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ABSTRACT

Tho rolat,ionshi.p of acetylona roduction to nitrogen-15 u.ct¿ko was

:ínvr:stig,abed for Lrlue-¡;reon algal populations in threo lakos in the llx-

oeriinental- .T*rkos .¡1.re¡a of northwestern Cntario end tr'¡o laboratory choino-

s'bats. I{il,rogon fixation rates as estj.mated wj.th both te chniquos ',rero

conpsrod axl acertyleno to nitrogon ratios definerì. lake ratios ranged

llrnr¡ ó.1 to 9.? rnoles of acel,yleno reCucecl per niole of nitrogon fixocl

rJel.lortcìing upon tho :lethod of calculation. Tho chomostat acetylono to

nitrogon ratics r¡ariccl bet-,'¡eon tho chenostats and vribh the mobhorl of

de'bor¡;iin¿.tion, but in a-1.1 ca.sas cxcoeded the tht¡r:rotical value of throa.

l,'¡'.;1an¿tions ry€ro proposed for bho <ii.scre¡¿rncios betl¡eon theortltical

ancì ern¡ti-r:Lca1- ratics, inclr¡dinÉl hypol,hosos of oxcrotir¡n of ass.Lnj.l-abed

riitrogen--15 laUet1ecl naterial. and interferencer from ni-trogonaso-

neclia'bcd hydrogr:n ¡rocluction. Tho relati.onship of tho snbsLrato and

ana--]-oqrio t^¡as furlhor ch¿¡.ractorized by in,rostigation of the resÐonss

of th,¡ two tücÌrr-riqrres ì:o incloasocl opllÌ-mnetic cleÞtl'rr seasonal v-ari-a-

1,ion, rJark j.ncrrbartion, extendod incr;bation anci varisd substrats

(ana1o¡;uo ) e,rncontratj.on.
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Historíca1

I'ol)-owing tho devolopmen't and use of the acotylene reduction tech-

niquo (DÍ]i-u'orth, I)661 Schol-lhorn and Bu¡'rfs, 1p6ó; Hardy an<ì Kníght,

796?) as an al.tornato to clirect sstinat,ion procodures utilizing 1abelled

(rri.brogon*15) or unlabolled nolecuJ.ar ni"trog€n, a rapÍd increase in the

number of studÍss ostj-nating bacterial, alga1 and plant nitrogen fi:<ation

v¡as notorL (for exar:;irle, l{ardy.g! *1,, t97L, Ig73i Stewert st aI.¡ 19óB¡

Klucas, lg69; Rj.ce anci Paul, L97L. Blasco and Jordan, 19?6). though con-

siCo::ab1e inforna'bíon accunulated lvhich characterized ths responso of

acotylenei reduction to various envirorr¡nent,al and physiologÍ.cal paraneters

(.stewart u'! of,, 1968; Harrly et aI., 1968, 1973), relatÍ.vety }itt,le ef-

for''b was rrx¡roncled to definiboly establish the rolationship betneon the

nitrogon fixa.tíon procoss and tha acetylone reduction process assuned to

accura'lcrl.y quantify it. To derive an estimate of the rate of nitrogen

fix¡rt,ion from asoty'lona roclnction.rate clata, Ít rras nocsssary to incor-

porato a rate coii'¡ersion factor base<l upon ths slioichiometry of the two

chcnrj,cal roaction equatÍons involved, The basic reaction equationo

foll orv¡

N2 + 3Hz î.-1 2NH3

3?ztlz + 3Ha ã: 3 C2H¡,

Tlrooreticall.y, thrr¡r: nol.os of hycli'ogen (He) shoulcl bo sufficient to reduce

ona nolo of nitrofien (1tr2)'bo two moles of amrnonia (t$t:), or t,hros noles

of aca{;yl.eno (02tt2) to th::ee noles of othylene (C2H[), Thorefora, rnost

acoLylentr reductir:n derivod nitrogen fixation rat,es rcporterd sors cal-

cu.l-atecl assrming ths theorotical 3:] conversion factor, usually çithout,

e¡l-'ii'j"cal. veriflcabiorr of tÌro ai:plicability of this ratio to the systen
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o.lamlLrli?L'l '
prolimi.n¿ïy iìcðbyl.ano roduction-nitrogen-l5 uptake ratr: compa.ri-

son s1;r.rrjies, su:t:lal'ized for varj-ous nit,rogen fixing poprrlations, clomon-

siirat..rd an acotyleno to ni-t,rogon ratio ran¡Jing from 1.7 to B.ó (Ha::dy et

â,1"., .1.9''3) . Rath¡rr than abandon tho analoguo-bassd tecirniquo bscauss of

this vai"j.:rbility, rlatailed detor¡rination of tho rolationship for givon

systons appearod w¿rmanbed. Moroover, sonsitÍvity, speod, oasû, economy,

and rrr¡r¿ly aclapta'bil.ity to field assay conditions (Hardy ot al", L)68;

,.il,ar,¡¿x't -"-l .4. , L96?), prompbed retention of tho nrothod. Routina uss of

!-,irÊ rrr<.'r'e cuiûborsorno ni-trogen-}5 uptake n'ethod (Ness of al-. r 196?-; Slenart,

1.?67: li€rjn{}y end ltedCIscr:, Lg73; Flett, 1977) roqulred a sì.gnificantly

larger invostrnont in aqrrii-rrnont (a nass strectrorneter or o¡nission spect,ro-

moter bni-ng es${ln'bi-a1) ancl analysis timo, bot,h critiual aspoct,s in ox-

Þr:r:j,noni..)- design. uso of the raclioacti.,¡e ni-trogeir-13 isotopo v¡as not

,founrl 1,o brl a fe¡asihrlo albernativo in field sbuclies due to its ext'rernoly

shor"t half-l:Lfo (t,on rninnbos) ancl tho involvr¡cl rnc'bhoO of 13N gonoration

via ÐtÐbon bonr'l:arclment o.f carbon-:l3, but it..,¡as used in Jaboratory auto-

r.adi.o¡;-r::-rphi.c stutlies (vCtt< g! e!., 19711),

ï'rslimi¡r¿l.r'y invos'bigation of 'bho rolat,ionship of acotylano re-

cìuctir:n tr: nitr:ogr¡n-L5 fixao,i-on has stimul.atod questtons as t,o tho uni-

vr:r'saJ-i.ty of tht,¡ bhooretical valuo indopcndont of the organisrn anrl the

cnvirÐrìriì*nt in which ni.tro¡3ein fixa'bion 'was being nroni.torscl (Ilorgorson,

'J.97O; Í"uter6or1 aird Ilurris, t9'i6). Ratios Ín oxcass of +uhoorolical lr'ore

nos'b f:r:'ociuonbly observed, inclj.r:abin¡¡ elthor an overostirnat,ion of ni-

t::ogr:n fi-x:ttion by i;he acot'ylone re¡tiuction lnothod, an unCernstimation

Ì17 t,¡'3 nitrogori*15 rrn'ì:ako rno"bhod ot'a co¡nbinat;ion of ihess tv¡o offects,

Ìlsbabl:ísirrnern'b of t;hrr rJiscrei,.anc)y lod t'o tho proposal of various ex¡rlana-
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ticns for its oxistt-'nes'

In acc'lrd ,v:L'bh the thr-.ory of nit'ro¡;un-1.5 uptako ral,e u.ndorosl,i"1ít*

tion, ïRlro roports o.f si-gnifi-cant oxc'ction of assj-:rilaterl nit::ogo:r i:y

bl-ue-grnr;:r al-gal cult,ures (Fogg, tg66¡ ''al'sb;', Lg"lh; "':aIsby and I'og¡¡,

Ð75; St,o"r'iart, 1963). In studias 'draro în extsndorl ir¡cuÌration prrioC ',ras

invoivsrl, ).e"b,c.llsC nitro¡3cir loss via excretj"<¡tr -ìhus reqitj.red investíg;:.-

tÍoll as a -^ossible sourû6 o-0 the rabio di.scropancy.

The ccncanb of acotylcne recluction ovr.rost.i.matj.on iri !n "r!-* ni-

tr"ogen fixatj-on ì,!r1s si.tÐr)orterl by evj.denco inCicating tha'b onJ-y fort;r to

six'l,y par cont, of 'bhe elecLrons suppl-icd t'o tho nil;rorj':nastl l'rore utilized

in +,ho redrictirrn of nitrogon t,o a:nnonia (Schubort antì Evans, L976). 'Ìlho

rc¡nainclor of thr¡ clec'i,rons cha.nnellocl into :rn acotyl.onel*inhi-irited proton

redrtction p-r'{f,c€ss, a)-so ¡;eclj-atecÌ b;r tho nibro¡1enas€, 'rîBre a'¡:ril.ab}e fo::

ace'b¡rlc;¡6 recluct,ion but n'¡t ni.'brogon fi:<aiio¡1. .i\.cot;rlonr: rocluol:ion es'i;i-

rnatos i'¡oulcl then ovores'biinate in.t.t¡11 rri-ti'ogon fj.xa'bion by an anounb oqua.l.

to norrn¿ll- rri.'brogena.so h;rd¡ci]en r:roduction. lllrdro¡¡r;n procluction was ob-

servccl bot,h in j.ntac{; noriul.es, bacteria and alga.L col.l-s, as wellJ- as in

prepared enz)/rno e:ciracts. Therefor.c, in-'re;sti.gaii.ons concornj-,'.rg tho rele-

t,ionsìri-¡rs of tìre three noLt¡crrles rorlucod b;r nit,rogsnåse, nitr"ogen, aceiy-

lene ¿rnrl hyd.:'ogen (üottre g! :1. , Lgl? t flch',r'trsr{,; and îi'¡:¡.ns , I}76i Jorresl ¡lnil

Iìi.sho1r,1976; Sn.Lth g! 3!., )-975; Sciruì:art g! ql,, 1.97'7; Evans ú*.,
tc bo publ.ished) wiff assist in tho r:x¡rlanation not on-ì-y of ratío nagnj--

trrdo, but also ratio diversity fr<r'n syster:l to s,vsteln.

iìe s¡: arch C o¡m.Lo'ur:rl

fn 'ì,1:.e äxpori:lental Laites .4roa :i-n northwsstern Ontario (Cli:rreh

and l{aus:r, 1971), t}ie aco{:l¡fene rorirrc;tiorr rrat}rcd v¡as c-;n:;loyod t,o estj.-

mato thc contrj.but:Lcn clf f:rei;h,,vat,r)r blrto*¡1¡,1,3n algc1 ni'rt'ogistt fiv.ation
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to tho nit,rogen britlget of artificially eutrophied lakos (f'lett, 1977).

Nitrogcln h,ucigot calcul-ations were na<lo assurnÍng tho thaoretical rela-

.bionship of acetyle;ne roductj.on to ni.trogen fixation, though preliminary

ovíclsnca for its i.nanplicability uas provideci (Flotf t L977). To correct-

Iy. quantify nitrogen fixation contributions, calibration of tha acet'y-

l_en6 roCuctÍon rnethorl rvith tho nitrogen-I5 uptake method, a diroct os-

tin:a'uo o-f ni.trogen fixation, 1'ras undortaken. Acot¡'16¡1" rsduction and

nit;r.ogen-l-5 uptako r¿rtes estinated in the epillmnotic region of thrae

l-akes in'bhi.s r€gion r¡oro comparod to deternine vrhet,her a consistent

ra.ti.cs relati.ng tho tvro nothoCs could bo ostablished, l{ere a reâsonably

r.eprodlrcib).er acatyleno to nitrogen ratio definable for each Iako, a

singlo ra'ï;io rrlpr'osentative of these lakos ancl simila.r envíronments could

thon be cal.culatorJ. Adoption of a¡r enpirica.lly-velifisrl ratio v¡ould elim-

i¡rato t,hc necsssii,,v of ropeiirted ernploytnent of the moro involved nitro-

gon-i.$ uptako tacltniquo in tire field.

TnvosLigat,ion of tho acetylene to n-itrogon rel¿tionship in two

chonrosbat-rnaint,ainod blue-¡;turn 
"1.g"1 

populations nas a sacondary program

connrlete¡d 1.rr conjunction 'with the lake rats comparison exporÍmonts. The

clrencst,at..i wcre dosignod sirnply âs convenient ressrvoirs of active nitro-

gon fixing cells, rìot as rigid lake analogues. The high ratos of nj-tro-

gan fi.xatj.on attaj,nable in the chonostaJ: permi'Ì,ted rate comparisons at

n-i tr'ogen fix¿ti.on lorrol.s unachiervod by lake blue-green .a1-ga} populations.

"An acotyleno to nitrogen y'¿rtio v¡as calculatod for the indiviCual chemo-

stat,$r as lrel.l as for t,ho cornoi.nod chor¡ostat data sot. Relativo diffor-

encos botwoen chenostat ra'bios anC choncstat and lako ratios wore con-

:sJc(tI'ed.

irÍothodol-ogi.ca1. ancl biol.ogfca.l erçlanations for ratio discrepan-
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cios both frorn thooroticaI predictions and from systam to systom ryero

proposocl based upon ernpirical eviclenco collected in this stucly and pre-

vi.ous studies, lìxcrebion or filtra'bion-associatod loss of 15w-1*bn11"d

assiririlation proclucts (t'Talsby and Fogg, 1975; Fogg, 19663 Stevrart, lg63),

an¿ the poss-lbility of actÍve nitrogen-hydrogen sribstrate competition

(Schubert anri llvans, Ig76; Botho st a1. , Ig77; Smith at a1., lpfó) were

tho most ProductÍve h¡rothesos.

Àdditj-ona1 characterization of ths r'olatforrship botwoen acetyleno

re<lr:ction and nitrogon fixatÍon, i.ndependont of the dirsc't rate compari-

son, lras also at,'temptod. þilimnetÍc rlepth profile, timo courso, sub-

st¡'atc.-veloci-ty, and dark fixation rax^:erinents were comploted t,o dernon-

strato to vrha.t dogree the rosponsos of acetylone roduction and nitrogen-l5

uptako arc similar.

i
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Doscription of I¿kos Samplod

Idenbifj.cation of tho characteristics of the lake systoms invol-

vecl in acertylone to nitr:ogen ratio development lvas rlec€ssary if extra-

polation of celculatod ratios among sj.rnllar systoms was to bo conten-

plabod, .Lt ''.'arious t,i¡res throughout the sanrpli.ng soason thrse lakos in

tlro !ìrperinental Lakos Area-Laka 226 Trlfi, Lake 22? and l¿ke 30h (Figures

f to 3)-supportocl b)-uei-groon algal populations capable of naintaining

nitrr:gon fixation rates sufficient for rato con'parison stucìies. Atl

thlr¡o lalces rcceivori forbilizer adclitions r'¡hose nitrogen, phosphorus

a¡d carbon con'bont vras rogulatod, depend:ing npon the aspoct of the eutro-

phic;:tion procass to bE: :Lnvest,igated. ürring 1976 and Lg'l| t when this

stuCy was boi-ng corplc'bod, tho fertil.lzor ratios for lake s 226 ND, 22?

ancl ,?0L, r'ospocti.r'oly, vrr:r.e 10:5:1 (C:l.l:P)¡ 5;I (N:P) and 10:1 (N;P)

(ischirrdter , 1977). Bluo-greon alga1 bloon developrnont,, as a result of

tlrcsa arl,:lihions, 'lyarl rnost succossful in Lako 227 in 19?ó and L977. Fre-

vl-ously, Iako 226 ii[i, rocei',ring ttre sam€ proportion of ni.trogen and

plrosphorus as i¡r 19?6 and 7.977, supirorbed a nuch larger ¡"u¡nunu s.o.

population (Îl.ott,, 1977 t $chindlor, 19?lr). Both Take ?-26 NB and Lake

^^lJU¿l €xnarr:.ieo ouidçncs of the blua-green a1gal dovelopment in lato 1976

' arrd 1977, bub acetylene recluction and nitrogon-l5 uptako assays revealsd

rsl¿ltj-.,{ìly lorv l-evols of nitrogen fÍv¿tion. As a result, ph¡'toplank-

ton net haul concontratio¡Ì irtras adoptecl to onablo acetylene to nitrogan

r¿r'fi.o detorninations at ¡¡oro lve lI-dofi-ned ra'bos.

Aspcìct's of the physical chenristry of these lakes aro surmarizod

i.¡r a serios of fi-grlros (Flgures h'bo 1.1) preparod from data collectod

<iuri"ng inbor'¡als rcprosentaLivs of peak .sarnpling actlvj-by (J. Proko-

iro,rich, A.L.A, Chornical Data). Tho rr¡latj-.,"e1.I lolv inorganic nitrogen



Iri¡;u:'e 1. Ea'bh¡'r:retric rnap of Lalro 226 \lil preparod by fl;ço::inontal
Laicss Åree Dct.sonnol.
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Fígure 3. Bathlnotric nrap of Lake 301+ prapared by ExperinentaL
Lakes Area personnel.
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Figure l¡. Temperature ( + ) and o)cygon ( " ) concantration depth
profiles collectsd in Lake 22f, August 31r 1976, (nx-
perirnental l¿kss Area Chernistry laboratory data).
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Figure !. Temperature ( + ) and oxygen ( x ) concentration dopthprofilas collected in Laks 226 NE, Jul.:y 27, 1977
(Experi-nental takes Area Chernisüry tabóratóry data)"
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Figuro 6. Tentpez'aturo ( + )..1d gryg"l-( " ) concentration depttrpncfiles collected tn LaUe ZZi, Âugust Zl, tgil(E:çerirnental lakes Area Cfreniåtry laboratory data).
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Fi.gure 7" Tornp_erature ( + ).ald gxyge! f o ) concontration depthprofiles collected in Lake 301r, July 5, 197?(Eryerinentat l¿kes Area Chemiátry Lúá""iåry data),
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Figuro B, Profile of nitrate ( + ) and arnmonia ( x ) concsntration
rvj-th increasing depth in I¿ke 221; data collected Aug-
ust Jl, ]976 (Erqperiroental Lakes Aroa Cheraistry labora-
tory data).
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Figure 9. Frofire of nit,rate ( + ) and ar,monia ( o ) concentration

with increasing'aãpìrt'ii l'at<e 226 lE; data collected

;;ü äï; ivi? tnõã'ùã"t'ãr lakes Aråa chenistrv Lab-

oratory data).

¡--
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Figure 10. Profile of nitrate ( + ) and ammonia ( x ) concentra-
tion w-Íth incraasing depth in Lake 22]; data collectod
S,ugust 23, L977. (Experimental Lakes Area Chemistry
I¿boratory data).
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Figure 11. Profile of nitrato ( + ) and arimonia f " ).concentra-
tion ivith ir,.*"ti.à a"ót'yt in 1¿ke 30h; data collected
iffi ;;-ïg?i isryerlmental Lakes Area chercistry Iøb-
oratory data).
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tíons obsorved fa'¡orad blue-green algal dovelopment; this

r s abílity to cornpete being inprovod by its capacity for assinrila-

of atmosphoric nit,rogen (Fogg, ]-97jl; roee s! ù. , 1975). Surface
\

Le chlorophyll concentratlon measured on the sama profile datss wore

226t[E - 10,3 ttg/Lr'Í'aka 227 - 28.3 pe/L, and Laks 30b - B.h ¡¡e/t'

Bluo-groen algae predoninately of two gonora, å,phanizomeno,n and

na were thought to be responsible for nitrogen fixation activity

sured in these three lakes (D. Findlay, E.L.À. Phytoplankton Data).

atoria Iglgþg¡i, classified as a non-nitrogen fixing blue-green,

oontributed significantly to the algaL biomass, but not to nit,rogen ffuca-

tion leveLs. Osci4{loria nay edribit a slight nitrogen fixing capa-

cíty if high levels of organic material enhanco reducing condit,ions in

the sumounding v¡ator (Mague , 1977). Blue-green aJ-gal activity rras nost

prominent in llay through July in Lake 30h, in r:id-July in Ï¿ke 226 NE

and in late Âugust and September in I¿ke 227.

Sancle Collection Iake Sampling

For the mcst part, sampling for nitrogon fixation doüerninations

in Lake 226 l{ll, Lake 22f , and Iake 30L was co-ordinated with kno',r1edgo

of inpending peaks in primary production (Figure 12 arb) (J. Shearor and

D, Ðo Clercq, personal cor¡nunication) and the aÐpoaranco of bluo-gr€sn

algae as ono of the doninant phytoplardcton groups (n. FinrÌ1ay, personal

eorrnuni-cation). Because primary product,ion peaks raflected cont::j.bu-

tÍons by nany algal groups, only one of which was the blua-groon algaa,

primary production peaks were not ah^rays coincidont with nitrogon fi:ca-

tÍon peaks.

In the earJ-y stages of the sampling soason s.rarao blue-grean algal

populations ancl low nitrogen fixation activity levols prevr:nted adequate
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Figure 12. Seasonal variation in primary production (J. Shearêr
and D. De0lercq, Prinrary Froduction Data) and nitro-
gen fixation.

(u) f,ake 227 - Primary Production (x-x); Nitrogen
Fixation - Concentratãd (.--.); Unccncentratsd (o-o).
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nethods 
corparison unless moderato sanplo concentrat'lon was enployod.

.A, ùan inicron mesh phyboplankton net, haulorl through the zero to tvro and

ono half net,or rogion of t,hs lakes studiod, yielded concentrated algal

satnpl's. Four to eÍght hau1s, drained to one hundred to two hundred

lni'iliters (n1s), lrers co¡nbined ln a one ltter container fYon which

subsamplos could be withdrarvn. The conposite s.ample was well nixed,

prior to subsample removal, and subsaroples rarely depletod the compos-

J.to volu¡na by rnore than fifty per cont, Ths }attor precaution assistsd

ln the prevention of sample.hetsrogeneity due tc unbalanced reduction

of the algal population with repeated subsanpling. Thirty nilliliter

sanples for acetyl.ene and nitrogon essay lrere prepared from the satne

conposite sarple to ensure homogeneity among sainples.

ExarninatÍon of a nurnber of paraneters characteristic of concen-

trabed and unconcontrated sarpLos allowed esti¡ration of the degree of

sanpla concentration. Analysas cor:npleted included phytoplankton countst

specifieally blue-gr€en algaI ceIl concentrations (D. Findlay, personaL

con¡municatlon), chlorophyll concentration estimations, nÍtrogen woight

doterminations and nitrogon fixation rate conparisons (wlthln a glven

method). Caleulation of an approxinats concontration factor to b e ussd

only as a qualitatir¡g indicator of the sampl"e, not for nitrogen budget

evaluation, 'vtuls ttren possíbla (Tablo 1). Lake nitrogen budgots were not

estinated because each lake was only sampled during a specific intsrval

during the surmer, when nitrogen fixation activity was sufficient for

rate connparison studies. The avsrage concentration factor deterrninod for

net haul saraples collected on one day was less than ton'

Às noted abovo, concentration of late sunm€r blue-groen algal

populatJ.ons in !,akø 22f lras unnecessary, as it had been during tho Sop-

tenrbor, 1976 sampling interval. Thorofore, direct punlp sampling fron



TABTE ]-

Esti¡ration of Averase Factors Ðescribang the Extent of l¿ke Sarrpl-e Concentration on Various Dates

ConcentraNeC/rJ nconcentrated Indicator

Phybo-
Planlcton

Counts

CZTI?
Reduction

Rato
ráüz Nítrogen

_ï'ieight

Averag€
for

Given ÐateaDate Lake Chloro-a Rate

2e/6/77

6/t ltt
e /7 /77

t3/7/77

15/7/77

2t/t/tt
23/7/77

27 /7 /77

2e/7 /?7

227

226

301

30b

226

226

2?6

227

226

l+.3 11.2 7.8

6.7

6.L

L.B

6.8

6.7

6.3

2.8

3,3

6.7

ó,1-

3.8

2.L 10.7

9.2

?.1+

12.1

9.3

1l+.7

5.8

2.?

L5

1.6

L.2

1.1¡

3.L

3.1¿

¡+. ?

3.7

6.5 2"r

a The valuo l{ sted is the average concentration factor calculated fron. the independent estimates
for a given date (one horizontal row).

\,\n
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depths desíretl lras adoquato t'o obtain a large sample ready for im-

t6 sub5an1pling. 1¡4on1 tubing, sectioned into connectable rneter

, lras passed through a Cole-Pa"t."Z paristaltic pump to facÍlitata

le col.lection. The final tubing section was lreighted to assist in

ring the sarrpling hoss and naintaining tho sarupJ-ing port at the de-

d depth. A styrofoam ff-oat onsured that the desired length of tubing

d suspe4dsd froro the surface, conponsatlng for nat,ural fluctua-

in lake level during the course of sanpling, all depths being meas-

1çith reference to the lake surfaca, Subsequent subsarnpling procod-

rnere ldentical to those for concentrated samples. However, tho vol-

of unconcentrated sanple prepared for nitrogen-15 uptake incubations

increased fron thirty to fifty nilliliters to ensuro sufficiant ni-

gen for nitrogan-l5 analysis, as rill be discussed later.

Chemostat Preparation an<l Sarn:ling

Chsnostat studios were initiatod in the atternpt to dofine the

tylene to nitrogen ratio in a system with a blue-green alga1 bio¡nass

nitrogen fixation activity level unattainable in the lakos examined.

It was also thought that the excrotion of assimilated nit,rogen labol, lf
significant, 'aruld bs rnore apparent 1n such a rt¡Il-de-finsd system.

Two nitr.ogon-free, phosphorus-Ii¡rited choniostats wero constructed

to provide sourcss of highly actfve, nitrogen-fixing bluo-groen algae

(Figure 13). Ä, nins hundred naillj-Iiter chenostat was constructed in a

20oC controlled tenrperature environnont, with a bank of fluorescent lights
8s an onergy sourcÊ for alga1 photosynthesis. Filter sterilizsd aÍr, bub-

0hto
1'Tygon - T.L{. of Northern Plastics and Synthotfcs Ðlrrislon, Akron,
r lJ.s.À.

2..Co1o-Par¡nor pûnp - Colo Parraer, Chicago, Illinois, U.S.r{.
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Figure 13. Schonatic diagran of chemostat usod for culturing
Â.nabaena variabÍlis #21 populat,ion (1) Air In1at,
(2 )

)
Spargerffift--to rnoisten air, (3) rn je

(6
ction Port,

(L Mediwn Inlet, (5) t¡eo:-u¡a Re servoir, ) Overflon
outlet t

(
(

)
7) Sam.pling Fl-ask, (B) f'fuorescent tieht

Bank, 9 l,tagnet,ic StiJr€rs, (10) cotton AÍr Fil-ter"
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d flrst through a noisturizing flask prior to passage through the

tufe ¡ was the only input of nitrogon apant fron nibrogenous decompo-

tion and 6xcr6tion products produced after prolonged chenostat opsra-

tíon. ånabaggr 
varj-abÍlþ f21 supplied by F. P. i{ealey vl'as succ€ssfully

inoculated Ínto both chernostats. Ths fC rnedium which support€d algal

gtowl,h was moCified for use ín these chenostats, nediun comlosition boing

defined in Table 2. Chomostat dilution rates ranged from 0,31to 0.33

days-l, Chenostat I was malntainsd in the Fleshwater fnstituto Labora-

tory fron March through early llay, and Chamos-bat 2 in the E.L.À. field

laboratory from ilune through Septenber.

Alga1 growth in Chemostat 1 appeared unlforn on visual oxanination

after the initial adJustnent period, though so¡re 'waL1 growth rras apparont

throughout the chenrostatt s operation. Tha health of the culture was Jud-

god to be good on the basl-s of tho bright green cell coloration and ths

hÍgh capacity for nftrogen fixation (Healey, 1;9?3). Trypticase soy broth

tests for bacterial contamination proved nogative.

The facilities for operatiôn of Chemostab 2 at the E.t.A. field
station Ìrore loss extonsive, consêquently lnfluencing the growbh condi-

tÍons oxperienced by the Anabaelg vjgiabilis population. slow develop-

mont of t'he population and an unhealthy yeIlow-brorirn appearanco of the

al-ga1 cells were chåracteristic of this chenostat. Close proxirnity of

tho culture tube to the cro-lut light banks, in the confined s¡raco of a
stnall incubator, flas thought to ccntribute to t,his unhealthy rasponse.

Thereforo, one of the two sets of bulbs was renovsd. Unifomrity of algal

distribution ín the tubs and the level of nitrogen fixation activity wore

obsorve<l to Ínprove, though algal coloration vras relativoly constant. Àn

I 0ro-Lux Sylvani.
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ÎABLE 2

llodified TiC trfodir¡l Cornposition Used for Growbh of
Chemostat Ânabaena variabilis Populations

Che¡n-icaI Conce nt rations ( rüf)

IGI2Po¡

l,fgSOl¿'7li2Q

CaC12.2H2O

NaHCO3

Ì'la2si03.lrl2o

Traco Elernonts

Vitanins

Tris Buffer (pH ?.5)

IIaCI

KCL

0.15

2.OO)c1O-3

Or25

0.15

0.10

e

b

lr.ql

I.00

0.05

a LO mls of t¡race s1o¡nent solution (provided by F. P. Healey)
per B líters of rnediumr '

b B mls of vlta¡nins solution (provided by F. P. Healey) por
B 1Íters of rredium.
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a.,l* yollorr color has beon attributed to pH olevation duo to pro-

d aeratlon of tho culturo (Nees g! 1!.,1962), howevor, the Tris

ffer systen shoutd have rnininized pH changos. A decreaso fn photosyn-

tíc plgments, including chlorophyll and photosynthetic biliproteins,

to be a general rssponse t'o nutrient deficiency in blue-gteon

tion.

(Healoy, 19?3) nay also have been the causo of the unhealthy colora-

Tnefficlent autocJ-aving facilities and contamination during modiun

serr¡oir changes and sample withdravial prevented maintenanc€ of the ds-

eirod axenic conditlon of the culturâ.

Chsnostat, 2 chemistry was definsd for an August 21, 1977 subsarnple

(J. prokopowlch, personal connnunication), tho data being sunmarízed Ln

Table 3. Àn August IB, 1977 sample shov¿ed siuril.ar chemistry. Ia.ke 227

surfaco sarnple chenistry is provided as a comparison.

Chemostat subsampling ï¡ås lfmited by the nocessity of maintaining

the resident Ânabaona vari¡bills population close to a steady stato con-

ditlon. ïIithdrawal of approximately tnn per cent of the total culture

vol-u¡ne reduced the disrupiion of i:utture grow'th state, thus allowing

daily sampling, if roquired. Markod fluctuations in culture optical den-

sity, a measuro of csll concentration, were used to indicate steady state

disruption. One hundred to ono hundred and twonty milliliter voluroes rere

usually coll-ectsd frorn the internal rather than the ovorflol population

follouing internaL scrubbing of the culture tube rmlls with a magnetic

stirring bar-external magnet con'rbination. Medium influx, at the nornal"

flow rate rastored the lnitial rtrsting culturs volume after approximately

sovon hours. Preli¡rinary measuronents of a1gal nitrcgen fixation capa-

bÍlities had inrlÍceted that a ten nillilitor subsample uoulrl provido nora

than aCoquate ratas and nitrogon pressures (Seo Nltrogen Ànalyses discus-
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lABr4 3

"AnaLysis of Selected Cher.rical Species For
t2 À st, 25 t977 and Lal<e 227 A st 23 los

Species

NH3-l{

TDN

lDP

CHI,0RO-a

SUSP N

Chenostat 2 b
Concentration

6eh")

laka 227 c
Concentration

(ueh')

1B'hoo

65rooo

6

16

2,OOO e

6

L60

10

28

hgg

e Vacutm guage ostimate.

b August 25, 1977 sampling.

c Àugust 23, ¡.977 epilimnion sanpling.

\

¿ivil: l;¡ :
'.';!A

lÌtr s
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fon) to a 1lolr rcaningful methorls comparisons. Ten rûi11ilitsr alga1

les wero dilutsd to thirty milliliters with chenostat medlurn to

faoilitato us6 of easily neasurable gas volumss and erploynent of avail-

abla oquipmont. Dilutions rr€re prepared directly in the fifty millÍliter

g)ass syringos used for sample incubation. To prornote sampLe to sanrple

hornogeneity, the original sanrple was kept well mlxed throughout the sub-

eaopling procedure. Homogeneity was deteraine<l by analysÍs of repllcate

subsanples for thoir rospective nitrogen contsnts.

len millilltors of culture ïras pipetted into ths sto¡perod syringe

barrel following addition of twenty milLiliters of chemostat mediurn.

Âfter insortion of the plunger and orçulsion of capturod air, tha sanrple

ras shaken ivell, prior to acetylens or nitrogen-15 inJectÍon. Substrate

inJections wore proceoded with only after conpletion of tho preparation

of all sarnples. $arnple dilution was not founri to affect rate estination.

Acetylene reduction rates neasured for an undilutod sanple and for san-

ples diluted 1.5 and 3 timos uore 21,3, 13.8 and 7.2 ¡rg ethyl-ene produced/

Lhr, rospectivoly.

Sanple Preparation and .4.nalysÍs

Sample manipulation for acotylono reduction and nit,rogen-I! uptake

di.ffsrod with rospeet to methods of subst,rate adrJition and saqrle atalysis.

Methods of substrate addlticn dÍffered due to tho natur.s of the substrates

and t'he mannor in whích they were providod by the supplÍor. Analybical

differencos ware int,rinsic to the type of mothod. The acetylene recluc-

tion rnethod ¡neasurercl a releasod gasoous pr"oduct, while ths niirogen mothod

osti.¡nated the íncorporation of a labelled procursor int,o the particulato

fraction. Therofore, oach of the techniques w"iIt be independently des-
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bod.

Aco t'-'¡lene Reduction lrcthod

A briof sunìlilary of the acotylene re<luction rnethodology adopted for
i

this study is outlined beLorv, details having boen providod previously by

Flatt (:i9?6). Tho importance of consideration of the slgnificant solu-

bílities of bt¡bh acetylene (CZHZ) and othylena (C2Hþ) !n sarnple prepara-

tion ancl analYsis is stressed'

Fíf'by milliliter glass syringds, filled to thÍrty milliliter sam-

ple volurnes, were prepa¡ed, as doscribed earlior, for injection of acety-

I€na. A s¡na11 l,ÍC refil-l acetylene cylinderl, adaptod for acotylene with-

dra,¡ral (l'lett, 1976), porrnitted addition of five nilliliters of gas to

each syringe. Acotylene was dratrn in over the water sample, u1'tich was

held vei.tically 1;o prevent additions in excess of fivo r¡ilIiIiters, due

to solubilizalion of the gas in the sample. Due to its charactoristic-

ally high solutrility in water (L.11 m1s acetylens psr rn1 water at l?oÇ

ancl one atrnosphoro pr€ssure) ahnost, ninoty-five per c€nt of tire aclded

acoiyleno rapidly dÍssolvod on vigorous shaking for t'en seconds' Acet'y-

lens was provided in oxcess to ensure successful courpetition with nitro-

gen for reductant and AIP stores (Hardy et aI. r 1973)'

To dotermino the lolel of ethylene production achioved during the

incubation, gas stripping proceduros w6re n€cessary. Àir stripping into

fif.been ¡nillilito:.s total voluno was founcl to be effective. .A'gitation

for ttrir1y seconrls of 'bhe salrple antl the air phase introducod aftsr in-

cuj:ati,¡n aflower<l oquilibration of ethylene betweon tho aqueous and the

v¿r..oor phase. Sar:rple tetnperaturos wero rscorded during gas strtrppÍng

.1. /rcetylone - 'ft¡elcorrs suppllr, itfinni-pog, lr{anitoba.
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s, sinc6 the gas solubilities and thus ihe gas equilibrat'ion be-

phasss, vfas a function of stripping temperatures. Renoval of the

phaso rvas then accomplished by gas injection into a vented, thír-

mrlliliter s€run bottle, filled with distil-led water' Hydrogen

lr5

cl

n

rø Lottty,ation gas chronatogræhy of 0.1 n1 subsamples of this gas njx-

províded neasureu6nts of ethylene concentration, which were cali-

ted with a specific 0.893 micronolar othylene standard. The colu¡an

king usod for ethylene cletermination was phenyl isocyanateTÞorasil

ted to \íoc.

Correction for ethylene, índigenous to the water sample, or pres-

ent as a oontaminant in injectecl acetylene, Tfas achieved by running a

saro.ole which vJas air stripped imnodiately following acetylene inject'ion'

sample ethylene concsntrations graater than or equal to t'wice the back-

ground concsntratÍon, usually betweer¡ 0.05 and 0"23 Pllr ne¡'a accepted as

boing significant. Gas composÍtion analysis rras corpleted within an hour

of aÍr stripping procodures.

Esti.rnation of Àcetyle ne Rsduction Rates

Åfler correction for ethylene presont in the unincubated blankt

sanple ethylene chart units w6re convert,ed to a micromolar concentration'

Ths convr¡r'sion factor appliod was calculated fron the chart ur¡its re-

ccrded for the 0.893 ¡:1.{ ethyleno standard. ,4, linsar relationship bet-ineen

rocorder chart units and a specificrango of ethylone gas standards was

dsterrûined. As a rssüli of aqu€cus-vanor pha'so partitioni'ng of ethyleno

ancl the solubility of ethylone j¡ *""'J"t (0.122 nrls C2Hl¡/rn1 H20 at 20oC

and one atrnosphere prossure) ttre calculate<l concentration required cor-

I. G, C. Packing - ',laters Associates, tr'baningham, lfassachusattst
U. S. A.



t$

for the fraction of ethylene prociucod r'¡irich rernainod in tho wat,or

fol.1o1.i-ing 
air striftping u'ocodures. Ëstj-maij.on of the fra.ctj-on

d fron aqueous to vapor phase',vgs Cescribed by Flott (1976)-

by this fraction allor'¡ed calcul-ation of the actual ethyleno

tion within the entire sarnple, rather than sinrply the othylene

tíon neasurable in the vapor phaso.

fhe use of vapor phaso e.nd sanq:].e volunos in those calculations

ed in a figuro presumed to represont the absoluto amount of othy-

produced. Division by the time of incubation yielded the rate of

no production in ¡-,r;cIes C2H[ producecl/L/lw, cr equivalently, ihe

s C2112 re Cuce drll,/it' . The eqrri'ralence was detorrnined by the stoi-

try of the chonical reaction equation for acetylena reductioh dos-

od in tho introduction, Assuning the theoretical acetylene to ni-

gen ratio of 3r ni-trogcn fixation rates',vere esti:natod as pg nitrogen

a/l/W, after nultiplication by the molecular rreight of nitrogen,

¡.rg/wnole.,

Nitro n- e ï{ethod

Follovring sarçle collection, nitrogen-I5 uptake sanple prepara-

ancl analysis differod fron acetrvlene recluction niethoCology. Unlike

etyleno adCitions, nitrogen-I5 gas injections lyorc not Ciroct and ',rere

not under þrcssur€. This vas due to the nature o.f the nitrcgon-I5 gas

reservcj-rl, a 25C ¡nl or 5OO mt glass arnponle, sealed lvith a largo rrrbber

Suba -qea12. This i¡ço of rsservcir closurs facilitated subsampling by

direct withdrairal of gas into 2.5 or 5 rn1 Glaspak3 syringe-s. Depending

* I Ì'litrogen-l! gas - Onia-Azoto et Froduits Chin:lquos S. A.t
Paris, Franco.

2 Suba Seal - Griffi.n and George Ltrl., Toronto, Canada.

3 Glaspak - ilocton, Dickinson ancl Company, Ruthe:"ford, )lew Jersey
u. s.-q. .
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on.the actildty of the systorn studiecl, four. leveÌs of enriched nitrogen-I5

gas y{ere utilizod for ex^oerinents Ln 1976 and 19??, including 1t9"9, 9b.6,

g7,L and.98 aton per cent. Lack of pressurÍ-zed inJection of the labelled

nitrogen-L!, froro the Glaspak syringe into the sarnple, causod displaco-

nsnt, of a voluræ of sarople equivalent to the inJect'ecl gas volurne.

Âquoous solubillties of acetylene and nitrogen differ significantly.

At 17oC and one atmosphere pressure, nitrogen gas 1s I.Zft as soluble as

acetylene. For this reason, only a small fbaction of the nitrogon gas

bubble introduced, immediately entered the solution. Attairnrnent of gas

exchange equilibriun required tlvo to throe ninutos of vigorous shaking

conpared to the ton second agitation períod required for acetyleno sanples.

Following para.llel incubatíon with acetylene samples, the arnount

of the nitrogen lsotope fixed in particulate matter was estimatod. Fil-

tratÍon through 2.5 cm precombustod Reeve Angefl gBhH glass fibre filter

papers was used to colloct the sarnple. Depending on the celI riensit'y of

tho sample, filtrations under Iow r¡acuun could require fron thirty to

sixty ninutes for lake samples. Despite tho a1gal density, chemostat

sarnple filtration nas rapid, requiring only two. to three minutes for fil--

tration of the thirty ¡nilliliter saurpla; presumaì:Iy fílter clogging by

detrital or bacterial natter v¡as much reduced. FÍlters rvere rinsed with

five millilitors of distilled v,ator, unless filt,er clogging was prohlb-

Itive, and then rarnovod for slow drying at roorn temperature in a sealod

dessicator contaj-ning a layer of silica gel dessicant. F.emoval of un-

incorporated label was unnecoss.lry, since it r¡ras reLeased with atmospheric

exposure during filtration. Filtrates were collected and storocl for iso-

tope excretion studies, nhich vri11 be discussed. later.

¡ Roovs Ângel - Clift,on, Noiv Jersey, IJ.S.A.
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d filters' rqhich harl beon stored in the soaled dossicator for

day to ri:ore than a r'look, ì'r8ro thon artalyzed for isoto¡iic con-

fhe prococlure and apparatus roquirod r¡oro developed and dos-

f.Iett Qg77). Brief1y, vrhat was involved r'¡as tho o:rygon-

conbustion of particulats material j.n a previously evacuatod

d by roduction of oxidized nitrogenous compouncs to mol-

en.

saniple proparation s¡rstem lvas colilÐosod of t'l'ro sections. The

unit, includod a Linclberg Hevi-Dut'yl ou"rr, naintained at

a stainless steol combustion tube, nith an inner sarnplo chan-

of being connoctod to the evacuatj-on source. /r spocially

ovacuated glass rack (F1ott, 1977), naintained'at 1 ,niIlitorr,

connectÍon to a l,¡olch Duo-SeaI 1l+05 2 or Sargent 1:c1ch 2 oÍ1

punpr providod tho reducing conditions nocsssary for conper

ction of oxidize<l nitrogon compountls to nitrogon gas. Re-

liquid niirogen traps intorcepted gasoous contanina.nts,

n, trater vapor and. carbon nonoxide, r';hich interfered with

neasurernents. Dstail.ed sanrplo combustion a-rd oxidation pro-

r¡oro outliræd by Flett (1977).

preparatory steps, the nitrogen Þressure, frorn which

gen i'roight was cterived, tuas estinated uith a Pirani3 \¡acuum

hed to the glass rack ancl to a linnoy3 vacuum gìtagri. llitrogen
s rrere t'eccrrled frorn tho torr (1 torr = l mm nercury) or milli-

s of tho Kirrnoy vacuurr guage, nrior to relsase of the gas
Llndberg iiovi-Duty*Dír¡,Sola Be.sic fndustriesrTïatertovmr"l,IÍ-sc.U.S./1.

ïL].
h Duo-Seal/.S,argent 1ïe1ch - T.lÍ. Sargont l,¡olch Scion'bific Co.,
r iJ. S.¡1..

Piranilf i.nney Vacrrum iluage-Kinno;, Vacuun Co.,Ðoston,líass., U.S..[.
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through a copperbu.bing link to the Statronl ¡¡Ot-5 I'N nn"lyzor dis-

chargo tube. Ethylene diamine tetraacetic acid (EDT¡,) standards of

knol.r'n nit,rogon weight, appliod in aqueous solution to Reeva .ô.ngel fit-

ter paporsr Ìrero used for calculating nÍtrog€n prossuro-woight convor-

sions. A represontative standard curve is shornrn in Figure tb. In prac-

tice, EüllA standardization nas frequent due to instabilities in vacuu¡a

guag6 char:aeteristics, vihich resulted in a standard curve intercopt

rangê of 0'0lr to 0.09 torr and a linear slope range of 0.016 to 0.02?,

Emlsslon spectroscopy is the basis of Statron analysis of nítro-

gen isotopo conpositions of gaseous sarnples, Excitation of the entering

nitrogen gas r,eas initiated by 2f.1 negacycle radiatj-on, relaxations to

lower energy states being monitored at spocific lravelongths, for the

nolecuLos of int,srost. Nitrogen molecules ïi,.ith 15¡15¡¡, th¡¡lál and

rl¡¡lb¡l conbinations lryero investigaged at 2g7.7 nano:¡etors (nm), 298.3 n¡a

and 298.9 nn respectively. A ratio or ünil+¡l 6 th¡¡I5¡¡ poak heights

from recorder output rvas calculated for usd'in doternirrati-on of Ifu 
"to*

per cent onrichnont. Ths formulä utilized is atom f; ,. roo , whoro
ZTi. T

R is dsfined to equal

(Poak l{eight :-Lwfhu) (attenuatis¡ 1LN15¡¡)

(Poak Heíght 15¡1ù¡¡) (altenuatiott lb¡¡il+¡¡)

A typica} trace is providod in Eíguro 15.

To calibr*tu 15U atom per cant output dorived from analyzer t,races,

kno',vn 19N 
"to" 

per cent anirnonium chloride standarcls wers usod to con-

strrrct an actual vorsus observed aton per cont standard curvo (Figure 16).

Tha working renge of enriched standards was dasigned to faII batween

't P.(].H. Statron, Ehrenfried - Jopp - Str. 59, C.D.R.
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FÍgrre lb. Representative standard curvs relating the moasured
nit,rogon pressur€ (forr) to the weieh{ (¡¡g) of nitro_
gen pr(-rsent in prepared ethylene diamina tetraacotic
acid sta¡rdards. Fressure-weight stanclard curves rrere
prepared froquently.
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tural abundanco, 0.367 atom por cont and 1r.15 atom per cent, which en-

5s6d anf, orrrichrnent that ¡vould likely be attained vrith laks or

stat incubatj.ons, Ân unincubatod sarnple, inJectod with nitrogsn-I5

then immediatoly filtored, sorvod as a bLan& for each set or 15N

s incu'bated. Sanple atorn per cent incrsases exceeding 0.03h atom

r csntlr€re acceptod as indicative of positive nitrogon fixation acti-

ty. This significance level represents two stanrlard dovietions

(s o ! 0.017 aton per cont) fron the mean natural abundance,0.3g3 ator¡

per cont, caloulatod for a series of unenriched samplos.

Nitrogsn-15 U'otate Calculations

Estimation of a nítrogen fixation rate frorn this nitrogon-I5 up-

take data requirod no theoretioal conversion factor, the ra'be being de-

rÍved directly from sample enrichrnonb. The raüs calculation nocessi-

tated prior dotermination of tho sample specific activity, lvhich involvod

calculation of the amount of artificial enrichmenb, plus the natural

abr¡ndance lever characteristfc of any unonriched environment,

Spocific Âctivity + (n)(vz)
(vr + ve)

tho fraction of 15N prior to onrÍchrnent, i.e., theor-
etical natural abundanco O.36T at,orn per cent.

the fraction of 15N 
"nrr"cteristic of ü¡o onrichocl gas

injoc'bod.

volu¡no (mIs) of tho unonriched nolecular nitrogen dis-
solved in ths rvator sanrple. This value rras coiÍvscl fronn
nltrogon gas solubi.lities, sample tenporature and agueous
volume, follorring I)N injection.

volume (mls) of injecüed nitrogen labol.

total volune of nolocular nitrogen prssent in tho
aquoous-'/apor syston, (mls).

(u) (vr)

whore: N

Vr

vz=

V1+V2 
=

E
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Utilizaticn of the caLculated spocific act,ivity along rrith ¡1re

e*Lrícally rloterrnined sampl" 15U onricÌr,nent, nÍtrogen .nolght an<l length

of incubation, pernittod estim¿.tion of tho rate of nitrogon fixaticn i¡r

the following manner:

N2 Fixation Rate (pe/T./hr) -G-¡)/roo (',r) (r)(s) (H) (v)

15N."to* per cent enrichment of the filtsr preparod for
a givon sample.

background aton por cent dotermined Jlom the unincubated
blank.

n weight of nitrogen estimated for tho sarapls (¡¡g).

n n1s por liter.

:, sanrple specÍfic activity (a fraction, therofore no
dimension).

!r l.ength of the incubatÍon interval (hrs.).

= volume of the sanple filtered (mls).

In _$.-rür and Laborato cv'

Ïncubation, wìrich was irlentical for both acotyleno and nitrogon

methods, involved susponding the syringes in tho water colunn at Cosired

dopths, or placing syringos in a 2ooc Íncubator in the l-aboratory. At-
taching syringo clips to paired clamps, spacod at, meter intsrvals along

a pol¡rpropy)-ono ropor allolvsd inóubati.on of acetyleno and nitrogen sam-

ples at tho sano dep'bh in the lake and in siÍLilar orientations .to ths

lako surface. The buoy fron whj-ch the sanple line was dropped was trans-
parent glass to prevent shading of the suspenrlod samplos. Incubation
periods of two to thrso lrours r'¡oro choson on the basis of, ti¡ne coursê

siludios, wirich will be discussed lator. The length of t,ho incubation

B
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t
s

H

v

Samolo Incubation
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dafíned by the initiation and terminat,ion of light exposut:e.

Dark Rat,o llstimatÍon

fn adclítion to incubations camied out in ths presence of a solar

or fluoroscent light sourco, so¡ne nitrogen flxation rates were measured

for sanples incrrbatod in thei dark. Âcotylena and nitrogen nothods were

usod to estinato dark fixation of nitrogen, and to observe rvhethor or not

th6 sane ratio of acetylene reductíon to nitrogen-I5 uptaks u,as found in

dark and light incubations. Normally, dark sanpLes wore not pre-incubated

in the dark, príor to acetyl€ne or nitrogon-l1 addition, sample preparå-

tíon procedures being the sarne "" Ár ught, samores, except for the lack

of the final light oxposure. Dark sanrples were left to incubato in the

L1gh'b-shaded sænplo box. To dotermi-ne whether dark frxation ruas attri-
butabre to rosidual energy reserv€s of the algao prosent, soine sanples

wore pr€-incubated in the dark for four hours prior to acotyleno or

nitrogen-l5 addition. Fixation ratos were then measurod. ancl conpared to

rates oxhibited by Í)-luminat,ed sanrþros run concurrently,

Exooriments fiith Filtration Procedures

FÍltration and drying procaduros were founcl to be im¡:ortant to
nltrogen-15 uptake rate doternrinations. In particular, tho nitrogen vroight

derived from nitrogon gas pressure roadings was exarnined in relation to
tho volume of sarnplo filtorod and the nnthods of filtra'¡ion anrl drying.
Samples from Chor¡ostat I wero filterod utÍlizing different degrees of
vacurln and then air-clried or clriod at varying distances from a heat blower.

Theso fi-Iters wer€ t'hon combusteri anri passod through the vacuum rack prep-

e¡a'boly systern to obtain a nitrogon pftrssure roarìing. ïncîeasing alÍquots
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oul-turo l'r€re also filtored to ùservo whether the pressul:€s recorded

i.:.r a pr"eciict'able nanner r.¡ith respect to sarnple volumo. Theso

s were prepared in duplicate so that a cornparison rnight, bs rnade bs-

en two different ostimations of nitrogen rrnight; cal'bon-nitrogen anal-

er detorniinations of nii;rogen (8. Hauser, personal co¡n'nunj-cation) as

to nitrogen es+,imates derived frorn vacuum guage pressures.

proparation of a filtratÍon srror curvr (lrthur and Riglar', rg67)

nitrogon-I5 uptaks in chonostat 2 sarnpres was also atternpted. Å ono

d and tlenty nilliliter serum bottle, firlocl nith sanple from ths

cond chomos'batr r¿as injected wÍth l+.3 nl of [9.9 atom por cent nitro-

n-ll gas. Following a two hour incubation, aliquots of increasing vo1-

, from five to thirüy milliliters, in five milliliter increments, vrel:e

filtered through oreconbusted Reove Angel filters. l.ilt,ers y,ero aÍr-
dried ín a sealecl dessjcator, thon analyzecl for nitrcgen rvoight and ato¡n

per cent enriclunent for prìrposes of nitrogan fÍxation rate deitorrninatj-on.

Filtrate Âna lysis

Âs was noted in the description of üro 15trI method, -fÍltratos of
15U sanples ÌÍore recoverod follorving filtration procodures. Tho filtratos
were stored, at l+o0, in plastic or glass scintillat,ion vials, rrntil they
could bo procassecl. .Storage for up to one nonth was not u¡comrnon. pro-
cossÍng involved preparation of firtrate sampres for 15N analysis. rni-
tialry roto-ovaporator concentration of fil.trate sarçles at 50 ¡o 5SoÇ,
was used as a preli:nirrary to application of tho concentrate to a precom-

busted filter. Rol,o-ovaporation rsduced 'Lho fifty millititer filtrat,e
volune to a¡rprox|natoly two to throe rnillj.l,iters, which coulcl bs collected
in a five rnilliU.ter plastipakl syringe. .À. Reeve ô.ngel fÍltr:r rn¡¿rs thon

L-Plastipak-ilecton, Diclrinson end co.canada Ltd. rlJis,sissauga, canada.
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a@d,.y saburatod ancl clrÍod ovor a heat blo"rer unt-il all tho conct¡nt,rate

¡66¡ åPPJ.'led' Tho ternparai-,irro rrj.thin birer dryj-ng chanber vras only lr0

LSoC duo to'bho clistance of tho drying pla.t,e from t'ho hoat' sourco.

This proceCuro l'¡as n:¡Cifir:d as filtral,os ivith higheir nitro¡1en con-

s wera neinsurt¡d. Trp altornato r¡ethorls rvere adoctad. Ono nst,hod. in-

l.ved application of ono rnill-i.liter of unconcontratect filtral o clÍroctly

the filtor using tiro sarno saturation ancl drying procoduros. Às; a com-

son, 1,hc ros*, of the filtrate v¡as concentratod an<i'ihen a 0.2 +,o Ooh nJ-

ryas used to saturatc the filtor:, only onee, before a final drying.

rêason for tho procoduraL moclificat'ions vras that concontrates of chon'o-

iat ana lake samplo filtratos, trhon conpltrtely applied, yiolded nitrogt':n

r€ssur,3s lThich qxcoeded tho capaci.by of the vacuullì gu¿tßo and contanj-nated

the co¡nbnsbion tubo. Tho dasit'able f:i.ltrato nitrogon pressuro fe11 bel:tvsen

.3 and 1o0 torr, forrvhich ato:"n por cont clraractorÍst,ics lyoro dsfi.nod and

consistonb o

filters preparocl frorn soloctad filtrate sanrpb s vrere then arelyzed

in t,he $.irno mannor as pârticulate fracbions lrûre analyzed. The back¡¡round

15ÌrI unricl^,nent for filtrate samplos vras establishod by anaÌysis of tha

filtrabe frnn: tho unincubate¿ 15N blank.

Timo 0ourso Dotorminat'iolts

Samplo proparation for timo course studies was iderntical to that re-

quirod foi: ncrrral rata conparison o4r':rirnonts. llot'revor, tho length and

tho .location of sarnclo incubation, boih laboratory and fir:lri, varled.

Aco'tyleno Roduc bic:r 'l:lrnr: Courso

The j.n situ doberrnination of 'lhc relati.onshil: botl',esn the a¡r.ount of
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nfi reducocl wÍth incroasing time was facilitated by the nature of

air stripping and product colloction procedures involvsd. Sanrplos

d bo roadily sbripped in the field and tho gases injectod into ssrur¡

tlosr after various longths of incubation. fncubations fron fifteen

tes tc four or fi-ve hours, at thiriy ninute j¡tervals, vr€re undsrùaken

íllustrato ths ral¿ti-onship over tiroo intervals Likoly to bo applied

day t,o daY sanrPlÍng.

Tir¿e coursos 'l.rere carrj-ed out lvith Chemostat I and Chamostat 2,

J0[ concentrated samples, and Laka 22T unccncentratod samplos. AlI
uarirplos for a given system and time course wer€ prspared -fro¡a the sane

conpositt sample. ttromostat samples 1rer6 incubated in an Íllurninated 20oC

lncubator, whilo lako sanipÌes w€re incubated in situ, syringes being sus-

ponded fron a horÍzontal. rod 0.25 meters belo,r tha lake surface. fncuba-

tion was lnitiat sd on oxÞosuro of all sarnples to the light source and,

torminated rvhon samplos waro stripped, irnrodiately after removal flom tho

LÍght.

I'litrogsn- 15 upt,ake Ti¡ne Course

Duo to procodural problems rdth samplo filtration in the field,
samples for nitrogen-I5 uptako tjrne coilrses n€re i.ncubated ín the labora_
tory-con'brollsd tonporature incubator. fn this way, access to a filtra:
tion unit vras rapid, so there would bo no lag botvreen r6¡noya1 of tho sarrplo
from the light (the critsrion for end of incubation) and filtration.

Both choroostat and lake timo courses wore performe<l and corryared.
f,ako sarnplos l'¡ere pr€perod from tlvo liter unconcent,rated saniples which
',¡'¡oro draivn fron 0,5 metorsr and returned to tho l-aboratory in sealed,
llght-striolded glass containers. sj¡ilar to daily samïrlesr nitrogen-I5
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ctions r¡rors mador and samples wer€ì then incubaied for selocted tÍroe

rva1s. Ls vrith the acetyleno reducbion time coursos, tho range of

ir¡tervals ( fifteen minutes to six hours) encoapassed those likely

be useri during no¡naI sampling orocedures,

Llichae].:ls-l{enten F"elations s

Relationships of reduction rate and substrate concontration rrere

d for bot'h substrate and anaì-ogue. Tho intent r'¡as to deterriins

r âny differences existed in tho uptako reÐons€ of tho brue-green

a}ga1- population on oxDosure to eithsr nÍtrogen or acotylene. Variability

in,the substrate-velocity response could possibly contribute to explana-

tions of observod rate di.screpancies. The concentration-rate experÍments

çare dsfined indopondently for each of the substrates.

The Relationship of Acetl'lone Ooncentration and i'Iitroeen Fixation Rate

During the courso of a nor:nal assay, acetyleno iras preserrt in ex-

cess so as to conpete succsssfully'ruith the natural substrata, nitrogen.

Choice of this concentration was dsternrinod through selection of a sub-

strate level corresÐonding to a plateau reciuctlon rate,

Procedurallyr tho definition of this pLateau region for acetylena

rçduction rates involved preparation of a series of substrate concentra-

tions to be ut'ilized undsr normal assay conclitinns. Substrato dilutions
Ìrsro prþparcd to obtaln a final sarnplo concentration range of 60 to ?5o0

micro:'mlar. A preliminary exporinont ï¡as run with a ssrJ-es of loi,rer acoty-
lene concsntrations- rvhich assisteci in the final seloction of a represen-
tative eoncantration range. Vohunotric flasks, fil1ed to the proscribod
volunc with air, vrero util1zed for acotyleno dilut,j-ons. Flask neckspaco
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s fi}lad with water. Acetyleno volunes to be inJected rvoro neasur.ed.

s-bored in 1, 2.5, 9 and 10 n1 Glaspak qyringos. Dssirecì gas volumes

injected into tho dilution flasks, through rubber. suba ssal flask

stoppors, follovring ronroval of an equívalent volume of air from tho flask.

For purposes of attainÍng gaseous equilibriun between the small aquêous

large vaDor phase flasks wore shaken for tno to three minutes. This

líminary nixing ï¡as necessary for accurate calculation of gas parti-

tloning between Phasos.

Sample s wer€ prepared from a two liter saraple drar+n from leko 22f,

one to two hours prior to substrate injectfon. This sanple was kept closed

and light-shiolded uniil subsanoling uas inÍtiatod. Normal subsarnpling

pnocedures 1r'ere pursuod, howovor, the sanple size prj.or to injection was

thlrty-fÍve millilitors, rather than thírty millilitel"s. The adciitional
flve rLilliliters of sample rvas cisplacod on syringe inJeciJ.on of the fivs
míIlilitsr gas bubble proparod fron tho acetylene dilut,ion flasks. The

pr€senc€ of air in the inJected gas causod a smallor psrcentage of the gas

bubble to clissolve on vigorous shaking than i,vhon pure acotylene ras in-
Jocted. Incubations, lasti-ng two hours, were not carried out in situ be-
causo of the difflculty in sample preparation and gas dilution rnanipula-
tions in the field' ?he controlled temperature incubator, fitted lvith
Gro-I,ux burbs, allorred laboratory incuba+,ioas at iq sitq tomperatures,
Gas stripping procedures, following incubation, 'i*¡ere icentical to t,hoss i.n
the standard assay metÌrod. Acetyleno reductÍon ra.bos wers moasured for
the acetylons concontrat;ions listed in Table lr, The highost substrate con-
centrat'íon lras achi-ovocl without dilution procodures. ft roprosontsd the
êQusous concent,ration achiovod in the regula.r assay by direct injoction of
five rnillilitors of acotylern into a thirty nilrilitor samplo,
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Âcetylene and Nitrogon concentrations Employed For Definition of
lûichao Ii s-!,.{ent en lationshi s

l

czld¿ Concentration N2 Concentration

ot

L23

2ldr

5sa

11gB

rb?3

2977

l¡l¿oe

7l1lú

bT

93

116

225

391

t$5

UsS

5L3
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Åcotyleno Concentration Cal-culation

¡.s inclicated abovc., acotyleno dilutions r.roro nrepared in an air-

d v61r¡netric flask, residual volume in the flask neck being filled

th øater. Detornrination of gas-liquid partitioning of the acotylerio

üffo€n the trvo phases in this f,Iask, and in sarnple s¡.ringes fias necss-

Tni'LÍal Gas llilution Detonnination

Tho concentration of injocted gas was estimated using the follorring

uation:

cs(vs)+c1(v1):vr

çhoro, Cg I

vg=
c1 

=

ml concontration of acotylene in tho vapor phase at given
ñ ternperaturo and one atmosphero prerrur".

volune of tho vapor phase (nls).

ml concontration of acety'lene in the aquoous phase at
ñÏ a given ternperaturo and one atnospirere prossure,

volune of the equsous phaso (mIs) - flask nock volurno.¡¡

To simpli.fy the above equation qCZHI, acetyleners solubi-lity coofficient

V1

vT total volums of acetyleno initially inJected into tho
dilut,ion flask.

was required.

{= v.'
t)

t/l
or equíva1ent1y C1 at a given temporaturo and ons

ñ- atnospher€ pr6 ssrlro.

SYrnbol de finition was as abovo.

Utilizing a spocific cl r the first equat,ion vras sirnp).ifiecl to:

,r1 + V1

d c2H2

Slnco all other pararnotors $.oro availablo, C1 could be dsfined; C*, of

(ve) cr (vr)
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diluterl gas nixturo, t,hen oquallaci C1 .
ê<

Fi-nal ueous Ace ne Concentration

Àfter preparation of the initial acety)-ono/air dilutlon, five ¡nil-

ters of thls gaseous nixture usro injoctod into a thirty nrj.}lilÍter

ous sampler (Vf), V* was assuned to bo the volume of injectecl gas,

ø the very soluble acotylens contributod only a small proportion of

injected air-acotylano urixture. V'¡ was calculated fron the injectod

volume multiplied by CUr tho estirilated concentration of tho dilutod

. fncorporation of these valuos into the first equation allowod

determination of a nl-/nJ- aqueous acetylene concentrat,iän for each sanple.

Micromolar concontrations were obtained follorring division by tho molar

volurno of ths gas at standard tenperature and pressure.

A1l concentratíons lisÈed ín Table h, axcopt tho hÍghost acotyleno

concentration, were dstermined in this mann€r. DeterninatÍon of the lat-
ter concentratÍon required only the final calculation dsscribed, because

five míllilitors of acetyl€ne lvere injoctod directly into this sanrple,

without dj-lution. Vg and V1 wer€ 0.25 mls and 2!.?5 mls, respoctivoly.

Bocause of pure acotylenofs high aqueous solubility, arl bu.b 0.25 mls of
the acetylene in jectsd clissolvecl, explaining thq low \rg volums.

Forlow'ing incubation and gas chronatographic analysis, acotyleno

reduction rat,es were calculatod in the samo nanner as was describod Ín
the Rate Est,i¡rati-on S6ction.

Tho Re Iati.onshi o of llitro gen Concentration and Nitrogen Fixation Rat¡¡

Detenninabion of t,ho relationship of nitrogon fi.xation rate and

Ditrogein concontration ruas accomplished vrith .ake 227 samplos. Though ni-
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n ,ilutions 1[€r€ prepared rrrt,h nitrogon-I! gas, the ttso of the label-

gas on:-,llt ret,hor than a fLUZ 151t, *i*turo, 1ras rnerely a msasurement

calculetj.on convenionce. Because of the large percontago of nitrogon

airt nityogen dilutions lyors prepared in helium-filltld volumetric flasks.

scribod volumes or 15n-nitrogen, prepared in Glaspak syringos, were in-

cted into the indopendent fllasks in a similar manner to that used for

tylono-air dilutions' Calculations were rnado of the partitioning be-

n the wator-f11led nockspaco volume and the flask gas volurno. Sono

tions lyers prepared diroctly in the syringe, Ínjectíon of a given

trogen-l5 gas volurne being followod irnmediately by inject'ion of a given

volune. To achievo higher nit,rogen concontrations a larger volumo

pure nitrogen-15 gas yras injected, rather than a heliurn-nitrogen nrix-

ture. A combination of these thrse methocls, yielded a final samplo nitro-

,gen concotltratj-on series vrklich rsas l-istad in Table l+. Sanples '¡¡t¡:re in-

cubated for tr'¡o and aþalf hours undor Gro-Lux lighting in the laboratory

tncubator, Ânalysis of isotope uptake, and thus nitrogon fixatlon ratos,

was iclentical to that roquired for normal nitrogon-l5 uptake rato esti-

nations.

l{itro ConcentratÍon Cal crrlation

Ca1cu}at,ions for t,ho init,ial nitrogen-l5 gas dilution v¡ith hel.iurn

and the fin¿rl- sanplo nitrogen concontration wero irienticaÌ to tltoso em-

ployerl in tl¡e acetylene e:iperinent. The oquation

c:- (tle) + cr(vr) z v1

-< tfe

Yras üsedr but wi-th nítrogon gas volwnas ancì conccntrations zubstituted for

acotyleno terms, in both the ¡roli.mi-nsry diluì;ion calculation ancl ths final
hltrogr:n calcrrlation. Tbo aquoous solrrbility of nitrogon, "{ N2, ra'uher t,han
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tylene 
I s solttbillt'y coefficiont, was required.

l.,herr gas dilu'bions iYors preparocl r¡rithin tho sarnple itsolf, a prê-

rninod voluno of nitrogen-I5 ga.s and helium u'oro injoct,od diroctly

nto the s,vringor the aquoous sanplo volune, VI, boing measured following

enent of sone sanplo nith gas injectlon. For this nethod, nodi-

catíon of the above equation was required lvith the following intorpro-

atíon of tor:nsl

cs (vs) cr (vr)+ V1

Cg = CI . final vapor phase nitrogen concsntratLon in tho
o< NZ sanrplo nl .

¡n1

the total volume of helÍum and nitrogon inJectocl (mls)"V.'
èt

C1

¡

final aqueous nitrogen concentratJ-on nl
iñ

a

V1 = sample volr-rme comoctsd for watr:r displacod by gas
injoction (n1s).

v1 ¡' vclume of nitrog""-\, gas injected (nls). (vr = v* when
on-1y nitrogen-l5 gas injected. )

Aftor osüination of rrÍtrogen woight and 15N unrirlmont, nitrogon-l! uptaka

calculations lrere accomplished using nornal rate' forrnulae. Individual
specific activitíes v.¡ero es'l,imated incor.oorating the differsnb volumos of
nitrogon-t! gas injected, and the offect or ll¡u nitrogen dilution.
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Introdue bion

i\ce.bylano reduci:ion ratc anrl nitrogen-15 uptake data are prosented

discusssrl for the lakos studieci in the Experimenbal lakss Area and

Chomostats I and 2. .ê.cotylene to nitrogen ratios, calculated by ave-

, weightod avorago, linoar regrossion atld woighted linear regrassion

thods, aro indicated both for inclividual systems and rolated systens,

the ¡nerits of oach nethod of calculatÍon are examined. Explanations

lntras;ysten variability aro suggsstod. Ratios esti:¡atod in specific

ms ar€ comparod to deternim if a relatíonship exists betwoon the

ratios calculated and the environmants examined. tonclusions ar€ reachod

concerning the applicability of the theoretical versus tho ornpiricaÌly-

derived ratids and discussion of attempts to erylain de¡nons'brated riif-

ferences are included, Also reporbed aro tho results of additional- ex-

poriments further dofining the relationship of acetyletle reduction and

nitrogen-15 uptake. Epilimnotic.dopth profiles, sarapling soason ratio

variability, dark rrit,rogen fixal;ion esti-nnation, time course assays and

substrate-volocity responses aro discuss€d.

Iake Nitro¡ltln Fixation Pate Ccmnarisons

l.litrogon fixation Ì?as €stimated by acatylene roducbion in Lake 226lrl!l

and T¡ko 2?-T in tho äxperimen'ba1 f,akes Area to establish its contribution

to 'blie lake nitrogen budgets (F1ett, 197?). Though prelirninary nitro-

gen-15 caljbra'hion of the acetylone roduction techniqrre r¡ras commoneod,

acotylcno reduc'bion ostimaüçls of nitrogen fix.ation Y¡€ro not cot'rected for

âcotyl-one to nitrogen ra'bios founrl, Calibrab j-on I'ras com¡rlo'bsd in this

stucly, acot¡rlone 'l,o nitro¡¡e¡r ratios boi-ng determinod both for unconcsn-
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tød and concentrated lake samples'

Äcr:tylene roduction ancl ni-trogen-15 ur¡t¡rke rato daia accumulahed

Lake 2261.{S, Lake 227 and Lake 30lr in 19?6 and 19?? is sun¡narized in

s5toB.In'thosotablestheacotylene.deriveclnitrogenfi:<ation

ancl the acotyleno reduc'bion ratot¡er6 dist,inguisho<1. The fonner,

uJ"ated assunlng the stoichiometric acatylene to nit'rogen ratio, was

included in the rata percentage ostj¡lation' Definition 'of the din-

onl€ss acetylene to nitrogon ratio req¡iroC prior conversion of

rates, to pmole e/n/nr by i.nclusion of ths rnoloc'lar weights of

lone and nitrogen. Also nocessary was the assurnption based on the

oretical acetylene-ethyleno equation (sae Introduction), thai an

uivalont amoun.t of acetylsn€ ïras reducod for a giren amount of ethy-

nroduceid. Rates reported for tho ind.ividual dep*,hs are 'bhe averåges

rates calcul-ated for duplicaie sarnples. Division of acetyleno reduc-

rates by nitrogen-I5 uptake rates yielded a diroct estfuna'bs of

etylene to nitrogen ratÍos

None of the lakes exa¡nined 'exhibited recluction rates excoeding

pg ethylene producea/T,/nr or 2 ¡rg nitrogen tixað/nfhr. lfaximun rates

for concentrated lake sarnples, 2,5 pg ethylene/t,/trr (fate 226 NE)t

9.1¡ pe ethylene/r/w (tal'e 30b) and 5'1 pg ethylena/t/w (l'ate 227) wers

Of tho same ordor as aqotyleno reduction rates measured for unconcon-

t¡ateC Laka 227 sampJ-os assaye¿ during the courso of tho late sunrner

Anabaena b1oon, (6.h ,rg othylene/t/hr). From this comparison it rrculd

appear that net haul concentratíon procodures Cescribod oarlisr wera not

Unroasonablo, À fow of tho samples exhibiting low nitrogon fixat'ion

activity (for examplo, July 2!, ]:g7T, fake 226 NE - Tablo ?) showecl some

lnconsistoncy Í-n ra'bio nngnitude, but no obvious comol'ation bstr'¡osn
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TABTJ' 5

Rato and â ce tyle ne Re cluct l-on Rate !t + ima &(,e s Ac UITIU 1a te d For
ljp tak6

6 ta and
226 l'IE and Iåke 2 27 During the Sunner o f t97 Rato p € rc6 n go $

€ c zHz N2 Rat l" s {ro ca1c ufato d Dire c tlv

Sarliple låqz nato c2H2 Rateâ
(Fe¡lã/L/hr) (¡reczHl¡/L/hr)

0.OBO O.hlr9
o.olr5 0.561+
0.072 0.L32

15g Rats cfp c?t\z
_-u_DatotF'

ü/ú

Do scription N2

226'!ß 0ra
1m
2m

53.5
23.9
50.o

5.6
!2,6
6.0

30/8/76 227 0rn
1m
2m

0o
0.
0.

1?l+
]'9
121

1.239
1.281
1.039

h2.1
39,6
35,L

7,I
7.6
8.6

T/9/16 227 CIm
Irn
2m

o.o5g
0,0¡+9
0.071

o.529
o.52ll
o.5oo

33
28
Itz

t
I
6

B.g
10. ?

?.0
t

o

to/g/16 227 0m
lrn
2m

0.L66
0.089
0.080

CI.821
o.íItZ
o.509

60.T
bg.3
l,t7.2

lr' 9
6.1
6.L

rL19/76 227 0m
1m
2m

0
0
0

0
0
0

.112 0.608
o.tíL
O.lrl+7

55.3
5li.I
5l,a

5.\
5.5
5,9

t

c

100
076

a92
o7l¡
079

tl+/g/16 zz7 0m
1n
2m

o.372
o.356
0.287

7\.2
62.1+
Bz.6

l+

l¡
3

7
6
h

a 0
B

6
a

a
a

L6/g/to 227 0m
1m
2m

0"05h
a.o52
0.072

0.
o.
0'

l+Oz

351+

3oo

ho
lrL
72

! 3
I
0

a l-l

B

2
a a

o

N0llE 1: a c2H2 Rate - Âceitylene recluction rate not eonverted to ni-trogen
fixation rate.

b Nç(CpHç) Rate - Âcetyleno rocluction rate convertod to ni'brogen
-'4 \ fi:ation- rate by assuning the theoretical

Cz]Ërz¡l'I2 ratio of 3'
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TABI,E 6

up La"ka RaI
U e an<1 Aco tyleno Re duc t,ion Rate !r, a tirna t c A c cumula t,e d For

6 30Lt Duri llg tho Sunmo r o f I97 7 Rate P€ rc entage s and CZ H2 lt2
Rati os Âre Ca1 cu1a !

ù o cl D l-ro c +u

Sample lfue Rate C2ll2 Ratea
(Èeczrln./4ny)

6,r50
h.61?
3,b23
0.105

9.h16
?,b90
[.]+06

151¡z R"ts ß
ñãreãr,]ffiãb

CZtlZ
N2,Date De scr.iption (ugl,iz/1,/trr)

2/6/7 7 301+ 0n
1n
2m
0ro

0.8h3
0.508
0")+0?
o.012

h1.l-
33.0
35.7
3b.3

7
9
B

B

6
B

7

a 3
I
Ir
9

2
l+

6

a

30hc

301

a

2\/6/77 0m
1m
2m

1,528
o,893
o,579

l+8. 7
35,8
3g.b

a

a

27/6/77 3ol+ 0m
lro
2m

o.5oo
o.Log
0.210

3.911
3.003
r.913

38.
ho.
32.

56.
87.
?lr.

78.
67.
I$,

b
9
9

9
5
3

7
7
7

9
I!
3

7.8
7,3
9,!

b/7/77 301+

301+

301

0ro
lrn
2m

0.218
o.tg6
o,135

l.
0.
O.

th9 5.3
3.lr
h.o

6lz
5\5

s/t/n 0n
]rn
2m

0 a Ll60

302
t55

I
I
0

1
1
0

.7íl,t

.338
3.8
L.h
6.0

0 t

0 ) e35

13/7/7? On
Im
2m

o.37l¡]
o.332
o,21L

t 5e
6t$
?BO

7]-.
60.
82.

h,'2
5.o
3.6a

a Soe Noto 1, Tablo l.
b Seo Note 1, Tabla l. .

c Unconcentrat,od Sanrple.
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TÂBI,E ?

up tako Ra to and Â ce tyle 119 Reduc + l_on F¿t'e E ùt ì hâ te s Accumula te d For

talce 2 26 NE During the Summe r o f T9 7 1 Rat € Fe rce n tag€ s and C2 H 2 N2

Iìat10 S Are Ca1cu1a + I d Díre ct

Sample
Description

15Nz not" c2H2 Ratea
(peN^ /T,/trr) (peczsì, /t/nr)

I Rate CCHç

NeDato

6/7 /17

a

226Nî,

226N8

226NEc

226r{Ð

226lEc

226N8

226ìiEc

226m

226hEc

0 m 0.11? o,963 36,h 8.2

t5/7/77 0n
lrn
2m
0nt

0.133
o.136
0.08h
0.011

0.6L1
0.719
0.h7h
0.060

62 o 2

7
2
0

7
3
b
3

9
B

Ir

5

L.B
5,3
5.6
5.5

56 o

93.
55.

2L/7 /77

23/? /7?

2e/7/77

0m
1n
2¡¡
0m

0.32L
o.3l+5
o,2b,6
o,o35

2,1147
2.b\7
1.1+36
o.267

39
'l+z

5t
39

h8
zlt
36
2\

a 7.6
7.L
5.8
7.6

a

a

0m
lra
2m
0m

0.398
o.2.o3
o,2j.7
o.o27

2.Iil¡b
2,\5L
L.7gA
0.330

a 6.1
]..2.l
8.2

l.2.2

o

a

t

O¡n
1m
2m
0n

0.1?6
o'o9B
0.037
0.085

1.880
1.1 79
o.663
O.2BB

28.1
2\.9
l.6,7
BB. 5

10,7
12.0
j.7.g
3.lr

e Soo Note 1, Table l.
b Sos Note 1, Tablo 5.

c Unconcontratad Í*rmples.
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TABI,E B

L5¡¡2 up
Lako

take Rate and Acotyleno lìeduction Rate Estimates Àecunulatod For
227 Duríng the Suinrner of 1977. Rato Fercentages and C2H2:N2

Ratios Àre Calculated I-:irec

w
2e/6/77

Sample
Description

15N, R"t" 'ctïz Ratoa ,15wr nnte 4

@? /L/hr)- Cuæ:ü1,/r/rc. ftGfñ'r.@"
czHZ

-s¿-
6.0
6.h
5,8

15.8

227 0
1
2
0

m

m

m

m

o.257
0.209
0.135
o.o23

r.5Lh
1.338
o.782
o.363

L9
L6
5t
t9

a I
I
B
n

a

227c

zt/t/tt 227 0m
1n
2m

a.55l-
a.l$7
o.zfu

5.lht
b.TzT
3.?-15

32.2
3r.5
23"3

9
9

T2

B

1B

9
ilt

a

a

o

?

9

7
6
I
Ir

7
6
0

1/B/77 227c 0m
1n
2m
3n

0.187
a,056
o.oB7
0.o31

t.625 3h.
Ió.
30.
20.

5
1
5
B

(>

7
I

o

1
0
0

5
5
2

L
5
l+

.ohlr t

B5'
bb7

a

o

22/B /17 227c 0rn
1m
2m

0
0
0

826
579
268

a 55o
001¡
673

ee5
085
626

tù
3l+

30

I

a

A

Boa

a 1o a

zU/B/77 227c 0n
0n
0rn

0.800
o -756
0.9L3

bB.o
hl"r.6
6L.z

6.8
6.7
b.9o

26/8/77 2z7c 0¡n
0m
0n
0nr

a.B2g
0,802
0.8h5
o.687

5*598
6.181
6.zgh
6.1+18

lrL 'lt
38. g
h0.3
32"!

6.8
7"7
7 ,lt
9.3

29 /B/17 227c 0n
lrn
2m
3m

o.860
o.739
0.31i6
0.120

5.
5.
3.
1.

738
279
l+zg

39t

L5.o
lr2.O
30.3
25.9

6"7
7.1
9.9

11.6

12/9/77 zzTc 0n a.\zz h. ?3t 33"7- 9.1

a See Note 1, Table 5.

b Ses Ì,I<lto 1, Ta'ole 5.

c lJnconcontratod Saruplos.
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Letto! and ratlo magnitude was apparent within the lako Cata subset.

A1l indivÍdual sannple acotylene to nitrogon rat,ios listed for

226 ñ8, lake 22'l and Laks 30L dífter signi.ficantly fron the theor-

ical val-us ' Iloternination of reprasentative :ratios for oach lake and

combined lake dat,a set is discussod follovring presentation of cheno-

t data.

Chonostat P¿te Cornparisons

Though establishrsnt of an acetylene to nil,rogen ratio for fresh-

ter blue-groen a1gal populetions l€s the primary purposs of this re-

search, restricting sampl5.ng to lakes in the Eryerinent,al l¿kes Ârea

would have prevented e sti¡ration of ratios for systems capable of main-

talni-ng very high nitrogen fixation rates. A spect¡uu of rate lsvels

was considr¡red necossary to d.eternine whether ratio nagnitude is a func-

tion of nitrogen fixation act,ivity lsve1. ff the acotylone to .nÍtirogen

ratÍo is a function of nitrogen fixation rate, application of a single

ratio to lal<es exhibj-ting various'lovels of nitrogen fÍxation is unjusti-

fled.

l.{oasuroment of nitrogon fixation rates similar to those antici-
pated in a outrophic lake, with a well-developed blue-green algal b}:on,

vas possiblo in chemostat ¡.nl!,3e-ng rÌ!r.iabíl]S. populations. It must bo

emphasized, however, that tho chemostat was used as a donsely populated

roservoir of activoly fixing calls, rathsr than a lake anaLogue fron which

extrapolations to a eutrophic lake, .,ryere attenpted.

Chsnostat 1 and Chemostat 2 differed both in tho ma¡¡ni{,udra of their
tnaxirnunr nitrogen fixation rates and in their prodictions of acetylone to

ni-trogen rat,ios (faUte 9 ancl Tab1e 10). Table hoadings aro as definod in
?ables ! to B, howevor, rates listed are the result of indlvidual, ra:ther
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TABI,E 9

Rate and A ce ty le ne Roduc tÍo n Ra !
lJ e n ê tima to s A ccurfru 1a t d For

1 fJuring ¡
tJho 'i'rin ter o f I 97 7 Ra te Perc o ntag e 6 and A2H2 N2
RatLo s Aro Cal culat rl d

.D l-ro c

Chenc stat
llunbor

15tt" R"tu
(¡tsvi tT./Ð

C2l{2 Ratea
fueczn ft,/nr)

tt Rato CZtlz
IieDato

7 1 9 "132th.o9t
ho.\55
33.966

67.7
]'2b.9

h.lr
2.b,

23/3/77 L 26,922
20.1h5
L7,38(
LB.2g7

B7.oh8
98.100
B 7. ol+B

98. t.oo

g2.B
6r,6
5g.g
55,9

3
b

5

o1
.9
.0
.h

Le/u/77 I

1(Dark)

6.z].:o
5.3ot
o.705
7,998

l+3.92o
36.036
:-9,696
h3.920

58.6lilr
57,1t92
27.7.I7
58.6h1¡
5T.bgz

bz
Lb
L3
5U

LO
56
3l+

5o
6l

I L
I
5
6

9
I
3
2
B

7,1
6.8

22.3
5.5

a

a

25fl4/TT Ì

1(Dark)

9.567
r0.7h9
3'J05
g.Bo7

I?.219

a 6.1
5,3
8.7
6.0
l+,7

a

o

!

a

\/5/n I 8,277 37 .Lb6 66.8 \"5

a -qee ltroto 1, Table !.
b See Not,e 1, lable $.
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T¡.BT,E 10

4i- IJ Ra bo and Acetylone ReductLô n Rât 6 J. stimat e s Â c cunu 1at e cl Fo L

Up
L
U

nd c H N2lat ¿. Durin¡1 the Sumne r o f 19 7 7 Rat o Po rce ntao e s a o
L 2s

Ca1culat od ì +
U IRat l-o A ra D re

Chemostat
lTumber

lá'¡e Rate
hry,tÍc/r/nr)

o.9\5
1.227

CrHe Rat,ea

.Ltrebzfrir/Iilhr)

:-3.7t2
]..6.236

15lve Rate
IIz ( Czile )Rate

d
t)lo

CzHZ
Nr

Dai'a

7 2 20.6
22.7

ilr.6
]-.3"2

/6/77 2 0.390
o.585
0,522
0.561
o.6L2

5.076
\.752
h. B78
3.32j.
h. tó7

23
37
3z
5o
l+lr

20
L6

a I
0
0
6
I

6
0

13
B

9
5
6

¡0
1
h
9
B

a a

I a

t

o a

30/6/77 2 0
0

t 39
7B

3
9

5
5

7ltz
r39

1lr.
o

I
B

7
5

a 6
c

6
0
o
¿

I
6
5
3

a a a

t/t/tt 2 1.179
T.578
1.608
r.977

11..286
].2.636
11.187
i.o.251

31.h
3?,5
Jr3.]
57.8 a

tt/t/n 2 o"222
o.279
o.L35
O.2!+9

3,59r
2.952
3.b?h
2.51ú

18.
28.
11.

7
Ir
B

2

16.
10.
25.
10,29.

t1/t /n 2 1
2
2

I

a rclr
'uç0

Ì+fZ
5l+5

22.653
2r.32L
22,]-:67
20.133

th.6
35,r
32.6
2).o

20,5
8,5
o,

13.0a

z6/t/n 2 1,ohL
1.527
1.167
0.9lr8
t.og5

]5,255
il{.580
y3.617
l..2.7gB
th"olro

20.,
31.1+
25.7
22.2
23.|t

lL.6
g.5

li-.7
,"3"5
12.8

ê Soe Note 1, Table 5,

b Soo Noto l, Tatrlo l.
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duplicate analysers. l'faximum acetylono reduction ratos for Cheno-

ts 1 and 2, 98.1 Fg ethyleno/L/hr anct 22"6 ¡tg othyleno/T"/l:u^, excsocod

l.ake ral,es by groater tharr a factor of ton j.n Chernostat l and a

f 2 in Chomostat 2. The differences in raf,o level botween Chonno-

and 2 vrere not anticipated on the basis of tho similarity in bj-o-

and chornical dasign of the chenostats. Both chenostats woro sup-

th the same a1gal ryecies, lirniting nutrient and merlium contpo-

ior o

ts1
aL

d'r'ri

tlon ariri supply. Differencos Ín rsximum rates nay havs been the result

variations i.n individual collu1ar caoacities for nitrogen fixation,

differences in population nitrogen fixation lsve1 base<l on unequal

11 concontration. Support for concentratlon-incluced inequalities was

obtaíned on conÞarison of particulate nitrogen weights, one indÍcator of

col1 density, Ton rr.illiliter sa¡¡ples collected an<i a:raLyzerd for parti-

culato nitrogen Âpril 27, L977 (Chenrostat 1) and Scptonrbor I, 1977

(Chemost,at 2) denonstrated nitrogen weights of 37,0 ¡1g N and 19.3 ¡le Nr

rospectivoly, a differonce of approximately a factor of twc j-n favor of

Chemostat 1. Actlvity level-s differed by a factor of appro:cimatoly four

or five, thus activity lavel inoquarity appears to bo subjectto moro

than simplo populaiion density infl-uenc€s.

Ân additional e4olanation proposed for activi.ty Cifforences be-

tttq6¡ the cheraostats lvas basecJ upon the availability of inorganic nitro-
gen, sn€cifically amnonia, as a nit,rogon sourco ß)re reaclil.v assimilatecl

than molecular nitrogen or as an i-nhibitor of ths nitrogon fixation pro-

cass. Preferentj.al assj.nilation of armonia has beon observed (ltardy e!.

3]., 1973), but its influence on the prosent study is only suoportod by

inforonco. The axenic sbat,e of 'bhs cultur"es, tosterl by trypticase soy

broth inoculation, 'bho r¡xient of a¡monia release nocliated by bacterial
qctivitfr assumiltg bactorial con'bamination, and the ciegreo to which thrs
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Leasa
d ammonia would affect nitrogon fixation activi'by aro critical to

proposal. On1.y Chemosbat 1 was maintained in an axenic stato. 'lhero-

, bactorial ciocomposition of organÍ.c nitrogen with releaso of arrynonia

5 poss iblo Ín Che¡nostat 2. An anmonia concentration of 18 .l¿ Fg/I'/nr

yopresentative of the significant levels of inorganic nitrogen measur-

in Chomostat 2. Suspicion of higher arcrnonÍa release por ceL1 in low

ty Chenos+"a+' 2 maybe supported by the observation that passage of a

I molecule (such as anmonia) fror¡ a coIl to the environrnsnt will be

nhanced in loss dense natural populations oomparod to noro corlcontratod

ulations, t'hough this has not beon denonstrated in blue-greon algao

(fogg, 1966). Comparison to axenic Chenostat I ar;irnonia lovols was jm-

possible, though, as an analysis of Chenostat l chonistry Ìyas unavailable.

Annonia, if presont in Ciremostat l nodiurn, v¡ould presunably have been re-

Leased by alga1 ce11s. Hov¡ever, rvithout an erstimate of Ohemostat 1 am-

nonia concr¡ntretion responsibility for observed l-ovels itr Chernostat 2

cannot be assigned either to the algao o¡ bacteria.

Exporiments completsd with'La!:o 22? sa:nples in 19?6 indicatod that

very high an¡monia concentraìior," decrec,sed tho rate of acotylene reduc-

tÍon. Overr a concontration rango oî 59A p$ to LZ:O ptl amnonia, acetylene

rsduction erxhibit,ed a gradual declino to approxinately sixby per cen'b of

tho rato of a sanple rcceiiving no amnonia addition (tatte It). Ths back-

ground arnnonia concontration in the control santpl-e was 0,29 ¡rtr{. As an

aP'Froximation, the relaticnship dorived with this data sot was applied

tc the Chemostat 2 arrrmonia concontration, 18rh00 Fg/L or I0B2 ¡ii,î. The

porcentage rats decreaso, assuming the pr€senc6 of 1082 ¡tM ammonia and

êil e¡ponential decline in rato t'¡it,h i-ncreasing a.rru:ionia concentration, vas

tventy-forir p€r cont, insufficient to account ,for tho 1arge rato d iffor-
encs bCItwcon Chernosl,ats I and 2. îhis explanation being ina<ìcquato, it
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TABI4 }1

fhs Effect of Increased .A¡nmonia Concentration on Acotylenei Reduction
Rate as Estinat,ed Àu st 17 19 for Lakø 22f 1o s.

fRnrnonia]

-fÈ¡ù-

Acetylene
Rsduction Rate
.,(pewilL/w)

1.h0

L.u
4.99

o'98

o.77

o.72

- 0.7h

a.g7

0.6Ì

Per Cent of
Control Rats

0.29

5so

1180

L770

2370

295a

355a

Lrho

btlo

100

Bl+

7L

70

55

5t

53

ho

hL
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appear tha'u thore mttst bo sorne othor roason for rate difforonces,

ther it, be rolatocl to the j-nf|¡ence of dj-fferon'b exter¡ral fac'bors,

{þ6 specific physi-olrlgy of tho algao in Chernostats l and 2.

Acet:\'l-ono to }lit,rocen Ra'bio Ils'birnation

fprr nit,rogon-1! uptako rate to acotylor:o-deriveC ni.trogen fixrtion

to percentages estimatecl for Lake e¡cl chencstat sarples (tablos 5 to

) indÍcatoC that use of the t,hoorstical factor for acotylano rodnc'bion

rato conversion vras inadoquate to achieve balanced ostimatos of nitrogen

fi:øtion activity. Calcrilaiion of an e¡nnirical acetylone to nitrogen

ratio appeiarod necessary if acetylene reduction rate data nere to be used

to predict ratas of nitrogen fi:stion. The nitrogen-l5 uptako rato and

acetyleno rerduction rate da'l:a dsscribed abot'e lrer"e use¡d to calculate this

ratlo for each lake and chonos'bat system. l,loro than ona methocl of cal-

culation was i.nchiCed to domo¡rsl,rat,e that tho ra'l¡io obtained vias deponcl-

ent upon tho rnanner of estima'bion. Tho choice of calculation procedure

is significant if co¡nrrarison to pr'eviously e stinated acotylons to ni-
trogon ratios is anticinatod.

Calculation of a simple mean ratÍo to describo the acetyleno to

ni.trogon relationship for each syst€,a lras tho rirost direct proceduro, ratios

ranging fron 6.3 to 11,9 forbhe individual systens (Tablo 12). ì,Ioan ds-

terminaiion in this mann€r assurned that each valuo incorpora'teci r'¿s char-

acterizo<l by an equal uncertainty of estimati-on. îhis assrrmption Ï¡;ìs not

r¡alirì for al] sairplo ratas. Tliis assunption nay bo avoídocl b'y incl-usir:n

of a rveighting fac'bor i.n bhs nean calculat,ion. The woightì.ng factor chosen

was tho rociprocal of tho sample varia.nco, s2, (BevÍn¡1ton, 1969)¿ contri-
butions to thE: sarn¡:lo '¡arianeo inclurlocl an estimate of tho standard Co-

or



TÀBTE L2

û2fr22þ F,atÍ.os ffs'Li.nated by lfean, I{eighted l,lean, Linear Rogrossion and rifeight,ed Linear Regression Anai-
yses. Ratios Are Calculated Independently for Each Systen Prior to Deternination of Overai1- F.atios For

the Lake . Chemostat and Oonplet'e Ðata Subsets.

Systen
Sanole
Size

lÍean
Ratio

ffeightad 
^lfean Ratioo

Regression
Ratio

CorreÌation
Coefficient

Weighted
Regre ssion

Ra+,ioD
Correlation
Coefficient

L.226-227
ße76)

L. JOl+

L. 226

L. 227

Che¡ß I
Chen 2

2t

L9

t7

26

16

26

6"6

6,3

8.2

o1

6.L

11.9

.î)
t aê

6.9

9"2

9.7

g.h

13.2

B.B

7.7

8.3

7.2

t, :L+. )

12.b

0.83

o.96

o.9c

0.9h

0.87

0.81

9.2

8.3

9.3

8.0

lì4.I

12.li

o.7B

o.92

O.BB

o.g5

o.g7

0.85

^4.11 Lakes

å11 Chem

All Ðata

B3

Lc

w5

7"6

9.8

B.l+

8.5

12.1+

10.3

7,5

L.lr

i+. B

o.96

o.g5

o.g5

B.l+

10,5

Lo.g

o"g2

0.82

0. 86

a '9[eighting

b Weighting

t/n2

t/n2

13 L/ [.orz)2 + (l srror x Ratio)Ê]

t/ (.ort)z + (/" Ezvo" * 15¡l nata){
N)

¡
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viation associa{lrd irit,h tho avorage of a sories of na'bura} abunclanctl

samplos and a tern relflectj-ng the oÏlio.ï'associabecl i'¡iLh ostinlal,:Lon of a

given sarnple ratir¡

r,¡oighïin¡i Factor - I/s2 - f/f(stanclard DeviatÍon)2 n (/, Error x Ratio)2]

The firsì, ter¡n corrocted for tho largor uncerbainty associated lvith sam-

rC
ples t^ihoso '/N atorn per cent val-ue eÐproached the natural al-.uncianco 1o.ro1,

wl'rich avoragod O.393 I 0.017 al,om por crnt. Tho second tonn incorporated

arr estj.mat's of per cont error in ths nÉasrlreJrnen'b proceduro, rvhich iras

obbainod from a so:ries of sampto rep).icates for rvhich nitrogen-l5 uptako

and aco'cylene reducbion rato analyses wero avaÍlablo. Avorage rates and

their associat,ed sbandard cleviations 1v€ro calculated for nino roplicato

ssries (fatfo 13). Tho per cent.orror is equivalent to the ratio of Lhs

stanclard ,loviation t,o tho avorago rato. ìtlitrogen-l5 u,otake rates oxhibited

the largerst por cent orrors, so thesû valrles 'r'¡ore. usorl in rveigh'bin¡; fac-

tor daternination. Becauso specific values werû available for tho l-akes,

Chernostat I ancl Chonostat 2, cla'ba fror¡ each systonn lvas vreighted by its

charactr:risliic avorago pel cent error. Tho following oo.uation yieilded

the rveightorl mean ratio:

l,Íean

l,tteighting olova.t,od all the nean acetylone to nit,rogon rati-os, espoci.aLly

tha'b of Cher;rostat l whoso rati.o incroasad by 3"O slopo units.

Linear rogression analysis of acotylene roduction ancl nitrogon-l5

upl,aka data'¡¡as also usorl to quanl;ify thei acetylonrl to nítrogen rsl-ation-

ship. Ïì.ogrossíon analysis roquires assignmenl, of ratc daba as sibher do-

pendent or indaponcJont vari¿rb)-,;s. l,',hot-t.. as in this caso, bo'ùh parainobors

I ttatio/s2
Z r/sz



T.A.BTE 13

Deteri'¡ination of ldeârr ìÍit'rogen-Ìl Uptake and Lceiylene Reduction Rates For a NTrunber of Set,s of Sarnple
Repl-icarles. The StandarC Ðerriaiion of Each l,lean and the Fer Cont Error (S/x)(f.ûl) Are Tncluied.

c

-¿
Llean r)N

Rate
fue/i./nr)

0.833

0,791

ôr l,a?LLo4U)

6t5o3

IC.586

o.53\

1.586

a.22t

j,.:16

Standard'
Deuiation
btg,/r,/h")

o"0gB

0.071

l¿.9C6

r.372

L"203

0.087

o.326

0.062

0.381

llean
C2H2 Ra'"e

0re9ñu/L/ht)-

Standard
Ðeviation

tia!e Syste¡a

227

227

Chem 1

Chenn I

Chen 1

Cher¿ 2

Chern 2

Chsn ?

Chen 2

É Frror

11. B

9.0

22"8

21,1

IIO ÈI

16.0

20"6

28.L

28.1

(peczulr/t/nr)

o.2'b3

o.363

6'3ec

t+.552

a.665

0.71i

o.982

0.hB)+

o.93L

% Error

5"o

5,9

6.9

11,0

1"1

16.0

B.?

15.h

2b/s/77

26/8r/77

23/3/7?

refir/T?

25/b/77

le/6/77

t lt /tz
:.t/t /tt
z6/t /zt

)+"902

6"L23

92.57t+

lù.292

58"068

l].U39

rL.339

3.ILl

il+.o58

F
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.éxhibit an obsorvablo orror in ostirnation (Tablo 13), ttre paramoteir w-it,Ïr

tho 1ârgost rolativo error is usually Cosigna'bacl 'bhe do¡r¡11i6n¡ ,rar'-ì.able¡"

Tha avsl.ag€ por cent error associated ri¡ith nitrogon--l-5 uptak€J ntoasrlrementr;,

IB,fl,,r", exceeded that associat'ed with acetylono redrrction , 8.5%. There-

fore, nitrogen-I5 up'bake rate lvas examined as a fnnction o-f tho inclopon-

dent acotylane recittction rate variablo. A linoar equal,ion f, * mx'r b

v¡as then calcrrlatod, such that tho discrepancy betwoon mei¿rsurod nitrogen.,t$

up'bake rate values and those predictod by this equation rvas mini.mizod,

The rocirrroca]- of the slope 'rnrt) which characterizecl tho relationship of

nitrogen-)-5 upt,ake (y) to acotyleno reductíon (x), yiel.ded an estimato of

the acotylene to nitrogen ratio. Á.cetyleno 'bo nitrogeu ra'bios calculatecl

by linear rogression analysis of tho individual data subsets ara inclttdecl

j-n Table 12. Tho mean ratios clotsrminod proviously'nore l-ess than ro-

grossion r¡stimates, r'it,h the exception of ratios calerrlat,od for i.'a.ke 2?-7

and Chernos'bat 1.

IÌograssicn-derivod. ratios calculatocl for each <.¡f tho lake systems

ïrrore similar, but chonos't,at ratios exhibj-bod differoncos from l-ake valrres

and botwoen chomostats. Indi.¡idrrally, Chornostat 1 ra'be da'ba yioldod ths

lowest rabio, l+.3, thilo Chemostat 2 data yiel.ded the highosü ratio, I2,\.

Ths distribution of data around l-inear rogrossion lj-nes ¿rnd wj-thj-n ninety*

fivo per cont confirlenco interveJ-s, calcuÌa'bod assuming applicability of

the snall sannplo-basod Stuclant 'b dls'cribu{,ion, is al-so sho'¡vn (Figt¡1'sg

LT to 22).

A sinilar data woighting procodure was adoptotl for linoar regres-

sion analyses as for mean detorminati-orr, t,o gonorabo a final- sorios of

rabios. lgain, uso of a uroighting factor al.lolved inclusion of tho rur-

corbainty assocj.atarl vri'bh indiviclual ostimations. Dotorrnination of the

samplo vari¿rncr: (s2) precadsd introcluction of the ,raighting factor (l/u2)
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Fi.guro 17. A plot of the linear regrossion analysis of acetylono
recluction rato and nitrogen-f5 uotake rate data col-
lecterd in the sunner of L976 for Lako 226 NE ánd
Laka 227. The regression equaf,ion, correlation co--
efficiont (R) ancl sanole size (N) are providod. Dotl,ed
lines indicate tha 95% confidonce intorval cal.cul-a'bod
for {,ho givon 1ine.
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Figuro 18. il plot of ths linear rogression analysis of acotylone
reduction rate anci nitrogon-I5 upt,ake rate data col-
loctod in the summer of Lg77 for Lako 226 I'lE. The
regr€ssion equaiion, corrslation coofficient (R) and
sample size (il) are provided. Dotted l:ines indicate
f]ne g5/" confiConce interval calculated for the givon
line.
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Figure 1p. A plot of the linoar regrossion analysi-s of acetylone
roducti-on rate and nitrogen-l5 uptake rats data col-
lect,ecl in the surriÌ1rr: of Ig77 for l¿ko 227. The re-
grossi.on equation, correla',,ion coefficiont (n) and
sanple slzo (t'l) are providod. Dotted li-nes indicato
t]nø 95f" confi-donce interval calculat,ed for the given
line.
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Figure 20. A plot of 'bhe lj-near regression analysis of acetylene
roduction rate and nitrogen-15 uptake r.ate data col-
lected in the surflrer of l977 for trake 30h. Tho ro-
gressicn oquati"on, ccrrolation coefficient (n) and
samplo size (t'Í) aro prouided. Ðot,ted lines inCj.cate
tlne gSl, confidence interval calculated for tho givon
line.
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Figure 2)-. A plot of t,he linear regressj-on analysis of acetylone
reducbion rate and nitrogon-l5 uptake ¡ato data col-
loct,ed in the rrinter of Ig77 for Chornostat 1. The ro-
grossion oquation, corrolaticn coefficient (R) and
sample size (U) are providod. Dobl,sC lines :indicate
the 95% confídence interval calcuia'bed for the givon
lins.
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Figuro 22. A plot of bhe lillear t'egres,.;ion ànal-ysj.s of acotyleno
reductiolt r¡¡t,e and nitrogon-I5 upiako ra.te da'ha col-
lecte d in 'l,he surTriler of L977 .fr:r Chemostat 2. The ro-
grossÍon c;quabion, cc¡'relati.on cooffici.ent (R) ana
sa.rn¡r)-e size (N) aro prorridod. Do"u'bed linos inclir:ato
Lina 9l>f, confidence interval calculatod for 1,he gi.;on
lirro "
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in.bo tho regressÍon formulae.

lkighling Factor * r/sZ * r/[(sta. ]leviation)2 * (Í¡:rror .* 15tçe nato){

Tho only lnodification in t'ho abovo equation r¡¡as tho relplacement of the

ratio valuos included in the ¡nean calculations, with j-ndividual nitro-
gen-l! uptake ratos. Thus the weighting was finked with the rato Ìevo1

obssrved in the individual sysbems. Lorv rates did not havo the largest,

por cont orror of estirnatíon as might be anticipated, Both s'bandard {o-
viation (O.o1? atorn por cont) and por cent arror valuos (Table IJ) werei

identical to those incorporated into .nTaighted moan calculations. The

factor dsrived vlas then userl to vreight measured rates prior to the surû-

ming involvod in rogression equation srope calcurations.

Tho responsa of the regression-derivod lake acatyleno to nitrogen

ra{,ios 'bo weÍghting wers sj¡itarbo that observo<l vrhen .;reighting rvas 1ncor-

porau"od into mean calculaticns (table 12). Ratios again incre¿rsed by up

to one slopo unit. Bo'bh Clionostat 1 and Chernostat 2 reac bod dif ferently,

exhibiting no response to tho weighting procedure, thus maintainj.n¡1 thoir'
position as ratio extromes. Becauso of the nragnitude of cheinostat nitro-
gen fixation ratos, tho second torm in the weighting factor l{as rnost sig-

nificant to chemos'tat rate cor-rection. Tho correction then'was propor-

tional to the rate, thorefore tho slope calculabed on rogression analysis

of corrocted rates rvas not significantly affocted.

R¿rte diff€renc€s as a func'bion of bioruass increases alono, appoarod

to provido an inadequa'btl oxplanation of acr:tyJ.ono to nitrogen r.atio di.s-

crepancÍ-ers be"bwoen tho chemostats and the lakes. Use of chl-orophy1l and

particula'bo carbon coticent,retions for select,ocl sarçIos bo standarclize

r¿rto estim¿rtes to a comnr:n unlt (fat1e llr) ::r¿tcatecl tirat r.ato sl.ovations
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StanCarcìization of Chernosi;at anri Lake Raie Esr,ina",es to Rate per Uni-t C¿-r.bon or Rate per Unit Chlorophyll

5/7/?7

27 /ìr/77

il5/n

5/7 /77

27 /7/7?

23/8/77

tlg/tt
z6/i /tt

301

Chen i
trl,-(atj¡ I

Àveraga

3ci.r

226

227

Chem 2

Chen 2

ê.verage

Carbon

uarDon

Carbon

Chloro-a

Chlo:'o-a

Chloro-a

Chloro-a

790"O

17, Boo,o

ilrl+00.0

' B,l+

L0.3

28.3

.16.1 c

2.76x.r}-lq

5. n-*o-L

7.26:¿O-l¡

6"1+9xto-h b

2.6,OxLO-2

3.B6xlO-2

2.92xro-2

2.B9x1o-1

6,1¿8>¿O-2

i. ?7x10-1

1.1¿5xl-o-3

3"26xLO-3

3"26xi}-3

3.2óxio-3 b

1;37x10-1

2.37d0-1

1.96xio-1

9.lr8x10-1

9.LBx1O-1 c

2.3 2"2

6.8 6.9

l+.6 h.o

6.1 l+.8

a C re.creset-us cârbon for the first three raies and chlorophyil for the last four ra'ues.
b Average rates celcula'ted for the two Chencsiat i sanples - to be used in the calculat'ion of tha

chenostat +'o lalce ratio.
c Chemosioal' 2 Chioro-a concentration ¡neasured .A^ugus',, 2j, 1977.
d .A.vorage raies calculaiei for the two Chemostat 2 sanrples - to he useci in the calculation of the

chernosiat to lake ratio.

\c
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frorn lake to chemostal, 'l*ore a functíon of rnore than an increase in algal

de nsi.by. Follovri-ng ra'l;e correctj-on rvith particulabo carbon concetr*,,ra.-

tions, Chomos'bat I ni'brogen fixation activity v¡as stil} anproximately

twice that of a Ï^'lke 30h sample. This chemostat to lake ratio is a min-

imurn becauso the Lake 3Ol+ fixabion rate rvas calculated for concsntratod

sanplesr'rhilo the particulate carbon valurr was obtainod on analysis of

an unconcentratod lake sanl:le. The resul-t is an enhanced l.ako rate whj-ch

reduces the chencstat 'bo lako ratio. Though parbiculat,e carbon noasure-

inonts lrore unavailable for Chemostat 2, relative chlorophyl-l concontra-

tj-ons rvsro used to corepare cell concentrations. Bocauso of the i-nfroquency

of chlorophyll measuremonts in Chemostat 2, ì,he datos for rato ostimatir:n

and chloropìryII measuroulonts do not coincide. Therofors, Chemostat 2 bo

lake ratios calcul.atod hero are alproxÍrrations. Chenostat 2 ra'bes gx-

ceerlod those of Lak-e 226 tE, Iake 22? and Lake 30L by a factor ranging

fron four to seven tinos, '¡iren this cotrection Ì\¡as appl.i.od (tablo 1lr).

Tharefore, though lor'¡sr acotylene to nitrogen ratios l\rer6 estjmated for

the dense, rapicìly fixing Chornostat l population than for loss concont,raL.:d

lake sarncles, the rlj,fference in ratio was not solely a funct:Lon of enhan-

cod rates resulting from an increass in ce1I <ìonsity.

Though difforences in tho absoluto magnitude of indivirJual ratios

oxisb, all ratios cslcul.atecl by tho abovo four procodures exc¿reclsd the

stoíchi.ornetric aco'bylone 'bo rritrogen ratio. On1y rogrossion osbimatos of

tha Chornos'bat l acctylono to nitrog,rn reJ-at,ionsh:lp rvero loss'bhan twice

t,he thsorr:.biça} valur: intjicating that a s:lgnificanb underostLmation of

nitrogon fixation by n:Lbrogon-l5 uptake, or overostimation by acotyleno

rscluction vras occnrri-ng, Expla.nations proposerd for acetyleino to nitrogen

ra'hios oìrservocl ¿rro dlscussed latsr.
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0vora11 Ratio Detenninations

Tho similarit,y of acetylone to nitrogon ratios ob-bained for Lako

226 ñt\, Ia.ke 22f and Ï,eko 3Oh in 19?6 and f!J/ promobetl do'l,ormination of

an gvarall ratio characterizing this type of lake system. Estirnatas do-

ri.r.,od by a.lÌ four calculat,ion procedures aro includad in Tablo 12, ühe

unv¡oightod regression being illustrated in I'iguro 2J. l,foroover, acatylena

rorluctÍon and n*itrogen-l5 uotake data col-Iocteci inCopendontly but anal-

yzed similarly, for Lako 226 NE and Lake 227 (F1ett, l97Ð yielrted ratios

of {;he sams nagnituda as those obtained in this study (taUte J-5). Both

sets of values are larger than avorage ratios predic'bed.for Laks llendota

sanpl.os, lr"B (feterson and Burris , L976) ancl Bay of Quintá onclosures,

5":l $æan gI 11. r 1976). 0n1y tv¡o values cletermined by Fletb wsre ob-

sorvecl to lie outsicio tho ninety-fivo por cont confidencr¡ inter,¡a} cal-

culatod for the l.ako ratio (figrrro 2lr). It v¡ouId appear l,hat both tho

'bype of lake oxami-nod, as wrll as tho rate estÍrnation prococlures employed

influence the rnagnitude of ratios .datormined.

Es'bína'bj-on of an overall acolbyleno to nit,rogon ra*,io sulnnarizing

Chsnostat l an<l Chenosta'b 2 data diri not ha'¡e ths justification of simi-

lar individual ratios, I'inich su.oportod dofinition of an overall lake ratio.

Howevor, the sinilarity in alga1 species and original onvironrnontal con-

ditÍons pronpted its caJ-culation. Va1ues obtained by the difforent cal-

culation procednro.s did nc1, exhibit, the same unj-formi-t'y characteristic of

overall lakr¡ ra'bios, ra'bios ranging from h.h to 12.1i (ta¡le 12). the in-

fluenco of tho low ratio calculatsd for Cher;rostat l ',vas no bicoabla r'¡hon

unwoiglrtod (!'Íguro 25) and, wei.glrted rsgression estima'bes r¡i6rs comparecl.

Tho vreigìrtilr¿¡ fac'bor cort"oction aff<¡cted bhe hi.gh rate Cl¡emostat I valuos

to a larger exbont, a-btonuati.n¡1 their dornj.nant irrfluer¡rce ín the overall

rati<l clol,rlrrninatj.on. This -,voi¡¡hboC es;'u.knabo ,¡¿¿rs nuch closer to ttre ratios
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1..ì
|': Irigure 2 J . A plot of tho li.near regression analysi-s of acotyleno

reductj-on rate and nit,rogen-I5 uptake rato Caba accum-
ulatod for aLL the lakes stucÌied in 1976 and 1977,
The regrossion equation, correlation coofficieni (F.)
and sample sizo (N) are provided. ÐotteC tinos in-
Cicato fhe 95f confidence interval calculated for the
girren line.
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TABIE 15

Acetylene Rsduction and :\Titrogon-15 Upt'ate Rat,e Data Collect'ed For
T,ake 226 ìIE and Lake 227 in 1971r ancl 1975 (rfett, L977).

.A.ssoci-ated C2l{2:N2 Ra'bios lrrs CaIculated,

Date I¿ko
C2H2 Rato

lHsgzHM!&Ð.

15Ne R"t"
(ygtz/r/!:)

o'51

C2H)

_u2_

tlv/ttt 226N8 6 "o6 11,9

I+/g/25

L2/e/?5

226tTE

226M

0.78

r"72

L"73

1..30

o.97

0.7h

o.35

2"97

o,72

o"29

0,12

o.19

0.17

O.1l+

O,Ol+

0"11

o.o5

1"h0

o.09

0.05

6.h

B.g

10"5

9.I

6.9

6"9

?.1+

2"L

8.2

6.2

tB/g/t5

21,/9/75

2r/7/75

rB/e/75

z5/y/t5

226N8

ez6m

227

227

227
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l.igure 2[. Superimoosition of T,ake 227 and Ïa,ka 226 NE acoty-
lsne roducl,ion rato and nitrogen-15 uptake rate data
collectod by I'lett Q-977), on the all lake da-ta plot
(Ii.gure 2l). Flsttrs data is designated by a squaro
plot bing s¡rmbo}.
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prêdicì,od ç.¡hon a rioan 1{as calculatod. Ratios doterminecì proviously for

chonost,at alg;:I popul.ations 1'Íore n:uch lotcar, inclucling ''ralrres of 2,8

cylLndr+gq) r 3"2 -A.nabaena

109

flos-aquae) anci 3.6 (tþss muscorr-rm)-Anebaona

(Stewa-r't e.[ gL., 1968).

Following rlotormination of the acetylene rociuction to nitrogen-I5

uptako rolationships inthe chemostab anrl lake sys'boms, an overall ratio

vras dofinecl for the comploto data sot. Calculation of this ratio lvas an

attempt, to ascortaj.n'bhe consisboncy of the acetylone to nitrogen relati.on-

ship overr a rate range of tvro orders of magnitude. Because this rato rallge

rras unavaílabla in any ono of tho systons studied, combination of lake and

chemostat rates llas tho nocessary alternative. TJnfort,unal,ely this pro-

vente<I clfiar differentiatÍon of effects drre to rabe love] from those in-

troducocì as a consoquonco of environrnontal ciif.feroncos.

Ratios cal.cula.tocl by weighbod and unweigh'bed mean anrJ regrossion

pt"ococlures (taUlo t2), exhibited a si¡nilar pattorn to overall chomosLat

rabios. The lcu acatylono to ni-brogen ratj-o estinratod by unvreighte d linear

regression analysis (Fj.gure 26) agáin amphasizod the unoqual influence of

the Chenlos'ba'b I ratios, which a'as counteracted by introductj.on of the cal--

culated lrcighbing factor, /r,11 other estirnat,es exhibited a much largor

Ciscrepancy botwoen tho th<iorotical anc) ornpirÍcal ratios.

Though an ovorall" ratio nay be calculatecl, its applicability as a

con',zerqiàn factor to be usecl, ì-ndepanrlont of the environment sanpled, is

ques'uiona'ble. The cliversiby of ratios est,imated for incliviriual chernostat

and l.ako sys-beÍrs indicate that uso of a singlo ra",,jo for acotyleno reduc-

'biort rato conversion vrould I earì to significant inaceuracy in nitrogon fixa-
'tion approximetions. f,al<o nj.brogon fi.xa'bion vríll. be overos'l:irnated if the

lta)-l claFue.tr acotyleno to nitrogen rati.o, esti¡na'beti by ncn-vre:Lghted regression

(



110

Figuro 26. tL pl-o-b of the Jinaa:e rogressj-on anal-ysis of al.l- acei;y-
lene rodì-ictj.on rate ancl nibrogen-I5 uptake raì:e daba
collect,e¡cl for chellos'bet and lalco sys'borns in 1976 anci
L9'17. ?he regression erquation, co;'rel-al,ion coef fi-ci.enl:
(tt) ancl sanple size (N) are pr.oviciod, Dot,t,er'l .l.incs in-
dj-cats the 951% conficienco inLorr¡¡r1 calcul-a.ted fol' the
gi-von 1i-nc "
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¿in¿il..y$j...i (taUl-e 12), is uscd for rate corrvorsj.on. User of the sana ratio

yril.1 al.¡;o gror.it"l.y c)vor"ostin¡r'br: 0hor:os+,at 2 nitrogon fixai;ion, but it rri-}I

pyovide ¿l r"eason¿ìblo eslirnate for Chor:iostat 1 nitrogen fixation.

The varj-e.niliby in the acotylone 'bo nitrogon rolatj.onshj,p from

sysioni i;o systen'¡¡ould appoeï'to i.mply ths nocossity for acotylone rt:duc-

{,icn. prercalibration, Þrior to its usê as an ostirna.tor of.nitrogen fixation

:rc1,:Lvi'T;y -in i-ndr:pi:ndeni, sy'$'henis. llven rlifferences in t,ho r!healthrf and

cont¿i¡n.i-n¿rtir:n of bhe sane che¡,losbat-lnainta.ined algal qoeci-es led to a var-

j-¿;b.Lc ï'esponscl to acotyloncr recluction antl nitrogen-l5 up'bake, proven'bing

ciotorini-natj-on o-fl ¿r consistent r¿r{,io for Chenostat l anC Chenostat 2 pop*

ril.a{;ions. Usir of tho ilall lakorr rabio for conversion of acotylene re-

<luc'bion ratos ìíi€asirireci in l;rko 226 \trË, Lako 22? ancÌ l¿ke 3Oh introciucos

less error bor:ause of i,he simi-larity of individual ratios. llo"vover, ex-

'Lrc.ool-atj-on of this ra.tio to other lake sysboms is unadvisable lvithout

r:orrfirmation of it,s appropriateness for ì:he lake environment to be studi-od

zincì algae present i.n that lakc¡. Poterson and Burris (19"/6) also concludert

't,h¿r'h con,¡ersi.on factors de'berrmneicì doponcl upon bho organisrn and environ-

ment i.nvosbigatod, .tncl, '¿herefore, should be applied n'-ith caution.

Linoar Regress:ion Eqr-ratÍon Intercepts

litron l.inoar rëgl:os*;ion anal-ysis lras rised for acotylene to nitrogen

--'¿a;io clefiniti-on, the rslationshi.p obtainod was cha.racterized bol,h by a

s.i()p(ì ancl j.n+"orcoi:t. Tf the slcpo is 1,o'bo util-ized inclependontly as an

osl,inr¿:iLo of the aco{,;rl-snù bo ni'hi'ogon ratio, *,;l're significance of tho in-

i;erccrill; nus'L bo de;finocl. Ths sj-rri.ll.¿rlit'y of 'bhe Í-nterceots, áa1cula.ted for

non-"xoir3'n'Locl ancì lroj.gh'i;ecl r.'ogz'es,si-ons, and their associatecì ori:ors

(TaL,J.c 1.ó), sugge;sts 'bha1; 'bhe j-nJ:¡¡rcepts are not si-gnificantly clilferrent
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TABT,IT T6

Orciinato Intorcopts and Ihei¡ /rssociatocl Error Obtainod on Linoar
Regression,Analysis of Lako and Chenostat C2H2 Roduction and

n-15 Uptat<e Rato Data.lfitroee

Regre ss,lon iïeigh'bed P,egro ssion
ïtttercep*u f rr.or

Þyslull

L.226*2?_7 (Lg76)

t, 3oh

1"." 226

1,, 227

Chon I

Chern 2

It}l Lalces

llll- Clrcn

fLlI Data

In'berc
(¡rs

0p
/r

t * ltrror
/n, )

"02

.06

.01

- "0i1

*1"h9

¿+O

"01

-1'30
aQ

J

t
"t

*

t
t
f"

J

+

"01-

.oh

"O2

"0lr

2,13

"I5

"01

"l+g 
À'

"IJ¡ 
++

.CI3

.06

"01

- "03

-3,08

- "03

- ,02

- o10

.03

f

*

{-

f
t
+

I
J

+

,01

,02

"02

"02

o36 l'

,06

.01

"07

.Ol

ïntercol:t si.gn-lficantly largor than associatecl error.
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il"ran zaÌ:o. Only ifl +'lvo non-weighted regressions ancl ono vreighteC regre.s-

sjon ch-d the inbercepts di.ffer signj-ficantly .frorn their cal-cu.latecl error.

Ths occirrronce of }aÏge negativo intorcepts was assocj-atod with ths lorn¡er

ratios calculaieC .for Chenostat I (non-vreighted anrì vreighted r.egrossions),

all chenostat da'ba (non-vreigh'bed regrossion) and all da'ba (non-vreighteri

regressi.on). fn tileso ceses, rate convorsion utilizing rogression-derived

retios alone, rather t,han the completo regression equation will over.esti-

mato nj-trogen fixa'bion b¡r an amount Copendont, upon the intercept nagnitude.

The intercep'b correction is rnore significant at loir acetylono ¡:eduction

rat6 s.

Charac"ùerizetion of the Àcetylene to I'litrose¡n Relationshi p

To better define tho acetyleno reduct,ion to ni hrogen fixaticn re-

lationship tuithin l-ake systens, acetylene reduction anrl nitrogen-L5 uptake

rate comÌrarisons Ìîore examined with rogard to incrsásin¿; epilinnetie depth

and sampling season variatlons.

To establish a rate versus"depth resÐonse both concentratocl and un-

concentrated lake samples, collocted in T,ake 226 NE, I¿ke 30h and Læka 22'1,

wero incubated at ono meter intervals fron zen¡ to three nceters. ïf sig-

nÍficant ratio variability ',ras obsorved it woul-d suggeet inconsis-bency in

the depth r€sÞonse of ono or both of the techniques.

Representativo rate vorsus cìepth plots (Figures 27 to J0) illustrato
that both nothods tlo¡rions'brated a rate declino v¡ith depth, in tho zero to

'bhree ne'bcr region. Ofton tho differenco in ra'ue botlseon zero and one

neter saniples ltas not a substantj-al one, ono noter rates occasionally ex-

cooding those estina'br:cj for surface saripl-es. This inversion has beon at-
triTru{:ecl prevíously to photoinhib:ttion (hhgue , ]1977; Golterman, ]tglg), Tho



1-l(

i.'iguro 2J. The distribution of acetyleno reduc'Lj.on rato ( * )
and nitrogon-l5 up'bake ra'l,e ( " ) with opilinrnc¡'ì;ic
depth in Lake 227 (Sep'bonrÌ:er 11, 1976)" An acoty-
lone:nitrogen ratio of 3 is usod 'bo convr:rt aceby-
leno reduction ratos to nitrogen fix¡1,ion rat€s.
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Figure 30, The distribution of acetylene reduction rate ( + )
and nitrogen-I5 uptake rate ( x ) with epilirnnetic
depth in Lake 30h (June 27, l-9T7). An acetylene:
nitrogen ratio of 3 is used to convert acetylene
roduction ratos to nitrogon fixation rates"
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plots presented include acetylene roduction-dorived nitrogen fixation ratos

rather than acatylene reduction rates, therefore plotted differences be-

twgen nitrogen-l5 uptake and acetylene reduction rates are one-third of the

actual values.

Though in situ incubations of concentrated sarryIes occurred at dis-

crete epilimnetic depth intervals, the sarnples were not collected. fron

índividual depths" Subsanpling fron the one liter samples prepared by not

haul concentra'r,ion' eljminated differences amcng individual samples incubated

at' specific depths" Therefore, changes observed in acetylene reduction and

nitrogen-I5 uptake versus depth pIoùs which utilize eoncentratec sarples

are better attributed to pþsical effects such as light attenuation and

tenrperature change, rather than bioLogÍ-cal factors pr"esumably homogenized

through courposite sanple preparation.

Unconcentrated Ta,l<.e 227 samples also demonstrated concurrent ni-
trogen-l5 uptake and acetylene reduction rate decline with increasing epi-

limnetic depth. Because of the similarity in rate versus depth response

of both techniques, ratios calculated from these rate pairs exhibited no

consistent rolationship with epllimnetic depth.

Sano1ine Season Variation Ín Acetylene to Nitroeen R¿tios

Seasonaf variation in the acetylene to nÍtrogen ratio was difficult
to defi-ne due to the nature of .the 'o1oon/non-bloon characterist,ics of the

ÍncliviCual systerns. l,lone of tho three lakes oxanined supportod a blue-

grôon algal population capablo of rneasurable nitrogen fixation throughout

the sumrner. n similar observation lras mado in 19?)+ and l9T5¡ poaks in ni-
rlrogon fixation were only roported in mid-July and the latter half of Aug-

ust anci sopienber (nlott, rgTT)" Thereforo, it was impossible to estab-

lish an ace tylene to nitrog;en ratio applicable in each le.ke ovor the ,entire

sarnpU-ng soason.



12h

Exceptionally high'ace'bylene to nitrogen ratios (values exceedi¡g

fl), nany of vrhich ï¡ere roported in the late July-early August poriod, ap-

p6ar to be a function of low n-itrogen-I5 uptake rates rather than high

acetylene red.uction rates. During this interval, nitrogon-l! substrate

rras withdrarvn fron an almost depleted nitrogen-l$ gas reservoir. Con-

sequently, nitrogen-15 substrate injections assumod to represent a given

nitrogen-15 enrichnent rnay have been deficient in the heavier isotope"

ff isotopo depì.etion'n¡as significant, san,ple specific activity rryou1d be

affected. Division by an erroneously high speeifi-c activity would cause

a low nitrogen-l5 uptake estjmate of nitrogen fixation and an enhanced

rate discrepancy. Horvever, even when these anornolous values were exclu-

dedr empirÍcal acetyleno to nitrogen ratios still exceeded the theoretical

value.

fn stem Variabilit in Ace ene to Nit en Ratios

Some of the variabiLity among sample rati-os observed within the

given sys+.6ms may be attributabf" io sample-to-saraple nitrogen rveight

fluctuation. Replicability of sanple nitrogen rve.ight was influenced. not

only by analytical difficulties, but alsc by problerns associated rvith pre-
parative filtration. Nitrogen analysis of replicate sample filters util-
izing only vacuuti¡ guag6 pressuro nea-curements, rvere completod in order to
estirnate the variability of this particular procedure. Eight filters være

analyzed, fi,¡o o1'which were heater-dried, and threo eir-dr1.od. Tabfe lZ
lists the individual lrei¡¿h'bs, the avorage rveight, 8,5 Ëg N and the standard

deviatÍon., * 1.7 ¡lg 1{, cornprising twenty per cent of the average wei.ght.

Because tho average vreight for tho heat-dried filters (7.8 ¡:e ltr) vras 1ess

than the av€rage for air-dried fílters (9.T Fg l,l) ni-trogen-I! uptako sarn_
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TABIE L7

Ðetermination of the Repricabilùty of lsitrogen rïbíght Estinatss.
Samples Tíere Collected from Lake 227 , 'llay 28, 19 77.

Drying Uethod Nitrogen 1'.re ieht (Äs)

Hsat Gun 10.5

B.o

7.o

7.5

6.o

Âir Þry 8,5

10.5

10.0

Avorago 8.5

Standard Dsviation t t,?
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plos collected in 1977 were air-dried in a closed dessicator.

Lack of a consj-stent vacuum guage zero and a reproducible nitrogen

pressure:rveight standard curve contributod to this uncertainty in particu-

late nitrogen estimates. To establish the' accuracy of guage nitrogen es-

tinatesr replÍcate filtered samples were analyzed for nitrogen weight both

by vacuum guag6 pressure and carbon-nitrogen anal¡rzer. On average, guage

weights wera 22"3Í lolvor than carbon-nitrogen analyzer esti¡rates (Tables

IBa and l8b). 0n1y tvro samples exhibited guage weight,s which exceeded

carbon-nitrogen anal¡rzor estirnates. If the carbon-nitrogen anal¡rzor values

accuratoly doscribod the nitrogen ueight charact,eristics of the given

samples, an incrsase in nitrogen-I5 uptake rates, proportional to the

weight correction, would be e4pected, as illustrated in Table l$c. These

increassd nitrogen-l-$ uptake ratss rmuld cause a corresnonding decrease

in acotylene to nitrogen ratios, However, this correction is insuffÍcj.ent

to eplain empirical versus theorstical ratio ciscrepancies.

The effect of the filtration procedure on the deterrnination of ni-
trogen vreight lvas er,:amined rrith respoct to the volume of sanple filtered.
A series of chernostat sanples of increasin¿ voluræ were filtered and anal-

yzed for nitrogenweight, April 27, rg77 (Table l8a). A second series,

with the sane sample volumes diluted to a conmon total volume (tifteen

rnilliliters) was analyzecì l,{ay 3, 1977 (Tabre l8b). The latter sanrple set

wc.s preparæd to elinninate differencos in sanple contact with the filtra-
tion apparatus, encountorod when undiluted samples ÌÍero filtered. Though

an increaso in nii;ro¿1en weight lvith volume filtered was apparent in both

erperiments, tlre incrernental increases ryero not uniform. Sample particu..

late carbon content analyzod simuLtaneously exhibited a similar relation-

ship to increased volumo filtered (ta'ote l8arb). Though the absoluto anount
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TABI$ 18(a)

ConparÍson of Nitrogon l'ileight Esti¡ration by Carbon/Nitrogen (C/w) Anal-
yzer and Vacuum Guage t'{ethods. }Io Di'lut,ion of Tvro to Ten mI Samples 1Ías
Êmployod. C,/N Analyzor Bstjmates of Carbon Tieight Are fncluded. The

Effect of Increa the Voluno Filtered Ts Âlso Demonstrated.

April l+, 197?
crlN Nitrogen

Esti-mate
C/w Carbon
Esti¡late

(¡e)
Volume
(,'rÐ

2

b

6

B

t0

(ue) (pelml)

Guage Nitrogen
Estimate

(Èe) 
- 

(uel'l)

t3.5 6.8

18.3 l+.6

29.o l+.8

33.0 b.1

37.0 3"7

llÍtrogen ø

-+Fuaroon

17.0

2L.O

2h.o

29 "o

l+5.0

8.5

5,3

h"o

3.6

\.,

l+8.0

Bo"o

10h.0

lLB"o

u8.0

35

?6

23

zCI

25

TABLE 18(b)

Comparison of Nitrogen "lYoight Estimation brr- Caibon-lrli+"rogen (C/¡f) llnal-
yzdr and I/acuum Guage Ì.iothods" Two to Ten m1 Sanples'rl,Ioro hl1 Diluted
to a cons'oant, Total vol-une of Fiftoon rnls. c/N Analyzor Estimates of
Carbon tfeight Are Includsd" The Effect of Increasing the Saraplo Volurne

Filtered Ts Also Dernonstratèd.

Ir{ay 3 , 1977

VoLLme

+È)
2

h

6

B

10

c/N ltritrogen
Estimat,e(¡re) (¡relrnÐ

IL.b 7.2

\7.2 h.3

17,8 3,0

25.9 3,2

26.5 2.7

Guage Nitrogen
Estimate

(pe) (¡relml)

C/N Carbon
Estimat,e Nitrogen ,o-(m-Þ( )

12.0

12"0

rb.5

17.0

rg.5

6.0

3.0

2"1+

2.L

2oO

h7.o

66.o

7r.0

gB.0

Ilh.0

31

26

25

26

23



TABI,E 18 c

rhe Effect of c/N Analyzer-8"""u 
l:ïî;åî:JI;å:rlJ:

rrections on Nitrogen-15 Uptake Rate and C2H2:N2 Ratio
227 and Chenostat I.

Lai*a 227 - August 22, 1-977

Ori-ginal
T,ieight

(¡:g )

Comected
freight IIa

(Es)

-Original
')N2 F."tu
(pe/n/nù

Corrected
15Nr Rate
Ge7l',:nr)

0riginal
Ratio Rrì

Corrected

.Rai¡io RC

6.j

L.B

7.O

7-2

B.g

7.5

Di-fference
(nc-nc)

r l,La+LoB"i+ l+99.5

l¡o8.l¿ b99.5

385.3 \7t.2

385.3 I+71.2

366å hl+B.o

366,3 I+LB.o

Chemos'iat 1 - llerch 23, \977

o' ?85

0" 86ó

o.608

o.5lr9

0.260

a"276

a"g60

L.A5g

o.7l+h

o.672

0.318

a.337

7"7

5.8

8,5

B"g

Lo"B

9.2
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4 Correction bassd on C/N analyzer Nitrogen Ìrleights, ui'rich then influsnc€ Rate and Ratio Estimates.
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of carbon and nitrogon varied vrith volurno filtered, the percentaS;e of ni-

trogen to carbon romainecl reasonably constant; the aveïage nitrogen to

carbon percentago Ìras twenty-four por cent. IIhe consist,ent nitrogen to

carbon percentage iniplies a connection between the losses of both cellu-

lar components.

Graphs of nit,rogen weight per unit volums versus the volune of sam-

p1e filtered (Figure 31) exhibited similar trends to data collected in fil-
tration eqcerirnents involving carbon-ll+ uptate ostimation of primary pro-

cuctivity (Artirur and Rigler, ir96|). The carbon-ilr e4perinronts implied

that rates calculated for filtered samples nust be corrected for losses of
Iabelled moleculos due to ceII rupture and release of cellular contents

during the course of sample preparat,ions. The extent of the loss de-

pencled upon the harshness of the fíltration process, for example, the

vacuurn appì-ied, and ths susceptibility of given species to filtration
pr€ssures (Ârttrur ancl Riglor, fg67)" Carbon-1ì+ estimates ivere correeted

for this loss by extrapolating to ,zero volurne a curvo relating the quan-

tity per unit, volume to the volun. of "r*ple filtered.

This type of analysis uas adopted for nitrogen-weight-sample vo1-

ume data provided in Tab1e l8a and Table l8b" However, to obtain a linear

equation .frorn rúich the zero volune intercept vra{nore reaclily dotermined

than by subjoctive extrapolati-on of the e:c-conential curves, linear rogres-

sj.on analyses of the l-ogarithns of the nitrogen v,,eiglrt data versus the

volume filtered'wors conplet,od. The antilog of the regression equation

y-intercep'b yielcled an estimate of the nitrogen rrcight per milliliter
antici.pated in a se.rnple of zero thickness (Ärthur and lìigler, rg6nr pre-

sumably ol-Írninatíng. filtration effects. This analysis rosultocl in cor-

recto<1 weight per r,ri11i1i't,e r nitrogon estina'bos ',.,ùj-ch i-ncluded 8.1 ¡"rg/ml
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Figure 31. Filtration error curves for nitrogen rveight as moas_
ured by C/N analyzer and vacuum guage. Í - undíIuted.
sanplos (April 27, ISTT) analyzed Ui C/¡f anallrzer"
c¡ - undiLutsd samples (.qprit ZZ, fg|Ð analyzed by
vacuìlû guage. + - samplss diluted to 15 m1s (L,fay 3,
f977)- analyzed by C/N analyzer. * - sampl"s ¿iluted
to 15 m1s (l.lay 3, ].:gTT) anáIyzed by vacu.um guagee
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(non-cìiluted carbon-nÍ-t,rogen arra).yzor salples), 6,9 pg/rni- (non-d-ilutod

guage samples) , 7.5 pg/nL (diluted carbon-nitrogen analyz,er sar'.rples)

and 6.1 pg/nI (diluted guage sanplos). Compai'Íng these valuos to neas-

ured nitrogon weight/ml- values associat,od with ten milliliter sarnple,

volurnes, allowod calculation of correction factors inchrding 1.8, I,9¡

2.7 and 3.1, which appearod to be nocessary for nitrogenweight cali-

bration. This correction was not applied to the data collect,ed in this

study because as shovrn by the following discussion, aaalyses of sanr.ole

filbrates and e4periments by L{cl.îahon (1973) do not support the hyoothesis

of filtration-induced coll content loss.

Investigation of the relatj-onship of nitrogen-l5 uptake rate to

sample volume fÍlte::ed de¡ronstrat,ed the reqÐonses of both nitrogen-IJ

enrichment ancl nitrogen woight to filtration. Filtration orror curvss

(figure l2) were constructed for nitrogen fixation rate per unit volwne

and nitrogen vreight per unit volumo for a sorÍes of six Chemostat 2

samples of increasing volume (tatfe f9), As the volume filtered increa*

sod fror¡ five to thirty milliliters, both nitrogerr fixation rato per mI

and nitrogen rveight per mI exhibited a gradual ncn-linear clscreaso. Rate

dat'a vuas treated similarly to nitrogon rrcight data above, curv€ extra-

polation to zero volume presumably yielding values independ.ent of fil-
tration offects. The oquations obtained follorring logarj-tlr-nic trans-

formation of rato per mI and iveight per ml data l'i¡oro y = -O.O35x + 0.103

and. y = -O.OZk.+ O.h7? for the rate por milliliter and woight per nriJ--

liliter oara.neters respeciively. The zoro volune intercepts wor.e cal-

culated from the antilogs of the y*intercepts, 0.103 anri O.b77, Values

<leternrino<l wero 1,27 Fe/L/hr per ml ancì 3,00 pg por rnl. com¡raring thoso

valuos to the rate por nn1 and weight per n1 values estimated .for tho
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Fig,.1:¡'s 32" Fil'Lrei;:Lon crÌor curveì for riitro¿3en fixaLíon rate (x)
antl n-i-trogen r,reight, ( 

" ). lìarnple s col-lactod fi'om
Clionos'Lat 2 Septenller 1,1"977.
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TABTE 19

The Effect of Filtration of Increasing Sanple Volu'nes on Nitrogen Eeight
and Nitrosen Fixåtion Rate Estimates

Voluno
l*l+

5

10

$
20

25

3o

Nitrogen
fieight (¡rg)

ltøís]rrt/
Volurre îry,/ú)

Nitrogen
Fixation

Rate (¡rglt/hr)
Rate/Voluno
U:,e/t/tu) /nt

13,h

19,3

1ó.1

22,L

20.L

23.7

2.'l

1.9

I.1

1.1

o,B

0.8

5.L

6.o

h.1

5.o

315

l+,3

1.00

o.60

o.27

o.25

0.il+

0.il¿
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thirty nilliliter sanqrle, a factor was calcrrlatod which, .rvhen aoplied to
sampJ'os of equal vol-urno, shoulcì correct rate anc welght valuos for ob_

sorved 'filtration effects. The factor esti,natod for rato correction,
p.1, oxceeded the factor estj_r¿tsd for ræight correction, 3.8, the ctif_
ference being attributed to filtration-induced loss of nitrogen_l5 lau-
e11ed material, as well as unraberlod material. Horvevor, corn-oarison of
Chs¡nostat 2 acetylene reduction rates and nit,rogen_l5 uptake ratos, foI_
low1ng introducticn of the rate correction, did not yierd ths theoret,i_
cal acetylene to nitrogon ratio. correcti-on for the filtration sffect
result'ed in aldecrease in the mea.n chemostat 2 acetylene to nitrogen ratio
f?on 11.9 to Ì.3" The extensive filtration_incluced cell broakage and
label loss indicated by such a drastic difference in tho ratio shourd be
verifiable by a large accu-¡nulation of nitrogen-l5-Iabelled matorial_ in
sanple filtrates. ìIo nitrogen_l5 enrich-nents significantly differentí
than the measured natural abundancs atom per cent O. 393 x O.O3b (2 r)
wers doterminerl in sar,'rple filtrates (raule eo). Thís suggested that rabel
loss on filtration ïras not occurring to a rl€asura,ble extent, at r-east not
in a form cletsctable vrith the methods employed. Furthor discussion of
filtrate anal¡rsis ancl its i-noplications accompanies discussion of the ex-
crotion h¡pothesis for rate discrepancies.

the h¡4roihesis of celr breakage and raber loss on vacuun fíltra-
t'ion was also crit,icized by hfclfahcn tL9T3), uhose filtration exoeriments
indicated that physical aclsorption of carbon-Ilr label on rnembrans filters
vÊìs responsible for filtration error curvo characteristics. .ryashing of
filters rvith a- l-argo vorume of non-labelled wator led to erimination of
t'he filtration affect. Tn ac'dition, the activity per ml decreas<¡ for
sar:rples oxceeding 'brventy-five rnil-liliters appoared to begin levelring,



137

TABIE 20

finalyses of Selected Filtrato Samples for 15N Ato* Per Cent Enric]¡ment
Above Background and lilitrogen Ìîeight. Filtrates Receiving Preliminary

Roto or Concentration Are Noted conc,

sys!g

Chen 2

Chem 2

Chen 2

Chem 2

i.30h

[.301r

L.3oL

L.226¡\iE

I,.30h

L.226N8

Chem 2

L.22?

L.22?

T,.227

Date AtonrÍ Differenoe
N l\reight
(*e/r) Sanple Type a

t3/6/w

t3/6/77

te/6/?7

Le /6/77

22/6/77

22/6/77

22/6/77

6/t/zt
glt/n

t5/t/rt
l.B/t/n

27h/77

27 /7 /77

zb/B/?7

0"006

0.002

0.006

0,o03

0.0Ó?

0.003

o.o22

0.016

52.It

92.9

27.7

l.'22"9

68.0

1ó.6

g.B

28,7

1l_.3

16.1

23.?

]'3.5

o.2

7.6

I rnl unconc"

1 mI unconc"

I m1 unconc.

0.3 nl conc.

1 ml uneonc.

I m1 uneonc"

1.lr mI conco

I ml unconc"

1 ml unconc.

1 ml unconc.

1 rnl unconc "

1 rnl unconc"

I ml unconc"

1 ml unconc.

a Differontiation betvroen -filtrates lvhich wer€ coneentrated. and
those vuhich rvore not,!
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approa(rhints tho valuos noâsured for l'rrashod samples. If .bhe latter ob-

sorvetion rTas also charac'beristic of nitrogon-l5 uptako sanrplos, 'bhen tho

significance of filiraticn effects vrould be minimized in routine rato

comparison sampling, Nitrogen fixation rate comparison samples lver€

thirty or fifty milliLiters depending upon cel1 densities. Rate per unit

volume values charactoristic of those san-cIe sizes vrould app€ar to lio
in tho region of curve lovel1ing (figure l2), wherê filt,ration effects

resulting from adsorption of label to filters rrould be e:çected to be

reduced.

To confirrn tha'" filter adsorption of nitrogen labe1 does occur in

a similar manner to carbon*1h retention, further filtrat,ion error ex.oerí-

ments are roquired. Estimation of nitrogen-I! retention on filtration of

ralv and prefiltersd samples and follou"ing adequate 'nashing is necessary

to charactoriza filtration offects. The filtration eïlror rolationship

should also be examinecl fbr lake nitrogen-l5 sa¡lples to deternino vinether

a sinilar response to that of Chomost,at 2 is noted,

Âcetylone to I'tritroEon Ratio Ex:lana tion

Of greater irnirortance than ratio variability among lako sanples or

chemostat samples is the dÍ-screpancy botwoen the enpirical acetylene to

nitrogon ratios and the ra+uio prodicted on the basis of chemical reaction

stoichiomotry. Empirical- ratios li-et,od in Table 12 excsed the thooretical

value t y l.h to L,h tj-¡rps. 1,4ore than one hypothesis has been forwarded

bo account for sinilar acotylene to nitro¡¡on relationships descri.bod pro-

viously" Proposed explana.ticns include suggestions of cliffr:rences j-rr

(1) tectrniquo sensitivitÍos, (Z) oxygen sensitivity (Borgorson, :.:gTO),

(3) responso to zooplankton amrnonia excrstion (Loan g! 41", J.976),
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(ll) parl;:i.,-;i.l. re.loasr: o-Í accu¡rrl¿rbotl olotJu.c-i: (l,n¡jg, )g663 r'þlsbyr 19"/l+;

r,',"al-sb-¡ and äbgg, ).971¡) anrl (f) ¡nc affricts of ¿ìs$oci.:.:.r,ed hytìrogr:rl re-

clirc*,ion (schubtrrt arrrl Evan¡; , 1.g'16; Rothe gi a.}" , rg'l'l; iJvans gj í*., to

bo pu'o'J-:i.r¡hed). A brir¡f rliscussion of theso 1:ossibilj-tj-es u"itil res:petc'b

{,o b}rerj.r anplicab'ilÍty 'to l;Ìrc presonj: rst,rr.dy follorvs"

The first exì¡la.nat,ion slrÍlgests {,ìrat ratio dÍfferonc€}s n¿ry bo at_

hríbu'babl-e tc dj-ffer"j-n¿1 capecii;ies of the aco'b1'l.cne :recluciicn and n:Ltro-

gen-ljí u[,taÌce tecìrniqu.es bo e stj.ina'ba nitï.LìÉ{cn fj-xal,ion ip a sysbe:l char-

acter':i-zracl by lol bJ-rre '-gr"een al.ga.l- bioiuss cr ac.biv:-by. Bocausr,' 9-,i tho

nab'ure of 'blio a.rralyb:Lcal procrldure, i:ho acotyleno retJucbj-on Lechniquo ox-

hib:ihs a -Lt>l'¡r:¡'l.j-rnj-1; for cìobc.lc't,.Lon of n.L1;,r,o;1¡,rlr fi.xabion activj-l;;, (i{ar.e1y

-q!- g1' , 1968; iflucr-t,.^, 1.969)" l.lit::oi3oü-l-5 rrnba'l<o r¿r1,os rre¡rsurer-.1 ab acti.-

v.i.-i;ì.es closo to Lh¿'c det,ecticn linj-'b rna;,, teircl to unrjor,ostinate ni-+"1.o¡;on

Í'i-r¡riion ra'bes, e]-ei'¿lt:i.itg'b]re ce.l_r:u.l¿ri;ocl acotl¡le¡re to nitrogrln rab:ios.

Ì{o',',;0'i'tj.' , in tho ¡:i:'o sen.b strrcl;r ra i,io e trhancornent pcr...;ilrtoC ¿t r;rtc J-eve ls
\'+lterr: -*ens:ii,j.v.i b). lilri'b¿¿r;iorri; rro .l-onger er¡-rplierl ('iabì-o )-0) , Thorofrtre,

¡:xnl-ena.bion of r¿rie cl-i-sr::r'epancies, sl-rr,cly on 'bhe b¿rsis of riiffori_ng son.-

si-'bivi-ty Ij-mits for" i;iro t.,,¡o r;o1,Ìrocls, is inatloquato,

Llaniprtlatiott of sarçle c)xygen irarti.ql- Êrosslrrtls and subsbrato con-.

centr¿Lbi.ons -!va,s al.so fou-.rc1 to cause ratj-o variabi.l.j-ty (Bor.gerscn, 1,g70),

0ryg.rtt respollso curvos ucrc¡.;bsr;:r''¡r:cl lc cliffor clepcnding upon the sub-

st,rai;e level orosanb" At ir Ìrigh acot¡rlone (,.onccnbr¿l'Li-on (0.1. atm) no

oKJ¡¿lcln inoj.bi'bion o-f ¿rcet,ylcne r.'cdltc"Li.on was app;.rrcn!. Àt a si.nílar ni-.

j,::cgerr cr:ll<;an¡Ì'¿¡tion nitrogcn-ïJ upt-,Jce w¿rs i.nhj.biloC, abo.,¡r; ,J.5 at¡n oxy-

goll . i.nhj.Ì:j-'î;j-on n Ê ¿r.c,ltyìerne recj.ltr; l'i.on al, c,xy-gcn -Drrl ,ssures a,co.,¡e 0.5 atni

rr¿ìíì aí)il;l-::r:nl, at 1o",'¡ ace l;,v_l-e nc concont,r¿-.1,icns (0"0()5 a,cm) as vroJ.ì., tho,rgh

tìre sir,:'"ae of the o.\î;y'ßcn .rc Íir)orlsLr crlrv{J cj.Lffler",¡ rl fr,o:¿ tha.b obsorverJ fo:'



tho

nitrogen-I5 uptake ol$¡gen ïesÐonso. Therefore, rleponding upon the acoty-
lene concentration anrl the orygen partial Ðressuro, ra'ue compariscns

could yie1cl a non-constant ratio. T¡ tlm presence of Oo2 atm olrJ€en an

acetylene to nitrogen ratio of 6.2:1 was calculated for samplos exporien-
cing low acotylone ]evels, and a ratio of 3t1 was estj-matecj for si¡ril-ar
sanples exposed to 0,2 atn ox.vg€n (Bergersen, L|TO).

ïn tho rat,e cornparisons conpleted in this study, in sitB gas com_

pcsition was not manipulatod, with the exception of the addition of the
gasoous substrate' so::re gas stripping out of sol-ution into the injectod
¡¡as 

'bubblo vras a possibiJ-ity, but the bubble itself comprisod only 0.8$

and, lfi oi tt. sarnple volume in acetylene and nitrogen studies so that
large gas concentration crranges would not be anticipated" Olrygen present
at in g!!g concentrations i,¡ourd not inhibit alga1 acotylene or ni-trogen-15

uptake, asswning the norrnal oxygen scavenging processes ¡naintained anoxic
conditions at the nitrogonase site (Burris and peterson, LgT6). Bocauso

acetylene was provided in quantities sufficient,. to saturate the nitrogen-
ase, the variable re,s.oonse of acetylene reduction to oxygen partial pres-
suro at lott acotyl€ne concentrations observod by.Bergersen (t97o) cannot

be adopted here to explain ihe observed ratio enhancenont,

The third o¡planation for the ratio differonce is dopondent upon

the nethod of sarn^cle proparation, specifically lvhether ertonsive concen-

tration of alga1 sar'ples 1¡ras employod. Lean e! a1., (tyl6) criticizsd
oxcossive concontration, because simultaneous concÊntration of zooplankton

enlranced grazar-îelated amnonia reloase, attenuating the nocossity for
uitrogon fixation, rdrite not necossarily affecting a corr€sponcling do-

cr€¿ìse in .acotylono reduction, This selectivs effect, if signifi-cant,
v¡ould l-ead to increasod acetylr:ne to nitrogen ratios. Concentration pro-
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coduras vroro adopted in sorne lake rate deterininations, but sample concen-

tration did not excosd a fae'bor of ten (f aUfe f ). fn addition, .bho phybo-

planÌ<t,on neb haul method of concentration usod for this sì;udy shculd ha'ro

prevented excessivo zoopla.nÌ<ton concentration, since nany zooplanlcbon

should have beon able to excaÐe by passively riding the prossure ryav€

doveloping in front of the fi.ne rnesh net. Therefore, the grazer-related

explanation would not appear aoplicable in this situation.

The two rnost promising exolanations for the observed differ€nces

bet'"vaen empirical and bheoretical ratios include exc¡etion of assimilated

labe1 anrl ínr,olvo¡nent of hydrogen as a competit,or with nitrogen for nec-

ossary reductant and. onergy resourc€sc

Excretion of nÍtrogenous materi-a1 rvas exanined by a nu¡nber of in-
vestigators, often in association irith studiss on phy'boplankton-fixed

carbon reLease. Fogg¡ Qg66), ]raLsby (1921+), tl'arsby and Fogg (rg7Ð,

Jones and Stervart (fp6p) and others ccntributed evidence sui,porting the

roloase of nitrogenous rnaterial from actively grol*ing, as i,¡eII as sen-

escent bluo-greon algaI cultures. .A,nmonia and anide release were reported

for short torm experinients v¡ith iîestielloosis orolifioa a nitrogen-

fixing aÌga frorn rice field soil (rattnaik, 196b), bub the most frequently

obsorvod oxtracoll-ular produets v¡ere amino acids and srnall peptidos pre-

dominantly comprised of serine, threonino and'basic arnino acids (Foggo

1966t Jones and Ste',nart, f96Ð. i'Ialsby (197b) also noted the reloase of

brov¡nish pigments and substarrces flLuorescing v¡hito and bluo in ul-traviolet

light.

fn this study, whnrs particulate fractiou nítrogen-l5 atom per cønt

enri-chnont v¡as used to reflect t'he quantity of nit,rogen fixatj-on por unit
tj-rno loss of nitrogen*I5-labolled product from the partÍ-culats fraction
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¡ray have rosulted 1n the enlnncsd acotylene to nitrogen ratios estirnated.

Ní.trogen-15 enrichnont rvoulci 'bhen incli-cate not nitr.ogen fixation rather

than the totaì- nitrogen fixed during t,ho incubation interval. Acetylena

reduction, due to tho natrre of the assay v¡oulcl presumably r€present to-

tal nitrogen fixed. tho significance of the excretion of organic nitrogen

to the isotope nethod depencls upon the turrrover time of the nitrogen in
tho ceI1, assrnning the cell- structure is not disrupted. If labelted nÍ-
trogen assimilatod during a given trn¡o to three hours int,erval is excroted

as a¡monÍa or organic nitrogen within this incuba'r,ion period, then the ef-
fect of excrotion on ratio carculations lrirl be signífÍcant.

Two consideraiions, ono empirical and one basod upon a turnover

tine estimatr:, prevented acceptance of this hypothesis as an acequato

e>cplana bion of the difference between ex,oerimental and theoretical ratios.
the empirical approach aclopted to in.restigato this hypothesis involved

analysis of sample filtrato onrich¡nents, ',ihen labelled particulate mat_

erial yielded nitrogen fixation ratos 1or,¡or than a.cetylono reduction-

derivod estimates, it was hypothesiáed that filtrates, collected simul-

tanoously, should account for at least part of the missÍng isotope. 0n the

basi's of fj-ltrates anal¡zed (Table 20) this assumption was unsubstantlated.

Though sufficient nitrogen ïras presont, concentratÍons ranging from J.6

ng/Î, (a Lal<e 22? non-net haul filtrate) t,o 92.g ^e/L 
(Chemostat 2 fÍltrate),

tho natural abund.ance value, rather than nitrogen-l! enrichrnent, charac-
'bsrizod the isotopic compositi-on. that extracollular nitr.ogen releaso

was occllrring v,'as srìggestod by tho high dissolved nitrogen concentra-

tions, especial-ly those of Chenostat 1 filtrates, vrhoso initial medium was

nitrogen-free. Horvever, the lack of onrich¡nent in incubated sa.rnplo fil-
tratos appearecl to indicate that the organic nitrogen rel-oased was the
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product of prior ni'brogen assimilation, raiher than assimilation occurring

during the incuba'uion interval. Loss of label in the form of volatilo

nitrogen-I5 labolled anrnon:la appears less likely as organic nitrogon is

inclicated to be the primary forrn of excreted nitrogen observed for niost

blue-green aIgal species (l'ogg, L95Z).

Calculati-on of an 4proxirnate turnover time of the incorporated

ni-trogen, pattornod on a similar calculatíon d"escribod by l,r'alsby and Fogg,

(]i97Ð, supporLod the abo¡¡e conclusions. To estínate this turnover tfme,

the valuos required lvero the nitrogen rìass per coI1 and. the rate of ni-
trogen fi-xation per cell. Though por ce11 valuos 1ïisrs unavailabler p€r

liter ssti:nates lîBre, allowing the following calcul.atÍon:

Turnover tirne = ¡nass ni-trogan/celI
nitrogon fixat,ion rato/colI

rnass nitro e t,ef ce1 iter
trogen on ra e ter ce er

Thus an estimate of colls por liter r'¡as not required.

Calcu1ation of 'uh€ turnovei tirne for a representative unconcentra-

ted Lake 22f sample yielded an estimate of approxlmately soventeon days,

which greatly exceedod the rnaxi-mum incubation interva)- enployed. T,äls-

byts estimats of tho turnover tine for nitrogen assimilated by 4nabaenq

q)Èin,qigg Lsmm. cell.s lvas on tho order of nino days (Walsby arrd !-ogg,

L97Ð. Fogg (1952) reportod thai the extracellular nitrogonous products

of tr. cylindricjl did not appoar to includo any appreciaì:Ie proporbion of

substancs specifica3-ly associated vrith the fixation process bocause the

relatir¡e amount and composition of tho fbaction re¡nainod ¡nuch tho sams

rthen tho alga uas cultiva'bocl on nitrate or arunonia, as lvhsn only elomon-

tary nitrogen 1'¡as suppliocl. Each of these obsorvations rej-nforco tho
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conclusion that the }abol excroiion hypothesis for ratio discrepancy is

not tonable.

A nu-nbor of laboratory e;<cretion erqperiments roporti-ng enrichod

filtrates dj.cl involvo prolonged incubation periods ofb.en exceoding one or

trvo days (Jones and Stewar+,, I)6); Stewart, l-96]¡4t Tr'a1sby and Fogg, L975).

Filtrate Iabelling nras also observod in an exp€rim€nt.involving phybo-

plankton lá¡-nitrate uptake (Chan, 197il, 15¡l-1.ue11ed dissolved organic

nitrogen being collected by passing sample filtrat,es through cation-

exchange rosin. Chan indicated that significant phytoplankton excretion

of labelled amino acids was occurring, but it ims insufficient to com-

pletely o>çrlain differences in chemical anrì isotopic estimates of nitrate

uptake

Tf label loss rv'as a consoquence of cel1 breakage on filtration,

rather thair a.ctive excretion of assinilated nitrogen, turnover time esti-

mates lrould be jrrele.Jant. ïnforma'r,ion coll-ected concerning this aspoct

is contrad.ictory. À filtration emor curue (Arthur ancl F.ig1er, t967) ,

Figuro l2) appa.r'ently supportod tlio proposal that filtration-induced

ni'brogen-l5 upiaks rate undorestimation contributecl significantly t,o the

enhanced ratio. Ho'l'iever, as detornined earlier when the filtration error

curve v¡as discussod, the correction íntrocluced by tho filtration €rror

cu.rv€ approach 1'r¿rs oxcossivo, Ìeading to Chonostat 2 acetyleno to nitro*

gon ratios loss than the stoichiornetric valuo of three. Examinaiion of

filtra'tj-on €rror de'berrÍúnations such as that of }lclJahon (1973) suggested.

study of filter retention of 15lV labe1 by solectívo filtration anC wash-

ing eryer'Í-rnents, rathor than est,irnation of label loss on vacuum filt,ration.

Âlso, iel-l dauage on fittration v,as dononstratecl to bo minimal, ovidenco

of structural celI fÞa.gmonts bsing absent on eloctron rnicrosco¡ric oxarnina-
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tion of preci-pi-ta'bed ma'beriels fron filtarecl lako sarnples (Chan, L977).

Hydrogen Production Hypo';hesis

Though the fi-naI hypothesis concorning nit'rogen-hydrogen competi-

t,ion was not investiga'r,ed here, support for it,s contributÍon to the acety-

lene reduction-nitrogen-l1 uptake comparison has increased in the lÍtera-

ture. A large p:'oportion of the researeh on this aspect v¡-as cornpleted in

nodul.at,ed s¡rmbionts (Schubort and. Evans, tg76; Bethlenfalvay and Phi1líps,

Ig77; Schubert et al., 1977; Evans g! "1., to bo published) and bacterial

systenrs (Bulen et al., t965i Brotonegorc, I97l+i and S¡irith "t, gI. , L976).

Ern¡rirical evidence for hydrogen production in blue-green algae and des-

criptions o-f tho procoss and its reqlonses to various envirorrnental nani-

pulations has also accunmlatod more recently (Jones ar,d Bishop, 1976;

Bothe et_ a1., l977i Burris and Feterson, 19??).

Concurrent ni',,rogen fixation and hydrogen fonnation by blue-greon

algal nitrogenase nec€ssitates tho sharing of both enorgy (adenosine

triphosphate) and reductant r""u",r"u. Cornpetition for ì;hsse resourcos

im¡rlies that noithor process vriÌ1 functÍon at rnaxjsal rates, when both

substrates are ava-ilable (Jones and Bishopr l-:g76)" One third of ths energy

(¿m) and re<luctant usecl by nitrog€nase in vivo- rnay be lost in hydrogen

produciion (Ânrlerson and Shanrnugam, f977). l.{sasuremont of hydrogen evol.u-

tion by legumo nodulos in the prosenc6 and absence of nitrogon (Schubert

and Evans , 1976) dononstrat,ecl tha'b although hydrogen evo.l-ution was appar-

ent under an atniosphoro of air, evolution 1"as eÐproxima{,eJ-y 3.3 times

grcater nhen a t'ritro¡¡otr-froe envirorunent rvas en,plo),od. The rolevanco of

hydrogen product,Íon to rato comparisons v¡ould be noglÍgible i.f substrato

competition rvith hydrogen occulred during acet,vlene reduction, as rvol1.
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IJo'.,revorr it rvas detorrnineid that acotyleno, supplied in concon'urations

sufficiont for nitrogen fixaiion assays, ínhibitei nÍtrogenase-necliated

hyCrogen forrø.tion, aJ-lowing ressrvation of ATP and reductant for reduc-

tion of acety-lene (Schubert and Evans, 1976; Bothe e! al. , Ig77). Theto-

fore, acotylene reduction rat,es rvould not roflect a bala-nce betv¡eon hydro-

gen forniation and othylene production, consequently a maximal reduction

ral.;e would be anticipate<ì. Âssuning that hydrogen production is charac-

teristic of the species for v¡hich the rato corparison uas unCsrtaken in

this study, responsibility for enhanceC ratios night rea-qonably be at-

tributocl to this process. I'Iitrogen-I5 uptake rates r'¡ould. be reduced

relative to aceb;')-ono redustion ostimates by an anount dependent upon the

extent of hydrogen forr¿ation.

If ihis expla.nation is accepted, it is then nocessary to ascortain

the reason for ratio variability between the lake end chemostat systens.

Schubert and Bvans (1976) domonstrated that the relative efficioncy of

hydrogen evolrrtion in legrrainous and non-leguninous plants, capabl-e of

nitrogen fix.ation, differnd depending on tho s¡n'biont oxaminod. The ef-

ficidncy of hydrogen evolution is influenced by tho ¡rÊscnce within a

givon algal specie of a hydrogenaso capable of uptake and oxidation of

hyclrogen produced by nitrogenase (Evans et al., to bo publisheC; Ander-

son and Shannrugam , L977). Bl-ue-green algal hydrogenases '¡ryere obser¡sed

to var;r both in 'b¿ce and activit-rr .not onJ-y from organisn to organism,

bu.ù atso fron strain to strain (Bothe et al. , L977). Lake and chemo-

stat populations differed in their precìominant bluo-green alga1 species.

ïf the ni'brogonase-mediatecì hyCrogen forrnat,ion and tho hyclrogenase-

lnoclj.a'bed hydrogen uptako b), tho alga1 species in the lake (prcrdonrinantly

Anaìraons. solitaria v" planctonica and Âphanizomonon flos-aqriao) anct chemo-
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stat Ânabaena vari?biåis) diffor, the ratio characteristic of each system

,¡'oulrJ be affocted. Án officient hydrogenase would be oxpectsci to offect-

ivoly r"ecycle hydrogen as woll as 3,TP, proventing restriction of tho re-

duction of nitrogen to alr¡nonia. In such a systen nitrogen-l5 uptake ratos

would epproach acot;;'fs¡6 reduction rates, consequently yielding acetylene

to nitrogon ratios closer to theorstical. Assuming that the Chernostat 1

population eithor e:ckribitsd a lov¡er l-ove1 of hydrogen forÌnation or pos-

sessed a roret e.ffici-ent hydrogen retrieval sysbem than the lake populations,

ra.tio d-ifferencss observod betrveen it and the lake populations night be

plausibly ex¡rlainede .

Ïnterpretation of the ratio discrepancy betwoen Chemostats 1 a.nd

2 is more difficult, sinco the inoculnm for oach chenostat ïras an Ânabaena

variabilis strain. Differences in the re sponse o-f the nitrogen-hydrogen

relationship to envi-rorrnental conrJitions in each chemostat nay yield a

possible o4pJ-anatÍon. Sttch a response to an exbernal- factor uas reported

by Jonos and Bishop (f976). They indicated that photosynthesiøíng popu-

lations subject to carbon dioxiCe linitation v¡ould posssss a large €ïcess

of lov¡ potential electrons, r.rhich rcould be shunted through the hydrogen

production circuit to elirninate the electrons fror: the colI. Tf this

eloct'ron removal depleted €nergy r€sourc€s at the oxpenso of nitrogen-l5

fd-:cation, a high acetylene to nitrogen ratio would result. Carbon dioxido

l-imitabion shoul-ci not have boen a factor in either chernostat, both systons

recoiving a simila.r nutrient input, incÌu<ling atmosphoric carbon dioxido

and sodiu'n bicarbonate "

Exbracollular rel-ease of organi.c carbon favorod undor conditions of

phot,oiniribition (Fogg, L966), sirspocterl to occur duri-ng oarry stages of

Chemostat 2 oporaiÍon, coulcì havo creatr:d rr:strictions on the availab5.lity
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of carbon cornpouncls reqru-red for ni-trogon assimil-ation. Tn ordor that

a¡,rino aciCs nec€ssary for synthosis of cellular protein may accumulato,

armonia, the product of nit,rogen fixation, mrrst be incorporated into thess

caÏbon compounds synthesized via photosynthetic reduction of carbon di.oxi-cle.

Organic carbon limitation, significant only to nitrogon-l5 uptake estina-

tion, l'¡ould onhance acat,y--Lene to ni-trogen ratios in Chenostat 2. The ef-
foct of lieht i¡hibition on the photosynthetically-derivod electron sup-

ply concorns both nitrogen and proton reduction processes, pr€sumably pre-

venting rate discrepancies caused by unequal electron d.istributio¡. Ob-

servatÍon of the nitrogen:hydrogen relationship under varying environrnsn-

taI str.essos is necesser)- to characterize the extent of its influenco on

the acet;'rIene to nitrogen ratio

Ancillary Eq>oriment s

Though rato comparison does prouÍde a numerical charactorÍzation

of the acotylene 'bo nitrogen rel-ationship, the.latter may also be described

by anci1lary e:qr€rinents. Âcotylene reduction and ni-trogen-15 uptaJ<e ar.e

compared with respoct to their response to a poriocl of dark incubation, an

extondod series of light incubations and a range of their qpecific sub-

sl,rate concentrati-ons. Ilifferences apparent in the r€sponse of oibhor

technique may contribute to the possibJ-e e4planations for acotyl-ene redqc-

tion and nitrogen-l5 uptake rate discrepancios evident in calculated acoty-

lene to ni'vrogen ra'bios.

Dark Nitro¡1on Fixation

Folloivi.ng irrcubaiion, lake sai:nples collectsd in the fiold recluired

brans;porb back to tho laboratory Jrrior "uo f iltra'bion ancl analysi-s. Sa.nrpì-os
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u'€r€ shj.elcled from bhe light to elirninate furtiter light-supported acoty-

lcno recluction or ni'Lrogen-l5 uptske, but t'ore not killei to provont, sub-

scquent dark fi-xation. 'I'o doterrnine the a.mount of dark nitrogen fixation

rqhich may have occurrod during the tra'rsport period, dark rate estination

erçerirnents, utilizing both rnothods, rvere carrieci out. llitrogon-15 uptaks

and acaùylene-Cerived nitrogen fixation rat,es r,'roro measured and compared

to corresponding 1i¡lht ra.tes estjmated sinuitaneously over equivalent

intervals (Tablo 21). Fron'r these data, dark rate to light rate percentages

v¿ere calculated for both acetylene and nitrogen-15. An additionaI dark-

light comparison rras conpleted for one light acetl'leno ro<luction ".tpte
and one dark acotylene roduction sanr-rle, the latter having previously

undergono a four hour dark preincubation (Tablo 21),

Dark acetylene reduction in both chomostat and lake sanples, lvas

o'bserved to represont an avereg€ of forty per cent of sj¡nuI'baneously meas-

ured light acotylene recluction" Based on the single estimate calculated

April 25, 1977, dark nitrogen-l5 uptake representod trventy-nine per cent

of the correqoonriing light uptake.' The dark nitrogan-l.5 uptake rato esti-

mated .April J9, 1977 r',as not, j-ncluCed in the porcentage c¿lculation because

of the uncerbain'Ly in íts n,agni-tude, the result of an aton por cent en-

richment not significan';ly dj-fforent from natural abundance (based on a

sígnificancs level ,rf trvo standard doviatíons -- 0.393 ! O.O3L aton per

cont). Theso dark rate/ngnt, rato percentages are coïLDerabl-e to those found

by iiorno and Fogg (19?O), surface sarnpla dark fixation measurod by acety-

lono reduction arnounting to fifty por cont of l,hat in tho lighb. IJark

preincubabion m¿.rlieclly reciucod the tlark acetylene rocluctj,on, dark rat,es

ín proincubatoct sanrples represÊnting only two per cent of the measured

light rato. The rosult, of this preincubation o>peri¡nent srrpport,s tho con-
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Comparison of Ðark Rate and tight Rate Estjmates of Lake and Chenostat Nitrogen Fixation For Given Sanpl-
ing Dates. CZHZ Beduction Rate Data is Conver'ued to Nitrogen Fi:cation Rates Using a QZHZ:N2 Ratio of 3.
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i,ention that the e>rtent of clark fixation depends upon the conditÍons pro-

r.,ailing during the poriod pre coding dark incubation (Fay, L976).

Tho dark rate-light, rate percentages calculat,sd for oach method

anparen'oly índicate a di-fference in the rssponse of each iechniquo fol-

Ior'ring ter¡rination of tight exposur€. Hoivever, becauso of the srnall magni-

tude of the corroction for dark nitrogen-l5 uptai<e and acotylene reduction

relativo io the rates of light fixabion, ihe significance of this dif-
ference in percontage bett'rcsn the tr'¿o tochniques is reduced" A naximum

d¿rk rate correction for each of tho techniques r¡as calculated for the

two dark incubation in'uerval s of tan end forty-five minutes, which occur-

red drrring routine rato comparisons in lhe chernostat and lake, raspectively"

This calculat,ion assu¡nod that the dark acstylene reductÍon and nitrogen-l5

uptake ratss equal-Ied their rospective light ratas throughout the ten and

forty-fivs rnimrte intorvals, Coraparison of the quart,ity of acet¡rlono or

nit::ogen-l5 fixed i¡r the dark during these intervals (assuaíng light fÍxa-

tion rates), to ihe quantity of these substrates fixsd in the l-ight, as

illusirated belo'rv, inrìicatod that the dark fixation contribut,ions rrere

8.3É for the ton ¡rinute intorval and Jf.lfl for the forty-five minuto in-

terval-.

(Dark P,ate = "T,i3h'b P,ate)(lncubati_on -Ti:ne) X 100 = Psr Cent Con'Lribution
( Li-e-ht -iãìiã)-[*ìiCubã bion T i:ne ) by Darì< Fixation

ilxample I I o 10 60 hours x 100 o 8.3f,

Hovrevel:, it has been denonstratocl ihat dark aco^bylene reduction extribits

an clqoononl,iatr Cocreaso in rais rvith tir¡e, falling to fifty per cont of

tho original valuo r'¡ithin thi::ty rinutes of ter¡aination of light elcposure



l-52

(Fay., Lg76). If il r,ray bo assunetl that dark nitrogen-l5 uptake responds

si-nilarly, then ì;he naxi¡nun percenia.ge contributj.on of dark acotyleno

reduct,ion ancl ciark nitrogen-l5 uptaï:e shouLd clecreass -*vith ti'ne in pro-

por',,ion to ihe docreasing ratos, thus reducing the above dark rate-j-ight

rate percontages.

If the relatÍvo differences in the average clark rate-líght rate

percenta;es for nitrogen-l5 and acetylene calculatad for the tv¡o houT in-

cuba"uions is maintained incJependent of the length of dark incubation, thon

a more specifÍc estinate of the dark fi>retion cont:'ibution n"ay be approri-

matecl, Introduc'oion of the dark to light acetylone reduction rato per-

contago of l+O% ancl ths dark 'uo lj€ht nitrogen-I5 uptake rate percentage

of 29¡d" to the calculations for the ten and forty-fivo roinubo intervals

al]-oved estinaij-on of dark fjxation contributions for acetylene' oî 3.3fo

(ten nr-inu'bes) and 15Í (forty-five rrinutes) and for nit::ogen-L5 of 2,1+f"

(ten nr-imit,es) and I0.9/, (forty-five minutes). Again, inclusion of the ef-

fect of an elponontial rato decline (Fay, lr976t Lannergrenr L9?h) r'¡ou1d

rsduce thei dark fiy,ation con?ribution. Er¡en I'rithoirt' this corroction,

though, thei maxjmr,rin Cåfferonce in the acetylene reduc'bion and nitrogen-l5

uptake dark fixation contribut,ions rvas loss than fi.¿o per cent. Thore-fore,

tho raie cli-scropancies indicaied by acotylene to nit,rogon ratios are ap-

parent,ly little afíectr¡d 'f:y ',,ho dif-ferences in dark fixa',,ion response¡ ob-

sorved batin¡oen acetyiene red.uction and ni+'rogen-l! upbalte from tho term-

ina¡icn of light exÐosltre to 'uhe corïnencenent of satn;c1e processing'

ine Course: rimont s

^4cetylono rarhrction ancl nitrogen-1'5 up{:a}co ratos wore oxa¡ninod

clurir1g incuba'bions of iircreasing length, to doteirrii,no l"¡hethor both as$ays
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rosponCod sinilarly during j.ncubation interval-s normally ernployed for rato

comparison sùuCios. Ar"!."b3g.tq: nitr"ogenaso cxhibj,tod linear acotyleno

reduciion and nitrogen-l5 uptake beha'.¡ior for ui: to fort-v-fivo minutes

(Hard;r ot a!., 1968). Following an initial lag, nitrogen-I5 upt,ake i-n

41"8:, Iugggg nodules lvas also observed to be linoar for ono hour (Stervart

o! q!. , L967) and acetylone reduction in l,fyrica. ""fiå* root noCules vras

shoi'¡n to be linoar for a',, lcast four hours (Sloger and Silver, L967).

Sample incuba'bions fron fifteen ni:rutes 'bo six hours Cemonstrated the rate

vorsus tine 16sponse charact,oristic of chernostat and lako blue-groen a1-

ga1 populations examj-ned in this study.

' Àcotyleno reduc't,ion was observed to increase linearly on extended

incuba-bion of sanples collocted in Chemostat 1, Lako 30h (concontrated

sanples) and Lake 2Z? (Fieures 33 and 35 to 38). Âcetylene reduction rates

vrsro con-,rertocì to nitrogen fixation ratos, utilizing the theoretica-'ì- acety-

lene to niirogen ra'bio, prior to inclusion in tirne course plots. A si¡ri-

lar assay com.cleted for Chornostat 2 sanplcs displayed non-linoar behavior

(l'igure 3h). Àcetylene reduction began to plateau at incubations excasd-

i-:ng 2.1 hours,

Threo assays defini-ng the time dspendent responso of nitrogon-l5

uptalrelïore conplo'l;oci in Chenostat 1, Cherrostat 2 and'L¿,ka 227 (Figures

39, \O and []). Si.gnifice*nt ,ri:take of nibrogen-I5 l'¡as not observed im-

nedj-ately in Che;:rosia'b l and Chon:os"uat 2 sannples, a Iag of froin thirty to

sixby urinutes boing erddent. Fo1lot'l"ing this initial 1ag, linear uptako

cormencod. in both chenosl,ats, but, onl;r persis'bod in Chemostat' 1. Nitro-

gan-15 uptako ratos levolled after Chonostat 2 sami:les hacl been incubatod

three to four hours. Iiitrogen-Lf upta)<e t'r-as l-inoar for Laka 227 samples

"bhroughout the incnbabion ì-n'borval, no l-ag or platoau being aÞparent.
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Figure 33. Acetylene reduction time coursa data for sa,nples col_
lected on April 29, lgTT from Chenostat 1. Àcoiylono
reduction-cerived estimates of the quantity of nitrogenfixed (CZHZ:l{2 = 3) are includsd.

\
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^¿-t,'rgurs J). Acetylene reduction time course data for concentrated
sam,cles collected on JuIy 1!, 19?Z from Lak6 3Oh (insitu incubation). Acet,ylene reducticn-Cerived estF
¡nates of the quantity of nitrogen fixed (CZHZ:N2 : l)are included.
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Flgure J6. Acotylene reduction tire courso data for sarnples col-
Lected on August 1:O, 1977 from T,aks 227 (in situ Ín-
cubation). Acetylene reduction-derived e$iiñlãs of
the quantity of nitrogen fixed (CZHZ:N2 : 3) are
includsd,
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Figure 37. Acetyleno reduction tins course data for samples col_lecìed on August rT, rgTT from Íake zzi f irïiiu in-cubation). Acetylsne reduction-derit'uå àËti#rã" orthe quantity of nitrogon fixed (c;H;,ñ; ='li;;"includod.

I
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Fi-gure JB. Âcetylene reduction time course da-ta for samples co1-
lected on Septembar L2, 1977 fror¡ Laka 227 (ì.aboratory
incubation). Âcatylene reduction-derived estirnatos
of the quantity of nitrogen fÍxed (C2II2:II2 = J) are
includsd 

"
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Fi.gure J!. Nitrogen-l5 uptake tine courso data for sanlolos col-
lected on Ì,fay \, lgTT from Chemostat 1.
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Figure l¡0. Nit'rogen-I5 upta.ke tirne courso data for s-,mnles col-
lected on June L6, lgTT fron Chenostat 2,
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Non-linear behavior characteristic of tho Iatter stages of i¡cu*

ba'tion for ace'byleno reduction and nitrogen-I5 upt,ake in Chernosbat 2 sarn-

ples suggosts the devolopment of sonn physical or chemical linnitatj.on.

Tho influence of cell density intlependent of the algal onvironment is an

inaclequato explanation as Chenostat 1, the most concontratecl.systom, €x-

hibited a linear acetylene reduc+,ion rosponse over the ontiro incubati.on

interval. Possible restr"ictions 'limiting acotyleno roducticn and nitro-

gen-15 uptake includo deplotion of an essential nutrient, perhaps invoJ--

ved in roductant or energy genoration, or acournulation of toxic rvastos

after extenrled incubation, such as an oxcoss of photosynthetically-

produced oxygen (Xttague, 1977). Irleither of theso potential problems ïrtro

oxamined here.

Changing light charactoristics during the Lake 30h iq sil,-u aco'by-

lene reduction incul¡ations nay.have been critical; a dark cloud covsr

developed durirg the intermediate stages of tho timo course assay. Th¿rr<¡-

fore, sarnples left for longer incubations rocoived roduced solar input.

Hovrever, the existence of cellular 
"u""t.ru" 

of ATP and roductant should

a.ttenuate the effect of this l-ight reduction (See, for exarnple, tho Dark

Fixation Studies). Constancy of illunination was not a problom during

Cher¡ostat 2 aeetylene roduction and nitrogon-I5 up'bake tinne courses, in-

cubations being carried out i.n the laboratory incubator. One saries of

T,aka 227 samples coll-ocbod Soptembor L2, irgT| r lyero prepared ancì incubatod

in the laboratory to detormino who'bhor tho incubator lighting voulrt af-

fect the time respons€. In sil,u (Figures 36 and 3?) and j.ncubator (Fie-

rrre 38) f,ate 227 ti:me coursos tlemonstra.ted a qual-.itatively sinr-ilar 1in-

ear responso inclopendont of the locahion of incubabion. Due to tho dj-f-

fi-cu1ty of sample processing foltoving incubal,ion, incuba'bor rai:hsr than
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:rq jr.!u :i.ncuba.l:ioÌls vrerc orr¡rL-c;iod foz' b<¡l;h ,:ìrtrrnost,a.t ancl J.a.kr¡ nj-trogerr*l!

rrt't¿rlçe bi-no courso sai-.:pl-es. Tharcfore, ola.'br:au versrls l-j-noar ano¡no.li¡;s

in nil;rr:¡-:<ln*-L5 upba.ke bj-ne course r.r:sults for Cheilostat 2 sanï)l.es vei:$us

ChenoshaÍ; l ancl I.ake ?_Zl sanples r,'ore not a function of :Lncuba.bion lj.ght-

ing ch.aractorisi;ics. , ;

Tlie oxisbenco of a. lag in cìrenos'bab ni'l,roilr¡n.-I5 uptake is si.â:ni*

fi-cant 'oo calculai5iotr of nit,rogen-15 up'bake ratr¡s ancl consaquently acoi;y-

k:ne t,o nitrogen la'bio elsr¡furati.on. Lo',,¡ inj.{,j-al- uptal<e wou}cl recluco l;ho

llj-n¿ll- niLrogen-}5 upt,aì.le ral,e er¡timate, 'l;hus increasing the acotylene to.

ni'brogen ri;.t,j.o dot,Jrrnined. Thor.c i.s apparon{;1y no biolog:i.ca.1 ex.cl-ana-

tj-on fov tiú-s <lela.)¡eC ar:siriilatiot-t of n.i.'brogen-1-$; isotopic fr¿rctionation

ef.fec-i;s i.nvolvin¡3 ai.ga.l irrefcre nco for the ligh-tar noloculo, nÍtrogen-J.l¡,

in ni-trogen fi:r¿rtion ¿ìr'e ne¡;ligi-blo r',,ith rospcct'uo tha nJ.tr.r:gen-15 en-

sichncnts i_nrrolr¡ecì. (1:ocirt, Lg|3). lioì.¡r..¡or, cìel_aye,i up.ba.ko may 'I:a an

altifact of bhe salirplo pi'oiraral,i-crt proiJeriure, Due to the loi? ua.bsr scl-u-

b:Ll.it;y of ni-i:rogc.n, ni'hrogen-)"$ :i-nject,-î.ons roquirod 'ì,imo for abta.Lninent

ot -l-l.r-i¡2- l-5¡le :-sol;opi-c oqrri-1i-ì-.r:Lur,.r, ¡:ossibl;r cloJ-a¡'ing .Lho exi:,osul.e of .l;ho

algar: to -l.abelleci su'bstrato. ì-lot'r-ovor, prcli-rninary agi'bation fol-Lo'iring

srrbstret,o j.njr:c'ì:j-on should rn,i-nin:Lzo -bhi.s do1ay. Bocause no lag in ni-

tro¡;cn-l! rrp{,a.ko i'¡rs obsr-rr.¡od,.i-n sarnÐ1.'líi co.l-.1-cctod fþon ï;rl<o 22Jr',',hi-r:h

-t'¡r.lÌ"ú ÐltellaroC irr tit,-,. ,s¿rrno ìni:rrner as cher::ost"at sar.p1-cs oxiriÌri-ti-n¿ tho .-h.n-

it,.Lill- J-a¡¡, iis cxis'TirJnce i,s sueircct.

If the ','aria'ble resilo'rse in acot;rlcna rerj.ucti.¡n and nitrogen-l!

uirt;llro r¡as l-irli'bocl onl¡r'br: exLorrclorl incubaì:i.on anoräo.l-,Los, itso of shorb

."orrn inr:irb¿r'hj.ons, dnring l'¡hich l.obh r::othocls oxhj.bj-t a l:Lnoar resÐolfso,

uou.lcl be a silf iicion'b pre ca,tlbi.o:r foi' É'rt,-(J[]'!,'[1.r e stj-nabion of nirr.ogon

f,j.x¡r'bion ra'r;es (St:,ryn ¿rnrl llel.i.vr'icìrc , )-97()). incuÌ.ta'i;ir¡ns c¿:.rlj.erì out, i.n
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rat'o cornnal'isctr c;<per:lrnonts li-sre choson to fa.l-I r'¡j.thj-n 'Lhc -l.inoat: r'{}$pon.:ìi)

t'egicn. Iìovr.:vor', if, as in Chonos'bat J- ancl Cìremostal; 2, a clif.flcrer1cù oc--

crirs in'bhe resÐonscJ of aco'by)-onr: :rcrluct,icn an.l ni'Lrog.,.,rn*1.! u5rti,rl<o dur':irrg

ini'bial incuba bi-ons, thr,. cal cula becL actl t ¡rJ-ene to ni b::ogerl r¿.'bi-o r.¡j.l.l- bc

a.ffec'bod. A hi-¡;h a.cobylcno bo nitrogon latio .,'¡oul-r:l be ant,icip;r1,ecl as a

rr:su1{; of 't,hc lag in nitrogen-l5 uptake-r. Tho only q's¡cn fo¡.yrhic}r siin-

uLt¿rneous ostin¡ltion of acoù;rl.ene rocluction ¿lnci ni'brogcrr.*15 ul;"bako .,'n.!;Ìr

ti,"ne rl"as conp-l-otecÌ I'ras l,ake 22'1, rrhl.ch dor:ons'Lr¿rberl no 1a¡4. Âcrl'l,y)eno

to n-ltrog,rn ratios calculatod for sarirples incu.bateri from one to fr-rur ]ror.rrs;

lrertr 6.8, 7,7, ?"h ¿r.ncl 9"3, bhe l-atter ra.tio boin¿1 1;ho r.ssul'h of a l.or¡

ni-trogon*}5 uptako ra-tt'. Beìcet).so theso r-'atios cliffer frorn thcorcLir;a.Ì.

:in a system exìribiting no orelj:nj-nary Lsg i-n nitro¡1en*l.5 uirt,ake, 'bho

rabio cliscrnancy is :ri'pa:contly alfunciion of paramotors obht:r 'bha,n cì,i-ffez'-

in¡,; i-n:ì-tia.l- tii:lc respûnse.

Att appro:cirnatj-on o-f thei er.ffeci, of 1ag and plaboau ch¿rac't,ci.j stics

on ecetylene bo ni'bro¡-;sn ra1;j.o clotc.;rrnin¡ltion rna;r bri ri,::nons'i;ra'beci ,Lf Cheiro.-

s'î;at 2 sanrlss collec'boC Juno )-$, li977 íoz'acobylens reCucti.on anrl ,Íune .ll-.r,

1.97"1 for ni.trogetr-l5 uptako ar€ s.ssumad to represenl, a serios of ra'bo

pairs. Lco'Lyl-ene llo nitrogon ratios r'¡ers ca.Lcr-rlated for ::¿rbcrs rvi bh

natchcd inc'.rba^bion longths (Tablo 22). Tho genoral i,:eonrl ìï¡r.s a dacl.i:lr¡

in thr: ra.tio l'¡i-l,h t,i-me, 'i;he:raj:ios boing:-nf-l-uonr:ccì by l-ow'i.niti.all. ni.'Li"o*

gon-15 ttptal<o rates (J-,h, 0"6, ¿nd 1,0 lrí,/f/hT) and tl:.¿ mÒre r¿ìpi.<L lr:.¡o.1.-

f-in¡; of acebfl-ene red.uction cornì;a.re'<l to ni.trogen"-l-5 up'balcr: for incubat:i.ons

up t',o l+,75 h<;urs. ff the June 1!, 1977 and Juna 16, 19?'/ da'ba ars l1c.o*

resentativo of tho tii:no clopondon'b 1'6siponse$ a-nticipatoti for Ciieriostab 2

sa.:qole, j.L sug¡ir:sts 'L,ha'1, a varj-abla ratio '¡roul-<.l be obtai.nc,:cJ, cìci-icntlin¡; on

ihe itrcub:.r-bian:i.n'ierv;rl- ad.octeri. Tht-"r'efor"e, ciofÌin-i-i;i-r:n anci conrir;,-l-'-Ls;on clf
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T¡,BT,E 22

lìstimation of C2H2:N2 Ratios Frorn Chernostat 2-
C2H2 Eoduction and NÍtrogen-l5 Uptake Time Courso Data.

Incubation
Tjme (ur)

!.cetylene
Reduction Ratea

(FeczHI+/Lft':u^)

lJitrogen-11-
Uptake RateÞ
(pelüe/L/t¡r) czt¡¡e/ñz

o"25

o.75

r.25

r.75

2.25

2.75

3.25

3.75

b.zS

\,75

5"25

5"75

zh.2

16.g

]..6.7

1l+"9

1l+.1+

L2.6

12.0

9.5

9,1

8.5

L,l+

0.6

l_"0

L.7

2.2

2.L

T.B

2.1+

2.3

L.g

2.1

L.7

u.3
28.2

17.0

8.8

6.5

6.0

6.5

3.9

lr.o

b.5

a Chemostat 2 - June L5, ]:977 - Acotylens ReductÍon Tine Course

b Chemostat 2 - June 16, L977 - Nitrogen-l5 uptat<e Tine Cou¡se
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the.tine responses for acotylone reduction and nitrogen-15 uptako and,

in cases lvhoro anorlolies exisi, standard.ization of the longth of incuba-

'bion appoar to be advisable procau"uions l','hen rate estir,rabes are to be

cornparod'

K1 and V'^¡nrç Determinations

Ratio analysis, darl< fi:cation and tjme course experinents r'¡ere all

comploted assuning that the a1gaI nitrogenase €nz¡ñn€ responded si-nilarly

to both the nat,ural substrato nitrogen and it,s analogue, acetyleno" Lake

227 sanples were e>qrosed to a series of increasing nitrogen and acotylene

concentrations in an attempt to define whether both acetylono and nitro-

gen-15 uptalro did functÍon similarly as nitrogen fixation estj:nators.

Blue-green a1gal nitrogenase is capable of reduction of either substrate,

þui the affinity of the enzyrm for the individual rnolecules differs

(Hardy S! "1., 1968 3 L973; Bergerson, 1970). Eqoorirnents patterned on

the litichaelis-lrfon-r,en enzyiße-substrate intoraction were cìesigned. Direct

comparison to the defined e rúyrrß systen was unintendod, vrhole celI uptake

studies being infl.uenced by processes tshich do not affect the isolated

enzyme preparation (Ì,Íaclsaac and Dugdale, f969). Howover, the infonnaiion

dsrived fron this type of e4periment does provido dosirsd indications of

the roqronss of the àlgao tr the natural substrate and Íts analogue.

P::ovio-ris studios of this naturo utilized part,ial pressur€ ostjmatos

of nj.'brogen or acotylene, rather than aqueous concê¡rtration o stirnates,

when cleterrniniryt tho substraie-rate relationships (Hardy €l al., 1968r

3:97Ð. Rathor than define the vapcr phase-aquoous phaso characteristÍcs

of the systems ez,aninecì, aqueous acetylene ancl nitrogen cont,ents wero

calculatoct utilizing gas partitioning larrs a.ncl differon'bial solubilities
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( see I{ethoCs) ancl reportod as micromolar concontratj.ons.

Tìro acety)-eno concentration range v¡as chosen on t'he Ì:asis of the

results of tïro preliminary exçrerirnen'bs, one ernploying vory low concontra-

tions (tabte 2l), defining only the linear portion o-f the curv6, and ths

sscond employing very high concentrations (taUle 2l), defining tho plat-

eau region. Rate esti¡ration for samplss in an intermediato concenbrati,on

rango , 62.g +,o 71Jlú ¡rl,{, allowed bettor definition of the ovoral.l sub-

r -_1strate-rãte relationships, Ì,lichaelis-llentet lu = !gLE] I (Fieure Le)

L F;til I
and Trrolfe

acetylene reduction rate (v) and acotyleno concontration [S] data, to

facilitate estjmation of the half saturation co¡lstant (in uptako sbudies

usually denoted a trans-cort constant, ltlaclsaac and Ðugdale , 1969) KT,

and the maximrl¡ volocity, Vl{ax, charaeteristic of the su'ostrato-rate re-

lationship. Âcetylene reduction derived nitrogen fixation rates aro in-

cluded in both pIots, the thooroticaL acetylene to nitrogen ratio being

er4rloyed for acetylene reduction ""tu aorr,rersion" A computer Drogran

utilizing the Chi Squared Goodness of Fit statistical proceduro (1,!. À.

Turnor, personal cor,:rnunicatíon) vras used to discover the i.lichaolis-

l,rÏonten curve vrhich bsst fit the collected data. Estimates of K1 and V1,¡.*

vrere generated in tho progran (Table 2l+). K1 anrt Vtiax ostirnates ï,sre

also obtained on linear regrossion analysis of the data adaptod for uso

in t,he l'ioIfe Plot; this K1 value sxcoodod ¡¡s ¡.{lchar¡1is-l'.{on'bon cul:vo

estj-¡rate (Table 2[). The averag€ KT and V¡¡¿¡ values were 150L ¡II and

I"5 Fg,/t,/nr, r€soectivoly.

A concentration distributÍon spantrine. h? to 513 ¡rT,f osta'bli.shed tho

substra'bo-rato ralationship for ni.trogen. lfichaelis-lte¡rton ancl Tlotfo

lmt
Lv

tsl + lcT I lrigura L3) plots wors constructecl from
ffi TIL*I
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TABTE 23

Substrate and Rate Data Collect,ed in Preliminary Definition of l,iich-
ael-is-l,fenten Rol¿rtionship for Acetyle no Reduction in faka 227 Sanples"

Septenber 6/?? Ãugust t7/?7

C2H2 Concetrtration
(utit¡

C2H2 Reduction C2H2 Volumea C2H2 Reductlon
Rate (pelLlnr) (nls) Rato (pglL/hr)

2\

62

l.22

2l+j

60I

t2ß2

6l+b9

5.go

2. B0

B. 7o

1"7h

3"72

6.87

t.37

x

rL

x

x

x

x

10-3

10-2

Lo-2

1o-1

ro-1

1o-1

1

3

5

7

10

L5

n

6.87

1"05

9.3L

g,7g

9"146

9.28

9.3A

x 10-I

x

x

x

x

x

r.o-+

10-t

Lo-1

10-1

10-1

a CZHZ concontratÍon rvas not calculated because the volunes
of final a.qneous and gas phases lqere not recorded.
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Figure l¿2. A lfichaelis-lfenton plot of the velocity versus sub-
strate concen'bration relationshíp for acetylono.
Samples wero collec'"sd from Laka 221 , Septeraber IO,
L977. llcotylene reduction ratos are conv€rtod to
nitrogen fÍxation rates using the C2H2:N2 ratio of 3.
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Figure L3. A l"'b1fa plot of substrate/velocity vorsus substrate
concentration for acetylene. Samples ri"ere collscted
from l¿ke 227, September 10, 1977" Àcetylene reduc-
tion rates are convertod to nitrogen fixation rates
usíng tha C2\122N2 ratio of 3.
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IABI,E 2IT

Half-Saturabion Constant (tt¡) and Maxirnum \¡elocity (Vl¡ax) Valuos Detor-
nrined for Lake 227 Acatylene F,oduction and lrlitrogen Fixation By

Ifichaelis-ì{enten and lTolfo P-l-ots.

Date Substrate Plot Usod t*f (¡¡¡)

L373

Lfil+

25o7

th5

LfÃ.

g¡""(¡¡e1rlhr)

L.5

1.6

2.L

0.7

0"?

to/e/tt

to/e/77

to/g/tt

Lz/g/tt

12/e/77

Cc]dc

c2t12

czBz

N2

Ne

l'.{i c h ae I i s -l,fo nt e n

lyolfo

lfj.chaelis-L{entena

l,[ichae lis-]¡lenten

'tficlfe l

a Plot of Septomber 1:O, 1977 da'ba rninus tho highest concentrationso
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plots (Figures l+lr and l+5) were again useful in the definition of char-

acteristic K1 and V¡r¿¡ perarnetsrs for nitrogen uptake (ta¡:.o Z[r). Def-

inition of the híi.chael-is-llonten curve would bo improved by introduction

of higher subst'rato concentratíons yielding additional plateau nitrogen

fixation rates. Ths average K1 and Vl,f"x values ryere calculated to be

f5O pfrt and O.? F7/L/Y*, respectively.

Blue-groon alga1 averege K1 values for acotylene, 1.5 x 1O-3 l¡r

ancl nitro gen, !.5 x lO-L ld, calculatod above compare favorably rrith pro-

vious K1 estirnatos" Bacterial and nodule Kg values surunarized by Zunft

l"[ortenson (]t9./5) range from 3.6 x 1O-h to 1o 2 x]lO-2 ],{ for acetylene,

and 2o1 x 1O-5 to L.2 x 10-h l,{ for nitrogen.

Conrparisons of the transport const,ants for acetylone reducl,ion and

nÍtrogon fixation indicate that the K1 for acotylene reduction is alnost

an order of magnitude groater than the K1 for nitrogon fixation. Tk¡-ls

lniplies a strongor affinity for nitrogen than acetylono, which appoars

reasonable as ni+urogen is the natural substrate. Hovrever, conclusions

base<ì on ir,1 data, concsrning nitrogånasets affinity for specífic sub-

strates, must be nade with caution because, as ment,ionod above, algal

population substrate uptako rsas cleternined, rather than uptake by the

isol-ated €nzJnns (l\fague , 1977), Ki¡retic studios of reductÍons catalyzed

by nitrogenass rnust also tako into account that the proton, a poton-

tialJ-y reducible substrate, is always pr€s€nt and capablo of recoiving

electrons (Zumft and llortenson, 1;975). However, at high acetylene con-

csnt,z'ations, acebylene inhibition etiminatas hydrogenr s interference.

Llichaolj.s-Nlenten ostin¿tes of K1 anci V1¡¿¡ values for September 10,

1977 daLa, excludÍng the final concentration are also included in Tab1e

2h, an increa.ss in both K'¡ an<l V¡¡n1¡ boing obsorved. Use of diroct'
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Figure hh. A lfichaslis-l4enten plot of the velocity versus sub-
s'brate concenbration rel_ationship for ni+"rogen.
Samples were collected frorn Lake 22f, Septenber 12,
1977.
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þ-igure lt5. A 'l'.¡olfr¡ p1r:t o.fl substr:¡rto/vc'loci-ty \r€-rÍjus srrbsLr;¡t,rr
concontz"atj.on fo:: ni'brogen" liarrgrl-es Ìrelro c-oIIsc bod
fron l,ake 22f , {ietternber. 1.2, 1-977 

"
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acotyl6no gas inj€ction to achieve the highest acetylono concantration,

rather than irrjection o,f an air-acetylene dilution conrbination, appar-

ently causod a variation in the rosponse of tho system. Forhaps tho

volume and cornposit,ion of the gas phase re.sultÍng frorn aj_:r_acetyleno

injections affected the argar nitrogen fixa-,,ion capacity. The sample

receiving the inject'ion of undiluted acetylene denonstr.ated an acetylene

reduction rat,o bslow that anticipated on extrapolation of rates moasured

for l.ower concentrations. Elfunination of this value incroased K1 and

v1't¿3 valuos to 2507 p\!t and 2.r pe/L/hr, The influence of the air-
acet¡'16¡s nrixture on sanple nítrogen fixation should porhaps be veighed

prior to acceptance of K1 and V¡.J"¡¡ valuos derived in this mannsro

The differene€ in nitrogen and acotylene K1 valuos denonstrated.

here is not a unique observation. A larger KT for nitrogen r.ras al-so ob-

served j-n the early ste.gos of developnent and prornotion of acotyleno

reCuction as a useful in situ nitrogen fixation est,imator (Hardy of a}.,
rg68, rg73). ï{o'*eve"r;; tn" .""tylone recluction assay utilizes
an acetyleno concentration sufficient to s aturate the nitrogenaso, it
is probable that substrate affinity differences between acetyleno and

nitrogen '¿ould not be critical during routine field âssays. That recent

kinetic studios (such as this one) and inhitritor st,uclies (Zunft and Ìjor-
tenson, 1975) suggest independent, sites for acotylone and nÍtrogen ro-
duction is imnortant, though, since one of the original assumi:tions of
the acotylone reduction assay wes the existence of a conpstition botr,¡een

acetylene anrl nitrogen for the same nitrogenaso binding site. !\rrthor
invostigat,ion of the binding sites of the nítrogonase conrplex may in_
vali-clata the uso of acotylens reduction as a nir,rogen fixation estimator.





190

Uso of an analoguo-based technique for nitrogen fixation esbimation

is a convenienl¡ and econonical mothod of analysis for a wide range of

organisrns, rlernonstrating the capacíty to assi¡nilats atrnosphoric nj.tro-

g€n. Acotylene reduction has boen increasingly appliod to estirnate ni-

trogen fixation by soil organisms, aquatic bacteria and al.gae and logun-

inous and non-legumínous synrbiotic associations. Howevor, it ir., been

determined in this study and others (Feterson and Burris, tg76; Bergor-

ssn, lg|Ot Lean eü aJ-., l)16) that a-"sunption of a fixed acetyleno to

nitrogen conversion factor, which ha.s been common practÍce, is unjusti-

fiable. IÞpending on the method of calculation, an acetylene to nitro-

gen ratio of 6.3 to 9.? characterizes the reLatj-onship of acetyleno ro-

duction and nitrogen-I5 fixation for blue-green alga1 popul-at,ions resi-

dsnt in the freshlvater envirorunents exarninod. Introduction of this ratio

rathor than the stoichíometri-c va1ue, vriIl reduce ostirnates of tho con-

trj.bution of ni'brogen fixation to l-ake nitrogen budgets by a fector of

two to threo tines. Nitrogen fixation contribution.s osti-rnatæd in 19?5

(flett, lg77) will decrease from 19% \o BÉ for kake 226 NE and from lbÉ

to 6% for Lake 22J, a significant corroction.

Though the similarity anong lake acetyleno to nitrogen ratios Ce.-

termined hore may suggest the possibility of ratio exirapolation arnong

lake systerns, it should be renombered that tire lake s examined enhibited

t:.¿ny colïnnon characteristics, enhancing the prrcbability of a coffron res-

ponso to both nitrogon fixation ostimat,ors. As discusserl earlior, in-

dependent nitrogon-l5 uptake calibratj-on of the acetyleno roductj.on method

for a gj-von syst,em is desir'able dua to tho varieblr¡ naturei of the rati.o,

and the indiviCuatity of investigator interpretation of the tlvo techniquos.

.ê.cotylone to nitrogen ratios calcul-ateC forbwo chonrcsba't Anabaena



19r

variabili.s populations demonstrated that ratio variabil1ty rnay even be

evi<lorrt in envirorunents ÞrÉrs¡nsd s.inútar. Comparing Chenostat I and

Chomostat 2 ratios suggests thai ratio extrapolation is also s¡bject to

restrictions based upon the obsorved rrhealthr of the a1gal populations,

healthy Chenostat I having the lov¡est ratio (rergression estimate) and

unhealihy Chor¡ostat 2 the highest. Previously deternined ratios for
healthy blue-green a1gal culturos approached the theoretical va¡¡e

(Stevrart et al., 1968).

. Calibration of the acotylene reduction nethod has also been stressed

by invostigators studying sinultaneous reduction of hycirogon ancl nitro-
gen by cellular nitrogenasa. Sharing of available energy and reductant

between those tvro substra.tes, which is eu-ninated in the presonce of
acetylene (Schubort and Evans, 1976), has beon dernonstrated in sytnbionts,

algao and bacteria. Lìepending on the Ðresence and activity of a collu-
1ar hycrogenaso, j-n situ. hydrogen production corrld decreaso nitrogen

fixation sign:tficantly" Because the acetyrene red.uction assay is un_

affected by hydrogen competition, ov,lrestimation of nitrogen .fixation ap-
pears inevitable. As the efficisncy of hydrogen production varios, so

will the ne'gnitude of nitrogen fjÍation ancl acotylene to nitrogen ra.tíos,
Though excretion of assirnilatec nitrogen-15 during tha course of

sample incubations is also suggested to contribute to aco+"ylene to nítro-
gen ratio discreipancies (Fogg, l)66; T.ralsby, tg!t¿; ]ía1sby and Fogg,

1975) evicience corleci,od hore faiLs to support this hypcthesis, Both

filtrato nitrogen-l! analysis and nitrogen turnover tinne ostj:nates (ï,,a1-

sby and Fogg, L975) indicate that loss of labolled natorial is not ap-

parr:nt. Dosign of an intproved mothod for filtrate analysis may dsmon-

sbrate sorno label accumulation in the filtrate undetectable by prosen6.y
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ornployed noethods.

Ànalysis of nitrogen-15 assimila'hion by the particuleto fractiotr

necessitated involvernent of filtration irrocerlures, introducing cliffi-

culties associated r,rith filtration-induced. label loss (.Arthur and Rig-

Iar, 1967) and retention of unincorporâtod label on the filters (irtc-

l,[ahon, 1973; Jordan g-9 "1., 1978). Corrections for nitrogen-I5 losses

due to the rigors of the filtration process, patternod.on those sug-

gested by Arthur and. Rigle r (t967), appear excessive, reducing a.cetylono

to nitrogen ratios to values less than three. Characteristics of fil"-

ter rotention of nitrogen-l5 on filtration of srnal-l sanrple volurnes aro

not qoecifically examinod here. Filter retontion of labol would not

account for the enhanced acetyleno to nitrogon ratios observed.

Applica'r,ion of the acetyleno roduction method as an adoquate

estimator of nitrogen fixation requiros more than simply derivatj-on of

an aÐpropriate acetylene to nitrogon conv€rsion factor. The rosponse

of acetylene recluction and nitrogen-}5 uptake to various paramoters was

al-so investigated to dotsrnrine the suitability of both techniques as

nitrogen fixation esiimators. The oxtent of dark fixation, as rneasured

by acetylene roduct,ion was obsorved to e xceed nitrogen-15 uplake sst,i-

mates, but the significance of this difference to rate comparison sbuclj-es

is reduced, when it is consiclered in the context of the short dark ox*

posures normalLy occurring, and the exponential declino in clark fixation

vrith'birne after light tonlination (Fay, tg76; Lannergren eb .a-l. r 19'll+).

ExanÍnation of tho timo dependent responses of acebyleno reduc-

tion and ni'brogen-l5 uptako for lake samoles genorally indicates a sj-m-

ilar linsar incrcase in acotylene reduced and nitrogen-l5 fixed rvith i-n-

creasing incubation lerrgth. Thus oleva'bed acertyleno to nitrog,gn ratj.os
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charactt:ristic of lake sarnples cennot be attribq¡eÍJ to a variable tirne

rosponse beb¡¡eon the techniqrres. The response of the 'brvo tochniqr.res to

exbended incubation is not as straightfonvard when oxanined in Che¡no-

st,at l- and Char¡os'r,at 2. E¿r1y incubation lags in Chenosbat l and Chemo-

stat 2 n5-irogon-I5 uptake and levelling in Chen¡cstat 2 acotyleno rs-

duct'ion and nitrogen-l-5 upüako on extondod incubaticn rnay lead to somo

variability in calculated acetylene to nitrogen ratios. Though stan-

dardization of a short incubation length alleviates deviations in ths

l-ate stages of incubation, early incubation anonolios should be investi-

gated as to cause and eonsistoncy in additional- tirns course assays.

The above discussions of the rospons€s of acetylene reduction and

nitrogen-l5 uptake depond on the applicability of acetyleno as a nit,ro-

gen analoguer. Substrate-velocity experiments completed in this study

and elsev¡hero (Zumft anrl l.,,fortenson, f975) indicate so¡ne differonce in

the affínity of the nitrogenase, or nore accurately, the al- ga1 popula-

tion, for nitrogon and acet;,rlene. Transport constants (K1) dsrived

differ by approximately a factor of ten ancl maximum velocities of up-

take by a factor of t,.i'o. These valuos would appear t,o support sugges-

tions of different nitrogenass sites for binding of acotyleno ancì nj--

trogon, implying ã non-competitive rather than conoeti'bive interaction

boti¡r:en tho enalogue and subst,rate (Zunft and lfortenson, f975)o Holv-

ever, until- stucìies of the nature of the binding si.tos of nitrogonase

ancl their rosÌponse to sub.qtrate and analogue Cefinitoly demonstrate

ot,honrise, it may b(l assumed that K1 differ€ncas are.not critical to

the' acetylene roduction assay, vrhore acotylene i-s supplied in oxcoss of

saturation reqnir:e¡¿onts of nitrogonas€

Though it apoears that tlte aco bylene reduction techniquo as orig-
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i.nally devolopod rvith its assurnptir-rn of clirect competition o.f acetyleno

and nj.trogen and rigicl stoichionetric conversion factor is inadoquat,e,

elinrination of the tochniquo is not suggestoC. Uso of tho acetylone

reducticn method t,o prouide rafid sensitive nitrogern fixaticn estj-mates

will still be an advaniage, especially in field sbucìies. However, if
an accura"ue estÍnate of nitrogen fixation is required, use of tho iso-

tcpe uptake method is preferable. If, for expeCioncy, the acet¡rleno

roduction methocl is adoptecl as a routine nitrogen fixation assay pro-

ced.ure, the importance of procalibration of this method. in the given

system ntbh tho nitrogen-I5 uptake rnethod is stressed. lifrren an empir-

ical acetylene to nitrogen ratio is introduced, the method of calcula-

tion should be identified (for oxarnple, moan or regression slope) as

ratios rvere founcì to differ Cepending on the estination procodure aciopted.

'l''trithout thi-s prelimÍ.nary rner,hod calibra'bion, acetyleno reduc'Lion rates

should be rcported as ¡rg ethyleno producea/L,/nr, rather than ¡rg nitrogen

fíxoô,/L/hr follorring in'trodrrction of the untested thooretical ratio"
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