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Abstractr
An ecological study was.undertaken'of the chemidal

onstralnts on the ecologlcal d1str1butlon of Ruppia

4

occidentalls S.Wats. The effects of solute source

-(substratum versus overlylng water) and solute concentration

»

-on growth were 1nvestlgated in ‘a fleld survey and in .

measurements of blomass over one g;owlng season in three
lakes, Plgeon, Buffalo,and Mlquelon, l1sted in order of
increasing sallnlty. Fleld stud1es were supplemented w1th

laboratory experiments. Also, plants were rec1procally

'transplanted ‘and grown 1n controlled environmental

conditions in.‘the laboratory to 1dent1fy the genetic
component of variation observed in the f1eld.

Growth among populat1ons from three lakes was
positively correlated with-'salinity. Individuals from the )

freshwater lake exhibited characters associated with

moderate chemicalvdeficiency, including decreased growfh

rate, decreased réproductive output and high root :shoot

I

- ratlos. The frequendy of occurrence and percentage cover of

.Ruppia w1th1n each lake reflects its growth and

4 "' . )

reproductlon.‘ RN . I L.

Solute concentrat1on also 1nfluenced the ma]or 51te of

'

nutrient absorpt1on in Ruppla 1nd1v1duals. Growth
corresponded to the concentratlons of the 11m1t1ng solute‘
(sulphate) in the water unt11 at low concentratlons- then
growth'increased ‘due to absorptlon by the roots.hﬂzthln—lakgg

distributions of Ruppia became increasingly

~ ~

iv f\ . . ! R



substratum-speoific with decreaslno solute conoentrations ln
the water. Colonization of a freshwater site was enhanced
u51ng solute-rich sediments.. These trends support the
hypothe51s that the substratum becomes relatlvely more
1mportant in solute-poor water.- | . '
Differences in Ruppfa growth between freshuater-lake
and’saline-lage populations grown in common environments ;
indicate that uariation among lakes may be, in part; |
genotYpic. Slgnificant~differences occur, not in chemical
tolerance, but in- response to substratum sallnlty
Freshwater lake plants,exh1b1t root domlnated absorption,

‘frelatlve to saline-lake plants, and are consequently more

successfu1v1n-fresnwater, sith the appropriate substratum.

< .
R .
7
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. 1. Introduction

Ecology is "...the sc1ent1f1c study of the interactions

“that determine the distribution and abundance of organlsmS'

!

(Krebs 1978). Interactions such as between the abiotic and
biotic factors of the environment and the organisms, which
influence the four demographic processes of a species;

birth, death, migration and immigration. Al;houghuchahges in

distributions occur through demographic changes, mechanlyms

explaining these demographic processés are best sough

the ecolog1ca1 and’ evolutlonary tralts of the 1nd1v1dual

Therefore, changes in the dlstrlbutnon and numbers of "any

— . 3 -

taxa largely depenc on 1ts genetic and pny51ologlﬁa‘

. constraints. .

, Historically, studies of the distribution and abundance

of taxa have been primarily desc:iptive (Harper 18982).

'

W1thout look\ng outside the existing ebologlca“*ange,

_researchers record observations abolt the taxa and the

environment; then correlate what has been desc¢ribed.
However, through the course ¢f evolution, selective fcrces
tend to restrict the phyéiological processes in.an 6rganism
(Harper 198?). This has a restricting effect on its

’ [4

distribution. For 'this reason, Harper suggests asking the

que§t1on "what are the nature of constralints Or limitations

-

"that prevent a plant from living- elsewhere?’ rather than,

v

"what attributes of an organlsm enable it to live where it,

does?" Such an approach becomes: an exercise in -genetics as

3

well as ecology since it accounts for a particular
: ' >



distribution rather than merely recording it.
. species distribution can be limited or enhanced by

evolutidpary ifferentiation..IndividualS’of'a species may
be genet?dally narrow based but widely tole;ant (plastic),
sc when transp-.anted into a different habitat they grow the
sare as .ndivrduals nétive to that_site (Harper 1882). Some,
weeés are known tc have such all purpose genotypes (Baker
1861}, At the other extreme, individuals may have narrow
:olerahces kﬁere the species consists of ﬁan§ ioéalized
genotypes, as.:in the métal—tcle;a:; populations cof AgPQStiS
"tenuis (Antcncovics et al 3971J. Species of wide ecclogical
amp:itude aenerallylexhibii‘a high degree of genetic‘
5ifféren:ia:ién. Evidence suggests that the ecological

amplitude is determined, in part, by the ability to

Sifferentiate (Bradshaw 'S84).

4

Irn this study, ecclogical anc genetic methods were used

O
rh

¢ examine the chemical cons:raints or the distribution
Ruppia occidentalis S.Wats., a submersed vascular plant
(hvdrophyte. The analyses were designed specifically tc

examine limits in freshwater, the lcower marcih of its

N

‘tan distribution {(Verhoevern 187%7,.

+
b

‘becdies ~d rhas & coSmMOPO!
Ruppia occidentalis S. Wats. is a perennial species

\ A :
occ®rring in permanent water bocdies having high sclute

rt

concentraticns. Scientifically, Ruppia has 'twc interesting

features. First, Ruppia is a dominant submerged hydrophyte

3



in the pollen records of sediment cores from Alberta lakes
(Hickman et al 1982, Hickman and.Klarer 1981 Hickman at af
1984, Schweger unpubllshed data). Pollen from mosp_other \
aguatic specze: apparently degrades or 1s 1nconsp1cuous in
numbers relatlve to the rain of terrestrlal pollen "Ruppia
pollien 1s most conspiéuous in the sediment. cores where other .\

. variables (chemistry, diatoms, terrestrial pollen) indicate

more arid conditions, lower water levels, and thus higher
sa.inities. For palaececclogists the .question is whether

Ruppia is a good indicator of saline lake habitats. Although

‘extant Eurcpean and hustralian species are cicsely

asscciated with a wide range cf salinities (Verhoeven 'S7¢8

Brock 1982), few studies exist that identify the eccliogical
requirements and chemica: tcierances of R. occidentalis.

~hat Ruppia nas been cccassicnally colilected in treshwater .

The second :nteresting feature 1s that Ruppia :s a
rootec submérged hydrophyte. With the,exdépticn of R
free-susper decd soec les, submerged.speCies are énchéred £ o
the seﬂlmoﬂt by their roots with their shoo:s su;peﬁded in
‘water, :hereby Gaining access to :Q: independent sources cf
sciutes. Which crgar, foo: cr shéci, dominates ip absorption
1s somewhat :onechersial (Denny 1880). Recent experimenta.
.‘evidenCe using biphasic culturg methods indicates that rocC:ts
are as capable of uptake as shoots. In some cases root

-

absorption is dominant, particulprly when solute
concentrations in the water are 10w {(Nichols and Keeney



.1976b,’Barko and,Smart'1979. Barko 1982, Hhebert and Gorham

‘3983). We;tiéke (1951) and‘Denny‘(1972b) suggestéd that some
pIéhts_are flexible in their mode‘gf‘up;ake, depending on
the solute~conéentratiéns of the wafér énd sediment. Because
concentrations of available sél{é are higher in‘the'séaiment
interstitial water compared to ;he-overlyiné water, such a
dual abscrption system may have gmpcrtant ecold%ical .
conseguences. |

Aguatic vlants have received less attention than
% i
terrestria. plants, largely because they are difficult

«subjects with which tc wérk. wWhole piants subjéct to
experimentaticn reguire delicate hahdling, and cultﬁres are
préhe ©c algal coptamination. axenic culture technigues
(Gerioff and Krombo.z '966) are unsuitable for large plants
or long term experimeﬁts. In :he.field, only recently ha;

<
SCUBA (se.? containeé underwater preathing apparatus) been

-

recoagnized as essential for accurate sampling. Even then,

ty disrupt§ The-substratum

P2
bt

CCa

[

samp>:ing by SCUBA .n cre

Vo
o]
0

afrer a shor: durat: sc as tc reduce visibility. Also,

5.

fragments cf Rarvested plants float away before they can be

ccllected. It is alsc difficult tc randomize field samples.
. “\\ . .
ne

ry

Ccnseguently

ot

e is a lack of field studies and
experim rnts under ccntrolled conditions.

rng these features, laboratory and field

Ve

yoo-

Consider

‘studies in this project were undertaken to ') determine the
within-.ake distribution and growth patterns of Ruppia in

shree chemically different lakes, 2) test the ecclogical



ptedictiqn that root absorption is dominant in'solUteroqr
water, and 3) distinguish thelgenetic and eﬁvirohmental
"bases for variation in chemical tolerances among

- populations. -

g
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2. Growth andelomass Allocatxon of Rupp1a occ1denta115 S.
: ., Wats.’ in Three’ Lakes, Dxfferlng in Salinity

., 0 . .
‘ M . N r

\

. . . -
\ : . . -

;- \

?;i}lﬁtroductiéni‘ ‘

~Ruppia is an important geﬁﬁs in submersed hydrophyte

t

ecology because of fs broad phy51ologlcal tolerances and

cosﬁopolytan distribution (Verhoeven 1979, Brock 1982, Brock’
and Shiel 1983); Researchers have repqrted an ecological
range equivalent to 2ﬁ7%°TDS (parts per thopsand,ﬂtotal
dissolved solids) and tolerance.of fluctuations cver 50%, TDS
oy some. annuals (Brock 1978, Verhoeven 13879). Pefennials |
such as R. megacarpa Mason and R. CiPPhOSa“Petag (Grande)
als; occur over broad salinity ranges (5-46%.TDS,‘1.5—60%
C., respectively), and scili_may not inhabit theif’entire

physiclcgical ranges (Verhoeven 1978, Brock 1982).

The ex.2n: -f Ruppia in low salinities appears to be

limited by =c¢ icn from freshwater mbcrophytes
(Verhoever. = -hoeven and Varn/ Vi errson  1978a,
Howard-Wiilie = _.perot 987 Verhoeven 198C). For

example, Verhoe =rv:. Potar-ogetor oectihatus L.,
excluding Rupr : ‘n poncdes ciiuteé below 9% Cl

(Verhoever 198C , . . .~ zurveys .. =2ncountered

u
O
bl
-
<

Ruppia-dom:nated c<-mmur . cetweer & and 14% Cl.

"However, in culture, sa..n:ties ¢ 3.2%.Cl were most



-

\

favorable for growth. Verhoeven suggests that constraints at
low sal1n1ty are blologlcal rather(than chemical. Yet

Ruppla has’ been collected from some freshwater habltats
{Rawson and Moore 1944, Higgonson 1965, Hamllton 1980, Haag
and Noton "1981b). )

In Alberta Ru"ppia occidentalis S. Watsp.has beern
collected from large freshwater lakes; (Mltchell 1979
aamvlton 1980, Haag and Noton 1981b) where, in the last .
.i“vstudy; it is a.qominant in a community of 19_hydrophytes.

“ iTherefore, a Study Wasyundertaken to quantify hy field,
examination the chemical constraints on Ruppia occidental is’
Populatione from 3 lakes, of different salinitleé,'yeref
examfned’to 1), establlsh whether freshwater populatlons arei
limited by salinlry,‘ln the absence of competltlon, and 2)

relace d1 ferences in growth to the dlStflbUthnS in each

lake.

2.2 The Genus Ruppla - ' J' -\1
‘. Ruppla y of - the famlly'Potamogetonaceae, is a lf
cosmopolltan genus occurrlng prlmarlly in bracklsh water and
1nland ‘'saline. waters: (Verhoaven 1979 and references w1th1n,
Brock 1882). Although spec1es occur 1n both temporary and

'

permanent water bodles, perennlal forms such as Ruppla
OCCldentalls S Wats. are restrxcted to “the- latter. The
perennlal spec1es in Burope (R, CIrPhosa (Petagna) Grande)
and Australla (R megacarpa Mason) are. 51m11ar in’

morphology, growth hablt ‘and chemrcal tolerance to R.



occidental is, the North American counterpart. All species
are aSSOC1ated with saline water to some degree; some

annuals occur over salinity ranges larger than that reported

~

for any other ang1osperm (Brock 1982). This is attr1buted

in part, to proline accumulations in the cytoplasm to
compensate'for high éxternal solute concentrations (Brock
1982). The perennlal species also habe broad ecological
ranges (0.2 - 20%.TDS.)R. occidental is; 5 - 46% TDS, R.
megacafpa; lm5.' 60 % Cl , R. ciPPhosa)(Rawson and Moore
1944} Verhoeven 1579; ﬁrock H982)‘and R. cirrhosa has been
described.as "sediment indifferent” (Verhoeven 1979).
‘Ruppia perennials colonize new sites byxseeds, turions

(compact leaves at shoot apex). and yegetative fragments;

however,<seed11ng establishment 1s rarely observed in nature
(Brock 1982). Growth in spring LS 1n1t1ated in overwlnterlng

g : o ..
plants,at a mean water temperature of 10°C. initially,

. '

Ruppla colonlzes the lake bottom through the proauctlon of

1

tlllers from lateral merlstems (horizontal expan51on) In

. o)
mid-season (mean temperature 17°C.) horizontal growth is

’

replaced by the upward expan51on (vertlcal growth) of the

aplcal meristem and 1nflorescences and thlOﬂS -are produced.

P T

o

. The inflorescence consists of two flowers (2 sessile stamens
and 4 pistils each)'and 1s” borne on a oedunc;e of variable
length Pollination occurs at the water surface when the

‘flower- bearlng peduncle extends upwards into the: float*ng

\

pollen gralns. Neverthelessf fru1t set is very uow seecl-ng

7establlshment is rarely observed perhaos Decause seec

-
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germinaticn‘requirenents anpear torbe much dlfferent tham
the growth requlrements of the adult plant (Brock 1982)

Thus local colonization by Ruppla pccurs primarily by turlon
and shcot fragment dispersal and by clcnlng.-Thenefore, if
the\distributlon”of R. Occidentalis‘is constrained by
chemical factcrs, it uill be/largely the result of
interactions between the environment and vegetative

" propagules.

2.3 Methods

2.3.1 Study Sites
| All field work was conducted in Pigéon, Buffalo and
Miquelon Lakes which are located in central Alberta (Fig.

). These lakes were chosen because they spanned a large

chemlcal range (Table T);“

2. 3 2 Macrophyte Survey ‘

Fleld studles, conduéted durlng July and August 1982.
were par* of a macrophyte survey of Buffalo and Pigeon Lakes
(Haag and Noton-1981a, b) D1vers'sampled by swlmmlng the

‘c1rcum*e'ence of lbuut a 4m dlameter c1rcle. Percentage

cbyer,‘recorded in- logar1thm1c abundance classes, was

measure as a fractlon of thlS 0.5m wide c1rcu1ar path This

4

-.comor’sed one: sampllng p01nt. Sampllng p01nts were’ located

at O 75—1 Om depth 1ntervals along a transect orlentated

\



Miquelon Lake o

Fig.1. Morphometry of Mlquelon Pigeon and Buffalo Lakes.

10

* transecf sites, contours indicate the 1. 52 and 304m depths.‘
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Table 1. A comoarvson of the major chem1ca1 and physical characteristics

of Picedn, Buffalo (Main Bay), and M1quelon Lakes; chemical "
concentrations in ma/T unless otherw1se stated; * as reported in
~Haac and Noton | 198 ); Ic - maximum deoth of hydroohytes

'

\
“

" Darameter | - .. ~Pigeon Buffalo Miquelon-

_gcation (1at./long. )~ 501,02 5P50,112750° 51511253

. Surface Area kmé . *96.4 *83.1 - 8.76
vax. Depth (mi T - - 100 . 6.4 6.0
e imy .o L - a5 s 300 3.0
“June ;xt Coeff1c1ent .- 1. 24 T.OQ'Q'_ - 1.01
‘Conductivity (wmhos/cm) - ?85 1330 2300 - 2450 5300 - 6900
s . 0L . %250 *2400 6200

© Alkalinity (CaCC3) . - *147.5 *961.7 L.

R 9.5
PR S 27 226.0 2300
N (total kJe1dah1) ‘ To*2.03 *3.7 . _
5" (total) - *0.07. *0.04 - o
Ca- > ' S 23.5 - 1.0 - 115
:Number~of Hydrboﬁyte . © 19 w9 o 2'_ |

Species (submerpged). -
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. perpendicular to shore. The survey comprised.90 and 81
‘transects, placed near 1dent1f1able landmarks around Buffalo
ﬁand Plgeon Lakes respectlvely, for a total of 822 sampllng

‘ pornts- Similar methods for percentage cover were used on a
'separate shrvey the following summer on’ M1quelon Lake u51ng.

10 transects.

~
'

‘Frequehcy ofwoccurrence (the fractron of sampling
p01nts in, a giwen depth interval occupled by Ruppia) and
percentage cover- was- compared between and- w1th1n lakes. In
calculatlng geometrqc means, to remove the dependence of

variance on the mean, an 1nCrement of 1 was added to “each

’ -

cover class. value.

I

' 2.3.3 Growth ‘and Biomass. Allocation

Al

A time series analYSis of'grpwth pattern, standing dry
welght, and blomass allocatlon was conducted in 1982 on
populations of Ruppla in Buffalo, Plgeon and Mlquelon uakes.
_Samples and £ield measurements w=re cbtalned ‘biweekly, from
May- to September from ajpermanent transect on eacn lake;

¥y -~

- Each tr ansect locatlon had a northern exposure, a slope\of
less than 10% and a percentage cover of Ruppla 51m1Lar to‘
the mean of 1its respectlve lake (as determlned by survey
data). Coinq1dently, all transects uere on exposed
shorelines “Interspecific competition was'assumed to be
unlikely because populatlon densities were low due to
turbulence'and low,llght. Each transect was divided into 3,

[

'm depth intervals (sites) to account for effects of the

.t \\\ \ i .
. . - * .
» . .

\



PN - . -
water depth gradient on growth Percentageﬁcover at"depthsr

W

greater than 3 meters decreased in Buffalo and Miquelon

Lakes.
Physical measurements and samples of thevplants were
~ taken at each depth‘lntervalc Both temperature and
'electrical conductance were“measured at the sedlment yater
interface with a TC-2 Hydrolab Conduct1v1ty meter ‘directly
“from the boat. Dissolved. oxygen (measured on a 54YSI meter)

and PAR (photosynthetlcally_aotlve radlatlon) transmittance

(LlCor Quantum Sensor) was reCOPded at‘O.Sm depth intervals;

;'»Two, 1 liter water samples were collected at 0-0.25m above
the sedlment with a 3 liter Van Dorn bottle and 1mmed1ately

flltered through Whatman GF/A fllters before preserv1ng ‘with'

2 ml riitric ac1d and stored in the dark 1n a cooler. Four to

‘eight surficial sediment samples (0-10cm,‘about 75’mlfgach)

el

‘were” scooped from'each interval, combined in a 1 liter pail
ana allowed to air dry
Since accurate nav1gatlon of the boat was dlfflcult %

randomlzatlon of plant harvests w1th1n each 51te was

A s

anchored boat Where pOSS1ble intact. plants were collected

from~the centre of a sward each t1me they were encountered

“on .2 dlve. In total 30 - 50 plants were collected from each

ydepth 1nterval and stored 1n plastlc bags to prevent

" ~.desiccation, Plants were_transported to.-the laboratoryiin a

-

. . . . e L le) - . T
cooler ‘and stored at ‘6 C for a maximum of :72 hours.

13

KA

e

@

achieved by d1v1ng at random dlstances off both, sides of. the ..fvg“

1
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In the iaboratory 10 piants were randomly selected from
each collectlon to measure growth attributes (shoot helght
rhizome length number of roots and shoots)'and dry we1ght
partitioning (dried 48hrs.'atHBO‘C),’Varlablllty was great
but 10 samples.ensured a standard error of 10»— 15% of the
mean. Logarlthmlcally transformed growth data were used in
all statrstlcal tests to remove the dependence of the
variance on the mean and were summarized as geometric means
in figures and tables. Remaining plants were included.for
phenological ddcumentatipn. Water samples were analyzed for
sulphéte—Sulfur”(turbid;metric method) (Standard Methods
1974), -calcium ‘magnesium (Atomic Absorption
spectrophotometer) pota551um, sodlum'(FIame Photometer,
Model 143) and electrical conductance (at 22 C) " Sediment
interstitial water was extracted from 10g of saturated -
sediment, ina 7:1 w/w watér:sediment ratio, by
centrifugation and analyzed for sodium, magnesium, potassium
(A.A.), sulphate (turbidimetric method) and electrical
~conductance (Standard Methods 1974). Duplicate seédiment

samples were taken from a pooled sample of each depth

1nterval. ' s
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2.4.Results

. f“‘

2.4.1 Macrophyte Survey
Morphometrlcally and chemlcally the three lakes studled
are dissimilar (Fig. 1, Table 1). Miguelon Lake is sbout
1/10 the surface,afea'of Buffalo and Pigeon Lakes;
therefore, it is liﬁeiy'thetleast,turbulent. Pioeon Lake has .
as large a surface area es‘Buffan Lake but is deeper, and
its shoreline is less dissected ollectlvely, ‘the lakes
span the known ecologlcal range of sallnlty for. Ruppia in
Alberta (.3 - 6.2 % TDS)(Table- )} Nitrogen &nd Phosphorus
'concentrations in.the water, @easureg by Chemical ‘and
Geologioal Leboratories~lare 51m11ar 1n Pigeon and Buffalo
Lakes. Lakes with increasing sallnlty in Alberta and
)Saskatchewan‘ have a progressively larger proportlon of
sulphate and smaller proportion of calcium (Fig. 2),-but
Alberta;lekes tend to have lower sulpnate and higher
sod1um+pota551um proportlons than Saskatchewan-lakes of
equivalent salinity (Rawson and Mocre’ .944). A freshwater
inlet creates a strong chemical gradient frqm the
northeastern to the southwestern bay wwtnln Buffalo‘pake
All data reporteo here were coWWected from the most sa’lne,
nottheast bay. Blolog1cally, the ;ncrea51ng number of
hydrophyte speciles w1th>decrea51ng'sa11n1ty may have
implications for Ruppia estaolishment in low salinities

[ R -~

(Table 1). . '



PCO:‘;CI Mg Na - K

/

Fig 2. Percent milkequivalents of the major ions along a salinity gradient

16

-

LAKE . % T0S (ngih SQq (mg™
, . 025 50 25 0
. Redberry T V77 wa200 90860
" Storey | : A o1 50080 -
* Migueion: 6273 23000
CLenone , 5107 33160
Lot Mowtan B 777777 WIZZTTD 2468 13020
* NE Buffalo 2400 4260
Margo ‘ B — W7 1a0e 8310
Echo - Wi — W7 1268 594.0
N N : /. W7 v 5810
Round T W 7 wso 7410
Crooked 77 W 9T 4520
Katepwa S: 7o 4210
Muray S0 W m™ 3610
* SW Buffalo A 12 778 /LY 710
Pelletier . =Y/ ~— W as6 997
Greenwater - W7 ] 02 1460
East End Dam | Y77, ) 333 759 -
Turtie ¥ W 2o 71
e N N 20 27
Weskesw T T N, %7 &3
: ‘ . Ca .

n

and Saskatchewan Lakes (X-from present study in-Alberta: all others -

from Rawson and Moore(1944) in Saskatchewan}.
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Densities, as measured by freqqency of occurrence and
percentage cover, increase with salinity (Fig. 3, 4). Ruppﬁa 
is most abundant at greater depths éveq‘ih,the absence .of _
interspecific competition (on exposed shorelines) in Pigeqn
Lake whereas in the saline lékés:its f}equency.is'uniform
over most depth intervals=‘The low frequency at the 0 -.4m
depth inter;;l in Pigeon Lake is dué to a'iaq& of sam?ling
.points forbthis interval. Sites7occupied by Ruppia éioﬁe,
although rare in freshwater, are restricted to greater
depphéx(Fig.“3). Also, the mean percentage cover,
rebresented by logarithmic abun@@ncé classes , increases, -

while depth of maximum percentage cover decreases with

incregsed salinity (Fig. 4).

2.4.2 Seaéonal Growth B

| Within a transect, the séasonal mean temperature did
‘not vary significantly (p>0.05) aﬁong sites (depth
intervals) due to mixing. Differences between transects were
not significant (p>0.05)(Tablé 2) but . the smaller iake
volume may have caused seasonal variation to be more extreme
iniyéguélon Lake. Differences'in maximum temperature among
lakes did not exceed.3.2°C and number of days guitable for
exponeﬁiial growth (> 10°¢ ) and_reproduction (> 16°
C)(verhoeven 1979, this study) was similar among lakes, but
leasf in Pigeén Lake. Differences among lakes in mean

percentage ﬁhotosynthetically Active Radiation (PAR)

‘ransmitted decreaéed witE depth (Table 2, Fig. 5).
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) Frequency of occurrence of Ruppia occidentalis S. Wats.
within each 0.5 m depth interval. (——-) Proportion of occupied
sites with. no other vascular hydrophytes. a Miquelon Lake,

b Buffalo Lake - Main Bay, ¢ Pigeon Lake.
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. Fig. 4. Mean ;)ercentage cover + 95 percent C.|. of Ruppia in
Miquelon (o—o), Buffalo (a—) and Pigeon (e-e) Lakes. Cover
classes: 1 <1%, 2 1-5%, 3 6-16%, 4 16-30%, 5 31-50%.

6 51-75%. 7 76-100%.
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Table 2. Comparisons of temperature variations and percentaae
transmission of Photosynthetically Active Radiation (PAR) among
cites and lakes. Temperature data was nooled within-each lake
because site differences were not sianificantly different (p>0.05).

\

Parameter LT Pigeon - Buffalo Miauelon
: ‘ Temperature o
Maximum (CO) - 17.8(Aua 6) 21(Aug 7) 20.2(July 29)
Days above 10 ¢° * = 14 15 - 123
Days above 16 C° 67 79 76 - -
Seasonal Mean (C°) 14.7 o 16.7 15.6
Mean PAR Transmission (%) )
0 - .9m depth interval - = 51.6 32.2 72.0
1.0 -1.9m Sos3 20.6° . 23.8

2.0 -2.9m . 8.4 8.2 9.8
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£ Light Penetration

Fia. 5. Percentage transmission of photosynthetically active radiation(PARYin a-Miquelon.

b-%uffalo and ¢- Pigeon Lakes.
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Therefore, lake comparisons of Ruppia at the 2 - 3.0m depth
interval were least confounded by light differences.
Increasing transmiseion of PAR throughout the season in
Buffalo Lake, 1is l1ke1y due to a decreasing frequency of
wave induced turbulence Although 11ght transmission in
Pigeon Lake 1is 1nfluenced by turbulence, the early summer
end late summer peaks likely reflect the spring and summer
, maxima of phytoplankton,.typical of eutrophic lakes (Hickman
1973, Hickman and Jenkerson. 1978, Hickman 1979). PAR
transmittance was high ahq_constant in Migquelon Lake,
reflecting the 1ack'cf turbulence and a supressed
phytoplankton biomass, common in high salinities'(Hickman
1978, Hammet. 1981 Hammer, Shamess and Haynes 1983)(Fig. 5).
Seasonal changes in the concentratlon of major ions were
small in all lakes, but an increase throughout the summer
was evident in Miquelon Lake (see Table 1 for the range of
electical conductance). M1x1ng was suff1c1ent in all lakes
to prevent any significant chemical differences in the water
among sites from establishing (Table 3); however, sediment
interstitial water was significantly more concentrated at
the intermediate depth interval (p<0.05)(Table 4).
Interestingly, the concentration of solutes in soil water
»relatiVe’to the overlying water is highest and most variable
in freshwater (Table 5).

The seasonal maximum of bioﬁass per.plant conpared at
each site was significgntly different among lakes

(p<0.05)(Fig. 6a,b,c) and greatest in Miquelon Lake.
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Table 3. Comparison of ion concentrations (mean + SD) in the three
depth intervals (sites) located alona the permanent transect in each
Jake; concentrations reported as ma/1. Analysis of variance indicated
no significant differences ampna sites.

Ion Site 1(0 - .9m) Site 2(1 - 1.9m) Site 3(2 - 2.9m)
~ pigeon Lake (n=10)

S04 6.35+ 1.11 6.23+1.52  6.37+1.42

Na ©17.43+ 2.00 O 17.1141.74 17.48+ 1.09
K 2.59+ 0.13 2.62+0.19 © 2.61+ 0.13
Mq 10.01+ 0.59 10.30+0.47 10.25+ 1.06
Ca 23.49+ 1.54 . 23.05+1.65 $23.93+1.38

Buffalo Lake (n=9)
S04 ' 257.33+ 23.60 254.78i_25.11 257.111_28.49

Na 461.49+ 63.53 476.38+ 45.54 489.83+ 65.12
K 35.22+ 6.02 33.20+ 11.89 38.33+ 5.83
Mo 51.03+ 6.33 52.61+ 4.97 | 53.62+ 7.76
Ca 10,67+ 1.40 11.05+ 1.31 11.39+ 1.65

_ Miquelon Lake (n=10) |
S04 1706.00+ 106.87  1733.50% 91.04 - 1791.50+ 163.89

~ Na 1406.70+ 123.64  1404.40+ 162.11 = 1473.20% 142.45
K 88.24+ 8.22 85.57+ 14.44 94,78+ 4.4
Ma 130.55+ 13.15 129.65+ 20.72 139.50+ 6.62

Ca - - 11.33+ 0.79 . 11.35¢ 1.51 21.48+ 14,83




24

Table 4 . lon concentrations in soil water extracted from a saturated
soil paste; concentrations reported as mg/1 + SD. (n=2). Significant
differences determined by an- analysis of variance are indicated by
*(p<0.05) and **(p<0.01). )

. Ca

Ion Site 1 Site 2 Site 3
Pigeon Lake
S04 477.15+ 38.40 997.40+ 0 398.90+ 26.45 - ** .
Na N '
Mg 56.92+ 15.53 224 .69+ 0 60.52+ 44,80  *
Ca 13.57+ 0.95 31.50+ 0 13,43+ 2.29  **
~ Buffalo Lake
S04 1582.45+ 19,45 13248.05+ 1133.00  2752.45+ 618.65 ns
Na 1941.67+ 773.59 4028.03+ 1210.30  2825.51+ 75.82  ns
Mg 1211.38+ 121.99 2442 .83+ 390.76 2321.71+ 459.58 p<0.10
731.93+ 61.89 2112.69+ 228.18 . 2112.30+ 752.34 p<0.10
) " Miquebon Lake
S0g 7284.15+ 1002.32  9515.70+ 401.50 5659.20+ 181.58 **
Na. 105109.32+ 757.24  148052.18+ 6292.37 . 90968.37+ 1257.08 **
Mg 27580.82+ 1433.65  36763.77+ 898.54  23108.55+ 543.18 **
Ca 13870.10+ 1462.49  26329.43+ 567.35  12663.24% 284.24 **




Table 5 . Soil water/ open water sulphate concen
. site (depth-interval)in each lake. :

SN

tration ratio of each
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o

Site 3

Lake ’ Site 1 :  Site 2

Piaeon IR 160.1 62.6

Buffalo - 6.2 12.8 10.7
3.2

Miquelon 4.3 5.5

o

Ferd

4
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Fig. GaSeasonaI variation of dry weight per plant in Mlquelon o—o.

Buffalo- ~—~' and Pigeon-e—e Lakes site 1, 0-.9m.
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Fig. 6b. Site 2, 1.0-1.9m.
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Fig. 6¢c. Site 3. 2.0-3.0m.



Table 6. Differences in arowth-rates of individualg(amono‘the three

lakes. S.L. - sianificance level of lake differences from g oneway '

ANOVA; **,p<0.01; * p<0.05; ns, not sianificant. Treatments with the

_ same superscript are not sianificantly different as determined by a
Student-Newman-Keuls Test. -

Growth Attribute .  Pigeon L: Buffalo L. " Miguelon L. S.L.
Site 1
_Rel. Growth Rate  0.17° 0.12% - 0.52° **
{ /week) .
Rhiz. Rel. Extension O.ZOa 0.16a 0.17¢ ns
Rate ( Jweek) -
Site 2
Rel. Growth Rate 0.0s2 . 0.16" o -
Rhiz. Rel. Ext. 0.178 0.18% n.22% ns
Rate . - . :
Site 3
nel. Growth Rate .08 0.109° 5.22° xx
Rhiz. Rel. Ext. 0248 0.33° 0.208 x

Rate
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Although biohass in freshwater was ggeater than 1in
mddergfely saline water (Buffalo Lake) at sites 1 and 2, the
relative growth rate increased significantly with salinity
‘alt al1 3 sites (Table 6). Rhizomes .in freshwater elongate as
faST as those in saline water at all depths (Table 6). After
the midsummer maximum, rhizomes fragment foxming smaller
individuals and older shoots decompoéé at-the base. Ruppia
does not appear to have an innate dormancy; instead, 1t
resumes growth after fragmentinz in mid-summer, until low
tempefatures force guiescence. Even during the gulescent
period, the rhizome may continue producing short internodes.
The second decomposing event usually occurs immediately upon
ice—bréak (personal observation) but Qas not documented
here.

Dry weight per gﬁoot is seasonally variable and
increases with salinity (Fig. 7) . The terminal shoot, 1f no
cther, extenas ve::icaliy in some individualis‘’in all lakes,
but extends least.and prodﬁces fewest leaves ig freshwater

. .

(Fig. 7)(Table 7).

=

Miguelon Lake plants produce more l1:ive shoots than

.glants from Buffalo anc Pilgeon Lakes in site ° and 3, but,
i gi=e 2 shoc: producticn is highest in Pigecn Lake Tciants



Dry Weight Per Shoot(mg)

"3

Site 2

g

1982

' Fig. 7. Differences in mean dry weight per shoot among Miquelon ——.

Buffalo -~ and Pigeon-e- Lakes.



Table 7. Mean arowth and biomass allocation per plant at t

maximum, N = 10, percentage o
phase., N = 30 - 50.

; 32‘ .

he summer

f plants reproducing or in a vertical growth

Pigeon L. . éuffa]o L. Miguelon L.
) » Sites
- Growth attributes 1 2 3 T 2 3 B 2 3
Dry weiaht (ma) 198 206 1%1 AR 153 185 850 . 309 288
Weight Allocation - '
"% shoot 61.6 64.5 65.8 59.4 70.8 78.4 73.9 76.1 73.8
% root 17.5 15.2 12.1 15.0 8.0 4.4 5.5 5.4 6.3
. rhjzome 20.9 20.3 22.1 25.6 21.2 17.2 20.6 18.5 19.8
Root-Rhiz.:Shoot ’ o
’ Ratio 0.62 0.56 .0.59 0.69 (.42 0.38 0.36 0.31 0.37
Hejaght of Apical . ‘
“Bud ‘cm) 0.4 1.0 2.3 1.8 3.0 14.5 7.5 11.4 3.3
"fndividua1s
Flowerina(™; 20 .t - - - 4.7 80 - -
Individuals with . =
Turjons!( ) - 12,8 4.8 26.3 22.9 17.6 80.0 20.0. 10.0
Indiv. in Yertical
Phase! . '3C.0C 50.0 52.0 28.0 7:.C 35.0 100.0 50.0 5.3

N OS]
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O-1m - 1-2m 2-3m

Miquelon Lake

% Dry Weight Allocation

T & T

o _
J J A S J J A S J J A S
982 ’

- Fig. 9 Seasonal variation in dry weight allocation
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" Table 8. Percentage of dry weight (mean + range) allocated to sexual
(flowers, fruit, peduncles) and asexual (turions) reproduction in
reproducing individuals only. o A

v.

1

Pigeon L. Buffalo L. Miquelon L.

Asexual ’ 66.0 (61.6-70.3) 55.8 (25.3-88.6) 76.2 (34.0¥93i8)

.« &

Sexual 2.0 (0.5-3.5) .= 2.3 (0.6-6.2)
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Three tb SiX percenﬁ of the total net assimilate is
allocated to sexual reproductive parts (reproductive effort)
and the remaining pdrtion to vegetagéve growth. The
proportion of dry weight allocated to rhizomes does not vary
significantly (Fig. 9, Table 8) but percent allocation to
shoots is positively and to roots negatively correlated with
saliniﬁy.’fhat is, the weight'of roots relative to shoots
decreases with increésing salinity.

Allocation of dry weight to sexual and especially
asexual reproduction increases with lake salinity (Fig. 9).
Reproductive effort in flowering individuals 1s less
variable (no data from Buffalo Lake) among lakes (Table’8);
however, the proportion of plants fldwering increases at
high salinities (Table 7). Few seeds Qere ccllected because
wavé—action often removes the flowering peduncles
prematurely, and no seedlings were ever found in this study.
The numbervof turions per iﬁdividual (preéented as a
percentage of the total weight) and the number of plants
producing turions arevboth positively correluted with
salinity. Dry weight allocaﬁion in relation to total dry
weight rather than by season is shown in Fig. 1C. Though
little sexual reproduction occu;eé, ~he individuals
producing most of the Ilowers we;e larger <chan the MaxiImurms
presented }n Figure 10 and were not included because sf zne
‘lack of replicates in these size c_asse” &S poresenced,
flower ﬁfoduction and turion develépgen: are size-spec.iic

while vegetative allocaticn is invariab:e.



Percent Allocation

. —

400

!
N
0

80 160. 240 320

Total Dry Weight-mg

Fig. 10. Dry weight allocation in relation to total plant
weight: see Figure 9 for legend.
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,2.5VDiscussion
The rélativé growth rate of Ruppia individuals
increased with lake sélinity throughout the‘chemical range
studied; howéver, no such relatiepship wi£h solute
concentrétibns in the sediment i:ierstices, within lakes,
was observed. Considering the»magnitude of the groyth
differential befween freshwater and saline lake plants,
Ruppia‘appears limited in freshwater. No single limiting
factor was identified nor were stptoms of a specific o
nutrient deficiency observed. Howéver, the fact that levels
of cytoplasmic pro;ine are cnrrelated with‘salinity suggests
that osmotic effects are as importann as any parti;ular ion
(Brock 1979). Surveys demonstrate-Ruppfa‘s affinity for high =
conéentrafions of solute regardless.of the major ions
(Rawson and‘Moore 1944, Moyle 1945, Clapham et al 1968j'

Moore 1973, Davis'and Tomlinson 1974, Moore and Goodall
1974, Reynolds and Reynolds 1972, Verhoenen 1979, Brock
1982). . -=z1lly, sulphafe concentrations are the most
variable over the gradient studied, and may be the primary

" solute.

Variations in growth rate, reproductive output énd
allocation of net assimilate in Ruppia along the chemical
. ,
-gradient were characteristic of other wild perennial plants
under moderate nutrient® stress (Chapin‘1986 and references
within). These symptomS‘includé decreased growth rate,

reproductive effort and,_to maximize nutrient intéke,

increased root:shoot ratios (Specht and Groves 1966,
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Clarkson 1967, Rorison 1968, Dennis and Johnson 1970,
Chrlsti‘\e and Moorby 1975, Grime 1977, Grime 1979). The
similarity between relative growth rates (in sites 2 and 3)
of the two saline lakes 1nd1cates that the most Favorable__
sallnlty for vegetative growth is not substantlally

[

‘different than in Mlquelon Lake. The sa11n1ty of this lake

. (6.240TDS) is similar to the most favorable sa11n1ty for

Ruppia cultured in Europe (3.8%9C1 or 6.8%05)(Verhoeven
1979), desplte the differences in ion proportlons The
d1fferent osmotic effect, however, of the dom1nant ‘'salt may
account for dlfferences 1n max imum salt tolerance (Reynolds
and Reynolds 1975). For example, the negative effect of MgSC@'
is only half of the equivalent amount of NaCl (Verhoeven

‘..

1979).

Althoogh sexual and vegetative reproduction are hrgnest
in the most saline lake‘(Miquelon), estimates of g
reproduction in general are very low in all lakes. The
effects of solute concentration on sexual reproduction are
as reported by Harper and Ogden.$1970) andendel and Vera
(1977). That is, reproductive effort (production of
peduncles,'flowers and fruits as a proportion of the.total
-plant weight) was similar in all flonering individuals while
the number of.indiviaualé flowering increased‘with' |
.increasing mineral supply. Because of slowjgrowth rates,
plants from infertile water grow vegetatively'for a long

tlme before accumulating enough reserves to reproduce (Grime

1979). The proportion of net a551m11ate allocated to sexual
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N
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;;eproduction, in individuals ehat flowered, qas similar to
R. megacarpa , as reported by Brock (189821, Vegetative‘
reproduction was more piasticvand prbiific than sexual
reproductibnl It is also important to recognize the seasonal
»yariaeility of reproduction in such environments, not
accounted for in this stuay. |

‘Within-lake distributions cf Ruppia é%flect‘:he gr cwte
and reproduction‘of individuals in each lake. Turions and
plent’fragments are likely most important 1in colonizing
‘Sites within each lake. Sexual reproduction, on the ether
hand, becdyse of a late and prolonged oeveloomental phase,
1s susceptible to 1nterruptlon by turbulence prior to
fructlflcatlon Also, floral prodUctlon is restricted by loQ
:llght levels to shallow sites and seeds have dlfferent‘
. requfremenﬁs‘than vegetative fragments for growth (Brock
1982). This may explain why almoet no seeds were collected
end no'seedlingéwwefe observed in this study. Consequently,
the entire lake population may comprise clones or ramets of
just‘aAfew genotypes or genets. Low freguency of occurrence
,of'Ruppia‘in the shallow wateré of Pigeon!Lake (where* an
annual growth strategy may be.Well suited to the exposed
shorelines) ‘may be‘the,reshit of low'seed production: in
 fresgwater Infreduent and‘site—speeific eccurrence of
Ruppla in freshwater reflect .then nhot only the phy51cal
suitability of the lake but also: the reproductLve and growth

. \;.]
capab111t1es of 1nd1v1duals within the populatlon Wher@&s

\.,

vgiowth and germinatfon of vegetative propaguleg'in
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part, chémically based. Granted, slow gro@th rates render
: - .

Ruppia susceptible to exclusion by fast‘vertically—growing

freshwater hydrophytes, particularly in sheltered ponds.
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However, success in infertile water may, in part, be
determined by sediment mineral content and the extent of

root uptake at low salinities.



3. Some Ecological Consequences of Biphasic Mineral
Nutrition in a Submersed Hydrophyvte. Ruppia occidental:is
. : S.wWats.
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Therefore, the effect of water and sediment chemistry
oh the major site of absorption (root versus shoot )} was
examined in Ruppié'occidentalis. EcolegiCal.predictions,
suggestea by the hYpothesis thattsediment becomes a more
important solute source in freshwater were then tested 1n

the field. ' ' ’ ' R :

3.2.Methods
N

v3.2.1 Hypothesis*

Because roots and transport systems are poorly
developed 1t was once believ d tHat submerged plants
absorbed salts prlmarlly from the water through the shoots.
However, those nutrients that are less soluble (and thus
less available) in an aerobic environment (nitrogen,

.phOSphorus).or soluble ions present in low concentrations
are not feadily available from'the water. In these cases the_'
nutrition of hydrophytes rooted in the substratum, where
nutrient SOlUblllty and concentratlon are enhanced, will
depend on both root and shoot absorptlon. Thus, absorption
in infertile water will be root-dominated, relatlve to shoot
abserption.‘There are several important assumptions of this
hypothesis, which have beeh tested previeusly. It has been
shown that solute coﬁcedtretions in the interstitial watet
of the substratum are‘greeter (more than 50 times greater)

than in the overlying waterb(Lee 1970 in Kangasniemi 1975,
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.Chabter '). In Wisconsin lakes very lit:le relationship was
found between solute concentrations in the ;ediment and
overlying water, Receat studies héve alsc shown that
hydrophytes are fapable of §bsorbing'sclu:es (aQailablé n
either aerobic or anaercbic water) such as nitrogen,
phosphorus, sulfur, potassium and micronutrients from the
roots (Ni:hojs anc Keeney ‘576, Barko and Sgar:

. 7/ .
1879,1980, 1981, Huebert and Gorham 1?83)./§&:hols and Keeney
(1976) and Bole and Allan (1978) héve alsc cOnfirmed the
condition that elemental composition of_the.shoots incréases
with increasing sdlute concentrations in the wéter. However,
the capability of absorbing sulphate by shoots and réots
must be demonstrated in Ruppia before any ecological

predictions of this hypothesis can be tested.

3.2.2 Site Description

All plants used 1n the laboratory experiment were
collected frcm Miquelon Lake (53015'.N, 112953 W) in .
central Alberta. Mique. . Lake, being‘moderately saline (6.3
% TDS, parts per thousand total dissolved solids), is
considered’to be an ecologically central habitaﬁ for Ruppia.
A field survey of Ruppia wés cénduCted in Miquelon, Buffalo 
(52950" N, 112050 W) and Pigeon (53°01' N, 114902' W) Lakes
-, listed in order of decreasing Salinity (6.3’; 0.25 %OTDS)7
.All threé hgbitat typeS'are'cﬁm;bh in Alberta. A transplant

experiment was conducted in-a small pond of the Devonian

Botanic Gardens (53°2a° N, 113946 W) located 16 km
' : ' A



southwest of Edmonton. The pond has n< Rupp'!ia but the water
is chemically similar to Pigeon Lake. Therefore it s

ccnsidered to be an ecologica.ly margina. habitat. The

VO]

substratum is crganic, underlain by clay. Aisc, additicna.

't
(@]

sediment, needed fo ulturing, was ccllected from cne site
g S

w
(al
(an]

o RN
in Wabamur Lake (53730 N, "% 30 W), a large Ireshwater
‘ake, ‘and has, K peer described chemica.ly by Hueber: and

Gorham (1S83).

'3,2.3 Root Uptake

b - : . C .
T rom ocne s.te 10 Miguel.cn LakKe.

1
(3.
LR 4

Rucpia was ccl.ect

.~ s

L.l individuals Likely cricinated from the same Jene:l
because the piant .S rhizOomatous. In the labcratcry, the

clants were stcred at € C under & 2= hour .Cw _lgnht reg.me.
Using :wc sediment types !wWabamun and Miguelcn Lakes
substrata) and four sulphate <reatments we tested whetiher

the sedimen: and water were viable sources cI su.phate.

o

Sulphate concentrations of [, 3.

water medium similar tc the freshwater Plgecn Laxe were usecd

-
A
wn
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Q.
[o])
[14
£,
ot
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(Table S). Phoéphorus ?nd micronutrien
the water phase beéause it has been shown <hat uptake of
chese solutes from the sedimen: is sufficient to satisfy all
growth reqdirements 0f cother specles as we.. as Rﬁoofa
(Barko and Smart 197%, Huebert (983, unpublished data on
Ruppia occidental is), and will not affect the uptake of

another solute (Barko 1982). Algal production In the water

phase is thereby reducgg.

v
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3. “hemica) cnhnaracteristics of each suiphate treatrent.
i resuits reported as mo/l. Percentage transmission of
sntnetically active radiation /PAR) is alsp reported.
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scilutes for nydrophvtes in nutrient-poor water. Thersliore,
the diszripution of Ruppia wiil be expected to be

sediment-dependent in freshwater, relative to saline water.

was exam:ned using survey data acquired by diving at

7.5-2.7% = intervals al.ong transects orien:a:éd
per:eﬁi‘cg-a: 20 shore. A each intervai, cover and
cosmpcsition C°f nvdrophyvtes along a cilrcu.ar oei}, 4m 1n
dramezer and [.3m wide was estimatecd fas in Chapter ).
Tircular :ransef: was estimated fas in Chapter '). A
act.lar +nand estimate of substratum texture accompanied
2acn scver estimate. Dupllcacte sediment samples from 33 o
s-¥es were ana.yzed uUsSing a modified nydromezer method and
ccmpared tc tactu.ar estimates cf theé same samﬁle with a

S:zn Test 'Sokal and Rohli 'SB7). TO'cest the hypothesis
tnat sediment aliinity iﬁ: racts wilth water sciute

ccncentrazinsn, the distribution of f;eshwaiér and saline
_ake gcpulations werer compared in relétion tCc substratum.

Howewer, sediments were uniform in Miguelon Lake; therefore,
1y data from Pigeor Lake and twc large bays, of high but
3iffarenrt salinities, in Buffalo Lake were compared (Table

The zontingency ¢f Ruppia occurrence on substratum type

. . X . . 2 .
was compared to the random expectation by a X Goodness of

Ti- -est cf a 2X& contingency table (6 sediment classes).
There are reasons other‘thaﬁ nutrient requireﬁentslto

expect greater sediment affinitles in infertile watet.

Greater species ricgness iﬁéf:eshwater may result in._ ‘

[ 4
]

r
x
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\competitlve exclusion of Ruppié from‘certain substrata.
Consequently, it was.attempted.to distinguish sediment
afflnltles from the effects$ of compet1t1on in the .fréghwater
51te. Using the same data’set the cumulative frequency
distribution of canopy cover- classes on coarse to fine
sediments and examined the effect of f1ne vePSUS coarse
sedlment on the percentage cover of Ruppla along a range of
canopy cover- classes was compared. Canopy cover comprlsed
the sum of the cover of all vascular plants and.Chara. The

cumulat1ve distribution of sediment types was compared using

a;Kolmogorov—Smirnov Two Sample Test (Sokal and Rohlf}1981),

e v,
AT

3.2‘ Transplants. SN

; A'/ "k“" ' . . .
i ~'An add1t1onal ecolog1cal prediction of. the hypothesis

‘A

5

is that the colonizat1on of marginal freshwater hahitats by
Ruppia may be determined by the substratum, not the water

'chemlstry

.The effect of sedlment on colonlzatlon in freshwater

’*sicl

'.”,:.

7

7was tested experimentally. Ruppia from Plgeon and M1quelon
Lakes was transplanted 1nto a- small freshwater pond located

in the Devonian Botanic Gardens. Transplants were introduced

-t

in litre polyethylene pails,with 1 of 2 sediment
treatments.(Mlquelon L, and Pigeon L. se§1ments) or-a

control sedlment(from the ‘Botanic Gardens) Each sediment

treatment was repllcated TO tlmes 5 repllcates for

X -

1nd1y1duals of each- lake populatlon.

e )
. .
R

{7“\

3
e e pia G 2
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;e
)
‘3.3 Results
.Q')J.
: _ s . .
: . i
e ol .

3. 3 1 Root Uptake o . - .

In a two-way" analyS1s of varlance sediment and water
F"\?'
treatments 51gn1f1cantly effected shoot (tlller) production.

Significant differences in y%eld‘among sulphate treatments

were restricted to the sixth and seventh week (Fig;ij1)t

number of shoots. produced in the 3mg/l sulphate treatment
was signifiCantly less (p<0.05) tnan in 230mg/l S04 when On

&

i . .
~either freshwater or salins subsfratum (Table 1) «

Regardless of sedlment type, growth in a medlum lacklng /ﬁ;“d

sulphate was not 51gn1f1cantly dlfferent than elther 3 or 75
TR
mg/l S04 and no def1c1ency symptoms were observed. In féct

f’.)

mean growth rn water lacklnc sulphate exceeded growth at 3

o

the 7 week experlment (Fig. 11). Although' thlS trend is not

I

statlst1cally s1gm1f1cant 1t is con51stent on both sedlment

2

"

o

;types and in two other experiments prlor,to thlS Itvis

,/

;51gn1f1cant 1n that the 0 sulphate treatment is the only one

:(7

'ﬂwhere growth dlfferences correspond o sedlment sulphate

.)

’\dlfferences. Although the resurggnce of growth in the"

R
,: P

T minus- sulphate treatment was: ev1dent in both sedlment types

'“”w'the 1ncrease, relatlve to 230 mg/1 sulphate was greatest on

B

the sal1ne lake substratum from Mlquelon Lake (Flg* , Table
1) ., Horlzontal grqwth of :the rhlzome was ‘more vatlable
* among freatments than.blller‘productlon but éxhibited the

Y
M

v T . . .
P ' d N : R ' . : | I

e

-The;

2

.mg/1 sulphate (Flg; 11): Such .a trend was ev1dent“throughoutj
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Table 1¥%a: Dufoxeﬁces invarious growth %Ttrwbutes amona plants
~ from €ach sulphﬁt 'treatment ‘expressed ‘a$ mean+ SE. ‘Growth on saline
. hséd1ment M) and water sed1ment\(W) within each water treatment
e Y’epﬁH dm(n =) 11 measureménts taken after 4 weeks. :

. ul,: * r-_v_-
et “

Suiphate Concentratioh

GrowtkParameter 0.0 3.5 ° . 75.0  ..230.0
hoot number M 5,040058 13.450.6  4.951.76  5.0:0.6
© oI W 5i6+1.25  5.2+0. 90 7.0+41.05 ~ 9.1+1.7

.. Shoot number . M 100 - 68 97 - 100

(% of 230mg/1 trmt.) W 61 .57 " 77 ﬁ'%@o

Jertical grawth ~ M = . 37.5 3.5 25,0 . 12.5

(/o. Of p]antS) W ].2'._5 . 12.5 _ ]25
Height of apical MY - 8.2@ 5,37 5,22 2.80
cbudifem oy 228 2.36 2.70 2.60

.~ Rhizome Tenath - . M .20. 242.2 -+ 7.9+2.0  25.6:8:1 17.0+44.8
i (em) W 36 3+13; ‘4 $32.549.2 £$38.3+47.7  72.0+16.8

!



Number of ‘Live '_Shoots

_ Fig11.Mean shoot proauction at 4 scifate
—— 75mg -1 e—e 35mg: &R n0mg ]

18r Freshwater-Lak# Substraﬂ;m ‘ : |

‘Saline-Lake Substratum :

jiN

.
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same trends (Table 11). With the exception‘of the
sulphate-lacking treatment, more plants in the saline-lake
sediment -than the freshwater-lake sediment exhibited
%erticgl growth, a precursor to flower developpentL
Shoot‘prqduction‘and‘rbézome growth were both highest

on freshwater-lake mud-at all ;ulphatthreatméhtS}

-
LI :
particularly the 230mg/l sulphate treatment. g

CoL e g A -

. . )
3.3.2 Substrate Affinities ’ ; ' e .
. . . S '..., Lo .

A sign test on paired .texture analyses of bulg,-Sediment-
samples indicates that tactular estimates were not Rt 5
significantly different (p>0.05) from laboratory
determinations for Pigeon” Lake samplesi .Tactular estimates

o : LR , ~
tended tc underestimate coarseness ffalo Lake samples.
However, combining sands with sandy loams and silts wit

., , C e . . : 3 B} :
siit loams minim:i:zed the bias I~ Buffalc Lake field
estimates. o
Substratur affinities were nct unifcrm chroughout the
salinity grac:i:ent. Rupplia exhiblws & substrate specifiicity i
Pire .
- ) - s o
siagnificantly greater (p<{.T3) chan the randocm expectaticnh, ‘g%
. _ . . . — A . . . . <
ir the freshwater Zake cnlv {Tarple: "Z', In botn sa.ine '
/ \
_zKes, seglment Ty CEeS were 1T Croporticns similar
TC Thelr gvel.aZillTy FLg 1Te Thelr CTheTllé.
- . N
Z.fferenceg tnere Were nc I flerences setween The Wl salite
.e¥es 1r secfimernt spec:iiiciTy. WITnLT egTn sa_lTe laxe N
, ; - : 5 _ .
SLrr 2 s sefimere nfifferens. N2t -1y Zies sefiTer: : b ke
3 o
=zl verlv o eniTCilzYes Lot ST Zles UT Tern
& - - 4 -
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\ Ry
-~
Pigeon _are Buffalo Lake Buffalzo Lake
’ 1
50 - -
-
i . 3 .
: w0 — : o
> "
< ———
T C— -
= — .
-5 ~ - - -~ S —— e 1 I | ‘A L i
z 50 - .
3 )
E 4G - i .,::l -
; — %o —
z : b R = A
K 20 - - Janmios :
' 3 R ." : .
— e i T
L A 4 . = _A__L.__;__L_L_l_
“ . k .
. - "
= : :
N . = I e S —— T e
T w a3 .8 C M R G S C. M Sd S C i

oo

Fig.12. Proportional_simila
M- mar!'R-rock: G- Gravel.

rity of substrate sites used and sites available.
S-silt. Sd-sand. C-clay. | .
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. e
texture. This reversal in textural optima, fébm coarse to_
fine sediments, in- freshwater and saline lakes,
respectively, indicates it is not simply a physical

preference (Table 12). In fact coarse sediments, commonly

", occupied by Ruppia in freshwater, are physically léast
. ' .

. As expecéeé

favorable tor the growtb of such a'turbulence—into;erant
.hydrobhyte. | |
>Percentage coVer ie'significantiy aifferent'among
sediment classes (p<0.05) ,within each-lake and varied
51m11arly among texture classes in all three lakes (Table
T

-

“ .
é}‘ " "\s‘{

f Plgeon Lake plants’ experlence greater

Voo (1

extremes in canopy cover than Buffalo Lake plants Within .

t:_Plgeon Lake, the cumulative distribution of fine sediment

- habitats was not significantly different (p>0;05) from

‘coarse sediments along a gradient of canopy cover. (Fig.

12 ). That is; the probability of encountering another:
species was equal on coarse and fine sediment sitles, in

-Pigeon Lake. Also the success of: Ruppla at any glven canopy

coverclass , measured as percentage occurrence 1s

,4\1.

influenced by sedlment type (Fig. 13b) In Pigeon Lake,

"occurrence of Ruppia is generallyvhlgher on coarge

-

Sedlments, even where no other hydrophytes occur (percentage

occurrence becomes erratic above 45 ‘percent canopy cover
o
because of low number of samples (eg.,n< 6 in all

C e

51zeclasses greater than 45 percent)
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F.ig.13. The distribition of fine and coarse substrates of Pigeon Lake on a
gradient. of canopy percentage cover: b the effect of substrate on Bupg_[a_
abundance along a’can}opy—cover gradient. . «““Z
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3.3.3 Transplants

Unexpected herbivory on shoots reduced the data

collection to percentage survivorship of transplants..
Ruppia, after 6 weeks had experienced lower mortality on the
two sediment’treatments than on the contrcl (Fig. 14).
Thbugh its statistical significance 1s.unknown, mortality
was lower on the séline-lake tha% ;he freshwater-lake
substratum. Alsc, plants ffom Pigeon and Miguelon lLakes had

v

similar survivorship.

3.4 Discussion

Roots and shoots c¢f
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ccnstant rate

[aa] - - . 3
The mean growtn , measured as till.er prcduction, was
ccrre_ated with syulphate concentrations o the water » “hin
-~ ~ - 5 S N
the 3 - ZZCmg. .l sulphate range. ADSCIDTION DY I00TS wiinin
this range, I presenrt, .s maskel Iy ShCCU aDSJICTION. Wnere
nivsuiphate was addec T Tnhe ajuecus gnase,
[}
similar Tc, and. Sreater -han That ar I T3J . sSu.phate In The
freshwaner sediment, and,as Sreat as tne LI. Mg . treatment
.
- ~
o7 tne sali:ne segiment., This suZtests that Kuprcia 1S cacac-.e
2f mzozilizing Sso.ghate IToT Trne seliTent Cnase., &7 .2a8S°7
: . :
wner 1T 1S lateins II0TT o Tne aZuells Chése. Tnerellre tne
sed.ment 1S g a@wa..aole 'sturTe LI s_..Cnate, Tne IoTinant
- - —~ - - —~ - - — - M -- - ] -
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b

Figl4 Success of Miquelon and Pig
pond with: a host sediment.
Lake sediment i

B

eon Lake transplants into a freshwater
b Pigeon .Lake sediment. ¢ Miguelon
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root uptake gate‘fluctuates or not, the sediment soluté
concentrations will be a limiting factor to Ruppia in
infertile water.

Field %esulls show that Ruppia grows §n a wide textural
range of sediments as Vefhoeven (1979) observed. However,
substratum specificity is not-constant throughout the |
water-chemical range encompaséed»in.this study. In saline
lakes, Ruppia,occﬁrs on‘sediﬁeﬁté in proportions similar to
thelir availlability while,viﬁ fréShwafor, . Aoes hot. Rupbia‘

urrence is more sediment indi.zrent, colonization 1is

O
0"
)
(.

more uniform with depth (Chapter‘ .e); aud plants thrive
wi:hout‘:QOting in saline lakes. Ruppia is disfributed more .
ediment-specifically when so.ute concentrations in thé open.
wa:ér are low. Although there is no previous ecological
evidence fcr the interaction between the primary source of
nirrients and wéter concentration, Vefﬁbeven (1979) had |
repcrced that Ruppia cirrhosa was "sediment. indifferent” in
;he saline lakes. he examiﬁed.
Dne‘wouid also eXpect Ruppia to exhibit sim;laf

i¢ measured as percentage cover instead of

8%]
Pt
re
4o
3
3

(4
b

D
9]

freguencyv cf occurrence, However, percentage cover. among

gnificantly different within all ‘three

0]
D
{1
13
3
m
3
[
¢t
U
1]
W
¥,
(V]
n
0
v

wa-er podies examined and varied similarly among substratum
Casses iGravel<Rock<Clay<Sand<Silt). Variation 1n

ver in a.l populations (and in.freguency in

U
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D
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substrata and the conditions.that created them (highly
turbulent, turbid on gravels; sheltered and clear on silts).
In saline water Ruppia is dominant, but in freehwater,
species interactions may influence hydrophyte distributions.
Results in‘this study suggest that i~tersvecific competition
does not significantly affect the -patial organization of
Ruppia in Pigeon Lake. The'prebability of intersbecific
interactions is not differentfbetween coarse and fine

sedimefit sites, and the freouency of Ruppla occurrence in
various canopy cover- classecﬁ;ncreases when on sands and
gravels. In such a deep unlform lake as Pigeon, it 1s not
surprising cdmpetition among hydrophytes is not signfficant
Fbecauee population densities are so low due to light
limitatiqps’and tutbulence. Howevet; one’ cannot exclude the
effecte of competitioh in "crunch" years (Wiens 1977) on the
present distribution. |

In addition to within-lake dlStflbUthﬂS biphasic
nutrition has 1mportant 1mp11catlons on between- 1ake
distributions of aquatic hydrophytes, particularly at 1ts
lower margln of chemwcal tolerance If sediment solutes
become a limiting' source, it might be’ expected that sedlment
type will affect the extent of colonization in freshwater.
In contrast, Moyle concluded (1945) that "wete: ceemietry
'appears to be thg most imp rtant single. factor influencing
the general distribution of aguatic p¥ants in Minnesota"‘and
that "type of bottom soil and the pbysical'natu:e of <he

body of water greatly influences the locaj distributlon o
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. 1978) .. However - preliminary experiments in this . 1

‘each treatment are confounded both treatments were sand and

. i
-freshwater.

species within its range of chemical tolerance". Many

studies support Moyle's conclusion (Metcalf 19371, Swindale
( -
and Curtis 1957, Spence 1964, 1967, Seddon 1972, 'i.~qleb

‘

demonstrate the potentlal importance of sedlment type. 1n
expandlng the dlstrlbutlon of Ruppla 1nto freshwater

habitats. Although the physical and'chemlcal attr1butes of

s

the control was hlghly organic; all are textures that Ruppla

A%

has been collected on in saline habitats. Assumlng that _the

effect of substratum texture does not change with water
salinity, the dlfferentlal survival of Ruppia transplants'in

the Botanlc Garden Pond can be attrlbuted to chemical

differences among sediments. likely due to chemical

differences among sediments.
R ! 3
Verhoeven's autecological study reveals similar

evidence, though circumstantial in nature”(Fig.‘15). Both

modal sallnlty and the salinity range of Ruppla are

L4

considerably lower 1in France thc _he. Netherlands. However,

AN

Ruppla habitats are not only less salqnelln France but also

larger in surface area and more frequently have ° coarse

a', ‘,

substrata Slmllarly, in Alerba (Hamllton 1980) large:’

-
\.1

freshwater lakes with coarse sedlments appear to most lgkely

contain Ruppia. Perhaps the high organic content 1n -
: ¥
sheltered sediments-rnhibits Ruppia*from~grow1ng in.

.

R -
~ . S
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ronments i%‘widespfeadnl..,;

fKruckebe:g~7951,'8radshaw 1252, Walker ?954,#Ntuckeberg‘“
s ' . <\\' . . .
1957, Wilkins #3957, 1860a, 1860b, Antonovics et’al.. 1971);
- ' - . . . ‘0. “. ‘- ~‘ - N . ‘
however, ‘there is little publlshed ev1dence of genetic

dlfferentlatzon w1th1n hydrophyte spec1es. Wooten

-~

"y >

that tavoured different ecotypes of Saglttaﬁla, an emergent
hydrophyte. Pearsall (1920), Mlsrav(1938)‘anthnderson
(1978) all feported thét growth of some Potamogeton sﬁecies

was greatest on sedlments from‘whlch the plants had been

[y

collected but no experimental analyses of the relative

-

o | ' 72
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io the selectlve advantages and"*}

~

hydrophyte nutri

.physidlogical bas™s of spec1es dlfferences may be better : Co ,:

understood by comparrng populations withln a species.
Recent studles of naturally occurrlng lake populatlons
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4.2.1 Study Sites ! o <Mvm;
.t X . o ' e
.. ) 3 v \

Plants. were coWIegted and transplanted in Mlquelon (53
)

15" N, 112953"' W) and Plgeon (53001' N,‘114 02 W) Lakes in

Y

e & Y

about 85 'kilometers. Miguelon Lake 1s smaller ( 876.ha - -
. .

central Alberta, Canada. The two laxes are: separated hy-:quwlaww,

ompared to*9640 ha),wahallower (6.0 m deep compared to‘10:0

P4

m) and has a lower spec1es rlchness (2 compared to. 19
hydrophy~es) than Plgeon Lake. Most 1mportantly, Mlquelon L
has a mych hlgher total ionic content (6200mg/1 TDS compared

to 250'g/l TDS) then Plgeon L.; the difference being

. . of
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Tr.TLTi.w LT ¢ ZL.T solpnate. 3Cth laxe types. are COmmon in

¢ . ‘-‘2 " 4.. S x5 - -" ’ Lo R E) 4:‘; ‘ ". ‘;'::v . > ‘
, . R oy _.' .A.: o = .J o et “ . i ..
4,242 ReC1procal Trah%%@@ﬁé&“ S ; L L
s A ¥ o Tl

Tn fmid-June 9832

Y . 4

8 p'ants (one plant =_ the shoot &nd

. : d - (’\7::
rocts attached to o¢ne rhizome nodeh_from each site,

v

equilibrated 1in tapwater for 4,months} were transplanted 'in

Al

Hails into a calm site in 0.5m of water, in each. lake. To
: ! > : . "

distinguish the influence of substratum from that o the
o P - “ J.‘ - . s
water 8 addltlonal~plants from each site were rec1procalhy

transplanted w1th the other lake sed1ment. After 7 weeks,w
1,all plants§were harvested and surveyed -for number of e
Lo \./

== . . tillers, rhizome length shoot length and vertlcal growth

.17;§thén dried lBOQC 48h55 ) and.we1ghed Relat1ve growth rates

o a8 r T ¥ ) -

Sy T 2 .
t(-f‘-“m.'v./ere calculated £0 a%gount for dlfferences in initial plant )

size, u51ng ln In1t. Wt. - 1n Final Wt./Time(weeks) (Hunt

*

1974) . In1t1al welght was estlmated using a regre551on '

£ | S
equation of dry weight on-leaf nmmber (P1geon_L. Y = 6.9 +

* R 22
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ﬂ",b Pigeonvand Botanic Garden Lakes,

RN rR10.82, p <o 01; Migielon L. ¥ = 44.7 - 7.56, R =

‘P <O Ol) ,V';jj‘

‘

“"eﬁ"
.

[

4 2 3 Common Env1ronment Experxment
e s

ITuatest.fcg%o y%i%leguCal di
RS (L " - e -3 | g
e

J‘h B

ferences between

populations é'fcommon"env1*onm ng experiment cOmMprising a.

ot

: . . s el v vl . .
serles of cnemlcai?;._:rea,tmenfrs'ra:-ner than a sing.e

. . ko
) - ] i. -"\'

env1ronment,;was desane . Plants were - COr?ected fr om

v,

Southe*n shorellnes im” the freshwater énd sa‘zne raﬁgﬁ

Sl oy " R e

May 1983 andheqU11*brated in: tapwate; at 12db, under low

Y d,

-6 H KR

, 'I'égt f riA moQ}hs. Plants ea h con515t1nc of the shoot and
;_Q_w i @

A' T

1nx%1at1ngqnew‘rbots and plante ,jnaﬁ lltre polyethybene

SRR .

palls contalnlng &P0-ml; of sedlm nt,. Four sedlment types,

numbered 1n order cf ’ncrea51ng svl;nlty (Table 14) ‘were

Mlquelon,

“s~<suffalo;

T .

collecﬁed fr Sm -four dlﬁferent lai
¥

r spectlvely) to represent
. : -

the w1th1n lake var%atlons in.subsﬂfatum. Sediments settled

. ,
|

for two weeks in the pails while sediment volumes were

adjusted and the r®dox equilibrium reestabllshed. Once a

a2

plant was inserted, a 2cm layer of ac1d washed s;llca sand

I8

was spread’ over. the sedlment surface to reduce ion leakage

1nto the aqueous phase (Hynes and Grleb 1970). Each sediment

‘treatment was replicated 4 times in. each of 4 water-phase

_treatments in a factorial designed experlment (Sokal and

Ronlf 1981) Water treatments spanned the known range of
water sallnltles in which Ruppia OCCIdentallS grows (1n
SRR

1

L

%

\5 |
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Taple 14 cremica; snaracterist ol ire four water ang Tour sesiUent
~reat—ent: -in wed ] unléss stitec ﬂ*“eP, se c Migronuteierts T
noeacn trOAt*eﬂT'~e -e the same concentrations.
nater “reatrents f
- Parareter = ' x o ‘
X ;: - - . :. . .
b2 :‘, j - . e 2 “‘.‘iﬁ
Na e T D77 5.26 2528 55,30
“a 30 59 1,69 29 -
1o 7.85 2,22 5,34 5 30
524 0.64
S0, 1,38 §.:82. o
HCO4 ; 5.90 16.80 "
¢l Tea12 % p.26. 0 0.64 o
o, 300 0.74 C1.690 - & :.0.00 .
J ' o T I’U‘
TDS(ma/1) ' 1350 800 2600 6000
, T
Conductivity. - - 550 990 2300 6400
(umhos/cm).o
pH- ot 8.8 8.8 8.8
‘“* Sed1ment Treatments '
, 3 4, -
Conduct1v1tf' 285 - 5125 . 7500
ﬁghos/cm : o

A

COC]2'6H20 _8.1

M1cronutr1ents

H3BO3 0.4

Na, M0 *2H20 0.3

‘FeC13‘6H20'
MnC]2
ZnC]z

Edta-Na
‘ A'O.5 "-'  K2HPO4

CUGQQ”ZHZO 8.5

2.0
0.56q/1 %

_ﬁ<;h |
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Einsteins m s /"“*ouoh ut the 42 3ay

wizh a LiCor Quantum Sensor, was

experiment,

night photoperiod

wn
(&)

conductivity was moni:ored, tanks were tOpped up to volume

\\)

Cswith disti

8.8 by addftions-of-NaOH or HCI.

plant was counted weekly and,
narvested, dried (80°C,

plants flowered in the, 6 week perlod

i

lled, de‘onxeed «aqer and the pH. was regulateo to
The number of tillefs per
after 6 .weeks, plants were

48 hrs.) andtweighedj Although no

extension of the

vertlcal flowerlng shoot was noted fﬁpr —ent. To account

~

for differences rn,lnltlal welght,

- B - -

calculated for each plant, using:

Wt./Time (Hunt 1974).

Tt

a regression of dry weight on leaf number. Growth attributes

relati,
/

H

In Init. Wt. - 1ln Final

Initial dry weight was estimated ‘using

~

from repllcate xeter treatments were pooled and the means

-

were compared in an ANOVA and sub%equent unplanned multlple

comparlsons (Sokal and Rohlf ?981), Results u51ng relatlve

growth rates were. 51m11ar to results based on dry weight

i

.production;.therefore only«the,latter Is presented here.-

-

growth rate was
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4.3 Results

4.3.1 Retlhrocal Transplants

Strrivo:shi; in ~he -wo lake sites was :onsisten:ly
igh for Saline-ﬂake‘QSLF'plants,'but wa't va'*ahle for,
fresnwater-;ake (FL) plants where seven af'elght rep lcates

cne

[@]]
3
p—t
s
o
[t
v

'died in the saline-lake site (Table ~
sropagq in thls treatment was eventuar.» washed away

Sy

?SaggeStxng “he 1mpor*an e of root growth and 1n1t1al

estaor:shment. Suah high mortality in one treatment

Dreventeo a praper TWO- way analy51s of variance of 51tes and,

G- =
populations fra@ being co iiucted. Overali SL. plants grew
a

%ﬁfr' he relatrve magnitude of
i 2k S A £ X

population'gtoﬁmf,é@ e&ch s1te 1ndﬁcates a Stfong site X

."% 3

populatlon interaction (Sokal and: Rohlf 1981 ?NTabLe 16) .

¢

This suggests the response to environments' dlffers between

populatlons.'Relatlve growth, root: shoot ‘ratlo and stht
e ) ‘
(tiller) production within populations was always highest in

- - 4

the "home"” (McGraw and An{pn&vkg 1983)-siteJ(Tabie;15)f.

However dry welght and-fhlzome\length (and tiller production
> ot . S R
in the freshwater 51te) were not largest in the’"hbme" site

‘(Flg 16, solid llnes) The largest populat1on dlfferences

'can bemgttrlbuted to a more plastlc response by SL p}anbs to

.

the 51tes plastlc response to the 51tes by SL plaﬁts The

’plast1c1ty 1n SL plants is’ manlfestéd in varlatlons 1n
1

tiller producthon, not by leaf productlon per tlller (Flg._

190. The four sediment: populatlon treatment comblnatlons are

o

-
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Table 16. The relative maanitudes of the means of relative growth.

"rate indicating a_ population Xenvironment interaction. ..
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also presented «in Figure 16 (broken lines). Saline-lake

plants have-the *largest growth difference between sites of

Tlaege

the two populatizns when grown on any one sediment (Table

17). Growth of FL plants differs among sediments as much as

"

- SL plants, when in freshwater, but more than SL plants in:* B

’ the saline lake. This trend is evident in both tiller and

v t

dry weight production. No flowering or wvertical growth was

_ o‘bserveg" wi.t-h‘i’.’dtheﬁ week period.
% : L e o S S

i N B

-3.2. Common Envxronment Experlment 7, v

o . e - ) R

a fac‘*orlav’ anaiv51s of varlance revealed hlghly ' %

5 . '\ .b' 9 . 5 o e
B Significant main effects of water S%a sedlment (p<0 01) oo

- . . : 2 :

both tidler and dry welght productlon (Tabbe t8 20). The

. : v

7

.pooulataon effect was hlghly 51gn1f1cant (p<0 O1)_only'?n

\\' dry welght data. ‘However all 1nter“ttloh terms with the

ot P
A

&bopuratwon ef e;ts had a 51gn1f1cant1effect on tlller and

dry welght productlon suggestlng the response to the

]

ghemiaal;treatments dlfﬁered between populatlons.(Table

’:18 20) e SR ' L v .
¥ . > ." i ’ ) [ @
Agtwo way analy51s of varlance condUcﬁéd ‘on tlller data.
e .
_‘for each populatlon tevealed 51gn1f1cant d1fferences among
(€ e L, . .’(
'water treatments for both populatlons (p<O 005) b tff

fslgnlflcant varlatlon among sedlment treatments (p<0 005) in

-

"the FL plants only (Table 19). The same analy51s w1th dry

.welghts réﬁealed 51m11ar relatlve trends but sedlment and

J .‘-

‘sedlment water 1nteractlon effects were- 51gn1f1cant in the

2

SL plants, 1nd1cat1ng that water sallnlty effects depend on
- & i

! =

W,

4
1
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Table 17. Dry weiaht and shoot (ramet) oroduction differentials. between
a) sediment treatments and b) lake sites. FL = plants from Pjgeon
Lake , SL = plants from Miquelon Lake . ) T o,

4

a) Populdtion choot prod.) . Pbpujation;(dr§<we12ht)
Lake . - FL . -\l SL . . - S.sL

o ' ' L .
48 4 o 130- 38:°

B
3 e i o

Population (shoot orod.) "= Ppopulation (ny‘heioht),i .

Fe o vt sl ) FL , SL . :
pig. L. 80 . o s s 89 ‘l
MPa. L. 78 4 136 v a2 . 95 L
- : ‘ v . S Ay




Table 18.__Analysisiof~variadte of .shoot production amona individuals
from a freshwater lake and a salitte lake .in response to substraté
and water salinity aradients; 1q07trans?ormed data; *p<0.05, **r<0.C1.

SO
\,‘.

.

Source oquariation af SS MS‘ F
Water Treatments 3 25.55 8.52 44.,84%*
Sediment Treatments 3 6.41 2.4 11.,26%*
Populattons ' 1 - . - -
W-S Interaction ° 9 1.47 0.16 o 0.84 ns'
'S-P Interaction ‘ 3 3.18 1.06 . 5.58%*
W-P Interaction 3 4.84 . 1.6 8.47*+
W-P-S inter. -9 4.40 0.49 2.58* ¢
Within Trmts. 32 5.99 0.19
Total . K

\\ .

Table ]9,~ A-two¢way analysis of variance of shoot production for
individuals from the freshwater and the saline lake populations:
log-transformed data, *** p<0.005, ns not significant.

Source of Variation df . | _ F -Freshwater F -Saline
Water Trmts. 3 34, 49%** 14.19%%*
Sediment Trmts. 3 2.67%x* 1.44ns

S-W Interaction -9 1.42ns 2.20ns

Within Trmts. : - -

"~ Total
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‘\\ . " 3 .- t e
Table 20. Analysis.of variance of dry weights amona indiv®. uals
from a freshwater and a saline lake in responsé to substre e and wate-

salinity agradients; Ioa-transformed data; * p<0.025, **<p

[

df SS

¥

Source of Variation MS - F
Water. Treatments. 3 33.87 11.29 37.63%*
Sediment Treatments 3 16.15 5.38 17.93**
Populations 1 8.01 8.01 26.70**
W-S Interaction 9 10.83 1.20 - 4.00%*
S-P Interaction 3 378 l.2a 4.13%
W-P Interaction 3 258 4.9 13,97%
W-P-S Inter. § 8.10 0.90 3.00%
Within Trmts. 32 9.54 0.30

Total 63

Table 21. A two-way analysis of variance of dry weights for individuals
from the freshwater and the saline ke populations; log-transformed data,

***x n<0,005, ** p<0.025, * p<0.05, ns-not sianificant.

Source of Variation df F -Freshwater  F--Saline
Water Trmts. 3 17 .27%*** 6.98w**
Sediment Trmts. 3 11.28*** 4,21**
S-W Interaction 9 3.27*

Within Trmts.

Total.

2.16ns
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ﬁhe sediment.water treatment (T;ble 21).

FL plants and SL plants grew largest in the 980 and
‘2300#mhos/cm water treatments, respectively, but differences
in gnowth-be;ween tﬁe two. water treatments were not aiways
significant (Fig 17,18;'Table»22). Uliimately, neither
population grey}ﬁgst in the water treétments'host similar to
" their native -habitats. FL plants consistently'grew largest
on the most saline«substiatum , but SL‘plants'grew best on 3
of the 4 sediments,»depending on the salt concentrations in
phe water. So, as yith water treatments; neither population
grew best in.its native substrapum.lln the'Botanic Ga;den
sedimént, where the effects of substratum are shallest,
differences between the pqpulations-were small, yet
suggestéd that SL plants were mofe plastic and had a wider
salinity tolerance than FL plants. As substratum salinity
‘incfeasés, FL plantsvexhibited‘progressively larger -
variation ih:response tolwater treatments, relative to SL
plants. such that growth,in the 980umhos/cm treatments
between populatiods is significant when grown in the most
saline sediment (p<0.05,T-Method,  unplanned cémparison).
While oVerail means do not differ greatly between
populations, variation around the mean is greater in FL
’plants than SL pLants,'especially in reéponse to sedimenﬁ

4

treatments (Table 23). )
Growth among the watei;jreatments largely'reflects
changes in solute concentration; its variance is exaggerated

or dampered depending of the substratum in which the plant
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550 980 2300 6400
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Fig. 17 Shoot production in SL and FL individuals along a

water salinity gradient; g Botanic Garden sediment, b Pigeon
Lake, ¢ Miquelon L. sediment, d Buffaio L. sedlment e mean
response; n= 4 FL plant- solid bars.
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Fig.18. Dry Weight of SL and FL individuals along a water
- salinity gradient, on four sediment treatments; a Botanic
Garden pond sédiment, b. Pigeon L. sediment, ¢’ Miquelon
L. sediment, d Buffalo L. sediment, e mean response;:n=4 '
FL plants-solids. . o :
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is growing. Location of response, and specifically the
growth in low salinityAwater 1s markedly'influenced_by
‘sUbstratun.'In SL plants dry weight producﬁion in the low
salinity treatment_surpaSSes growth in the 980 unhos/cm .
treatment and is notMStatistically‘different;than‘tbe\2300n'
mnos/cm'treatment if the substratnm.is-solute—rich;

No plants flowered during the 42 day.experlment,_but
vertical exten51on of the terminal gtiller, a precurSQr to
flower productrﬁn in Ruppia ,'was'observed,in both B }
populat1ons after ¢ weeks._In{SL plants the percentage of”

"1nd1v1duals produc1ng vertical shoots increased with water~ f>
sallnlty and occurred on 2 of 4 substrata {Table 24)
Vertlcal growth 1n.FL plants,yas less variable a?ong water‘

- treatments and occurred only'on.the.most salinevsubstratum.;
4. 4 Dlscuss1on ' l,l“' . - /

The results revealed s1gn1f1cant d1fferencés in growth
between populatlons over a range of water and sediment
treatments- d1fferences were consistent in reciprocal
transplants and controlled enylronments and are llkely.a
genotypicresponse.~lni§'a%sbmes that'previousdenv@ronmental

’factors oriinitiéli;lant size differences (or other maternal
’afﬁectsi did not affect plant growth. Environmental factors

tcan be\transéerred by‘seedlings (Heslop-Harrison 1964), and
acclimatlon,in‘plants to_high salt concentration has been
reported prev1ously (Hgller et al 1974, Pip 1979). To

account for thlS, both lake populations were equ111brated in
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Table 23. Difference between Miauelon Lake and Pigeon Lake plants
in mean, variance and coefficient of variation over A) water treatments

and B) sediment treatments.

A)

B)

Dry Weight (ma) - Shoot Production. o
| Mia. L. Pig. L. CMic. L. Pia.'L.
Mean 2397 193.3 2.5 17.5
Variance  13772.4  20167:3. 61.0  261.2
Coeff. Var. . . 49.0 = 73.5 62.4  92.5
- C.v. foference - 24.5 30.1-.
Dry Weight (ma) Shoot Production
. Mig. L. Pig. L. Mig. L.  Pig. L.
~ Mean 239.7 193.3 12.5- 17.5 -
'Varfance = 7270.3  29683.3 8.7 166.2
Coeff. Var, 35.6- 89.1 23.5 73.8
_C.V. Difference 53.5 50.3




Table 24 . - Difference between Miquelon Lake (SL) and Pigeon Lake (FL)
plants in the percentage of replicates that initiated vertica

growth; n = 4. . _ ‘
. Water Treatments (wmhos /cm)

I

- | 550 990 2300 6400 -
Sediment Treatments st FL SL FL SL FL SL FL
Buffalo L.~ 25 - 25 50 25 50 100 25
Miquelon L. 50 - - - 25 - 7% .-

Pigeon L. - - - - - - - -
Botanic Gard. Pond - - - - - - I
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common conditions for 4 ﬁonths. Aléo; dfffe:ences betwéen
vopulations dn inifial.blant éize,.incorporafed into
calculations of relative growth rates, did not alter results
from those;uéing tillpr“and dry weight measurements.

Jain énd Brédshaw (1966)_sﬁggest that selection
pressures and géﬁeflow'qﬁaracteristics affect the
mainteﬁaﬁce of gehetic differentiatiog . Both processes are
believed to cbﬁt:ibute to differentiation in the hydrophyte
populations. Most obviously, the habitats are'léndlocked
(except one smali outflow in Pigeon Lake), B85 kflometers
apart w;th*no known "stepbihg stone"” populations between,
The isolated nature of each suitable habitat giQes'each
population fhe biogeographical properties of an island
(Maguire 1963, Keddy. 1976). Due to the submerged growth
habit and breeding éystem, gene flow between popﬁlations of
Ruppia is restricted to seeds, turions (dormant shoot
apices) and vegetative fragments. However, seed productian
in Rﬁppia'is sppradic and low (Verhpe&en 1979, Brock 1982,
Chapter 1) as in most perennial, submerged hydrdphytes
.(Sculthorpe 1967). Végetative fragmeﬂts and turions are
~unable to survive out of water for more than about 2 hours
(Sculthorpe 1967, Keddy 1976). Nevertheless water birds have
been observed carrying vegetative parts (Sculthorpe 1967)
and seeds (DeVlaming and Proctor 1968). Sincé flowers of
Ruppia never rise completely beyond phe'water surface

(Verhoeven 1979}, pollen dispersal between lakes is

 practically impossible. Ultimately, there are few



o - -
opportunities for genetic exchange between populations.

One purpose of this study uas to determine the‘relative
-1mportance of solute concentrations in the substratum and
the overlying water to differences in populations of Ruppla.
Overall, both water and substratum treatments had
significant effects on groch fdry weight and tiller
production) as did their respective,population.interactions;
Population differences were most evident in response to
sediment treatments, to which FL plants were most variable.
Many reports of genetic differentiation in saline, wetland
species are'known (Jeffries 1977, and references therein),
but ditferentiation among submerged hydrophyte populations,
in terms of substratum and water phase salinity has not been
reported. However, differences in the relative importance of
root absorption and the primary site of absorption do exist
among species apd are presumably under genetic control
(Denry 19&0). Within a population, the effect of substratum
on growth also varied depending on the solute concentration
in the water.

Controlled environment comparisons and reciprocal
transplants show the relative'importance of genetic and
env1ronmental effects on the observed variation in
naturally occurring populations. Overall results indicate
that envxronmentally induced variation 1s most consistent
than genetic effects. Population environment interaCtions
were aignificant but there were no consistent differences

‘among populations when compared across all treatments.
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_ Variation in growth among water treatments alone was largely
environmentally :induced, and may sufficiently explain
variations in plant growth rate between lake sites. Rather

s o

than evolve a reduced growth rate to adverse nutritional

- r

conditions as.reported by Ernst (1965) and Antonovics et,al - -
(1971), Ruppia plants from freshwater exhibit a éimilaf
response to water and a greater response to substratum ‘w
.variétion,_relative to SL plants. The.response to substrata
is largely genotypic and interacts significantly with growth
in response to watervéalinity. ‘ |

Differences in growth between FL ana SL plants were
usually in the direction of each popdlatidnAgrowing best in
the envirpnment from which theyAcame but?neither popula?iqn
grew best in the treatment simulating ité "native" |
~environment. On saline substrata, FL pléﬁts gxhibit greatgr'
plasticity over the waﬁer'salinity gradient than SL plants.
In low §alinity substrata, ;he growth response of FL plants
resembles that of the SL plants or less.plastic. Différences
ip roét absorption between populationg may explain grqwth !
that is considerably greater than what one would predict fo;
a given watef-salinity, Population differences ‘are
consistent with the predictions based oﬂ environmentéily
induced changes;

As.stated above, the effect of substratum is partly
pdpulation specigﬁc. Denny (1972a) suggested'that-uptakévby
the roots is>progressively more important for species of

decreasingly submerged growth forms. In this study, all



L .. 96

bopulations were similarl§ subMerged. % majorﬁdifference

between the lake 51tes 1s the total solutefconcentratlon and

the proportions of the; major 1ons (sulphate, S RS

5 Yy .

sodium, calc1um)(Chapter-4) 'Thls»results “‘in not only a
solute def1c1ency for Ruppla, bt also a hlgher
‘substratum water solute concentrat1on ratlo in freshwater
(Chapter J). It 1§ suggested that freshwater habitats, wh1ch ‘}

v

are ecologlcally marglnal select for root dom1nated
v
absorptlon. Genet1$ dlfferentlatlon is concelvable ~
considering the® barr}ers to gene flow and that_most Albertan
Lakes have been themically'stable for‘the last 4000-6000 e
years (Hickman and.Klarer 1981; Hiekman,.Bombin andiﬁoﬁETh
'1982a, Hickman et al 1984). One must be oautious.in
attributing population differences,to_naturaltselection as
: . ‘
it assumes there ls neither selection in the/seed or
seedllng stage nor difterentlatlon due to.randon‘genetlo‘
events. The first assumétlonihas not been tested;Qbut
observatlbns of naturally occurringrpopulations suggest that
Ruppia colonizes a hahitat"primarily by vegetative
propagules. Therefore, vegetatlve parts(experlence nany xa
w0
critical selectlve perlods and are under selct1ve pressure,‘

for a longer ‘time than seeds.<The second assumpt1on may not

be validlbecause only one or a few genotypes may actually

reach and colonlze ‘a new habltat. Nevertheless,,rec1procal
1 o .

transplants and controlled env1ronment experlments
demonstrate that the populatlon d1fferences descrlbed have R

some ecologlcal s1gn1f1canoe;vIncreased growth of" FL plants

SRR -

<
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in freshwater can be attributed to its "sensitivity" to
sediment salt concentrations. It appé%fs that the primary
site of absorptiqn is enyi;oﬁmgntally as well as'genetiqally
- Induced, however the aevelopmental and physiological basis
for its plas£icity s unknown. Populations‘respond to
concentration of salts similarly, but to source of salts
differently. Therefore i} is ﬁypotheéized tHat sediment
sensitivity in FL plants isldue to increased root absorption
capacity rathér than incrgased efficiency in'which,the salts
are used. éopulation differences confirm that Ruppia is
under definite chemical constrainté in.freshwater and
suggest a physinogical-mechanism_that enables the species

to expand its ecological range.

hY



&'Conclusion

This stuay indicagéd that lake.chemistry has a
significant effect on-ﬁhe ecological range of Ruppia
occidentalis. Differencé§ among;thfee'natural~populations
from different lakes can Sgwéiblained by the
environmentally—induced and genotypic responses éo total ion
concentrat{on and to ion source (sediment versus overlt}ng
water). ]

Growth rate and biomass per individual increased with.
sélinity.'Net assimilate of plants frém the saline lake was
ailocated largely to the vertical growth of shodts, and to

reproduction (sexual and asexual). In plants from the

freshwater lake a similar proportion of net assimilate was
allocated to shoots, but as horizontal graowth along the
'sedfment, through ramet or tillef production. Interestingly;
tiller mortality aéd shoot ffagmenﬁation were unaffected by
salinity. The proportion of reproducing individuals also
incréased Qith salt concentration.

The distributions within each lake suggest there is an
impbrtant,interaction between the effects of salinity and
both depth qnd substratum. These iﬁtefactions'are important
to uhderstanding the regional distribution of Ruppfa in
'freﬁhwater and éaline hdbitats. Being extremely'fragile énd
shalléwly rooted, Ruppia is susceptible to damage from wave
a%%ion; ice scouring and sediment eroéion.‘Therefore, in the
unpredictable and harsh ehvironment of shallow waters,

<

annuals, or perennials thatﬁproduce many seeds and tubers,

\

98 -
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are most likely to dominate. Because Ruppiaihas low
reproduction in freshwatef, frequehcy in shalldw sites‘is
also low. In saline lakes, plants have higher growth rates

\\and reproduction, thus are able to colonize most depths
ekténsively. Superimposed on this depth distribution, the

" sediment-dependency of Ruppia is not constant over the
chemical range studied. In freshdater, Ruppia ié most ofteﬁ
found on coarse substrata. Since coarse substrata are often
associated with shallow water, this contradicts the |
infdrmation about depth distributions; however, the:the
fine, organic substrata in freshwater lakes may ihhibit
uptake .processes in Ruppia. Barko (1983)4has also indicated
tﬁat érganic content of lake sediments may inhibit\certaih
hydrophytes. Interestingly,\Rubpia is substrata indi?fergﬁt
in saline water and was not inhibited on highly organic ‘
sédimentsf

Sediment-dependency in freshwater and other é%periménts'

from this study indicate that the normal pattern/of salt
ab§orption, th{pugh the shoots, isyalteréd when so}ute
concentrations are low in the water. This -flexibility in
absorption is in part a genétic and part a phenotypic
'response. Increased root absorption likely represents an
increase not in the efficiency with which salts are used,
but in the rate at which they are taken up. Root absorption
capacity may be regulated by internal galt concentratioh;

however, further study is required to confirm this.
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These findings provide some ecological support far the \
belief that aquatic plants are flexible in their mode of \
uptake, and depending on the fespective nutrient-levels of
the watér and sedimeqt, piants ma§ absorb salts " along the

. -path lof least res:stancé'" (Westlake 1971). The fact that
aquatlc ‘plant roo‘s ‘can penetrate into anaeroblc sedlments,

where nutrient solubility is enhanced, makes them

particularly well adapted to nutrient (salt)—poor water.

The occurrence of Ruppia in freshwatéf, an infrequent
finding, could be aﬁtributed to the plant's ability to
utilize the.salt—rich sediment and to the presence of a
suitable sediment in the lake.{Thé variablebuptake ofv
nutrients th}ough the root system,.and subsequent release of
autrients through excret?on or during decomposition of-the |
plant material represents a pathway for nutrient cycling and
a natural eutrophication process in aquatlc ecosystems.

It is not possible to determine in th1s study whether,
as Verhoeven (1980) suggested, the ecological range of

«Ruppfa ié constrained by interspecific competitian. Indirect

\
evidence!gathered from the aquatlc plant survey Lnd;cated S

that rﬁtérspec1f1c compet1t1on did not have a 51gn1f1cant
influence on the spatial distribution of Ruppia in the
large, wave-disturbed, freshwater lake.“However, two factors
quallfy the general valldlty of these results. First,
Potamogeton- pectmatus, the main competitor of Ruppra in
Europe, does not ‘dominate in this lake. Second, Pigeon.Lake

has a large, wave disturbed shoreline; low light and wave
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action likely maintain the density of aquatiq plant$ at low
levels. Ruppia would likely be unable 'to compete-with the
dQnSe,'fast—growing hydrophytes in §mallhﬁreshwater ponds.
V Variation among Ruppia pbpulations can be attributed,
in part, té a'genotypit'response to‘séliniti. In generél,
plants from either freshwater or'saline‘lakés varied
significantlyvamong water trgatmentsl Hdwever,;only plants
from the freshwater lake showed significant variation in
growth on different sediments. This could . be relatéd to the
greafer impoftance of substratum as a limiting source of
‘solutes in_freshwater. One shoula reéognize that such
differences, being interp;eted as genetic, may simply be
environmental or parent effects retained in the two
populations. However, all plants were conditioned for 4
months in tabwatér,'and second generation clones were used
in all experiments to reduce environmental and cytoplasmic
effects, but more refined genetic comparisons such as
electrophoresis, are required. The only problem with
eie;trophoresis is' in the difficulty relating the data to
specific ecological\traitsg . |

~ Ruppia's preseﬁ$ distribution can also b% explained by
ultimg;;\Egﬁ§e§T~Rupéig‘gggjdentalis is one of only a few

————— .
G T e—

hydrophyte species in inland saline water. Most Tembers of . _-
the genus.Ruppié occur in estuarine or coastal habitaté.
Cytological evidenbe and a;pects of its‘reproductive biology
suggest that R. occidentalis arose from the marine form,

which is diploid, less robust and has retained hydrophyllous
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pollination, typicai'of.many seagrasses (Sculthorpe 1967).
" In light of its history, it might be reasonable to
“hypothesize that limitations in genetio‘variahilitf in
osmotic requirements have prevented R.'occidentalislfrom
_eXpandino further intorfreshwater.
Palaeoecologistsfmake;inferenées aboutgpast écosystems
from reconstructions of past ecosystems u51ng geochemical
and f0551l remains preserved within the lake sediments. To
'reconstruct‘past ecosystems, the palaeoeoologist requires
knowledge about the ecologioal,requirenentsiand tolerances
of the species invoived.(Birks'and-Bir&s'19803 Because of
their known ecologyaandfthe specﬁes‘with4Which they are
associated, 1nd1cator spec1es can be used to 1ndlca »past
occurrences of present ‘communities. This assumes thaé»there'
has been little ohange in the ecological requirements of the
species, and that the species‘are not experiencing more
competition now than in the past. The present'autecoloéical
study suggests that Ruppla is a good indicator of saline \
lake conditions. From its presence, a palaeoecologist may
infer a warmer, more arid climate that resulted in salt
accumulations due to evaporation. Though its salinity

tolerances are broad, Ruppia's association with saline lakes

is con51stent in all spec1es known (Verhoeven 1979).

Many species comprise a set of ecologically speCialized

genotlypes. Evidence from this study indicates that Ruppia
consists of several chemical ecotypes, some better suited to

freshwater lakes than others. Since ecotypes cannot be
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. recogniied'in a pbllen'record,_reconstructions of past
ecosystems Should be made with the entire ecological range
of the spe;iesfin mind. For R. occidentalis this would
compriée 200 - 30000umhos/cm Electrcal Conductance, wifh an
optimum of 6300; aléo reéognizing that the tolerance'limits
may vafy with ion composition. The indicator valué of Ruppia
will increase when it is considered with other species 1in |
the pollen assemblage whose'ecoiogy is also known, or when
.compared with taxa with similar ecologiéalvrequirments. Thg
lack of other submerged plants may be as useful an indicatof
as a éompleteuasSeﬁblage since there are few aquaEic taxa in
saline lakes. A uséful step.now is tg find modern analogues
of these ﬁaﬁt polleh assemblages“py comparing-the pollen

spectra of present aquatic communities to the fossil polleq

spectra.
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