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AISTI.ACT 

Wh! 1 e aqua tic •• cropbyte. appear to pl., a, •• jor role in 

the ecolog, qf late., litt le i. kuown about the "ariable. that 

deter.ine the structure,of bio •••• of ~.crophyte co •• unitie. in 

nature. The purpole of this tbeai. v •• to qu.ntify v.ri.bles 

thought liltely to affect tbe gro.th of Myriophy llu. sEieetu. 
,il 

L., in order to ••• e •• - both their v.riabilit1. and to u •• the 

.ost .ppropriate v.riables to prediet tbe in ~ grovth r.te. 

rir8t. tbe variance (S2) .round the .ean (i) va8 deter.ined for 

eaeh of .ix variablea: gro"th rates (rel.tive .nd 'pecific), 

photoBynthetic r.te, th.ue nutrient content (H&P) .nd pboton 

flux den.ity. Thi. per.itted the deter.tnation of tbe nu_ber 

of s._pIe. required to deter_ine Itatlatic.lly .ignifte.nt 

differences ._oag aean. ''(Chapter 1). Second, regre •• lon 

equations vere produced that allov the precUetlon of the 

expected vari.nce froa .ean ".luee obtaiaed (Ch.pter 1). La.t, 

regre •• ion sode 1. vere de~e loped to prediet both .1 thin'-- .e •• on 

1 " 
.nd vhole "rovinl .e •• on .pecifie grovth r.t •• , -•• a.on .axt.ua'" 

bio ••••• nd coa.uultr bio ••••• Tbi. v •• done u.inl 5 c.t •• orie. 

of predictora: th.ue autrl.ut coutent (.,r.t), .boot tip , 

.orpholo.y (leef l.ulth, nu.ber of vhorl.), pboto'Jutb.tic 
" 

r.t.~ pbotou flux-de •• lty and •• 41 •• at orla.le .atter (Chapt.r 

\ 

2). By ber. qu.ntif,!., tbe ... rt.billt,. .ael patt.rn of arovtb l 
of oae apeci .. 'wi.tblll oae l.k.~, futur. ,." .. ti,atiO ••• l .... b.r. f 
wll1 be 11l • po.ltiôa to ta.t tbe I.ueralit,. of ~h.a. 

p.tterna. 
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Maae li le. ucrophyte. aquatique. a_blent jouer un raie .. jeur dan. 

l' 6col081e des lacs, on connatt: peu de ebos.. .ur le. variable. qui 

dEterainent 1. atructure d. la bloaaa.e de. collec:t1vlt'. de .. cropbyte. dans 

la nature. La prlaente tb.ae a pour objectif de q~ntlfier lea variablea qui 
t) 

affectent probabl_ent "'1. croil.auee de Kp:io2hl11ua apleatua L. afln d'en 

dEterainer la var1abllld et de choisir le~ plua approprla.a pour prlcUre le 

taux cie eroiasanee !!.. !!!!._ En prea1er lleu, la variance (82 ) autour cie la 

.oy.nne (i) • Et' d'terainEe, pour chacune cie. .lx vartablea: taux de 

croba.nce (relaUf et l~clf1que). taux de pbotos1llt~se. teneur ti.sulalre 
, , 

en nutrf_nt. (.~P) et clen.ld du flux de photons. Cette 'tape, a perai. de 

dEterainer' le nOilbre d'EchanUl1ona 'requis pour ftabUr 1.. difflrence. 

d'laportanee statlltique parai 1 •• _yesme., (Chapltre 1); En aecond l1eu, 

lei Equatiou de r6lr.al1on out 't' llaborles pour pemettre 1& prldieti.on de 

la vari.ance atteuclue 1 parti.r de. valeur. 1I07enne. 9bteuue. (Chapitre 1). In 

de,roter Ueu, cie. ao4lle. de r'lr •• slon ont 'tl 'labor'. Afla de pr141re i la . , ' 

fob au coura cie la aa1aon et pour l' eu_ble de la aai.oa de crole .. nce-. dee 

taux de crola_nea .pacifiquel, la bl..... ..d~ pour la aa.t.oa et la 

blou ••• da 1. eoUectivltf. Pour ce fair., 0Il a uti.li" ci.u.q catlaorle. 

d'indice. de pr'dlct1.on: teneur tb.datre en llutriMnt. (B, PU) • 

.,rpboloaie d~ la poi.nte cl.. ~.... (loo.suaur cie 18 feuill., l'loebre d. 

el1'co.o11ltlou). ta1lllt de photo.1Dt..... deult' du flu cl. photooa et 

.. utr.. Ol'pn1que. daDe 1.. ddt..ea.t. (Chapl~~ 2,). In quaaUf1aat a10al la 

varlabl11d et "1 •• RbIM. cl. el'Ol....œ. d' ..... e~ ...... lac, OD pourra, . . 
lori d .. nebereba. altlrieur .... aD .. tre li_. "-riflel' la .... ra11c. d. 

cel 8Ch11Me. 

- -------·---'-----~-·---·-~-~·-·-IIIiIIB!IIIl;j.H.II'1II_. 
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PREPACE 

As requi red by the regu laUons of the Facu 1 ty of Gradttate 

Studies and Research of McG!ll University, tbe following 
, 

statements. are aade. 

This thesis has been prepared in the format of two 

separate papers, suitable for sub.lss10n to learned journals, 

as perraitted by Faculty regulations. The first two chapters of 

the thes18 have been submltted for publication eo-authored by 

Dr. J aeob Ka 1 ff, who 8upe rvis ed this study. 

This thesis constitutes a contribution ta original 

knowledge by showing: 1) that 180st of the variation ln 

Myriophyllum shoot bio_ass 18 described from shoot length (1'2 • 

0.77-0.86; 2) the salllple size necessary to determine 

stat<'1stically significant differenees in MyriO,phyllu1l growth 
l' • 

ra t~t pho,tosynthet i e rate, tissue nu trient cont ent and photon 

flux density; 3) that tissue phosphorous is tbe .ost iaporta,nt 

~,ingle variable describing (r 2 .0.43) specIfie grovth rates of 

MyriophYllulll for the growing season as a vhole; 4) tbat for the " 

growing season as a vhole, 6S % of the variation for the 

specifie growth rate of Kyrlophyllum can be descr!bed using the 

four variables: tissue phosphorus, tissue nitr~gen, tissue H:P 

ratio, and photon flux deDsitYj 5) that It ls possible to 

describe .ost of the variation in specIfie grovth rate durlng 4 
( 

of 5 two veek grov t h per ioda; 6) t ha t ahoved 8 e aeon .axi.~. 

bio.ass of Kyrlophyllu., Vallt.neria, ~nd aIl .pech8 coablned 

18 predletable fro •• éd1aent organie content; 1) tbat tbe 
-' 

nu.ber of vhorl. per ste. rlp 1. an excellent predictor 
\ ... 

(r 2 .0.93-0.96) of 8te. dens! ties in Kyriophlllu. veedbeds. 

'j 
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GENBRAL INTkODUCTION 

The ecology ~f Myriophyllum apicatua L. has received aucb 

attention aince ita introduction to North America, both because 

it has becoae a nulssance growth in .any lakes and because 

its abil1ty to occupy and doœinste diverse aquatie habitats has 

intrlgued aquatlc ecologlsts (Grace and Wetz.ê"l 1978). Work on 

thls species i8, however, but one aspect of studies on the 

biomass and community composition of the littoral of some lakes 

(Best 1981, Westlake 1981, Adams and Prentki 1982, Engel and 

Nichols 1984, Hakanson 1984). Efforts have been "ade to 

iâentify variables that affect plant growth in both laboratory 

(Aiken and Picard 1980, Barko 1983) and field studies (Adams 

and KcCracken" 1974, Nichols and Keeney 1976, Tessenow and 

Baynes 1978, Carignan and Kalff 1980, Langeland 1982)_ However, 

no etudies known to me have quantlfied the temporal and spatial 

variation of growth influencing variables, with the dual 

purpose of pptlaizlng sampling effort and selecting 

statietically aigniflcant saaple slzes. As a consequence, 

investigations that do not conslder an approprlate sa.ple size 

will of necessity yield ambiguou8 results (see Southvood 1966, 

~ochran 1977, Downing 1979). 

A1Iong the variables thought of havlng an influence on 

1Iacrophyte growth are: tissue nutrlent content (Gerloff 1975. 

Adaas and Prentki 1982), 11ght intenalty (Spence 1976, Fair and 

Keeke 1983. Chaabere and Kalff auba1tted), photoayntbet1c rate 

(SI.paon et a~. 1980, Scbaitt and Ada •• 1981), .edt.ent 

cbaracter18tica (Denny 1972, Iole and Allen 1919, Carignan and 
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Kalff 1980, Kimbel 1982, Barka and Smart 1983) and vave energy 

(Keddy 1982). Howev"i!r, tbese atudies provide no inslgbt as to 

whieh variableè are the most important in Hyriophyllua growth 

in nature. 

This thesls ls composed of two chapters to describe, and 

place in perspective, ~ ~ measures of some variables 

proposed to affect Myriophyll.um growth. The first chapter 

allows the determination of statlstically signifieant semple 

sizes, by describing the variance (S2) from mesn (x) values of 

study variables. In the second chapter modela are developed 
'" 

that predict specifie growth rate, maximum biomass and 

cblllmunity biomass of Myriophyl!~ weedbeds. Data in bbth 

chapters discuss data collected and analysed by two week growth , 

periods and for the 1982 growing aeason as a whole in Lake 

Memphremagog, Quebee-Vermont. 

_ "00 " ______________ _ 

Il 
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CHAPTEI. 1 

Te.poral Variation la Nyr10phyllua Spicatua L.: 

The Selection Of S •• ple Size 

, 

- ------ .. -------:--------------
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Ab.traet 

To •• leet tbe appropriate nuaber of .aap1e., aud tbue to 

optialze ••• pllnl. the "ari.uce (S2) arouud tbe •• au (x) .uat 

be kuovn. Bere, the variance arounet aean aeaaure •. of gro"th 

rate. (relative aod apecific), photo.fothetic rate, ti.8ue 

nutrient eonte~t (pbo.phoru., nitrogen and pot ••• lua) and 

pboton flux density vere deteralued for a natural population of 

Myrlophlilu •• pleatua L. Irovlng at 2,6 a iu Lake Me.phreaa,og. 

Quebec-Ver.out. The regre •• loD equation. produced allov tbe 
-

prediction of .ariauce uainl .ean "aluea for ail plant 

attribute., ti •• ue pot ••• iu. exeepted. the required aa.ple 

aize, to e.ti •• te 20 % of the aean for a nor •• lly diatributed 

populati~n (le. ataud.rd .rr~r 1 aeau - 0.2). cbauled durinl 

tbe Irovinl .ea80n but co •• onll requira. fever thau Il 

replieate. for ail but Irovth rate and ti •• ua nitrolen. The 

requirad replie.te. 
1 

for grovtb r.te vere v-fll oyer 100, 

vber •••• tla8ue nitrosaa require. a .axi.u. of 41 .a.ple •• 

~dJt~~------------~---~~-- ~ - - - ~ ~w --------........ ---------.......... t!llli _""1 __ =&""". 

,) 

" ;, 

J 
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latroduc.tioa 

Experi.ental teata of differance between tre.t.enta 

require an eatta.te of .... ri.nce bec.u •• wlthout thia the 

~pproprl.te ••• ple aize c.nnot be aelected (Downinl 1979, Sok.l 

and Rohlf 1981). Hacrophyte b.dl .re notorioualy .... ri.ble in 

either or both denlity .'nd ap.ci •• cO,apoaition .,ith srovth 

reportedly .ff.cted by •• di •• nt nutrientl (Barko 1983), tia.ue 

nutrlent. (Ad ••• et .1. 1978, L.nsel.nd 1982), liaht lnten.lty 
C 

(Barko et al. 1982) .nd photoaynthetic rate (Titu. et .1. 1975, 

Beat 1981). Light intenalty a110 affecta .hoot .0rphololY and 
l , 

'te. den,lty (B.rko et .1. 1982, Chaabera .nd ~.lff lubaitted). 

Yet tbe freabw.ter (Aiken .nd Plc.rd 1980, Sch.ltt .nd Ada •• 

1981, Ad ••• and Prentk! 1982) .nd tbe aarine (.lxon and O ... latt 

1973, Patrick and J)eL.une 1976, Littler and Arnole! 1980, 

aoaenbur, and Ila.u. 1982) literatur. ha. Dot conaldered the 

variabillty ln the ael.ctlon of .acropbyt. a •• pllnl prolr •• , or 

ln the Interpretation of d.t •• 

Tbe purpoa. of thia paper ia to •• a.aa th. !.! .!.!.!.!. 

.... ri.billty of S pl.nt .ttribut •• of Hyriophyllu. apieatua L. 

Tbea. are: aboot .0rpbololY. Irowtb rate. tia.ue nutrient 
f;' , 

content, (phoaphoru., nltrolen and pota.a:1 •• ), .te. deneit,. and 

a.xlau. bl0 •• e •• In .ddlt~on, photon flux denaity waa •••• ured 

to eati •• te the photoaynthet leall,. aeti.. radiation reachial 

the plaat e.aop,. Thea. pl.ot .ttri~ut •••• d ll,ht iotenalt1 

.e.eur.e .er. uaed to.d.t.r.l •• th. ral.tiou b.t •••• th.ir 
( 

.e.u. aad yari.aca. ~ ord.r to a.ti •• te the optla.a ••• plial 

effort aad ••• p18 .is •• r.q.ir.d. 

!Ill *,~II"" I~'II- .,.. .... id "il 1i13 .. 
' .. --- -_. ------------ ---

1 

1 

1 

1 
1 
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Hethod. and Procedur.a 

Thlrty .djo~oiol plot. (S.O x ~.5 .) .ere laid out 

p.r.llel to the ahore at a •• ter depth of 2.6 • 10 Quioo '.Y, 
L.lte "e.phre.alo" Quebec-Ver.ont (45° 6' 0" S, 72 0 

'''' 45" W), 

ln H.y 01982, vith e.ch of 6 plot. for.in, • block. One 

r.ndo.ly choaen plot in each block •••••• pled durin, each of 

fi"e Irovth period •• The tvo .. eek Irovth perioda vere atarted 

on 5. n d 1 6 J une, 2 and 1'6 J u 1 y, .0 dIA u • u • t, 1 9 8 2. At the. e 

tiae •• SCUIA di"er t.,sed 7 shoot. of "lriophlll.!.! .od 

aeasured th. centr.l and .ide .te. len,th._ Tvo veeka l.ter the 
~ , 

t ." e d a h'o 0 t a ver e r e -. e a. ure dao d th. d i. t a 1 3 0 ca c. 0 t r .1 

ate. eut for the .n.ly.i. of ti •• ue outrtent content .nd the 

aea.ure.ent of photo'Y8thetic r.~e. Bio •••• , .... e.ti •• ted by 

a ••• urin, .te. lenltb. on 27 June, 7 July .nd 8 Auau.t. The 

len,th. vere converted ta bio •••• u.ina l18e.r relre.aion 

rel.tiona developed nearby .t a d./pth of 2 .. 5 a '(Table 1 ). To 

find the' beat relre.aion.i d.t. vere fir.t tra •• for.ed u.ln, 

.tandard .tati.tic.l procedure. (Iox .nd Tidvell 1962, lox .nd 

Cox 1964). The rel.tive ,rovtb r4te ,.,·pl.nt-I-d- l ) v.a 

deter.ined by .ea.urin, the differeuce in bio.... bet.eeo the 

be,innins .nd end of e.ch sro-th period, .hile the .pecific 

Iro"th r.te <.,-s-1·pl.nt-Iad- 1 ) .... obt.iDed b1' di"idinS the 

rel.tlve arovth r.te by the bl0 •••• pr.sant .t th. belin81o1 of 

• ,rovtb period (1.,.0. 1972, a.rper 1977). 
, 0 

d&I 1 
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Table 1. 'A co.pari.on of Myriophyl1u. apic.tua .hoot 

aorphology of central and ~ide ste •• growing at 2.S a. 

Coefficients to predlct bio_a.s- (g) fia. ste. lengtha (c.) use 

the equation for.:ln Y - a + boXa. 

Ste. Sa.pllng 

Fraction Period 

Çj 

Central 1 

2 

3 

Side 1 

2 

3 

r 2 Intercept Slope 
1 

(P < \"., <a) (b) 

0.001) 

0.80 0.409 -2.60 0.676 

0.77 0.472 -0.42 0.327 

0.78 0.487 -0.68 0.324 

0.79 -0.001 3087. -3094. 

0.79 -0.IS7 

0.86 -0.091 

4.39 

0.26 

-11.51 

- 7.85 

c.v. 

(1) 

19~3 

18.1 

23.7 

13.5 

9.6 

11.7 

0 • 
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Tiaaue nutrient concentrationa vere deteraine~ by •• et 

diseation (Tboa.a et .1. 1967) of tbe lover 15 ca of tbe dlatal 
1 

30 éa eut froa 7 ateaa 8.apied in each plot. Pboapboru8 

(ag P-g -1 dry vt) and ni t rogen (a, If-, -1 dry wt) .e re aeaau red 

uaing the aacorbate a.thod and bydrazine aulpbate 'colour 

de.elopaent aetbod, respectively, vith a Caulab autoanalyzer; 
1 

wbereas. an atoaie absorption .pectrophotoaeter (Perltin-Ilaer 

403) vas aaed for pot a881ua (as x·,-l dry ve) (Gol ter'.an and 

Clyao 1969). 

Pboto.ynthetic carbon fixation ratea vere obtained by 
• 

tatins tbe 15 ca tlpa of 7 central ateaa, placinl one atea fro. 

each plot in a SQO al rectangular ,la.a bottle, addlng laU 14co 3 

( A d a a. and H-c C r a e ken l' 7 4) and i n c u bat in, t b e bot t 1 e a for 0 n e 

hour ln a aod1fled Pee lncubator (Pee 1973) under aaturated 

light conditlons 0000 pE-c.-2·a-1 ) (Grace and Wetze! 1978l at 

tbe epl11anetic teaperature. Aft,r incubation tbe shoota vere 

rinaed aequentiall, for 30 seconds in each of three solution.: 

lalte .ater, 0.1 If BCI. and a,ain in lalte vater. to reaove any 

adberin, isotope. Each .boot .a. then dri~d at 80 0 C until 

conatant vei,bt, ho.o,enized and re-dried •• u~aa.pled by 

wel,bing (10 to 2S a,) lnto cellophane capaulea, coabuated in 

an autoaated oxidlzer (Intertecbnlque Oxla.t 1. 4101), aad tbe 

14c activity deter.ined ln a liquld Iciatill.tion count.r./Tbe 

pbotoaynthet1c rate ••• expre •• ed •• a, C",-l dry w, "b-1 atter" 

• 6 % 1sotope correctlo~ factor .a. applled. 

A solaria.ter (Ye1lo. Sprias •• IDe.) 10eate4 .ftbio 1 t. 

of the .a.p1e al te ae.sared incld.nt aolar ~rr.dl.ac. (181, 

----._. __ ._.--.. -~-,--._" ----~.~~ 

, 
f 
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pW~cll-2·d-l). Uaing lS1 and the undervater attenuation 

coefficients determlned vIth a radloaeter (IAHLISCO), the 

photon flux density O~·a-2.,-1) V8S ealculated for the 

individual plant stelll tipa at depth, following Chambers and 

Kalff (sub1llHted). 

Ste. density was deterllined at the en~ of each growth 

perlod, but before tbe cutting of the shoot tipa, ta give a 

lIeasure of Myriophyllull abu~ance. Plants were visually 

\ 
classified, by colour and ste •• orphology, as either pl,nts 

that had overwintered (old) or plants of the year (new), and 

expressed as stells·.- 2 • 

A morpholog1caL aeasure of plant adaptation ta 

environ.ental condition".- (Harper 1977) vas obtained by 

aeasuring both the number of leaf whorls, and the average leaf 

length ( •• ) of leavel on the basal whorl of eaeh dIstal 15 cm 

central atell. Harve.!: of aaerophyte standing crop between 

Auguat 15 to 20 provlded a measure of the maxiaua bioaass 

(g •• -2). At thia time etem. were eut at the sediment aurface, ,} 

separated by apecies, vaahed free of 100S8 epiphytes, and dried 

at 80 0 C to constant weigbt. 

Ilegreasion relatione vere developed to eatiaate the 

variance (S2), using the aea~ (i) of sample replieates (1) 

(Coehran 1977, Downtng 1979, Green 1979): 

(1) 

Although v.rlanee-aean_rel.t~ona have been eo.only eritieized 

for tbeir inabilier to de.cribe aggregation of organ!aas 

(Titaua 1983). the relation re.aiua uaeful in predicting s2. 

j 

1 

1 
f 
! 
1 
i 
i , 

~ 
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! 
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To determine the appropri"ate -samplê size (n) for characterlstic8 

used, numerlcal values vere substituted into the equation: 

(2) n • (S ~p • i )2 

with 0".2 chosen as the precision (p), or standsrd error (SE) 

size relative to the mean, to n!present 20 % of the mean for a 

"populationshow1ng a normal distribution (ie. p - SE / i • 0.2)· 

(Sokal and Rohlf (981). A precision of 0.2 ls commonly used for 

the selection of sample size (Cochran 1977, Downing 1979). 

Subsequent Iy, the approp riate 8 ampl e Bize B (n) were ca 1 cu l a ted 

u sing the measured variance (S2) of the 
{}> 

characteristlcs 

The Duncan"'s multiple range test was used to ide~tify 

stat1stically slgnlficant (P < 0.05) differences aJllong means 

(Zar 1974). 

r 

} 
1 
,1 

i 

1 
! 
1 
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! 
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I.e.ulta 

Sigulflcant (P < 0.001) regresslou equatious described the. 

sa.ple variance fro. the means of the plsnt attrlbutes and 

photon flux, thaue potassium content excepted (Table 2). The 

requlred sa.ple sizes to deteralue 81gu1fleaut dlfferences 

(eq. 2) vere generally saaller tban Il repllcates (Table 3 ). 

Tva attrlbutes requlred much lerger sample olzes vith up to 41 

for tissue nltrogen content and vell over 100 for growth rate. 

Signlflcant differences betveen means vere found for aIl plant 

attrlbutes aud photon f lux, tissue nltrogen content excepted, 

during BOille grovth perlods (Table 3 't. Total s~,eDl nUlllbers 

slgnlficantly dlffered betweeu the f1rst 2 and last 3 growth 

perlods (Fig. la), vith the nev to total stell ratios cIJanging 

betveeu aIl but the l8st t1l0 grovth periods (Fig. lb). 

Cr 
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) 

Table 2. Llnear regres sloo relat1'ons prec:Jletlng 

variance froll aean values, u81 ng the .ode1 Log (S2) -

a + b·Log (i), for variables related to Hyriophy1lull spicatua 

growth and photosynthesis. 
r 

Variable Saaple Ioter- Slope P > F Range 

Bize cept (b) 

(a) 

a. Specifie 0.57 25 0.34 1.01 0.001 -141 - 279 

Growtb Rate 

(ag. g-1 

'plant- 1 

·d- 1 ) 

b. Relative 0.51 2~ -0.31 0.87 0.001 -52.0 - 85.1 

~- Growth Rate 

(ag·plaot- 1 

°d-: 1 ) p 

c oPhoto- 0.44 25 -0.37 1.71 0.001 0.11 - 6.79 

c," 8yn~lC Rate '" 
(ag COg-l.h- 1) 

d. Ti8sue 0.47 25 -1.49 2.71 0,.001 0.20 - 6.40 
0 

Pbosphorus .. 
~ 

( Content 
:; 
5~ 

(ag P'g- 1 ) 
"-

" . 
'" 

___ ~ _~ ~ ... - 1_"--- _. 
v .. - .... ,,'-. _.~ l' .' _ ,;~. ,.~" ........ ~...., 

- _~ _4_ ~ , -, _ ~_ _ _ _ k 

---- - • ---~-~------~-- * -- - -"'-"'"-............... ------
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Table 2. con't. 

e. Tissue 0.81 

11trogen 

Content 

<ag li·g- 1 ) 

f. Tissue 

Potassium 

Content 

(ag l(.g-l) 

., 
e. Photon 0.84 

Flux 

(1 •• - 2 
, 

°d- 1 ) 

( 
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25 -4.52 5.03 0.001 

25 liS 

25 -3.92 4.16 0.001 

0.10 - 39.1 

0.10 - 50.7 

7.11 - 27.6 

, 
! , 
,{ 
l . 
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Ta b-l e 3. Var 1. t ion in gr 0 v th rel a te d v. ri. b 1 e 8 0 f 

Kyrlophyllua apieatua by grovth period durlng the 1982 groving 

season in Lake Meaphreaagog. Meana follo.ed by the •• ae letter 

are insignlfieantly (P < 0 .. 05) different. 

Variable Growth Actual Actual Mean Calcula t.ed 

c 
~erlod S~.ple Standard (i) Sa.ple 

Slze Deviation Si,Ze 

(Stells) (S) (n) 

a. Specifie 1 35 59.72 21.16 AB 199 

Growth Rate 2 35 71.50 3.22 B 12327 

(Ilg. g-l 3 35 83.36 36.44 AB 131 

·plant-1·d-1 ) 4 35 70.24 31.86 AB 122 

.. 5 35 85.02 47.61 A 80 

b. Relative 1 35 14.37 2.49 B 833 

Grovt:h Rate 2 35 23~46 3.23 B 1319 

(ag· plant- 1 3 35 23.14 15.16 B 58 

°d- 1 ) 4 35 13.06 3.98 ~ 269 

5 35 20.33 5.79 B 308 

c. Pboto- 1 27 1.18 2.45 B 6 

.ynthette 2 29 1.04 1.66 C 10 
{ 

Rate 3 27 1.68 3.06 A 8 " " "" 
(ag C·. -1 • b -1 ) 

, 
4 32 0.95 1.63 C 9 't< , ., 

• 
5 31 0.79 1'.23 C 10 

\ 
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", 

Table 3. con't. 
~ 

, 
" 

d., Tissue 1 25 0.93 2.10 BC .5 

Phosphorus 2 11 1.17 2.88 A 4 

Content 3 25 1.31 2.45 AB 7 

(ag P" g-l) 4 31 0.49 1.77 C 2 

5 35 0.98 2.18 BC 5 

e. Tis Sue 1 25 32.06 24.9,1 A 41 1 • \ 
t 

N1trogen 2 Il 5 .. 7 4 17.09 A 3 ~ 
l 
1 

Content 3 25 8.63 17.53 A 6 

(ag N" g-I) 4 31 7.47 16.40 A 5 

5 35 13.31 16.97 A 15 " 
1 
1 

f. Tissue 1 24 10,50 22.47 AB 6 
i 
1 
~ , 

Potessiu. 2 Il 7.05 17.63 B 4 ~ 
Content 3 25 8.98 17.45 B 7 l 

1 

(ag K" g-l) " 4 31 8.08 20.90 AB 4 
1 ,-

5 35 6.42 25.95 A 2 
l , 
j 
1 
! 
j 

g. Photon 1 35 1.03 8 .. 03 C 1 1 

" 
Flux 2 35 2.17 9.92 C 2 

(E •• -2 3 35 5.3-5 16.59 Â 3 

"d-1 ) 4 35 3.21 14.41 B 2 , 

1 5 35 3.41 14.19 B 2 

i 
I.i i 
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Figure 1 

Stem denslt'y (A) and stem ratio (8) of Mlriophyllum 

BI!icatum by growth period in Lake Memphremagog. show-ing· old 

(a). new (N) and total (T) plant classifications. Meana showing 

the same letter type are Dot aignifieantly (P < 0.05) 

different, and bars denote 1 standard error. 
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Diacu •• lon 

The utl11ty of _athe_atieal trauafor_atlon of leulth-

weight data to predict Klriophl1lu. bio .... fro. ate •• eaaurea 

l, evident in that the proportion of .ariance (r 2 ) explained 

wa, betveeu 0.77 to 0.86 in our .tudy (Table 1), but only r 2 • 

0.3.5, for an inveatisation in .hich plant ate •• were ne1.tber 

leparated luto ate. fraetloue nor vere tran.for.ed (Jarko and 

S.art 1979). The pre.ent non-de.tructive SCUBA ,a_plinB 

technique for Irowth rate ha. the .dded ad •• ntage tbat tbe 

sa.ple plants can be eaapled .t different tiaee durlllg tbe 

sea.oll rather than only once .t the end of the Itudy period. 

Tbe principal fln4ing w •• that it 1. poe.ible, vith the 

exceptIon for t1. •• ue pot ••• iua, to precl1ct tbe "arianee fro. 

the .ean v.luu for plant attributea and pboton flua: (T.ble 2). 

Tbe predictive rel.tiona aupport, "bat T.ylor (1961) firat 

recolnized for alll.,1 populationa, th,t the •• rlallce co •• only 

inc~ea.e. "itb the, .ean (Soutb"ood 1966). Tb.t tbe pre.ent 

variance-••• n relatioll' ba.e leuerallty "e,.on4 the lake for 

wblch tb.y vere clerlyecl ••• aho •• ltl the relation for tl.aue 

phoaphorua <Pl,. 2), whfch d1.cl Ilot ellu1.flcalltll differ fro. 

the 1.nterceptl or .10p •• obtaiaeel iaell"telually for lat •• 

Ke.phre.agol, Quebec-Ver.ollt. aad Joaka W1..lr.. lU,coluta 

(Carpenter and Acta •• 1976); Dor di4 the .10pe. aad i.tercept. 

dUfer when the t.,o l.ka. _are co.paracl •• paratel,. 

A thlrd fin.i.1 .a. the ,raat diff.renca. i. 1toth .e •• 

aro"th r.te ltet_ ••• the la4i .1 ... al ,ro_th per.1 ••• ,(Ta.l. l) and 

the hiah "ari.nce i8 aIl tha Mldopbll1 •• do_i •• t ••• acropbyte 

w 1 Il.1''. 

1 

l 
! 
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f 
f 
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Figure 2 

Linear regresslon relations predicting variance u8ing 

.ean values for tissue phosphorus in "zr1oehyl!.2 spicatua, 

for data froll lakes Wingra ( .... > (Carpenter and Adaas 1976) and 

Melllphrelllagog (.). 
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coa.unlty <Pi8. 3), r.qulrin, .a.ple .1.e. weIl in ezee •• of 

tbou eo •• only eollected 'by .acropliyte ecololi.t. (Ad a.. and 

Prentki 1982, Lanaeland 1982). The .ource of the ob.erved 

, variation a.ong plant8 i. unclear. Ve au.pected thia .ariation 

to 'be correlated vith the .tea denaity, which .llnifleantly 

differed betveen the firet tvo and la.t thr~e ,ro"th periode 

(Fig. la), and vith the proportion of uev ate •• (planta of tbe 

y.ar) to total st ••• , vbich .ignificantly diff.red for aIl but 
( 

,ro"th periods 4 and 5 (Fig. lb). Unfortunately, none of the 

variables .easured correlated aigniflcantly vith tbe stea ratio 

or total ate. Du.ber (Chapter 2). Althougb the reaaons for the 

v.riability ob_eryed re.aina unclear, tbe 8i.l1arity in the 

variance-aean relationa for ti_eue pboapborua content in two 

lake. (Fig. 2) lndicatel, until _hovn otherwile, that tbeae 

variance-aean relation. (Tahi'e 2 ) are u_eful in deteralning 

the opt1.a1 ••• p1e .1se for aquetic .eerophyte_ in other lake. 

(a.e Downing 1979). The deter.ination of appropriate a •• ple 

.1ce 1.'an e.a.ntial ftrat atep in drawin, .tatl.tical17 

.uppotted concluaiona on .11 a.peeta of th. dyna.iea of aquatic 

•• cropbytea in Ilature~ 

" 
" 
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Figure 3 

Maximum biomass by geQ.us withln study plots at 2.6 18 ln 

Lake Memphremagog: Myr10phyllum (KY), Val11sneria (VA)t 

Potamogeton (PO), godes (EL), Cabomba (CA) and total non­

Myriophyllum 8pecies (TNM). 
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CHAPTEi. 2 

Models Predlctlng In Situ Growth and BioR.s8 

of the Aquatic Macrophyte MyriophylluR Spicatua L. 
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Abatract 

Regression relations vere developed predictlng 

Myriophyl~ spicatull L. growth rate, season maxll1um biosas8, 

and community bio.ass, in Lake Melllphrellagog, Quebec-Verllont. 

Five categories of predictors vere Investigated: tissue 

nutrlent content (nitrogen, phosphoru8 and potassium), shoot 

t i P III 0 r p ho log y (1 e a fIe n g th, nu Il ber 0 f' l e a f v ho r l 8 ) , 

photosynthetlc rat~. photon flux density, and sed111ent organie 

content. Most of the variation in growth rates "8S explalned 

during 4 of the 5 two weelt growth periods a8 weIl as "for the 

study period 8S a "hole. The growth rate becaae negatlve 

between 1.0 to 1.4 ag p.g- 1 dry wC (0.10 to 0.14 % p) (95 % 

CI). The nu.ber of leaf vhorls on Myriophyllu. shoot tips vere 

highly corre l ated vI th .. tea densi Ues (1'2 - 0.96, P < 0.004). A 

hlgh sedi.ent organie content vas correlated vith a lov aaximua 

blollatul of MIrioph,l~ (r 2 - 0.33, P < 0.003), !llllsneria 

a.erieana L. (r 2 - 0.85, P < 0.025), and aIl .peeies eoabined ( 

p < 0.001). Butrient (nitrogen, phoaphorui and 

potassiua) additions to ~ .itu sedi.enta yielded signifie.ntly 

greater aaxiaum bio.ass only for Vall ianeria allerieana. 
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Introduction 

Aquatic .acropbytel ~play a lisnifieant role in the ecolo,y 

of lake_ by affecting tbe vater chea18try through priaary 

production and e~cretion (Wetzel and Allen 1970), by servlng 86 

substrate for algae, herbi vores and deco.po.ers (Cattaneo and 
r 

Kalff 1979, Ealnson and M08a 1980), and by actlng as both a 

source and slnk in the nutrient cycles of lake. (Best and 

Kantai 1978, Carpenter and Adaa. 1979, Beat 1981). 

In contrast to the pbytoplankton where bio.ass (Kalff and 

Knoechel 1978), production (Smith 1979, 1982) and to soae 

extent coaaunit}' Itructure (Kalff and Knoecbel 1978, Tilean 

1982, Saith 1983) are now rougbly predictable, no equivalent 

prediction are a8 yet pOI.ible for the aubaergent fre.hwater 

macrophytes. Work to date luggeata that 8ucb a.crophyte 
~(~ 

predictionl a.y weIl be Rore difflcu 1 t to obt.in than for the 

phytoplankton. Most aquatie aacrophytea are rooted and obt.in 

virtually afi of their pho.phorui (Carignan and Kalff 1980) and 

probably auch of their other nutrienta froa tbe aediaenta. 80tb 

the poaitive and nesative correlationa reported betveen 

aediaent orsanic aatter and .acrophyte abundance (Sand-Jensen 

and Sonderga.rd 1979, Barko and S •• rt 1983) do Dot re.olve the 

iaportance of aediaent cbaracteri.tic. a. a deter.in_nt of 

aacropbyte abundance. Yet aedi.ent characterl.tici ln the 

littoral are hilhlJ .ariable, a.ons other. apparent l, affected 

by current. and ••• e action (Pear.all 1920. Spaace 1967. Alken 
, -

.nd Gillet 1974, Bichol.on et al. 1975), .ith tbe di.tr~bution 

of .acrophyte. at leaet partlall, controled b,. .ave "ction 

t 
i , 
, 

1 
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(~edd,,~Jl-982, 1983). Conlequeqtly •• odell deacr1bl1l1 .acropbyte 

abundance and di.tributlon will alaoat eertatnIy ha.e to be 

considered for a 1arler ou.ber of environ.ental •• riables than 

those for tbe phytoplanktoll. Wbich specifie variables need be 

eonsidered for veed .odel_ re.ainl unclear, although it i. 

evident that 80.e .ealure of lrredlance. turbulence. sediaent 

characteriatiee and nutrient .tatue need to be Incorporated 

into aode18 to •• ke a fir.t prediction possible. 

The pre 8 en t' pa p e r i. an e a ri y a t te.p t t 0 rel a te 

Myriophyllua .p~catu. L., grovth .nd bio •••• , .ea.ured in ~, 

to a nu.ber of environaental faetor. to di.cover vhich of tbese 

.ight be considered for incorporation in aore general future 

.ode1a. The variable. con_idered vere ti.sue nitrogen (R), 
~ 

ti.sue phospborul CP), til.ue potas.iua (~). Iboot tip 

.orphology (leaf lengtb (LL) and nu.ber of leaf vhorll (HW», 

pboto.,othetic rate (P.), photon flux (PF), and ledi.ent 

organic .atter (OH). 
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Methode ~ Procedure. 

The re.earch vas done between June and Septe.ber 1982 in 

Quinn Bay (45 0 6' 0" Nt 72 0 15' 45" W) of Lake Ke.phre.agog, 

Quebec-Ver.ont t at a 8ite dOllinated by Kyriophylluli apicatum. 

A randOlllzed block design vas uaed to diatribute 15 paira of 

plots among the 5 blocks that for.ed a continuous rectangle 

parallel to the .hore. Only 5 of 6 plota ln each black were 

aampled during the two veek grovth periode beginning on 5 and 

16 June, 2 and 16 July. and August 1. 1982. At the beginnlng of 

the July 2 grovth perlod, the remaining plot in ea-ch block vas 

fertillzed using slow release Jobes Ltd., nutrient sticks 

(9 sticks per plot. 0.5. spacing, total plot dosages; 

63.7 g N·.- 2 , 32.0 g p •• -2, and 42.5 8 K·.- 2 ). The five 

fertillzed and twenty-five unfertillzed plots were harvested 

betveen August 15 to 20 for a .easure of the .axi.u. co •• unity 

biomas8. Previoua .a.plin, of the unfertilized plota had at 

most relloved 1 % of the final bioll.aa. 

Methoda for the • eaaure.ent of aaxi.u • bio.asa, 

specifie growth rate (.g.g-l·pla~t-l·d-l), tia.ue nutrient 

content (.g p.g-l, ag No,-1 and ag Kog- 1 ), photo.ynthetic rate 

(.g C·,-IOh- I ). photon flux density, (I~·a-2·d-l), ahoot tip 

;orphol~gy (leaf length (Cil) and nu.ber of leaf .horI.), and 

stell den.lty (.te •• ·.- 2 >. are de.cribed el.ewhere (Illyard .nd 

.' ) 
Kalff 8ubaitted). Sedi.ent organic content wa •• e •• ured u.ing 4 

rando. aa.ples t.ken fro. e.ch plot. 'rhe upper 10 ca of •• ch 

.edi.ent core .... p •• sed through a S .iI aeah acreen. 

ho.ogeni.ed, dried at 110 0 C for,48. hour •• aud co.busted at 

1 
f , 
j 
l 

1 

"' -, 
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content a. 10 •• -on-1,nlt10n v •• expra •• ed a. a percent of tbe 

dry .eilbt (Sand~Jen.en and S_nderlaard 1979). 

The McC1ll Onlvera1ty cosputer .y.tes and Steti.tic.l 

Analysis Sy8teas (1982) .oft.are vere u.ed for data al1a1y.ls. 

Selection of variables in the regre •• ion analyste and aodel 

building followed Kontgoaery and Peck (1982). Specifie growth 

rates in the regre •• ion .na1y.i8 were velghted vith tbe 

variance (52) a •• ociated vith estiaate. of the whole shoot 

bioaass. The posltive effect of thi. 1. ta give greater veight 

to gro.th rate8 vith lov variance (Draper and S.ith 1981). A 

.inor but vi.ually dtaturbing diaadvantage of the veighting i8 

that the re.ultlng l1ne of best fit often doe. not p ••• through 

the center of the dat~ (eg. rig. 1). The Duncana' su1tiple 

range te8t va. u •• d to Identify atatistically aignificant 

(P < 0.05) differenee. aaong a.an. (Zar 1974). 
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R.esults 

Tissue phosphorus was the single best predictor of 

specifie growth rate (r 2 - 0.43, P < 0.001) over the growing 

season as a vhole (Table 1, Fig. 1). The stepwise multiple 
~ 

linear regres8ion procedure selected tissue P and the tissue 

N:P ratio as the most poverful predictors in a bivariate model, 

increasing the R. 2 to 0.54 (P < 0.001). Add1ng the photon flux 

received at the stem tip (PF) as a third variable raised the j 

portion of the variance explained to 0.61 (P < 0.001). Tissue N 

alone explained on1y a fev additional percent ln a four 

variable model. Photosynthetic rate (PR), tissue potassiua 

content (1.), number of shoot 'td'P whorle (NV), leaf length (LL) 

and sediment organie matter (OM), did not contribute 

significantly to this .odel. 

When the data vere exaained by growth period a different 

pattern e.erged. During the firat tvo veeks the phot08yn~hetic 

rate of shoot tips alone expla1ned 52 percent'(r 2 - 0.52, 

P < 0.00l) of the variance in grovth (Table 2 ). While the 

coefficient of deter.ination (r 2 or Jt2) r08e .odestly by a180 
, 

including the photon flux density and the 5:P ratio, tbe rise 

wa8 not 8tati8tically aignificant. The second grovth perioeS .as 

exceptionai both for,the high proportion of ttie variance (r2 -

, 0.80. P < 0.001) of the ,rovth rate esplainecl by one variable, 

CP), and the total .... ri.nce explained '(Jt2 • 0.97, P < 0.001) 

u.ing P, Pl and PP. 10 Irowth period 3, not only did the a.ount 

of variation explainecl declioe aharply vith pp eaerllng a. the 

aoat i.portant predietor (r2 - O.S~. P ( 0.001), but only here 

j 

1 
1 
j 
t 

1 
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/ 
Ta b 1 el. MIo deI s de 8 cr 1 b 1 a gap e cl f 1 c 'g r 0" t h rat e 0 f 

Myriophyllua spic.tu. aeleeted by atepvlse regression analysis, 

uslag tissue phosphorus (P), tissue altrogen (N), tissue 

potassiua (K.). lesf length (LL). nu.ber of "horls (NW), 

photosynthetlc rate (PR). photon flux density (PF), and 

sediment organle matter (OM), for aIl data from aIl growth 

periods coabined (n • 121 ste.s). Specifie grovth rate was 

velghted vith the variance (52) 8ssoclated with estiaating 

vhole stea biomass. Variables not shovn in the table did not 

contribute signifieantly (P '( 0.001) to the .odel~. The 

proportion of variation explalned vas preaented for both alaple 

11near (r 2 ) and aultiple linear (a2 ) regression relations. 

Model Variables r 2 or a2 Intercept Slope P(b»' 

No. Selected (a) (b) 

1 P 0.43 -60.71 49.57 0.001 

Il P 0.54 -104.10 60.59 0.001 

If:P 1. 77 0.001 

III P 0.61 4.51 50.78 0.001 

JhP 1.46 0.001 

pp -1.06 0.001 

IV P 0.65 44.80 51.96 0.001 

.:P 1.89 0.001 

pp -5.84 0.001 

R -2.37 0.001 

J 

-

, . . , 
~~ 
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Figure 1 

Specifie growth rate was estimated using Myriophyllum 

spicstum tissue phosphorus (Y - -60.71 + 49.57 X). The 95 % 

confidence 1nterval for the line shows growth to be negstive 

between 1.0 to 1.4 mg pog- I • Specifie growth rat.!S8 were' 

weighted with the variance (S2) sssociated with esti.ating 

whole stem bioUl,sss (Bee lIethods). 
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.. 

Table 2. Models describing specifie growth rate of 

~x.!..!..2.f. h I..!.!.~!! .!f..!..~!.!..!!.!! U Bi n gal l reg r es sor var i a b les 

investigated (see Table 1) for data separated by growth periode 

SpecUie growth rate was weighted vith the variance (S2) 

associa~ed with estimating whole stem biomasse 

.1 

Growth Model Variable r 2 Stem Intereept Slope P(b»F 

Pe r iod No. Selected or No. (a) (b) 

R2 (n) 

1 1 PR 0.52 24 -48.65 34.13 0.001 

II PR 0.58 24 183.90 30.84 0.001 

PF -25.89 0.092 

III PR 0.63 24 165.60 34.77 0.001 

PF -27.16 0.072 

N:P 1.66 0.156 

2 l P o .80 Il -134.90 79.22 0.001 

II P o .92 11 -71.21 96.49 0.001 

PR -64.47 0.001 

III P 0.97 11 -264.40 127.78 0.001 

PR -55.21 0.002 

N:P, 10.87 0.014 

! 
.( 

l 

1 

f 
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( 
Table 2. con't 

3 1 Pl 0.58 24 211.00 -8.36 0.001 
~ 

1 II Pl 0.67 24 61.00 -9.15 0.001 . ~ 

LL 5.33 0.030 

III Pl 0.76 24 -3.70 -8.04 0.001 

LL 5.81 0.009 

1 
Il 2.14 0.011 

"'h~ .. 

v 

4 1 Pl 0.10 31 79.11 -3.81 0.092 
f 
l rI Pl· 0.25 31 191.60 -7.07 0.007 l , 
1 , P -35.12 0.022 

(\ III Pl 0.29 31 207.10 -9.08 0.005 
<; 

P -34.13 0.025 
u 

KW 1.89 0.244 
('. 

5 1 .. , 0.30 31 284.10 -15.91 0.001 

II Pl 0.51 31 251.30 -19.95 0.001 

.. 48.45 0.002 

III Pl 0.58 
1 

31 185.60 -17.85 0.001 

1 
P 47.46 0.001 

pa 30.08 0.037 
, 
1 

l \ , ! 
\ 

o 
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\ \ 
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did leaf lengtb, a a.asure of leaf surface are ••• dd aodestl,. 

to tbe predicti ve pov.r. The fourtb growth period revealed ho. 

little thè
O 

attributea aeasured explaioed growth rates. PF and P 

togetber explalned ooly 22 % of the variation. Durlng the last 

per1.od PF and P togetber explained lIucb more (51 %) of the 

var1.ation in grotlth. vith photosynthetie rate once again 

playing a minor but signifieant role by raising the variation 

explaioed to 5B % Although the specifie growth rate 

correlated ln a 8e8sonal1y cbenglng faabion with environ.ental 

and plant attributes (Table 2 ) che growth rates themselves 

differed slgnificant ly only between 2 of the 5 periods 

(Table 3). 

While the above results identlfy variables Investigated 

that correlate with growth~ the _axilllull biomas6 measurements 

allov an exaainatlon of ho,", yield, rather than growth rate, 18 

related to the saae environ.ental and plant characteristies. 

Sediaent organic ,satter vas a predlctor of the aaxi.ua bioaass 

of ltyriophyl!.2 (r? - 0.33). !.!.!.118nerla a.ericana L. (r 2 -

0.85> aod aIl apecle6 co.blned <r 2 • 0.51), and ln ail cases 

•• 1l1aua bio.aas declined as .edi.ent organic _atter level. 

1Ilcre •• ed (Table 4). looe of the'-~other vari.bles vere 

corre lsted vith .szlau. bio ••••• 

~ 
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'l'able 3. Specifie gro"th rate (a.-,-loppl.nt- 1·cS- 1 ) 1ty 

,ro_th perlod for Hyriopbyllu •• plcatua ln Lake M •• pbre •• go,. 

Heans followed by the 

(P < O.OS) different. 

Grovth Ste. 

Perlod 

1 

2 

3 

4 

.s 

1-5 

Co.b1.Ded 

No. 

(n) 

35 

35 

35 

35 

35 

175 

letter are ins'igniflcantly 

Hean Sdndard 

(i) Error 

(SE) 

21.16 AB 11.04 

3.22 B 12.08 

36.44 AB 13 .04 

31.86 AB Il.97 

47.61 A 13.17 

28.06 5.54 

~ 
~ 
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Table 4. Modela de8cribiug lea80n •• xi.ue bio •••• in Lake 

Keaphresagog uaing aedisent organic content (OK). Regression 

equation'13 vere veighted vith the variance (S2) assoclated vith 

replicate (n - 5 ploU·block-1 ) me.aures. 

Spec1es Variable Intercept Slope P(b»F 

Selected (a) (b) 

Myriop hyllum OM 0.33 59.91 -2.411 0.003 

aplcat.um 

Vall1s neria OH 0.85 42.62 -2.458 0.001 

americana 

AlI OK 0.51 102. JO -4.247 0.00 l 

Species 

Co.bined 
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Dilcu.lion 

Por the groving 8e8800 .1 a vhole. tilsue phosphorus val 

the best predietor of the specifie grovth rate of Myr10phyllua 

vith the N:P ratio and PF added a8 aigoifieant variables io the 

bivariate aod triv.riate Bodel. (Table 1). Nitrogen .lone 

contributed a .a.ll aaount to the four variable Bodel but added 

to the blvari8te Bodel through the inclusion of the Ii:P ratio 

ln the Bultiple linear regresslon aodels. Modele containing 

either or both N and ~ are acceptable If aIl the variables 

added are, as they vere here, Ind1vldually slgnifieant 

(P(b) < F) (MontgoBery and Peck 1982; Salth 1982, 1983). The 

absence of a signifieaot linear relation betveen tissue N and P 

(data not shown) iodleated that tbe uptaxe or retentlon of 

theee tvo nutrlenta i. Inde pendent of the other.' 

Whlle Cerloff (1975) val tbe firlt to .Itiaate the tia.ue 

nutrient levela at vllich ,roV'th becoaea li.ltlug, hl •• hort -

ter. (6 vit) laboratory atudie., uslo, .a.ll and f loating 

plaotl, aay oot refleet tbe aituation tn nature. Pield data 

vere eollected by Ada •• aud Prentkl (1982) vbo concluded tbat 

tta.ue P levela in Myrtopbyl.!.!..!! vere lea. than optiaal for 

,rovth belov 4.5 as p.,-1 dry vt, wherea •• Cerloft (1975) bad 

luggested a erltlcal P level of 0.7 ag pe,-1 dry wt. Tbe 

preaent ra,reaaioo relationa aho.a that Irovth deelln.. a. the 
,-

tiaaue P levell deerea.e fro. a h1ah of af lea.t 6.4 a,·,-l, ~ 
, " 

, 
Ibovln, that cro_tb 1. affecte' o.at'a auch .1der rau,e of 

nutrlent levell (Pl,. 1). In a'dition, the 95 1 cODfldenee 

IntervIl, _here the line iuterc.pta the ordinate, iodle.te. 
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nesatlve srovth be low 1.0 to 1.4 ag p.g-l. 
1 

Todate, .eaaure. of a.cropbyte dyna.le. in nature have 

been excluaively ba.ed on photoa7uthetic aeaaures .ade on plant 

tipI (Titus et al. 1975, Ondok and Gloser 1978 a, b), ratber 

than on other ln ~ aeasures of variables thought to affect 

gro"th. Su ch ae.aures obtained bere, by aeasuring tagged 

plants, show that .easures of photo.yntbesia (14 C uptake) are a 
totally inappropriate aeasure of gro"th rate in nature for tbe 

growing season as • whole (Table 1). Wbile pboto.yntbetlc 
~""~ '1.. 

rates vere coupled to gro_th during tbe early ,rowing ae880n l, 

(Table 2) the absence of tbe relation for ~he sea80n a. a whole 
l, 

sbovs tbe only very aodest iapact -of pboto.ynthetic rate 

aeeau re.enta on grovtb. 

Over the entire 8eaaon, tissue P va • .tbe aingle best 

predictor of gro.tb (Table 1), vhlch .vas attributahle to 

srowing condition. durlnl perloda 2 .. 4 aad 5 (Table 2). ln j 

contraat to P, nitrolen alone explalned only a very aodeat 

portion of tbe variation and tben only durtng gro.th ,eriod 3. 

Tht8 augleata tbat tbe aupply of P 1. tbe .ore t.portant 

deteratnant to growth. he a.ount of ligbt reacbina tbe plant 

ttp. (PP} vas .oat lapo tant .a a preclictor darin, the ~"trd 
-. 

periode Tbet the pr-crow h rel.tion. had • aelat!.e .lope ••• 

8urpri8inl but Indlcate. that .horter pl.nta ,rov aore rapidly 

th.n t.ller one •• 

Tbe •• alle.t fractioa of the .pacifle ,ro.th rate .a. 

deacribed durin. gro.th period 4 (Tabl. 2). I,t "'7 "., a •••• 

noted in Lake Vialra (Titue _nd Ad ••• 1979), that ••• Phr ••• gol 

root bio.... too incr ••• ed cll~proport!oa.t.17 b.t •• en .1d-J.ly 

\ 

, 
, 
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and aid-Auau.t, thereby reducing the iaportance of the rel.tion 0 
'. j~ 

between shoot growtb and the aUri bute •• tudi~d. 

A very higb .ariation ln grovth ratee of indlvidual ate.8 

vae noteeS .nd initially thls vas .ttributed both to the 

appearance of ne •• tea. du ring the aro.ina 8ea80n ,and the 

diebaek of the over.intered old ate ••• Bo.ever, none of tbe 

variables aeasured correlated lianifleantly vith the ratio of 

nev to total stea., or 8tea nu.ber. (Chapter 1). In addition, 

ve sbowed there tbat tbe nev to total ste8 ratio did not 

signifieantly differ durlng the 1 •• t tvo grovtb periode and 

that the absolute nuaber of .tea. per area .l,nlfieantly 

changed only betveen the flret 2 and final 3 period •• 

Con.equent ly, the rea.on for the very hlSh variation in ,rovth 

ratee of individual ate.8 Doted durlns aIl grovth periode 

reaain. obscure. Bovever, tbe nu.ber 'of vborl. (.W) On the 

shoot tipI va. bilbly correlated vith ate. den.ity (Fig_ 2), 

vIth the auaber of wborl. iA tbe upper 15 ca of tbe .hoota 

Inereasinl .a Hlriophlilu. dea.ity incre •• acl. Tbi. corral~'tion 

IUlle.tl tb.t tbe enuaeratioa of _borIe i. an efficieat .etbod 

for deter.iniol deality and bloaa ••• aad •• i.pler one th.a the 

tran.ect count aethod, u.in& SeUB., ,ropo •• d by Sbeldon and 

Boylea (1978). 

While ~ .itu Irovtb rat. of Mlriophll~ _ •• hi.hl, 

correl.t.cl vitb t1. •• ue P for 'otb tll ••••• oa a. ,a wbol •• nd for 

.o.e of the indlvldu.l. ,ro_tb p.riod. (Ta"1e 2), the ••• 1au. 

bio ••••• ttai ••• a. a r •• ult of thi •• ro_~h ••• corr.latad vith 

ne1tber ti •• u. P or the dir.ct •••• or •••• t. of Irowth rate. Two 

1 

1 
f; 
.1 
"1 
t 
l 



-46-

Figure 2 

Stem denslty of Myr10ehyllum spicatua predlcted from the 

nU1lber of whorls on the distal 15 c. of the central ste •• 

Regression equationa vere velghted vith the variance (52) 

assoclated vith replieate (n • 5 plots·block- 1) aeasureil. 

Separate relations are shown for <a> old (y. -36.12 + 6.00 X), 

(b) new (y. -84.17 + 15.86 X) and (c) total ate •• 

(Y • -125.5 + 22.42 1) .counted vithln Itudy plota. 

(J 

1 
1 
l 
l 
1 

i 
1 , 
1 
r 

f 
t 

1 
1 
i 



, ,~ 

" 



~ 
-47-

pOI.lb1e explaination. pr.aent tb •••• l~.a. Th. f1r.t lueh 

explaination .a. that abei •• ion of branche. va. aufficient1y 

large to eli.ioate the relation bettleen ,ro1;f'tb.r.te .nd final 

bio_ •• a. Tbi. la, hove~er, unllkely bee.u.e fev floating Itee 

frag.ents, ver~ Doted vitbln the dense .nd vell protected 

_acropbyte bed, .bicb aboved no .1gn of brealtdown et the tiae 

of a •• pling. Frag_enta aettlillg to tbe sedl.enta would have in 

Any caae been collected at the ti_e of harvesting. A _ore 

plauslble 8e~ond explain.tion vaa related to the ,rowth 

bebaviour of .tlyrlophlll!.!! and our .a.pllng_ As shown by the 

relation betveen grovth rate and pboton flux denalty" gro.th 

810.8 down a. the aea.ured atee. ,pproach the:aurface (Table 
1 

2). Bovever, unaea.ured '-ut faster ,roving young sboota 

continue to add to tbe aea.on _.xl_u_ bio_al., re_ovlng the 

relation betveen the arovth rate _eaaured and b10.as •• 

Vith plant pbo.phoru. al_oat, exelul1yely obtained fro_ 

tbe •• dlsenta (Cari,.an and ~alff 1980) and ti.aue P correlated 

vitb ,rovth rate (Tabl •• 1,2; Fig_ 1) an locre.ae in .ediaent 

nutrient. upon fertili.ation ahould bave reaulted tn a 

.ignUt'cantl,. ar •• ter final bio •••• fol' Klrlophlilua ln the 

fertilia.d plotl. T'h.t •• did Ilot flnd thi, (Table S) aay 

a.a-111 be tb. r.ault of a d.er •••• ct le.,tbeaias rat. of the tall 

Itea. in the fertill •• d plot. aud a eatehlnl-up of biosasi ln 

the .nfartill ••• plot. at the tl •• of ••• plla._ Bo.a~.r, tbe 

hilh ~ar'iabl1it~ ln at._ ,ro_tb rat •• and th. a_all Duaber of 

plota fartili •• cl. _itl.atad a,.i.et baia •• ble to eODclud. th.t 

the 37 1 ar •• tar aro.th t. the f.rtllt •• cl plota •• a et,nlftc.at 

(Tabl. 5). Bl,la .. arla1tl1Ity ••• 1.auffiel'l1t ••• pla eiae are 

; 
î 

1 
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( Table 5. Maxi.ua bio_a •• (,Oa- 2 ) by .peele. ,rovlng on 

fertilh:ed (N.P&l additions) (0 - 5 plote) and unfertllized 

(n - 25 plota) .ediaents ln Myrlopb.ll~ .picatua doainated 

veedbeds in Lake Memphreaagog. Only Vallisneria bio.ass 

vas signifleantly (P < 0.05) greater ln fertl1ized than 

unfertl11zed sediaents. 

Spedes Fertl11zed Unfertilized Difference Betveen 

Mean Mean Ferti'lized and 

(x + SE) (i + SE) Unfert iliz,ed Meaos CX) , 

Myriophyllull 35.5 + 6.74 - 25.9 + 3.40 37 

sp.ieatua 

Vallianerla 19.9 + 3.60 8.4 + 2.05 137 

americans 

Elodea 3.5 + 2.92 1.6 + 0.49 119 

can.densia 

Pot •• ogetoD 5.5 + 3.57 5.1 + 1.77 7 -
robbins,ii 

Pota.oletoD 0.7 + 0.45 - 0.8 + 0.20 -1 

cri.pua 

Pota.oleton 0.4 + 0.37 0.1 + 0.07 414 

natana " i 
, , 

Caboaba 0.5 + 0.31 0.6 + 0.19 -19 .; 

.pp. 
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Table S. con"t. 

Non- 20.5 .t 7.07 16.6 

Myriophy1lull 

COllbined 

Al! 66.0 + 8.06 42 :4 
Spec1es 

Coab1ned 

+ 2.68 24 

+ 4.86 56 

4 
'~ 
~ 

l 
1 
1 , 
( 

1 
1 

1 
1 
t 
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re.ponsible for auch of the a.bigutty io the aacrophyte 

literature. " 

Tbe inverse relation between sediment organie _atter and 

aaxiaua biOlllas8 ln the unfertil1zed plots (Table 4) show8 thls 

biolllsas to be priaarly a func.tion of sediment c.haracteriaticB. 

lt la these saille eharacterlBtics that are respooalble for the 

hlgh variability in observed shoot growth. 

Al though photosynthesls and sboot growth were correlated 

early 10 the sesson, they Vere not correlated for lIost of the 
, 

individusl growth perlods, nor Were they correlated for the 

s e a son a s '8 who le. C on 8 e que n t l y, the Il ter a t ure s' e II p h a sI son 

the lIeasurement of photosynthetlc rates as a aurrogate for 

growth rate 18 unliarranted. Thus" the photosynthetic rate, 

the growth rate and the _axll1ulll bioUlass are shown to be Iess 

dl r e c t l Y Il n k. e d, and th u 8, l e 8 s e qui t a b let han as s U Ile d b Y 

squa.tle ecologi&ts. BOliever. the result& provide BUPP?rt for 

the view, first expressed by Pearsall (1920. 1921), that 

sedll1ent charscterlstlcs are of the greatest signifieance ln 

de terllini ng t-he .ac rophy te bio_asa of lakes. 

If the prediction of co.aunity bio.ass and growtb 1& to 

" bee01ile a reality. the relevant environ.ental factora wbich ean 

be used to precUct .acropbyte growth and bioaass auat be 

ident1fied and incorporated ioto pred1etive aodel •• Tbe present 

study identifièa 80.e 8ucb predlctors of Hyrlopbll~ sboot 

tl' 
growtb in Lake Me.pbre.agog. Unfortunately, above gl'ound gl'owtb 

re.ponds in a 8eaaooa1ly ebanlilll f.sbion ta its environ.ent. 

requiring a .e.sonal11 changing set of pred1etora if Irovth 1. 

to be weIl deseribed. l 



( 

", 

-51-

Literature Cited 

Adaas, M.S. and Prentki, R.T., 1982. Biology, lIletabolism and 

functions of litt,oral submersed weedbeds of Lake Wingra 

Wisconsin, USA A sUlIlmary a.nd review. Arehiv. f. 

,Hydrobiol. Suppl.-Bd., 62: 333-409. 

Alken, S.G. and Gillet, J.H .. , 1974. The distribution of 
\ 

aquatie plants in seLeeted lakes in Gatineau Park, Quebec. 

<:? Can. Field-Naturalist., 88: 437-448. 

Barko, J.W. and Smart.., J.M., 1983. Effects of organie matter 

additions to sediment on the growth of aquatie plants., J. 

Ecol. 71: 161-175. 

Best, K.P.H., 1981. A prelillllnary model for growth of 

Ceratophyllum demersum L. Veho Inter. Verin. L~mnol., 21: 

1484-1491. 

But, H.D. and Mantai, K.R.) 1978. Growth of Myriophyl!:,um: 

sediment or lake water as the source of nitrogen or 

phosphorus. Ecology, 58: 1075-1080. 

Carignan, R. and Kalff, J., 1980., Phosphorus sources for 

aquatte weeds: vater or sediments? Science, 207: 987-989. 

Carpenter, S.R. and Adams, M.S., 1979. Effects of nutrients and 

tempe rature 
J 

on deeomposit10n of Myriophy llum ,spica tum L. 

ln a bardvater eutrophie lake. L1 .. no1. Oeeanogr., 24: 520-

528. 

tattaneo, A. and Kalff, J., 1979. Prillarrproduction of algse 
l 

groving on natural- and arUflcial aquatlc plants: a study 

of interactlons between ephiphytes and their subst rate. 

Lianol. Oceanogr.» 24: 1031-1037. 
J\ 

.. 

l 
1 

'1 

1 



-52-

( Draper, JI.I.. alld Saitb, B., 1981. Applied re'UI •• ion ana1yeie. 

2 nd ed. John Viley and Sonl, Inc., If.Y., 709 pp. 

Eainloll, D. and KOSB, B., 1980. Tbe co.position and ecology of 

perlphyton communities in freshvaters. 1. The influence of 

r 
hoat type and external environ_ent on co •• unity 

co.position. Br. Phycol. J., 15: 429-446. 

'_Ir, P. and Meeke, L., 1983. Seasonal variations in the 

pattern of photosyntbesis and possible adaptive response 

ta varing light flux regiaes in Ceratophyllu. de.erau. L., 

A qua t. Bot., 1 5: 81 - 90. 

'. Gerloff, C.C., 1975. Nutritional ecology of nuisance aqua'tic 

plants. V.S.H.P.A. Ecological Research Series No. 660/3-

75-027. Environra. Prat. Ag., Corvallis, Oregon., 79 pp. 

K..1ff, J. and Knoeche1, R., 1978. Phytoplankton and their 

dynaraies ln oligotrophie and eutrophie laites. Annv. Rev. 

1 col. S ys t., 9: 475 - 495. 

K.eddy, P.A., 1982. Quantifying vithln laite gradients of .ave 

energy, substrate particle size and ahoreline plants in 

Axe Laite, Ontario. Aquat. Bot., 14: 41-58 • 
• 

'-ecldy, P.A., 1983. Shoreline vegetation in Axe Lake, Ontario: 

effects of exposure on zonation patterns. EcoloSY • 64(2): 

:331-344. 

Kontgo.ery, D.C. and Peck, I.A., 1982. Introduction ta 1inear 

regreslion ana1,.1 •• John Vile,. and Son.,Ine., M.Y., 504 

pp. 

( \ 

1 
f 
~ 

1 

1 



( 

\. 

( 

-51-

, 
lichol.OD, S.A., LeTey, a.A.,and C lute, p.a., 1975. Ilac:ropbyte-

aedia.nt relationablp. in Chautauqua Laite. Verh. Inter. 

Verin. Lianol., 19: 2758-2764. 

Ondolt, J.P. and Gloser, J., 1978 a. Net photosynthesls and dark 

respiration in 8 stand of Phragmites co_munis Trin • 

• 
cal cu 1 ated by means of a lIode 1. 1. Desc ription by lIeaos of 

a lIode!. Photosynthetlea, 12: 328-336. 

Ondok, J.P. and Gloner, J., 1978 b. Net pbotosynthesis 'and dark 

resp1.rat1on in a ctand of Phragaites co •• unis Trin. 

calculeted by means of 8 raodel. Il. Resulta. 

Photosynthetica, 12: 337-343. 

Pearsall, W.H., 1920. The aquatie vegetation of the Engliah 
~t_ ,-

Laites. J. Eco!., 8: 163-201. ~ 

Pearsall, W.B., 1921. The developllent of vegetation :1n the 

English Lakes, considered in relation to the generaI 

evolution of glacial laites and rock basins. Proc. R. Soc. 

B., 92: 259-284. 

Sand-Jensen, K. and Sjllndergaard, H., 1979. Distribution and 

quantitative developaent of aquatie aacrophytes in 

relation to sediaent characteriatics in oligotrophic Lake 

Kalgaard, Denllark. Preshwater Biol., 9: 1-11. 

Sheldon, R.8. and Boylen, C.V., 1978. An undervater survey 

aethod for eati.ating Bub.erged aacrophyte population 

density and b1omasa. Aquat. Bot., 4: 65-72. 

S.lth, V.H., 1919. ltutrient dependAnce of pri •• ry productivity 

in lake •• Li.nol. Oceanogr., 24: 1051-1064. 



( 

-54-

Saith, V.B., 1982. Tbe nltro,en and pboapbor.a dependAnce of 

a1sal bio.a •• in laite.: an eapirical and theoretical 

analY818. Lienol. Oceanogr •• 27: 1101-1112. 

Seltb, V.H •• 1983. Law nitrogen ta pbosphorus ratios favor 
, 

doainance by blue-green algae ln laite phytoplanltton. ~ 

Science. 221: 669-671. 

Spence, D.N.H., 1967. Factors controlling the distribution of 

fresbwater macrophytes with partlcular reference ta the 

lochs of Scotland. J. Ecolo, 55: 147-170. 

Steti.ticsl Analysis Systems, 1982. SAS user's guide: f 
statistlcs (1982 ed.). SAS Institute. Ine., Cary, N.C., 

584 pp. 

Tilean, D •• 1982. Resource co.petit.ion and co •• unity structure. 

Princeton Monogr. Pop. Biol., 17. 

Titua, J.8. and Adaas, M.S., 1979. Coaparitlve carbohydrate 

atorage and utillz.tl~n patterns ln the 8ubaer.ed 

.acrophytes !~~!!~ apicatua and Vallisneria 

a.ericana. A.er. MidI. Natur.,. 102: 263-272. 

Titu., J.E., Coldsteln, R.A., Ad.es, M.S •• M.nkin, J.B., 

O'Neill, R.V., Weiler, P.i. Jr., Shugart, B.B., and Booth, 

I..S., 1975. A production 80de1 for Kyrlophyllua .pieatua 

L. "lcoloSY, 56: 1129-1138. , .. 

1 
! 



( 

\ , 

-ss-

Vet&el, I..G. and Allen, B.L., 1970. 'ullet1oll. allellnteraetioll. 

of eli •• olyed orsanie .atter and the littoral &one ln lake 

aetabol! •• and eutropbicatlon. In: :l. Kajak and A. 

Billbrlcht-Ilkowaka (Editora). Productlvlty Problea. of 

Freahwatera. Varsaw, PMW Pol1sb Scientiflc Publl.her •• pp. 

333-347. 

i 
i 
1 
! 

" .' 

Za'r. J.B., 1974. Biostatiatleal analy.l •• Prentlee-Ball, Ine., l 
Inslewood Clifh. t1.J., 620 pp. 

o 



1 

.. 

( 

... 56-

RECAPITULATION AND CONCLUSIONS 

The pu rpolle of th!. Itudy was to quantHy the variabillty 

in, and the Dost important variablea deseriblng, the growth and 

maximum biomass of the aquatie aacrophyte Hyriophyllum spieatum 

L. in nature. 

The first c:hapter of thls study Identlfled patterns in 

variance (S2) and mean (i) values of grovth rates, tissue 

nutrient content, photosynthetic rate and photon flux density. 

Such patterns are in the.selves Interestlng because they imply 

relations whieh lIlay later be eorrelated vith maerophyte growth. 

Varianee-aean corre lations determined for thcse mcssu res can be 

used ta caleulate the necessary nu.ber of samples to eollect. 

Collectlng the appropriate number of samples 18 a major first 

etep towarde anawering major questions about the dynamics of 

macrophytes in nature. 

Chapter tvo Identified regression aodel" relation8 

descrlblng maerophyte grovth. Regressor variables atudied . 
aignifleantly (P < 0.001) deaerlbed the .ejority of variation 

in MyrioEhlllua growth rates for data in ft of S grovth periode, 

end for aIl data coabined, vith tls.ue P the .ost i.portant 

single variable for the seaaon a8 a whole. The nu.ber of vhorls 

on the shoot tips of "Irlophyl!u! vere shovn to be accurate 

eatia.tora of both MJr10phl!~ atea densit1e8 and sea80n 

aaxiaua bioD.aa of Don-MIriophtl!.!:!.!. .pec1es coablned. 81gh 

organle content ln sedimenta ••• aa.oc:lated vith lov aaximua 

biosas. for Mlriophzll!!.!!. !.!.!li8n.ria a.ericana L. and aIl 

apecha coablnecJ. ln .dd! tion, nutrient (II.P'~) additions to !!. 

1 ;. 
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8itu sediments yielded signifie.ntly (P < 0.05) larger a.xi.ua 

( biomass for only !~118nerla compared to plants grovn on 

unfertilized sediments. No signifieant (P < 0.05) difference in 

\ biomass was shown for Kyriophyl~ maximum biomass coapared 

between fertilized and unferti~lzed sediments, even though 

biomsss on fertilized sediments was 37 % greater. 

The search for pattern in Lake Memphremagog ts but a 

first step in the search for pattern in the ecology of 

8ubmersed aquatie macrophytes elsevhere. 

1 
1 

~ 
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APPENDIX A 

This appeodix gi ves the raw data for the ste. length (ail)' 

and w ~ i g h t ( g ) 0 f !! y rio p h Y !!.!!. • pic a t U III L. a t 2.5 • d e p t h 1 n 

Lake Memphrellagog and was used to Ident1fy regression relations 

(Chapter l, Table 1). The first coluan gives the sa.ple period 

(SPi 1 - 21 June, 2 - 1 JuIy, 3 - 8 August) during 1982; the 

s~cond coluan specifies the stea fraction (SF) class (C -

central, S - side); the thlrd coluaa iodicates the length (L) 

of each stea fraction; and coluao four pre.ents the welght CV) 1 
j 

of each stea fraction aea.ured. 
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" 
SP SF L W 

l, 
1 C 73.8 0.4296 

1 C 108.0 0.6243 

1 C 100.0 0.4791 

1 C 41.0 0.1186 

1 c 81.0 0.2647 
j 

1 C 90.0 0.3854 1 
1 

1 51.2 0.0986 l C l 
t 

1 C 75.4 0.4012 i 

l 1 109.0 0.3954 C 

1 C 90.4 0.3493 1 

,J 
1 c 82.5 0.2752 i 

1 
1 C 82.2 0.2651 

:.. 
1 C 85.2 0.3924 

1 C 98.2 0.4261 

1 C 67.6 0.1677 1 
~ 

1 C 96.0 0.3467 1 , 
• , 

1 C 89.3 0.2883 j 
1 C 9~.5 0.4602 

l 1 C 92.4 0.2070 
l 
l 
f 

1 C 42.5 0.1201 J 

1 C 47.2 0.0967 

1 C 47.0 0.1511 

1 C 110.2 0.S628 

~ 53.4 0.1186 1 C 

1 C 46.0 0.1483 
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1 S 6.2 0.0247 

1 S 38.6 0.1550 

1 S 4.5 0.0139 

1 S 6 .. 5 0.0430 

1 s 6.3 0.0112 

1 S 12.5 0.0441 

1 S 110.5 0.4641 

1 S 22.5 0.0827 

'1 S 18.5 0.0545 

1 S 7.8 0.0325 

1 S 5.5 0.0269 

\ S . 10.0 0.0415 

1\ 

c 

s 6.5 0.0113 

1 S 12.0 0.0471 

1 S 14.0 0.0329 1 

\ 
1 

1 S 13.0 0.0222 ! 
l 

1 S 18.0 0.0524 1 

1 S 14.0 0.0390' 

1 S 17.8 0.0757 

1 S 21.7 0.0576 

1 S 17.5 0.0471 

1 S 25.0 0.0529 

1 S 6.0 0.0176 

1 S 16.0 0.1034 
~ 

1 s 38.5 0.1643 
') 

c 

1 s 7.8 0.0174 4 
• 

1 S' 6.4 0.0206 

1 S 29.0 0.0694 
0' 
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1 S 24.3 0.0968 

1 S 11.7 0.0554 

1 S 18.6 0.0468 

1 S 9.6 0.0144 

1 S 51.6 0.1270 

1 S 12.1 0.0900 

1 S Il.8 0.0273 

1 S 25.0 0.0929 

1 S 74.8 0.2640 

1 S 6.7 0.0100 

1 S 13.5 0.0231 

1 S 11.5 0.0236 

1 S 24.1 0.0943 

1 S 29.8 0.1266 

1 S 12.1 0.0321 

1 S 31.2 0.0675 

1 S 11. 7 0.0194 

1 S 13.9 0.0371 

1 S 9.3 0.0164 
\ 

\ 1 S 8.9 0.0437 
>. 

1 S 67.0 0.2477 

1 S .54.7 0.2699 

1 S 1.9 0.0853 

1 S 18.3 0.0408 

2 C 71.0 0.1791 

( 2 C 39.5 0.0916 
:1 
i." 

2 C 105.0 0.3947 

j 
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2 C 65.5 0.2497 

2 C 37.0 0.0776 

2 C 166.0 0.6928 

2 C 103.0 0.3061 

2 C 90.5 0.2019 

2 C 69.0 0.1486 

2 C 76.0 0.1683 

2 S 7.0 0.0134 

2 S 38.0 0.1135 

2 S 9.0 0.0162 

2 S 9.0 0.0181 

2 S 15.0 0.0391 

2 S t 9.0 0.0494 

2 S 12.0 0:0380 

.2 S 12.0 0.0399 

2 S 6.5 0.0214 

2 n S 20.S 0.0930 

2 S 16.5 0.0519 

2 S 6.0 0.0126 
( 

2 S 6.5 0.0198 

2 5 13.5 0.0411 

2 5 5.S 0.0153 

2 S 7.0 0.0230 ; . 
2~ 5 15.S 0.0458 

2 S 20.0 0.0663 

2 S 22.0 0.0663 

2 S. 24.0 0.0814 \, 
~ 

2 S 11.4 0.OS83 ~ 

i 
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~~ 

11.0 0.0340 2 S 

2 S 8.0 0.0242 

2 S 6.5 0.0131 

2 S 7.0 0.0170 

2 S 9.5 0.0281 

2 S 23.5 0.0854 

2 S 9.0 0.0271 

2 S 7.0 0.0196 
i 

2 S 16.0 0.0471 
l 

t 2 S 22.5 0.1097 
";J.( J 

2 S 10.0 0.0518 
, , 
, 

2 S 6.0 0.0220 ~ 

2 S 5.5 0.0171 1 
2 S {; .0 0.0169 i 

j 
2 S 17.5 0.0566 l 

1 2 S 17.0 0.0481 

2 S 17.0 0.0796 
j 
7i 

2 , S 18.0 0.0544 

2 S 25.0 0.0726 

2 S 6.5 0.0144 

2 S 7.0 0.0143 

2 S 5.5 0.0123 

2 S 5.0 0.0167 

2 S 10.5 0.0192 

2 S 12.0 0.0560 , 
-

-
2 S 22.0 0.1019 

2 S 6.0 0.0233 
'; 
~. 

2 S 7.0 0;0097 
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( 
2 S 10.0 0.0152 

2 S 10.0 0.0169 

2 S 6.0 0.0093 

2 S 6.5 0.0091 

2 , ~ 9.5 0.0124 

2 S 9.5 0.0198 

2" S 31.5 0.0533 

CI 2 S 16.0 0.0205 

2 S 19.0 0.0448 

2 S 5.5 0.0081 

2 S 6.5 0.0099 

2 S 7.0 0.0112 --
3 C 103.5 0.1881 .. 
3 C 85.5 0.1314 

3 C 100.5 0.1111 .. 

3 C 1S2.0 0.4326 (. .. 

3 C 161.5 o .~54;) 

) 3 C 198.0 0.9253 

3 C 170.5 0.5211 

3 C 166.0 0.2994 

3 C 46".5 0.0565 

3 C 143.5 o .3S}6 
.. ';ri 

3 C 101.5 0.1812 

,i 3": ~;' C 156.5 0.5076 

3 C 116;,5 0.3774 

3 C 181.0 -0.5617 .~ 

\ 3 C 155.5 0.2889 
~ 
J 
j 



1 
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~ 

( 3 S 7.5 0.0150 ,t 
l" "", 

3 S 29.0 0.0471 t 

3 S 25.0 0.0522 j 
." 

3 S 32.0 0.0805 
,~ 

rt 
i 

3 S 13.5 0.0261 
~ 

3 S 28.5 0.0926 
", 

,'\' 
3 S 10.0 0.0393 

3 S 97.5 0.2450 

~ 
3 S 6.0 0.0121 

3 S 8.0 0.0161 
...... 

.; 
3 S 7.0 0.0163 

3 S 15.0 0.0474 . 

3 S 13.0 0.0279 

3 S 12.0 0.0270 

3 S 17.5 0 .. 0500 

3 S 5.0 0.0135 

3 S 14.0 0.0485 

3 S 14.5 0.0478 

3 S 6.0 0.0219 

3 S 7.5 0.0322 
. 

3 S 3.0 0.0078~ 

\,jl,.. -; 

3 S 5.0 0.0118 

3 S 5.0 0.0100 
"'~ 

3 S 5.0 0.0113 

3 S 13.5 0.0262 

(: 3 S 22.5 0.0457 
~ 

3 S 9.0 0.0207 

l S 1 36.0 0.0576 



-,.-

( 3 1 '.S 0.0210 

3 S 236.5 0.6165 

3 S 12.0 0.0134 

3 S 13.0 0.0220 

3 S 153.0 0.2928 

3 \ S 26.0 0.0266 / 

3 S 8.5 0.0109 
, 

3 S 17.0 0.0471 i 
3 S 20.0 0.0568 1 
3 S 6.5 0.0235 1 

S 
l 

3 6.5 0.0472 
i .. 1 

3 S 13.0 0.0405 • 
l 
1 

3 s '13.,5 0.0470 
/ --, \'. 

'3 S 1'4.5 0.0394 

3 s Il.0 0.0228 

3 S 6.0 0.0093 , , 
3 S 10.0 0.0205 ! 

3 S 7.0 0.0141 l 

: 3 S 103.0 0.1654 ., 
~ 

3 S 166.0 0.4387 

3 S 32.0 0.0377 

3 S 6.5 0.0254 

,1 
" 

'Ui 1 

) 

< 

~ 
J 

( j 
'l 

\ ',l 

- ~- j 
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Thi. appeodix lives the rav data of a •• sures for 

•• riables tbougltt liltely to he correlated vIth Myriopbyl~ 

apicatua growth durlog 1982 10 Laite Meap'hreaagog. These 

variable8 app'ear by block cla88 (BC), grovth perlod (GP) aod 

plant nUllbe~ (PH) classifications ln the following table as: li 
l' 

- tissue nitrogen (g 6-g- 1 ), P - tissue phospborus (g p.g- 1 ), (' 

- t18sue"pota88iua (g ~"g-l), HW - nuaber of .borls on the 

distal 15 c. of a central stea, LL • average lengtb (ca) of 

leaves on tbe basal whorl of the distal 15 c. of a central 

ste., PF • photon flux density (E-a- 2 -d- 1 ), SG B. a 

specifie growtb rate ( ag - g - 1 • pla n t - 1 • d -1 ) , 8 2 of 8GB. • 
,;.'l 

variance 8s8ociated vith estiaatlng specifie growth rates 

using lengbt-weight relations, B.Gi. a relative growtb rate 

(g·plant- 1-d- 1 ) and S2 of I.GI. • variance assoclated vith 

es timat ing re 1 ati ve Irovth t'ates Dainl length-weight re lations_ 



~ 

BC GP PN N P K HW LL pp SGR S2 RGR S2 Pl 

of of 

SGI. RGR 

A 1 1 11.67 1.98 21.38 3 33 9.1S 7."67 0.412 2.89 0.0066 !o99 

A 10' 2 75.46 1.66 50.68 8 JO 8.94 -15.14 0.341 -4.96 0.0304 1.40 

A 1 3 7.92 1.17 21.35 14 38 9.20 -12.42 0.359 -4.34 0.0159 2.00 

lO .19 -71.54 0.069 -40.37 0.3456 1 
A 1 4 1P • .., 

Q 

Â 1 .5 12.26 1.86 17.03 11 18 
1 

7.28 39.58 0.055 3.l6 0.0105 3.32 

A 1 6 • • 1.62 -71.34 0.368 -14.45 O. 1841 • 

A 1 7 12.26 1.26 33.92 4 28 9.20 -12.42 0.359 -4.34 0.0159 2.00 

B 1 1 • 8.69 -71.54 0.451 -17.96 0.2255 • , 

" B 1 2 9.09 -4.59 0.327 -1.39 0.0076 • 

• 1 3 7 24 8.11 17.82 0.154 3. 56 0.0229 2.12 
~ 

• • L 

B 1 4 14.42 2.36 31.23 8 29 7.24 22.49 0.229 4.25 0.02'92 1.80 

B 1 S 11.40 2.79 32.32 3 34 7.58 22.25 0.131 3.11 0.0514 2.06 

f , -:=:'- -=-.).. 

•• Il •• lltBir ii.~Ii~"l'>'~~lj:~l!~"\ -~ '" 
~"- A __ 

-, -- ..... .;.. ~ « -



B 1 6 14.04 1.10 23.62 6 15 7.32 -26.14 0.056 -2.30 0.0092 1.02 

B 1 ] 95.91 2.39 • 6 20 7.12 -9.58 0.041 -0.79 0.0055 2.36 

c 1 1 24.18 3.09-- 40.79 10 28 8.02 138.30 0.412 21.02 0.3006 4.54 
0 

C 1 2 • • 8.40 -71e55 0.367 -17.38 0.1834 

C 1 3 5.94 3.98 5.18 9 17 7.49 108.86 0.278 17.63 0.1676 3. 34 

c 1 4 • • • 9.80 -5.84 0.607 -2.51 0.0277 • 
l, 

C 1 5 18.24 2.34 5.70 10 24 8.69 16.73 0.220 3.43 0.0066 1.94 

C 1 6 10.04 2.11 10.19 4 37 7.37 -15.62 0.054 -1.42 0.0044 1.51 

C 1 7 32.15 1.19 20.71 2 30 7.67 182.39 0.423 24.25 0.3455 1.90 
1 

D 1 1 20.14 2.49 23.13 9 35 
.... 

8.73 124.22 2.148 41.99 1.8359 4.66 .... 
1 

n 1 2 9.79 1.38 13.87 4 26 8.64 31. 78 0.375 11.19 0.0721 1.70 

D 1 3 9.80 4.76 18.02 13 28 7.20 79.79 0.149 10.29 0.0758 2.98 

D 1 4 15.97 2.47 25.57 10 37 7.28 93.15 0.114 9.04 0.0671 5.81 

D 1 5 • • • 12 30 8.21 15.36 0.144 2.46 0.0103 2.43 

0 1 6 142.30. 3.01 15.05 16 16 7.12 20.94 0.039 1.53 0.0035 2.1,8 

D 1 7 • • • • 8.84 44.36 0.444 12.82 0.1355 • 1 1 , 
t B 1 1 10.27 2.09 11.15 9 35 8.21 18 .93 0.899 6.66 0.2871 4.02 

i r-f 
li 

\ :f, 

J 
~~~...::.~!._.,-~_.~.~ .. ,--..... ~1.-'~". __ ti"'l;').~"",~-:;""" Y, _ .. --~ ....... ~,--~ ... ~ ................ ~ •• ......... 'k "'- --, ,. ~ ... ,", '" ~ 
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1 1 2 16.55 1.34 27.49 3 13 8.45 -21.37 0.199 -4.81 0.0174 1.10 

& 1 3 14.87 1.42 23.01 10 35 7.20 66.27 0.066 5.24 0.0263 2.14 

1 1 4 13.68 0.92 20.83 13 33 9.36 -20.78 1.761 -14.11 0.6917 1.52 

B 1 5 • • • 7.28 62.40 0.775 7.55 0.0389 

1 1 6 12.11 2.32 19.45 5 33 8.21 -12.17 0.202 -3.01 0.0324 1.66 

1 1 7 11.48 1.14 26.96 13 30 8.89 61.19 0.774 26.44" 0.3860 :\ .16 

A 2 1 • 2 32 10.94 -5.29 0.534 -1.71 0.0059 1.62 

A- 2 2 • • • 8' 35 17.18 12.75 11.931 18.17 1.3909 2.62 

A 2 3 • 9 37 12.45 7.90 2.267 5.84 0.2390 3.85 
1 

A 2 4 2 35 13.40 -22.40 2.515 -16.26 0.2195 0.50' " • N 
t 

.l 2 5 • • • 11.06 -71.37 1.565 -32.90 0.7824 • 
A 2 6 · , 7 27 9.99 24.33 0.339 6.64 0.0464 1.11 

A- 2 1 • • • 19 25 12.67 -47.66 2.102 -25.07 0.6226 1.26 

• 2 1 • • 10.05 -71.19 0.718 -23.85 0.3591 • 

1 2 2 • • 16 15 ' 10.27 -1.46 0.379 -0.52 0.0092 0.91 

IS 2 3 • • • 6, -- -- 30 9.33 11.78 0.212 2.72 0.0316 0.80 

1 2 4 · - • 6 27 11.06 -18.39 2.240 -8.70 0.0774 0.59 

CTS 1 m IJ] ]'t.iiNl.'à!i;.;,.,,~.o"""'_-..".-~ .~_.·~c> .• - -~.- - ,- . '- ___ ~,_~~_-.t..._,-._.~ - -, " ~ ,. ~,'--._~~._~. 



......... , 

B 2 5 • • 2 32 8.970 -48.32 0.170 -7.83 0.0547 0.71 
, 

B 2 6 • 8;)9 -71.69 0.153 -9.75 0.0766 

... ' B 2 7 • • 8 16 8.01 -58.46 0.170 -8.24 0.0761 1.53 .. -
" C 2 1 Jo · • • • 9.44 -71.31 0.418 -16.43 0.2090 • <.. 

C 2 2 16.12 2.18 9.98 9 20 10.69 26.85 1.131 13.69 0.4897 1.51 

C 2 3' · . • • 9 22 7.92 26.80 0.158 4.53 0.0904 2.19 

c 2, 4 • • 5 JO 8.58 -9.84 0.077 -1.12 0.0030 0.58 

C 2 5 • • 4 20 12.04 -32.43 1.421 -19.23 0.2704 0.67 

C 2 6 • • " 11 22 8.67 71.43 0.167 9.71 0.0821 1.60 1 ..... . \II 
C 2 7 • 10 32 13.94 58.84 8.146 58.49 4.8059 1.51 1 

D 2 1 12.58 2.26 19.39 .5 25 10.33 2S.42 0.807 12.10 0.1967 1.44 

D 2 2 24.44 5.19 6.60 8 33 10.33 48.50 3.106 25.71 2.3596 3.50 

; D 2 3 7.23 2.38 1 
! 

1 
13.95 6 22 9.13 tt·35 0.161 2.46 0.0019 1.81 

i 
D 2 4 22.81 4.06 25.47 8 27 8.43 20.59 0.150 23.64 0.0304 2.02 ! , , , , 

1 : D 2 .5 15.77 1.95 15.32 3 35 Il.90 0.53 2.984 0.40 1.2121 1.09 
1 t D 2 6 9.93 -71.55 0.517 -17.17 0.2586 ; 1 • • • • • • 
! ~ D 2 1 • • • 2 20 8.20 -34.98 0.062 -3.08 0.0148 0.43 

1117S;' Flf.-~~·~-"'-~~-··~~ ---"-_h._ -, .. __ --' ____ n. _____ ~_. 
~.:) ~ 

, "' d ...... }>,~ .. ~ 
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B 3 4 15.78 2.77 30.25 10 31 24.33 43.47 1. 579 39.95 1.1924 

B 3 5 21.91 3.68 27.96 9 30 13.25 94.61 1.491 28.19 1.3099 5.97 

1 3 6 • • Il.72 -72.60 0.249 -14.16 0.1515 

B 3 7 • • • 11.32 -73.69 0.061 -7.22 0.0512 • 

C 3 1 18.70 1.98 18.00 16 29 18.75 27.45 4.753 21.63 3.7005 3.90 

C 3 2 • · ~ • • 10.65 167.74 0 •. 087 10.06 0.0816 • 

C 3 3 • • c 17 33 17.44 4.99 2.467 4.11 1.4349 1.l7 

C 3 
1 

4 14.73 1.29 19.67 9 25 14.91 104.34 1.377 44.66 1.0942 3.44 

C 3 5 5.48 2.53 14.74 21 30 14.91 64.58 14.558 17.44 14.5034 3.70 
1 

C 3 6 11.89 1.54 26.34 14 30 27.44 -20.74 0.645 -19.01 0.3446 0.75 ..... 
Vt 
1 

C 3 7 30.91 3.88 33.65 1,3 35 17.34 46.32 0.489 23.11 0.0392 S.39 

D 3 1 19.56 3.06 9.65 5 36 12.32 178.61 0.537 30 .. 36 0.5091 3.19 

D 3 2 0.10 1.34 17.65 3 31 15.41 -38.01 0.178 -11.59 0.0976 1.52 

D 3, 3 16.62 2.71 1.85 2 31 13.10 -73.46 0.159 -11.90 0.1362 0.60 

D :3 4 29.49 3.01 27.08 _ 7 25 10.83 183.69 0.149 16.43 0.1398 5.27 

D :3 5 14.05 2.76 27.15 7 26 11.58 .-73.67 0.072 -7.74 0.0607 6.79 

D 3 6 19.21 2.68 24.06 10 24 13.18 65.,31 1.922 34.61 1.2425 3.61 

,r--

1 
1 "-

i 
" 

( 

if 

.!:Ia.rill' •• · -"?_'.'~' ... , -'.' -' 
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0 3 7 17.61 2.62 IS.30 7 35 11.65 189.83 1.780 56.00 1.6837 3.10 

E 3 1 16.84 2.47 17.45 14 26 22.59 4.00 5.889 6.60 3.2978 2.64 

E 3 2 4 28 14.74 85.97 0.599 26.05 0.5035 3.25 

E 3 3 , 39.07 6.40 23.60 Il 26 17.44 95.92 1.6i8 45.18 1.4376 3.31 

E 3 4 17.27 1. 73 18.10 5 32 25.37 24,.66 1.620 26.14 1-.1710 1.55 

E 3 5 12-.39 I.S~ 0.67 14 34 27.60 -1. 74 1.161 -1.67 0.1201 1.63 

E 3 6 • • Il.08 -73.79 0.049 -5.61 0.0420 

B 3 7 4.57 1.89, 10.84 7 33 26.69 -0.34 11.640 -0.80 5.3826 1.38 
" 

t Â 4 1 15.29 2.48 28.48 3 33 12.91 -20.58 0.741 -10.23 0.2006 1.30 
t .... 

Â 4 2 12.98 1.75 20.55 7 22 13.46 18.85 0.258 3.60 0.0392 1. 78 a-
I 

A 4 3 • • • 13 .53 -71.46 0.468 -15.15 0.2341 • 

A 4 4 17.19 1.81 20.58 13 23 20.04 15.29 2.811 10.87 0.9312 2.48 

A 4 5 16.97 2.80 24.17 9 25 10.45 166.59 0.216 15.49 0.1667 2.34 

A 4 6 14.64 1.55 15.74 7 32 17.25 33.90 2.412 28.27 1.0981 1.36 

A 4 7 \. 12.87 1.79 34.38 11 28 16.38 14.58 2.533 10.09 1.1541 1.68 

B 4 1 12.45 1.04 12.04 4 32 15.39 19.40 3.078 13.31 1.8251 0.77 

B 4 2 18.30 2.17 6.81 7 22 10.29 165.12 0.124 9.91 0.0883 2.51 

.mll~ , fl_~·N;""""··'" .,', ".-" - . ' .. ~ . -
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\ 

B 4 3 18.00; 1.93 23.58 9 31 16.13 36.41 3.904 33.17 1.7703 1.99 

B 4 4 10.68 0.99 15.14 18 24 21.89 -0.18 7.137 -0.29 2.2172 1.0-3 

B '4' 5 12.91 -36.46 0.477 -18.19 0.2386 

B 4 6 16.16 1.79 27.34 4 30 17.43 2.91 ~S7 2.01 1.1381 1.21 

B 4 7 33.01 1.69 28.48 4 28 13.59 20.02 1.229 7.49 0.7747 1.41 

C 4 1 14.24 2.07 22.24- 9 24 13.53 -71.59 0.445 -12.14 0.2225 1.42 

c 4 2 Il.12 1.30 29.60 .5 36 19.43 12.4-3 - 2.304 11.06 0.3494 1.0e 
0 

c 4' 3 16.10 2.02 19.74 7 25 12.14 136.42 0.293 19.31 0.1711 1.61 

C 4 4 5.76 2.06 15.19 12 27 15.08 -3.82 1.682 -2.46 0.6644 1.97 

C 4 5 16.20 2.29 14.21 6 26 10.66 179.76 0.255 12.94 • 0.2071 1.32 ~ 
~ -, 

C 4 6 15.65 1.92 23.59 10 28 13.18 84.76 0.394 17.21 0.1899 0-.92. 

c 4 7 17.82 2.93 10.06 5 28 15.24 -11.48 1.823 -33.16 0.9117 2.18 
, 

Ô.Sl D 4 1 9.79 0.80 25.42 10 18 11.00 149.74 0.219 12.28 o.~o 
D 4 2 • 12.85 -11.51 o • 3-'44 - 1 2 • 80 0.1 18 • 

D 4 3 14.17 1.74 21 .16 5 20 10.83 42.49 0.016 3.27 0.022\ 1.61 
l> 4 4 22.32 1.34 21.50 12 21 Il.83 61.84 0.163 7.24 0.0641 1,.12. 

~ 

D 4 5 29.94 2.09 6.87 5 25 9.97 41.11 0.081 4.19 0.0235 O.S4 

~~:a-,. 
~._."""Jf~*..... M_h_---;:}o_ 
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D 4 6 13.15 2.22 24.34 Il 24 13.18 2.62 0.276 0.58- 0.0608 1.88 

0 4 7 44.55 1.64 35.30 3 40 14.47 -7.52 0.724 -3.52 0.0251 5.93 

E 4 1 11.18 1.68 19.34 8 23 12.01 89.03 0.192 10.25 0.0842 1. 70 

E 4 2 17.44 1 .41 23.78 12 26 14.92 18.27 0.630 6.00 0.1089 1.19 

E 4 3 11.64 1.63 30.15 7 20 9.87 158.16 0.090 7.75 0.0646 1.72 

E 4 4 11 .81 1.22 0.15 15 23 12.01 -5.98 0.166 --1 .03 o .0191.- 2.20 

1 "4 5 11.98 1.59 24.74 3 34 16.55 -5.54 0.680 -1.89 0.0116 0.65 

B 4' 6 --- 10 24 14.62 -9.23 1.192 -6.06 0.5116 1.50 0/ 

E 4 7 ~85 1.28 23.29 6 34 16.55 20.60 0.780 8.71 0.0514 1.05 
, .--:--

t 
A 5 1 14.65 1.76 26.31 7 22 16.40 96.74 1.688 32.21 1.0053 1.30 .... 

GD 
." 1 

A 5 2 ~ 10.99 1.83 21.89 6 32 16.0~ 65.38 ,1.165 33.34 0.4373 1.33 
~ 

A 5 3 22.02 3.43 30.03 7 32 11.98 268.02 1.144 46.64 0.9859 2.31 

A S 4 12.61 '1.38 24.38 Il 25 19.29 5.15 2.214 3.91 0.4596 2.93 

A 5 5 16.35 2.09 26.08 2 34 19.18 60.68 2.613 32.89 1.1894 0.43 

A -5 6 4.78 3.87 19.03 9 24 21.82 -13.78 3.988 -15.67 0.1697 0.62 ' 

A 5 1 17.00 1.80 29.15 7 37 18.13 -71.45 3.962 -52.01 1.9809 0.62 

B 5 1 5.83 3.65 20.55 11 22 10.71 50.34 0.406 12.54 0.2106 • 

!. 
1 

~ 

~'i&é\;"" 
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B 5 2 

B 5 3 

B 5 4 

B 5 5 

B 5 6 

B 5 7 

c 5 1 

c 5 2 

c 5 3 
....... 

c 5 4 

') c 5 5 

c 5 '6 

'- c !II 7 . 

D 5 l 

D 5 2 

D '5 3 

-0 5 4 

.'t •. ~~·:"" , .... ".,<' ... ~.' 

ç 

34.09 1.40 33.65 

18.15 1.59 33.03 

79.34 2.69 '49.47 

29.34 1.74 32.92 

4.76' 2.96 21. 78 

33.75 2.35 32.78 

10.14 2.51 ),7.35 

8.70 0.75 20.32 

16.07 1.52 31.04 

14.08 1.16-} 27.15 

13.53 1.33 21.52 

4.31 1.60 29.30 

11.741.60 2-9-.30 

7 

4 

7 

5 

8 

12 

7 

6 

9 

lq 

16' 

5 

'"1 
8 

31.19 2.34 25.15 il ,6 

7.33 5.83' 24.93 • . 
15.22 2.01 26.21 11 

21. 39 3.67 22.95 6 .. 
~ 

t; .-"ô' 

d 

", 
," 

;., 

"'" 
2'4 16.03 -5.64 3.980" -4.98 2.0502 - 0.65 

23 12.89 -16.31 1.109 -6.44 0.4836 0.65' 
t:; 

21 10.07 137.68 0.192 9.51 0.1458 0.01 
~ 

27 12.32 112.62 0.506 22.75 0.3039 

23 i1.20 223.82 0.967 42.75 0.8453 2.66 

,24 11.46 26.36 0.l25 2.98 " 0.019-5. 1 .87 

28 ~ 17.15 7.48 0.959 4.02 0.0011 0.36 
'" 

24 13.40 2 1 • 8 2 0 • 2 7·9 4.36 0.0251 0.53 

23 13.78 14.32 0.291 2.79 0.0029 0.84 

,24' 14.74 5.95 0.410 ~.39 0.0056 1.29 

,26 16.77 -20.31 0.817 -7.01 0~0561 2.26 
.. / 

~4' 13.86 -10.11 0.392 -3.70 0.0227 0.59 

18 lS.94 b 4.96 0.690 2.11 0.~168 1.16 

22 Il .72 
\ 

15.l35 0.128 1.86 0.0091 2.47 
l 

1 1 • 39." 1 6 9 • 3 0 0 • 6 4 3 24.38 0.5283 
\ 

27 1 0 • 7 't,ï 2 7 6 • 2 4 ,O. 1 6 3 24.59 0.5436 1.32 

11.5\ 112.8~ 16 0.317 
. 

13 • 21 .,0. 2045 . 1 ~ 74 

/' 

1 ..., 
~ 
1 

') 

IJ 

,. 



~ -. ... .... ~ _ " ... ~OIF ,,""'l"tV~~' ~ ':"" -...r.:-""""..,~ ......... ~ __ ." ..... _ ....... 

."---", --... 

,-
'" 

D 5 5 17.04 2.86 14.93 3 29 11.46 61 .25 0.140 6.92 0.0354 1.73 

D 5 6 17.51 2.01 20.87 3 32 16.96 -71.43 2.461 144.57 1.2306 0.82 

D 5 7 15.63 2.05 31 .91 8 25 16.12 -5.44 0.632 -1.58 0.0070 1 .21 

E 5 1 13.43 1. 59 21.98 10 24 16.49 4.57 0.845 1 .96 0.0161 0.01 

E 5 2 13.52 1.48 18.08 4 24 14.33 -8. Il 0.360 -1 .92 0.0052 0.67 

B 5 3 14.93 2.05 21. 34 10 19. 12.39 82.65 0.288 12.89 0.1219 2.0' 

E 5 4 4.37 1 .71 22.78 • 12. 60 -24.04 0.950 -11.64 0.1033 • 

E 5 5 16 .84 2.36 24.51- 5 28 13.18 97.73 0.452 16 .91 0.2194 0.9. 

E 5 6 11.13 1.93 24.98 7 23 16.58 3.50 1.876 2.66 0.2754 2.00 .. • 0 

B 5 7 11.24 1.48 30.73 6 40 15.42 -11.78 2.013 -7.35 0.4176 0.69 • 0 
1 

Co 

,J 

r ,- .' " "r",-' "10 ,1 .. ""'~,.. .. 
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the ra" ctata of 

(, •• -2) .easures 'br .pecha located vithin study plots. for 

"oth unfertil1zed (U) and nutrlent addition (NA) fertilized 

(F) .edi_enta ln Lake Me_phre_agog, presented by block elass 

(IC) and growth period (GP). The syabols on the following table 

he.ding repre8ent the squatie macrophyte specles: Myriophyllua 

.picatu_ (MY), Vallisnerla a_ericana 

robbin.ii (PR), Poto_egeton criapu. (PC). Poto_eseton natana 

(PI). !!~!.!.!, 8 pp. (K L ), Cabo.ba app. (CA), total noo-

Mlrlophyllu. (fliNY) spec1es , aod the bio.aas of aIl apeciea 

co.blned (BTOT). ln addition, ste •• that had overvintered (Sa -

• te .s 0 f the y e a r (S I!I - ne W Il te_ a '. - 2) and the 

orlanie content of sedi.enta "ithin plota a. los.-on-ignition 

(ASB - asb weight in percent of sedi.ent dry vt) are presentecl 

for e.<:~ plot. 

''j 

----------------------------
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NA 

U 

U 

U 

U 

u 

U 

u 

U 

u 

u 

u 

u 

U 

u 

U 

, 

IC GP 

A l 

• 1 

C 1 

D 1 

K, 1 

A 2 

:a 2 

C 2 

D 2 

1 2 

A 3 

1 ·3 

C 3 

D 3 

! 3 

MY VA 
.. 

32.95 0.98 

Il. 71 3.22 

24.52 4.63 

68.7\ 12.08 

27.17 18.13 

46.93 6.51 

4.00 2.23 

41. 90 11. 14 

22.02 24.93 

10.68 3. 20 

26.07 0.08 

14.61 0.92 

47.30 4.35 

24.90 2.87 

33.01 6.40 

, 

KL PI. PC-

0.66 20.31 0.12 

0.00 3.59 0.22 

0.00 0.07 1.06 

0.20 0.85 0.84 

2. 30 2. 24 0.00 

1. 22 26.80 0.00 

0.00 0.13 0.31 

0.61 0.32 1. 39 

1. 81 1 • 04 0.16 

0.00 0.06 3. 36 

0.00 1. 46 0.00 

0.16 2.03 0.41 

O. il 0.33 0.05 

6.88 32.04 0.93 

0.16 0.23 2.05 

--

" 

PN CA TN"Y ITOT SO SR AS8 

0.00 0.7) 22.79 55.74 17 .2 0.0 15.24 

0.00 0.00 7 .0 q 18.7) 10.0 0.4 18.83 

0.00 0.00 5.75 30.30 23.2 0.0 18.31 "--
1. 6) 0.00 15.06 84.31 9.6 0.0 8.8' 

0.00 0.32 23.00 50. 17 12.8 1 .2 9.5. 

0.00 0.5) ) ') .08 82.02 12.0 1.6 16.7. 

0.00 O. 12 2.80 6.79 4.8 0.8 17.14 ~ 
N 

0.00 O. 17 13. 6 3 5'>'54 16.4 2.4 12 .25 1 

0.00 0.00 27.94 '.9.96 10.0 4.0 11.43 

0.00 0.62 7 .25 l 7 .9:} 18.4 3.6 15 .18 

0.00 0.00 1. 46 21.54 22.0 51. 2 IS.]7 

0.00 0.39 J.92 18.53 li •. 8 74.8 19.5' 

0.00 0.00 f; .84 52.14 ') 7 .2 83.2 16.21 

0.00 0-.30 43.01 67.91 22.8 46.4 9.1' 

0.00 0.69 9.S2 41.S4 16 .0 28.8 10.65 

... ~ 



~ 

P Il 3 30.92 16.h9 IS.18 19.21 2. 61 1. 38 0.00 55.07 85.46 10.4 47.' • 
p la 3 23.98 16.50 0.00 0.00 0.24 0.00 0.00 16.74 40.72 6.0 35.2 • 

li' C 3 35.09 18.l8 0.00 50 S2 0.00 0.00 0.00 23.89 58.96 20~4 14.0 • 

F D ), 61.44 13.88 1 .23 2.15 0.56 0.00 l .83 19.64 81.08 18.0 41 .6 

F II: 3 26.69 34.02 1. 26 0.42 0.31 1. 16 0.00 37 • l 7 63.86 20.0 54.4 

u A 4 19.44 0.00 5. 23 5.87 2.08 0.00 4.03 17. 06 37.05 2.0 69.2 15.41 

u B 4 1.64 0.&4 0.22 4.36 0.00 0.00 0.00 5.23 6.87 2.0 82.0 21 .7'5 

U C 4 34.52 2.96 0.23 3.05 0.00 0.00 0.04 6.27 40.80 2.4 80.8 12.04 

u D 4 12.75 6.67 1 .63 16.51 0.00 0.00 0.32 25.13 37.88 1 .2 60.8 13. Il , 
U II: 4 57.57 35.35 5.88 0.86 2. 42 0.00 1 .67 46.16 101.33 11.6109.2 6.49 CID 

w , 
U A 5 20.44 0.2'5 8.58 4.38 2.37 0.00 2.80 18.37 38.81 0.4 78.4 1 7.24 

U 1 5 2.80 0.64 0.06 0.03 0.00 0.00 0.65 1. 38 4.18 0.8 28.4 19.34 

U C 5 31.19 9.45 0.96 0.13 0.44 0.00 0.57 1 1 • 56 42. 7) 0.0 lS3.2 9.02 

u 0 '5 8.21 34.74 2.55 1.19 0.47 0.00 0.69 39.65 47.86 0.4 46.0 12.33 

U " 5 24.29 17.24 0.41 0.00 0.14 0.00 1. 14 18.92 43.21 1.6 83. 2 9.85 

..... _. 

,,"""'le.. .... 
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ÂPPENDIX D 

Thi. appendix gives the su.aary. aethod •• re8ul t8 and 

data of a preli.1nl1ry investigation to asse.& the affect of 

inereasing aediaent org.nie content on Hyriophyllu •• pic.tua 

photosynthetic and grovth rates, .!E. vitro. 

----- -. ------
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Su •• arz 

Cro"th of the aquatlc aacrophyte Myr102hyllua .21catu. L. 

was. investlgated u81ng proportion. (0, 25, 50, 75 and 100 %) of 

organie pond .ed1.ent diluted vith pure allica sand. An.lylis 

of covariance (ANCOVA) .odel. Identifled aub.trate type as 

effectlng photo.ynthette and grawth rates in culture by .boving 

optl.ulI rates for plants on aedlua (50 %) proportions coapared 

to low (0 %) and hlgh (l00 %) proportiona of pond sedlaent 

8ubstrate. Photosynthetic rate! ANCOVA .odel .. signifie.ntly 

(P < 0.001) explained 63 % of the total variation using three 

variables: the proportion of pond sedi.ent •• hoot tisaue 

phoaphoru8 .nd shoot tlp bio ..... R.elative gro"th rate ARCay A 

.odels aignifleantl" (P < 0.001) Identlfied 61 % of the total 

variation \islng tbree .ariablee: the proportion of pond 

sedt.ent, initial plant bio.ass and shoot tl.aue phosphorua. 

Although root 1rOD content Increa.ed a. the proportion of pond 

sedi.ent lnereased. Pe d1d not eontribute aigu1fleantly 

(P < 0 .. 05) to ANCOVA .0dell de.cribiai photo.yothetlc or Iro"th 

rate.o 
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Ne tboda .!..!..! Procedure 

Sedi •• nt typel eon.hting of 0, 25. 50, 75 and 100 % of a 

natural organie pond sediaent vere prepared by dilutlllg the 

sedi •• nt vith vashed quartz sand (dIa. ca. 0.5 a.) obta1ned 

froa Indue.in, Ltd. A volua. of 200 .1 for eaeh of theae five 

Bubstrate types vas placed ln tventy 250 al pyrex bealtera and 

covered vith. 20 al layer of quertz sand follolled by 20.1 of 

coarse (dia. ca. 5 •• ) quartz pebbles. The top t'Va 1.yerll 

insured agaln8t 10s8 of prepared .edf.enta froa the be.kera 

"hen the, vere later placed in the experi.ental flovtanlt. 

To induee rootiet production, one hundred 15 ca long 

shoota of H. apicatua vere ,planted for one veele in pure vashed 

allice. Follovlog an inlpection for auees.ful root let 

production, the planta verl! ••• hed free of aillca, blotted dry 

and velghted, and thea replantect ln tbe pr.parecl aubatratea. 

Tbe planted .hoot. vere arranled in a randoalzed patterll of S 

rovi and 20 co lu.n. on the bot toa 0 f a 5000 L Co 1 d.t r.a., Ltd •• 

f l 0 v t • n k. The v a ~, e r f 1 0 w rat eth r 0 u g h the tan k v.. 1 c.·. - 1 t 

yleldlD& a vater replace •• nt rate of 83 bours. Tank v.ter b.d • 

pH rans. of 7.5 to 8.0 .n~ .arled in te.pereture bet.een 20 to 

22° C. A 14 bour photoperlocl va. pro .... ld.d D, 12 Geoeral 

Electrie o ..... rhe.cI floodllCbt. (500 vatt.~ liS yolt.). 

Pboto.yntbet1cally actiye radlatloa (PAl) •••• ea.urecl vitb tb. 

undervater cell of a ~ABLSICO lrrad1ance .eter (~V·c.-2) at 

.ater deptb. of 1 ca a.d 50 e., allcl conyert.cf to tbe photon 

flux cI ... atty of 1000 p.·c.-Z •• - 1 ancl 400 ploc.-2 •• - 1 (Vet&el 

1975). rupectl .. 1y. 

----- -- ----~~---- -------
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Plant. were har.e.ted after 25 day. when the a.jority of 

the ahoot. had re.ched tbe .... rface of the 70 c. deep flovtank. 

The plant. vere tben washed fre. of debria and sectioned into 3 

aeg.enta: upper 15 c •• hoot tlp., re_alning lover shoots, and 

root8 .. The latter tvo .eg.e~t. were qulck-frozen, oven dried to 

constant veight at 80 0 C. and ground in a Whlley .111 to pass 

through a 40 aesh stainless steel screen. 

Photosynthetlc rate va. aeasured uaing the upper 15 c. 

shoot tips st the end of the gro.ing periode Tbese shoots vere 

placed ln 500 !\!Ii flat-lIlded culture bottles fl1led vith 

flovt.anlt vater. The bottle. vere inoculated vith 10 al of a 

12600 x 10 6 dp.·.l- l NaH 14 C0 3 .olutlon. and incubated at 1000 

/J1.!:·c.- 2 •• - 1 PAl for one hour ln the flowtank. Tbeae plants 

vere subsequently placed on 0.1 N HCI for 15 aecond. to re.ove 

any adhering 14C, and then rinced vith flowtank •• ter. 

laa.diately after rinctn,. tbe aboot tipa ver. froaen .nd l.ter 

drled and grouod ... alol the •••• technique. e.ployed for lover 

sboot and root 8ea.eota ••• ub.a.p1e 00-25 al) of tbe re-dried 

.boot tip ho.o,enate " •• co.buated 111 an auto.atad oxldi&er 

(Illtertachnique Oxy •• t UI 4101) to deteralae I4e aetl.1ty. and 

the photo'Y8th.tic rate wa. axpre.aed ••• , C·,-leh- l • 

Plant ti •• ua •• ere cli,a.ted aaia, •• alpDurie acld -

hydroaen paro:dde aol ... tloa folIo.illl Tbo •••• t al. (1961). 

Shoot tip pho.phor •• <a, ,.,-1 ciry wt) v.a •••• ur.d .,ith th • 

•• corbete aethod (Golter.all .nd Clyao 1970) u.i_, a .aa.eh and 

Lo.b Spectro1l1c - 100 .pectropboto •• t.r. loot troll (.1 ,._,-1 
dry .t) w.. deter.ia.cI .,ith a ,.rki •• -Il •• r Ato.ic Ab,orpt 10D 

Spectrophoto •• ter - 403. 

----------.----------
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In tbia • tudy. tbe re lat 1ll. ,ro.tb rate (a,·p lant -1·d-l ) 

vas caleulated br deter.inio, tbe differenee in plant bio •••• , 

as the wh01e plant final bioeas. ainus the initial bioaasa. 

durlng the grovth periode The apecifie grovth rate 

( ag· g -1. pla n t -1 • d -1) 11 a. der ive d b Y dl vI d i n g th 18 dl ff e r e n ce in 

plant bio.au during the' grovth perlod vlth the initial plant 

bio.us (cn Evans 1972. Harper 1977). 

Sediment organie aatter "a. def1:ned as tbe percent los8-

on-ignition of dry weight after a.hing the .edfaenta at 550 0 C 

for 6 houra (Sand-Jensen and Stfnderg •• rd 1979). The .easured 

organic content vas O. 0.85. 2.33. 7.65 and 19.0 % dry vt for 

the 0.25, 50, 75 and 100 % proportions of pond .ediaent (pPS) 

in the substrate. respectively. The sediaent buUc den.ity "as 

deterained as 1.43.1.12,0.82,0.37 and 0.20 g dry "t'el- 1 for 

the 0, 25. 50, 75 and 100 % PPS. 

Data vere anal,sed vith the "cG!ll Dnlyer.ity co.puter 

.y.t ••• u.lng Stati.tical AnalY81. Sy.te •• (l982) so'ftware. 

Duncan' •• ultip le ranle te.t (Zar 1974) va. used to id'ent'if, 

.tati.tic.lly si,nifleant (P < 0.05) d1fferencea •• onl .~.n 

value •• Any I1neari&ation of ladependant (Il) vari.bl •• u.ed t)le 

Box and Tldv.ll (1962) .etbod t~ i.proye th. ~roportlon of 

vari.tion expl.ined durlnl l1aear r •• rlualon. Allel,.ta of 

covariance (A.CO'A) .odela u.ed le.st aqu.re ••• n. (LSM) to 

test for ai.olfle.ut (P < O.OS) differe.c •••• OD, 

characteriatlea of pl •• t •• rolrn on pr.,ared aultatr.t. typ •• , 

.ben co.arianc. of tb •• e yariabl •• 1 •••• tl •• t.d lai ••• d ana1y.l. 

of variance (AIOYA). So tbat tb. •••• Il plaat .ei,btl •• r'e Dot 
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( aignifie.ntly different •• ong aub.trate typ •• at planting 

tiae. 5 of 20 replieates 1.n the 25 1 pond sedia.nt were 

reaoved fro. tbe final atatiat1eal analya18. 
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Reault. 

Photoeynthetlc rates increaaed froa plantl grovn on low 

proportions of pond sedi.ent (PPS) 9ubs trate (0 and 25 % PPS), 

to tho8e grovn on aedlua (50 % PPS) Ilnd high (75 and 100 % PPS) 

proportions, where no s1.gnifieant (P < O.OS) difference ln 

upper photosynthetic rates were lIaintained (Table 1). In 

contrs/It. the lIean relative growth rates dld not sign1flcantly 

dlffer aaong the O. 25, 50 and 75 % PPS treataenta, but 

signlfieantly decreased on 100 % PPS (Table 2a)~ Specifie 

growth rates differed inslgnifieant ly allong aIl lubstrate types 

(Table 2b). 

Final whole plant biollaBB (Table 3a) and final shoot 

bio •• ss (Table lb) vere higheat for treataenta of 25, 50 and 75 

% PPS p and .lgnlfleantly dUferent froll bio.ass grovn on 100 % 

PPS. The distal 15 c. shoot bioll ••• (Table 3e) was h18heat for 

o and 25 % PPS and lignifieantly dlfferent thaa thoae for 50. 

75 and 100 % PPS. Root final bio •••• (Table 3d) peaked on 59 % 

PPS. and wa •• lgnifleantly different froa aIl other aubatr.te 

proportion •• Altbou,h there exiated a cooalderable ran.e in 

root to aboot rat101 (I.:S) (T.ble le), the I:S OD SO % PPS .ere 

.lg01fie.ntly dlffereot froll thoae plaot. 00 0" 25. 75 and 100 

% 'Ps. 

Tbe .hoot tlp pho.phoru. content peaked on 75 % PPS but 

val .llnifle.ntly dlfferant oaly froa the 0 •• d 100 % PPS 

tr.ataenta (table 4.)._ Tbe root Iron eontent ·conai.ta.tl, 

laereaaed on aubatrate. 

allnifleantly different. 

of 111,~r.a.ial 

ezeept: betveaa 

% PPS a"d • •• 
the lovelt tvo 
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proportloOi of 0 .od 25 % PPS (Table 4b). 

Signifieant (P < 0.001) linear l'egre •• loD relation •• ere 

identified desc,rlblng photosynthetic rate ualn, ahoot tlp 

bioeas8 (r 2"0.46). shoot phosphoru8 content (r 2 .O.54), and only 

.arginaly, root iron content (r 2 -O.l7) (Table Sa-c). To 

line.rIzE' the relation deacriblng photo3ynthetic rate uslng 

tip bio.ass (Table Sa) • the transformation of X- O•6S vas 

perforlIIed on shoot tip bio.80S Inc(@3sing r 2 to 0.51 (Table Sd) 

and stabillzing the residuals about the predicted line. In 

eontrast, relative growth rates vere correlated vith vhole 

plant biossss (r 2 .O.50) at the beglnning of the experi.ent 

(Table Se). even though no signifieant differences had exlsted 

a.ong the initial fre8h veights of che whole planta. 

Additions1ly, shoot phosphoru8 content vas signifieantly 

correlated vith the distal 15 c. Ihoot bio.su (r 2 .0.S0) (Table 

St). 

To teat the effect of 0011 sub.trate type 00 

photosynthet.lc and ,rovth rate., the individual portioos of 

variation explalned b,. characterlatic::. of the plant "ere 

al>ught. Bence, the anal,.al. of coyariance (ANCOYA) va& used to 

explain the variation Ilot attributahle to the effect of 

se d i.e Q t t,. p e ( for de t ail. 1> f AR CO V A • e e : Cochran 1957, 

Legendre aod Lel.udfe 1983) and te.t if dlffarenc •• in 

pboto.yntbe.ia aod .ro.tb rate. occured due to the treat.eot. 

of udf.ent type alone. 'the .ajodty of variation (1. 2 .0.63. 

P < 0.001) in pboto.yoth.tic rate .a. cleacribed vith ÂICOVA 

us101 PPS. sboot pboaphonu content. and transfor.ed shoot tip 

bio •••• (Table 6). Bere, the le.st square •• 'ns (LSM) 

" , 



(, 

» t 

-'2-
\' . 

calcalated for photoa7athetlc: rat. u •• d th. el •••• arlabl. PPS 

to .ho •• l,oifieent (P < 0.05) dlffereocea betveen the peak 

yelue on 50 % PPS, and the lover values at 0 and 100 % PPS. For 

relative growth rates. the ANCOVA "odel accounted for R2.a.G7 

(p < 0.001) of the variation ustng PPS, initial plant biollaBs, 

ead shoot phosphorus content (Table 7). This relative growth 

rete .ode! showed tbe tvo highest values for 25 and 50 % PPS 

were 81gnlficantly dlfferent trom. the two lowest growth rates 

on 0 and 100 % PPS. Root Iron was not Identifled aB a 

.l,oific.nt contrlbutor to either ANCOYA .odels. 

o 

.. 

-~----

, l 

" 

L 
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( 
1I1riophl11ua apicatua .boot tip. (15 ca) preaented br the 

proportion of org.nie pond sediaent in t.he eub.trate. Keana 

.1th tbe sa.e letter do not signifieantly (P < 0.05) dlffer. 

Proportion of Pond Sedlaent (%) 

o 25 50 75 100 

Pboto- 2.016 2.317 3.283 2.969 3.010 

aYlltbetic 1 B A A A 

Rate 1 

.. 
Il l6 15 16 l6 16 

t SE 0.176 0.153 0 .. 247 0.238 o .30S 
~ 
~ 

f 

f 
~ • 

1 
~ 

1 

r 
~ / 

t / '-
, 

~ 

( 

! ._----------- -... -- . --
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.ad .pec:iflc 

(a.·.- 1·pl.nt-1 -cl- 1) arowth rate .ean. of IIrriophr11u,a .picatua 

preaen~d by tbe proportion of orlanie p'0nd aecllaeilt ln the 

aubatrate. Hesna vith the .aa. let ter do Dot a.1ln1f1cantly 

(P < 0.05) d1'ffer. 

} 

Proportion of Pond Sed1aent (1) 

a. Il_latiye 

Gro.th 

aate 

D 

SI 

b. Specifie 

Growtb 

late 

SI 

o 

20.58 

Ar: 

20 

.. 1.69 

199.7 

A. 

25 

26.94 

A 

15 

3.31 

221.9 

A 

20 -' 20 

39.1 19.7 

50 

24.44 

A 

20 

1.73 

216 .2 

A 

20 

11.0 

75 

26.47 

A 

20 

2.23 

214.7 

A. 

20 

12.1 

100 

16.71 

B 

20 

1.65 

182.3 

A 

20 

9.5 

.' 

" 1 
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c 'l'.ble 3 •• to •••• <.> .lloc:.tloll of _!lltopbylla •• ptcata. 

Il.ted bywhole plant, .boot, di.tal 15 ca Iboot, root and tbe 

root to .hoot (R:S) ratio, and preaented by the proportion of 

organie pond lediaent in the substrate. HeanB vith the •••• 

letter do not lignifieantly (P < 0.05) differ. 

Q 
Proportion of Pond Sediaent (%) 

o 25 50 . 75 100 

a. Whole 0.640 0.789 0.725 0.185 0.508 

AI A A A 1 

n 20 IS 20 20 20 

SE 0.005 0.090 0.048 0.061 0.049 

b. Shoot 0.582 0.707 o .611 0.694 0.447 

AI A A A B 

Il 20 IS 20 20 20 

SI 0.048 0.084 0.043 0.055 0.043 

c. Dl.ta1 0.294 0.277 0.196 0 0 173 0.161 

Shoot Tlp A A 1 B B 

Il 18 15 18 18 18 

SI 0.020 0.015 0.010 0.011 0.010 

, 

l 
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( 
Tat.l. 3. COD't. 

d. loot 

Il 

SI 

e. i: 5 

I.atio 

n 

SE 

-t.-

0.055 0.081 

C ) 

20 15 

0.005 0.008 

0.113 0.130 

) B 

20 15 

0.019 0.014 

0.114 0.089 0.061 

A 1 C 

20 20 20 

0.009 0.006 0.006 

-' 

0.195 0.132 0.137 

A 1 B 

20 20 20 

o .012 0.006 0.006 
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Table 4. Ttllue cont.nt of Mlriopblll~ apic.tua Iboot 

pholphorua (ag p.~-l) and root 1ron (a, Fe*g-l) preeented by 

the proportion of organie pond lIediaent in the 8ubstrate. Means 

vith the aaae letter do not signifieantly (P < O.OS) differ. 

•• Shoot p 

D 

SE 

b. Root Fe 

D 

SE 

0 

1.41 7 

B 

20 

0.085 

0.681 

D 

20 

0.148 

,> 

Prapo:::- t ion of Pond Sedillent ( %) 

2S 50 
~ _~~_~ ________ r"<_ "'" 

~ .471 

AB 

1 S 

0.056 

0.750 

D 

15 

0.183 

1 • 7 37 

AB 

20 

0.079 

1 .441 

c 

20 

0.079 

75 

1.8')/. 

A 

20 

0.122 

2.00 2 

B 

20 

0.173 

lOO 

l .654 

B 

20 

0.086 

2.725 

20 

0.206 
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Table .5. Linear l'egre •• ion raiation. de.criblng 

photo.ynthetlc rate (a, C·g-1·h- 1 ). relative growth rate 

(ag·plant-l.d- l >. and ahoot tissue phoaphoru8 (ag P'g- l ) for 

Myrlophyllua .pic.tua grown ln culture. 

fi Intercept Slope P > F 

(a) (b) 

----------------------
Fhoto6lnthetlc Rate 
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Table 6. Photoaynthetic rate (ag C·,-1· h -1) AICOVA aodel 

for Kyriophll.!..!.! apieatua de.eribed 63 % (P < 0.001) of the 

total variation u8ing tbe cla.s yariable tbe proportion of 

organic pond eediaent (%). and the continuoua variables .hoot 

tissue phosphorus (ag p",-l) and tran.foraed (X- O• 65 ) shoot tlp 

bioUlass (g). For thls aode1. leest square .eana (LSK) vith the 

Ume letter do not slgn1flcantly (P < 0.05) differ. 

Proportion of Pond Sedlaent (%) 

o 25 50 7S 100 

Photo- 2.409 2. 145 3.067 2.694 2.540 

syntbetlc B AB A AB B 

late I.SM 

n 16 15 16 16 16 

SE of LSK 0.173 0.169 0.159 0.171 0.175 
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Table 7. Relative growth rate (.g"plant-l.d- 1 ) ANCOVA 

.odel for Klriophyllu • • picatua described 67 % of the total 

variation using the <:188$ variable the proportion of pond 

sediment (%). and the continuOu8 variables Init1al plant 

blom8ss (g) and shoot ti8sue ph08phoru8 (ag p"g-l). For this 

.odel, least square meaos (LSM) vith the Balle letter do 

not slgl11ficantly (P < 0.05) dtffer. 

Proportion of Pond Sediment (X) 

o 25 50 7, 100 

Relatlve 19. 70 27.&0 26.21 25.34 Z2.47 

Growth c A A AB BC 

Rate LSH 

n 16 15 16 16 16 

SE of LSM 1. 1 6 1.39 1 .14 1 • 16 1. 23 

I~.------------------------------- - . -
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