was previously first reported. from Manitoba by pip and.

Paulishyn (tgZl). Rydberg (tglZ in Scoggan, L95?) first reported

Bqasenia, schreber_i Gmel. fron Manitoba, but Scoggan (t95?) exclud.ed

this species from the flora of the province because of the lack of

verifiable specimens. This species was found. at several locaLities

within the province during the present survey and. must be reinstated.

in the flora of Manitoba.

Representative specinens of the nacrophytes collected. during

this survey have been d.eposited. in the herbarium of the university

of Manitoba. A list of the sites where each species or species group

was record.ed. is given in Append.ix IITA.

Mvriophyllun exalbescens (ralte XXXV) was the most frequently

encountered. species within the stud.y region; it was record.ed. at t6I

sites and- comprised- ?,6% of the total species lots examined-.

Potamogetoë richardsonii and. P. pectinatus were the next most

frequent species, and- Trere record.ed. at LZL and" 101 sites respectively,

comprising J,lft anð' 4,8% of the total species lots. The most important

generic group was Potamogeton, whose 18 species within the stud.y region

conprised. a total- relative frequency of 3r.65% ot the macrophyte

groupÍ-ngs. A revj-sed. key to the species of the genus lotamogeton

occurring within the study region is given in Append.ix rv. Al1 of

these species r¡rere record.ed. in Manitoba during the present survey,

except for P. illiJroenss; however scoggan (r95?) reported the latter
species from the province.

The relative frequencies of some emergent species¡ e.g.

PolygoIun coccinqum and. emergent members of Ranunculus, were

jr, : a.:::
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d-eceptively low since these values d-id. not reflect the true

frequenci-es of occurrence but ind-icated- the frequencies nith which

these taxa were found- in an at least partially submerged. cond.ition.

B. Ecolory

The mean values for each of the 8 parameters for water

chemistry at the sites where each species or species group that

occurred. more than once was present and. where it was absent (figs.

93-1OO)showed- that many species appeared. to occur more frequently in

waters where low or high values of certain parameters prevailed.. The

significance of the d-ifference of these neans between sites where

each taxon lras present and- where it was absent was tested_ using

unpaired. t-tests. The results (talte XXXffi) showed- that many

significant (p<.05, n=305) tlistributions appeared- to exist. The

paranneters could. be correlated. with d-istribution of the ta>ra, based.

on numbers of species or'species groups showing significant tests,

in the following ord-er of importance. total alkalinity, total

filtrable residue, pHr d.issolved. organic matter, estimated_ total

nitrate and- nitrite, molybd.enun-blue phosphorus, chlorid-e and. sulphate.

Significantly lower values for total alkalinity r^rere observed. for 24

groups, includ-ing p species of PotamoÂeton; Ruppia maritima was the

only species that tend-ed. to occur at sites with significantly hígher

values for this parameter. Significantly lower values for total

filtrable residue were observed. for 2I Laxa, includ.ing I species of

Potanogeton, while Ruppia maritima, Potamogeton pectinF.t]rrs and_ p=

vaginatus tend-ed. to occur at sites with significantly higher values.

Total alkalinity and- totaL filtrable residue appeared to be related
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Figure 93, Î\ean values for pH at sites where each nacrophyte species
or species group was present and_ where it appeared. to be

absent. Vertical bars represent stand.ard. errors. Species
whieh welîe record.ed. only once have been d_eleted.. Species
nu¡nbers refer to the following taxa¡

1. thara spp.
2. Ricci.a fluitans
l. Sparganium spp.
4. Ruppia maritima
6. ffiñõeãEóffiinus
7, P. anplifolius
8. P. epihydrus
9. P. filiformis

10. P. foliosus
I1. -H . ïrl-esl-l-
t2.l ffiñ".ts
14. P. natans
15. P. obtusifoli-us
t6. I ;ã"ti""J""
t7, P. praelongus
18. P. pusillus
L9. P , richard.sonii
20. P, robbinsii
2t. P, spirillus
23. P. vaginatus
zl+. P, ffirmis
25. Ñã..iæEm-e6.G.ãIiffi"-
2f . AljrÞma triviale
28. Þaeittaria rieid?
2). SasLLLaria spp. (except S. rigida)
J0. Elod-ea canad.ensis
Jl. Vallisneria americana
32, Z.iZanÍ,a aquatica
JJ. Eleocharis spp.
34. CaILa palustris

35, Lentna ninor
36. !-- i=i="l""
37. Spirod-ela polyrhiza
38. mñjnñ ãrnphïbffi
39, P. coccineun
40. Grããffim 4e¡nersum
41. Nyrnphaea odorata
42. ilEãeãã-"-
43. N. tuberosa
4þ. ñãpjii,@phyttnm
45. N. variegatum
46. É-raffiñreberi4?.m
48. ñfficuffiEnis+g.@
52. R, gmelini
fi. n, sceleratus
}l. Grffiõññpp.
55, Mwiophyllum alterniflorum
:o.ffiGttF
57. fr rrffiããîÏrum
58. 1'1. veqticlllatum
59. Hippuris vulgaris
60. ffiiGvf
6t. ñffiensis
62, ffit:rffiærmed.ia
6r. u. ãfror
64. T iffiris
66. MeEalod"onta beckii
68. Zosterella dubia
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tr'igure )4. Mean values for total filtrable residue (e/t) at sites
where each macrophyte species or species group was

present and. where it appeared. to be absent. vertical bars
represent stand.ard- effors. Species which were record.ed-

only once have been d.eIeted.. Species numbers refer to the
following taxa:

1. Chara spp.
2. Riccia fluitans
3. Sparganium spp.
4. Ruppia naritima
6. ffiõeffiffiin'.rs
7, P, amplifolius
8. P, epihydrus
9. P, filiformis

10. P. foliosus
ttLlr -H. fïl-est_l_
L2, f ãñã-us
14. P. ãffis
15, I õTffilfotius
1-6, I peãffirs
I7. P. praelonzus
18. P. pusillus
L9, P. richardsonii
tut E. rooþl_nsl-l_
27, P. spirillus
23, P. vaginatus
24, I ffirnis
z¡. lla.iffiz6.ilEffiIlil
2f. Alisma triviale
28. Sagittaria rigida
29. ffi ffilexcept fu rieid.a)
30. Elod.ea canad.ensis
31. Vallisneria americana
J2, Zizania aquatica
Jl. Eleocharis spp.
34, Ca]-]-.a palustris

35, Letwø rninor
36.tiãiffiã
37. SiõEäõorinrrriza
J8. Polygonum anphibium
39. P. coccineum
40. Gffiñytlum d.emersum
41. ffiãhffidorail-
42. N. tetraEona
43. N. tuberosa
44. ffipñ?ffiïãopr'yttum
45. N. variegatum
46. E-raffieberit+?.ffiaÎffi
48. ñffin-ctrffiEitis49.@fr",
52.. R.. gmelini
Ð. A. sceleratus
54. ilatEllfffipp.
55, Nlwiiophyllum alterniflorum
:o. ffiGn" 

-
5?. ú lffiõããIlrum
5ß, l[.. verticillatum
Jp. Hipouris vulsaris
ou. ¡rum suavl
6r. frãTrrffiensis
6z . ffif-cutãÍãããermedia
63. tñïãóF
64. I îilearis
66. fr-esãiãããE beckii
68. Zosterella dubia

ii.... l.,l:::;.-
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Figure 95, Mean values for total alkalinit¡ 6eh CaCO.) at sites
J'

where eaeh macrophyte species or species group was

present and. where it appeared. to be absent. Vertical bars

represent standard. errors. Species which were record.ed.

only once have been d-eIeted.. Species numbers refer to the

following taxa.

1. Chara spp.
2. Riccia fluitans
J. Sparganium spp.
4. Ruppia maritina
6. ffiãsffiEint"
?, P. amplifolius
8. P. epihydrus
9. P. filiformis

10. P. foliosus
11. P. friesii
1-2.1Effifããu=
1-4, P. natans
15, P. obtusifolius
1,6. P. p""tffi
I7. P. praelonrus
18. P. pusillus
L9, P . richard.sonii
20, P. robbinsii
2L. P. spirillus
23, P, vaginatus
24. P. zosteriformis
25. Naias flexilis
20. n.- gcffi-ã-
27. A]-'isna triviale
28. Sagittaria rigida
29, ffi" ãltJexcept fu rieida)
30. Elod-ea canad.ensis
31. Vallisneria americana
J2, Zizania aquatica
Jl. Eleocharis spp.
34. ffiãJffistiis

35. Lenna ninor
36.j@
37. Spirod-ela polyrhiza
J8. Polygonum amphibium
39. P. coccineum
40. Ceratophyllum d.enersun
41. Nymphaea od-orata
42.@
43. w. tuberosa
/{4. Nuphar microphyllum
45. N. vari-egatum
46. ilraffiffieberi4?.ffi
4s. RãñumõiãTnis
+g. R. "i""i"rt"=52, R. gmelini
53, L sceleratus
¡itt.. callitriche spp.
55, l[wiophyllum alterniflorum
¡e.
57. YI. heterophyllum
58. M. verticillatum
59. Hippuris vulgaris
60. ffi-ffir¡"
61. ffiÏhffiensis
62, ffitffi,ernedia
.r-r.ffi-
64. u ffiris

-+6ó. MeEalod-onta beckii
68. Zosterella dubia
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Figure 96, Vlean values for chlorid-e (mg^) at sites ¡rhere each

macrophyte species or species group was present and_ where

it appeared. to be absent. Vertical bars represent stand.ard-

errors. Species which T^rere record-ed_ only once have been

d-eleted.. SpecÍ-es numbers refer to the following Laxa¿

1. Chara spp.
2. Ricci.a flui-tans
J. Sparganiun spp.
4. Ruppia naritima
6. ñGãeffi-ffiinus
7. P. amplifg.lius
8. P. epihyd-rus
9, P, filifornis

10. P. foliosus
l.t. r. IrLesl_l-
L2, P. ffi,"s
tl+. P. natans
L5. P. õffiffolius
t6, l p""ti""t"s
17. P. praelonzus
18. P. pusillus
L9, P , richard-solii
20. P, robbinsii27,1ffi
23. P. vaginatus
24. P. zosteriformis
25. Najas flexilisz6.Gffii-F
2f . Alísma tri-viale
28. $agittaria rigid?
2p. Sagittaria spp. (except S. rigid.a)
30. Elod.ea canad.ensi-s
J1. Vallisneria americ?na
)2, Zizania aquatica
JJ. Eleocharis spp.
34. CaAIa palustris

35, Lenna mj-nor
:6. l._ t=i""f".
37. Spirod.ena. polyrhiza
J8. Po1yænum amphibium
39. P. coccineum
40. Ceratophyllum d.emersun
41. Nym;haeffirañ
42. N. tetraeona

-+43. N. tuberosa
l+. -IV"oh"= r*"ot uti*
45. N. variegatum
46. ñaffiffiñleberi42.ffi
48. ñffiãuÎFãiãTiti'49.@
52. R. smeLini
53, R. sceleratus
g¿r. G:.frEffiGpp.
5 5, Iulyriophyllum alternifLorun
56.
57, Yt. heterophyllum
58. U. verticillatum
59. Hippuris vulEaris
60. Sium suave
6r. rrtãTrrffiõensis
6e. ffilãã-fñernedia
,;r. ññã-
64. rJ. iffiãris
66. Meealod.onta beckii
ó8. Zosterella dubia

r - ,.r.ii.j :i:ì.:
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Flgure 9?, Î{ean values for sulphaile (ngfl) at sites where each

macrophyte species or species group was present and. i^rhere

it appeared- to be absent. Vertical bars represent stand.ard.

errors. Species which T^Iere record.ed- only once have been

d-eleted-. Species numbers refer to the following t'axaz

I.
2.
3.
4.
6.
a
l.

8.
9.

10.
LL.
L2.
14,
I5.
IO¡
L(,
18.
L9.
20.
t4
23,
24,
25,
26,
27.
2'8,
29,
30.
37.
32.
33.
34,

43.
l+l+.

45.
Lt'6.

D

P.
D!r
lf

D

Ð

D

D

D

õ-
f.

õ-
I.

DT¡
D

Chara spp.
Rigcia fluitans
Sparganiun spp.
Ruppia naritima
Potamogeton alpinus
P. amplifolius
P, epihydrus
P. filifornis

fôliosu.s
friesiÅ
tramineus
natans
obtusifolius
pectinatus
praelonzus
pusillus
richard.sonii
robbinsii
spirillus
vaÂinatus
zosterifornis

Najas flexil-is
N. gracillima
Àlisma tri-viale
Sagittaria rigida
ffira E!f,I(.xcept
Elod.ea canad-ensis
Vallisneria americana
ZLzania aqua_Lica
Eleocharj-s spp.
Ca1la palustris

35, Lenna rninor
36, L, trisulca
37.
38.
39.
40.
41,
42.

47,
48.
49.
52,
53.
54.
55.
56.
57.
58.

M.
M.
M.

Spj-::odela polrrhiza
Polygonum anplibium
P. coccineun
C eratophyllum d.emersum
Nymphaea o9orata
N. tetragona
N. tuberosa
Nuphar microphyllum
N. variegatum
Srasenia schreberi
Caltha pa_lgstris
Ranunculus aqu-atilis
R, circi-natus
R. gmelini
R. sceleratus
Callitriche spp.
My-riophyllum alterniflon:m

exalbescens
heterophyllun
verticillatum

S. risid.a)

59. Hioouris vt¡.lsaris
60. Siurn suave
61. frãtr^iffiensis
62. r|reicuffi,ermed.ia
o;,. ññr-
64, I ñi,ilaris
66. ll,esa]-.od-onta beckii
68. Zosterell-a dubia

¡:,::,.-r1:,
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Figure 98. Mean values for estinated total ni-trate and nitrite (ng/t) aL

sites where each macrophyte species or species group was

present and- where it appeared. to be absent. Vertical bars

represent stand.ard- errors. Species which were record-ed- only

once have been deleted.. Species numbers refer to the

following Laxaz

1.
2.
3.
,L+.

6.
7.
8.
9.

10.
n_.
12,
It+.
I5.
10,
17.
18.
L9,
20.
2I.
23,
2L+.

25,
¿o.
27.
28.
29.
30,
3L,
32.
33.
3L+,

Chara spp.
Riccia fluitans
Sparganium spp.
Ruppia maritina
Potamogeton alqinuE

35, Lenna minor
36. L. trisulca
)('
38,
39.
40.
l+I.
42,
43.
A+,
45.
46.
Lt7 ,
48.
49.
52.
53.
9+.
55. Myriophyllum alternif_lorum
56, M. exalbescens
57, VI. heterophyllum
58. L verticillatum
59. Hippuris vulgaris
60. siun suave
67. ffiffiensis
62, ffilaria i-"terned.iaet.@
64, tJ. vulgaris
66. re.gglodontr Þeckii
68. ZosLerella dubia

S p iro d.e1a po llrrhi_za
Polygonum anphibiun
P. coccineun
Ceratophyllum d.emersum
Nynphaea odorata
N. tetragona
N. tuberosa
@
N. variegatum
Brasenia schreberi
Caltha palustris
Ranunculus aquatil_is
R. circinatus
R. gmeligi
R. scele_ratus
Callitriche spp.

Drr
õ-
õ-
õ-
õ--
ã-
P.
P,
P.
D

Dr.
õ-
II

õ-
!.õ-
II

õ-
õ-
!.

amplifolius
epihydrus
filiformis
foliosus
rrr-esl_]-

-

gramaneus
natans
obtusifoLius
peclinatus
praelonzus
pusillus
richard.sonii
robbinsii
spirillus
vaginatus
zosteriformÍs

Na.ias flexilis
N. gacillima
Alisma triviale
Saeittaria .s:.sida
fittaria sp e*cept
Elod.ea canad-ensis
Val l_i-s neria amer_icana
Zizgnia aquatica
]lleocharisspp.
Calla palustris

S. rigid.a)
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Figure !t.

' j :.: : a . ;::. ::ì r,,'-:.{-'i-

Mean values for organic ind.ices (optical d.ensity aL 2f J nn)

at sites where each macrophyte species or species group was

present and- where it appeared. to be absent. Vertical bars
represent stand.ard. errors. Species which were record.ed. only
once have been d.eleted.. Species nunbers refer to the
following laxa¿

1. Chara spp.
2. Riceia fluitans
J. Sparganium spp.
ll. Ruopia maritima
6. Potamogeton alpinus
7. P, anplifolius
8. P. epihydrus
9. P. filiformis

10. P. foliosus
11. -H. IrLesLl_
L2,f ffius
tt+. I "*t""=15, I õffisifolius
16. I p"cti"affi-
L7, P. praèlongus
18. L pusillus
t9, P: richard.sonii
20, P. robbinsii
zi.. I ;æïïr"s
23. P. vaginatus
24, P. zosteriformis
25. Na.jæffi--z6.Gffit
27. A]-isna trivj-ale
28. Sagittaria rigida
29. ffi. ãliJexcept S.- rieid.a)
J0. Elod.e.a canad-ens.is
J1. Valli-sneria aneri-cqna
J2, Zizania aquatica
lJ. Eleocharis spp.
34, Ca]..Ia palustris

35. Lemna ninor3,6.miffi
3?. SiñEÎãîotrrniza
38. Polygonum anphibium
39. P. coccineum
*u . u a=t 

"o 
prr-vt t*o oe me rs um

41.@
þ2. N. tetragona
43. N. tuberosa¿l4.ffipfu
45. N. varieeatun
46. ¡=rffieberi4?.ffi
&e. ñãffiõrffitiJisþ9.@,*.
52, R, gmeli-ni
53. R, sceleratus
J4. Cailitricfre spp.
5 5, Nl.lri'ophyllun alterni-florun
56.
57. YI. heterophyllun
58. M. verticil=latum
59. Hippuris vulgaris
ou. ¡ruln suavã-
61. ffiIrrããensis
62. ffiúffiEernedia
o;r. ñãã-
6l+. T. ffiris
66, I[eEalodonta becki-i68.ffi
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Figure 100. Mean values for molybd.enun-blue phosphorus (ngft) at sites
where each macrophyte species or species group was present

and- where it appeared- to be absent. Vertical bars

represent standard- errors. Species which T^rere record.ed- only
once have been d.eleted.. Species numbers refer to the

followÍ-ng Laxa¿

T,
2,
3.
L+.

6.
7.
8.
9.

10.
IL,
12,
L+,
15.¿/IO¡
77.
18.
19,
20,
2I,
23,
24,
25.
¿o.
27,
28,
29.
30,
3L
32,
33.
34.

D

ã-
I¡

õ-
P.
P.
D!rõ-
I¡

õ-r.
õ-
D-

ã-
I.

õ-
;-
ã-
I.

P--
Dta

Chara spp.
Rlccia fluitans
Sparganiun spp,
Ruppia maritima
Potanogeton alpinus

amplifolius
epihyd.rus
filíformis
folíosus
ïrl-esl-l-

-

ffamr-neus
natans
obtusifolius
pectinatus
prae_longus
pusillus
richard.sonii-
robbinsii
spirillus
vaginatus
zosteriformis

Najas flexiEs
N. gracillima
Alisma triviale
ffilTãffií¿a
ffiIffi S-(e*cept S. rie+da)
Elod.ea canad"ensis
Vallisneria americana
Zizania aquatica
Eleocharís spp.
Ca1la palustris

35. Lerna minor
36.f,Eiãffi
37. Spi-rod.ela polyrþiza
J8. PoJygonum anphibiqm
39, P. coccineum
40. Ce.ratophyllum demersum
41. Nymphaea od.orata
42, N. tetrago.na
43. N. tuberosa
ll4. Nuphar microphyllun
45. N. vari-eeatun
46. Brasenia schreberi+2.ffi
48. Ranunculus aquatilis
49.@.
52, R, gmelini
53. L sceleratus
3il. Ca[itriche spp.
55. Mrrriophyllum alterniflorum
56,14, exalbescens
5T, YL heterophyllum
58. M. verticillatum
59. Hippuris vulgaris
60. Sium suave
6t. ffinffiensis
62, ffi¿ãffi-äerme¿ia

-

oJ. u. ml-nor
6t+, T ã-ri=
66, M,eEalodonta beckii68.ffi

L:;'.i
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TABLE XXXVI. Significance of the d.istribution of macrophytes with
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respect to 8 water chemistry parameters. Symbols ind-icate

that the mean values for the sites at which each ta:ron

was recoïd-ed were significantly (p <.05, n 05) higher
(+) or lower (-) than the mean for the sites at which the

taxon was not record-ed.; 0 incLicates no significant
d-ifference. Taxa in parentheses Ïrere record,ed. only once.

Parameter 1= plI, 2= toüal filtrable residue, 3= LoLa:-

alkalinity, Lt= chlorid.e, 5= sulphate, 6= LoLaL nitrate and

nitrite, f= d.issolved. organic matter, 8= molybdenun-blue

phosphorus.

Species or species group ParanneterI23456?8

1. @@ spp. ..a...rr................a.......
2. Riccia fluitans .......r....¡.......r......
J. Sparganium spp. .... r............... ¡......
4. Ruppia maritima .....r.. r............ ¡.....

(5. fficrrãiGT-atustris) ............ r.......
6. ffi.......r.............
7. L_ anplifolius .r..r....r..r......rr.......
8. P. epihydrus ....... ¡........ r.............
9, P. filifornris ........ ¡....................

10. P. fòliosus ...... .... .. ..... r .. ...... .. ...
11. P. friesii ........... o.... ¡.... r.. r... r...
12, I Emin"l]]l|tu= . r...... r... . .......... . . ... r r(tl. p, lÎffig) .... r,.................. .....
14. P. natans ................... r........... ..
L5. P. obtusifolius .......r r................ r.
16. I pecti"at"s .r..¡...........r....¡.......
L7. P: pfaelonzuS ... ....... r.. . . . . ....... ... . .
18. P. pusillüs . r...... .... ....... r....... . ...
L9. P, ri-chardsonii ................r..........
20.. E. robbinsii ............... r.. r.... r.... r.
27. P. SpifilluS ..r...........................

(zz. I ffitius) . ....... r ... . .. ........ r r.
23, P. vagÍ-natuS . ¡...... .......... . r. ........
24, I ffirmis ............... . .. ¡ .. .... o

25. mjmïfG;.... ¡ ...... . . . ....... .. . .. .
e6. [Eõffit . r.......... ¡......... r......
21. A\íFna triviale . . . . r . . . . . . . . . . . r . r . . . . . . . .
28. Sagittaria rigid.a ................r........
29. ffi" ffi-(except S. rigid.a) .......r.
30. Elod.ea canad.ensis .............r...........
J1. Vallisneria americana ...r.......r.........
J2. ZLzania aquatica . . . . r . . . . . . . . . . . . . .. . . . . . .
JJ. Eleocharis sPP. .. r.... ... t........... ... ...

+00000-0
00000000

00-00
++++0+00

-00
0--

000
000
+-0
0--

0---
00-0
++0+
+--0
0000
+--0
+000
00-0

00-0
00+0

000+0
000--
00-0-
000-0
00000
000-0
00-00

+00+
00-0
0000
0--0
0000
0000

0000
0--0
0--0
0000
000+

0
0
+
0
0
0

0
0
0
0

+00
--0
--0
000
000
0-0
-00
--0
--0
--0

i-:':-:

000

00
00
0-
0-
00
00

00
00
00
-0
00
00

continued-. .
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ÎA3LE XXXVI (continued)

Species or species group FarameterL23456?8

34.
35.
36.
37.
38.
39.
4,0.
4L,
42.
t+3.
t4+,

45.
46,
47.
48.
49.

(50.
(st.
fr.
53.
9+.
55.
56.
57.
58,
59.
60,
6L,
62.
63.
6Lt'.

(65.
oo.

(62.
68.
69.

Calla_ palustris .......r..................
Lemna minor ..r.........r..r..............
L. trisulca ..............................
Spirod.ela poly.rhiza ......................
Polygonum arrphibium . r............. r......
P. coccineum .................... rr.......
Ceratophyllum demersun .... ....... ¡.. r....
Nynphaea od.orata . . . . r . . . r . . . . . . . . . . r . . . . .
N. tetragona ..........¡¡rir...............
N. tuberosa ....¡r.......r...¡.r..........
Nuphar nicrophyllun ...... . . ......... . ....
N. variggatum ............................
Brasenia schreberi .r..r.r........r.......
Caltha palustris . r . . . . r . . . . . . . . . . . . . . . . . . .
Ranunculus aquatilis ....... ¡ ........... ...
R. C:lfcinatuS .rr..rr.....................
ñl ffiffils) .........r ri.r..r...¡......
R. feptans) ............r.................
R. gmelini ........................r.....r
R' SOelefatUS ...................r........
Callitriche spp. ...............r....r....
ilrciophyllu¡t alterniflorum .... ..... ......
M. eXalbeSCenS r........r.................
M. heterophyllun .........................
Iv]. verticillatum ..... r I r....... r.,...... .
Hippuris vulgaris ...r.........¡.r........
Sium suave ...............¡..r........... ¡

Mentha arvensis .¡..rr....................
Utrieularia intermed.ia ...r. r........ r....
U. minor ................a...a....r.r.....
U. vulgafis ...................rr.........
U. geniniscapa) ................r....rt....
Megalodonta bgckii . .... r. r.. . .. r. .. . . .. . .
Eriocaulon septanzulare) .................
Zosterella dubia r...............r..r.....
Submerged- mosses ...rr.r...........r...r..

00-00-00
--000000
000000+0

00-00
00-00

00000000
0-000000
0--00-0-
00-000-0
00000000
00000000
0---0-00
00-00000
00000000
00000000
00000000

-00000+0
00000000
00000000
00000000
+0000000
00000000
000000+0
00000000
-0000-+0
0000000+
-0000000
-00000+0
-00000+0
0--00-00

00-000-0
00000000
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in that 18 of the above taxa showed. significant, sinilarly incline¿

preferences for both parameters. significantly lower val-ues for pH

were observed for 12 groups, includ-Í-ng only 1 species of potamogeton

(P. epihrrdÏrs) , while significantly higher values were observed. for
) Laxa of which J were potanoAeton species. Twelve groups, includ.ing

7 Potanogeton species, tend.ed. to occur at sites with significantly
lower organic matter ind.ices, while 8 taxa, including 2 potamogeton

species, tend.ed. to occur at sites with significantly higher ind.ices.

Fifteen taxa tend.ed. to occur at sites with significantly lower total
nitrate and- nitrite values, but this pararneter was inportant for only
ll species of Potamogetpn. Only Ruppia maritima tend.ed- to occur at sites
with significantly higher values for this parameter. Molybd.enum-blue

phosphorus and. chlori-d-e were important to only 6 and,4 groups

respectively, while sulphate rdas important only for potamoReton

pectinatus. For the speeies of potamogeton, these results agreed. with

the observations of Hellquj.sr, (a9?5) who found. that total alkalinity
was of great inportance in influencing community cornposition within
this genus, whi-le nitrate, chlorid-e and. d.issolved. total phosphate

were of lesser inportance.

No signÏfi-cant positive or negative preferences for any of the

water chemi-stry pa-rameters examined. couId. be d.etected- for Riccia

fluitans, Potanogeton foliosus, p. pusillqs, Najas gacillima,
Eleocharis spp., Polygonun coccine].:.n, Nymphaea tuberosa, Nuphar

nicrophyllum, Caltha palustri_s, Ranunculus aouatil-is, B. elrclnatus,
R. sceleratus, Qallitliche sp!., MyiÌophyll.4m i¡..1ternif1orum, M.

heterophyllum and. 4ippuris ]4¿lgaris.
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C. Plant associations

For positive associations whose rnembers have d.ifferent

geographicaf or ecological tolerance ranges, the associations would-

be expected- to occur within the region of range overlap between the

two specÍ-es; the size of this region would. d-etermine the ecological

extensity of the associations. Tn practice, this area of overlap ís

d.ifficult to ascertain, since each population possesses a unique set

of genetically d.etermined" tolerance ranges whose expression is

further rnod.ified. by the particular set of environmental cond-itions

characteristic of each habitat. Thus id.eally the tolerance ranges

for a species as a whole must be treated- as the sum of the ind.ividual

tolerance ranges of the populations that comprise the species.

Let us assume that the tolerance range T of species A for

parameter 1 ranges frorn a rninimum value of x, to a maxinum value of

yui similarly that of species B ranges frorn a minimum of a to a

naximum of v-:"b

T¿ = y.a- *. . . . . , (L6), and.

TB = yb- *b,... .(L?),

The overlap in tolerance spectra between species A and.3 would- equal

the d.ifference between the smallest maximum value and. the largest

minimum value, regard.less of whether one or both values were

characterlstie of only one species. ff portions of the ranges of

both speci-es were equal to or exceed.ed- the bound.aries of the zone

of overlap, i.e. 't Xa = rO, and. xr a \, then the zone of overlap

(n) in one d-imension would. be¡

,:.:'r :::l

fì::;ii'li
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RAB=(r*-"a) (re).

of the

l-r

rf the range of one species feIl entirely within the ïange

other species, i.e. 't ¡ra -t tO, but x, = *O, or conversely

l^t yb, but *" t 
\, then

respectively.

Extend.ing this argument to parameters I and_ 2,

rA = (x" - *r) ¡ (yu - *^)z (zr) ana

rr=(r¡-*o)r(y¡-"ìz ..ez).
The zone of overlap (n) ætween these two tolerance ranges in two

d.imensions would. be equal to:

where, for each parameter:,, yu< yyt and_ x* = *t ff the range of one

species for each parameter d.oes not 1ie entirely within the ïange

of the other species. rf, for any paraneter, the range of one species
lies entirely within the ïange of the other species, then, for that
parameter, consÍ_derations (t9) or (20) apply.

For n parameters, if

(".

(v^
é,

TA = (r*

and.
m - l--,B _ \Jb

(24)

(zs) ,
- %)r (y¡ - \)z, ..¡¡.. . ("o - \)r, . .
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then the n-d.imensional zone of overlap (R) would. be:

RAB = (u* - xo)1 (r. - "a)z' .,.... (n, - %)r, . . (26),

where, for each parameter, yu€ yb and. xr a 
"t rt the ranges for these

paraneters are partially exclusi-ve for both specÍ-es. If not, then

considerations (t9) or (ZO) appty.

For nore than two specles, the overlap in tolerance ranges

between the species would. sti1l equal the d.ifference between the

smallest maxinum value and- the largest minimum value for each paraneter.

Positive associations between species A and. B could- occur only

within the zone R d.efined. by equation (26). Negative associations

would- be expected. in the area outsid.e the bound-aries of this zone.

Since for each species the fund.amentaf niche has an infinite

number of dimensions, as pointed. out by MacArthur (t968 in Îüilliarnson,

f9?2), the zone of overlap for the tolerance ranges between two specles

wouLd. also have an infinite number of d.imensions, and. thus could. not

be d.etermined. in practice. This value can only be approximated-, poorly

at best, by record-ing the values for seLected- parameters for a large

number of populations and. extracting the ninimum and. ¡naximum values

so obtained-. For finite numbers of parameters, the ex¡rected. range

for positive associations could- be estimated. from the zone of overlap

which would. have to be further ad.justed" to the geographical ranges of

the species.

fn the present study, an B-d-imensional zone of overlap for

all possible pairs of species was still not consid.ered- to be practicable.

rnstead., the stud-y area was treated. as a single unit, on the assumption

that a large part of the B-d.irnensional- ecological range space wour-d-
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overlap for at, l-east the more conmon species. Thus the observed-

frequencies of joint occurrence lrere compared- with values erpected.

on the basis of rand-onness within the stud-y area' and. approximations

of assoclation extensity by this method- were und-erestimates of the

true values, since by this nethod- some associations were elq)ected. in

areas where they cou1d. not occur because the zone of ecological range

overlap was exceed.ed.

In ord.er to compare association frequencies on an environ-

mental basis, the sinilarities in the significant preferences of each

posdible species or species group pair were grad.ed. by assigni-ng a

value of +I when preferences of the two species for the sane parameter

were both significant and. similarly ínclined- (tottr poSitive or negative);

a value of -1 was assigned when the preferences were both significant

but d.issimilarly inclined- (one positive and one negative). A

significant preference shown by only one species was given a value

of 0. These values were surlrmed for the B parameters for each species

pair, yield-ing the natrix in Table XXXVII. Negative values ind-icated.

net d-issimilarity ín habitat preference in terms of the parameters

examined- and. reflected. the l-ikelihoods that the two species would- not

occur in the sane habitat. Conversely, positive values ind.icated- net

sinilarity in habitat preference and. pred"icted- that the two species

would. occur together in the same habitat. Groups of species related.

by high positive values would- be expected. to form positive associations

on the basis of selection for sinilar habitats.

The significance of the observed. tend.ency for the members

of each possible species or species group pair to occur jointly or

iI

:l



TASLE X]ffiVÏI.

@ spp.
Riccia fluitans
Sparganium spp.
Ruppj-a naritima
Pgtamogeton alpinus
D
I.

P.
P.
1)!a

õ-
õ-
I.t
I.

Ë-

amplifolius
epihydrus
filiformís
foliosus
friesii
ffamineus
natans
obtusifolius

P. pectinatus
P. praelonzus
P. pusillus
P. richard.sonir!
P. robbinsii
P. spirillus
P, vaginatus
P. zosterifornis
Najjrs flexilis
N. Fracillima
Alisna trívial-e
Sagittaria rlsi4a
ffiitt-"i" sp e*cept
Elod.ea canad.ensis
Vallisneria americana
Zizanig, aq]ratica
Eleocharis spp.

Net similaritj-es in the significant parameter
preferences for each possible macrophyte species
or species group pair. Maximum possible is f8 for
similarities and. -8 for d-issi-mi1aa:iti-es. Taxa whi-ch
occurred. only once were exclud-ed-. gpssies numbers
represent the following taxa;

7-,
2,
3.
4.

?,
8.
o

10.
LL,
12.
L4,
15.
1.6.
17.
18.
L9.
20,
2L.
2).
24.
25,
26.
4(,
28,
29.
30.
31.
32,
33.

34.
35.
36,
37'
38.
39.
40.
4r.
t+2,

41.
44.
45.
t+6,

42.
49.
49.
52.
53.
54.
55.
56.
57.
58,
59.
60,

S. risid-a) 6t.
62,
63.
64.
66.
68.

Cal1a palustris
Lemna nlinor
1,. trisulca
Sliro4el-a polrrhiza
Polygonum amphibium
P. coccineum
C-eratophyllum demersum
Nymphaea od.orata
N. tetragona
N. tuberosa
Nuphar nicrophyllum
N. variegatum
Srasenia schreberi
Caltha palustris
Ranq$culus aquatilis
R. circinatus
R. gmelini
R. sceleratr4s
Çellilriçhe spp.
Mrrriophyllun al-ternifl-orum
M.
M.
M.

exalbescens
heterophyllum
verticillatum

Hippuris vulgaris
Sium suave
Ivlentha arvensis
Utricularia intermed.ia
U. minor
U. vulgaris
Megalodonta beckii
Zosterella dubia
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345

apart was tested. by means of a Chi-square test using the llatfiv

program construeted- for one data set in Append.ix VA. AlL species

that were recorded. at fewer Lhan J si-tes were exclud.ed- from the

analysis.

The results of the Chi-square tests (tatte XXXVÏII) revealed

2?8 sienLficant (p. .05, r=3O5) positive associations anð' ) signi-fi-

cant negative associations. These have been ranked. in Tabl-e XXXIXA

and. B respectively, in d.escend-ing ord-er of significance according

to the magnitud.e of the Chi-square values. þ!q4g.€gþg3 zosteritorrnis

appeared- in J of the 10 most signifícant positive associations' while

P. anplifolius, Vallisneria annerlcana, Nynphaea od-orata and-

Megalod.onta beckii eaeh appeared. twice within the top 10 positive

associations. The positive association of Potamogeton pectinatus and-

P. richardsonii, although significant, ranked- only LI3Lh in overall

significance. The most important positive associati-on of P. richard.-

sonii was with P. zosterifornis and. ranked. 4th in overall significâîce.

The nost important association of P. pectinatus was with Mrrriophyllum

exalþescens and- ranked, 65Lh in overall significance. However the

nonassoci-ation of P. pectinatus wi-th Sparganium spp. forned. the nost

significant of the negative associations.

Besid-es showing the most highly significant positive

associations, þ!amo.@ zosterifornis afso showed- the greatest

number of significant positive associations (29) (tatte IL), followed.

by Nuphar variegatum wit]n 25, P. richard.sonii wiü]:l 23, Najas flexili-s

wiL]n 2L and. Megalod.onta beckii with 20. Potamogeton pectinatus showed.

the greatest number of significant negative associations (J), followed.



TABLE Txxvrrr. Results of chi-square tests for the significance ofthe rrjscrepancy between theoretical frðquencies and.the observed. frequeneies for the inembers of eachpossible pai_r.of macrophytes to occuï together (+)
or.apart (-) (p<,05, rç305) within the ãane siiei0 indicates no significant d.ifference. syrnbols in
parentheses ind.icate significant positivá associations
where joint occurrences were observed- at fewer Lhan Jsites. Symbols followed by exclamation poi_nts (l)indicate significant positive oï negative u."=oòiâtiorr"that d-id. not coincid.e with net similarities ord-issimilari-ties, respectivery in significant environ_nental preferences (Table lffixvï). All taxa that were
record-ed- at fewer Lh.an J si-tes have been d.eleted_.
Species numbers represent the fol_lowing taxa;

T.
2.
3.
4.
6.

8.
9.

10.
1_L.

L2.
14.
I5.
16.
17.
18.
19.
20.
2L.
23.
24.
cÉ.

27.
28,
29.
30,
37,

Chara spp.
Riccig fluitans
Sparganium spp.
Ruppia maritima
Po'lamogeton alpinus
P. amplifolius
P. epihvdrus
P. {iliformisP. foliosus
r . ïIl_esl_l_
P. ãamineus
P. natans
P. obtusifolius
P. pectinatus
P. praelonsus
P. pus.i11us
P. richardsoniji
P. robbÍnsii
E. sPirillus
P. vasinatus
--P. zosteriforni_s
@
Alisma triviale
Sagittaria riEida

-

S asi ttária ãpaT(exc ep t
Elod.ea canad-ensis
@nffiãEicana

J2, Zizania aquatica
33. EÌeochari-ñpp.:+.@
)J, Lemna minor
a^ ;-2u. L. trisulca
37. SrñErãlõorvrr'iza
38. polygonum'ãmphiEium
40.@um
41.ffi
42. N. tetragona
43. ñl æõsa
+¿r. ["rñffiG"ohv11um
45. N. variesatum
46. ¡-raãffieberi¿rz.@
48. lãññ-cuGiõGEnis
Jtt. Ca,llitriche spp.
l!. ffiË]E* äialbescens
59. ifippuris vulEaris

-

ó0. Siun suave
6t. Fn-tnffiensis
o;l' W intermedia
6j. U. minor
6U. T ffirisù. rLgLd.a) 66, Megalod.onta beckii
ó8. Zosterella dubia
óp. Submerged. rnosses
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TABLE xxxrx. significant (p 1.05, n=305) positive (A) ana negative (B)

macrophyte associations ranked. in d.escend_ing ord_er of
significance accord.ing to d_ecreasing Chi-square values.
All taxa that were record.ed. at fewer Lhan J sites have

been d-eleted-. Species numbers represent the following taxaz

1_.

2.
Chara spp.
Riccia fl}itans
Sparganium spp.
Ruppia naritima
Potanogeton alpinus
P. amplifolius
P. epihyd¡ls
P. filifornis
P. foliosus
P. friesii
P. gzanineus
P. natans
P. obtusifolius
P. pectinatus
P. praelonzus
P. pusillus
P. richard-sogii
P. robbin-åii
P. spirillus
P. vaginatus
P. zosteriformis
Najas flexilis
Al'lsma triviale
Sasittaria s¿gfda
SasfTtarias e*ceptfu risida)
Elod-ea canad.ensis
Vallisneria anericana

J2. Z-izania aquatica
JJ. Eleocharis spp.
J4, Ca]-]..a palustris
35. Lentrø minor
36.]@
37. Spirod.ela polrrhiza
38. Fo ñ arnphffi
40. dffiñîrl-um demersum,t.r..ffi
+2. N. tetraeona
43. N. tuberosa
44, ÑãpÉffiFopr'yttum
45. N. varieEatum
46. ñaffieberi47.ffi
48. ffifficulffiGTnisg. GIiffiõJ=pp.
56. l4:vriophili,urn èialbescens
59. Hippuris vulsaris
ou. ¡rum suavf-
61. fr;fihmensis
62. ffi:'ffi,ermed.ia
63. ilñïffi-
64. u iffiris
66. lleEatffi-nta beckii
68. Zosterella dubia
6g.@

3.
4.
6.

8.
o

10.
IT,
T2,
14,
15.
r/
LO¡
17.
18.
19.
20,
2L,
á),
24.
25,
27,
28,
29,
30.
3t.



3t+9

rÆLE XXXffi.

A. Significant positive associations

I.24x30
2.4Ix46
3. 2t+ x 66
4,79x24
5.47x426,3tx66
7. 7 x25
B. IIx24
9,7x37

I0. 2t+ x 4J
n.7xVI
72, 24 x 3L
13. 30 x 3L
14, 14 x 45
L5, ? x46
L6, L? x 45
L7. 19 x 30
L8, 25 x 3I
L9,7x42
20, 30 x 66
21,. 24 x 25
22, 77 x 25
23, 74 x 24
24, 3L x 46
25. LxL4
26, 25 x 42
27. L9 x 3I
28, 45 x 66
29, 7 x24
30, 3I x 68
31. 36 x 40
32. 30 x 40
33, ? x68
34, 3I x. t+3

35. tt+ x I7
36, 24 x 3?

3Z'. uïi22>',""'
39, 35 x 36
t+Ð, 2? x 60
4f-ILx14
42. 29 x 38
t+3. rl x 24
44. 35 x 37
45. 30 x 68
46, 25 x 68
47, 42 x 46
48. ?x66
49, 24 x 4z
50. 29 x 36

51. 7t x 25
52. t9 x 40
53. 25 x 30
9+. 3t x 45
55. 24 x 29
56, 3x33
57, 17 x 19
58, 42 x 45
59. 66 x 68
60, ?x43
6t. 45 x 46

21'. ,?î fÞequal
64, 32 x 45
65, t6 x 56
66. 19 x 45
6?, 42 x 66
68, 29 x. 45
69. z5 x 4o

l?'. lzif'u;"a""t
?2. 3? x 66
73, 19 x 25
74. 28 x 34
75. 19 x 32
?6, 25 x 66
77. 34 x 37
78. )I x L+Ð

79, 20 x 43
80, )O x J2
8L, 25 x 45
82. 30 x 43
83. 24 x 32
84,3x8
85.7x45
86. 33 x 48
87. 4I x 45
88. 29 x 32
89, tI x 77
90, 63 x 69
97.7x12
92. 23 x 59
93. 35 x 38
94. 4t x 66

3z'. ftî?02>.n" '97. t x 9
98, 2t x 3t
99,7x30

100. 19 x 29

I07. 29 x 35
Io2. 79 x 56
LO3, LtO x 68
104. I x 6z
I05. 24 x 43
to6. 35 x 4o
L07, Jf x 40
108. 9 x L2-
ióé'. zi * ãã)"q""r
110. 3I x 32
LI1-. L7 x 3l
II2, I0 x 28
7L3. 16 x 79
II4. 2I x 45--
ti;. lu l ú)ewar-
U-6, I x 46
IL7. 32 x 66
118. IL x 79
11,9, U+ x 45
I20. 37 x 38
72L, 7 x L7

Iïi'. ig if,f;"w"t
I24, 4? x 6o
I25. 7 x L2
126, 36 x 3?
I27. 31- x t4+

LzB. 3 x 45
L29, 19 x 68
130. 23 x 56
L3L. 3 x L+t+

!32, 36 x 56
133. 32 x 43
1-3t+, 30 x. 45
!35, L4 x 25
D6. 3x3?
137. 36 x 43
138. 25 x 32
L39. 60 x 6L
140. LI x 45
It+t. 7 x 8
I42. 2 x 37
ttt'3. 33 x 60
TLtl+. 78 x 2?
745, 1.4 x 66
146. 40 x 64
I4?, 28 x 66
148. 12 x 25
L49, 77 x 4I
I50, 7 x 20

continued- . .
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TABLE XXïIX. (continued-)

1,51-. 27 x 54
I52, 17 x 30
153. 29 x 40
I9+, 26 x 66
ry5, It x 42
156, 1. x 11,
L57, t x 2J
L58, 12 x 27
I59, 14 x 29
160, IO x IJ
167, 12 x 24
762. 3 x 62
163, 2? x 33
164, 15 x 34--
¡¿l. 1í *át )eouar
ß6. 34 x 4?/
L6?, JZ x 40
168, t? x 68
169. 2L x l+4:.
ñ0. ft | 6)"o"'r
L7t. 38 x 56
I?2. 29 x 30
L73. 3 x 69
774. t0 x 12
175, tL x J6
L?6. 3t x 3?

ii\'.'å i lî>equal
I79, 74 x 32
180. I x 37
t81-, 29 x 60
1,82. 24 x 38
L83. 20 x 42-
I84. 2I x 42 ìequa1
785, 42 x 43/

i'ri'. 
tZiïr>equal

188. 7 x 10
I89, L9 x 43
L9o, 17 x 42
I9I. 17 x 66
792, 14 x 4L
793. 45 x 68
L94. It x 30
I95, 28 x Lil+

196, 46 x 63
797. 25 x 34
198, 24 x 64
199, 27 x 61-

200, 24 x 56

207. 14 x 64-.
;óà'. ii i ã4-,-"q"'t
203. 36 x 45
204, 20 x 3I
205. 32 x 37
206. 76 x 24
2O?, 64 x 69
208. 6 x 6z
209. 3 x 64

ä?'. iziïr>equal
2L2. 16 x t+o

2I3, 17 x 40
2I4, 20 x 4L
2I-5. 28 x 42
216. 7 x 1-4..
2L?, t4 x 43 ìequal
lLB, 20 x 45'
1LZ'. ii ittï>equal
22L 19 x 3?
222, 1þ x 40
223. 25 x 4I
224. 32 x 64
225, L7 x 48
226. L? x 32
227. 3 x 2I

zæ'. n i ]!)"n""'
230. 32 x 36
23L. 59 x 69
232. 71- x 66

?3?|. ii:\z>equal
?32'. ,\î2I>"* '237. 40 x 66
238. 25 x 43
239. 24 x j4
240. IB x 64
24L. 12 x 3I
2+2, 19 x 64
2t+3, 36 x 64
244, 3 x 38
245. I0 x 24
246, 24 x 28
247. 59 x 60
248. tl x 20
249. 37 x 6+
250. 14 x 36

251. 36 x 38
252. 30 x J7
253. 34 x 45
29t, 3x6
255, 3 x 24
256. 11 x 121
25?. 7I x 16 ìequal
258. 8 x 24/
259, L0 x 25
260, Ix7
267. 2 x 62--
ã:6;'. B; f\)equal
2Ø. 15 x 62
264, 2 x 66
26J. 2J x Lt4

266, Lt x 3?
26?, 24 x 4t
268. t+o x 42
269. 29 x 59
2?0, 16 x 23
277, 29 x L&
2?2, Jb x 6+

ii?;. i3 îi?,>equal

3i1i. ;, i l3)"n""'
7lZ'. i:r:rå>equa'

B. Significant
negative
associations

1. 3 x L6
2,24x27
3. L6x6o
4,L6x18
5, Bxt6
6, Lx3?
7. 27 x 45
8. 16x2?
9. rx3



TASLE XL. Total nunbers of significant positive and- negative

357

associations obserr¡ed. for each nacrophyte species or species

g:roup, and. the numbers of these associations that d.id- not

coincide (tU.C.) with net similarities or d.issimilarities,
respectively in significant preferences for the monitored.

environmental parameters. All taxa that were record-ed- at
fewer Lhan J sites have been d.eleted..

Speci-es or species grroup
Positive

Total N.C.
Negative

Total N. C.

1. ChF.ra spp.
2. Ricci-a fl,uita,nS
J. Sparganiun spp.
4. Ruppia maritima
6. ffinãffiinus
7, P , amplifoliils
8. P. qpihydrqs
9, P, filifqrmis

10. P. foliosus
Lr. -H. rrl_esLr-
12. I ffi-eus
L4. P. natans
15. F; ffifolius
76. P. pectinatus
17, P. praelonzus
18. P. p.usillu.s
L9, P: richar4sonji
20, P. robbinsii
2L P. spirillus
23, P. vaglnatus
24. P.. zosterifo{nis
25. Nqjas flexilis
21. ÃLisna trivial-e
28. Sagittaria risid.?
2p. Sasittaria spp. (except

S,. rieida)
10. Elo4ea qa.4qdensis
31. Yþ4igael1@ americana
j2, Zizanig ?puja,tica
JJ. ELeocharis spp.
34, W palustris
35. Lemna minor
36.j@
37. Spirod-ela pohrrhiza

3
15

0
2

18
n
2
o

75
o

I9
5
6

17
2

23
n(

7
3

29
2T

7
6

75

17
76
t6
4

10
6

i,5
I7

2
0
2
0
0
0
t
0
0
0
0
0
0

5
0
I
0
0
0
0
I
0

3
0
0

0
0
0
0
0
0
0
1

1

3
3
0
0

3
0
T

9
2
4
2
2
4
1_

2

7
6
t
2

7
3

3̂
l+

2
2
4
4
4
2

I4
3

0
0
0
0
0
0
0
0
0
0
0
0
0
I
0
T

0
0
0
0
L

0
2
0
0

0
0
0
0
0
0
0
0

continued- . .
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lABm xl. (continued.)

Species or species group Total N.C. Total N. C.

J8. Polygonum amphibium
40. Ceratophyllum d.emersuma1.ffi
42. N. tetrasona+
43. N. tuberosa
44. Nuphar nicrophyllum
45. N. variegatum
46. ñasenãffieberi
42.ffiilp"ffi
48, ñããilnc'iffiTnis
!+. ffiJrpp.
56. ltv-r-iopl1vil"* ãxalbescens
Jp. Hipouris vulsaris
ou. ilum suavl
6r. ffiTrÃãñensis
62. ffitlaria i-ntermedia

"r. ñããil
64. rt. ffiEaris
66. M,e*alodonta beckii
68. ZosLerella dubia

0
0
0
0
0
0
I
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
L

0
0
0
0
0
0
L

0
0
0
0
0
0

2
5
t
3

t3
7
4
I
2
4
3
5
3
5
I
2
2
7
l+

3

I
Ig
T2
75
I3

7
25

7
2

5
3I
4
7
2

7
5

1,4

20
77
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by Alisma

each.

triviale with 3 and Sparganium spp. and. Chara spp. with 2

Of the 2?B sienificant positive associations, 1'85 ov 66.5%

(talte XXXVIII) coj-ncid-ed- with net similariti-es in si-gnificant

envirorunental preferences (falte XXXVfl). The renaining 93 associations

could- not be explained. on the basis of net slmilarity in preferences'

at least for the parameters that I^Iere examined.. 0f the 9 significant

negative associations, 3 could- not be explained. on the basis of net

d.issinrilarity of preference for the paraneters examined..

The proportions of unpred-icted. positive associations wi-th

regard- to environmental preferences varied. with the taxa, and. alnost

all speci-es or species groups showed some unpred.icted. associati-ons

(falte lfi). All of the positive associations shown by Riccia flgita4s,

Potanogeton foli-osus, P. pusj-11us, Eleocharis sPP. ' Nymphaea tuberosa,

Nuphar microphy]lum, Caltha palustris and. Callitriche spp. d-id. not

coincid-e with net similarities in significant environmental

preferences because these taxa d-id- not show any significant

preferences. However more than half of the positive associations

shown by Potanogeton pectinatus, P. robbinsiir P. vaginatus'

Alisma trivia].e, Lenna trisulca, R.anuneulus aquatilis, Infyriqphyllum

exalbescens, HippJ:ris vulgaris and. Sium €Uq.vg could- not be erplained.

on the basis of net similarities in preferences. Two of the 3

negative associations shown by Alisma triviale and- one of the J

shown by Potamogeton pectinatus could- also not be elçlained- on the

basis of net d.issimilarities.

In an effort to rank the similarities of preferences for

other species, a similarity ind.ex (S) was calculated- for the

ii: :: .'rl.:tt. ,:
:,..,:.,:;::.; I.i



39+

significant positive assoclations shown by the members of each

possible species or species group pair;

(z?)

where a and. b are the numbers of significant positive associations

shown by species A and. B respectively, and. c is the number of

significant positive associations that are cornmon to both species

A and. B. 0n1y positive associati-ons where joint occur:rences were

observed- at, 5 or more sites lrere consid.ered-. ït is important to

note that this ind-ex was not used- to d-enote the sinilarity of the

respective communities, in the sense of Bray and. Curtis (195?) ana

Loucks (tg6Z), since ind-ividual communlties were not compared. at

this level, but this ind-ex rather reflected the sinilarity of the

species groupings within which each of the species tend.ed- to occur

significantly frequently.

The association similarity values for each possible species

or species group pair are given in Table XLI. Species pairs with

high association similarity ind.ices would be expected. to occur

frequently with each other and. within similar communities. The two

most important species groupings in terms of association similarity

(S >.?O) arc abstractly represented. in Fig.10t. The d.istances between

the species are theoretically the reciprocals of the Chi-square

values that tested. the significance of the frequency with which the

members of the respecti-ve pairs were observed. to occur jointly; the

relati-ve posÍ-tions of the species within the multiple cluster cannot

be represented. in two dimensions and. the d.istance values are only

2e
a*b

'.ì -i;.;
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TABLE IlT. I{acrophyte association similarity indices for possible

species or specles group pairs. 0nly significant positive
associations where the joint occurrences were observed. at
J or more sites rrere consid.ered.. Species for which all
joint occurrences were observed. at fener Ll'øn J sites have

been d.eleted.. Species numbers represent the following Laxaz

1. Chara spp.
J. Sparganium spp.
7. Potanogeton amplifolius
8. P. epihydrus
9. P, filiformis

10. P. foli-osus
-..-LI. -H. IïLesLL

1,2.r.-Eñilneus
1,4. P. natans
t6. n õffiãu.t =17. P, praelonzus
18. P. pusillus
19. P , richard.sonii
2L P. spirillus
23, P: vaginatus
2l+, P, zosterifornis
25. Najas flexilis

JJ. Lenna minor
36.@
37. Spirodela pollrrhiza
38. Polygonum amphibium
40. Ceratophyllum d.emersum
41. Nym'phaea od.orata
42. N. tetragona
43. &. tuberosa
/+4. Nuphar nicrothyl]um45.Giffi*
46. Srasenia schreberi
48.ffiis
fl.ffie-"pp.
56. I,tvï'i-opÑffim èxalbescens
59. Hippuris vulgaris
60. Siun suave
61, Fnthffiensis
62. ñcuffi,erned.ia
63. ffiïñr-
64. u iGris
66, iqeaalod-onta beckii-68.ffi69.@

2/. Alisna trívial-e
Zg. ffittTaïia spp, (except S. rieida)
30. Elod-ea canad-ensis
31. Vallisneria americana
j2. ZizanLa aquatica
JJ. Eleocharis spp.
34. Cal]ra palustris
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Ï'igure 101. An abstract representatíon of the inte:relations between

macrophyte species for which the association simllarity
j-nd.ex exceed-ed. a value of 0,/0. Species joined_ by solid.
lines were themselves significantly (p< .OJ, n=)OJ)

positively associated., while those joined. by broken lines
nere not significantly associated- although the sinilarity
ind.ex was greater than 0.70. Species not joined_ by lines
showed. association similarity ind.ices that were less than
0.70. Values along the lines represent approxinations of
the theoretical d.istances between the species and. are the
reciprocals of the Chi-squatre values that tested. the
sÍ-gnificance of the frequency with which the members of
the respective pairs were observed_ to occur jointly.
Species numbers represent the following taxa:

14. Potamogeton natans
L7. P. praelonzus
19. P. richard.sonii
2+. P. zosterifornís25.mjæ;ffi
30. Elod.ea canad.ensis
11. Vallis.neria amerj-cana
)2, Zizania aquatica
37. Spirod.ela pollrrhiza
40. ffitflm d-emersum
41.@
42. N. tetragona
llJ. Nuphar variegatum
66. MeEalod.onta beckii
68. Zosterella dubia
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approximations of the true values owing to the rnany sources of error.

In the multiple cluster in Fig.101' Potanogeton praelonzus

("p. 17), Najas flexilis (sp. 2Ð, Elod-ea canad-ensis (sp. J0), Nuphar

variegatum ("p. 4J), Megalodonta beckii (sp. 66), Potamogeton 
:::.::

zosteriformis (sp. 24), P. richard-sonii (sp, 1t), Vallisneria , ,'l

Augliçaqa (sp. 3.L) anð" Zizanj-:a aqlatiea (sp. l2) showed high sinilari-

ti-es in their significant associatlons for other species and. were also

signifi-cantly positively associated- with each other. Thi-s species l', .:.,..: 
.:.1.i 

.:

grorip was characteristic of lakes and. j-ts members showed. a sÍ-gnÍ-ficant 
: ,.,,,r,;,,,

preference for low values of total filtrable residue and. total ;.::ii'

alkalinity. Of these two parameters, Ceratophyllum demersum (sp. 4O)

showed. a significant preference onJ-y for 1ow values of total

filtrable residue while Zosterella dubia (sp. 68) showed a significant

preference only for low values of total alkalinity. Although Zizania

aquatica and. Zosterella dubi-a showed- a high association similarity 
;

ind-ex, they were not themselves significantly positively associated..

Nupþar variegatum (sp. 45) showed a high similarity ín associations ,

to spirod.ela po.'w',iza (sp. 32) but these two species were not 
!:,.,,-,,,,significantly positively associated., þerhaps partly because of the
: : -'

latterts preference for waters of low pH. ',',,,',.

The second. most i-mportant species grouping in terns of

association similarity was composed. of Nymphaea od.orata (sp. 41)

and. N. te_Lragona (sp. 42); these species were highly similar to 
¡..a.:-.

each other in their si-gnificant associations with other species and

were themselves significantly positively associated., d-espite the fact

thattheyshared'aconmonsignificantpreferenceforon1yone

l:ri::::,:i:i1,1
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environmental parameter, that of total alkalinity.

Otherl less sinilar and. more cornplex association groupings

nay be obtained- fron Table XLI.

:;ai:,,:,..¡ir
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ïI. Gastropods

A. Systematics

A total of L469 species lots was exannined- from the JOJ sites;

these Ìrere composed. of 42 specÍ-es whose relative frequencies withi-n

the stud.y arrea are given in Table lffIT. Nonenclature was followed.

aceord.ing to F.C. Baker (fgff , 1928, I94Ð; LaRocque (1968) an¿

Clarke (tgZÐ. The systematÍ-cs of nany of these groups are cu:=ently

i-n a state of flux. For the Physidae, F.C. Saker (ryZq recognized-

several species of Physa but d.id. not observe P. jennessi skinneri-

Taylor. Clarke (tgZÐ recognized- only J species within the Canad-ian

Interior Basin: P. gyrina Say, P. .iennessi Dal1 and- P. .iohnsoní Clench.

The latter species is known to occur in Alberta and. falls outsid-e the

range of this survey. Clarke (L9n) did. not recognize P. inteæra

Hald-eman fron the stud.y area and- left its status unresolved.; however

it does appear to occur in the stud.y area, as La,Rocque (1p68) has

suggested-, te (19?J) recognized- P. intega as a valid- species, and.

this convention has been followed. here.

The lymnaeid- Pseud.osuccinea columplla Say, although previously

reported. from Manitoba (LaRocque, 1968; Mozley, 1938 and Dal1, I9O5 in

Clarke, L9n), was not seen in this survey, d.espite a search of

Brereton Lake and. Lake Ïfinnipeg, the localities of record.. Clarke

(tgZÐ reported. that this species was not collected during his survey.

It is likely that this species no longer occurs in Manitoba. Stagnicola

arcl,ica Lea is known in Mani-toba from the Churchill area which was not

j-nclud-ed. in this study.

The sites at ¡¡hich each species was record.ed. are given Í-n
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TABT,E xlrr. Percent relative frequency of gastropod.s within the
stud.y area, based. upon a total of Ll+69 species lots
examined. fron 305 sites. SpecÍ_es below the d.otted. line
r4rere record-ed. at fewer Lhan J sites.

Species % relaLive frequency

Lymnaea staEnalis Linne.
sspp. .'uzularist ,rr,
Walker, I892i ""p. ?2

t7 58

aBITi sanctaeJnariae

aaaara L3.3

12,gPhysatryrinaSayr lS2l. . . . . r . .. r. . . . r

Helisona trivolv-is Say, 1816

sspp. trivolvis Say, 1816; subcrenatum

Carpenter, 1856 . . . . . . . . . ¡ . .

Stagnicola palustris Mul1er, I7?4. . .

GlrrauluspanrusSay, 181f. . . . .. . .. . ¡.
Helisona anceps anceps Menke, 1830 . . . . .

Ha campanulatun canpanulatum Say, 1821 . . . . .

P1anorbulaazmigeraSay, lS2l. . . . . .

10.3

10.0

9.3

5.I
4.4
4,2

3,9
3.4
3.2

3.0
2.3
2.L

1.9

7.6

!,2
1.0

Annicola f.imosa Say, 181f . aa

Promenetus exacuous Sav. I82L ataa

Fossaria mod.jrcella Say, I82J . . . . . . . .

ïalvatatricarinataSayrlSl/.. .r .¡
Gyraulus d.efl-ectus Say, 1824 aa

Ap]exahypno-rumLinnerL758... .. . . ..
Physa je4nessi Dal.l-, I9L9

ssp. skinneriTaylor, fgfi.. . . . . .

Gyraulus circunstriptus Tryon, 1866, . . . .

Cincinnatia cincinnatiensis Anthony, 1840. . . ¡

Ferrissiarivu_larisSay, 181/.. . r .. .. . .

t-t. 
?tagnalis lilli.anae tr'.c. Bakev, rgro appears to be a short-spired

varianL of !, s..jufl:la.ris; the two forms òornrnonly coexist withïn the
same popuhEoã-(mãT;,u1ishyn, I9?o i clartel" Igitl:-

t'This is a form characterized. by an extrenely slend.er spire and. is
known from 2 wid.ely separated- localities r¡ithin the stud_y area butits status requires further stud-y.
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Species % relaLive frequency

Stagnicola catascopium Say, 181/

sspp. catascogium Say, 181/; 4Eusoni

F.C. Baker, 1906.

BulinneamegasomaSayr lS24. . . . . . . . . .

ArmigercristaLi-nner1-758... . . . ¡ . . . . ¡

Marstonþ d.ecepta F.C. Baker, 1928, . . . . .

Valvata sincera Say, L824

sspp. si.nsera Say, 1824; heli-cgidea Dall, 1905, .

tr''ossariaexizuaLea, 1841 .. . . . . . . . .

Planorbulacampes_ÞrisDawson,J875,. . . . . .

Prone4etus umbilicatellus Cockerell, L887. , . .

0.8

0.8

0.6
0.6

0.4
o.¿p

0.4

0.4

0.3

0,3
0.3
0,2

0.2

0.2

0,2

0.2

0.1

0.1

0.1

< 0.1

< 0.1

< 0.1

< 0.1

< 0.1

a a aa a aa a a aa a¡a a a a a a a a a aaa a a a a a a a a a aa a a a a araa a ¡ a aa ¡ aa t a aat a t aa a a at I

Fossaria decampi Streng, L896, . . . .

Marsto,nig, gelidal F.C. Baker, l.921 .

Probythinell=a lacustris F.C. Baker, 1928 , , . .

StagnícolareflexaSayr 1821. . . . . .

Helisomg pilsbryi ijnfra,carinatum F.C. Baker, A932. .

H. corpulentul corpulentum Say, 1824 . . . .

Amnicola walkeri Pilsbry, 1898 . . .

tr'ossaria d.alli F.C. Baker, L907. . ¡ . . . r . .

Acella hald-emani "Deshayes" Binney, 186Z , . . . .

StagnicolacaperataSayrlS2p.. .. ..
Cqnrpelornad-ecisr4¡nSay, 1816. . . . . .

Fossariaparvalear lS4l. . . . . . . .

FercissiaparallglaHald.eman, 1841 . . . . r . .

tr'ossaria obrussa Say, I82J . . . . . r . .

Somatogyrus subglobosus Say, 182J, . . . . . . .

PhysaintegraHald.eman, 1841 . . . . . . . . .

1*This species is not known living and- is believed. to be a Pleistocene
species which persists in drift lines (La Rocque, I)68).
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Append-1x IILts.

the nost frequent species within the study area (Table xtrr)
was Lymnaea stagnalis, which l^ras recoïd.ed- at 195 sites and- comprised.

L3,3/. of the total lots exannined.. second. in ord.er of frequency ï^ras

Physa Rlrri-nar which was observed. at 188 sites and. compriseð, Lz.ffi
of the total Iots. Herisona trivolvis, stagnicola palustris and.

Grraulus pa:r¡us were the next most frequent species. The relative
frequencies of some species, e.g. Staeniqolg caperata and. Fossaria
parva' as well as possibly others' Iùere lower than the true frequencies

of occurrence within the stud.y region because these species tend. to

occur in semipermanent water bod.ies which were not represented. in
the present survey

Teratologieal incid.ence within some of these populations

has been d.iscussed for site 4 (fip, I9?U), si-te 3g (pip, lg?Ð, site
2Il (eip, L9?3), sÍ-te 295 @ip and pauLishyn, rg?O) and" sfte 304 (rip,
L9??).

B. Ecology

the nean values for each of the I parameters for water

chemistry at the sites where each species was present and. where it
appeared. to be absent are given in Figs, toz-L}s. The significance of
the d-ifference of these means was tested. using unpaired. t-tests; the

results (ratte xtrrr) showed that sone species appeared to occur

significantly more frequently in waters characteri_zed. by low or high

values for certain parameters.

The paraneters could. be co:related. with d.istribution of the

species, based. on numbers of species showing significant tests, in
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Figure r02. Mean values for pH (A) ana total filtrable resi-due

G/t)(n) at sites where each gastropod. species was

present and. where it appeared_ to be absent. Vertical
bars represent stand-ard_ erroïs. Species which were

record-ed- only once have been d.eleted.. species numbers

refer to the following Laxaz

1. Campelgma d-ecísum
2, YaAvaLa sincera
3. ffiaffiã*a-
4. Enffiãffilncinnatiensis
5. frGffiiñ"ffi--
6.M-;Emã-
7. Probythinella lacustris
8. Annicola i^ralkeri9.ffi

11. Lymnaea stjlgnalis
72, AceAIa hald.emani
13. mñuñãõãa
14.@is
15. S. catascopiurn
16. il õa#ãñ
77, L reflexa
18. Fossari-a d-ecam¡i19.ffi

22. F. d.alli
24. ffi¡@ina
25, P. .iennessi
e6. 6rãffião=o*
28. Fe:sissia rivulari-s2e.ffiisolä-ffi
30. H. pilsbryi
3t. H. corpi+lentum
32. H, campa,nulju.tum
33, H. anceDs
3þ. F[aãor¡ilra anmisera
35. P. campestris
36. ilro@a,cuous
37. P: umbi-licatelIus
JB. Arrniger crista
39, Gwaulus Ðarvus40.ffis
41. F deffiõG-

20. F. nod.icella
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Figure 101. Mean values for totar atkalini-tv 6e/r cacor)(A) ana

cfrloriae (^e/t)(f) at sites where each gastiopoa
species was present and. where it appeared. to be

absent. Vertical- bars represent stand.ard. effors.
Species which were record.ed. only once have been

d.eleted.. Species numlers refer to the following Laxaz

1. Campelona d.ecisum
2, Ya]-vaLa sincera
3. V. tricarinata
4. õlnffiÏ@Enc:Lnnatiensis
J. Marstonia d-ecepta
6. U-. s"liqe -
7. Probythinella lacustris
8. Amnicola walkeri
9. A. limosa

11. Lymnaea stagnalis
!2. Acelaa hald-enani
13. Émetffia
r4. ffiõñra-õffitris
15. S. catascopium
16. S. caperata
17. S. reflexa
18. ñsffiiffiecampi
19.@
20. F. nod.icella

22. F, d.alli
2þ. F-hyærina
25. P. .jennessi
26. Ãlr&a r,ñ-no="*
28. Fenissia rivularis
2t. Helisona trivolvis
30. H. pilsbryj-
31. L corpulentr4
32, L- canpanulatum
33, H. anceps
J4. Planorbula armigera
35, P. campestris
36. ñoffi&cuqus
37, P¿ unbilicatellus
38. Armiger crlsta
39. Gytaulus Þarvus40.ffis
41. il deffãtus

.::'r :.::; i

ì,:ì.i:.:.:::: :_
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Figure 10þ. Mean values for sulphate (ngfl)(A) an¿ estimated- total-

nitrate and. nitrite (mg/f)(¡) at sites where each

gastropod- species was present and- where it appeared. to
be absent. Vertical bars represent stand-ard- errors.
Species which l^rere record.ed. only once have been d.eleted..

Species nunbers refer to the following taxa:

1. Campelona 4ecisum
2, \,lalv.aüa sincera
3. V. tricarinata
4. Cincinnatia cincinnatiensis
5. Marstorlia deceffi-
6. M. selitla
7. BroÞythinella lacl:.st{is
8. Amnicpla wal4eri
9, A. l_i.rySg

11. Lymnaqa stagnalis
12. Ace1la hall.e$F.ni
1J. B,ulimnea megasoma
14. Staeni_qola palust_qis
15. S. catascooium
16. Þ-. caperata
t7. L reflexa
18. Fossaria {eqg.mg!tg.@--
20, F. mod"icella

22. F. tlalliza.ffiñÆ
2É, Þ iannoaci

26. A,pl,qxa hypno{rln
28. Fq{I1qsþ rivqlari.s
2P. HqlisoJE trivolyis
30. 4.- pil,sbry_i
31. L gorpulenti4m
32. L qampanula_tuJr
33, H, anceps
J4. Pla4orbr+l,a ar.migera
35.
36.
37.
38.
39.
40.
41,

P.' ca,mpeslris
Promenetus exacuous
P. unbilica..ts]lqs
Armiger cri-qta
GJ'raulus pa;rv'tts
G, ci{cun}striatus
G. d.eflectus

i i :.t.:;
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1. Canpelj¡ma d-ecisum
2. Yalv,aLa qince.ra
3. V. tricarinata
4 . Finmmõlnc innatie ns is5.fræbmGT-6.@-
7 . Probythinella la_c.us_Þ.ris
8. A¡nnlcola walkeJ:i
9. A. limosa

11. Lymnaea s_tagnalis
12. Acel1a hald.enani13.ffiãeffia14.ffiis
L5, S. catascopium
16. S. ;apãffi
I7. L refle4a
18. Fossaria d.ecanpi-
tg. F. "*iæ20. F: mocLicella

Figure 10J. Mean values for organic ind.ices (optical d-ensity at 2?5

nm)(A) and. molybd-enum-blue phosphorus (ng/t)(g) at sites
where each gastropod- species was present and. where it
appeared. to be absent. Vertical bars represent stand.ard_

errors. Species which were record.ed. only once have been

d-eleted-. Species numbers refer to the following Laxa,.

22. F. dalli
24. F-hlæ4@
25. P. iennessi-.-26. Aplexa hypnorum
28. Fe:rissia rivularis2e.j:@a-ffi-
30. H. pilsblyi
3L L_ corpulentum
32. H: campanglatum
33. H, anceps
34. FEaãffifi-a armi-sera
35. P. campestris
36. ilroïffiäcuo,rs
37. e. unbilicatellus
3e. I'rlr@-
39. Gyra¡tlus parvus
40.ffis
4L, T deflõffi-

Ìli ii:i;i:l
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TABLE XLIII. Significance of the d-istribution of gastropods with
respect to I water chenistry parameters. Syrnbols ind.icate
that the mean values for the sites at which each species
lras ïecord.ed. were significantly (p< .05, n=305) frigher
(+) or lower (-) than the mean for the sites at which the
species was not record.ed.; 0 incl_icates no signifieant
d.ifference. Taxa in parentheses Ìrere record-ed. only once.

Parameter 1= pH, 2= to*,al filtrable resi-due, 3= total
alkalinity, lF chlorid.e, f sulphate, 6= LoLaI nitrate and.

nitrite, /= d-issolved" organic matter, 8= molybd.enum-blue

phosphorus.

Species ParameterL2345678

1.
2.
3.
4.
5.
6.

8.
9.

( ro.
n.
L2.
13.
Lt+.
1_5,

T6,
L7.
18.
L9,
20,

(zL.
22.

(23.
24,
25.
26.

(z?.
28,
29,
30,
31.
32,
33.

Campelona 4ecisun
Valvata sincera aaa ala a a ¡ a a a a ¡ a a aa a a a a a a

0000
-00+

00-00-0+

00000000

0000
0000

V. tri-carinata
Cincinnatia cincinnatiensis .. .... ..... .

I...........1.

M. gelid-a .r.....¡......r..........
Probr¡thinella lacustris .... ¡....... r...
Annicola walkeri .......................
A. limosa ....... ¡........ r......... r...
Somatoffnrus s,ubglobosus) .... ... ...... ..
Lymnaea stagnalis ..................r. r..
Ace1la hald.enani r............r...¡.....
Bulimnea mega.soma ........ ¡.............
Stagnicola pa.l]rs;tris ................ r..
S.. CataSCOpiUm ..r..........r..r.......r
S. Capefa-tg .............r......r..¡....
S. fefleXg ........r.r....r...rr........
Fosqaria d.gcamqi ..................
I't. eXåzu9 .. ¡.. r.........r.......... r..¡
F. mod-iCella .....................r.....
--\-.tt'. pafVa) .......¡.......................
F. d.aIli ............r..............¡...
--.tt'. ObfUSSa) ... ..................r..
Physa g¡{rina .....r................... r.
P. jennessi ........rr......r...........
Aple4a h{Pnorum .....¡........rr...r....
tr.errissia paraIlela) ....................
F. rivularis .r...r.......r............r
Helisoma trivolvis .... . ..... r .... .
H. pilsb,ryi .. t.....¡............ ¡..,...
H. COfpUlentUm ...'.....r.r.............
H. CampanUlatUm .......r....¡.........r.
H. anCepS ..... .. ¡ r ¡... .... ............ .

0000000+
00000000
00000000
00000000
0000000+
00000000

000000++
00000000
-0-0000-
++++++0+
00000000
00000000
00000000
00000000
00000000
0*++++0+

0-000-0+
++++++00
-00000++
-0000-00
00+0000+
00000000
00000000
0---0---
0-000000

ir::'
::icontinued- . .
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TÁ3LE lfiIII. (continued-)

Species Parametert234S6Ze
J4. Planorbula arnigera ...... . .. r ¡.. r. r .. r .
35, P, CanpeStfis ......r...........¡.......
36. ilrornffiacuous ... ¡......... r.
:2. @...... .. . . ....... .....
J8. Armiger crista ....... .. r... ..... r. r . ...
39. Grrraulus parvus . . . . . . . . . . . . . . r . . . . . . r . .
40. G. circumstriatus ,....... !............ r
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the following ord.er of importance; molybd-enum-blue phosphorus, total
alkalinity, total filtrable residue and- pH and estimated total nitrate
and. nitrite (equal), chlorid.e, organic matter and. sulphate. Thus for
both nacrophyte and. gastropod. d.istributions total alkalinity r^ras an

important factor while sulphate was the least irnportant. ÏÍhereas

molybd.enum-blue phosphorus lras of minor inportance for nacrophytes,

1t appeared. to be the most important factor for gastropod.s. Significant-
ly (p<.05, rF3OÐ higher levels of this parameter were observed for
12 species, includ.ing Lymnaea stagnalis, physa glrrina, Fossaria

nod.i-celIa, stagnicola palustris and- Helisoma trivol_vis, the grazers

that had- been stud.ied. in payl. r, Two species, Bulirnnea megasorna an¿

Helisona campanulatum, weïe signÍficantly sensitive to high levels

of molybd-enum-blue phosphorus. Seven specíes tend.ed- to occur at sites
with significantly higher values for total alkalinity, while J species,

Amnicola limosa, Bulimnea megasoma and. Helisoma campanulatun were

significantly sensitive to high total alkalinity values. Significantly
higher and lower values, respectively were preferred. by & species for
both total filtrable residue and estinated total nitrate and nitrite.
six species tend-ed. to occur at signifj-cantly lower pH values, while

2 species, Stagnicola palustris and_ physa .jennessi skinnerirtend.ed.

to occur at significantly higher pH values. Five species prefe:red_

significantly higher chlorid.e levels but onJ.y Helisoma campanulatum

appeared. to occur at significantly lower levels for this parameter.

Hígh organic natter ind.ices were preferred- significantly by 4 species

but again only H. can'panulatum appeared. to occur at significantly
lower levels.0t1y J species tend-ed- to occur in waters with signifi-
cantly higher values for sulphate; these were stagnicola parustri_s,
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Fossaria mod-icella and- Physa .je4nessi skinneri, No species appeared.

to be significantly sensitive to high levels of sulphate.

No significant positive or negative preferences for any of

the parameters examined- were shown by Canpeloqa d"ecisurn, Cincinnatia

cincinnatiensis, Marstonia decepta, Amnicola walkeri, Acella hald.emani,

Stagnicola catascopiun, S. caperata, S. reflexa, Fossaria decampi,

F. exizua, F. d.alli, Helisoma pilsbi¡ri, H. corpulentun, Planorbula

campestris, Pronenetus umbilicatellus, Gtrcaulus B_a,rrlis and. Marstonia

gelid.a. For nany of these species significant preferences could" not

be d.etected. because of the sna1l nurnbers of sites at which they were

record-ed-, t+hile for the commoner species Cinclnnatla cincinnatiensis,

Marstonia d.ecepta, Stagnicola catascopium, Fossaria exigua, Planorbula

campestrisr Pronenetus umbilicatellus and- Gyraulus palr¡us the absence

of significant preferences probably reflected- wid.e ecological tolerance

ranges. For Marstonia gelid.a, the absence of significant envi-ronmental

preferences was to be expected. since this species is not known to be

living.

The sinilarities in the significant environmental preferences

of each possible species pair were grad.ed. by assigning a value of +1

when the preferences of the tinro species for the same paraneter were

both significant and similarly incli-ned. (both positive or negative);

a value of -1 was assigned- when preferences r¡rere both significant but

dissimilarly inclined. (one positive and. one negative). A value of O

was assigned. when one or none of the species showed. a significant

preference for the same paranneter. The values for each species pair

were suÍLmed., yield.ing the matrix in Table XLTV. Negative values

ind.icated. net dissimilarity in habitat preference in terns of the



TABLE XIIV. Net sinilarities in the significant pararneter preferences
for each possible gastropod- species pair. Maximum possible
is f8 for similarities and. -8 for d.issi-milarities. Taxa

r+hich occuæed. only once were exclud.ed.. species numbers

represent the following taxa;

T.
2.
3.
4.
5.
6.
7.
8.
o

tt.
12.
L3,
1,4,
1_5.
l_ o.
t7,
18.
1"9.
20,

Campeloma d.ecisum
Valvata sincera
V. tricarinata
Cincinnatia cincinnati-ensisffi;EãEiecãffi--
M. gelid.a
Probythinella lacustris
Amnicola walkeri-
A. li-nosa
Lymnaeq slagnalis
Acella hald.emani
Bulirnnea negasona
Stagnicol-a palustris
S= cataseopium
S. caperata
S. reflexa
Fossaria d.ecampi
F. exizua
F. nod.i-cella

22, F, d.alli
e4. ñ¡ffi¡rina
25, P. .iennessi
26. Fp@ñ-norum
28. Ferrissia rivularis29.@
30. L pilsbryÌ
31. L qorpufqntu+
32. L- campanulatum
33. H. anceps
34. FTaffiõtra armisera
35.P.ffi
36. ñoñããffiãacuous
37. P. umbilicatellus
:e. Ãr@if-
39, Gyraulus parvus
40. G. circumstriatus
41. Ç Gffi;tus--

.::. :,:.ì:.:.1't.'
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ÎA3LE lúIV. (continued.)
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parameters examined. while positive values indicated. net similarity in

preference. Species pairs showing positive values would- be expected.

to occur together in the same habitats.

C. Gastropod. associations

The significance of the tend-ency for the members of each

possible species pair to occur jointly or apart was tested. by means

of a Chi--square test using the tr[atfiv progran const:r.¡.cted_ for one

clata set in Append.ix VA. All species that were record-ed- at fewer than

J sites were exclud.ed. from the analysis.

The results of the Chi-squatre tests (fante XLV) revealed

71 significant (p<.05, rv3}5) positive associations and. ll significant

negative associations. These have been ranked. in Table XLVft, and_ B

respectively, in d-escend-ing ord.er of significance accord.lng to

d.ecreasing Chi-square values. The association of Valvata tricarin_a,ta

and- Ämnicola li-mosa was the most highly significant; each of these

two species appea.red- three times mithin the 10 most significant

positive associations, while Cincinnatia cinci-nnatiensis, Fossaria

mod.icella' Helisona,.gampanulatum and. Promenetus exacuous each appeared-

twice wíthin the top 10 associations. Lynnaea stagnalis was most

signi-ficantly associated- with Helisoma trivolvis; this association

ranked. third- in overall significance, whÍ-1e Physa frrci-na was most

significantly associated- with ValJgta tricarinata, an association

11th in overall significance. Physa g¡rrj-na and- LlÊnnaea stagnalis

were significantly associated. with each other but this association

ranked. 45tn in overall signi-ficance. The most significant negative

association was that of Stagnicola palus.t_ris and. Helisonra campanulatun.



TABLE XLV. Results of Chi-square tests for the signifieance of the
d.iscrepancy between theoretical frequencies and- the
observed- frequencies for the members of each possible pair
of gastropod-s to occur together (+) or apart, (-)(p<.05,
n4O5) within the same site; 0 intiicates no significant
d-ifference. SymbolS in parentheses ind.icate significant
positive associati-ons where joint occurrences were
observed. at fewer tulnan J sites. Symbols followed- by
exclamation points ( ! ) indicate significant positive or
negative associations that d.id. not coincid.e with net
similarities or d.issinilarities, respectively in signifi-
cant environmental preferences (taUte XT,IV). All species
that were record.ed at fewer Lhran J sites have been d.eleted..
Species numbers represent the foll-owing taxa:

2, \a].vaü.a sincera
3. 1'l , trlcarinata
4. dfnffilncinnatiensis
5. Maïstoãia deóæ,-6.@-
P. Amnicqla limosa

11. Lymnaea stagnalis
1J. Bulimnea megasona
14. Stagnicola palustris
15. S.- catascopium
19. Fossaria eliizua
20. F . mod-icella24,{nyffi
25. P. jennessi

26. Ap]exa hJænor,um
28. Fe:rissig {ivularis
2P. Helisoma triÏolvis
32.
33.
34,
35.
36,
37.
38.
39.
40.
4!,

H. ca,mpanulratug
H. anceps
Planorbula armigera
P.. campest_ri,s
Promenetus exacuous
D umbilicatellus
Arnjfler crista
Gyraulus pa$i'us
G. circumstriatusil GrleõG-
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TABLE XLVT. Significant (p 1.05, n4O5) positive (A) and.

negative (B) gastropod- associ-atlons ranked- in
descend.ing ord-er of signifi_cance accord.ing to
d.ecreasing Chi-square values. All taxa that were

record-ed. at fewer Lhran J sites have been d.eletetl.
Associations with species 6 are in parentheses

because this species is not known living. Species
numbers represent the foLlowing taxa:

2. Ya]uaüa sincera
3, V. tricarinata
A. õiircinnaÛñincinnatiensis
5. Marstoni-a decepta 

--
6.M;@-
P. Amnicola limqs.a

11. Lvmnapg stagnalis
13. Sulimnea megasoÍt¿r
14.ffiis
15. S. catascopiuqr
19. Fossaria exi-gua
20. F. nod.icella
e¿r. pr,¡ffiã
25, ?. jennessi

26. Ap]-.exa hrpnofum
28. Fercissia rivularis
29.
32.
33.
34.
35.
36.
37.
38,
39.
40,
Ln.

H.elisqma tqivolvis
H. campanulatum
H. anceps
Planorbula armigera
P. camp,estris
Promenetgs exacuous
P. umbilicatel}4s
Armieer crista+
Græaulus Ðarvus
G. circumstriatus
G. d.eflectus
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ÎA3LE XLVI.

A. Significant positive associations

L. 3x92, 9x32
3. LIx29
1+. t4 x 2o
5.32x476, 3x15
7. 3 x 4
8.20x36
9, 4x9

10. 36 x 38Lt, 3x24
L2, 3x33
13, 36 x 39t4. 9x4t15, 4x32
16, L4 x 26
17, 3x20
78, 20 x 38
19. 14 x 3320. 5x32
2L. 14 x )622. 9x3623. 9x24
24. 24 x 33
25, t4 x 29
26. 24 x 25
27, 29 x 36
28. (l " ø¡
29.29 x 39
30. 1,4 x 39

37, 9x39
32. (zg x 6)
33, 7t x 39
34. 3x39
35. 3x29
36. t3 x 4t
37. 34 x 38
38. 3x38
39. 20 x 35
40. 26 x 384t. 3x36
tþ2, 35 x 36
41. L4 x 38
U+. &x6)
45. 11. x 24
46. 29 x 38
47, 9 x 15
48. 15 x 33
49, rt x L4
50, LL x 36
57, 1-I x 34
52. 24 x 39
53. 9x38
9+. 32 x 33
55. 1-4 x 25
56, zo x j4
57, LJ x 20
58, t5 x 32
59, 20 x 29
60. 3x34

6r, zo x z5
62, z5 x 29
61. 9x33
64, L4 x 3565, 5x15
66, 39 xtaô
62. 4x4r
68, 4x24
69, z4 x 38
70, 24 x 34
7L36x4L

B. Significant negative associations

L I4x32
2.20x32
3, tJx74
4.25x33
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The associations shown by Marsto4ia gelida d.o not represent

true affinities since this speci-es is not known living; the associ-ation

values refl-ect the ty¡res of comrnunities currently existing in areas

where this species occu:red in the past. .A,lthough Beæy (l.l$)

observed. that Amnicola linosa and. Marstonia d.ecepta appeared. to be

associated. in Michi-gan 1akes, no significant association between these

species was found. in the present survey.

Of Line 7t significant positlve associations , J6 or 50.?%

could- be co:related- with net similarities in preferences for the

monitored. environmenl,al patameters. The remaining JJ positive

associations could. not be erçlained. on the basis of net similar

habitat preferences. All ll of the significant negative associations

could- be correlated. with net d.issimilarities in significant

environmental preferences.

Valva,ta tricarinata and. Amnicola lir,rosa showed- the highest

number (rr)(ratre xtwr) of significant positive associatÍ-ons;

Staqlnicola palustr-is and- Promenetus exacuous each showed. 10 significant

positive associ-ations. All of the positive associ-ations shown by

Cincinnatia cincinnatiensis, Marstonia d.Scepta, Stagnico.la çatascop.ium,

Planorbula canpestris, G)rraulus parvus and.8. circumstriatqs could- not

be coruelated. with similarities in habitat preferences because, except

for G. cj-rcuqstriatus, these species showed- no significant preferences

for any of the parameters. Stagnicola palustris and. Helisoma

canp-anulatum each showed. two significant negative associations,

both of which could be correlated. with net dissinilarities in
significant environmental preferences. .Vqlvata sincer.a, Fossaria

exizua, Fe:rissia rirGrlaris and. Promenetus qrþil¿çale4rs showed- no
i¡::ì, ir:iì::' ì'
:!::t:rti|:ì::l



TABLE lúVIÍ. Total numbers of significant positive and- negative

380

associations observed- for each gastropod. species and- the

numbers of these associations that did- not coi-ncid-e (tl.C.)

with net similarities or d-issimilarities, respectively
in significant preferences for the monitored. environmental

parameters. All taxa that Ïrere record"ed. at fewer Lhan J

sites have been d-eleted..

Species
Positive

Total N.C.
Negative

Total N.C.

2, YaIvaLa qincera 0

3, L_ tricari-nata LI
4. cincinnatiJlincinnatiensis 6

5. ffi"õpta- z
6. u._._ s"lidr (:)
9. 4mniqola l,ímosa LI

11. Lv*r*"r stagng.lis 6
13. Eulinneg megAsena L

1l+. Stagnicolg palus_t{is 10
15. S. catascþpiqm 6
19. Fossaria g{izua 0
20. F. nodicella 9
24. ññãEffi 9
25. P. iennessi 4
26, Aplexa hl:pnorun 2
28. Ferrissia rivularis 0
29. r{ãlj-s'@-1æ- I
32, L c-alPanulatum 7
33. H. anceps 6

34. ñaffifia armisera 535.@ 3
36. ñ.o@acuous 10
37, P. umbilicatell]-rs 0
38. Armiger c.rista 9
39. Gwaul-us panrus 8
40.ffis 1
41. F ãffiãtus 5

0
0
0

(o)
0
0
0
0
0
0
0
0
0
0
0

0
0
0

(o)
0
0
L

2
0
0
L

0
L

0
0

+
6
2

(:)
7
T

0
4
6
0
2
4
t
t
0
1

4
4
0

3
4
0
2
8
t
2

0
2

L

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
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significant positive or negative associations.

fn ord-er to rank the sinilarities of the significant

positive associations for other species, a similarity ind.ex (equation

2?, p,3r4) was calculated. for the members of each possible species

pair. All positive associ-ations where the two species occu:red-

jointly at fewer Ltran J sites and- all negative associations T^rere

exclud-ed.. The values for the association similarity ind.ices are given

in Table XIVI]T.

I'our of the nost important species groupingsr in terns of

hÍ-gh association similarity (S >.60) are shown in Fig. 106. The

d.istances between the species are theoretically the reciprocals of

the Chi-square values that tested. the significance of the frequency

with which the members of the respective pairs were observed to occur

jointly. All- the members of each group showed- great simil-arities in

their significant affinities for other species, However only ValIa-þa

trica,rinata (species J) , Annicola l-imosa (species 9) and. Physa g-¡rrina

(species 24), and Stasnicola palust4is (specíes 14), Helisona

trivolvis (species 2)) and,Promenetus exacuouE (species J6) of group

I (fig. 106) and Fossaria modicella (species 20) and Armiger crisla

(species 38) of g.roup C were themselves associated. at a significant

level. The remaining species in the four groups weïe not significantly

associated. with each other.

In group A (fig. tO6), Cincinnatia qinciqnatiens.i.s (speeies 4)

and. Stagnicola catascopiun (species 15) were both characteristic of

lakes althoùgh neither species showed. any significant preferences with

respect to the environmental parameters examined.. These species were

not positively associated-, partly because S. cata-ssopiug was infrequent
rì.,ri:t.)



TABLE lffiVIII. Gastropod- association similarity indices for possible

species p?irs. Onl-y significant positive associations

where the joint occurrences r.rere obserred- aL J ot more

sites were consj-d-ered.. Species for which all joint
occurrences were observed- at fewer Lhan J sites have been

d.eleted-. Species nunbers represent the following ta;ra;

2, YaLvaLa sincera
3, V. tricarinata
4. Cincinnatia ciqcjnnatlensis
J. Marsto.nia decepta
9. Àmnicola linosa

11. L¡rmnaea stagnalis
13. Bulinnea rnegasoma
r¿r. ffirffitris
15. S. catascopium
1p. Fossaria exigua
20, F. nod.icella
24. F-hræm
25. P, jennessi

26,
28.
29.
32.
33.
34.
35.
36.
37.
38,
39.
40.
47.

Aplexa hypnorum
tr'e:sissia rivularis
Helisona trivolvis
H. campanulatu.m
H. anceps
Planorbula
P, campestris
P.ro.mslnetus exaqUeqs
P. unbilisatellus
Armiger crista
Glrraulus pa^rJrus

G. circumstriatus
G. d-eflectus

almr_geïa
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TABLE XLVIII. ( continued.)

36 3? 38 39 40 4L

200
3 o.5o o
L+ 0,43 o

500
9 0.42 o

1,L 0 .40 0
t3 0,20 o
1,1+ 0,53 o
L5 0.43 or9oo
20 0,47 0
24 0,56 o
25 0,46 O

26 o,2o o
2800
29 0.7r 0
32 0.1_2 0
33 0.40 0
3Lt, 0,43 o
35 0.20 0
36xo
37x
38
39
40
+T

0000
0.63 0,42 0,7? 0,25
0.46 0,46 o o.4o

0 0 0 0.33
0.33 0,33 O.18 0.40
0.71 0,57 0.29 0.IB

0000
0.33 0,33 0.18 0.13
0.46 0,31- o o.4o

0000
0,63 o,50 o 0.15
0,35 0.35 0,20 o.2g
0.67 o.5o o o
0,22 0,22 0 0

0000
0.50 0.50 0.22 0.I5
0,1,3 0,13 0 0.31
0,57 0.57 0 0Õ6
o,t+6 0.46 o o
0,22 0,22 0 0
0.59 0,59 0,20 0,14

0000
x 0,75 0 0.31

x 0 0.31
x0

x

li, i
;.i:|:,

,:::t

l. ;

'i. .r,

:t,,:,i.i

\^)
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Figure 106. An abstract representation of the interelations between

gastropod- species for which the association sirnilarity
ind.ex exceed.ed- a value of 0.60. Species joined- by soIid.
lines were themselves significantly (p< ,OJ, n=JAJ)
'positively associated., while those joined. by broken lines
were not significantly associated. although the similarity
ind.ex was greater than 0.60. Species not joined- by lines
showed- association similarity ind.ices that were less than

0.60. Values along the lines represent approxinations of
the theoretical d.istances between the species and. are the

reciprocals of the Chi-square values that tested. the

significance of the frequency with which the nenbers of
the respective pairs were observed. to occur jointly.
Species numbers represent the following taxa

3. Valvata tricarinata
4. ffinnaffiffiatiensis
9. Annicola limosa

11. Lvmnaea staenalis
r+. @"oG@iq
15. fu catascopium._,
20. Fossaria mod.icellaea.ffi
25, P. .'jennessi
26. Ap]-,exa hypnoru.m
2p. Helisona trivolvis
33, L anceþs
14. Planorbula armigera
35. P, campestris
J6. Promgnetus exacuous
J8. Arniger crista
39. Gircaulus parrus



in the area where c. ci4ci4natiensis was abund-ant (in the extreme

southeastern portion of the stud.y region), while the ratter species

was infrequent in the area where S* qatascopium was more frequent

( in tfre central portion of the stud.y region) . IIel,iqo.ma anceps

(species 33) showed. several significant associations common to those

shown by L c-i.ncinnatieqqis but was not si-gnificantly associated. with

it' perhaps partly because the former species showed- a significant
preference for waters with a low total filtrable residue level while

the latter did not.

In group I (fig. 106) , the cluster of Valvata, ,tri,carinata
(species J), AmJricola limosa (species 9) and. Ehysa grrrina (species 24)

represented- an association groupÍ-ng charac'r,eristic of Iakes, with

generally l-ow values in the environrnental paraneters except for high

levels in nolybd.enurn-blue phosphorus. The brid.ge from this cluster to
the next subgroup, composed. of Stag4icola pal,us.lris (species 14),

4elisom.a, trivolvis (species 2)) and, promene.tus exacuous (species J6),

represented- a transition zone formed- by series of associations with

relatively 1ow association simi-larity ind.ices (table xrwrr) to the

habitat t¡rpe characteristic of thi-s subgroup, i.e, smal], lentic naters

with high values of total alkalinity and molybdenun-blue phosphorus

Ievels. llanorbulg armigera (species J4) d.iffered. fro¡n the other

species in group B in that it preferued. significantly Lower pH values.

All of the species in group B were related. by their significant
preference for high molybd-enum-blue phosphorus levels.

rn group c (rig. 1,06) , Lv¡Ìnaea sta,g.naliE (species 11) showed

nany associations cornmon to those of Fo,ssa,rþ mo4iqe]la (species 20)

and  rniger crista (species l8) tut was not associated with the latter

;1',:-\¡::ij¡-:'il:i.,:i"1:: ìa:_l¿ija¡'".-::.,,:.a,:a:t-.:)-.:,-..-,..:rt.:-..:.:..:ai:t..t.:,r:.:.t.:.Jt:,
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two species largely because it was more flexible in terms of the

habitats where it occumed.. Fossaria mod.ic.ellju and. A{gr-iger crista

were significantly associated. with each other, and. showed. similar

significant preferences for high values of total filtrable residue,

total alkalinity, chlorid.e and- molybd.enum-blue phosphorus. Both

Lymnaea stagnalis and- Armiger crista showed. many associations cornmon

to those of þf,g .iennessi skånneri- (species 25) but were not

significantly associated with the latter which showed. significant

preferences for high values of six paraneters (talte XTIII), all

of which were not important to L. stagnalis and- three of which rqere

not important to A. crista. Fron Table XLIV, a strong sirnilarity of

associations would. be erçected. between 4. nod.icelrla and. P. .iennessi

skinneri, but the value of the association similarity ind.ex for

these species was only 0.33 (tatle XLVIII). lttfrough these species

were themselves significantly positively associated as expected on

the basis of the high value in net similarity of preferences for

the environmental parameters, they d.id- not share Ítany conmon

significant associations for other species. Gyraulus pa.rvus (species

39) showed- many associations connon to those of A. crista but showed.

no significant preferences for any of the environmental paranneters

or habitat types examj-ned..

The species in the binary g.roup O (tr'ig. tO6), Aplexa hypnorum

(species 26) anð" Planorbula canpestrj,s (species JJ), showetL a

similarity of significant associations but were not themselves

significantly associated- because the d.istribution of the latter

species was limited. to the southwestern porti-on of the stud.y region

while the former lras d.istributed. throughout the draê,, Planorbula
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campestris showed- no significant environmental preferences in terms

of the nonitored. parameters while A. hypnorum preferred- low values

of pH and. high leveLs of d.issolved. organic matter and. rnolybd.enum-blue

phosphorus.

Other, nore complex and. less similar association groupings

may be obtained- from Table XIVIII.
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fIï. Plant-snail associations

The significance of the tend.ency for the menbers of each

possible plant-snail pair to occur together or apart was tested.

using a Chi-square test, calculated- using the llatfiv program

constructed. for two d-ata sets in Append-ix VB. All plant or snail

species or speci-es groups that were observed. at fewer l.,han J sites

were exclud.ed. from the analysis.

The results of the Chi-square tests (fafte XLIX) revealed-

161 significant (p<.05, n+05) positive associations and. l1 negative

associations. These have been ranked. in Table LA and.3 respectively,

in d.escend.ing ord.er of significance accord.ing to d.ecreasing Chi-square

values. The 10 most highly significant positive associations were

formed. by only two gastropod. species! þ!þ@ ca¡npanulatlm occu:=ed.

in f and. Amnicola limosa in 3 of the top 10 associations. Both of

these gastropod.s showed. a strong tend.ency to occur with Potanogeton

richard.soni-i, P. zosteriformis and. Elod.eg canad.ensis. Lynnaea

stagnali.s showed the strongest tend.ency to occur jointly with

Myri-ophyllum exalbescens, but this association ranked. 33rd in overall

significance; the other plants with whi-ch this gastropod tend-ed" to

occur significantly frequently were, in d.ecreasing ord.er of

significance: Lemna trisulca (ntn¡, Utricularia vulgaris (43ra),

Potamoseton vasj-natus (gZna), $3g4g@ spp. (fOZtn) and- Potanoseton

richardsonii (tytn). Physa gyrjna did. not occlrï significantly

frequently with Potamogeton pectinatus; its strongest assocj-ation

was with P. zosteriformis, 69tn in overall significance. this



TABLE XLIX. Results of Chi-square tests for the significance of the

discrepancy between theoretical frequencies and. the

observed- frequencies for the menbers of each possible

plant-snail pair to occur together (+) or apart (-)
(p<.05, rp3}5) within the same site; O indicates no

significant d.ifferehce. Symbols in parentheses ind.icate

significant positive associations where joint occu:crences

r^Iere observed. at fewer Linan J sites. Symbols followed- by

exclamation points ( ! ) ind-icate significant positive or

negative associations that d.id- not coincide with net

similarities or d.issinilarities, respectÍ-veIy in
significant environmental preferences (tables XXXVI and-

1(T,III). 0n1y species from Tables XLI and XLVIII were

consid.ered.. The taxa represented- by the species nunbers

are listed. on the opposite Page.



TABLE XLIX. (erplanation

Species nunbers represent
HORIZONTA], : I4ACROPIITTES

1. Chara spp.
J. Sparganiun spp.
7. Potanogeton amplifoliusa.Gñu¿*=
9. P. filiformis

10. P. foli-osus
tl. -H . ITI_esl-l_
12, f ffiffi"s
Ll+, P. natans
1,6. I ããffiatu"
L7, P, praelongus
18. L pusillus
t9. P. richardsonii
2L. P. spirillus
23. P. vasinatus
24, I ãffilÎãrmisz5.tça.i@
27. Al"isrna triviale
2P. Sasitt?ria spp.
30. Elod.ea canad.enSis
Jl. Vallisneria amerj-caga
)2, Zizania aquatica
lJ. Eleocharis spp.
34. Ca]-La palustris
35, Lerna minor
36.EEiõiã
37. Spirod.ela polrrrhi?a
38. Polygonum amphibium
40. Ceratophyllum d-enérsunat.ffi
42. N, tetragona
¿13. N. tuberosa
44.ffipE-ã-¡nieroprtyttun
45. N. va:riegatun
46. s;affi;æeberiÆ.@g. ffiffiJrpp.
56. frlñffim ãialbes.cqnq
59. Hippuri-s vulsaris
ou. purm suavã-
61. Gã-tr,ffiensis
6z,ffiuffi,erned-ia
";,. ñããil
64. I îffiris

--66, [ieEalodonta beckii
68. Zosterella dubia

continued.)

the following taxa:

2.
3.
4,
5.
o

LL.
13,
L4,
I5.
t9,
20.
24,
25,
26,

29.
32.
33.
3t+.
35.
36,
37.
38,
39.
40.
41.

VERTÏCAL: GA,STROPODS

Valvata sincera
V. tricarinata
Cincinnalia cincinnatiensis
Marstonia d-ecqpta
Amnico.la limosa
Lymnaea s-bagnalis
Bulimnea megasomjt
S tagnj'.colju palustris
S. catascopiurn
tr'ossaria exizua
F. mod.icella
Physa grrina
P. jennessi
Aplexa hypnorum

28. Femissia rivularis
Heli-soma trivolvis
H. campanulatum
H. anceps
Planorbula armigera
P. campestris
Promenetus exacuous
P. umbilicatellus
Armiger crista
Glrrauluç parrrus
G= circumstri-atus
G. d-eflectus

i:1. :r;. ¡
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TABLE L. Significant (p<.05, n=305) positive (A) ana negative (B)

gastropod--plant associations ranked. in d.escend-ing ord.er

of significance accord.ing to d.ecreasing Chi-square values.
0n1y associations from lable TLIX have been includ.ed-. The

first number of each pair represents a gastropod-, the

second. a nacrophyte. the taxa referred. to by the species
numbers are listed- on the opposite page.



TABLE L. (ex¡rlanation continuetl)

Species nunbers represent the following taxa;

2.
3.
4.

FIRST NUIvßER ; .GA,STR9POD

5.
o

n.
13,
74.
t5.
20.
24,
25,
26,
28,
29.
32.
33.
74,
35.
36.
37.
39.
47.

Valvata sincera
V. tricarinata
C inc innatia cinginnatiens iS
Marstonia decepta
Annicol.a f.inosa
Lymnaea stagnalis
Bulinnea megasoma
S.taenicola palujstris
S. catascopiun¡ 

_

Fossaria nod.Ícel.La
Physa gyri.na
P. jennessi
Aplexa hypno:rum
Fe:rissia rivularis
Helisoma trivolvis
H. canpanulatun
H. anceps
Planorbula arnigera
P. campestris
Promenetus e]raqUqUs
P. umbilicatellus
Gyraulus parvus
G. d.eflectus

SECOND NUMBER: MACROPIIÍTE

T.
3.
7.
8.
9.

10.
LT,
t2,
1,4.
1_6,

L7.
1_9,

2L.
23.
24.

Chara spp.
@¡ganirl.m spp.
Potamogeton amplifolius
P. epihydrus
P. filiformis
P. foliosus
P. friesii
P. gamineus
P. nata.ns
P. pectinatus
P. praelonflus
P. richard.sonii
P. spirillus
?. vj¡,ginatus
P. zosterj-formis
Najas flexilis
Alisma triviale
Sasittari-a spp.
Elod.ea c.anad-ensis
Vallisneria anericana

)2, Zizania aquatica
34, Ca.AIe- palustri-s
35, Lemrø minor
36. L trisulca
37. Sulro<þþ pol-whiza
38. Polygonum amphibir+m
ll0. Ceratophyllum d.energum
41. Nvnohaea odorata
42. N. tetragona
þ3. N. tgþ.erosa
¿t4. ]Igptr*= nicrophyllun
45. N. varieeatum
46. Brasenia schreberl
56.ffiescens
59. Mpgþ, vulsaris
60. slum suave
6r. frãlrrffiensis
62. ffitlaria i-"ier:nedia
o+.ffi
66. Î\eEalodonta beckii
oo. ãffiouora

25,
27,
29,
30,
3t,
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TABIE L.

A. Significant positive associations

1.32x24
2, 9x3a
3,32x3L
4,32x25
5.32x326. 9xL9
?,32x19
B. 9x24
9.32x30

L0, 32 x 45
1,7. 4L x 24
L2, 32 x 66
13. 9x32
Il+, g x 3I
t5. 4x68
16,32x?
7?, 4t x 66
18. 32 x L7
t9. 32 x 42
20, 3xL6
27. 4I x 3222, 9x2523, 3xL924, 4x30
25, J2 x 4O

26, 32 x 68
27. 9x43
28, 41- x 37
29. 4I x 30
30, 5x25
3t, 4t x 34
32, 32 x 37
33. It x 56
34, Bx7
35, 14 x 2?
36. 4x25
3?. II x 36
38. 9 x I+O

39. 9x4240. 4xL9
41. 41 x 4o
42, 33 x LT
L+3, Ir x 64
LA', 9 x 66
45. 41, x 7
46, 32 x L4
t+?. 29 x 56
48, 3z x z9
I+9. 4x7
50, 4x4O

51. 13 x 37
52, 33 x 1,4

53. 3x40
9+, 14 x tU
55. 9x68
56. 26 x 64
57. 5xt7
58. 26 x 60

.Z'. ?ii'r>equal
6t.33xL
62. 5x24
63, )z x )4
64. jz x 43
65. 4x17
66. 3z x tt
6?. 4I x 68
68. 5x14
69, z4 x z4
70, 4I x 74
77, t-) x JZ
72. L3 x j4
73, 9x45
74. 34 x 38
75. 4xJ2
?6, 37 x 42
??. 32 x 4t
78, 4t x 25
79.4txB
80. 41 x L9
81. 4x3t
82.4Lx&
83. 3xL7
84. 11+ x t6
85, 35 x 6!
86. 24 x 40
87. 24 x 74
88. 24 x 29
89. L4 x 29

3?'. ,T |\[>"n" ,
92. 11. x 2)
93, 9x47
94. 5xL9
95. 29 x 40
96. 32 x 38
9?. 3x56
98. 32 x 36
99. 5x17

100. 14 x 19

101. t4 x 30

iïi'. \i, i äl)"n""
L04. 4I x 37
105. 36 x tn
rc6. 33 x It"
I07. 11" x 3
I08, 24 x 30
L09. 24 x 35
1-L0. 24 x 4J
ILL, 29 x L6
II2. 14 x 66
1L3, 39 x 56
ILI+, 4 x 1-

tI5, 33 x 32

äi'. ',2 ifl2",""t
118. 2 x L4
LLg. 9 x It
I2O. 20 x L6
I2I. 4L x 43
!22, 34 x 36
I23, 14 x 38
I24, 24 x L

IZJ, 4t x L0
L26, 26 x 59
L27, 5 x 45
L28. 2x3
I29. 4 x 66
L30. 34 x 37
L3L, 1-5 x 3L
I32. 4t x L7
1-33, 13 x 36
L34, 'J x 12
L35. 32 x 46
L36, 9 x 34
L37, Lt x t9
I38, 9 x 29
139. 3 x 24
140. 33 x 25
Lt+L 5 xt+o
I42. 29 x 23
I43, 4t x 36
t4+. J2 x Lo
745. 5 x Ltt+

146. 73 x B
I47, I4 x 37
148. 26 x 2?
ILtg. 4 x 4J
L50, 39 x 59

continued.. .
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TABLE L. (continued)

L5I. 9xB
I52. 37 x 9
L53. 4 x 35
I54, 28 x 37
I55, 29 x 45
L56, 5 x 42
L57, 14 x 61.

L58, 4 x 45
L59. 39 x Lo
L6o, 3 x 32
t6L t5xI

B. Significant negative associations

7-. L4 x 45
2. 13x66
3, L4x7
4, 1-4 x 25
5,L4x24
6,L4x3L
7,24x19
8. I4x77
9,20x45

10. 9x27
1-L. 33 x 27
!2, 1,4 x LL

13. 1-4 x 34
t4. 20 x 29
1"5, L4 x t4+

16, 9x59
t7. 25 x 19
18. 1"L x L+4

L9. 3x38
20,24 x 6L
2L. 2J x 12
22, 39 x 4I
2). 2J x 1.

24, 20 x 25
25, Jx60
26. 33 x 60

7Z'. Lt l?lr).n""'
13',Z:ti ll)"n""'
Jt. 20 x tZ

;.'aa:t,..t..
):+,::r.r::¡l
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gastropod- also formed. significant positive associations with the

following macrophytes; c-eratophyllum d-ernersum (86th), potannogeton

natans (AZth), Sasittaria spp. (88th), Elod_ea canad_ensis (tOgtn),

Lenna minor (togtrr), Nuphar varieÊatum (ftOtrr) and Chara spp. (tZ+*).

The most highly significant posítive association shown by Potamogeton

richard.sonii was with Amnicola limosa (6tfr), while p. pectinatus was

associated the most highly significantly wlth valvata tricarinata
(zotrr) .

The most significant of the negative associations was that

of stagnicola palustris and. Nuphar variegatum. The for¡ner species

formed. 6 of the 10 most highly significant negative associ-ations.

Bulinnea negasona showed- a strong tend.ency to occur in sites where

Megalod.onta beckii was absent; this negative association T,ras second.

in overall significance. Physa g¡rrina and. Potamogeton richard.sonii

Ìrere negatively associated" and- this conbination was the most highly

significant of the negativg relationships shown by both of these

species, ranking 7th in overall importance. Physa gyrina also showed_

a significant negative association ¡¡ith Mentha arvensis (zotn in
overall irnportance) ; this relationship is difficult to erçlain si-nce

both of these species showed. a significant preference for higher

levels of nolybd.enun-bIue phosphorus and. significant affinities for
other parameters showed- no conflicts. L.rrmnaea stagr:alis showed_

significant negative associations with Nuphar mj-crophyllun (retn)

and Potanogeton spirillus (zZ*). Pota¡nogeton peetinatus showed no

significant negative associations with any of the gastropod_ species.

0f the 161 significant positive plant-snail associations
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(tatte xr,rx), onlf 82 or 50.Y" could- be explained- on the basis of

net similarities in significant preferences for the environmental

parameters examinea (fatles IffiXVI and XLIII), while of the 31

significant negative associations, rf or 9+,8% could- be e:çlained.
t, ':.'on the basis of net d.issimilarities in sígnificant environmental

preferences.

CeratophJllun d.emersum showed. the highest nunber of
;,'^ t;, ,;significant positive associatj-ons with gastropods (9)(tatre r,r), ',,a;,,::,,

followed- by Potamogeton richard.sonj-i with B, and_ p. natans, p.

"t 
: ';zosteriforrnis, zizanLa aquatica and. Nuphar variegatum, each with 

| ,

/ positive associations. All of the positive associations shown by

Chara spp.r Potanoge_ton filiformis, P, foliosusr fu gramineus, p, 
i

va€inatus, Nymphaea tuberosa, Nuphar nicrophyllun, M.yriophyllun 
l

exalbescens and. Hippuris vulgaris could. not be co:related. with net

similarities in environmental preferences, although onJ-y Potamogeton 
i

foliosus, Nynphgea tuberosa, Nuphar microphyllun and. Hippuris 
l

ivulgaris showed. no significant environmental preferences. No I

significant positive associations could. be d.etected. for Potamogeton 
i¡.,

pusiIlus, P. spirillus, El-eocharis spp. r Ranunculus aquatilis , ',,,t,',

Callitriche spp. and. Utricularia minor. ':''l..

Nuphar vari-egatun showed- the greatest number of

significant negative associations with gastropods (3)(ralre lr),
all of which could. be er¡rlained. by net dissimirarities in i 

itn.
t:..-. _..

significant environmental preferences. potamogeton gramineus,

P. richardsonii, Na.'ìas flexilis, Alisna triviale, Nuphar mi-crophyllun 
r

and. sium suave each showed. 2 significant negative associations; for
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TABÏ,E LI. Total numbers of significant positi-ve and. negative gastropod

associations observed- for each macrophyte species or species
g:roup and- the numbers of these associations that d.id- not

/-- ^ \coincid-e (N.C.) with net similarities or dissimilarities,
respectÍ-vely in significant preferences for the monitored-

environmental parameters. 0n1y macrophytes from Table XLI

were consid-ered-.

Species or species group
Positive

TotaL N.C.
Negative

Total N.C.

1. Chara spp.
3. @@ sPP.
/. Potamogqton ampL,ifolrius
8. P. epihydrus
9, P. fi-lifornis

10. P. foliosus
1r. r . Ir1esLL
12, lffii-ãã"'
L4, P. natans
16. P, ãffiatrt
L7, P. praelonzus
18. P. pusi-llus
L9. P , richard.sonii
2I. P, spirillus
23, P: vaginatus
24. P. zosteriformis
2J. Na.'ias flexilis
21, A]-.isma triviale
2p. Sagittaria spp.
30. Elotlea canadensis
J1. Vallisneria americana
j2. Zizania aquatica
JJ. Eleocharis spp.
34. GffiEstris
JJ, Lemna minor
36.j@
Jf . Spirod-el,a polyrhiza
38. Polygonum amphibium
40. Ceratophvllun d.emersu¡n41.ffi
L+2, N. tetragona
43. N. tuberosa
44. Ñî#, prtyth*
¿t5. N. variesatun
46. Brasenia schreberi

4
2

4
l+

L

3
4
t
7

1

0
0
0
0
0
t
0
0

1

0
t
0
0
0
7

2
7

4
7

2
0
t
3
2
t
3

0
0
0
0
0
0
7

0
t
0
0
2
0
0

5
6
0
I
0
2
7
6
2
4
6
4
ñ(
0
4
3
6
6

3
9
2
+
4
1_

7
t

L

4
0
6
0
2
3
3
0
2
2
7

0
L

0
2
t
0
t
2
2
1

0
I

0
0
0
1.

L

0
0
0
2

0
0
0

0
0
1

0
0
0
7

0
T

T

0
2
3
0

2
0
T

2
4
L

7

6
0
2
l+

I
3
0

continued.. . .
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TABLE LI. (continued)

396

Species or species group
Positive

Total N.C.
Negative

Total N.C.

48. Ranunculus aquatilis
$+. õffie-spp.
56. ffiñã@n ãialbscens
59. Hippuris vul-sarj-s
ou. 

-urum 

sua'f
6r. rrlã-tnãlãensis
62. ffi¿ãffiTermedia,-¡.ññil
e+, u, ffisari=
66. MeEalodonta beckii
68. Zosüerella dubia

0
0
0
t
2
t
0
0
0
0
0

0
0
0
L

2
1

0
0
0
t
0

0
0
4
2
0
1_

0
0
0
t
2

0
0
4
2
T

3
t
0
4
5
4



Alisma trivÍale, Nuphar microphl¡llun and- Sium

397

suave these could- not

be explained on the basis of net d-issimilarities in significant

habitat preferences. Although Potanogeton spiriLlus showed- no

significant positi-ve associati-ons, it d.id. show one signi-ficant

negative association.

0f the gastropod.s, Hel-isoma campanulatum showed. the greatest

number (Z) of significant positive associations with macrophytes

(tatte LII), follor"red. by Gyqaulus d-pflectus with 20, Aqnicola limosa

with 18 and. Cincinnatia cincinnati-ensis with 16. All of the positive

associations shown by C. cincinnatiensis, l{Arqtq4la d-ecepta, Stagnicola

catascopiun, Planorbul-a canpestris, Promenetus ë@, P.

umbilicatellus and- Gyraulus parfiis could. not be correlated. with net

similarities in environmental preferences because all of these species

except P. exacuous showed. no significant preferences. No significant

positive associations were observed. for Fossaria exizua, Physa

jennessi skinneri, Arniger crista and- Gyraulus g!ry!giq!5.

Stagnicola palustris showed" the greatest number (10) of

significant negative associations with nacrophytes, followed. by

Phvsa jennessi skinneri with 5¡ the bulk of these associations could.

be correlated. with net ùissimilarities in environmental preferences.

valvata tricari-nata, Amnj-cola limosa, Lymnaea stagnalis, Physa g¡æina

and. Helisoma anceps each showed. two significant negatÍ-ve associati-ons,

both of which could. not be correlated with net d.issimilarities in

habitat preferences.

ïn ord.er to compare the similarities of the menbers of each

possible pair of macrophytes in terms of their significant positive

gastropod. associations, a similarity index (equation 2?, þ.39+) was

'.."i,;
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TASLE LIf. Total numbers of signifieant positive and negative

nacrophyte associations observed. for each gastropod-

species and. the numbers of these associations that d.id.

not coincid.e (N.C.) with net similarities or dissinilarities,
respectively in significant preferences for the monitored.

environmental parameters. 0n1y gastropod-s from Table

XLWII were consid.ered..

Species

Positive
Total N.C.

Negative

Total N.C.

2, Yalvata sincera
3, V, tricarinatg
l+. Cincinnatia cincinnatiensis
J. Marstonia decepta
9. Annicola linosa

11. L..rmnaea stagnalis
1J. Sulirnnea megasorna
14. Stagnicola palustris
15. S. ca_tascopium
1!. Fossaria exizua
20. F. mod.icella
24. F-hv|:;ãmã
25' P. .iennessi
26. A-prffiG-norom
28. Ferrissia rivularis
29. ffiñtffió.ffi
32. L_ cannpanulatum
33. n. anceps
34. F-IaãõFula armisera
35. P. canpestri-s
36. ñornffilffiacuous
¡2.@
38. Armiger crista
39. Gwaulus parvus
40.ffis
þ1. ilãffieõr-

0
2
0
0
2
2
0

10
0
0
4
2

5
0
0
T

0
2

0
0
0
0
0
7
0
0

L

6
L6
n

5
4
T

7
2
0
0
1_

0
L

0

5
3
L

0
1_

L

2
0

3
0
I

7
L6
n
18

6

7
10
2
0
L

I
0

5
1_

6
25

6
4
t
L

2
0

3
0

20

0
2
0
0
2
2
0
2
0
0
0
2
L

0
0
0
0
2
0
0
0
0
0
1_

0
0
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calculated- for pairs of nacrophytes whose joint occurrence was

observed. al J or nore sites; only associations wi-th gastropod. species

that were record.ed. aL J or more sites were consid.ered.. The gastropod.

association sinilarity ind-ices for possible macrophyte species or

species g.roup pairs are given in Table LIII.

Macrophyte pairs with a similarity Índex greater than O./0

forned. the two groups in I''ig. 10f ; the multiple group cannot be

represented. in two d.imensions. The two groups r^rere composed. of ZI

macrophyte species or species groups which showed.. a total of Jl
interrelatíonships in tez:ns of high similarity in associations with

gastropods. For only 18 of these inte:selationships were the members

of the respective pairs not themselves significantly associated. with

each other.

ltfhen viewed. with respect to comrnon gastropod. associations,

the macrophyte groupings formed. a systen that was more complex than

when viewed. with respect to common associations for other macrophytes.

All of the nacrophyte taxa that had- emerged. in tr'ig. 101 on the basis

of high similarities in significant associations for other macrophytes

emerged. again when compared- ín terrns of significant associations

with gastropods, except for Potamogeton natans. The ratter species

was highly similar 1s = o.Z4) in terms of com¡non associations for
other macrophytes to only one species, Nuphar variegatum; when

viewed. in terms of com¡non associ-ations with gastropod.s, the

association sinílarity ind-ex for this species pair dropped. to 0.62

(tatte trrr). The remaining 14 species in Fig. 101 whose association

similarity ind.ex in terns of other maerophytes had_ exceed_ed. a value

of 0.70r stil1 exceed-ed. this value when treated- in terms of gastropod.



TABIE LT.T.l. Gastropod- association sinilarity indices for possible

macrophyte species or species group pairs. 0n1y

significant positive associations of macrophytes with
gastropod.s were consid.ered. lqhere the joint occurrences

were observed- at J or more sites. Species numbers rep-
resent the following taxa;

1. Chara spp.
l. Sparganium spp.
7. Potamogeton ampLifollus
8. P. epihyd.rus
9. P , filifor¡nis

10. P. foliosus
11. .H . Irl_esl_L
12, -P- ffinÏããus
14. P. natans
1-6. I ñffnatrs
17, P, praelonzus
18. P. pusillus
L9, P, richard.sonii
2L. P. spirillus
23. P. vaginatus
24. P, zosteriformis
2J. Na.igs flexilis
21, A].j'srø triviale
2p. Sagittaria spp.
30. Elod.ea canad.ensis
Jl. Vallisneria americana
j2, Zizania aquatica
JJ. Eleocharis spp.
34. Ca]-La palustris

35, T'erwø ninor36,ffi
37. Spirocl-ela polrmhiza
38. PolvEonun anohibium
¿10. Ceratophyllum d.emersum
þ1. Nymphaea od.orata
42. N. tetragona
þ3. N. tuberosa
4þ. ffipñffiñopirvrtum
þ5. N. variegatum
46. g-raãffieberi
&8.ffiis
fl. ffie-"pp.
5ó. ffirn éialbescens
59. Hippuris lrulsari-s
ou. ilum ruavf
61. GãThffiensis
62, ffiiú,ïía intermed"ia
o;. ññil
6L+. T. ffiaris

--66. MeEalodonta beckii
68, Zoslerella dubia
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Figure 10?. An abstract representation of the inte¡=elationships
between macrophyte species for which the association
similarity ind-ex for signi-ficant gastropod- associations
exceed-ed. a value of 0.70. Species joined. by solid- lines
were themselves significantly (p <,05, n+05) positively
associated-, while those joined. by broken lines were not
significantly associated. although the gastropod- association
simiLarity ind-ex was greater than 0'70. Species not joined-
by lines showed association similarity ind-ices that were
less than 0.70. Values for the theoretical d.istances
between the species are equal to the reciprocals of the
Chi-square values that tested- the significance of the
frequency with which the members of the respective
macrophyte pairs were obserr¡ed to occur jointly.

Species nunbers represent

/. Potagogeton ampli{oliuÊ
8. P. epihJdrurs

11. P. friqsii
17. P. praeJoIzus
19. P: richardson_ii
24, P. zosteri-fornis
25. \øias flexilis;
2p. $¡usi-Þtaria spp.
J0. Elod.ea ca,nad-enqisr
J1. Vallisne-ria arnericana
32. Zizania aqugtica

the following taxa;

CaEa p?fuqtris
Soirod-ela polvrhiza
Polvsonum amohibiun
Ceratoohvllum demersum
Nynphaea od.orata
li. te.tragona
N. tulqro.sa
Nuphar variqgatum
Meflgulodonta þeckii
Zosterella dubia

34.
37.
38.
40.
t+L,

42.
43.
45.
66.
68.

f',:: ,,,.
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associationsr although the members of the respective pairs for which

this value was exceed.ed. were often not the same. thus, although the

same species energed againr the inte:selationships anong them were

d.ifferent. Spirod.ela polyrhiza (species 3?), w]nich was highly similar

to liuphar variegatun (species 4J) in terms of plant associations but

was not significantly associated. with it (tr'ig. 101), for:ned- a separate

g:roup with Polygonun anphibium (species J8) when compared. in terms

of gastropod- associations (¡'ig. I0?). The latter species, together

with Potamogeton amplifolius (speeies ?), p. ep-lhyd:r-rs (speeies B),

P. friesii- (species 11), Sasittaria spp. (species g.roup 29), Ca]-].:a

.fpalustris (species J4) and Nymphaea tuberosa (species 4J) were not

present in the groupings in Fig. 101 because they showed no values

for association slmilarity ind-Í-ces in terms of macrophyte associations

that were gteaLer than 0.70r but this value was exceeded by these

species when treated. with respect to gastropod- associations. It is

interesting that many speci-es of macrophytes which showed. high

similarities in gastropod. assoclations also tend.ed- to occur

signÍ-fi-cantly frequently with each other.

Conversely, the sinilari-ties of the menbers of each possible

pair of gastropod.s lrere compared in terms of their signÍ-ficant

positive macrophyte associations by calculating a sinilarity index

(equation 2?, p.3!t') for pairs of gastropod.s whose joint occurïence

r^ias record.ed. at J or nore sites; only associations with nacrophytes

that were record.ed- aL J or more sites were consi-d.ered.. The nracrophyte

association similarity ind.ices for possible gastropod. species pairs

are given in Table LïV.

iill;t::11



TASLE Lrv. Macrophyte association similarity ind"ices for possible
gastropod. species pairs. 0nly signifi_cant positive
associations of gastropod.s with macrophytes were consid-ered-

where the joint occurrences were observed. aL J or more sites.
Species numbers represent the following ta:ra:

2. YaLvaLa sineera
3.ffiaffiã
4. Gnffiãfncinnatiensis
5. Mñ;ffiia deõõã--
p. Amnicola linosa

11. Ly¡nnaea stagnalj-s
13. Sulinnea meAasoma
1þ.ffiis
15. L cataseopi"um
lp. Fossaria exizua
20. F. nod-icella
24. F-hymã
25, P, .iennessi

26, Ap]..exa hypnorum
28. Eem:lssia rivularis
2p. H_elisoma trivolvis
32. H. campanulatun
33, H, anceps
3+. Trffi:Ia armiAera;¡:.ffi
36. ilro:neffiacuousrz.@
38. Arrniger crista
39, Gwaulus parvus
40, õl-ffiiu¡rffifus
41.flæ;F-

l:-ì.'.':

l!::it:al li:;¡:r;3.4ì+.
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Gastropod. pairs with a símilarity ind.ex greater than 0.60

forned. the collinear species group in Fig. 108; this group was

composed- of four species inte:::re1ated. by five si-milarity ind-ices

which exceed.ed- a value of 0.60. ft ís noteworthy that these four

species composed- Llne 79 most highly signifiean1., positive associations

with nacrophytes (tatte L). Although these gast::opods were significantly

associated. ¡rith each other, only two of these, Cincinnati-a

cinci-nnatiensis (species 4) and. Amnicola linosa (species p), showed.

similarity ind-ices greater than 0.60 when viewed. wÍ-th respect to

associations with other gastropod-s (fig. 1-06) I however in terms of

the latter cri-terion they showed. a:rnutual sinilarity ind.ex of onl-y

0.53 (ra¡le xÏ,Vrrr).

The greatest distance within the species g:roup in Fig. 108

was between C. cincÍnnatiensis (species 4) and. Grraulus d.eflectus

(species 41); the former species showed no significant habitat

preferences in terms of the environmental parameters examined., while

the latter tend.ed" to occur significantly more frequently in sites

characterized- by loi,r levels of pH and. total filtrable residue. These

two.species r^rere hígh1y similar (S = 0.67) in their significant

positive macrophyte associations. Cincinnatia cincinnatiensis and.

A. l-imosa (species !) were slightly less simifar (S = 0.63) in their

macrophyte associations but tend.ed. to occur with each other more

frequently than d.id- C. cincinnatiensis and- G. d-eflectus; hence the

snaller d.ístance between the former two species. Cinci-nnatia

cincinnati-ensis vqas not significantly associated- with Helisoma

campanulatum (species )2), al-tinough the association sinilarity ind.ex

for these two species in terms of plant associati-ons r^ras fairly high

ri:;lf¡::.
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Figure 108. An abstract representation of the interrelations between

gastropod- species for which the association sirnilarity
ind.ex for significant macrophyte associations exceed.ed. a

value of 0.60. Species joÍ-ned. by solid- lines were

themselves significantly (p< .05, n4O5) positively
associated.. Values for the theoretical d.istances between

the species are reciprocals of the Chi-square values that
tested. the significance of the frequency with which the

menbers of the respective gastropod. pairs ¡¡ere observed. to
occur jointly wíthin the same site. Species numbers

represent the following taxa:

&. Cincinnal,ia cinclnnatiensis
9. Amnicola linosa

32. Helisona campanulaturn

41. Gyraulus d.eflectus
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(S = 0.58). Arnnicola lirnosa, H. canpanulatum and. G. 5þ[þ@ were

si-gnÍficantly associated- with each other and. were also highly similar

in terms of plant associations. The sequence of these species

reflected in some measure a progression in significant environmental

preferences: A. limosa tend.ed. to occur significantly more frequently

in sites characterized. by low values for total alkalinity and.

estimated. total nitrate and. nitrite and- high values for molybd-enum-

blue phosphorus; H. campanulatum tend.ed. to occur in sites characterized.

by significantly lower values of total alkalinity and. estinated. total

nitrate and. nitrite, as well as lower values of total filtrable resi-due,

chlorid.e, d.issolved. organic natter and. rnolybd-enun-blue phosphorus;

G. d.eflectus occu:red- in sites with significantly lower values of

total filtrable residue and. pH; C. cinc,innatiensis showed. no

signifi-cant envi-rorunental preferences.

Thus, when viewed- in terms of common plant associatíons, the

gastropod.s generally showed. few similarities to each other. The

sinilarities that d.id. appear to exist were d-oubtless the conplex

product of similarj-ties in habitat preferences, range overlap,

d-ispersal factors and. other, unknown elements whose relative

contributi-ons toward-s any gÍ-ven associatíon cannot at present be

d-efined..
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the association potentials d.emonstrated- in this study

reflected- in very simplified- form the complexities of sociological

structure within the submerged. plant-snai-l communities found. within

the stud.y region. Significant positive and- negatlve associations

were observed- anong the macrophytes, among the gastropod-s, and- among

the macrophytes and. gastropod.s. trhile many of these associations

appeared- to be sufflciently wid-ely d.istributed. to be commonplace,

it is likely that many ad.d-itional associations may have existed- which

were not d.etected- during this survey. Accord-ingly the significance

values presented- here must be regard-ed- as und-erestimates of the true

values, sínce, while it was not possible to overestinate frequencies

of occu:sence of ind-ividual species, most of the values were alrnost

certainly und.errated- because rnany species were overlooked., particularly

at large sites, on account of limited. search time and. often poor

visibility.

As has been pointed. out in Part I of this stud.y, and by

Southwick and Pine çtlZÐ, submerged aquatic plant communities often

vary greatly in species composition at a single site during d.ifferent

tines of the season and. from year to yea.r. Steenis et al (tg?t in

Southwick and Pine, 19?Ð have suggested. that changes in the plant

conrnunities nay be precipitated. by nany unpred-ictable ecological

factors, of which they believed turbidity to be the most important,

since many submerged- macrophytes have a light compensation point of

approximately 2% of the anbient surface light (tUeyer et a1, fglÐ).

Changes in the conrpositÍ-on, abund.ance and- vigor of macrophyte
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conmunities nay d.irectly or ind.lrectly affect the composltion of the

gastropod. corununities, or the latter may be subject to the same or

related. envirorunental factors that affect the plants. Thus the

representativeness of a sample isolated- fron a given site at a

single point in tine is d.ifficult to assess. The error inherent in
single-point sarnpling with respect to both community composÍ-tion and

water chemistry nray only be minimized. by increasing the number of

sites and. sampling over a wid.e range of points in time, even though

each site is visited. onl.y once.

Moyle (tgt+S) i^ras among the first workers to point out the

importance of water chenistry parameters as ecological factors in

the d.j-stributíon of aquatic plants. These factors r^rere recognized.

to be related- to nutrient uptake, which i-n submerged. macrophytes

occurs in large part d"irectly from the med-ium through the surfaces

of the shoots (Arens, r933i steeman Nj-elsen, r95r¡ LowenhaupL, L956i

Hynes, L9?2), as well as from the substrate (Spenee, I)lZ). The

relative contributions of these two sites of absorption probably

vary with the species and. with d-ifferent environmental cond.itions,

but in general the nutrient status of the water is an important

factor influencing the growth of submerged. plants.

Spenee (t96?, f9?2) suggested. that the nutrient status of

water was reflected by its alkalinity. Moyle (l-?l+Ð, Spence (t96?,

r9?2) and sedd-on (tgzz) found- that the d.istributions of nany

macrophytes could. be co:=elated. with alkalinity and. these workers

classified. water bod-ies as plant community habitat tytrres in terms of

this parameter. Hellquist (tgZÐ found. that total alkalinity was of

ltl.r':i,{::i;
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great inportance in the d.istribution of Potgmoflqt-o.n. Accord.ing to

this worker, alkaline naters () 9O.O ng/t CaCO.) in New England. were
J'

characterized- by P.. qectingtus; preference of this species for

waters with high alkalinity was also reported- by Spence (t96?) ana

SedtLon (tgZZ). The results of the present survey agreed. i+ith these

observations (i = 15?,0 t 8,2 ngfl caco., n=101), although the values,)

at which this species occurced. were not significantly higher than the

values for si-tes from ¡.ihich this species appeared. to be absent.

Hellquist (lgZÐ found- that P. friesii and. P. fillformis var. @f1s

were characteristic of waters whose alkalinity ranged. fron 61.0 to

90,0 ng/I CaCO, in northeastern Mai-ne and- western New England.; the

present surr¡ey showed- that in the stutl-y region both of these species

tend.ed- to occur in waters with much higher total alkalinity values

than those reported. by Hellquist (tgZS)¡ P. fries-ii occurred. at a

mean value of L7?.6 t ?,2 ngþ caco, (n=14) while P. filiformis

occurred. at a mean value of It+6.9 t 33,8 ne/t Caco, (n=21). Because

these values were not significantly higher than those fron sites

where these species d-id. not appea"r to occur, perhaps populations

of these species are more tolerant of high total alkalinity values

1n regions where suih waters are predominant. Spence (tg6?) noted.

that Scottish populations of P. fi-liformj.,s often tended. to occur

in waters with high values of total alkalinity.

Hellquist çtlZÐ found. that mod.erately alkaline New England-

waters, for which total alkalinity ranged frorn 1J.1 to 6O.O ng/t CaCOr,

were characterized. by the taxa P. spirillus' þ epihydrus var.

Ig49S, P. gzamineus, P. natans, P. zosterifornis and. P. pus1l1us

I ir,,: tìt:ii!ì::íi.lri
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var. ;!enuigÊ@. The present survey showed. that, within the stud.y

region, all of these species, except P-. pusillJls, were significantly

sensitive to high values of total alkalinity; the mean values at

which these species occurred. were (ng/t CaCO,): P. qplr:lllus, 29.3)'
t 10.7 (n=6); P. epihydrus var. nuttallii, 26.4 t 4.7 (n=2!); P,

#annineus, 1-09,2 t 9,0 (n=62); P. natans, I7L3 t 6.8 (n=60); p.

zosteriformis , 91.2 ! 5,4 (n=5?); P: pusillus , 1-46,9 t I4,7 (n=j6),

Other taxa that tend.ed. to occur at sj-tes with significantly lower

total alkalinity values T{ere! Sparganium spp. r P. anplifolius, P.

obtusifolius, P, praelongus, P. richard.sonii, Na.'ìas flexi-lis,

Sagittaria rigid.a, Elod.ea canad.ensis, Vallisneria americana, Zizania

aquatica, Cal1a palustris, Spirod-ela polrrhiza, Polygonum amphibium,

Nymphaea od.orata, N. tetragona, Nuphar variegatun, Braseni-a schreberi,

Megalod.onta beckii and- Zost_erella 1þþþ. Although these species

occumed- significantly nore frequently at lower values of total

alkalinity, some, such as P. richard.sonj-i, nonetheless had_ rÉd.e

tolerance ranges for thi-s paranneter. Spence (tgZZ) reported- that

P. praelonzus was ubiquitous in Scotland. in terms of alkalinÍ-ty¡

the significant preference of this species for lower values of this

variable in the present stud.y may have been due to inherent

d.i-fferences in the tolerance ranges between the two groups of

populations or it may have been related. to other factors. For example,

this species occurred. consistently at the greatest water d.epths of

the submerged. nacrophyte zone where most other speeies were unable

to compete; sites where such d.epths were present were generally lakes

and- these water bod.ies tend.ed. to show relatively low values for

total alikalinity.
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The ta>ra characteristíc of waters with a total alkalinity of

less than L5,O ne/L CaCO. in eastern New England- (Uel1quisL, l9?5) d.id.
J

not occur within the present study regi-on, where no taxa appeared. to

be confined_ to such waters. 
,, 

,,,

Ruppj-a maritima was the onJ-y species that tend.ed- to occur in :'

waters with significantly higher values of total alkalinity ( i =

42,6 t 53,3 ^eh caco. , n=r?). spence (tg6Z, Lg?Z) found. thatJ'
populations of Chara spp. and- Ceratophyllum d-emersun tend.ed. to occur

at ranges of high alkalinity values in Scotland., but the present 
,,j. ,

stud.y showed. that these taxa occurred. at a wid.e range of val-ues within 
r:r :'

the stud.y region. Again, these discrepancies may have been due to ì

lnherent tolerance range d.ifferences and./or to a variety of other

factors such as tenperature, with whj-ch alkalinity may act

synergistically (Reynolds and. ReynoJ:ðs, 19? 5) .

Total filtrable residue was found to be only slightly less i

:

inportant than total alkalinity in correlating with rnacrophyt"

d.istribution, and. species that showed. significant tests for both of

these parameters also showed. sirnilarly inclined. preferences. Ruppia r ,,
'':'t.', t-

maritima, Potanogeton pectinatus and- P. vaginatus tend.ed. to occur

i-n waters with signifi-cantly higher levels of total filtrable residue. i":)""

Taxa whích occurred. in waters with slgnificantly lower values of this

parameter were! Sparganium spp. r Potamogeton amplifolius, P. epihydrus,

P. friesii¡ P. {ramineu", P. natans, P. praelonzus, P. richardsonii, ,., i

P. zosteriformis, Najas flexili-s, Sagittaria spp. (except S. rieid.a),

Elod.ea canad.ensis, Vallisneria americana, Zi.zania aquatiea, Lemna

mj-nor, Spirod.ela polrrhiza, PolÏgonum amphibiun, Ceratophyllum
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d'enersum, Nynphaea od.ogata, Nuphar variegatum and- Megalod.onta beckii.

significantly higher levels of pH, the next nost important

factor, were observed. for chara spp. r Ruppj-a mari-tima, potamogeton

friesii, P. pectinatus, P. praelonguE, p. richard_sonii, p. robbinsii,
Najas flexilis and- lly{iophyllun exalbescens, while significantly

lower pH values were observed- for sparganium spp. r potanogeton

alpinus, P, epihydrus, Sagittari-a spp. (except S. rigida), Lemna

minor, spirod.ela polrrhiza, Polygonum anphibiun, Ranunculus gmerini,

siurn suaver ut:rieularia intermed.ia, u. ninor and. u. vulgaris. The

significantly lower values observed- for Lemna m_lnor and. spirod.ela

pol-v-rhiza agree with the find.ings of Mel,ay (tgZ6) and Hicks (tg3Z) ,

However, as Hutchinson (t970) rras pointed- out, thÍ-s paraneter nust

be regard.ed. in conjunction with others since significant ecologieal

effects of pH per se on rnacrophyte communities may be linited. to
aci-d.ic waters.

Hellquist (tgzÐ found that nitrates were relatively less

i-rnportant than total alkalinity in the d.istribution of potanogeton,

although thi-s factor could. stil1 be used to d-efine the d-istributions

of certain species. Holmes and_ ifhitton (t9Z5U) found that the loca1

distribution of P. pusillus within a single river system in Britain
was positively comelated. with nitrate-nitrogen, but in the present

survey this species showed- no significant test for combined- estimated

nitrate and. nitrite. Significantly higher values of this parameter

were observed. only for Ruppia maritirna, while significantly lower

values rrere record.ed- for sparganium spp.r potamogetol epihydrr¡s, p.

gramineus, P.. richard.sonii, P. zosteriformis, Na.-ias flexilis, Elod.ea
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canad.ensis, Vallisneria annericana, Calla palustris, Spirod.ela pol..Jryjniza,

Poly€:onun anphib-iun, Nymphaea od.orata, Nuphar variegatum, sium suave

and. Megalod.onta beckii.

lfÍ-th respect to chlorid.e, Hellquist (tgZS) found that

Potanogeton pectinatus and- P. pusillus var. tenuissimus were tolerant

of high leveIs of chlorid-e in New England- waters. During the present

survey, only P. pectj-natus and. Ruppia mari-tima tend.ed- to occur at

significantly higher levels of this parameter, but P, pusi-llus sho¡^¡ed-

no significant test, ind.icating a wid.e tolerance range. Rlrslett
(tgZÐ found that Ruppia was tolerant of high salinity levels. Hal1er

et al (tgZ+) suggested. that Vallisneria americana was relatively salt
intolerant; during the present study, although this species was

significantly sensitive to high levels of total alkalinity and total
filtrable residue, it shoi,,ied. no significant test for chlori_d.e. only

Potanogeton natans and. Nuphar variegatun tend-ed. to occur at

significantly lower levels of chlorid.e.

Reynolds and. Reynolds (I9?5) suggested_ that macrophytes nay

tolerate much higher salinities where the d-omi-nant anion is sulphate

than where it is carbonate or bicarbonate. the highest sulphate level-

0+ol ng/L) recorded. in this survey was át sLLe zoJ, a saline pond in
saskatchewan, where the concurrent chlorid.e level was rzj| mg/t; this
site supported. populations of potanogetor-t pectinatus and_ Mrriophyllum

exalbescens as well as the gastropod.s stagnicola palustri_s, physa

.'iennessi skinneri-, tr'ossa.ria obrussa and. tr'. mod.icella. rt is likely
that the observation of Reynold-s and. Reynoað-s (rg?5) *y be true for
both macrophytes and. gastropod.s. Ðuring the present survey, no

macrophytes appeared. to be significantly sensitive to high sulphate
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levels and- only Potanogeton pectinatus tend.ed. to oceur at sites

with significantly higher values of this pararneter, which was the

least important of the variables that were exami-ned..

ilolybd.enum-blue phosphorus appeared- to be relatively

unimportant in the cl-istrib-rtion of most macrophytes. Forsbe,rg (Lg64a

and- b, L96Ð found that growth of Chara was inhibited at high

levels of phosphorus; during the present survey this plant showed.

no significant test for this parameter. Caines (tg6Ð found- that

Mrriophyllum alterniflorum and. Potanogeton praelonzus were phosphorus

tolerant; within the stud.y region these species occurred. at a nid.e

range of molybd"enurn-blue phosphorus levels and- showed. no significant

tests for this parameter. Species that d-id. significantly tend- to

avoid- waters with high levels of molybd-enum-blue phosphorus werei

Potamogeton amplifolius, P. epihydrus and. Nynphaea od.orata.

Potamogeton pectinatus, Alisma triviale and. Mentha arvensis

occurred. at significantly hÍ-gher levels of this parameter.

Dissol-ved" organic matter also appeared- to be a relatively

uninportant factor in the d.istribution of macrophytes, and. approximately

equal numbers of taxa occu:red- at signifi-cantly higher or lower values

of this parameter. Significant tests for d-issolved. organic rnatter

often coinci-d-ed- with significant but oppositely inclined_ tests for

pH; these two factors appeared. to be related. in that highly colored.

waters tend-ed- to be acid-ic. The influence of this parameter on

plant d.istribution may have been due to its effect on light quality

and. intensity, or to related. factors.

Thus for macrophytes, the parameters that were examined_

could- be ranked. in the fo11owíng ord.er of inrportance, based on

i;:
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numbers of species or species groups that showed. significant tests:
total alkalinity, total filtrabre residue, pH, d.issolved. organic
rnatter, estimated. total nitrate and. nitrite, molybd.enum-blue

phosphorus, chlorid_e and_ sulphate.

The effects of other chemical factors upon plant d-istribution
have been littIe stud.ied.. calci-um Ievels have been comelated. with
the distribution of Mrriophvrlum (Hutchins on, r9?o), potanogeton and

Zannichellia (Holmes and trühitton, l9?5b). Reynolds and. Reynolds (tgZS)
and Holmes and. Îfhitton (tgzsa) found. that conductivity could_ not be

correlated. with rnacrophyte d.istributi-ons.

ïn the d-istributions of gastropod.s, molybd.enum-brue phosphorus

appeared to be the nost important factor. valvata tricari_nata,
Proby.thinella lacustris, Amni-òola limosa, r-,yrnnaea stagnalis, stagnicola
palustris, Fossaria nod.icel-la, physa gyrina, Aplexa h)¡pnorurn, Hel_isona

trivolvis, Planorbula arrnigera, Promenetus exacuous and. Armiger crista
tend.ed. to occur at significantly higher levels of this parameter.
Bulimnea negasona and- Helisona campanulaturn occuffed. at signi-ficantly
lower levels of molybd.enum-blue phosphorus.

Total alkalinity was the second. most important factor in
gastropod- d.istributions. Stagnicola palustris, tr ossaria nod.icella,
Physa .iennessi skinneri, Herisoma tri-volvis, promenetus exacuous,

Armiger crista, and- G'rraulus cireumstri-atus occ'med. significantly
rnore frequently in waters with high total alkalinity varues, while
Ainnicolg limosa, 3uTÍmnea megasoma and. Helisoma campanulatun occu:red.
at sites with significantly rower totar- arkalinity values.

significantly higher levels of totar filtrabre residue, the
next nost inportant factor, were observed. for stagnicola palustris,
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:

Fossaria nod.icella, Physa jennessi skinneri and- Armiger crista;

significantly lower values were observed- for Physa g:tri-na, Helisoma

campanulatum, H. anceps and. Glrraulus d-eflectus. As had. been the case

for macrophytes, where significant tests were shown for both total
,.,,:.-, - 

:'.:,.

alkalinity and. total filtrable residue by the same species, these ,:: "

preferences were both sirnilarly inclined..

The importance of total filtrable residue, pH and- conbined.

estimated. nltrate and. nitrite was equal , although many species showed. i,',:',',,¡,.t,',.
: _-ì : :

sígnifieant tests for only one of the latter two parameters. ËÞglqlg.þ 
,.,,1..,,,,:',,,
: _ _.:.:.. 

,_palustris and- Physa jennessi- skinneri showed. significant positive

tests for both pH and. niïrate/nitrite, while Fossaria modicella 
,

and. Gtæaulus circumstriatus showed. significant positive tests only

for the latter variable. Amnicola limosa, Physa glrrina, Iþ:=issia

rivl¿.laris and. Helisoma campanulatum tend-ed. to occur at significantly

lower nilraLe/nitrite levels while Valvata sincera, Bulj-mnea ^4ry,@, i

Aplexa hypnorum, Ferrissia rivularis, Planorbula armigera and_

Grcaulus d.eflectus occu:red. at significantly lower pH values.

Cvancaraeta1Qgzqsuggested.thathighch1orid.e1eve1s
i,,., '']:,,r-j.'1,,

nay affect the occurrence of mollüscs. The present survey showed. that I , _, ,

..-'-.:.'. .: :.

only Helisoma campanulatqm was significantly sensitj-ve to high levels ',,:" "",,"'

of this parameter while Valvata sincera, Stagnicola palustris, 
.-:.,

Fossaria mod.icella, P.hysa .jennessi skinneri and. Armiger crista were

observed. at significantly hÍgher levels of chlorid.e. 
,, 
i i , ,

Dissolved- organic matter appeared" to be a relatively 
r-:r::'iir::i::iì.

uninportant parameter; onJ-y Helisoma campagulatum occurred. at

significantly lower levels of this parameter, while Lymnaea,stagnalis,

Aplexa hypnorum, Planorbula armigera and. Armige,r crista tend.ed. to 
;_;-,,.,..,,.;,,.,
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occur at significantly higher values.

As had. been the case for maerophytes, sulphate was the

least inportant factor in the d.istribution of gastropod-s. only

Stagnicola palustris, Fossaria nod.icella and_ physa .jennessi skinneri 
::

showed. significant tests for this pararneter, all of them tend.ing to :

occur at significantly higher values.

ïn general, stagnicola palustris, Fossaria mod-icel1a, physa

jennessi skinneri and. Arniger crista tend-ed. to occur at signifÍ-cantly ,,..
t.

higher levels of nost parameters, while Helisoma campanulatum was 
l

sensi-tive to high levels of most pararneters. The sensiti-vity of i-'

Bulimnea megasorna to three of the parameters nay be contributing
.

toward.s the progressive d-Í-sappearance of this speci_es fron the stud.y

area, particularly fronr localities of d.eclining water quality

(LaRocque, a968; Grimm, AgZ5). However H. campanulatum continues

to be d.istributed. widely throughout the study area, despite its
sensítivity to six of the paraneters.

Thus for the gastropod.s, the paranneters examined_ could. be

ranked- in the following ord.er of importance, based. on nunbers of 
,:,

species showing signifi-cant tests; molybd.enum-blue phosphorus, 
,

total alkalinity, total filtrable residue and- pH and. combined_ ,',,

estimated- nitrate and- nitrite (equal), chlorid.e, d.issolved. organic

matter and. sulphate.

0f course, other factors inay also be important in the 
.,,

d-istributions of molluscs, for exanple,potassium (tmlay, L9n),
calcium (Greenaway, Lg?L) and substrate type (cvancara et al , l9?6).

since each species would- be expected. to occl'-r ín the
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habi-tats whose characteristics fall within the tolerance ranges of

that species, provid-ed- that such habitats also fa1l within the

geographical range of the species, absence of the species from sueh

a habitat courd. be interpreted. as a result of biotic factors or

inefficient d-ispersal. Over1and. d-ispersal anong isolated. aquatic

habitats i-s believed- to occur primarily through accid.ental

attachnent of eggs and- snall snails to the legs and- feathers of

aquatic bird-s (Ma1one, r965i Rees, 1965) and. it is 1ike1y that plant

propagules may be d.ispersed_ in the same way. F.C. Baker (L}US)

pointed out the similarities of the distributions of planorbid.

snails such as Promenetqs exacuous to the migration routes of

aquatic bird-s. Dispersal is now aid.ed. substantially by human activity;
for exarnple, the influx of sport físhermen complete with boats and.

equipment from Minnesota to the Duck Mountains and. llhitefish Lake

regions of Manitoba may account in part for the unusual species

d.iversities of some of these lakes. Thus, the pïesence of Helisona

corpulentum in ïrhitefish Lake, in the porcupj-ne provincial trorest,

is almost certainly the result of human activity, since thÍs species

is otherwise confined. to the lfinnipeg River system and. more

southeasterly regions. rn the north, it is 1ikely that aquatic

aircraft may be aid-ing in the d.Í-spersal of both plants and. snaiLs.

ïn terns of species d.iversity, the eastern portion of the

study area was found'to be richer than the western portion. sone

species, such as Nymphaea tuberosa, utricular-ia geminj-scapa, Najas

gracillima and. Mrrriophyllum heterophyllun, and. Acellg hald.emani and.

Somatoglrms subglobosusr?Íere linited. to the extreme southeastern

portíon of the stud-y area and. the sites where these species were
t1'
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record.ed. probably represented- the northwestern bound.ary of the

ranges for these species.

The characteristically eastern species, þtan@
amplifolius, P. epiþydruE, P. {oblinsii, P. spiri-Ilqs, Braseni-a

schreberi and. Zosterella dubia, and. Marstonla d.ecepta, Amnicola

walkeri and- Helisoma coJpulentr4m were li¡rited- to the reglon east

and. south of Lake Ïlinnipeg. Pseud-osuccinea columella would- also

appear to belong in this category although at present it see¡ns to

be extinct from the study regíon. Sulimnea megasoma rnay be regard-ed.

as an eastern species since at present its most westerly point of

known occurrence i-s on Hecla Island- in Lake Winnipeg. Potamogeton

obtusifolius at present has a very linited. d.istributÍon within the

study area, with foci in the region of trfallace Lake in southeastern

Manitoba and. near Beaver Creek on the western shore of T,ake lfinnipeg;

these populations appear to be the result of initially acci-d.ental

introduction. The range of Zizania aquatj-ça may be regard.ed. as

eastern slnce the ¡¡esternmost known natural population within the

study area was record-ed. at Sewell Lake in the Spruce trrlood-s

Provinci-al Forest.

The maerophytes characteristic of the eastern region T^rere,

except for Potanogeton robbinsii, intolerant of high alkalinity

levels and. often of high total filtrable residue and. combined.

estimated. nitrate and. nitrite levels. This sensitivity rnay be anong

the major factors that restrain the range expansion of these species

beyond. the granitic Shield. region. Speci-es such as P. anrplifolius

and. P. spiril-l-us have expand.ed. their ranges westward. fairly recently,

jud.ging from the absence of these species from previous reports, but
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have remained. within the limits of the Shield- regíon. Although

Zizania aquaLica has spread. beyond. this region, it has selected. for

sites where the total alkalinity and. total filtrable residue levels

are significantly lor¡er.

0n the other hand., gastropods with characteristically

eastern ranges, such as Marstonia d-ece'pta, Arnnicgla walkeri and.

Helisoma cornulentun d.id. not show any significant preferences for

any of the environmental parameters that were examined-. B.ulimneg

megasoma was the only species limited- to this region that showed.

signi-ficant sensitivities to high levels of water chemistry factors.

Although larger samples for the eastern species may yet reveal

sensitivities which were overlooked. in the present stud.y, it

nonetheless appears that these species either d-o not d.isperse well

overland" or are sensitive to other factors.

Although no taxa were restricted. to the western portion of

the stud.y area, species such as Ruppia nariti-ma and- Physa .'iennessi

skinneri were much more frequent in this area, perhaps because

they were tolerant of high levels of total alkalinity, total filtrable

resi-due, pH, chlorid.e and. combi-ned. estinated. nitrate and- nitrite

which were characterj-stic of much of the waters of this region.

Because the entire flora and- fauna of a single water bod.y

was regard-ed. as a single ecological unit, following Seddon's (tgZZ)

viewpoint, the significantly frequent occurrence of two species

jointly within the same water bod.y was interyreted. as positive

association. Although many of these associations could. be correlated-

with net similarities in significant environmental preferences, a

large proportion could- not. Although some members of the latter
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group could. perhaps be er¡rlained. in terns of sj-milarj-ties in

preferences for other, unknown environmental vari-ab1es, this

explanation r^ras not generally satisfactory since the members of

sone of the most highly significant associations showed. no net

similarities in terms of the known parameters and. the wid.e

d.istributions and- frequent occurrence of such species nad.e selectivity

for obscure elenents un1ike1y.

Species of both macrophytes and_ gastropod.s that occu:red. at

significantly lower levels of several paranreters tend.ed. to form

more highly significant associations than d.id- species that occuned.

at significantly higher levels of several paraneters. rn general,

the most conmon species d.id. not form the nrost highly significant

associations.

The macrophyte species groupÍngs that emerged. ín terms of

similarities of possible species pairs with respect to significant

posítive associations with other macrophytes showed- that species

highly sinilar to each other in terms of other associations often

tend-ed- to be significantly positively associated. with each other.

These groupi-ngs, when viewed. in terms of slmilarities of each

macrophyte pair with respect to significant gastropod. associations,

were again composed. of largely the sane macrophyte taxa, although

the interrelationships between them were d.Ífferent.

The species groupings of gastropod-s that emerged. in terms of

the similarities of the rnembers of possible species pairs with

respect to significant positive associations with other gastropod.s

showed. little relationship to each other in terns of nutual

association but rather reflected. transitions in the characteristics
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of the habitats within which the species tend-ed. to occur. llhen

possible gastropod. pairs lÍere exarnined. with respect to similarity
in significant macrophyte associations, few species showed. high

similarity ind.ices; the species for which these ind.ices were

relatively high also conposed. the most highly significant positive

associations with nacrophytes. The impracticability of d.efining

the ecological range overlap betneen any two species and- the large

number of unknown factors nad.e interlretation of these interrelation-

ships in the light of environmental factors difficult.

significantly frequent joint occurrences within the same

sites provid.ed. no ind-ication of whether the two species were ind.eed-

d-irectly associated. since the species may have been segregated. into

d.ifferent subcommunities in the manner observed. in part r, and. thus

may not have been truly associ-ated.. conversely, the absence of

significantly frequent joint occurrences within the stud.y region

may not have exclud-ed- the possibility for the existence of positive

association at the sites where joint occurrence d.Íd. take place. For

example, Physa ff.irrina d.id. not occur jointly with PpLÞamogeton

pectinatus aL an acceptable significance level within the study

region, yet at sites 1-/l (Part r) these species were seasonally

associated.. However, since Lymnaea st-agnali-s was significantly

frequently associated- with P. richard.so.nii within the study area,

the extensity of the potential for this associ-ation to d.evelop

was greater. This still d.id- not preclud-e the possibility that this
gastropod. may have been associated. more strongly with other

macrophytes that also occu:=ed. within the sites where both it and.

P. richardsonii were present.
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Evid-ence of gtazing by gastropod-s was found- on the submerged_

leaves of all species of Potanogeton except in p. natans; in the

latter species the submerged- leaves are reduced. to petioles and.

grazing was d-ifficult to assess. The abund-ance of grazing lesions

in vari-ous taxa suggested- that d.irect plant-snail associations nay

occnr across a broad. spectrum of macrophyte types.

The results of this survey suggested. that specific plant-

snail associations are not obligatory, and. where alternate macrophytes

occur the snails nay ad-apt relatively successfully to alternate food.

sources. However the large proportion of negative plant-snail

associations which could. not be explained. in terms of net d.issimilari-

ties in significant environmental p:references for the nonitored-

environmental parameters suggested. that ad.aptability was not

unrestricted. among all nacrophyte taxa. Because of the variability
of the plant corununities within which the gastropod.s occu:red. at

d-ifferent sites, the d-evelopment of specific associations within each

site was probably d"epend.ent upon a combination of factors involving

the specÍ-es present and. their respective physicochemical attributes

relative to each other and. to the environment. rt is 1ike1y that

many of the associations within a'gÌ-ven site were seasonal and_ nay

have varied from year to year. Thus association analysÍ_s where the

biota of an enti-re site is treated. as a single ecological unit can

only be used. to pred.ict the potential for the d.evelopment of
parti-cular associations, but the types and. intensities of the

associations actually present must be exami-ned. quantitatively

within the respective subcornmunities present at each si_te.
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The vari-ed. ty¡res of plant-snail associations that may exist

within a single water bod.y are not constant in time and. space but

d.epend. upon a large array of biotic and. environmental factors.

Different plant-snai-l associations may coexist within the same

water bod.y relatively ind.epend-ently of each other through segregation

within d-istinct subcommunities. Snails nay be associated. with certain

nacrophytes only at certain times of the season that are unrelated-

to the growth cycles of either member of the associ-ation, or the

ryowth cycles of both mernbers may be highly synchronized Ln ord.er

to maximize Llne survival of each. In the latter ty¡res of associations,

the young nay hatch on the plants at times when the latter are

comparatively richer i-n energ"y, and- are best capable of sustaining

a grazing load-. ïn such associations, a highly complex system of

bj-ochenical controls may be operating wherein the host plants may

be participating in the regulation of the reproducti-ve cycles of

their grazers. ïlhere several such systens coexist, they minínize

competition for food. and- space among the d.ifferent species of

SrazeTS,

The large nunbers of potential plant-snail associations

are probably based. upon a relatively sma11 number of basic nechanisms

for which many specific variations may be possible. Because of the

plasticity of plant-snail associations, the adaptability of gastropod.s

to alternate food- sources nay be an important factor in the survival

of these species, and- such ad.aptability is perhaps a strong

contri-butory factor in the wid.e d.istributlons of nany of the large

grazeTs.



430

The large numbers of alternate, significant plant-snail

assocíations suggest that the partícular conrbj-nation of association

patterns operating within the conmunities present at a given site
is peculiar to each water bod.y, d.epend-ing upon the particular set

of envirorunental and. biotic cond.itions pïevalent therein. Although

joint occurrences within a single site provid.e no informati-on

regard.ing the d.egree of interaction between the specÍ-es, it is
likely that many of these potential associations rrìay function on

a system as complex as that involving biochenical regulation. The

incunabula of such systems may take place during the early stages

of colonizaLilon of a water bod.y when only a snall number of species

is present; the complexities of the interactions may be mo¿ifie¿ and.

refined. as species d.iversity increases. The role of imprinting of
the young, which hatch in ryeater nunbers upon the preferred_

macrophytes, in the subsequent seleetion by adults of plants for
oviposition is not known, but could. coneeivably become significant
through progressive generations. The evolution of such systems

within a set of communities is ind.icative of the high d_egree of
interaction between the nembers of the respective associations, and.

changes that reflect upon the species abund.ance or conmunity

composition nay have profound. effects upon the equilibrium of the

entire aquatic unit.

Not all aquatic gastropods are significant macrophyte

grazers and. not all macrophytes are suitable snail fod.d_er; plant_

snail associations composed. of species which d.o not appear to

partícipate in d.irect grazing relationships to any significant
extent may reflect requirements of the gastropod.s for shelter,

irìi-.:lt:1
i.::'a :- .'. ,
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epiphytes, exud-ates or other, unknown factors. The interpretati-on of

plant-snail assoclations is conplicated. by the tend.encies of the

menbers of the respective plant and- snail- corununit,ies to associate

among themselves; furthermore the role of preferences for certain

environrnental variables shown by certain members of these comnunities

cannot be d.isregard_ed_.

Thus the remarkably intricate inte:selati_onships between

4 the members of subnerged. plant-snail communities and. other biota,

together with the effects of environmental factors, are at present

d.ifficult to envi-sage, much less to isolate and. quantify. So little
work has been d.one in this field., and so nany d-imensions remain

unextrrlored.' that the infor:nation alread-y gained. is lost among the

vastness of i+hat continues to be unknown.

"þ!!4 qu:L potuit Terum cognoscere ,causaÊ".
Vergil

,,, .. ,. : . ,.,

;.
::i:,
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Ïn Part I of this stud.y, some quantitative relations between

macrophytes and. molluscs in submerged. aquatic communities were

examÍned.. During L]ne L972 season, sites 1, J and- 6 in the Delta : : : :

,:, ,:- t -:,1.::.:.

Marsh on the southern shore of Lake Manitoba ÏÍere sampled. by Eknan

dred.ge at approximately two-week intervals during May to August.

The resul-ts showed. that at the three sites many species of molluscs ., ,.,,,,,,, :-.::,.: i.-:::

tend-ed. to occur significantly nore frequently in areas occupied. by ':;,::."':i.'.: '-

;-::, ,., ' :":: 'stand.s of subnerged. vegetation than in bare a,reas. Differential :::,:.. ,.

d-istributlons were observed. for both live and_ d.ead_ shel_Is, and_ the

greater accunulations of the latter in vegetated. areas could. not be

.satisfactorily explained. by passive d.istribution, since graveyard.

ind.ices, based- on the numbers of d.ead- land. shell_s found" in the

sed.iment samples, suggested. that in the najority of cases passÍ_ve ii.red-istribution was not significantly d.ifferent between the various 
,

habitat t¡res within a single site to aecount for polar d.istributions. 
i

At site 1, Physa gyrina tend-ed. to occur significantly more

frequently in stand-s of Potamogetol pectinatus than in the other ,, 
,,, . ,' ,

habitat types whi-le Lymnaea stagnalis tend.ed- to occur signifícantly ,,,.,,.,,,,,,,,,,,

more frequently in stand.s of p. richard.sonii than in any other 
:::'r:rì .:i ':.:

habitat true. Sesid-es these two najor gastropod.s, associations with

these nacrophytes on a reduced. scale were observed. for Fossaria 
i...,.i,.,,...'nod-iceIla, Stagnicola palustris and- Helísoma trivolvis. Live counts r,rj-,:,ì'r:.ì:ì'l

of snails observed- on the nacrophytes E situ supported- the results

of the botton sampling. At site J, where only Mrriophyllum exalbescens

ï^Ias present in the sampling area, strong associations with this
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plant were observed_ for P. fflrrina and. F. mod.lcelIa. At site 6, where

only P. pectinatus lras present in the sampling area, Amnicola limosa

and. Pisid.iuin çasertanun were observed. to occur significantly more

frequently in areas occupied. by vegetation stand.s than in bare areas.

The associations, in terms of snail d.ensity per unit botton a;rea,,

were time-d.epend-ent and- peaks were related. to reproduction by the

snails. The d-ifferential snail d.istributions could. not be corelated.

with any of the monitored_ environmental parameters.

During r'he 1973 season, sites r, z and J in the Delta Marsh

and. site 4 in tne Big Grass Marsh west of Langruth., Manitoba were

stud.ied.; during t]ne r9Z4 season only sites 1 and_ z were sampled..

At these sites, apparently homogeneous stand.s of p. pectinatuE and_

P. richardsonii were sampled. quantitatively using a nod.ified.

macrophyte sanpler. The results showed_ that during both seasons the

growth of P. pectinatus was synchronous in terms of increase of
nean dry shoot weight per unit botton errea, i^rhile the growth of
P. richard.sonii was out of phase at these two sites by approximately

two weeks. The associations of the five gastropod- species that had.

shown significant affinities for vegetation at site 1 during the

r)12 season were found. at sites !, z anð- 4 and. could. be expressed-

in terms of snail numbers per unit host plant weight and. surface

area. The associations of L g.v-rina and. L. s.tagna,li-s could. al_so be

d.ernonstrated. in terns of snail bíomass per plant unit. The nean

numbers of the latter two snails per plant unit showed. well-d.efined.

seasonal peaks which were d.ue to reproduction and" occurred. during

period.s of active growth of the host plants. The timing of the peaks

appeared- to be related. to the growth patterns of the prefe:red.
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nacrophytes at the respective sites¡ the association peaks of p.

gtrrina were synchronous in the p. pectinatus stands at sites I and- 2

tthile those of L. stagnalis r^rere appïoximately two weeks out of
phase in the P. richard-sonii stand.s at these sites. size class

d-istribution patterns of snails in the two types of stand.s at each

site showed. that reproduction in the stand.s of preferred. macrophytes

often slightly preceded. that in stands of alternate plants. At site J,
where only P. pectinatus r¡ras present in the sampling area, p. gyrina

and- F. mod-icella showed. an intense associ-ation with this plant.
The associations shown by F. rno.d.icell-a, s. palustris and. II. trivorvis,
although significant, were not consistent from year to year and. the
d-ensity patterns of these snails d.id. not appear to be rel_ated. in time

to the growth of the host plants. promenetus exacuous was present on

the macrophytes only during the 1pl4 season, when it occu:=ed. only
on P. richard"sonii shoots.

The d-ensity of gtazing resions sustained_ by the plants at
d-ifferent times of the season could. be corelated. with the total
nunbers of gastropod.s present per plant unit during the preced.ing

sampling period-. The d.ifferential d.istributions of the respective
gastropod-s and- timing of reproduction d_id. not appear to be d-ireetly
related. to any obvious environmental factors.

The macrophytes colr-ected. during L]'e a9?z season lrere

examined. for totar soluble carbohydrates, total titratable acid.s,

total- extractable protein and. carotenoid. compound.s. The seasonal

patterns of total soluble carbohydrate i_n tissues of the two

Potamogeton species fron site L suggested_ that this factor may have

been related- to the d.ifferential snail d.i-stríbutions. plant naterial
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collected- at the stud-y sites during tine r9Z3-4 seasons was extracted.,

fractionated. on ion-exchange colunns and. examined. chronatographically.

The results showed. that p. pectinatus contained. higher levels of
fmctose and. glucose than d.id- p. richjurd.sgnii, while the latter
specÍ-es contained. proportionately nore sucïose than did the former.

These results, conbined. with physÍ-ological d.ata fron the literature,
suggested. that a complex physiological system nay be operant in the

regulation of snail d.ístributions. The adult snails may be attracted.

to the respective nacrophytes by particular plant-originated_

compound.s. Elevated. sugar levels in the plant tissues would. in turn
raise the haenolymph glucose levels of the grazing snails. rncreased_

levels in the haemolynrph glucose would- give rise to a series of

hormonal responses r.rhich would. stimulate reproduction, provid.ed. that
the temperature threshold. had. been exceed.ed.; reproduction would. give

rise to an associati-on peak. The young often emerged_ at times when

carbohydrate Levels in the host plants were elevated-.

rn Part rr of this study, 305 sites in southern Manitoba

and- the peripheral regions lrere surveyed- with respect to water

chernistry and. the pïesence of submerged. macrophytes and. gastropod.s.

The macrophytes present within the stud.y region weïe grouped. into
69 laxonolnic categories; several new recoïd.s for nacrophytes i_n

Manitoba were estabrished.. The gastropod"s found. within the stud.y

region were composed. of 42 species. Many species of both macrophytes

and- gastropod.s tend.ed. to occur in sites characterized- by significantly
higher or lower values of certain environmental parameters. tr'or the

macrophytes, these parameters could. be ranked. in the following
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ord-er of importance, based. on nurnbers of taxa showing significant
tests: total alkalinity, total filtrable resi_due, pH, d.issolved-

organic rnatter, esti-mated. total nitrate and. nitrite, molybd.enum-blue

phosphorus, chlorid-e and- sulphate; for gastropod.s this ord.er was;

molybd-enum-blue phosphorus, total alkalinity, total filtrable residue

and pH and combined. estimated- nitrate and nitrite (equaI), chloride,
d.issolved. organic matter and. sulphate.

llithin the study region, the three most comrnon macrophytes

were M:rriophvllun exalbescens, potarnogeton richard.sonii and p.

pectinatus. The plant cornmunities showed. zlg significant positive
anð' ) significant negative associations, a large portion of which

could- not be explained. on the basis of net similariti_es or
d.issirnilarities, respectively in signifieant preferences for the

nonitored. environmental variables. rn general, the most common

species d.id. not show the rnost highly significant associati-ons.

Potanogeton zosteriformis showed. the nost highly significant positive
associations as well as the greatest number of significant positive
associations. Potamogeton pectinatus and. p. Iichard-sonii_ were

signifieantly positively associated i^ríthin the study region but this
association ranked- II3Lï in significance among the positive assoöiations.
A cornparison of possible species pairs with respect to similarities
in the significant positive associations with other macrophytes

revealed. groups of species which were highly similar to each other
in their posi-tive associátions and. were also significantly associ-ated.

wiih each other.

The three nost frequently encountered_ gastropod.s within the

study region were Llymnaea stagnalis, physa gfrina. and. Helisoma

'ì. : - :r:1ì



438

trivolvis. The gastropod. corununities showed. /1 significant positive

and.4 significant negative associations. valvata tricarinata and.

Arnnicola limosa showed- the nost significant positive associations

as well as the greatest numbers of significant positive associations.
Phvsa grcina and- L. stagnalis were significantly positively
associated. with each other but this associati_on ranked. u5tn in
significance among the positive associations. A comparison of
possible species pairs with respect to their simirarities in the

significant positive associations with other species revealed. several
groups of species which appeared. to represent d.ifferent habitat types.

An exannination of plant-snail associations revealed. 161

significant positive and. 31 significant negatÍ_ve associations, nany

of which could. not be erplained- on the basis of net l_ike or unlike
significant preferences for the environmental paraneters examined-.

Helísorna campanulatum and. Arnnic.ola limosg showed_ the nost highly
significant associations with macrophytes. CeratophJ¡llunr d.emersum

showed- the highest number of significant positive associations with
gastropod.s while H. canpanulatun showed. the greatest number of
significant positive associations with macrophytes. A comparison

of possible plant-snai-l species pairs with respect to their
similarities in the significant positive associations with gastropod.s,

and- a comparison of possible gastropod. species pairs with respect to
their similarities in the significant positive associations with
rnacrophytes' revealed species groupings which were often bound_ by

sígnificant positive associatiòns with each other.

The results of the survey suggested- that the potential for
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many plant-snail associations within the stud.y area is great and. that

the particular set of associations which d.evelops within a given site

is d.epend-ent upon a conplex array of biotic and_ environrnental

factors. The evolution of d-ifferential distribution patterns

within a single site may serve to minini-ze competition for food-

and. space anong gastropod.s. However the associ_ations are quite

flexj-ble in their specificities and- such plasticity may be important

in the survival of gastropod-s and- their utilization of alternate

food. sources.
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when the Grorvth Rate is l]nknorvn

Abstract

A simple meùhod is presented for fitüing any size class data to a nr¿lrix moclel rvhen the grorvüh
rate of the population is not knorrt. Fixecl values are set for ühe probability of recruitnrãnt (p)
f¡om úhe ith tc the (d + 1) class by (t + 1) and the correspondirrg mcan proba,biliüy of rernaining
in the (i f 1) class (r) is determined for each value of 2. T.he ìrlean r value exhibiting the leasl
va¡iance and its correspondingp value are taken as the optimal fit. Total fecundit;' can be estinra-
ted from the data once the optimal p and r values are knorvn, facilitating use of the ruodel in pre-
diction. Sample data are presented lor PhEsa gyrina (\ilollusca: Gastropocla).

Matrix Dìodels are particularly useful in the clescription of population grorvth since
their dynamic propeities can be adapted. to reflect tire grorvtlì, Jurvival ald fecundity
ofpopulations under a variety ofconditions. Because knorvledge of the latter three para-
meters is essential for the operation of a matrix nrodel of a population, such as that
proposed bv Ln¡'xovrrcu (1965), the initiat construction of the matrix depends upon
the availabilitSr of this information, often procurecl by experiirrental means. Horvever,
it is sonretimes desirable to construct a rnatrix trorn size class data obtained for pop-
ulations rvhere none ofthe three paranreters are knorvn. IJnrler certain conditionJ the
elenrents required for a projection can be estimated frorn the data. allowing for the
construction of a tentative model which can be subsequently improved when addi-
tional information becomes available.

ff a population of organisms, where size is dependent on age, is subdivided into sev-
eral classes aú repeated tinre intervals, the data so obtained represents the flux of num-
bers of individuals present, in each class with progression in tinre. Let us consider two
conSecutive size classes, i and (i f 1,¡, each containing the numbers of individuals
present in that class at successive tirnes.

i : (nt 14+b ?tt+z , . . n¿+n) (1)

(i + 1) : (,n¿, ?tr¿+tt ?h+z . . . e*n) Ql
The numbers of individuals present in class i at tirne ú u'ill have. by tirue (t + l),
either recruited to the (i + l) class, reurained in the ith group. or died (Lurxovrrcrr,
1965). Thus a value in the (i f 1) group at time (t + 1) is composed of recruits from
the ¿Ih class at time I and remnants from the (a f 1) class at tirne l:

?¿(i+l),(ú+t) : ?n¿,t + rn1+Ð,t (3)

where p is the probability of recruiúing from the zTh class,to the (i { 1) class by (ú f 1 ),
and r is the probability of rernaining in the (i { 1) class by (¿ * 1). It can be seen that

p- n(i, + 1, (¿ + l\ - rn(i + 1\. t

. 
n¡,,t

nG+Ð,Q+Ð - p1¿i,t

ît(.j,¡ 1),t

(41

(5)

and
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'When r equals zero then

o:*#l (6)

Let us consider an example rvhere class i - (250,200, 150, 100,50, 10, 5, 0) and. class
(i+1)-(100, 100,80,60.40,20,4,2).Tt,:evaluesof2andrmaybeobtainedbS'solv-
ing equations for two unknorvns. Alternatively a series of fixed values rna¡r be set
foi p, and ¡ solved for each pair of ni,¿,ne+r),e+r¡ values. When the various fixed
values of p are plotted against the calculated rnean values ofr the relationship shotvn
by the closed circles in Fig. 1 is obt¿ined. \Yhen the variance of each series of calculated
r values (each. serie.s corresponding to a singlefixedvalue of 2) (Table 1), is plotted

Table 1. tr'ixed p values, mean calcula,ted. r values and variance of. r for examples
1 and,2. In the calculations the predicted nurnbers ofindividuals contributed through
p and r have been treated as integers. The range of values nray be extended in either

direction by introducing additional fixed values of 1r.

670

Exauple 1

p 8;s"2

Exarnple 2
p

0.30
0.31
0.32
0.33
0.34
0.35
0.36
0.37
0.38
0.39
0.40
0.41
0.42
0.43
0.e
0.45
0.47
0.48
0.49
0.50

0.74
0.12
0.11
0.10
0.09
0.06
0.05
0.04
0.03
0.01
0.00
0.02
0.03
0.04
0.05
0.08
0.10
0.11
0.13
o.t4

0.0078
0.00ã9
0.0047
0.0034
0.0024
0.0023
0.0016
0.0008
0.0004
0.0001
0.0000
0.0001
0.0004
0.0009
0.0016
0.0017
0.0037
0.0047
0.0064
0.0078

0.30
0.31
0.32
0.33
0.34
0.35
0.36
0.37
0.38
0.39
0.40
0.41
0.42
0.43
0.44
0.46
0.47
0.48
0.49
0.50

0.32
0.30
0.29
0.28
0.27
0.2-Ð

0.24
0.23
0.22
o.2t
0.20
0.18
0.18
0.16
0.15
0.13
0.11
0.11
0.09
0.07

0.0072
0.0056
0.0044
0.0033
0.0024
0.0021
0.0015
0.0008
0.0004
0.0001
0.0000
0.0001
0.0002
0.0007
0.0012
o.0022
0.0033
0.0042
0.0056
0.0044

against the associated value ofp, this gives the relationship shorvn by the closed circles
in tr'ig. 2. The nrinimum variance of r occurs at p - 0.40; at this value r' : 0.

Lei us consider a second example rvhele cl¿ss i: (2õ0,200, 150, 100, õ0, 10,5,0)
and class (i + 1) : (100, !20,104,81, 56. 31, 10,4). In this case a plot offixed values
of p versus calculated rnean values of r yields the relatiotrship sho'n'n b1v* the open
circles in Fig. 1. The variance of e¿ch mean value of r plotted against the corresponding
value of p (Table 1,¡, gives the curve shos-n by the open circles in tr'ig. 2. Here the ruini-
mum variance occurs rvhen 2r : 0.40 and from Table 1 it can be seen that at this p
value r : 0.20. Ilence it is apparent that the variance ofr reaches a nrininrurn value at
the point ofbest fit rvith the given data. Tire accuracy offit increases as both the nunt-
bers of individuals and the nurnber of time intervals under consideration are increased.

:. : ::.r
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X'ig. 1. Relationship

.?7 .31 .1t .39 .43 .47 .5/ .ât .59 .63 .67 .7/
probabr/ilX of rctuiltlng lo (i*/ ) class : p

betrveen p arrd r values for Examples L and2. fn the calculations predicted
nunrbers of individuals were considered as integers.

.H .3/ .33 .3t .37 .J9 .4/ .43 .4t .47

pmbabi/ily of rccruilr'ng lo (i,/) c/as

Fig. 2. Variance of r plotted against the respective values of p for Examples 1 and 2. In the calcu-
lations predicted numbers of individuals r-ere considered as integers.

Application of the l\fethod. to ]'ield Data

Data for a closed population of the freshrvater snail Pltysø gyrinø (S-+v) (Ifoilusca:
Gastropoda) is presented as an example. The population lvas sâ,npled in a closed shal-
low ditch in the Delta trfarsh on the southern shore of Lake Manitoba. Sarnpling n'as
carried out with a rapid guillotine-t;-pe submerged macrophyte sarnpler at trvo ç'eek
44 lnternationale R€vue,8d.60, Eeft á
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Table 2. Nunbers of individuals prosent in each size class grouping at successive
time intervals

jci;=;ii :,'::l:i.::r

Tinrre
Size (mm) 1.5-5.0 5.5- 7.0 7.5-9.0 9.5-11.0 tt.õ-12.5 13.0-17.0

88
236
316
128
23

1

r57
386
180

22
t2

1

to

tt
t2
t"
t4

t5

591600
731810

2165860
298 t26 32 t
r73 134 77 58
57 122 28 92

inte¡vals. The area enconìpassed by the total nunrber of samples at each time rvas
7.525 mz. The axial length of the snails present in the sanìples $¡as üeasured to the
nearest 0.5 mm. 'Ihe classeslvere rnoÌe or less arbitrarily combined so that in general
n¿,t2 ne+L),p+r). This gave the values in Table 2, fe corresponding to early June of
1973.

The first value in the t'irst colurnn of Table 2 lvas evidently incourplete and did noú
contribute to the calculations. The values of p and r lvere calculated using the above
approxinrations for ruinimum variance. The values in the higher size classes becorne
increasingly inaccurate because of the dirninishing number of individuals and tirne
intervals.

The applied nratrix model was modified after Lprxovrtc¡t (1965):
- 
Ío Ít lz' l*-t i,l
port0.....'.0 0
0 ptrz. 0 0

::1r3 i'i
_000 '.?n-Lln_

,rr,f,
n¿, I
Il,t ¡
'flt o

,r,n

|L¿+!, o
llt+!, I
flt+ t,2

fL¿ + l,¡t,

(7)

rvhere f represents the class-specific fecundiív, p the probability of recruitment from
f to (i f 1) by (l f 1) and r the probability of rernaining in the (i f 1) class. Substitu-
tion of the obtained values in this model yields the follorving matrix:

Ízhl+000
0.15 0 0
0.56 0 0
0 0.41 0.19
0 0 0.81

The fecundity rvas not knorvn; approxirnations of the total number of nerv individu-
als added lvere made from Table 2 since the values of p and r were knorvn. These esti-
mates were substituted for the first element in each successive cohrmn vector applied
to the model since in effect this element equals the total number of nerv individuals
added to the first size class. Using sigma notation (cf. C.tlIpBnu, 1965),

n
nt*\o: E Ínt

&-1

i,,]

l å1,0 å10,
I o 0.85lo o

Le B

(8)
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where the new individuals added to the first size class (æ¿*1,s) at t | 1 equals the
sunr of the products of the fecundity and the number of individuals present (n¿) at
time t.

Repeated application of this model, comurencing t'ith a column vector correspond-
ing to ü1 in Table 2 and subsequently utilizing the successive vectors generated_by the
módel, gives good agreement betrveen the predicted and the observed values (I'ig. 3).

Fig. 3. Real and predicfed v¿lues for total number of individuals of Ph'¡¡sa gyri,na. The predicted
values were generated conmencing ¡rith a column vector corresponding to ú1 in Table 2.

Although fecundity rernains unknorvn and environmental effects are disregarded,
the rnodel nonetheless provides an overvierv of the behaviour of the population or,'er
t'he total interval undeiconsideration. ÙIodels describing the behaviour ofthe popula-
tion at each particular tinre rnay be obtained by constructing a matrix using data from
only that tirne period.
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and- the dates on whichLocations and. d.escriptions of sampling sites
thev were visited..
Site Iocation

Road.sid.e d.itch, immed-iately southeast of the University of
Manitoba Field. Station build-ings, Delta Marsh' on the southern
shore of lake Manitoba, Manitoba. Shallow d-itch, silt/cIay with
organic matter. Ju1-y 2J, fgn.
Road.sid.e tl-itch, immed.iately west of site 1, southeast of the
University of Manitoba Field. Station build.ings' Delta Marsh'
on the southern shore of Lake Manitoba, Î{anitoba. Shallow d.itch,
s1lLfcl-:ay with organic matter. August 8, I9?3.

Drainage d.itch at entrance to Inkster property' access via the
east dyke road., along the eastern sid.e of the Assiniboine River
d.iversion channel, Delta Marsh' on the southern shore of Lake
Manitoba, llanitoba. Shallow d.itch' clay with organic matter.
June 2J, 1973.

Roadside ditch, L2.5 kn nrest of Langruth on No, 265, Manitoba.
Shallow d-itch, sand,/grave1. July 9, I9?3,

Crescent Pond., Portage Country Club property, !.6 kn west of
the University of Manitoba Field- Station buildings' De1ta Marsh,
on the southern shore of Lake Manitobar Manitoba. Erposed-
remnant of narsh draÌ-nage channel' silt with organic matter.
July 11, 1972,

Lakeshore of Lake Manitoba' at the Unive::sity of Manitoba Field-
Station, De1ta Marsh, Manitoba. Large 1ake, sanð-fclay. August
Io, a972.

Sewell Lake, near Camp Shilor Spruce lfood.s Provincial Forest'
Manitoba. Exposed. lake, peat/sand.. July 1,0, l9?4.

2 km east of junction No. 1 and- No. 340, on No. 1, Manitoba.
Sma11, almost stagnant rlver, silt with organic matter. July
Lo, a974,

Oxbow of Assiniboine River at northern entrance to Spn:ce lfoods
Provincial Park on No, 258, Manitoba. Oxbow, silt with organic
matter. July 10, L974,

5 km east of junction No. 2 and- No. 10, on No,2, Manitoba.
Pond, silt with organic matter. July 10, 1974,

Pelican Lake at No. 2J, near Ninette, Manitoba. Inlet to 1ake,
fractured. shale with organic matter. July L0, l97l+,

I4.5kn west of Ninette, on No. 23, Manitoba. Pond, silt with
organic matter. July 10, L974.

Pembina River at No. 34, Manitoba. Slow river, fracbured- shale
with organic matter. July I0, 1974.

10

I7

L2

1,3

ìi.'ìì
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Gravel pit 100 m from F.I.G. area center, Whiteshell Nuclear
Research Establishment, near Pinawa, Manitoba. ShaLlow pond.,
sand. July 11, 1974.

2,5 kn west of junction No. 11 and. road- 1.6 l<n south of Elma,
Manitoba. Shallow pond., gravel/clay. July 11,, 1974.

1 kn north of junction No. 11 and. No. J06, on No. 11, Manitoba.
Shallow d.itch, clay under peat. July 11 , 1974.
1.5 L* north of junction No, 29t and- No. 255, on No, 2*, Manitoba.
Smal1 pond., sand.. Jal..y 16, L9?4,

Northeast shore of Oak Lake, access via No. 2*, Manitoba. Bay
of 1ake, sand. JuIy L6, I9?4.
Game Refuge on east shore of Oak Lake, access via No, 29,
Ivlanitoba. Shallow ditch, silt with organic natter. JuLy 16, I9Z+,
I.J kn east of public park on No. 2!+ at Oak f,ake, Manitoba.
Marsh, silt with organic matter. JuIy L6, 1974,

Plum Creek at No. 2*, Manitoba. Sma1l creek, fractured. shale.
JaLy t6, L9?4,

Stony Creek at No. 83, Manitoba. Sma11 creek, silt with organic
matter. JuIy L6,l-}74,
Jackson Creek at No, 83, l{anitoba. Sma11 creek, silt with
organic matter. Jul.y 16, L9?l+.

6.51r west of juncti-on No. 3 and. No, 450, on No. J, and ),J
km south of No. 3, Manitoba. Pond., silt with organic matter.
Juty 1,6, L9?4,

l,ake Metigoshe at No. 450, Manitoba. Lake, silt with organie
matter. JuLy t6, l9?1+,

Northwest shore of Lake Max, Turtle Mountain Provincial park,
Manitoba. Iake, sand.. Juty t6, I9?4,
Pond- at junction No. 2 and- No. 10, llanitoba. Pond., silt with
organi-c matter. July 16, L9?4.

La Salle River at No. 247, ta Salle, Manitoba. Snall river,
c1ay. August 9, 1974,

Mo:::is River at No, 75, Morris, Manitoba. Turbulent river,
c1ay. August 9, L97l+.

1.5 Ltn east of junction No. 75 and. No, 23, on No, 23, Manitoba.
Sma11, alnost stagnant creek draining into Red_ River, clay.
August 9,1974.
Marsh River at No. 23, Manitoba. Small, stagnant creek, clay.
August 9, 1974.

2,5 krn south of junction No. 10 and. No, 2J, on No. 10, Manj-toba.
Pond-, silt with organic matter. August 27, I97l+.

7Lþ

t5

t6
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33 6,5lrt south of junetion No. 10 and- No, 262, on No. 10, Manitoba.
Pond-, silt with organic natter. August 27, 1974.

j4 1.5 km south of junetion No. 10 and. No. 262, on No. 10, Manltoba.
Pond., silt with organic matter. August 27, 1974,

35 3,2 U,lr south of junction No. 10 and- No. J6l, on No. 10, l{anitoba.
Pond, silt with organic natter. August 27, 1974,

36 Small Lake at southern outskirts of Onanole, at No. 10, Manitoba.
Small 1ake, silt with organic matter. August 27, I97l+.

37 Small pond- behind- Wasagarning Marina, Clear Lake, Rid.ing Mountain
National Park, Manitoba. Snall pond., gravel. August 27, 1974.

38 Lake Katharine, Ri-ding Mountain National Park, Manitoba. Lake,
gravel. August 27, 1974.

39 Swanson Creek at No. L9, Riding Mountain National Park, Manitoba.
Snall creek, organic. August 27, L974,

40 Ïfhirlpool Lake, Ritl-ing Mountain National Park, Manitoba. Snall
lake, gravel with und.eeomposed. organic matter. August 27, 1974.

41, Tongue River near intersection of No, J and Penbina County Road.
No. 2, North Dakota. Small river, sand./silt. May 20, lg?5.

42 0.5 km north of i-ntersection of No. 18 and. lfalsh County Road-
No. p, near Nash, North Dakota. Oxbow of Park River, clay/grave!,
NIay 20, 1975.

43 Park River, near junction No. 17 and. No. 18, on No. 18, Ïfa1sh
County, North Dakota. Snall river, sand.fgravel. May 20, lg?5,

Lil+ 3,5 kn east of junction No. J2 South and- No, 2, on No. 2,
North Dakota. Pond, silt with organic matter. NIay 20, 1975,

4S East shore of Red. ifillow Lake, access via No. 1, North Dakota.
Lake, gravel. May 20, L975.

46 1.4 kn south of junction No. 1 and. No. 1?, on No. 1, North
Dakota. Pond., silt with organic natter. lttay 20, 1975.

47 1-,5li;irL south of Douglas on No, j+O, ftfanitoba. Pond., gravel.
l(ay 21, 1975.

48 Plun Creek at No. 2L, llanítoba. Snall creek, c1ay. Î{ay 2?r I9?5,
49 1.9 kn south of junction No, 256 and- No, Lil+5, on No, 256,

Manitoba. Pond-, sand/silt with organic matter. May 28, Lg?5.

50 Graham Creek, 2,2 U,ïL north of junction No. 256 and. No , l+4J, on
No, 2J6, Manitoba. Excavation besid.e creek, gravel/ c1ay. May
28, ]-975,

5I ?.8 kn south of junction No, 256 and- No, 2, onNo, 2J6, Manitoba.
Fond-, sand.. NIay 28, f975.

tr !,5 kn south of Rossend.ale, on No. 21v2, Manitoba. Snal1 pond-,
sand.. \[ay 30, 4975.
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53 !),4 kn south of junction No, 5I8 and- No, +Lsllest, on No. 5L8,
Ivlanitoba. Farn pond-, gravel. June I' 1975.

54 ?.0 km east of junction No, 229 and- No. 5L8, on No. 229,
Manitoba. Marsh d-itch, gravel. June 3, 1975,

55 2.6 VrrL east of No. 5I8, on toað' 5.J km no::th of junction No.

518 and- No. 415 Tfest, Manitoba. Pond, gravel. June 3' 1975, :.: :

56 North shoal take, 1.9 kn north of junction No, 41-6 and- No. l+L5, ;':-: ::r

on No, 416, ilanitoba. Lake, gravel. June 3, 1975.

5? 8.0 kn north of junction No. 5L8 and. No. 6, on No. J1-8, lulanitoba.
Large pond., peat. June Jr 1-975,

58 3.2 kn north of junction No , 322 and. No , 67, on No , 322,
Manitoba. Shallow d-itch, silt with organic matter. June 3, I9?5, ',',r'.,:

59 8.0 km north of junction No. 8 and. No. 101, on No. 22O, Manitoba. :i":::

Shallow d.itch, si1t. June J, I9?5, , ,:,,
6O 1.6 krn east of La Broquerie on No. 210, Manitoba. Ditch, fine ::-:": "

sand.. June J' I9?5.

& Seine River at No. 2I0, Manitoba. Small river, fine sand-.

June J, l9?5,

6Z 2,9 I{rL north of Rat River on No , 2!0, Manitoba. Pond-, gravel.
June J, f975.

61 1.3 km west of junction No. 72 anð. No. 310, on No. 12, Manitoba.
Shatlow d-itch, gravel/peat. June 5, 1975.

6l+ 3.0 km east of lfilliams on No. L!, Minnesota. Shallow d.itch'
gravel. June 5' L975.

6S t4.g ?rrL south of Finland. on No. ?L, Ontario. Pond., peat.
June 5, 1975, 

:

66 Log River at No . ?L, Ontario. River, gtavetftine sand-. June J, I

1975, ,,., ,

6Z 45.0 km south of Kenora on No. ?I ,Ontario. Small river in ,',",,,'',
black spruce corununity, gravel-fclay. June 5, L9?5. , :,-

t,,1:.,.a,.r,

68 Mid.ùLe Lake, on road. 6,2 km west of Keewatin, Ontario. Lake, ::..:...-
gravel. June 6, r9?5.

6g 5,3 kïrL south of No. t7 on Rush Bay Road, 15.8 km east of
Manitoba4ntario bord.er on No, ITr Qntario. Beaver d.am, gravel.
June 6, 1975.

?O ?,2 }at west of junction No. 1 and No. 506 (western end-), on : .:,.
No. 1, Manitoba. Pond-, gravel . June 11 , t9?5, ,,",'¡',*'

7L 1.5 kn north of junction No, 506 (western end-) and- No. 1, on
No. JO6, tlanitoba. Ditch, peat. June 11 , 1975,

?2 8.5 kn north of junction No, 506 (western end) and No. 1, on
No. 506, M,anitoba. Pond., gravel. June 11 , 1975.

?3 10.4 km north of junction No. 506 (western end-) antl" No. 1, on
No. fr6, M,anitoba. Ditch, gravel wÍ-th organic ¡natter. June 11, :. ,

I97 5. ': ' ,' '.',
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74 At junction No. 11 and. No. J06, Manitoba. Pond., peat. June 11,
L975.

75 31.8 kn east of junctÍ-on No. IJ and, No. 302 South, on No. L5,
Manitoba. Ditch, gravel. June 11, 1975,

?6 Limestone quarry pool, at Gi1lis Quarries on southeast sid.e of
junction No. 44 and. No, 306, Garson, Manitoba. Limestone quarry,
cleep poo1, rock flour and. rubble. June LI, 1975.

77 10.9 km north of junction No, LZ and No. 208, on No. !2, near
Zl:oda, Manitoba. Pond, gravel. June t2, 1975,

?8 16.8 krn west of junction No. J08 and. Moose l,ake Road. (southern
end.), on No. 308, Manitoba. Pond., gravel. June 12, I9?5,

79 Northeast shore of Moose Lake, Northwest Ang1e Provincial Park,
Manitoba. Lake, gravel. June 12, ]-975,

80 Birch Point, Buffalo Bay, Lake of the lfood.s, Northwest Angle
Provineial Forest, Ivlanitoba. Lake, gravel. June 12, 1975.

81 Northwest Angle Resort, Lake of the Ïfoods, Minnesota, access
via Manitoba No. 308. Boat channel leading into lake, clay.
June 12, 1975.

82 6,9 km east of junctÍ-on No. 308 and. Northwest Angle Road", on
Northwest Angle Road., 49.8 km south of junction No. 308 and. No.
503, on No. 308, Manitoba. Ditch, gravel. June t2, L975,

83 24,2 rKnL south of junction No. 308 and. No. 503, on No. 308,
Manitoba. Bog pool, peat. June t2, 1975.

84 10.4 km south of junction No, 308 and. No. 503, on No. 308,
Manitoba. Ditch, peat. June 12, 1975.

85 7.8 km east of junction No, 22! and. No. 2l+8, on No. 22L,
Manitoba. ShaLlow d-1tch, clay/gravel. June 18, Lg?s,

86 IZ,Jkm east of junction No,22l and No.l+30, on No,22?,
Manitoba. Shallow ditch, gravel. June 18, 1975.

87 0.8 km west of junction No, 22f and. No. L+30, on No, 227,
Manitoba. Pond., gravel. June 18, a975.

88 1.6 km west of junction No. 221 and No. 43O, on No. 22?,
Manitoba. Pond., gravel. June 18, 1975.

89 3.2 I<nL north of junction No. 11 and. No. 307, on No. IL, Manitoba.
Pond, clay/gxavel. June L9, L975.

90 Northern shore of Twin Lakes Beach, Lake Manitoba, access via
No. 6, Ïlanitoba. Excavation d.itch d.raining d.irectly into 1ake,
ryaveL/cLay. June 25, L975,

9t Oak Point, Lake Manitoba, access via No. 6, Manitoba. Lake,
ryaveI/clay. June 25, 1975.

92 3.2 km west of junction No. 419 and No. 418, on No, 479,
Manitoba. Marsh pond., cl:ayfgtavel. June 25, I9?5,

. j: a;=:..41:..../.
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93 9,3 kn east of junction No, 7JJ and- No. 5I4, on No. 235,
Manitoba. Pond., #aveI/cLay. June 25, Ig?5.

94 6,2kn west of junction No, ZJJ and. No. 5L4, on No, 2JJ, aL
southwest shore of Dog Lake, Manitoba. Marsh, gavel-fcl-:ay
with organic matter. June 25, 1975,

95 Lake Manitoba Narrows at No, 235, 28.8 krn west of junction
No. ZJJ and. No. 514, westbound. on No, 235, Ivlanitoba. Lake,
gravel. June 25, 1975,

96 32,5kn north of junction No. 2?8 and No. 50, on No,2?8,
llanitoba, Snall river, gravel. June 2J, 1975.

97 20,2 km north of Amaranth on No. 50, Manitoba. Pond., gravel.
June 2J, 1975,

98 ],ee River at No, 3!3, east of Lac du Bonnet, Manitoba. River,
granitic bedrock with organi-c matter in pockets. July 2, 1975.

99 Pointe du 3oi-s, Ïfinnipeg, Riverr. on No, 3L3, Manitoba. Large
river, granitic AeOrcct</gravel/sand. July 2, l..975,

100 Cat Lake, at No. 3Ll+, 16,6 Un north of junction No, )1,4 anð,
No. J1J, Manitoba. Lake, granitic bedrock with organic matter
in pockets. July 2, L975,

101 Lake, 32,0 km east of junction No. JlJ and No, 3I4, on No. 3I5,
Manitoba. Lake, granitic beðzockfgravel. JuIy 2, I9?5.

IO2 29.6 kn east of junction No. JIJ and. No, 3L4, on No, 3L5,
Manitoba, at Manitoba4ntario bord.er. Lake, granitic befuoek/
gravel. JuIy 2, 1975.

LO3 Bird- Lake at No. 3L5, Manitoba. Lake, granitic beùrockfgravel-/
sand.. JuLy 2, L975.

t04 3ird. River at No. 315, 8.8 km east of junction No. 315 and. No.
31,4, on No. 315, l{anitoba. River, granitic bedrock/grave1.
JuIy 2, 4975, 

..

LOs lfest shore of Sandy Lake, at Sand.y Lake townsite, No. 250, :,',,,1';,,i,i,,;,
Manitoba. Lake, sanð,/gravel, July 8, a9?5, ''

tO6 4,3 km east of junction No. 4?O and- No, 3*, on No. 4?0, Manitoba. .',';'l',,.,,,.,

Sma1l laJ<e, gïa;eL/sand-. July 8, l9?5, :1: i::i:r:::r::

70? 8.3 km east of junction No. 359 and- No, 566, on No. 359, Manitoba.
Pond., organÍ-c rnatter. July 8, L975,

108 Rossman Lake, on No. 5?? near Rossburn, Manitoba. Lake, gxavelf
sand. July 8, 1975. : .. .: ,:

IO9 Silver Beach, 2,2 km east of junction No, Zfu and- No. 476, on i'Ì'.:':ì;iri:;;'il

No. 2J4, Manitoba. Lake, sand-. July 8, 1975.

110 6.9 k^ east of junction No. 4?8 and. No. 4, on No. 4/8, Manitoba.
Pond-, sand. with organic matter. July 8, 1975.

1,77 !,2 km south of junction No. 8J and. No, 57, on No, 83, Manitoba.
Small Iake, peat. July 8, 1975.

i,:¡¡1:'.,:1,.'...r,.;
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1,LZ Southwest shore of Child.s Lake, at No . 36?, Duck Mountain
Provincial Park, Manitoba. Lake, sand/6xave1. July 9, Lg?s.

It3 North shore of Laurie Lake, at No, 36?, Duck l4ountai-n ProvinciaL
Park, lvlanitoba. Lake, sand/gravel. July 9, I9?5,

n4 South shore of Gu1l take, at No. 367, Duck Mountai-n Provincial
Park, flanitoba. Lake, sanð/gravel. July g, lg?5.

7t5 South shore of Seautiful Lake, at No , 367, Duck Mountain ,. .

Provineial Park, Manitoba. Lake, sand,/grave1. July g, 1975,

LI6 ffest shore of Singoosh Lake, at No. 36?, Duck Mountain
Provinci-al Park, Manitoba. Lake, peat. JuIy ), f975.

777 East shore of Elk Lake, at No. 366, Duck Mountain Provincial
Park, Manitoba. Lake, gravel and. rock. July p, l9?5, ,;,,:.

118 North shore of East Blue Lake, at No. 366, Duck Mountain :'

Provincial Park, Manitoba. Lake, sand,/grave1. July 9, I9?5. ,,,,.,
119 hrest 31ue Lake at University of llanltoba Fi-eld- Station, at .','

No. 366, Duck Mountain Provincial Park, Manitoba. Lake, sandf
gravel. July p, 1975.

I20 Perch Lake, at No, 366, Duck Mountain Provincial Park, Manitoba.
Lake, sand,/gravel with organic natter. JuLy ), f9?5. :

LZL North shore of Dragline Lake, at No. 366, Duck Mountain
Provinclal Park, Mani-toba. Beaver dam, sandfclay with organi-c
matter. July t, 1975.

L22 Two Mile Lake, at No, 366, Duck Mountain Provincial Park,
Manitoba. Lake, gravel with organic natter. July 9, 1975.

L23 Glad- Lake, at No, 366, Duck Mountain Provincial Park, Manitoba.
lake, gravel. July ), I9?5,

I24 Northwest shore of tr'Iellman Lake, at No, 366, Duck Mountain
Provincial Park, Manitoba. Lake, sand,fgravel. July g, ag?s.

L25 Ïfhitefísh LaJ<e, at No. 2Tgr Porcupine Provincial Forest, :

Manitoba. T,ake, gravel. July 9, 1975, ,',',:,

t26 6.1 km east of junctfon No. 10 and- Pelican Rapids road., on ,::,:
Pelican Rapid.s road., Manitoba. River, c1ay. July 10, I9?5, :.

L2? 25,6 kn north of junction No. 10 and. No. 2ll, on No. 10,
Ivlanitoba. Beaver d.arn, und.ecomposed. organic natter. July 10, L975,

L28 South shore of Red- Deer Lake, near Red. Deer Lake townsite,
Manitoba. T,ake, coarse rock. July 10, 1975, 

,;::, .,
L29 4.8 km north of Barcows, access vj-a No, 2??, Manitoba. Pond., i,,:.,.,,

clay with organic matter. July 10, 1975.

I30 East shore of Steeprock Lake, Porcupine Provincial Forest,
Mani-toba. Lake, gravel. July 10, 1975.

I3I North shore of Bel1 Lake, Porcupine Provincial Forest, Ivlanitoba.
Laker gravel. July I0, 1975,
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L32 East shore of Cross Lake, on road west of Grand. Rapid-s, Manitoba.' Lake, lirnestone bedrock. July !5, L975,

I33 Li-mestone quarries west of hydroelectric dam, Grand. Rapid_s,
Manitoba. Limestone quarry poo1, bedrock/clay. July ti, tg?s.

1,j4 Southeast shore of Little Limestone Lake, 64 Xn north of
Grand, Rapid.s on No, 6, lfianitoba. Lake, limestone rubble.
JuIy LJ, 1975,

L35 Buffalo Lake, 30.4 km north of Grand Rapids on No, 6, Vlanitoba.
Lake, gravel with organic matter. July 15, L975,

ß6 Lake, 20.8 kn north of Grand Rapids on No. 6, Nlanitoba. Lake,
limestone rubble with organic matter. July L5, 1-975,

I37 Lake, 1,4.9 kn north of Grand Rapids on No . 6, N[anitoba. Lake,
limestone rubble. JuIy LJ, f975.

L38 Eating Point Creek, 10.2 km north of Grand Rapids on No. 6,
llanitoba. Small creek, und.ecomposed_ organic natter, JuIy IJ,
7975,

L39 3.0 kn west of No. 6, on road. 9.6 Xn south of Grand. Rapids on
No. 6, Manitoba. Fast-flor^ring creek, limestone/cLay. liJy t6,
r975.

LLn 25.3 kn south of Grand- Rapid.s on No. 6,,and 1.5 km east of No. 6
on Manitoba Hydro right-of-way, Manitoba. Ditch, clay. JuIy L6,
r975.

fuL North shore of Katimik Lake, at No . 32?, Manitoba. Lake, sand.f
elayþLnestone rubble. July 16, 1975.

tl+z North shore of Kawinaw Lake, access via No, 32?, Manitoba. Lake, ,

c1ay. JuIy L6, l9?5.
L43 Denbeigh Point, at end. of Denbeigh Point Road-, Lake Ïfinnipegosis t ,

access via No, 327, Manitoba. Lake, linestone bedrock. JuIy t6,1975.'''''..'
iltl+ 3 km south of junction No. 32? and. Denbeigh Point Road., on ,¡'':,'....',r'

Denbeigh Point Road., Manitoba. Pond., organic natter. JuIy 16, .

1975, 
,' 
, :'.

L45 113.6 km north of junction No. 6 and. No. JlJ, on No. 6, M.anítoba.
Stagnant creek, cIay. Ju1-.y 16, l9?5.

il+6 East shore of Devils Lake , ??,1 km north of junction No . 6 and
No. 513, on No, 6, Nlanitoba. Lake, rock:rubble. July L6, lg?5.

L47 643 t<n north of junction No. 6 and. No. J1J, on No. 6, Manitoba. ..,.:..",
Shallow d-itch, sand./grave1. July !6, l9?5. ¡:i-;r¡¡;ii

148 Northwest shore of Lake St. Martin, neaï Gy¡rsunvi1le, Î{anitoba.
Lake, cLay/gravel. July 16, I9?5.

r49 Brokenhêad.Ri-ver at No. L5, Manitoba. River, sanð,/gravel with
organic matter. JuIy 2!, 1975,
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L50 St. Ambroise Beach, Lake lfinnipeg, at No, 4jO, Manitoba.
Lake, sand,/gxave1. July 23, I9?5:

t5L 6,? kt north of junction No. 430 and. No, ZZ? East, on No, t+30,
ÛIanitoba. Shallow d.itch, clay with organic natter. JuIy ZJ, l9?5.

752 Lynch's Point, Lake Manitoba, at No, 242, Manitoba. Lake, sand-/
clay. JuIy 2J, 1975,

L53 5.9 I<nL north of Ste. Rose du Lae, on No, 2?6, Manitoba. River,
c1ay. JuLy 2J, 1975.

I9 ilethl,ey Beach, Dauphin Lake, access via No, 2?6, Manitoba. Lake,
sanð-/ryavel. July 23, 1975,

t55 Toutes Aid.es, at No. 276,Ilanitoba. Marsh channel at inlet to
Lake lvlanitoba, clay with organie natter. Julry ZJ, I9?5,

t56 6,? l*, north of junction No. 481 and- No. 364, on No. þ81,
Manitoba. Farm pond., gravel. JuIy 2J, 1925.

t57 Northeast shore of sarah Lake at sarah creek, Duck Mountain
Provincial tr'orest, Manitoba. Lake, sandfgravel. July 24, Ig?5.

L58 Ruby Creek, 3.2 km southeast. of No. 586 on Sarah Lake road,
Manitoba. Small creek, silt/sand. July 24, I9?5.

I59 8.3 km north of junction No. 8J and No. Jf, on No. BJ, Manitoba.
Snall lake, gxavel/or,ganic. July 24, Ig?5,

160 Pickerel Point, east shore of Mad.ge Lake, Duck Mountai-n
Provincial Park, Saskatchewan. Lake, clayfsand.. July 24, lg?5,

L6L North shore of Batka Lake., Duck Mountain provincial park,
Saskatchewan. Lake, sand/gxave1. July 24, 1975.

1,62 2,6 km south of No, 5? on Batka Lake road, Duck Mountain
Provincial Park, Saskatchewan. Lake, und.ecomposed. organie
matter. JuIy 24, A975,

LØ Eleanor Lake, L.5 þ'nL east of lthiteshell Provincial Park entrance
on No, 307, Manitoba. Marshy bay of 1ake, gravel. July J1, A9?5,

164, south shore of Eleanor Lake at No , 3o?, ïrhitesherl provincial
Park, Manitoba. l,ake, silt with organi.c matter. J:ul..y )L, 1925.

t65 Dorothy Lake, at No. 307, lühiteshell provincial park, Manitoba.
Lake, granitic bedrock and. sand.. Jul.y J7, 1925,

766 Opapiskaw campground., west of Nutimik Lake campground., on No.
307, Wlnj-üeshell Provincial park, Manitoba. T,ake, granitic
bedrock and sand. JuLy j7, 1925,

16? Rennie River at No ..3o?, trfhitesherl provincial park, Mani-toba.
Marshy river, sand/peat. July 3L, A9?5.

L68 Betula Lake, access vÍa No . 30?, I'Ihitesherl provincial park,
Manitoba. take, sand,/gxave1. July 31, I9?5,
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169 I'lhiteshell River, 2.6 I<n east of No. 309 on Lone Island. Lake
road", llhiteshell Provincial Park, Mani-toba. River, und-ecomposed-
organic matter. JuIy JI, L975,

L70 Big Whiteshell Lake, access via No. 309, WhiteshelL Provincial
Park, Ivlanitoba. Lake, granitic betuock/gravel/sand.. JuIy J1,,
r975,

L|I Green Lake, at No. 309, llhiteshell Provincial Park, Manitoba.
Lake, granitic bedrock. July JL, 1975,

t72 lfhite take, at No. 307, Ifhiteshell Provincial Park, Manitoba.
Lake, granitic bedrock/gravel/sand-. Jul.y J7, 7975.

I73 Jessica Lake, at No , 307, fihiteshell Provincial Park, Manitoba.
Lake, gravel with organic matter. July 3I, 1975.

L|l+ Breezy Point, Red. River, north of Selkirk on No , 320, Manitoba.
River, c1ay. August t, L975.

L75 8.0 km north of Selkirk city center on No. J20, Manitoba. Pond.,
c1ay. Àugust t, 1975,

7?6 5,7 kn west of Libau, lianitoba. Shallow cl-itch, clay/sanð'
August t, 1975.

L7? GulI Lake, L.5 km east of junction No, 219 and. No. 59, on No.
2L), \tÍanitoba. Lake, sanð,/gravel. AugusL L, lg?5,

L78 Lake llinnipeg, 3.51{:ít west of junction No. 319 and No, 59, on
No. 319, Î{,ani-toba. Bay of Iake, clay. August I, 7975.

I79 Patricia Beach, lake lfinnipeg, access via No. 3I9, Manitoba.
Lake, sand./g"ave1. AugusL t, a9?5.

180 2.6 km south of junction No. 11 and. No, 21-4, on No, LI, Manitoba.
Shallow ditch, sand. August It, 1975.

181 72,2 km south of junetion No. 11 and McArthur Fa11s road, on
No. 11, Manitoba. Pond., sand-/granitic rock rubble. AugusL !I,
r975.

I82 1.4 km north of junction No. 11 and- McArthur Fa1ls road., on No.
11, Manitoba. Pond., fine silt and. organic matter. August 11,
t975,

L83 9.8 krrÌ west of junction No, 2L) and. No, 1-1,, on No. ZL9, Manitoba.
Pond-, c1ay. August tt, 1975,

184 4.8 km west of junction No, 2!) and No. !!, on No, 2L9r l{anitoba.
Shallow d.itch, clay. August tI, 1975,

L85 Bird.s Hill 1ake, Sirds Hill- Provincial park, Manitoba. Lake,
gravel/sanð,f c7,ay, August !1-, 79?5.

186 Ïfest Hawk Lake, at No, l&, llhiteshell Provincial park, Manitoba.
Laker granitic bedrock. August 12, I97j.

L87 Hunt Lake, east of ffest Hawk Lake on No, U*, lfhiteshell
Provincial Park, Manitoba. Lake, granitic bedrock. August 12,
l-975,
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188 East shore of Cad.dy Lake, access via No, 3L2' Whiteshell
Provincial Park, Manitoba. Lake, sand.r/silt. August !2, L975.

I8g Lake at Ingolf , at No , 3L2, Manitoba. Lake, sanð'/ryanilLe
bedrock. August t2, 1975.

I9O 5.4 kn east of junction No. 3I2 and- No. L/+, on No, 3I2,
llhiteshell Provinci-al Park, I{anitoba. Inlet of creek into
small Iake, granitic bedrock. August 12, L975.

L9L The Lily Pond., at No . 44, Whiteshell Provincial Park, Ivlanitoba.
Small lake, granitlc bedrock and- peat. Auggst L2, 1975,

I92 2,2 I<r¡ north of junction No, 307 and. No. 4L!,, on No. 307, neav
Brereton L,ake, Ïfhiteshell Provincial Park' Manitoba. Pond.,
granitic bedrock with und.ecomposed organic matter. August 12'
r975,

I93 East shore of Brereton Lake, at No, 3O7., Ïlhiteshell Provincial
Park, Manitoba. Lake, granitic beärock/sand.. AugusL 12, 1975,

194 North shore of Red Rock Lake' access via No, 307 ' Whiteshell
Provincial Park, Manitoba. Lake, granitic bedrock/sand..
August t2, l-975.

I95 Small creek d.raining into south end. of Brereton Laker access
via No. 307, lfhiteshell Provincial Park, Ivlanitoba. Small, alnost
stagnant creek, sand./peat. August !2, Ig?5,

t96 0 rHanley River at No. 304, Manitoba. Excavation draining into
ríver, gËavel. August 13, 1975,

t9? Southwest shore of llanipigow l,ake' access via No. 301i-, Manitoba.
Lake, granític bedrockf sand./ si1t. August t3, I9?5.

L98 North shore of Caribou (Quesnel) Lake' access via No. 304,
Mani-toba. Lake, granitic bedrock. August L3, L975.

L99 Red. Rice Lake, J.4 km south of junction No, 304 and Caribou
Lake Road., on Caribou T,ake Road.r Manitoba. Lake' peat. August
L3, L9?5. ;,,',, '

2OO East shore of Long Lake, at No, 304, Manitoba. Lake, granitic ."'
bedrock and- und.econposed organic matter. August 13, L975, ",,., 

,,,:

201- 9.5Lr;ltL east of junction No. 304 and. Ïfa11ace Lake road., on No. :''''¡,::

304, Manitoba. Ditch, peat. August t3, A975,

202 Lake 6,2 km east of junction No , 304 and. ÏtalIace l,ake road, on
No. l0/1, Manitoba. Lake, granitic bed.rock and. peat. August 11,
t975.

203 lÍest shore of ïlaIlace Lake, access via No. 304, Manitoba. Lake, iii,'r,.r,¡,granitic bedrock, sand-. August 13, 1975.

201+ Lake at San Antonio gold- mine, Bissett, access via No, 304,
Manitoba. Lake, granitic bedrock/sand-. August 1J, Ig?5,

205 7,5 kn west of Elstow, on No. L4, Saskatchewan. Pond., gavel-f
silt. August 21, 1975.

;; .:,r::, ,liìt:ì
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ZO6 6.2 Xn west of Plunkett, on No , 14, Saskatchewan. Pond., sand-.
August 2L, 1-975.

207 4.2 kn south of junction No. I and- No, )24, on No. 8, Manitoba.
Ditch, clay/gavel. Augus+, 28, L9?5,

208 32.6 knL north of junction No. B and. No. J24, on No. 8, west of
Ri-verton, Manitoba. Diteh, gravel/sllt. Augus+, 28, Ig?5,

209 River at No, 231+ draining into Îfashow !ay, Lake llinnipeg, north
of junction No, 23]+ and No, 233, Manitoba. River, gravel/síIl-,
August 28, L975,

270 2L,9 kn south of Seaver Creek on No. 234, Manitoba. Creek, gravel/
si1t. August 28, 1975.

ztL 4..0 kn south of Seaver Creek on No. 234, Manitoba. Spring fed.
pool, sand-. August 28, L975.

zLZ Beauer Creek at No . 274, llanitoba, Creek, sand./peat. August 28,
r975,

2t3 Shore of l,ake Winnipeg opposite Matheson Island-, at end. of No.
2J4, ManLtoba. Lake, limestone rubble. August 28, 1-975,

2L4 10.6 km north of Pi-ne Dock on No, 2J4, Manitoba. Ditch, peat.
August 28, L975,

2L5 Pine Dock Beaeh, at Pine Dock townsite, Lake ÎÍj-nnipeg, at No.
2J4, l{anitoba. LaJ<e, sand-. August 28, 1975,

2L6 Lagoon behind. Pine Dock Beach, at Pine Dock townsite, at No.
2J4, Ilanitoba. Pond., sand-/peat. August 28, Ag?5,

277 Southwest sid-e of Hecla lsland. causeway, on No. 233, llanitoba.
Lake, c1ay. August 28, 1975.

2I8 þ.0 tm east of Hecla Islând. Provincial Park bound.ary on No. 233,
Manitoba. Ditch, peat, August 28, L975.

2L9 11.8 km east of Hecla Island. Provincial Park boundary on No. 233,
Manitoba. Bog poo1, peat. August 28, L9?5.

220 0.8 km south of junction No, J and,to. 267, on No. 5, Nlanitoba.
Fast flowing creek, sand.. September 9, 1975.

22t River 8.5 km south of junction No. 480 and. No. 582, on No. 480,
near Laurier, Manitoba. Fast flowing creek, sand. and. gravel.
Septenber 9, a975.

222 0.5 km south of junction No. 480 and- No, :ß2, on No. 480, near
Makinak, Manltoba. Shallow d.itch, gravel. September 9t 1975.

223 Ochre Beach, southwest shore of Dauphin Lake, access via No.
20, ltanitoba. Lake, gravel. September 9, L975.

224 Channel behind.Ochre Beach, southwest shore of Dauphin Lake,
access via No, 20, Manitoba. Large d"itch, si1t. September t,
r975.
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225 8.9 kn south of junction No. 362 and No. 26?, on No, 362,
Manitoba. Shallow d.itch, gravel. September 9, 1975,

226 Oxbow of Vermilion River, behind. Vermilion Hotel, Dauphin.
Oxbow, gravel r+ith organic matter. Septernber 10 , 1975.

22? L2.6 kn west of junction No. 5 and. No. 582, on No. 5, Nlanitoba.
Pond, gravel. September 1,O, 1975, ,. . :

228 2.t+ kn west of junction No. 480 and. No, 360, on No. 480, Manitoba. ,'.,'',.
Marsh clitch, gravel with organic matter. September 10, 1975.

229 7.4kn east of junction No. 573 and. No. 50, on No. Jl), near
Embury, Manitoba. Marsh d.itch, gravel-/clay. September 10, 19?5.

230 p.8 kn north of junction No. zL+O and- No, 2, on No. 240, Manitoba. , '

Pond, silt. Septenrber 10, 1975. 
,,',,',.

23L Soyne River at No. 24O, Manitoba. Oxbow, si1t. Septenber 1.0,
1975, :.,i

232 Colert Beach, Lake Minnewas.ta, west of Mord.en, at No, 434, : : :

Manitoba. Sma11 lake, sand,fclay. Septenber 10, l9?5.

233 Intake of Clay Boswell polrer plantr Mississippi River, aL
Cohasset, ïtasca County, Minnesota. River, c1ay. September 26,
L975,

234 South shore of Trout T,ake, at No. 2t, ltasca County' Mlnnesota.
Lake, sand.. September 26, L975.

235 Little Sand. Lake, at Itasca County Road. No, ?0, Minnesota.
Lake, sand.. SeBtember 26, f975,

æ6 Swan Lake, at No ' 65, Itasca County, Minnesota. Lake, gravel. ì

September 26, ]r9?5,

23? Snowball Lake, at No, 169, Itasca County, Minnesota. Lake, sand..
September 26, 1]75.

238 Pokegama Lake, at No, 169, Ttasca County, Minnesota. Lake, sand..
Septãnber 2?, Lg?s. ,,,,:,:,,.,

239 Inlet of Pokegama Bay at Itasca County Road- No. t7, Minnesota. , ,, '

Stream inlet into 1ake, cIay. Septenber 27, L975, , : ,

?Ln Jay Gould. Iake, near junction No, 6J and- Itasca County Road. "C" ,

Minnesota. Lake, iron ore rubble and. organic natter. September l

27, L975,

241- Loon Lake, at No, 63, Itasca County, Minnesota. Lake, sand..
September 27, 1975.

1.rt,,,'t,;,.242 Gile Lake, at No, 64, ltasca County, Minnesota. Lake, sand.. :,:-,,:ì .

September 27, L975,

243 ifest shore of Little Rice Lake, at No. 64, Itasca County,
Minnesota. Lake, c1.ay with organic matter. Septenber 2l ' A975.

241+ Little 1Íhite Oak Lake, at ïtasca County Road- No. L!, Minnesota.
Lake, und.ecomposed organic matter. September 21, I9?5,

i.;- ; .,r .:



245 Îühite oak Lake, near Deer River townsite, rtasca county,
Minnesota. l,ake, gxavel/sand.. September à?, D?j.

246 Ball club T,ake, access via No. 2, r,tasca county, Mi-nnesota.
Lake, sand.. September Z?, I9?5,

2+7 Plke Bay, Cass Lake, Chi_ppewa National
at No. 2, Cass County, Minnesota, Lake,

2l+8 Cass lake, rest area
Recreation Area, Cass
27, 1975,

at No. 2, Chippewa
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Forest Recreation Area,
sand-. September 27, 1925,

National Forest
County, Minnesota. f,ake, gravel. September

249 Pond. at cass l,ake rest area, at No, z, chhppena National ForestRecreation Area, cass county, Minnesota. pãnd., clay nith organicmatter. Septenrber ZZ, 1925,
250 Bemid.ji T.ake at Bemid.ji townsi,te, access via No. 2, Beltram

County, Minnesota. Lake, sand./grave1. Septenioer Zl, i-)?5,
25L Prairie Lake, Bland.in Gunn park, access via No. 3gr rtasca

County, Minnesota. Lake, sanð,/rock rubble. July Sr'tgZø,-
29 Little llabana Lakg, at No, 4gr rtasca county, Mi-nnesota. r.ake,sand. JuIy J, 1926,
253 lÍabana ï.ake near Murphy's Land.ing, at No. ugr rtasca county,

Minnesota. Lake, sand,/gxavel. Juiy j, L9?6,
291' McKinney Lake at No. J8, ftasca county, Minnesota. trake, sand..JuIy J, L976,

255 Little sugar (r,ittre siseebakwet) Lake, west of sugar T,ake,ïtasca county, Minnesota. Lake, sand. and- und.ecompoJed. organicmatter. Juay J, 1926.

256 s_ugar (siseebakwet) [ake, rtasca county, Minnesota. Lake, sand..July J, 1976,

257 Moose Lake, access via No. !9, ftasca county, Minnesota. Lake,sand. Jul..y 6, A9Z6,

258 Deer Lake at No, 7-gr rtasca county, Minnesota. Lake, sand.. Jury6, t976.
259 rsland. Lake, access via rtasca county Road. No. 4g, Minnesota.Lake' sand. with und.ecomposed organic matter. July'6:l;z¿-.
260 tittle Bowstring rake,. access via rtasca county Road. No. 4g,Minnesota. lake, sand_/grave1. July 6, 19/6.
26t East snith Lake, access via No , u9, rtasca county, Minnesota.Lake, sand. with und.ecomposed. organic natter. July'6, l;i6.
262 llest smith Lake, access via No . 4gr rtasca county, Minnesota.Lake, sand nith undeconposed organic matter. July'6:igi6,
2Ø North star Lake'-æccess via No ,- 3g, ïtasca county, Minnesota.Lake, sand./grave1. July 6, A9?6.

la..:
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264 Bello Lake, access via No. 43, Itasca County, Minnesota. Lake,
peat. JuIy 6, t9?6,

265 Big lurtle Lake, access via No. 43, Itasca County, Minnesota.
Lake, sand-. July 6, 19?6,

266 Hatch T,ake, access via No. 43, Itasca County, Minnesota. Lake,
sand. July 6, 19?6.

26? Little Turtle f,ake, access via Itasca County Road- No. Zfr,
Minnesota. Lake, sand.. JaIy 6, 1976.

268 Big Jessie Lake, ftasca County, Mi-nnesota. Lake, sand.. JuLy 6,
t976.

269 Northeast shore of Lake trüinnibigoshish (nig Winnie), access via
No. 46, Itasca County, Minnesota. Lake, sand.. JuLy l, f9?6.

270 Round. lake, access via No, 46, Itasca County, Minnesota. Lake,
sand. JuIy ?, 19?6,

27L Dora Lake, access vj-a No. 29, Minnesota. T,ake, sand-. JuLy f ,
t9?6.

272 East shore of Lower Red. Lake, at No. 1, north of Chippewa 3each,
Minnesota. Lake¡ sand.. July f , 19?6,

2?3 Island-Lake, access via No.46, Minnesota. Lake, sand.. Ju1y ?,
L976,

274 T,ansing A. Parker poo1, Mud- Lake, Agassiz National lfildIife
Refuge, access via No. 7, Minnesota. Ivlarsh d.itch, silt with
organic natter. J:u-].y ?, L9?6.

275 Bronson Lake, access via No. 59, Bronson State Park, Kittson
County, Minnesota. Lake, sand.. JuAy 7, 1976.

2?6 ?,2U,n west of junction No,26J and No, 50, on No.265, Manitoba.
Marsh pool, clay with organic matter. September 3, L9?6,

27? Squimel Creek at No. 350, Manitoba. Creek, clayf ryavel-
September 3, 19?6.

278 1.9 tm west of junctlon No. 461 and. No, 21+2, on No. 461,
Manitoba. ShaLlow ditch, silt. September 3, 1976,

279 Victoria Beach, Lake Ïrrinnipeg, access vi-a No. 59, Manitoba.
Lake, sand-/gravel/rock rubble. Septenler 6, fg?6.

280 1.5 km south of Victoria Beach on No, 59r l{anitoba. l4arsh d.itch,
und-econposed. organic matter. Septenber 6, 19?6,

28t 2.2 I<n south of junction No, 59 anð-No, 2L), on No, 59,Î{anitoba.
Shallow cl-itch, und.ecomposed. organic matter. September 6, 19?6,

282 1.8 km west of junction No. J1l antL No. 206, on No. 3tL,
Manitoba. Large d-itch, c1ay. September 16, 19?6,

283 Creek in d.owntown Marchand- at No. 210, lvlanitoba. Creek, sandf
rock rubble. September 16, 19?6.
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284 7.2 kn north of St. Labre on St. Iabre road., access via No, 2I0,
Manitoba. Pond., sand- with organic matter. September L6, L976.

285 18.3 km east of junction of Ïlhitemouth Lake road. and. Vassar road-,
on llhitenouth take road., access via No. 308, Î{anitoba. Pond.,
c1ay. September L6, L9?6,

286 }ühitemouth River, IJ,L kn east of junction of Whitemouth Lake road.
and- Vassar road., on ÏÍhitenouth Lake road-, access via No. 308,
Manitoba. Creek, c1ay. September 16, 19?6,

287 North shore of Ïfhitemouth Lake, access via lfhitemouth Lake road.
and. No. 308, Manitoba. Lake, sand. with organic matter.
September 16, 19?6.

288 I5.5 kn north of junction of Vassar road and No. 72, on Vassar
road., Manitoba. Creek, clay with organic matter. September 16,
t9?6,

289 Sprague Creek at Vassar road-, north of junction of Vassar road
and. No. 12, Manitoba. Stagnant creek, clay with organic matter.
September 16, L9?6.

290 East Pine Creek at No. I2r lvlanitoba. Fast flowing creek, sanð'f
rock rubble. September 16, 19?6.

29t 0.6 km east of junction No. 311 and- No, 200, on No, 3tL, Manitoba.
Marsh poo1, c1ay. Septenber 1,6, 19?6,

292 East beach, Grand- Beach, Lake trfinnipeg' access via No. 59,
Manitoba. Lake, sanð,/gravel. September 19, f9?6.

293 Lagoon behind. east beach, Grand Beach, access via No, 59,
Manitoba. Lake, sand.. September t9, L9?6,

291+ I1,.2 kn north of junction No, J) and. No. 219' on No. 59, Manitoba.
Pond-, sand-. September L9, 19?6,

295 Jackson Lake, 3 kn southeast of Sid-ney' access via No, 352,
Manitoba. Lake, sand.. September 30, L976,

296 5.0 km north of junction No. ?il+ and- No. 23, on No, 3U*, Manitoba.
SmaLl 1ake, silt with organic rnatter. September 30, L9?6.

297 4.3 km north of junction No. 3)$1. and- No. 23, on No. 3Lù, Manitoba.
Pond., sand- with organic matter. September 30, 19?6,

298 3.4 km south of junction No. 18 and- No. 2J, on No. 18, Manitoba.
Pond-, clay with organic matter. September 30, 1976.

299 IL,9 lr^ south of junction No. 18 and. No, 2), on No. 18, Manitoba.
Pond., clay with organic matter. Septenber 30, 19?6,

300 Killarney Lake, near Killarney tolrnsite, access via No. 3,
llanitoba. Lake, sand,/grave1. Septernber 30, 19?6.

301 6.1 kn west of junction No. 253 and No, 340, on No. 253, Manltoba.
Pond., clay with organic matter. Septenber 30, 1976,
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302 3.2 kn west of Glenora on No . 253, Manitoba. pond., sand_r/gravel.
September 30, 19?6,

303 Northeast shore of Rock Lake, access via No. 342, Manitoba.
Lake, fractured. shale with organic natter. Septenbet 30, L9?6,

304 475w, 100N F.r.G. €rid, F.r.G. area, llhitesherl Nuclear Research
Establishment, near Pinawa, Manitoba. Pond., gravel. July 14,
t975,

305 Portage Creek at No,227, Manitoba. Creek, el-:ay,lrlay 28, I9?3.

ia .: I

.r.._i:r.
.-¡...'...
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A. The sites at which each macrophyte species or species group was

record.ed.. locations of the sites are given in Append_ix rr. Species
numbers represent the following taxa;

1. Cha{a spp.
2. Riccia fluitans
3' ñ'ær,ffi'sPP.
a. rGõ@iti'a
J, Zannichellia palustris6.@
7, P , anqli.folius
B. P. epihydrus
9, P. filiformis

10. F; õffi'sus--
r.1". -H. ïrl_esl_l_
t2, I @ãus
!J, t. l_l_JLnoense
tlt,, il nata#-
15. P. ffifolius
t6, I peãffi--
77. P. praelonEus
18. F; pusÏlñ--
79, P: {ichardsonii
20. P. robbinsii2t.T S;@
22, P. strictifolius
4. I æñ--
24. I ffirmis
25. Na.imîij;-
26. ffiaffiâ-
27. Alisma triviale
za. ffiïtTaãJ@¿a29. ãpÇ(ã*"upr zB)
J0. Elodea, ca4a4e.nsis
J1. Vallisnqria americana
)2, Zizania aquatica
Jl. E-leocharis spp.
34. @s-Þais
35. Lenna mj-nor
:6. t--t"i""r""

37.
38.
39.
40,
41,
42,
43.
Uþ.
45.
46.
42.
48.
49.
50.
51.
52,
53,
54.
55.
56.
57.
58.
59.
60,
01 .

S!i.{od.ela polyrhiza
Polygonum anphibium
P. coccineum
C eratop-hyllum d-enersulr
Nymphaea od.orata
N. tetragona
N. tuberosa
Nuphar microphyllum
N. variegatun
Brasenia schreberi
Càlùha palustris
Ranunculus aquatilis
R. circinatus
R. flabellaris
R. reptans
R. gmelini
R. sceleratqs
Callitriche spp.
M,y_ríoqhyll,um alterniflorurn
M: exalbescens
M. heterophyll-um
M.. yeÏticillatrlm
Hippuris vulEaris
Sium sqave
Mentha arve,nsis
Utriculari-a intermed-ia
U= minor
U. yu_lgaqis
U. Aeniniscapa
Mesalodonta beckii
Erio caulon s-e'ptanzulare
Zosterella dubla
submerged. mosses

o¿,.
65.
64,
65.
66.
62.
68.
69,
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Species Sites

I: 4,6,7, 14, L5,76,22,2?,28,38, ?0, ?L, ?2, ?3, ?4,75,
77,82,89,90,95, L05, !L4, I22,733, I35, L38, I39,740, Ltú,
146, I47, !48,750, L55,759, 167, 1BO, 78L, r83, L84, t8?, LgO,
222, 227, 230, 234, 237, 238, 239, 24I, 242, 243, 247, 248, 249,
252, 253, 256, 257, 258, 259, 260, 263, 264, 265, 266, Z6?, 26g,
273, 274, 284, 285, 286, 295, 3ot+,

4?, t6?,199,230,233,
3, l+2, 4?, 48, 50, g, 58, 59, 60, 61, 62, 65, 67, 68, 69, 72,
?4,80,81,82,84,85,86,97, gg, 1oo,Io3, 1-0t+, L0?, 1-I2,
L76, 126, L3O, L3t, I53, L63, 164, r?3, t8)+, 188, I8g, tgO, Lg3,
203, 204, 209, 270, 213, 233, 235; 259, 267, 263, 26?, 2?t, 280,
285,288, 2go, ZgL.

45,91,95, 105, !09, IL7, tt+r, L42, L43, tt+8, I50, L52, 1-60,
1.96, 238, 239, 296.

232.

80, 84, zot, 255, 257, 285,

t5, 1OO, 163, r?0, L?1, L8?,188, L94,202,235,236,238,23g,
24I, 242, 249, 25L, 252, 253, 255, 2,61, 262, 265, 26?, 269.

69,87,83, 100, !04, t63,76t+, 1,66, L69,786, 188, 1Bg, !go,
791, 195, I97, t99, 202, 235, 254, 267.

75,88,95, Il,t+, tI6, I24, r37,733,739, 14L, Lt+s, It+6, 147,
160, 24r, 256, 25?, 258, 266, 267, 268.

L3,20,36, L^O, L4?, 168,7?r, 180, L83, 1_94, 1gg, 792, Lg6,
1_99, 207, 21,0, 2!2, 2t+1_, 2t*, 249, 25L, 29, 264, 26?, 269, 2?1*,
280, 282, 284, 300, 3OL, 304,

9,26,38,39, l+Or 4?, g8,70?, fi-l+, !22, I25, !32, L35, L37,
71il+, L63, I7O, 7?5, 181, 182, 2!6, 239, 251, 29, 253, 256, 259,
260, 263, 26g, z7r, z?3, 295, 3oz.

L4, 15, 36, 38, 5?, 58, 62, 68, 72, ?4, ??, 81_, 86, 93, 95, 116,
L23, t25, I27,I3I, L33, I35, L37,14O, Lt+s, L46, L4?, L5L,756,
165, 1,66, 169, L?0, L?r, r83, r84, 186, 188, r93, 1,9t+, zo?,21.0,
21.4, 2I7, 222, 225, 228, 234, 235, 23?, 24I, 24g, 251, Ztr, 253,
29+, 256, 263, 26?, 268, 269, 295.

233.

4, ?,9, 14, 1,61 25,3L,38,tû,63,7t,75,87, tog, 1_!2, tI5,
L2L, 122, 123, L24, L26, I35, t3?, I4O,7t4+, 146, I4g, 181, L84,
I8?, Lgt, Ig5, 196, 2og, 2L3, 216, 233, 235, 239, zlt!, 242, 243,
245, 249, 253, 256, 258, 259, 260, 26I, 262, 263, 264, 26?, 2?7,
273,285, 286, 288, 295,

195, 207, 202, ?.12, 26?.

t.

3¿

4¿

5¿

6¿

r7.

8:

o.

10:

LLz

!22

t3z

L4z

r5z
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Species Sites

L6t L,'-2,3,4, 51 6, ?,9, Lt,72, 14, t7, !8r ?.L1 261 2?,28r 30,
37, 33, 34, 35, 36, 4L, 4?, 48, 50, 9+, 55, 89, 90, 92, 93, 94,
96, ro5, 106,7o?, 108, 714, tt6, LL?, L|g, L24,735, 140, t44,
L50,79+,755, Lsg, L74, L75, t??, I78, L7g, 181, 785,205,
206, 2Og, 2r3, 216, 2L?, ZL9, 223, 224, 229, 230, 233, 235,
237, 239, 2t+1, 242, 2t+6, z4g, 250, 25I, 253, 25?, 260, 268,
269, z?0, z?3, z?4, z?5, 2?6, z?9, z8o, 28?, z9z, z9j,295,
296, 297, 2g8, 300 , 303, 305,

7,9,25,36, t+o,48, 50, ?9,80,709, !L2, !15, !!6, LL?,118,
I22, r24, I35, 1-46, 768, L?2, 234, 235, 238, 239, 247, 245,
250, 257, 29, 253, 254, 255, 256, 259, 263, 265, 2?7, 28?,

24,49, 53, 5?,65, ?3, ?6,80,83,85,98, L2I, 123, 127, tzg,
I37, I3g, Lt+9, L57, 15g,762, L?6, L9t, 182, 184, L87, Ig5,
2I8, 231_, 232, 234, 237, 21+3, 262, 27?, 297.

t, 2, l+, 6, ?, g, 17, 22, 23, 25, 26, 28, 3t, 32, 36, 39, 40,
8L,87,90,96,9?,98,99, 1oB, !L2, IL3, LLu,715, It6, II?,
118, ttg, Izt+, L26, L28, L3O, I3I, I32, I34, L35, L3?, I3g,
1,49, L50, 152, L53, L54, L5?, 1-67, L63, 164, 165, 166, 16?,
L68, t?0, !?2, L?3, L?5, L?8, t?9, 186, 188, tlg, Ig?,200,
203, 204, 208, 209, zLo, 272, 2!3, 2I5, 2!6, 2!?, 223, 224,
232, 233, 23t+, 235, 236, 23?, 238, 239, 24L, 2t+2, 243, 244,
246, zLt?, 250, 25L, 253, 29+, 255, 256, 25?, 258, 260, 263,
265,266, 26?,268,269, z?0, z?!, z?2, z?3, z?5, z?9, zB?,
29I, 292, 293, 295, 298, 300, 303,

98, 236, 253, 29t., 255.

L73, Ljg, Ig0, 25L, 251+, 267.

46.

17¿

r8¡

19a

20¿

2!z

222

232

242

108, l,Lr, It3, It7,
I53, I6L, L77, 233,

t^o, L25, L26, L32,
187, 188, Lgg, 2og,
238, 239, 247, 242,
260, 263, 264, 26?,

252

aoz

272

4, 19, 25, 3j, Ln, 48, 29, 93, ro5, Lo7,
I25, 126, L28, I32, 135, t3?, L38, L43,
234, 2?6, 28?,295, 296, 298.

?, g, 25, 28, 40, 81 , 98, gg, 176, tt?,
r35, L63, L6t+, 166, L6g, L?0, t?3, r?5,
2!3, 2L6, 2L?, 232, 233, 235, 236, 237,
243, 2U+, 245, 246, 251, 29., 253, 25g,
268, 269, 2?t, 2?3, 280, 2,8?, 2g5.

7,38, 107, L35, 146, I4g, L67,768, L70, I7L, I73, 181, Ig3,
Lgt+, Lgg, 2!6, 234, 238, 23g, 241, 242, 244, 246, 248, 250,
257, 252, 253, 255, 260, 263, 265, 26?, 268, 2?0, 2?I, 275,

238, 239, 26L,

4, L4,22,42,46, 50, tr, 53, 58,64, ??, 80, 82,84,85,86,
88,95, I2g, L37, L3g, L40, I45, tvg, Lst, 156, 1.57,763, 16?,
L?6, 180, 183, t9t+, 785, 20?, 208, 222, 225, 226, 22?, 231,
249, 251þ, 277,

t?3, 188, 199, 2OO, 2I2, 264.28¿
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SpecÍes S ites

29¿

30¿,

3Lz

4, 7, 8, g, 22, 23, 2Lþ, 25, 28, 3I, 36, 39, l+5, 66, 8L, go,
g6, 97, g8, gg, roL, ro3, to4, to?,7L6, I2o, !22, L23, I25,
LzB, I35, Lt+o, I45, tt+g,753, 15?, I5B, L61_,763, 164,765,
L66, L6?, 169, r?3, L?6, r?8, r9o, r95, r9?, zo1, zo9, z!0,
2L3, 278, 224, 226, 237, 233, 242, 243, zll+, 2l+6, 249, 259,
260, z6L,265, 26?, z7o, z?I, z?3, z9o, z9z, z9j, 286, zïg,
293.

9,28,30,31,40,61,98, L26, t6l+, 169,7?0, 188, 7g?, Lgg,
209, 272, 216, 2IB, 223, 224, 233, 235, 236, 23?, 238, 239,
241, 242, 243, ztil+, 245, 246, 24?, 249, 25I, 252, 263, 265,
269, 2?t, 2?2, 275, 280, 282, 286, 28?, 2gI, 292, 2g3,

9,39,98,7?0, L?t, L?2, !?3, L86,78?,188, I8g, Igt+,203,
233, 234, 235, 236, 23?, 238, 23g, 24L, 2t+2, 243, 2+5, 246,
248, 250, 257, 2*, 268, 2?0, 2?2, 2?3,

?, 28, 3I, 66, 68, 80, 81, 749, L6g, Ig?, 2oo, 203, 
^oL+, 

233,
2j4, 239, 243, 2U+, 25I, 270, 27I, 295,

4r 7,48, 50, 9, 58, 59,61,68, ?4,8L,85,86,89,99, 100,
LO3, tIt+, L46, r5r, 163, 186, zO6,2O?,209,2!2,263,2?0,
294,

?,6?,83, g8, gg, I22, I?I,7?3, tgs, L9g,201,264,265.
2, 8, g, rt, 25, 26, 28, 30, 3r, 36, 3?, 44, 49, 50, 5?, 63,
65,66, ?3, ?4, ?8, gO, g!,99, 96, gg, gg, ro3, L04, Lo?¡
LIr, !2L, r25, L36, Lþg,75?, 162, L6?, L?3,7?4, L?5, I?6,
778, I7g, 184, Ig4, L95, 20I, 2!L, 2L4, 2!5, 21,6, 2I?, 226,
227, 240, 21t2, 249, 257, 260, 261, 26+, 265, 2?0, 272, 274,
278, 280, 282, 284, 288, 289, 290,

I, 2, 8, g, IO, 22r" 23, 24, 25, 26, 30, 3I, 32, 33, 35, 36,Lil+,48, 50,63, ?3,28, 80,8r,96,98, r09, tz!, LZ5, L36,
r4g, 153, I57, 162, 163, 164, L?3, I?6, Ig4, 1gg, Igg,2o2,
204, 21_0, 21.2, 2!3, 27?, zLB, 231, 233, 236, 239, 24O, 2t+2,
243, 21il+, 245, 259, 260, 26?, 269, 2?3, 2?4, 2?9, 2gg, 2gI,
30I,302.
g,26,66, ?8,98,99, L03, Lou, 163, L6t+,76?, t6g, L73,
775, r78, Ig4, tgs, Lgg, 201, 2Og, 2L3, 2!5, 2!?, 233, 240,
245, 270, 271,273,

36,38, 5?,68,69, ?8,8t, gg, to3, M, 1_!4, LL6, I7?,11g,
I2O, IzL, !22, L26, 12?, 1,37,738,739, tlþu, L48, t5?, 1_62,
164, 165, 166, !6?, r?0, LZ3, L?6, r?8, zoi,, zog, zo9, zLo,
2L2, 2!3, 2L6, 2I?, 2L8, 224, 230, 240, 24g, 260, 262, 264,
26?, 268, 270, 2?8, 280, 282, 286, 289, 2gO, 293.

766, rZ4, zlt+,

322

33¡

342

352

)or

372

38¿

tj

392
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Species Sites

4o¡ L, 2, 7, g, L3, 21, 2l*, 25, 26, 28, 30, 34, 3?, W, 45, 47, 63,
66, ?3,81, 84, 98,99, 106, !o?, !09, r24,748, r53, r5?, L62,
163, 164, 16?, L69, L?2, r?3, L?5, r?6, r?8, 184, 188, r93,
795, 196, 204, 2ro, zLr, 212, 2L6, 2I?, ztj, 223, 224, 226,
233, 234, 235, 23?, 238, 239, 24I, ZtQ, 245, 246, 24?, 248,
250, 257, 258, 259, 260, 263, 264, 265, 26?, 268, 269, 271,
272, 274, 275, 295, 297, 300, 302, 303,

66, 68, 1oo, 101, t?3, 79L, 235, z4r, 251,, 253, 255, 259, 26L,
262.

Igg, 242, 25L, 253, 255, 259, 260, 26I, 262, 263, 264, 268.

233, 236, 239, 242, 243, 255,

39,68, L3L, r35,753, L7I, L72, r73, 188, L90,27I.
?, g,25r 36,67,73,81-r 96r 98, gg, rO2, tOL, tO?, 1L6, rL7,
722, 123, L26,72?, L35,738, r49, 153, r6L,777, r72, 187,
188, I8g, !go, tgl, L96, I9?r 200,202,204,209,2I0,21,6,
233, 23+, 235, 238, 239, 24I, 2U+, 245, 25I, 253, 29+, 255,
259, 260, 261, 262, 263, 264, 271", 2?3, 288.

I?t, rgr, 235, 253, 26I, 262.

64, 6?, ?L, 81, rzz,
22,32, 50, 58,85, I35, t63, 186,208,233,243,25L,256,
265,27I, 275,290, 294.
g8, L33, 156,

78.
145.

62, 6j, zt1-,

50, 52, 60, 223,

zz,32, g, ?2,85, L3î, r5?, 158, 166, r?j, L83, L84, 185,
Lg3, 204, 2r2, 273.

t?t, 186, 261, 278,

7,2r 31 4, 5,6, ?,8, g, 10, 7L, 13, 15, L3r 20r 23r 25r 26,
30, 32, 33, 31+, 35, 36, 38, 39, 40, M, 45, 47, 48, fr, *,
55, 5?, 60, 69, ?0, ?4, 80, 82, 8?, 90, 9L, 92, 93, 95, 96,
g?,98, gg, ro5, 1,06, ro?,108, to9, !!2, 173, trþ, r1-5, Lr6,
Lt?, ttg, tzo, Lzt, L22, 123, I2l+, L26, L27, L28, 129, t3O,
t3L, 132, 135,736, L3?, 139, tL+O, tt+3, LU+, 146, I48, L49,
151, r53, L56, t5?, r5g, 160, 161,, !62, L63, 164,766, 170,
r?3, L?6, t??,181, L85, t8?,188, tgs, L98,205,206,208,
2IO, 2I2, 2r3, 21,6, 27?, 2L8, 224, 22?, 228, 234, 235, 236,
23?, 240, 24I, ZtQ, 246, 2t+?, 248, 252, 253, 255, 257, zfr,
259, 260, Z6L|, 268, 269, 2?0, 2?L, 2?3, 2?4, 2?6, 278, 279,
28I, 285, 286, 28?, 288, 291, 292, 2g3, 295, 296, 298, 2gg,
3oo, 301, 303, 305.

41"¿

422

432

L+l+z

452

462

472

482

492

5oz

5rz

52a

53¿

54t

55¿

56¿
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Species Sites

572

58¿
(o.

233, 238, 243.

78, 84, L38, 158, L84,

4,21+,25,27,48, 9, 59,60,61,67, ?2, ?8,86,90, Lr7,
713, LI6, LI?, Itg, IzL, I25, I28, I3t, I35, I38, I3g, I1Ð,
753, r58, 167, 180, !85, 208, 270, zrL, 228, 23I, 248, 250,
265, 288, 295.

22, 42, 45, t+8, 50, 53, 9, 58, 60, 62, 63, 64, 65, 6? , 68,
69, ??, ?8,8r,85,86,93,98, Lo3, Lot+, fi.r, rzz, rz9, 139,
148, Lvg, I53, 156, 163,76?, 169, I?r,202,208,209,2!0,
222, 224, 226, 23I, 24t+, 2t+6, 28t+.

4,42,45,48, 53,62,86, 1"36, r37, rt++,204,
76,6?,69,75,80, !O?, t3g, ttfi, 145, 180, Lg0, rg7, rgg,
202, 207, 2L2, 233, 261, 263, 276, 285.

5?, 86, IO?, L3g, L45, tïO, tgT, 201-, 2I2, 2I4, 2Ig, 235, 261.

4,2, LZ, L3, !2,18, 19,2r,24,30, *, U+,4?r1+9, 5L, *,
55, 52, :)B,6o,6z,6j,6t+,65,66,68,69, ?2, ?3, ?5, Bo,
81,82,83,84,94,96,98, 1oo, 101, 104, to5,7o?, Log, 110,
LLt, 116, !27, t2?, I32,735, t3?, 138, L3g, Ll*O, L46,71+?,
L48,74g, 155, t5?, !62, 163, 169,7?3, r?6, 1gg, rgo, !gr,
L95, 196, tgg, 2OO, a}t, 2Og, zIL, 273, 276, 2t?, 22g, 230,
233, 239, 243, zt+t+, 245, 246, 253, 259, 263, 264, 26?, 2?t,
274, 2?6, 284, 289, zgL, 2g?,

253,

L&, r?3, L94, 199, zoo, zoz,209,233,235,236, zj7, zjï,
239, 243, 2U+, 245, 25I, 253, 259, 260, 2?3.

t?t,

6oz

6tz

62¿

63,

64;

65,

662

6?,

68;

69,

Lgv, 204, 216, 234, 235, 236, 23?,

7, 79, 34, 49, 5I, 55, 57, 6L, 62,
707, tLz, Lt3, LLg, L23, I35, 137,
183, tgg, 202, 204, 2!I, 2I2, 2Ig,
288, 289, 290,

238, 242, 265, 2?L,

65, 68, ?2, ?8, 96, rot+,
Lt+5, r53, r58, 164, 181,
230,235, 26I,283,284,

I ;.:
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B. The sites at which each gastropod- species was record-ed.. Locations

of the sites are given in Append-ix II. Species numbers represent

the following taxa:

1. Campeloma d.ecisum
2. Ya]..vaüa sincer.a
3. V. tricarinata
ll. Ci-ncinngtia ciJrcin4atiensis
5. Marstonia d.egggþ
6. I{. gelida
7. Probythinella lacustris
8. Amnicola walkeri
9. A. linosa

10. Somatoglr:rus subglobosus
11. Lymnaea stagnalis
12. slla haldena4i
11. Bulimnea megasoma
14. Stagnicola palustris
15. S. catasconium
16. L caperata
17. S. reflexa
18. EsEEe¡sLa {ecegÉ
tg. r.. ""i*il20. F, modicella
2I. T """r"22, F, d.aIli
23, L obrussa
24, Physa glrrina
25, P. iennessia-
26. Aplexa hrpnorum
2/. Ferrissig para_J-.lela
28. F. rivularis
29. Helisorna trivolvis
30. H. pilsb_ryi
3I . H, corpulentum
32, H, campanulatum
33, H, anceps
34. Planorbula armigera
35. P. campestris
J6. Promenetus exacuous
37, P, umbilicatellus
38. Armjger crista
39. $;ggglus parvus
40. G. circumstriatus
41. il æctus-
l+2, Physa intesra

i rl -'r:.-.:

Ì,"¡ìal::l:ìi':l:,:!
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Species Sites

2¿

3z

4z

Ê..

6t

7¿

8:
o.

L2z

13t

t4z

tÕr¡

Ltz

233, 24I, 265.

69, z6?, 269, 285, 288, 295,

!,2, 51 6, ?r 9,28,40, l+5, BOr 9r, 106, L07r 108, Lî3, rt5,
735, LuB, r5O, L9, t*, r55, 160,7?5,275,232,231+,235,
239, 2t+7, 250, 264, 265, 269, 2?2, 2?3, 274, 2?9, 292, 293,
295, 300, 303.
28, BO, !?4, I?g, 79?, 2L5, 234, 235, 238, 239, 24!, 2t+2, 260,
265,269, 275, 303,
4L, 8L, L35, 24?, 250, 253, 263, 267, 277,

234, 264, 265, 267,

6, !52, r9, r79,
66, 1,68, 236,

r, 2, 5, 6, ?, g, 28, 38, 39, 40, 45, 66, 68, 81, 90, 9t, 98,
gg, 100, 126, L5o, L9, L66,7?0, 186, L9?, L99,202,2r2,2r5,
223, 233, 23t+, 235, 236, 23?, 239, 24r, 242, 243, 244, 251,
255, 260, 263, 264, 265, 26?, ?,68, 26g, 2?0, 2?1, 272, 279,
292, 293,

265,

lr 21 3,4r 6, ?r 8, 10, LL, L2, 13, t4, t5, t6, 18, 19r 20,
21, 22, 23, 2t+, 25, 26, 28, 30, 3I, 32, 33, fu, 35, 36, 38,
39, 40, A*, 46, 4?, 48, t+9, 50, 5L, 9+, 5?, 60, 62, 63, 64,
66, ?0, ?L, ?3, ?4, ?5, ??, ?8, T9,80, 81, 82,83,84,87,
gt, g3, g4, g6, g?, g8, 104, ro5, to6, ro?, r08, rog, 110, Lrr,
ILz, IL3, t!5, LL6, II?,118, LL9,721, L22, L23, L27, 128,
I2g, L32,735, L36, I3?, I3g, L14Ð, I45, 146, 147, L49, Ifr,
75L,752, L53, L55,756, r5?, r58, r5g, 160,76r, L62, 163,
164, 165, L66, 169, r?0, r?5, L?6, r??, r?8, 180, r8z, 183,
185, L87, Lgz, 1,99, 200, 20I, 202, 207, 208, 209, 2I0, zLI,
2I2, 2I3, 2I5, 216, 2!7, 2L8, 223, 224, 227, 228, 229, 230,
233, 234, 235, 236, 239, 2t+0, 2t+!, 2+2, 243, 241þ, 245, 246,
zlq, 248, 25I, 253, 255, 256, ?,60, 263, 264, 265, 266, Z6?,
269, 2?2, 2?3, 2?4, 2?6, 2?8, 280, 285, 286, 287, 288, 289,
zgt, 292, 2g3, 294, 295, 296, 29?, 298, 299, 302, 304,
235,24L, 265,

6?, L69, t?3, 199, zo0, zoz,2L9,233,234,240,288.
L,2,3,4, 5,61 7,10, L7, t3, L4,75, 17,18, 1,9,20,2!,
22, 24, 26, 2?, 28, 32, 33, *, 35, 42, 43, 44, 45,. 46, 48,
49, 5o, 5!, fr, 5j, 55, 56, 58, 59,60,62,64,70,72,73,
??, 80, 82, 85, 86, 87, 88, 89, 90, 9r, 92, 93, 95, 97, to5,
106, 108, tog, 110, LL?, 126, 128, 129, I3L, L32, 137, L39,
ilß, tLr, r42,743, rU*, 145, 1,46,74?, 148, L49, r50, t5L,
L52, L55, L56, r5?, L58, tsg, 160, t6t, 1,62, 165, r?5, r?6,
L77, t?8, I?9, I83, L85, 205, 206, 207, 209, 210, 272, 2I7,
220, 22!, 222, 223, 224, 225, 227, 228, 229, 23I, 232, 233,

.:i:::

l.,ì:

i:r;:::''
ra:.:rJ:
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Species Sites

_^l,kt, 239, 245, 246, 2?0, 2?2, 274, 278, 279, 280, 28L, 285, 289,
uurrt/ * z9z, zg3, 294, zg5, 296, 29?, 298, 299, 307, 3o2, 304, 305.

I5t 6, 80, 9L, r43, I5O, L55, 7Lt?, 248, 250, 269, 270, 272.

t6; 48, 284. :,jI?z LO4, t88, 249. ,, ,'

18: 6, II5, 234, 265,

L9z L4, 18, 32, 52, 82, 98, 284.

2Oz 7,2,3,4, 5,6, LI, L9,28,38,46,48,49, 5L, 56, 59,60,
?2,80,85,89,90,9L, 106, L26, r32, 145, r5O, L52, t9+, L55, ,,,,,,,'
L6o, r?5, l?6, 1-82,205,206,20?,2L5,223,2?6,28!,286, ,,:.:
296, 29?, 298?

21-z 34. , ',,,,

222 L32, L39, 264.

23t 205,

24¡ lr 2,3,4, 51 6, ?,8r 9, 10, rI, 13,76, 18, t9,2or 2!r 24,
25, 26, 28, 3r, 35, 36, 38, 39, 40, 4L, 42, 43, LIJ+, 45, 47, 5r,
60,63,64,65,67,69, ?r, ?2, ?3, ?4, ?5, ?6, ??, 80, 81, 82,
85, Bg, go, gt, 96, 98, gg, 100, ro2, 104, ro5, 1,06, ro?,108,
tog, 1,Lt, 1L2, rr3, L1-4, rt5, tr6, rL?,7L8, ttg, tzo, L22,
123, r21+, 126,728, I32, 135, 138, L43, 146, Lt+?,148, r4g,
r5O, r9,753, r9+, r5?, r58, !60, r6L, 1-62, L65,766, 16?,
I?4, L?5, 176, I77, L78, I7g, 180, 781, L82, !8t+, 185, IB7,
188, I8g, Lg}, Lg4, Ig7, rg8, 1"99,201,,202,203,207,208,
209'2I0,2I!,21'2,2!3,215,276,2!7,223,22+,226,22?,
228, 23L, 232, 233, 234, 235, 236, 23?, 239, ZvL, 242, 243, ,

245, 246, 24?, 248, 249, 251, 252, 2*, 258, 259, 260, 26I,
263, z6t+,265,266, z6?,269, z7z, z?3, z?4,275, z??, z?8,
279, 280, 281, 282, 283, 284, 285, 287, 288, 289, 292, 293, ::: .:
295, 300, 304, 305, ;, ,,,

252 20,23,30,32,34,3?, t+zr 48, 561 85, 88, 110, L36, L42,
162, z}t, 205, 206,2O?, 21-8, 22t+, 229, 238, 2?6, 285, 298, ,,,,,,,

30z-,

26z I,6, 13,26,42, Lil*,49, 5L, 53, 56, 58,60,62,64, ?2, ?3,
8r,82,86, 108, t3g, r58, L?6, 1-85,2Og,2L0,24?,248,274,
284, Zgt, 2g?.

2?z 233, 
,

28¿ 6,4L,42, gg, 108, L52, tgl, !g2, Ig4, Lg?,Ig8,233,245,
288.

l::::- !
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Species Sites
oÉL)t

46,
86,

292 !,2,3, 51 6, ?,8,9, 10, r?, L3, L5, r8,20r 27,22,24,
à6, áe-,' i6', ií, 32,' 33, 34, 36, 27, 29, 39, 4'9, L1'2, Lt+, 45,
t+g', 5o', 5!, 53, 54, 55, 56, 5?,60,66,69, ?4,77,78,81,
a7', 

-ag','g3', gl', gr, toe, ro?, 108, ro9, rLo, LL3, 114, rt5,
iî'6, iíz',-tß,'L1o', Lzi-', !24, r25, tz9, L30, L32, r31,'136,
L3g, L45, rt+6, 149, r5O, r57, L9, 153, L56, 157, Lfr, 152,
r-60', ßí', !.62', 163, 164, 1"69, t?2, t?4, î?5, r?6, r77, 1-79,

laà', ia+', rg5, i.g:9', zor', zoz, 206, 2og, 2r5, 223, 224, 226,
228, 230-, 231, 232', 233, 234, 238, 239, 240, 24I, 243, 245,
z,+6', zú?', ziï', z-5t', 2t6, 265, 269, 2?L, 2??, 2?4, 2?6, 278,
280', 281', 285, 286, 28?, 292, 293, 295, 296, 297, 298, 299,

301-, 302, 305,

743, 24r, 247.3oz

3Lt

32¿

gg, !25, 166, 186,

?, g, 36, 61,, 66, 68, 69, 90,,
!32, L+9, L63, 1.64, 165, L66,
2OO, 2O!, 204, 233, 234, 235,
21t2, 243, 2U+, 245, 246, 247,
258, 260, 26r, 262, 263, 264,
271,273,

81, g8, 99, ro3, rL5, r2o, r22,
16?, 168, t?0, 188, r97,199,
236, 23?, 238, 239, Zt+o, 241,,

z4A, z5o, 251, 253, 2*, 256,
265, 266, 26?, ?,68, 269, 270,

332

342

L, 6, ?, 9, !6, 25, 38, 39, 40, 43,,+?, 63, 62, 68, 69, 7r,
?3, ?4, ?5, 82, 83, 89, 9t, !05, 106, 107,.108, I09, 1-I2,. II3,
rll5, tt?,-LL9, Lz6', t25,-730, 1-35, 748, r54, 755, t6o, ß?,
ni', 181; L82, 184, r8?, L92, 196, tg?,203' 2!2,zLt+,234,
23'5', 238', 239', 24i, 2t+?, 250, 251-, 253, 29+, 255, 256, 258,
264, 265, 266,269,2?0, 2?5, 283, 285,288.

!,2, 5,6, ?, 1-8r 27r 48, 5?,69, ?2, ?3, BO, 98, rO3, r94,
iLS,'¡áe, r2?', r32, !t+0, LW, L48, rt+9, 1'50, L9, t55, 156,
1-64, 165, L66,76?,769, L74, L?6, L?9,207,299,2r9,2!!,
zrl', 272', 2r3, 216', 22L, 236, 240, 2t+3, 244, 2t+5, 246' 272,
2?3, 2?8, 28+, 285, 286, 288, 289, 291" 303.

45, 46, 5r, 53, 207, 223.

!,2, 5,6, ?, 13,2r,28, Wr 45,46,48, 5L,,55,.62,68,9L,
ga, to?', tog,'ttó', L22, r23, 745t L5L, L52, 160,. 162, r75,
î26, tga, zoi, zLi., zL6, 223, 224, 230, 233, 236, 2L+)+, 247,
265, 2?0, 296, 297, 298, 3oL, 305.

1-33, 1-58, 260, 268, 295,

!, 2, 5, 6, 20, lt4, 5I, 278,

!, 2, 3, 4, 5, 6, ?, 8, 9, 10, !2, r3r.77, t8, 20, 22, 23,.24'
zg, 3z'r' J4', 35, 38, 39, 40, Ltz, N*, 46, 4?, 49, 50, 55, 56,
5?, 58,62, 69,72, ??,80, 82r 84,87,9r,98r.L03, 1g5t L07,
loe,-nt, rÉt',716, r2!, r22, L26, Lzg, r25, L26, L3,7' L4-5,

750', r5r, r52', L55, L56, rfr, t6O, 16r, 162,763, 16\, t65'
L66', t6?', t?3', L?t, t7g, L1L, 184, L85, r8?, L92, 196, L97,
tgg', 2ol, ?j02, 2g?', ZtO, 21-6, 2t-9, 221-, 222, 223, 22Lt', 226,

352

362

I r '''ì rì

372

382

10,



Ltgo

Species Sites

^^29,^ 22?, 230, 232, 233, 234, 236, 23?, 239, 241, 242, 243, 245,vvrrv u z4Z,249, z5z,263,264, 26?, z?0, z?4, z?9, z3o,2Br, z1z,
284, 285, 287, 288, 292, 293, 294, 295, 296, 2g?, 298, 3Oo,
307, 302, 305,

40: L?, 18,45,48,60,69,73, ?4, 106, 110, L3g, ILt, It+z,744,
L47, 173, 777, 209, 23t, 255, 264, 269, 2?3, 280.

4t¿ ?, g, L3,64,68,81, 98, Log, Itu, tt5, 147, t6g, 1?3, 196,
I87, 188, Ig5, 1,99, 200, 20I, ?L2, 233, 235, 237, 238, 239,
242., 2tù, 253, 265, 26?, 2gO, 295, 296.

422 9,

:r..ìì::t,Í,
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Key to species of the genus PotaJnogetoJr occurring within the stud.y area,

nrod-ified after Gleason (tgSZ) and- Scoggan (l]sZ) .

1. Submersed- leaves þ run wid.e or wider.
2. Sase of subnersed leaves cord-ate or auriculate.

l. Stipules persistent and- conspicuous, 70'50 mm long.
4. leaves Z-ranked-, margins mi-nutely serrulate, ad.nate

at base to stipü'tres. . . P. ro-bbinsii.
4. leaves 70-25 cn long, boat-shaped. at end.s, free

frorn stipules, margins not toothed, peduncles up
to 40 cn 1ong, stems up to Þ m long. P. praelonzuS.

3. Stipules soon d.isintegrating and !-Z cn 1ong, leaves not
boat-shaped. at end.s, peduncles 2-I0 cn long. . .

P. richard.sonii.
2. Sase of subnersed- leaves not cord-ate nor auriculate.

J. Stem flattened-, leaves linear, with 1-3 main nerves and
up to 30 small ofles¡ . . . . . . P. zosteriformis.

5. Stem round- in cross-section, less than half as wid.e as
submersed leaves.

6. Stiputes 4-t2 cn 1ong, leaves with 11-50 veins.
7. Subnersed leaves falcate-fo1d-ed- antL usually

verywid-e...... . P.^@..
7. Submersed leaves 2'5 cm wid.e, not falcate-

fold-ed-. . . . . r . . . . . L illinoensis.
6. Stiputes l-J cn 1ong, submersed. leavfi^ffiT-TF

veins.
8. Lacunar strip of submersed" leaves less than 0.5

mm wid.e (less than 4 rows of ce11s).
p. leaves 8-14 cm 1ong, nargins of sone

specinens (particularly from Minnesota) *ty
be finely crenulate and. ninutely toothed- at
the tips; floating leaves not sharply
tl-istinct fron the short petioles. . . . .

P. alpinus.
9. Leaves l-8 cm long, floating leaves

sharply d-istinct from elongate petioles. .

P.^@..
8. Lacunar strip of submersed- leaves 1-3 mn wid.e,

consisting of p-18 rows of ceIIs, submersed-
leaves up to 20 cm 1ong. . . . P. gl,¡!ydrus,.

1. Subnersed" leaves less than 4 run wide.
10. Stipules free to base of leaves.

11. Submersed. leaves without blad.es, only floating leaves
d.eveloped., attached. to petioles by a joint up to 2 cm
1ong. r . . . . . . . . . . . . L,@.

11. Subnersed leaves with bIad.es.
12. Submersed leaves with very many fi-ne nerves, stern

flattened-. . . . . . . . E. zo.steriÎormirs.
12. Submersed leaves 3-7 nerved..

lJ. Stipules fÌbrous' soon disintegrating to
shred.s.

tr' . . .

.1 .. :,
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14. Leaves 5-7 nerved., minutely cuspid.ate
attip....... P.@!.

1þ. Leaves J- nerrred, not cuspid-ate at tip
P.@.

1J. Stipules menbranous.
15. Submersed- leaves with lacunar strip

1-3 run wid.e. . . . L- epihydrus.
!J, Lacuna.r strip less thã ffiid.e,

floating leaves absent.
16. Achene 3-l+ mrn long, Leaves linear,

3-10 cm 1ong, 2-l* delLeate lateral
nerves, rounded. or minutely
cuspid"ate at tip. . . . . . . .

P. obtusifolius.
16. Achene less t.jlnan J mm long,

leaves usually less than J cm long
17. Achene with thin, undulate

d.orsal kee1, gland.s absent l.

at base of leaves, leaves
3-5 nerved., peduncle less
than 1 cm long, spikes 2-J
mn 1ong. P. foligs;us.

17. Achene without d-orsal keel,
gland.s present at base of 

'

most leaves, leaves ]-
nerved-, peduncle more than
1 cm long.P. pusillus.

10. Stipufes ad-nate at base to base of leaves.
18. Achene with conspicuous dorsal kee1, floating leaves

cornmonandsmall . . . . . r . P. spirillus.
18. Achene without d.orsal keel' floating leaves absent.

1!. Stipular sheaths' particularly of prinary leaves,
loose and. much wider than sten. . P. ^Efi!g!5.1t. Stipular shaths scarcely wid-er than stem.

20. Sten branched. from most of nod-es, achenes
more than 2.J nm 1ong. . . P. peqlinA!Þ.

20. Stem branched. chiefly at base, spÍ-kes often
borne below water surface, achenes t.5-3 nwt
long. . . . . . ¡ ¡ . . . P. filiformis.

Note¡ FloatÍ-ng leaves were rarely observed. in P-. rjrcha,qcLsonii but d.o not ;

appear to have been previously repoited.. ÏÍhen present, these retain :

the same morphology as that of the submersed. leaves but are
leathery in texture and- the upper surfaces are water repellant.
A petiole is absent.

l:r':..:ì
i-ì_ ..:.:-
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j f igure IV-1. Achenes of Po'þAno.geton:
l

A,B:P.amplifolius
C, D : 1. epihytLcus

E, F, G : P. flliformis
H : P. friesii
ÍrJzP.foliosus
Numbers ind-icate sites fron ¡ihich the material originated..
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Figure IV-2. Achenes of Potamogeton¡

A,C:P,.natans
B ; P. gramineus

D, F : P. ob-ti4sifglius

E, G, H : P. Pectinatus
Numbers i-nd.icate sites fron which the material originated-.

i': -::'



4.2 mm 2.2 mm

4.1 nm
3.8 mm

3.6 mm
3.5 mm

2.6 3,7 nnmfn
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Figure fV4. Achenes of Potampqeto-nl

A : P. p.ra,elonzus

B : P. pusillus
C,D:P..spirillus
E r L richardsgnii
F,G;P.zosterifornlis
Nunbers ind.icate sites from which the material originated..
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A. Chi-square program for one d.ata set.

$.ror iuArrrv
c--------
C TI{1S PROGRAIVI PTRFORMS 2 OPERATIONS
c 1) cAf,cul,ATES NO OF TIT4BS SINGLE SPECIES AND PATRED SPECTES
C APPEAR IN A T,IST OF COMMLTNITTES.

c 2) CATOULATES CHI-,SqUARE FoR SPECÍES.
c
C PRINT0UTS ARE TTIEN PERFORMED FOR THESE T14r0 CA],CULATIONS
C IN THE FCIRM 0F ThIO ARRAYS 0F APPROPRIATE SIZE.
c
C TI\ÏPUT CONSTSTS OF
c CARD(1) NUMBffi OF SPECTES (USreS) mvl
c NUMBER OF SrrES (rOSrrS)
c F0RMAT(2T4)
c cARD(z) -(ivosrm) SrrE NL4BER TTÍEN TNTEGER DATA
c F0RMAT(T3, ??a1)
c
c--------

1 INTEGER DATA(x,y),NOSPRS(x,x)
2 REAÍ, CHTSQU(x,x) ,cttt,trTpAT
3 fNTEGffi A,B,C,D,TA,TB,IA3S,B0T,ToP
4 CHARAcTER'É4o HEAD

c
C READ IN DATA AND PUT TNTO ARRAY.

READ( J, 1 J,END=99) NSPES, NOSITS
DO 6 .l=l rNOSrrS

READ( J,8,END=p9)SrcHT, (naru(r, J) , r=1, NSPES)
6 conrtlun

1"5 FORMAT(zI4)
8 FoRMAT(n,ZT¡t)

C

C T¡ITS PROGRAU SEG}IENT DOES Af,L CAICULATIONS.
c

NUM=NSPBS-1
N L6 J=l,NUM

lfrl=J*I
n L7 JJ=KK,NSPES

NA=0
NB=0
A=0

c
C CAICULATION OF TOTATS.
c

D0 18 I=I,NOSITS
TA=DATA(J,T)
Tts=DATA(JJ,I)
NA=NA*TA
l[B=itTB]TB
A=A+(rA+Tts) /æt

18 CONTTNUE

5
6

7I
9

10

7t
t2
t3
t4
1_5

L6
n

18
L9
20
2t
22
23
24

f'.1,' ¡



c
c
c
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PI,A.CM4ENT OF TITAIS TNTO ARRAY

NOSPRS (J, J) =NA
NOSPRS (JJ, JJ) =¡¡s
NOSPRS(J,JJ)=4
N0SPRS (JJ, J) =A
rF(A.EQ,o)eÐ ro

CATCULATION OF EXÎRA

B=NB-A
C=NA-A
D=NOSIÍS-(n+n+C)
NNB=C*D
NNA=B*D
N=NOSITS

765

VATUES TOR CHI-SSUARE CAT,CULATÏON

CALCUT,ATION OF CHI.$QUARE AND BUILDTNG ARRAY CHISQU(NSPES,NSPffi)
NDIV =NA*NNA*IVB'çNI{|B
rF(NDrv.EQ. o)eÐT0 165
ctti=( (np¿r(i¿¡s (Rxn-lxc) ) -.¡*tl)**2*N) /NDrv
cÐTo t67

ß5 coNTTNUE
CHï=O.0

L6? CONTINUE
CHISQU(J, JJ) =6s1
cHISqU(JJ, J) =CHI

t7 CONTINUE
CHISQU(J 

' 
J) =0 ' O

L6 CONTINUE
cffisqu ( NSPBS, NSPFS ) =0 . O

OUTPUT TOTALS

HEAD=|THE T0TAÍ"S ARE'
¡sq=(usrES+29) /30
30T=1
pp = ( wSenS +LrM - I) /Lrt'q
Ð0 20 LO=l rLIM

1,Imtn ( 6 , to) Hnm , ( r , r=30 r , ToP )
PRTNT,' '
Ð0 50 J=I,NSPES

I4IRrrE( 6,40) l, (msrns (r, J), r=80T, ToP)
50 CoNTTNUE

B0T=TOP+1
rF(ro+l .Eq. rrM) TT{EN Do

OTT{ER COMPTLERS MAY NOT ALIOTT IF-TT{EN-ELSE, D CASE, TTHÏLE,

EXECUTE, Rm[0TE BIÐCK 0R AT EM SIATEß{ENTF
TOP=NSPES

ET.SE DO

1pp = ( nsres+tru - 1 ) /t'tux $n+ t)

25
ao
27
28
to

30
3L
32
33
j4
35

36
37
38
39
40
L+1"

42
t+3

Lil+

45
46
4Z
48

c
C

c

C

c

c
c
c

49
50
5L
52
53
9+
55
56
57
58
59
6o

XEXTENSTONX

61.

6z
63

l':ì;:'r:i
i
j't'
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66 20 CoNTTNUE
c6z 10 ronu*r('L' ffLx,A\ol/4x.,30t4)6g 40 rom,l¿,r(' ', ,f3,3orl+)
c
C OUTPUT CHT-SSIJARE VAT,UES

c
6ç HEAD= ICHT-SqIJARE VALUBS '
?o ¡1¡q=(wsrEs+1.Ð /ß .

?t mp=(NsPtss+Lnq-r) /LT:rq,
?2 B0T=1
73 m 30 LO=I,LIM
7h flRrrn( 6,zz)tnm, (r , r=Bor, ToP)

75 PRTNT,' '
?6 Do 60 J=1,NSPEs
?? ffRrrn( 6,?o)¡, (cursqu(r,J) ,r=BoT,roP)
?8 6o CoNTTNUE

79 B0T=T0P*1
80 rr(ro+r .nQ.r,ru) TnEN Do

'ÉEXTENSTONâÉ 
OTT{ER COMPILER,S I,IAY NOT ALT,Olf TF.TT{EN-EI"SE, D CASE ' }IHÏLE 

'
E](EGUTE, REIVIOTE BIOCK OR AT END STATEß{ENTS

TOP=NSPES
EISE DO

mp= ( Nstns+tru - 1 ) /t"wtx $n +t)
END ÏF
IIEAD=' '

86 3O C0NTTNUE

64
6S

END TF
HEAD=' '

81
82
83
84
85

c87 7o
88 22
89 cÐ r0 100
go 99 PRINT ,'åçtrERROR',e* 0N IXTPUTI

9t 100 CoNTTNUE

92 sroP
93 END

T0RMAT( " ,T3,L688,2)
FoRMAT(' r' / f ff ,A40 f fvx.,1618)
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B. Chi-square program for two d.ata sets.

50r

$.ror 1,farr,rv
C

c
C THIS
c1)
c
c2)
c
C PRINTOUTS ARE THEN PERFORIìiIED
C TN THE FORM OF'TffO ARRAYS OF

PROGRA}Í PERFORMS 2 OPERATIONS
CA],CULATES TT{E NO. OF TTI{ES flTO D]FFERENT TTPES OF SPECIE,S
APPEAR STMULTANEOUSLY TN A LTST OF COMMUNTTIES
cAr,cuLATEs cHr-sqlJARE FOR SPECTES.

FOR THESE TIüO CAIC'ULATIONS
APPROPRTATE STZE.

c
C IIIIPUT CONSTSTS 0F TI¡íO SEÏS
C EACH CONSTSTING OF'

OF DATA

c 1) CARD CÐNTATNING NO. OF SPECTES AIIDc N0 . 0F srrEs rN FORMAT (2T.4) .c z) srAcr oF DATA cARDS coñr¿rinrc srTE No.c AlrD TNTEGER DATA rN FORMAT(Ð,2?f'L).
c

7

2
3
4

TNTEGER DATA1 ( x., y), onree( z, y), NOSeRS ( x, z)
REAI cHISeu(x, z) ,cut,moÀr 

-'
INTEGER A,B, C,D, TA, TB, IA3S,3OT, 1.OP
CHARACTER'É4o HEAÐ

READ TN DATA AND PUT TNTO ARRAT.

nEAD( 5, 15,8N0=gg) NSPES 1, NOSTTS
m 6 ¡=1_,Nosrrs

. READ(5,8,nND=99)sTcHT, (nam,r(r,J),T_=!,NSeESL)6 colutrrquu
READ( J, 1 J, END=gg) NSPESz, NOSITS
N f J=L,NOSITS

- _READ(5,B,sIrlD=99)sIGHT, (namz(r, J),r=1,NSPES2)
7 CONTINUE

75 ronru,r(zr4)
8 FORI,IAT(I3,77rt)

c
C TT{IS PROGRAI{ SEGI,IENT DOES ATT CAICTTJLATTONS.
c

C

c
C

5
6

7I
9

10
L7
72
1.3

1,4

L5
ß
L7
18
t9

û ß J=1INSPÃS1
n 17 JJ=1,NSpES2

NA=0
ItÏB=0
A=0

CA],CULATION OF TOTALS.

D0 18 I=I¡NOSITS
TA=DATAI(J,T)
Tts=DATA2(JJ,T)
NA=NA+TA
NB=NB+18

c
c
c

20
2I
22
23
24



25
26

2?
28

c
C

c

C

c
c

c
c
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A=A+(TA+Tts) /ZII
18 CONTINUE

PLACM4ENT OF TOTAT,S TNÍÐ ARRÁ'Ï

ttosens (,r, JJ)=¿
rr'(t.sq.o)æ rc 165

CALCULATION OF EXTRA VAIUES FOR CHI-'SqUARE CAIICI'IATIoN

3=IITB-A
C=NA-A
D=Nostrs -(a+n+c)
NNB=C*D
NNA=B*D
N=NOSITS

CAICUT,ATION OF CHI=SQUARE AND BUTLDING ARnAY CurSqt¡(NSPES,NSPES)
IIDIV=NA*NNA*NB*NIIB
rr'(NDrv.Eq. o)cor0 165
õnì=( (no¿t(Í¡¡s (l+n-nxc) ) -'¡u)**2*N) /NDrv
cÐro 167

ß5 coNTTNUE
CHI=O.0

T6? CONTTNUE
CHISQU(J r JJ) =ss1

L7 CONTINUE
1,6 GONTTNUE

OUT?UT TOTALS

}TEAD='TIM TOTAJ.S ARE'
11s=(rusPBs L+2Ð /30
B0T=1
1sp = ( r{SrEs L+Lrrq - L) /LnLn 20 TO=1'],IM

wnrrn( 6, to)mA.o, (r,r=BoT,ToP)
PRTNT, I f

¡0 50 J=I,NSPES2
I'tRrrE( 6,40),1 , (tospns (r , ¡) , r=80T, ToP)

50 CoNÎINUE
30T=T0P+1
rF(ro+l .EQ.LrM) TIIEN Ðo

OTT{ER COMPILERS }fAY NoT AIIOIÍ IF'TIIEN-ELSE, D0 C.A,SE, I'ÍHILE,
El(ECttTE, RE}{oTE BÏOCK 0R AT END STATEMENTS

TOP=NSPESl
ELSE DO

pp= ( rusrnS l+tÍ',r -1 ) /t tw Gn+t)
END ÏF
IIEAD=' '

20 CONÎINUE

29
30
3I_

32
33
34

35
36
37
38
39
40
4I
42
43
4rþ

c
c
c

45
46
47
48
49
50
5L
52
53
54
55
56

*EXTENSTONX

57
58
59
6o
6L
62
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10
40

6l
64

c
c
c

ronuer(' t' f f tx, t+o / /t+x, 3oru)
roruar(' ' ,T3,30r4)

OUTPUÎ CHT 1SqUARE VAI,UES

IIEAD=' CHI -SqTJATE VAT,UES'
1Ir'a=(nsrnS t+tÐ /t6
ToP= ( NSPES t+t tU -t) /XT:U
B0T=1
m 30 LO=1,LTM

I¡lRrrE( 6,22)rßAD, ( r, r=Bor, ToP)
PRINT, ' '
DO 60 J=l,NSPES2

rnrrn( 6,?o) t, ( cnrsqu(r, J), r=Bor, Top)
6o cONTTNUE

B0T=T0P+1
re(ro+1.Ee.rru)THEN m

OTT{ER COMPILERS MAY NOT AI,I¡il IF-TIÍEN.ELSE, D0 C.ASE, lfi{ILE,
EXECIJTE, REMoTB BIOCK 0R AT END STATEMENTS

TOP=NSPE^S1

ET"SE DO
pp= ( nsenS l+f,ril-I ) /t tw $n+t)

ETÏD TT'
HEAD_I I

3O CTONT1NUE

?o ronu¡,t(' ' ,Í3,16F8.2)zz ponu¿r( 't' / f tx,At+o/ /4x.,1618)
G0 T0 100

99 PRINT ,'*xERRgR,ÉtÉ 0N II\TPUT'
1OO CONTINUE

STÐP
EÌ.ID

'I

I

I

6S
66
6Z
68
6g
7o
7t
72
73
74
75
76

'ÉENTENSI0NTÉ

77
78
79
80
81
82

c
83
84
B5
86
87
88
89

t',




