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INTRODUCTION

ConsiderabLe work has been done on Ëhe macrophytes of the freshwaËer

marsh ecosystem ( I'lalker L965, L962 ), buË the contribution of Ëhe

phyËopl-ankton component to the enËire marsh communiËy is essentíally

unknown, even though a large portion of Lhe marsh is under \nraËer. The

selecËíon of methodology for primary production cannot be accomplished

r¡lit,hout príor examínation and comparison of meËhods. Therefore Ëhe oxygen

evolut,ion and carbon-l4 methods were compared to determine the most

suiËabl-e meËhod for use in the marsh ecosysËem.

As well-, prímary productíon Ì7as measured to determine variat,íons

Ínherent between the two methods as Ëhey pertain Ëo the aquatic marsh

ecosystem.

Quantítatíve and qual-ítative flucËuatíons in the phyËopl-ankËon

communíËy of Crescent Pond hrere measured to determíne the ecological succession

as wel"L as relating the pLankËon crop Ëo seasonal fl-ucËuaËions in primary

producËion.

Environmental- and chemícal parameËers \irere measured to deËermine Ëhe

extent of ínfluence on the phytopLankton communÍty ( HuËchinson 1967 ).
DurÍng the Ëhesis research, ít was found that some commercially

produced ampoules conËained parËicuLate organic maËter ( Pl-att and lrwín

1968 ). An extensÍve series of quality comparisons ïrere performed on three

lot numbers of commercially prepared ampoules and a Laboratory produced

ampoule, to determine whích ampoule Ìras the most suitabl-e for rouËine

measurement of primary productivity.

The projecL cornmenced ín l"Iay L969 wiLh prelÍminary ínvestigations

ínto the aLga1 flora and primary producËiviËy of selected areas of Delta

1.



Marsh, with Cadham Bay as the primary sample area.

and qual-itaËive program was begun on CrescenË Pond

continued Ehrough October L970.

An intensive quanËitative

durÍng May 1-970 and

)



LITERATURE REVIEI^I

Relatively fer^r papers have been published on freshwater algae

populations or primary product,ion in mid-\nrest.ern Canada. Bailey ( L92g,

L925 ) examined the diatom fLora of some lakes ín Saskat.cher^7an and Alberta,

while Lowe ( 1924 ) r^7as concerned with the algae flora of souËhern Manitoba.

Kuehne ( L94L ) examined the phytoplankton of southern and centraL

Saskatchewan. Rawson ( 1953 , L955, L956 1960 ) has examÍned various aspecËs

of productivity, algal populations and limnology of Saskatchewan 1akes.

BoznLak and Kennedy ( 1968 ) ínvestigated periodicity and ecology of

phytoplankton in two Alberta lakes and compared their trophíc statLls.

A. ) PHYTOPLANKTON SUCCESSION

Several Ëheories have been proposed by a number of investigators to

explain seasonal succession of phytoplankËon. Hut,chinson ( L967 ), Fogg

( 1965 ) and Lund ( L965 ) have analyzed these theoríes which include

anËibiosis, accessory organícs and vitamins, parasitism, grazíng, inorganic

nuËrient concenLrations and environmental variables.

Akehurst ( 1931 ) iniËiated a theory of antíbiosis and gïoi^lth inhibitors

as Ëhe expLanation of seasonal succession of the phytoplankton a1gae. He

posËulated that onLy two aLgaL groups were present., the oí1 gïoup and the

starch group, whích invariably a1Ëernate under natural conditions. A complex

interaction between the oí1 and sËarch groups inhíbíted and/or sËimulaËed

other algal species of the same group or from Ëhe alternate group. Jorgensen

( 1956 ) found an inverse correlation between the presence of planktonic

and epíphytic diatoms, as well as the retardat.ion of numbers of plankt.onÍc

diatoms by green algae. He found cerËain species produced substances which

were inhibítory to some specíes and sËimulatory Ëo oËhers. He ËheorLzed

ËhaË the spring planktonic diatom íncrease hras resËrícted by silica

3.



concentrations and the onset of epiphyLíc diatom growth was delayed by an

inhibitory substance. trüiËh the declíne of plankconic díaËoms, the epiphytíc

diatoms multipLy rapidly, utiLizing Ëhe siLica absorbed from the substrate

whÍch \¡las unavailable to the planktonic specíes. The groi¡rth restriction

of the planktonic forms are held Ín check by an inhibitory substance from

the epiphytic diatoms. Hartman ( 1960 ) has writËen an excellent review

of the antibiosis-ínhibitory theory and listed the alga1 geneïa and species

known to be Ínvolved in thÍs type of reaction. vance ( L965 ) cited an

example of CyanophyËe algae creaËing a seasonal- succession in ponds. An

inhibitory effect, wiËh regard Eo succession, has also been suggested by

Bozniak and Kennedy ( 1968 ).

Many specíes have been found to requíre dísso1-ved organic compounds

or viËamins, the production and ,excreËion of whích may result Ín the

sËimulaËíon of other aLgal specíes possessing a requírement for them

( Eyster L968; Fogg L952, 1958, L965; Saunders L957 ). The release of rhe

above organic compounds may proceed from eíther living or decomposing cel1s

and are capabl-e of creaËing aLgal succession ( Krogh L931; Pearsall L932;

Fogg 1952; Fogg and üIestlake 1-$,5; Saunders L957 ). Most recenË and extensive

research on vÍtamin requiremenËs of aLgae have been performed ín the

l-aboratory UELLízLng marine diatoms ( Carlucci and Bowes L97Oa, 1970b ).
FungÍ from the orders Chytridales, Logenidales and SaprolegniaLes

have taxa capable of parasitiziLng a variety of a1-ga1 specíes ( Canter L9/ç ).
More recently, Daft, Begg and Ster,ùarË ( L97O ) have revÍewed the literature

and produced evidence for vÍrus epidemics which are paLhogenic to cerËaÍn

b1-ue-green algae. rË is possible thaË certain blue-green a1-gae may be

l-imited in number due to viraL infections. Canter and Lund ( 1951 ) gave

evÍdence for Oscillatoria , as well as several genera of diatoms being



attacked by a fungus. They stated thaË the parasitism of one alga1 genus

may favour the devel-opment of ot,her species as long as oËher conditions

were favourabLe for growt,h. canter and Lund ( 1953 ) found parasitic

Chytrids of Stephanodiscus and Svnedra, both of which are presenË Ín

Crescent Pond. ULoËhrix, Oedogoníum, Spirogyra and CLadophora glomerata,

alLof whÍch \^7ere present in Crescent Pond, have been affected by parasítism

( Barr and Híckman L967a, L967b ). The liËerature suggests the parasÍËísm

and viraL Ínfection of phytoplankton is widespread, but whether it is

solely responsibLe for the ecologÍcaL succession of algal species has

not been proven conclusively.

Zooplankton grazLng upon the phyËoplankton component, has been

posËulaËed as an explanation for Ëhe seasonal succession of algae.

Anderson ( 1958 ) and Anderson et al ( 1955 ) found a direcË correlat,ion

between zooplankton abundance and seasonal succession of the phytopl-ankton.

Two main t,heories of zooplankton-phytoplankLon relatÍonships have

been posËulated; a grazLng Ëheory by Harvey et al ( 1935 ) and a theory of

aníma1 exclusion by Hardy ( 1936 ). Both theories postulate 1_ow

zooplankton and hígh phytoplankton and high zooplankton-low phytoplankton

relationships. Harveyrs ( 1935 ) interpretation of this phenomenon hras

Ëhat ÍË \¡ras Ehe resulË of gxazLng, wheras Hardy ( L936 ) maintained that

dense phytopLankton may excl-ude zooplankton by the producËion of

unfavourabLe conditions resul-Ëing from excreLory producLs.

Environmental varíabLes, particuLarLy \^raËer temperaËure and its

dependency upon incident soLar radiation, ïras postulated as a cause of

succession in algal species ( Lund L965; McCombie 1953 ). Riley ( 1940 )

belÍeved an environmental--nutrient conËrol of the phyËopLankton created

the succession. A correlation between nitrate concentrations and water



temperaËure r^ras found by St,ern ( 1968 ).

concluded that C@was

meteorological condi Ëions.

A large portion of the phytoplankËon literaËure has dwelled upon the

seasonal successÍon in relatÍon Ëo dissoLved nutrienË concentrations.

Goldman ( L965 ) and EysËer ( 1968 ) have revíewed rhe roLe of micro-

nutrienËs and theÍr potenËiaL effect on the ecology of Ëhe algae. A

vol-uminous amounË of Literature has dwelLed on the nitrate and phosphate

ÍnfLuence on phytopLankton l-ímitation and successÍon produced by these

two inorganíc nuËrients. Stewart ( L968 ) revÍewed nitrogen-aLgae

rel-aËionships and Kuhl- ( 1968 ) reviewed phosphorus-gïeen aLgae relations.

Hutchinson ( 1967 ) suggested the seasonal successíon ïras inter-

dependent on aLl- the above theorÍes and that Ehe seasonal successÍon of
is

the algae/towards a unÍspecific communiËy, but rareLy acheives it due to

one or a combinat,ion of facËors. As early as GriffiËhs ( L923 ), a multi-

facËor approach Ëo phytopl-ankËon succession hras posËuI_ated, alLhough

biological facËors were excl-uded. Many aurhors have preferred the inter-

related approach as a pLausible explanation of seasonal succession

( HuËchínson L967; Saunders L957; Pennak 1946; Chandler and I,üeeks L945 ).
Hrbacek ( L964 ), examíng AphanÍzomenog, utLi-Lzed an integrated approach

while Hammer ( L964 ) proposed an integrated approach in which one factor

was consistentLy predominant in control-ling the successional- pattern.

HuËchinson ( 1967 ) Lísts the foll-owing as inËerrel-ated factors in Ëhe

interpreËation of the seasonal succession of the algae:

ParËíally independent physícal facËors

Temperature

Lighr

Bellis and Mclarty ( 1967 )

primaríly dependenË upon

6.



Turbulence

Interdependent bíochemical factors

Inorganic nutrients

Accessory organic materials, viEamíns

Antibiotics

Biological factors

Parasí tísm

PredatÍon

Compe ti tion

B.) PRIMARY ?RODUCTIVITY

Saíjo and lchimura ( L962 ) credit Lohmann ( 1908 ) with the first,

attempt at production estimates, utLLLzing changes in standing crop.

Atkins ( L922, L923, 1924 ) attempted productÍon measuremenËs by changes

in the carbon dioxide concentrations. Gaarder and Gran ( 1927 ) ínítiated
measurement.

the concept of producËíon/by monitoring the oxygen evoLved during the

photosynthetíc process. Steeman-Niel-sen ( 1951, L952 ) developed the

carbon-l-4 uptake met,hod for Ëhe determinaËíon of prímary production in

the sea.

Gol-dman ( L962 ) reviewed the history of freshwater productivity

re1-ating to carbon-L4 , and credits Kuznetov ( 1955 ), Nygaard ( 1955 ),

and Sorokín ( 1-955,1956 ) with the first publications. A review of

carbon-l4 productivity measuremenL has been produced by Steemann-NÍelsen

( L964 ), whÍle Vol-lenweider ( L969 ) edited a review publication preËaining

to all primary producËion methodology. StrickLand ( 1-960 ), Vinberg ( 1960 )

and Saijo and lchimura ( ibid ) have produced historical reviews of primary

producÉivity assessmenË meËhods.

7.



RyEher and Vaccaro ( L954 ) compared Lhe oxygen evohlËion and

carbon-l4 met,hods of primary production and found the methods comparable

only in experiments of 6 to 24 hour duraËion and moderate phytopl-ankËon

popuLation. Tn L952, Steemann-Nielsen determined the oxygen meËhod gave

a 33% greaËer yieLd than the carbon-l"4 method. Ryther ( L956 ) wrote,

" uptake of carbon dioxide is equívaLent moLe for moLe, Ëo the

productÍon of organic carbon, and hence represenËs one of Lhe

mosË dírect approaches to the measurement of prÍmary producËiviËy."

Steemann-NieLsen ( 1-958 ) original-1-y maintained ËhaË carbon-l4

evaluations measure net production and not gross producËion. Thís was

l-ater modífíed ( Steemann-Nielsen and Hansen 1959 ) to say that only

long term incubatíons yiel-d a value which estimates neL production.

StrickLand ( L960 ) and Strickland and Parsons ( L968 ) concurred with

this l-atter concLusion that Ëhe carbon-l-4 technique gave va1-ues between

gross and neË producËion, aLËhough it Ëends Éoward neË primary production.

In 196L McALl-ister stated that the carbon-l-4 method measured neË

producËion whíle the oxygen meËhod measured gross producËion, and

therefore, a comparison of the two methods woul-d produce hígher oxygen

production at aLl but optimum light íntensity. tr'Ihere extracel-l-ular excreËion

was insignificant, Bunt ( 1965 ) found the carbon-14 method gave a measure

of neË phoËosynthesis. Margalef ( 1,965 ) beLieved that production r^ras a

genuine function of communíty sËrucËure in the biological sense.

Vinberg ( 1960 ) found an exceLLenË comparison beËween the carbon-l-4

and oxygen meËhods, although the high sensíËivity of Ëhe carbon-l4 meËhod

\^ras an advantage. According to Strickl-and ( 1-960 ) the carbon-l-4 meËhod

is 50 to L00 tímes as sensitive as the oxygen technique. Doty et al ( 1965 )

have reviewed the errors inherent in primary producËivity studies

8.



conducted other than in siËu.

Vinberg ( 1960 ) included a review on phoËosynthesis ín ponds. He

found sharp fluctuations in photosynthesis were characterist,ic of low

productiviËy ponds and ín general, .t¡rarm periods yíel-ded an increase in

photosynthesis which was only parËíally dependent, upon increased

phytopLankton. Vinberg ( ibid ) found that Vinetskayars ( 1956 ) work

on shallow ponds showed oxygen productÍon during the summerrdas primaríly

due Ëo macrophytes and noË the phyËoplankton component.

A portion of the LiteraËure perËaíning to the primary production

method has dealt with the f.ight and dark boËËle Ëechníque and íts anomalies.

Ryther ( 1956 ) sËated ËhaË a shorËcomÍng of the bottle meËhod was Ëhe

assumptÍon thaË equivaLent raËes of respiratíon occur in both the light

and dark bottLes. Dugdal-e and trlal-l-ace ( L960 ) specul-ated that a time

Lag between fil-l-íng and 1-owerÍng the bottLes, or a photochemícaL oxidation

of humic materialr mâÏ be responsibLe for a substantial- oxygen loss.

Gessner and Pannier ( 1-958 ) attribuËed this low dark bottle respiratíon

raËe Ëo the lack of l-ocaLly high oxygen tensions wiËhin the 1-ight bottles.

Strickland ( 1960 ) stated that a few smaLL aÍr bubbles in bottles in the

carbon-l-4 method had no adverse effect, buL may substanËial"1-y alter the

results of the oxygen meËhod.

Vinberg ( 1960 ) concluded that the effect of boËËle size on the

productíon of oxygen was al-most negl-Ígíbl-e, and thaË the results of the

bottle meËhod were independent of the ÍnitíaL oxygen concentration. He

concLuded, Ëhrough an exËensÍve 1íËerature survey, Ëhat under ordinary

condÍtions the resuLËs of Lhe boËËl-e method corresponded to Ëhe pattern

of the same process Ín situ.

9.
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Using Ëhe data of Zobel-l and Anderson ( L936 ) as well as HeukeLekian

and HeLler ( 1-940 ), Vinbere ( 1960 ) found a direcË rel-aËionship between

surface area and numbers of bacËeria which necessitates Ëhe routine acÍd

washings of prímary productÍvity gl-assware.

The l-iquid scintillation method for." counting carbon-l4 uptake

resul-tÍng from a1-ga1- photosynËhesis was first pubLished by Schindler ( L966

aLthough JítLs and Scott, ( L96L ) used scintil-Lat,ion counËing to determine

t,he absol-ute activíËy of carbon-l4 stock sol-uËions wíËh a precision of

* 2/". llol-fe and Schelske ( Lg67 ) determined lÍquid scintillation to be

an accuraËe and efficient subsËíËuËe for geÍger-mueller counting. Liquíd

scintÍllatíon counËing reduces the subsËantial storage and desiccation

Loss of carbon-14 ( WaLl-en and Geen 1968; I,{ard and Nakanishi L}TL ), which

may be as high as 50% wiËhin 24 hours. Lind and Campbell- ( L969 ) modified

the method by desiccating the filters before addítion to Ëhe fluor. Pugh

( L970 ) investÍgated Ínternal and externaL sËandarð.Lzatlon procedures of

l-Íquid scintílLation and concLuded that Ëhe channeLs ratio method provided

the mosË suitabl-e means of deËermining counting efficiencíes. tr{ang and

ltril-LÍs ( L965 ) have compl-etely outlined the background to the channels

ratio method.

Many correcËíon factors have been applied to Ëhe carbon-L4 met.hod Ëo

compensate for inherent errors wiÈhin the method. Norman and Bror,.m ( 1952 )

cal-cuLated a 15% differentiaL between carbon-l-4 and carbon-L2 uptake.

Steemann-Niel-sen ( 1955, L95B ) utíLÍzed a L.05 correcËion facËor for the

differential- uptake. RyËher ( 1956 ), col-dman ( 1-960 ) and GoLdman eË al

( 1969 ) used a 1.06 correction factor for ísoËope uptake. More recent

sËudies, SËrickl-and and Parsons ( 1968 ), Barnett and HiroËa ( L967 ) and

Strickland ( l-960 ) have used a 1.05 correcËion factor.



Vinberg ( L960 ) stated that the accuracy of Ëhe carbon-l4 meËhod

\nras not greater than t LO% - L5% anð. therefore, a correctÍon \¡ras necessary

Ëo det,ermine the real producËÍon val-ue. tr{etzel ( L964 ) theorized ËhaÈ Ëhe

LB - DB count el-imínated nonphotosyntheËic carbon fíxaÈion and absorption.

Cassie ( L962 ) discussed the staËistical varÍatíon within the samplíng

method, re1-ated Lo phytopl-ankton population.

The length of bottle incubatíon has varied greaËly, and is dependent

upon Ëhe area of study and Ehe populaËíon leveLs. GoLdman ( 1960, L962 )

utilized a four hour íncubaËion. VoLlenweider and Naur^rerck ( 1961 )

compared different incubation Ëimes and found a 3 to 6 hour incubatÍon to

be maximal in efficiency. The above authors concluded thaË after I hours

resul-ts became invalid. Rhode ( L95B ) found ËhaË accuraLe results were

aËtained onLy after a 24 hour incubation or after a L/2 day experiment,

which was doubLed Ëo determine the days producËion.

AccordÍng to KaLff ( L969 ) an optimum f.ight inËensiËy for maxímum
photosynthesi s( I*"* ) exísts in naËural popuLatÍons of phytoplankËon, aLËhough a similarity

in I*r* values díd noË neccessarÍLy indicaËe a simílarÍty ín species

composítÍon or abundance. The Imax did not, aLter sígnÍficantLy over a season

for equivalenË port,ions of the day, a1-though the specÍes composit,ion and

abundance of phytopLankton changed markedly ( Ka1-ff L967 ). Kalff ( 1969 )

determíned that organisms had Ëhe abil-Íty to aLter the I*r* when avaiLabl-e

Líght decreases. This supports the t,heory of Yentsch and Lee ( L966 ), ËhaË

surface phytoplankËon behave as sun plankËon during the day and shade

pLankËon durÍng 1-ow light Íntensíties.

SEeemann-Nielsen ( L952 ) showed a l-inear increase Ín photosynthesis

lrith lighË intensiËy existed up to a saturatíonpoínË, where further 1-ight

of higher intensity resuLted in photosynËhetic inhíbiËíon. Ryther ( 1956 )

11.
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found an empirical- rel-ationshÍp between surface radiat,ion and Ëhe reLat,ive

raËe of photosynthesis, while Lorenzen ( L963 ) determined that seasonaL

changes in day Length r47as the most significant facËor modifying poËentiaL

photosynËhesis.

DoËy and OgurÍ ( L957 ) and Newhouse et aL ( L967 ) concl-uded a

bimodal- daíly periodicity in photosynthesís was evídenË T^rÍËh respect to

phytopl"ankton. Using carbon dioxíde differentials, Verduin ( L957 ) found

maximal- raËes beËween 700 and 1000 hours and reporËed negaËive producËion

val-ues between 1000 and 1600 hours. Jackson and McFadden ( L954 ) as well-

as Odum ( L957 ) found pronounced reductions in afternoon photosynËhesis.

DoËy and Oguri ( L957 ), as welL as Ohle ( 1"958, 196L ), found a maximum

rate productÍon in the morning, whÍle Vinberg ( 1960 ) showed a noon peak

in the production of oxygen.

The díurnal curve of photosynËhesis is an important factor in the

extrapolatÍon of prímary producËion to a daÍly rate. Rhode ( 1958 ) has

avoided this by 24 l;roux or L/2 day incubaËions. Efford ( L967 ) determined

that a l-000 to 1400 hour incubatÍon period gave an esËimation of daiLy

production. VoLl-enweider and Naur¿erck ( 1961 ) determined that íncubations

shoul-d noË exceed 4 to 6 hours. Vol-lenweider ( L965 ) has cal-culated that

the mosË suitable method for extrapolaEion to the day raËe of phoËosynthesis

T{as Ëo divíde the 1-Íght period inËo 5 equaL portions and incubate duríng

the second period or Ëhird períod ( if nutrient depletion during the day

was negLígib1-e ). Incubatíons during boËh second and ËhÍrd perÍods were

found Ëo have * È tO% error ( Vol-l-enweÍder ibÍd ).

Ìrlith respect to the carbon-l-4 meËhod of primary product,ion, SËeemann-

Níelsen ( 1952 ) suggested, a 20 mínute fuming of fil-ters over concentrated
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HCL was necessary. Rhode et aL ( 1958 ) found acidification made no

signifícanË difference on the final- resuLËs. Goldman ( L962, L963 ) and

StrickLand ( 1-960 ) recommended dilute acid rínses of uniform voLumes to

remove inorganÍc carbon-L4 reËained on fil-ters. McALlÍster ( L96L ) and

Paasche ( L961 ) successfulLy used l- to 2 minute fuming perÍods for the

removal- of inorganic carbon-L4 from fiLters. SËeemann-Nielsen ( 1955 )
to 20

suggest,ed a LS/mÍnute acídifícation, r¿hiLe l,{eËzel- ( L965 ) suggested a l-0

minute fumíng acídÍficaËion for desiccated fíl-Ëers.

Goldman and Mason ( 1962 ) found that iron was capabl-e of íncreasing

acËivíty on filters, possibl-y due Ëo co-precipitaËíon invoLving adsorption,

occl-usÍon or post precipiËaËion of the carbon-l4 and coLl-oÍdíaL iron.

AcidificaËion Lengths of L5 minutes hras not abl-e Ëo remove greaËer than

6% of. the activity. They suggesËed that simiLar effects may resuLt from

other nutrÍenËs, pH shífts, temperature and redox potential- changes, and

recommended boÈh 1-íght and dark bottle prefil-tered control-s.

Carbon-l-4 is assimiLaËed via non-photosynËhetic uptake and may create

a substanËial error if both 1-íght and dark bottles are noË incubaËed

simulLaneousl-y for each depth. SËeemann-Nielsen ( 1-960 ) determíned ËhaË

after a four hour incubation, dark fixatíon was onLy L% to 3% of the light

bottLe uptake and was of minor importance in short-Ëerm experiments.

Bror,trn eË aL ( 1949 ) calcuLated thÍs non-photosynthetic assimiLaËion

to be L% in aLga1 cultures not subject to nutrient depl-etion. SËeemann-

NieLsen and Kholy ( l-956 ) found ËhaË under níËrogen defícienË conditions,

dark assimiLat,ion reached 37% of. that in ÍLl-uminated culËures. This r^7as not

found in experÍmenËs with phosphate deficient cuLËures. Gol-dman ( L962 )

reviewed Ëhe possíbLe reasons for dark uptake of carbon-l4 and cites
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chemosynthesis ( Kuznetov L955 ), adsorpËion to other pLant maËeríaL

( Kramer L957 ) and the trrlood-I¡lerkman reacËíon ( Steemann-Nielsen L96G )

as the major causaL facËors. The i{ood-trrlerkman reaction is responsibLe for

the dÍrect carboxylatíon of pyruvÍc acid in the dark.

Steemann-Niel-sen ( 1-960a) and Gerletti ( L969 ) have shown that the

raËe of dark fixation slows down wÍËh an increase in the incubation period.

El-ster ( L965 ) determíned that the dark upËake of carbon-L4 r¿as attriburÉrble

to adsorption of the ísotope on the filËer or to heteroËrophíc bacterial

upËake. GerleËËi ( ibid ) found Ëhat an increase in temperature resul-Ëed

in an íncrease in dark uptake and thaË dark upËake had a Linear relatíonshÍp

between the amounË fiLtered and radÍoactivity. KaLff ( L969 ) found that

the dark upÉake may be as high as 25% of Ëhe Líght bottLe uprake when

experiments 'hrere begun afËer the onseË of strong 1-íght inhibition.

Taylor and CoLLins ( 1-948 ) found that bacteriaL gror¡rth in bottLes

was dependent upon the uníË area of the waLL, and thaË growËh was stimuLaËed

by soLubLe chemicaL subsËances in the glass. The use of Pyrex glassware

eLiminated this error. Rvther and Vaccaro ( 1955 ) determined Ëhat bacteria

in glass bot,tl-es r,rrere proËected from the bacterícidaL effecËs of sunLight

and therefore were capabLe of a rapid muLtÍpLÍcatíon with a correspondíng

reduction in the dÍssol-ved oxygen or an Íncrease in the carbon-L4 upËake.

Therefore an error ín both meËhods was evidenË. SËeemann-Niel-sen ( 1958 )

showed that in ÌTaters with a high bacteriaL content, dark upËake may be

substantial. Pratt and Berkson ( L959 ) using 48 hour incubations, found

a substantial- bacterÍaL respiration at approxÍmateLy 20oC, whÍch Ëends to

aLter the measurement of neË phoËosynËhesis in f-ight and dark boËÉLe

experimenËs. They determined that bacterial popuLations ín the LÍght bottl-e



\¡7ere responsibl-e for acceLerated growËh of phyËopl-ankton due to rapíd

nutrient Ëurnover. Vinberg ( 1-960 ) found no apparenË differences in Ëhe

bacteriaL popul-atíon increase between the 1-íght and dark bottl-es with

incubaÈíons up '. to 24 hours.

The carbon-l-A method of prírnary producËÍon underestimaËes totaL

phoËosynthesis to the exËenË of the l-oss of carbon-L4 by exËracell-ul-ar

excretion and fíLter rupture. IË was determined by Fogg ( L958 ), ËhaË

excretion of photosynthetic products by naËura1- popuLations was

proporËÍonal to the Íncrease in depth. A greater excretÍon was evidenË

in o1-igoËrophÍc l"akes when compared Ëo euËrophic lakes. Lasker and HoLmes

( L957 ) and Guillard and trüangersky ( 1-958 ) found maximum excretion to

be taking place Ín senescent. cul-tures. Losses greater Ëhan 50% of assímil-aËed

carbon-L4 have been found by Nalewajko and Marín ( 1-969 ). Anderson and

Zeutschel- ( L97O ) eval-uated ín sítu excretion l-oss and found agreemenË

wíËh prevíous invesËigators ( Nal-ewajko and Marín ibíd ), that, the release

hras greaEesË in oLigotrophÍc waters.

GuÍl-l-ard and I,{angersky ( L958 ) as well as Fogg and Nal-ewajko ( 1964 )

found Ëhat some algaL ceLLs may rupËure and l-ose l-abe1-Led organic carbon

to the fÍLtrate under hÍgh vacuum pressure.

ALLen ( L962 ) stated that HoLmes ( L961- ) found a substantíaL portíon

of l-abel-l-ed phytopLankton passed through a filËer of pore sLze 0.45 mícron,

and suggested cel-l fragmentation \^ras occurring. Fogg and tr'latË ( L965 )

deËermined that high concentraËions of dissoLved organic substances in

surface dark bottLes íncreased when photosynËhesÍs was inhÍbíted by high

1-ight intensÍËy. G1-yco1-1-aËe rel-ease from natural phytopl-ankËon should occur

T^riËh 1oin7 concentraËions of activel-y growing ceL1-s, when subjected Ëo hÍgh

15.



light intensity and carbon dioxide deficÍency.

Arthur and Rigler ( L967 ) determÍned the calcul-aËed rates of carbon-L4

uptake were underesËÍmated unless Ëhe values \^rere corrected for carbon-L4

Loss during filtraËion. Schindl-er and Holmgren ( L}TL ) used Ëhe corrected

values in Ëhe ExperimentaL Lakes Area of NorËhr,resËern ontario, and

deËermined the error Ëo be L.2 Eo 6.1- times the uncorrected fiLËer acËiviËies.

L6.



DESCRI?TION OF T}IE SAMPLING AREA

I. Delta Marsh

Delta Marsh ís located in the province of Manitoba on the southern

extremíty of Lake ManiËoba ( nigure 1 ) and covers greater than 15,000

hectares. It consisËs prímarily of a series of shal-l-ow inter-connected

bodies of !üaËer, varyíng greatly Ín extenË. A fer¿ ÍsoLated rpotholest

exísË wiËhin the marsh compLex, one of which is Crescent Pond Ëhe area

under sËudy.

Only four surface connections are present between the marsh and Lake

Manitoba ( Cram Creek, Deep Creek, De1-Ëa Channel, Clandeboye Channel ).

The directíon of Ì¡raËer flow is dependent upon precípíËatíon and wínd

direct,íon ( trrlalker 1-965 ).

The marsh overlies Jurassic and earl-Íer age bedrock of the Sundance

and Gypsum Springs Format,ions, both of which are aLkaline in nature. The

Sundance FormaËíon is composed of gLauconítíc sandstone, gypsum, shale

and LimesËone whiLe Ëhe Gypsum Springs Formation is of gypsurn and red shal-e

( Manitoba DepartmenË of Mines and Natural Resources 1968 ).

Duríng the PleisËocene the enËire area was ínvaded by a series of ice

sheets which deposited glacial drífËs over the bedrock. A glacial lake,

Lake Agassiz, developed over the entire area and during ít,s presence

lacustrine deposiËs of c1-ays, si1ts, sands and gravels were laid dor,¡n.

The marsh soil, for Ëhe most part., is poorly draíned consÍsting of

Ëhin muck and peat deposits ( Walker L965 ). A variable depth of peaË ís found,

but over most of the area iË is approximaËely 30 cenLimeters.

The temperature range is 70oF, with mean monthly temperatures being

below 32oF from November to March and exceeding 50oF from May Ëo SepÈember.

t7.
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Mean annual precipitatÍon for the region is 18.5 inches with approxÍmat,el_y

80% f.aLLing as raÍn between April and OcËober ( ManiËoba Department of

Mines and NaËuraL Resources 1968 ).

Evapotranspiration loss for Ëhe year has been calcuLaËed as 27.2

inches per year ( Di1-Lon L966 ). A mean moisrure defícit of 9.6 inches

Per annum and Ll-.4 Ínches per growing season have al-so been caLcuLaËed

( Díl-lon L966 >. RepleníshmenË of warer to Ëhe marsh is primarily by

Spring runoff from trrlinter precipitaËion.

II. Crescent Pond

Crescent Pond lies in the wesË Del-ta Marsh region and is located

approxÍmately one mil"e west of the University of Manitoba FÍeld Statíon

( Fígure 2 ). The pond has no perrnanent surface connecËion with anv oËher

body of r^rater, although, when subsËantial amounts of melt \nrater or

precipitation occur, an ouËlet to Forsters Bay is formed ( wright L97L ).
Meltwater, runoff, precípiËatíon and ground rn7aËer are all sources for

Crescent Pond. Duríng periods of heavy precípitaLíon substanËial amount.s

of water may temporarily build up wÍthin rhe marsh. HuËchinson ( Lg57 )

indicated that seasonaL fluctuaËíon in water Leve1s may be of sígnificance

to the bíoËa.

Crescent Pond had a maximum area of 8.6 hectares in the spring of 1970

and dropped to a minimum of 6.7 hectares by Late autumn.

TABLE 1.

Surface area caLcuLated as of Mav 1970

TotaL Surface Area 8.6 hectares
Area 0-50 cm. contor.rr 3.2 hectares
Area 5L-100 cm. contour 4.1 hectares
Area SnèaËer than L00 cm. contour L.2 hectares



To Face Figure 2 :

L. Deep Creek
2. Cram Creek
3. Crescent Pond
4. Forsters Bay
5. University of ManiËoba
6. DiversÍon Ditch
7. DeLta Beach
8. DelËa Channel
9. Cadham Bay

10. Simpson Bay
Ll-. Cl-andeboye Bay
12. Clandeboye Channel-

Fiel-d SËaËion



FIGURE#2-MApof the Delta Marsh region of

Lake Manitoba
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The pond had a maximum lengËh of 584 meters and a maximum width of

l-52 meters. Maximum depth in spring was L23 cm. declining to 94 cm. by

laËe Autumn ( Figure 3 ). Primary causes for the seasonaL decl-ine in \^rater

l-evel were surface evaporation and transpiration from emergent, vegetatíon.

A secondary cause T¡ras grotxnd waËer movement.

The surrounding vegeËatíon Ì¡ras predominantl-y Typha LatÍfol-ia wíth

several areas of PhragmÍtes communis. Tvpha LatifolÍa grelrT as an emergent

aquatíc macrophyte in shal-l-ow areas, Ëo a depth of 40 centimeters. The

submerged portíons of Ëhe stems become bl-anketed in epiphyËic algae.

PhragmÍËes conrnunis was located on hígher ground and formed an interrupted

border around Ëhe Typha l_atifol_ía .

Submerged aquatic vegetaËion consisËed predominantLy of PoËamogeton

pecËinatus, PoËamogeËon friessi, Lemna minor and Myriophyllum spp. The

P. pectínatus, P. friessí and MyrÍophyl_l_um spp. formed an extensive

submergent neËwork upon which a varíeËy of uníceLLul-ar and filamentous

epiphyLic algae r^rere aËtached.

During July and August approximately 25% of Crescent pond was

inundated by Cladophora gl-omerata. This filamentous alga formed 1arge

f1-oatÍng mats from Ëhe sedÍmenË to the surface and were shifted very lítËl-e

by wind acËion. Irregular shaped thaLl-i of EnEeromorpha sp. rÀrere loca¡ed

in the shaLl-ower areas of Ëhe pond. Nostoc verrucosum covered the benthic

sediments entirely, aË depths greater than B0 centimeters whil-e being only

of minor imporËance aË lesser depËhs and where Cl-adophora glomerata was

absent.

CrescenË Pond and its ímmediaËe area provided food and shelËer for a

variety of mannnaLs incl-uding: Odocoil-eus virginianus boreal-is ( Ialhite-tail-ed

deer ), Procyon l-otor ( Racoon ), Vulpes ful-va ( Red Fox ), Ondatrg zibiËhecus



FIGURE 3 : WATER LEVEL FLUCTUÁTION - CRESCENT POND, I97O.
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( MuskraË ), Mephitis mephíËis hudsoníca

of smal1 rodents.

A Large number of waterfowL utiLized the pond as a breeding habitat

and a niche for Ëhe young to develop. Grazing of young amphÍbåans on

epiphytíc and fiLamentous al-gae may account for a significant porËion of

their diet ( Dickman L96B ).

Numerous genera of aquatic invertebraËes \^rere present Ín varying

quanËities throughout Ëhe year. Large numbers of planktonic crustaceans

were observed Ëo be presenË during the entire study period. AquaËic insect

Larvae r¡rere presenË hriËhín Ëhe pond, parËicu1arLy the benËhic sediments.

SeveraL genera were observed Ëo have ingested a varíety of a1-gal- species,

parËicularly diatoms and fil-amenËous a1-gae assocíated with the mud-water

ÍnËerface.

t'\,

( Skunk ) and a number of species



METHODS :

A simple stratifíed random sampling method was adopted in the choice

of three sampling statíons whÍch T^rere Ëo be examined on a regular weekly

basis. One station was chosen from each of the three depth conLours

( 0-50 eentÍmeËers; 51-100 cenËimeters; greater than l-00 centimeters )

( Figure 4 ). A numbered grid was superimposed upon Ëhe contour map of

Crescent. Pond Ëo dÍvíde it into secËions of L00 square meters. From this

map stations ï/ere chosen utílízing a tabl-e of random numbers ( nicfrnprt1964 ).

I,rlhen oËher staËions I¡Iere sampl-ed wíthin the pond, the same met.hod was used

Ëo choose Ëhe appropriate staËíons within Ëhe given contour.

The three primary sËations were marked with polystyrene fishing bouys.

These were permanenËl-y attached Ëo wooden ltt x ztt posts which r,,rere driven

fírml-y into Ëhe sediments. A1-L samp1-es were collected wíthin a trnro meter

radíus of the sËaËion marker.

,t,

I. DETERMINATION OF ENVIRONMENTAI PARAMETERS

A. PHYSTCAI

TemperaËure of surface and botËom T^laËers r¡rere recorded twice weekly

at each sampLíng sËation with a clinical- centÍgrade thermometer. Surface

ËemperaËures rÂrere measured in situ, and those of boËt,om r¡raËers rrere

measured dÍrectLy from a van Dorn sampLer. Al"L temperetures r^rere taken at

1-0:00 Alf DST t l-5 *írr.rtes, at aLL stations and on a.l-L daËes.

Fl-uctuaËions in the l^Iater l"eveL of CrescenË Pond hrere measured weekly

by means of a centimeËer rul-e fastened to a post at the easËern end of Ëhe pond.

IncÍdent solar radiation Ì¡ras measured with a BelforË Recording

Pyrhel-iomeLer. Recording charts were replaced weekly and incident radíation



FIGURE 4: CRESCENT POND CONIOUR MAP

The numbers designate stations
the study. Stations 1, 2, and
sampling stations.

utí1ízed
3 were the

during
primary

cl89

scALE H loo M.

N)



26.

pl-otted on a daiLy basís for utilizarLon with primary productiviËy daËa.

B. CI{EMICAI

Carbon dioxide, alkaLiniËy and pH deËermínaEions were made weekly.

A two liter Ì^rater sample from each statÍon and each depth was coLlecËed

Ín the fieLd and brought to Ëhe laboratory where Ít was screened to

remove zoopl-ankËon and the fÍl-amenËous al-gae. The carbon dioxide, a1-ka1-inity

and pH measurements l/ìIere then performed immediateLy. I,rÏater sampLes were

collected aË l-O:00 AM t L5 *irr,rtes on each sampling date.

Garrel-s and ChrisË ( 1-965 ) stated Ëhe necessÍËy of ÍmmedÍate pH

measure in ordér Ëo reduce errors. A1L pH deËermínaËions were made wÍth

a Radiometer ?HM 29b meter and a GK 2311c Radiometer electrode.

Carbon dioxide concenËrations were deËermined by the tiËrimetric

method for free carbon dioxíde as ouËl-ined inr the American Public llealth

Association ( L965 ).

Dissolved oxygen samples were Ëaken twíce weekl"y with a one l-íter

van Dorn sampLe boËtl-e. Collectíons were made both aË the surface and at

5 centimeters above Ëhe sediments.4L1- r4raËer sampLes for dÍssolved oxygen

were colLected ín duplícate. The waËer r^7as run gentLy into a 300 m1 pyrex

BOD boËtLe through a length of rubber Eubing. tr{ater was all_owed to

overfLow for a short time period Ëo equil-ibraËe any oxygen differential

due to agitation during fi1-1-ing. The azide modification of the idiomeËric

meËhod for dissol-ved oxygen r¡las utilized ( Arnerican Public HeaLth Associatíon

1965). Manganous suLphate monohydrate was used to prepare the manganese

sulphate soLution, whil"e sodium hydroxide and sodium íodide were used to

prepare the al-kal-i-íodide- azi'de reagenË. The starch soluËion Tiras prepared

from an analyticaL grade of sol-ubl-e starch. Sodium thiosul-phate sËock
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sol-ution T¡ras preserved by the addition of one gram of sodíum hydroxide

per liter. Manganous sulphate and alkaLi-iodide-azide reagenËs \^rere added

in the field. The BOD boËtLes were agitated and placed in a light tÍghr

box until- removaL aË Ëhe laboratory where two milLiLiËers of concentraËed

suLphuríc acid was immedíately added. Al-1 títrations r¿ere.rdone i^rith a L0

míl-liLíter pyrex burette graduaËed Ín 0.05 ml- uniËs.

C. BIOLOGICAI

PLankton Sampling Techniques

Sampl-es were collected weekly at Ëhe three staËions, at, the surface

and ímmediatel-y above Ëhe sediments. Two one liter samples were collected

with a van Dorn sampler, andpl-aced in a 2.25 liter polyethelene container.

These Ìüere ËransporËed Ëo the Laboratory where the zoopLankton \^rere removed

by passíng Ëhe two Liters Ëhrough a po1-yethelene filter funnel. The

zooplankËon and fiLamentous algae which \r7ere caughË on the 150 micron

fíl-Ëer screen hlere removed by backwashing and preserved in one ounce bottles

conËainíng 5 ml-s of a 37% formalin soLuËion. A 300 ml portÍon of the

fiLtered sampLe was placed immediately in a refrigerator for phytoplankton

counts.

P hy top lankton EnnumeraËion

From prelimÍnary observations of Ëhe phytopl-ankton of Delta Marsh,

ít uras evident that the most suítable method of concenËratÍon was the

centrifugatÍon method as recommended by BaLlantine ( 1953 ).

EnnumeraËion was conducted uËi1izíng a I,Iil-d ?hase Contrast Binocular

Microscope wiËh a Model 20D Har¡nnond transformer 1-ight source and a

magnification of 200x . Forty miLLíliËers of sample T,üas centrifuged ín an
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IEC ModeL CL Clinical cenËrifuge for a minímum of twenty minuËes and a

maximum of thirty minuËes at 6000 rpmts. The superRatant, r¡ras carefull-y

decanted off and dÍscarded whil-e Lhe remaÍning residue was resuspended

by agitation. From thís resuspended residue a one ml- subsampLe was p1-aced

in a Sedgewick-RafËer counting ce1-1- and t.he remainder measured for future

cal-cul-atíons. Fifty-two fÍel-ds r^rere examíned aË random and the phytoplankton

ennumerated as genera, or as species where identifÍcatíon was possible aL

200x .

The fol-Lowing formuLa r,¡as derived in order to cal-cul-ate Ëhe number of

cel1s per 1-iËer:
rL

2092 /

Number of fiel-ds
ennumerated /

/
/

Number mLs resuspended resídue

r, RepresenËs Ëhe toËal- number of fíelds in a Sedgewick-RafËer
counting celL

Fil-amentous aLgae \¡/ere ennumeraËed from Ëhe concentrated and preserved

porËion from each Ëwo l-íËer sample. The filamentous algae porËíon was made

up Ëo 40 ml-s from which Ëwo 1- m1- al-iquoËs .rÂrere removed and Ëhe organÍsms

ennumeraËed. Chl-orophycean filamenËs were large enough to be readily

identified and ennumeraLed at 100x The Cyanophycean fil-aments were

Ídentífiabl-e at L00x but cell counËs \^rere noË possibLe, so a rapid method

was developed to caLcul-aËe Ehe number of cells for each prominant genus of

fíLamentous Cyanophycean encountered.

Using a calibrated ocular aË 400x , a number of filaments of Lvngbva

bergeii r¡7ere examined and Ehe number of cel-l-s per 150 mícrons or 50 uniËs

on Ëhe grid eyepiece were recorded.

/ x L000 x Number of celLs

Number mls concent,rated sampl-e



EXAI{PLE: CelLs

45 ceLLs

50 cel-ls

43 cell-s

47 celLs

52 cel-l-s

43 cell-s

53 celLs

of Lyngbya bergeíi per 150 microns,

44 ee1ls

ce 11s51

54 cell-s

The confídence interval for the above was calcul-ated to be ! O.+f.

In order

was recorded

of cells per

1_50

Sum: 482 cell-s

Mean: 48.2 celLs/ l-50 microns

to facilitaËe counËing under L00x, the LengËh of Ëhe filament

in microns for each of two l- ml aliquots and summed. The number

Liter was then calculated accordÍng Ëo the foLLowing formula:

29.

48.2

'k Represent,s the sampl-e dil-ution factor

A simil-ar cal-ibration and ennumerat,íon technique were employed for

OscilLatoria spp.

X Sum of l-engths ( Microns ) X 20

D. DETERMINATION OF ?RIMARY PRODUCTIVITY

Commercially Prepared Carbon-14 Ampoules

Carbon-l4 ampouLes prepared specifically for primary productivity

and Aphanizomenon fLos-aquae

experiments r¡lere purchased from New England Nuclear

consisted of tSattCl4o- packaEed ín autoclaved sealed3'

Corporat,Íon. They

glass ampouLes containing
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l-.0 mls glass distiLLed steriLe aqueous sol-ution ar a pH of 9.5 ( NES-0S6S ).
The radíoactivíËy of each ampoule was lisËed as being 5 uci/unit, and the

specífÍc acËivity was 1.0 ucí/ug.

A1-1- fiel-d productivíty experiments uËilÍzing carbon-l4 were performed

with the above ampouLes. However, a l-aboraËory comparison of several lot

numbers of New England Nuclear ampoules, as well as laboraËory produced

ampoules made from Amersham-Searle stock soluËions was carried ouL.

New England Nuclear ampoules were comprised of the folLowing lot

numbers: l-ot number 555-195 ( 1970 )
1oË number 555-195 ( L967 )
1oË number 560-03L ( 1970 )

StandardizaLLon of IsoËope

CommercÍalLy prepared 5 uci ampoul-es were purchased from New England

Nucl-ear and examined to determíne their total activity as well as the

variation between ampoul-es. The resul-Ës showed the toËal acËivity t.o be

^9.833 X L0" dpm per ampoul"e.

Laboratory produced 5 uci ampoules of carbon-14 sodium bicarbonate

solution, were inspected to determíne the total activity and the variation

between ampoules. The results showed the total activity to be 8.656 X 106

dpm per ampoul-e. The total acËÍvity of the l-aboraEory produced ampoules

!ì7as somewhat Less than the NEN 555-L95 , buË had no sÍgnificant effect on

the experimenËs where comparisons r¡rere undertaken.

Laboratory Preparat,ion of Carbon-l-4 Ampoules

In preparaËÍon of carbon-1-4 ampoules for a comparÍson with Ëhe

commerciaLLy prepared New England NucLear ampoules, severaL líters of double

distilLed and deionÍzed water r4/as adjusted Ëo a pH of 9.8 with NaoH.
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The water r^ras Ëhen fíl"tered twice through a 0.L0 micron mi1Lípore fiLter.

Two commercialLy prepared capsules of 14C-NaHCO, ( Amersham-searLe CFA.3,

batch /É83; strength- 0.5 millicuries ) were added to 198 mIs of Ëhe DDDMF

r¡raLer. Thís produced a final- activity of 5 uci/ml .

One ml alíquots of this radioactive soLuEion hrere removed with a one

ml TOMAC disposabLe syringe and dispensed into one ml- I,rlheaton NS-51 glass

ampouLes. The ampouLes were ÍmmediaËeLy seaLed wíËh a flame and placed in
,containing meLhyl-ene bl_ue solut,ion

a tîayrbefore autocLaving in order to detecË any ampoules which \¡rere not

properLy sealed ( Strickland 1960; Strickland and Parsons 1968 ). Ampou|es

rÂrere autocl"aved for Ëwenty mínuËes at 15 pounds pressure at a temperature

of 27Oof . Fol-lowing autocLavíng, a check for faulLíIy sealed ampoules r^ras

carried out. and the bLue stained ampoules were discarded. The properly

sealed ampoules \¡7ere sËored upright in a sËyrofoam container unËil needed.

Primary ProducËivity Suspension Apparatus

This apparatus T¡Ias consËructed of ltr X 2rr wooden posts r.tiËh hoLes drilled

every l-0 cm aLong its l-ength. Al-uminum rods supporting six sËainLess steel

swivel snap hooks rnrere p1-aced through the holes aË the required depths.

The rods were held in place by half inch rubber washers ( Figure 5 ). This

type of apparaËus eLimínated self shading, alLowed for seasonal varíat,Íon

in water depth and selection of a number of depths required for special

experimenËs.

Primary ProducËivity Bottl_es

LighË bottl-es for carbon-1-4 experiments were L25 ml pyrex bottles

wÍËh ground glass stoppers. The f-ight bot,tles for the oxygen evoLuËion

method were 300 ml BOD bottl-es ( Wheaton Corporation ),: fitËed wiËh ground



To Face Figure 5 :

Figure 5A : A diagram íl]-ustrating the arrangemenË of bottles

on the primary producËivíËy suspensÍon apParatus.

The Large bottLes represent BOD botÈl-es for the

oxygen evoLutíon meËhod whil-e the smal-ler

represent the carbon-l-4 boËtl-es.

Figure 5B : A fulL scaLe diagram represenËíng the consËruct,íon

of the primary productíviÈy suspension apParatus.

Legend: 1.) ltt X 2" wooden post

2.) 3/8" alumínum rod

3.) L/2" rubber washer

4.) 3/8" rubber washer

5.) stainless steel swível hooks
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SUSPENSION APPARATUS

FIGURE 5 A

PRIMARY PRODUCTIVITY SUSPENSNON APPARATUS

FIGURE 5 B
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glass stoppers. On both types of bottles a plasËic coated copper wire

\nras aLtached to the neck for suspension at the required depths.

Dark bottles for the carbon-l4 and oxygen evolution met,hods \¡rere as

above r¿ith one major modificat,íon, t\^ro coaËs of opaque flat black paínt

and two layers of \^Taterproof ( plastic ) black Ëape r¡7ere applied. As part

of routine procedure each darkbottle .t¡ras rendered light proof by covering

the neck wíth a double layer of alumínum foil.

Carbon-14 Primary ProductiviËy ( Fíeld ) :

Each water sampLe was collected usÍng a clear plexiglass one liter

van Dorn sampLer. Surface samples at aLL stations were Ëaken by holding

t,he sampler in a horizontal position and operaËing the closure mechanism

manually. At statíon one, the sample aË Ëhe bottom was collecËed using the

sampler horizontal-ly wíth a manual closure. Depth samples aË stations Lwo

and Ëhree were collected verËica1ly using a brass messenger.

One 1Íght bottl"e and one dark bottle were filled from each sampler of

r^raËer and were immediately placed into a lighË-tight, wooden carryíng case.

I,lhíle filling each botË1-e, Ëhe zooplankton \¡rere removed by filtering

through a removabl-e 150 micron screerfimbedded in a polyetheLene funnel. The

filled boËtles were then placed in a lÍght-Light case until a1-1 the bottles

from t.haË sEaËion were ready for the addition of the carbon-l4.

Productivity bottles \¡rere removed individuaLLy from t.he carrying case

and the content.s of one ampouLe of carbon-l4 were added using a 5 ml TOI.{AC

dísposable syringe. The ampoule and syrÍnge \¡rere both rinsed Ëwice with water

from the productivíËy boËtle Ëo ensure t.ransfer of all traces of radioactivity

( SËrickland and Parsons 1968 ). The glass stopper was placed ín the neck

and aluminum foil was placed on the dark bott,Ies. Individual boËtles were
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returned to Ëhe case untíl all productivity bottLes for the station r¡7ere

suitabLy prepared. They were then fastened to the producËivity suspension

apparatus and the entire apparatus placed in Ëhe r^rater. Bottles were incubated

for a four hour period, after whích they were returned to the laboratory

in a light-tíght case. Time delay between removal and return rareLy exceeded

fifteen minutes.

Upon return to the laboratory the bottles \¡rere vigorously shaken and

suítable subsampl-es \¡Iere removed. Subsample size was 50 ml until August 23,

L970, after which 25cm1 was used to facÍlitate fÍltration. The subsamples

were filtered seperateLy t.hrough a 0.45 micron Metricel filter ín a one

inch Gelman fiLter apparatus. When the sample \^ras completely filtered,, 15-20

ml of filtered Crescent Pond water r¡ras used to rinse Ëhe beaker, filËer

apparaËus and fílter.

After rínsing, the fil-ter r^ras removed with staínless steeL forceps and

fumed for 25-30 seconds over fuming hydrochloríc acid to remove all extra-

celluLar inorganic carbon-l4 retained on the fílter. The fumed fil-ter was

placed in a scintíl-l-ation vial contaíning 10 ml of Bray's fluor ( Bray 1960 ).
trüeËzel ( 1965 ) although usíng a desiccaËed filËer, suggesËed a ten

mínute acidificatíon time to remove inorganic carbon-14; Paasche ( 1961 )

and McALlisËer ( 1961 ) have shornm an exposure of one Ëo Ëwo minutes r¡/as

adequaËe, and in this study it was found that 30 seconds was adequate.

Scintillation víals \¡Iere stored at, room Ëemperature until they were

taken to t,he University of ManiËoba to be counted in a Pícker Nuclear

Liquimat 220 scinEillation counËer. Schindler ( 1966 ) stated that for reasons

of hígh counting effeciency, low sËandard deviaLion, indivÍduaLly determined

sample efficiencies and a reduced filter manipulation, the liquid scintilLation

meËhod hTas most desírable where prÍmary productivity was 1or¿ or variable.
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LÍquid Scintillation Counting Procedures :

The specific activity of each sampl-e vial was determíned by the channels

raËio method. WiËh each group of samples counËed, three blanks conËaining

a T¡IeL fi1Ëer paper and 10 ml of Bray's fluor r^rere used to determine the

background act.ivity. A set of picric acid quenched standards r^rere counted to

construcË a quench curve wÍth whÍch the count,ing efficiency of each sample

was deËermÍned ( Iilard and NalanishÍ L97L;.Wang and trIillís 1965 ) .

Only two differences exísted between the counting method of Pugh ( L970 )

and the method utílízed duríng this study; Pugh ( Ibid ) used a manual

channel- ratio method while a Picker Nuclear Liquimat 220 computes the raËio

auËomatically. As wel-1, a different fluor Ì¡ras utilized in this study.

Calculation of Carbon-14 Prímary Productivity :

Dpm were cal-cul-ated dÍrectLy by determining the efficiency of counËing

from a quench curve and extrapolation to 100% . PrÍmary productiviËy was

calcuLated using the formula gÍven by Strickland and parsons ( 1968 ),
excepË that dpm val-ues raËher than cpm were used.

In order to convert this primary producËivity data inËo the standard

form of mg carbon f.íxed/ ^2¡ d^y ( SrrÍckland 1-960 ), the following

conversÍons \^rere made :

a.) mg Carbon / meterz/ 4 hour períod =

mg Carbon/ meter^g/4 hour period

b.) *g Carbon/ *"t"r2/ day =

mg Carbon /meEe:.z/ 4 hour

X sËation depth in cm

x Ëotal- daÍLv radiation
radÍaËion during 4 hr incubation

1_00
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Oxygen EvoLut,ion Primary Productívity ( Field ) :

I¡Iater samples were coll-ected in a manner idenËicaL to that described

in the carbon-l4 methodology. The BOD bottl-es ( lighË bottle, dark bottLe

and iniËial dissolved oxygen bottle ) were filled from each of two Índívidual

water samples. The bottLes were fíLLed by the method previously described

for dissoLved oxygen determinaËions. Light and dark bot,tl-es were incubated

in sÍtu for a period of four hours and Ëhen processed for dissolved oxygen.

Titratíons yÍelded oxygen values in mg / t of dissolved oxygen.

Calculation of Oxygen Evol_ution Primary ProductiviËy :

The formula of Strickland ( L960 ) was utílized Ín the calculation of

primary productiviËy by Ëhe oxygen evol-uËion method, using a pQ of 1.2

( Strickland ibid; Srrickl-and and Parsons L968 ).

In order to convert these daËa inËo Ehe standard form of mg carbon

Í.i'xed/ meter2/ day ( StrickLand íbid ), the foIlowÍng conversions were made:

a.) mg Carbon / meter2/ 4 hour period =

mg Carbon / met:er3/ 4 hour period X staËion depth in cm
100

b.) *g Carbon / meterz

mg Carbon
t

AncÍl-l-ary Carbon-l4 Experímentation ( Field ) :

!üÍthin each of the three contours ( 0-50 cm, 51-100 cm, and greater

Ëhan 100 cm ) , three stations hrere sampLed símulËaneously to determine the

extent of variaËion which existed within ËhaË specific contour and between

contours.( figure L ). Two sËaËions r¿ere chosen aË random from each conËour

by a random number tabLe ( Richmond L964 ). the Ëhird sËation rnras comprised

day =

meterz/ 4 hour X ÈoËal daily radiation
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of the stationary samplíng point withÍn that contour. Procedures for

sampLing, incubation, fil-tration and caLculaËion rirere identical to those

for other field experiments utilizing carbon-L4.

Depth curves of photosynthesis r^rere constructed for Crescent Pond at

station 3. The bars on t.he productivity suspension apparatus were placed

either 15 cm or L0 cm apart depending on the experÍment.. One light and one

dark bottle were attached to each of the bars. Procedures for sampl-ing,

incubation, fil-tration and calculation r¡rere identÍcal to those for other

field e::periments utíl-izing carbon-L4.

Diurnal curves of photosynthesis were prepared

of overlappÍng four hour primary productivity tests.

dark bottles were added everv two hours and removed

procedure ùras repeated for a period of f-wenty hours.

fil-tratíon and calculation procedures T¡rere identical

for previous carbon-14 fiel-d er:<periments,

In order to determine the optímurn, minimum and nsaximurn length of

incubation time for carbon-l4 experiments, a Lest rras carried out at station

2 immediately above the sediment. Six light bottles and six dark botrles

were filled in pairs and incubated as previously described. One pair of

light and dark bottles r¡rere removed every two hours and processed as ín

other field experiments.

To deËermine the appropriate vol-ume of incubated water to be filtered,

seven l-ight and two dark bottl-es were incubaËed aË staËíon 2 ( 60 cm depth )

for a period of 4 hours. AliquoËs of 5 mls, 10 m1s, 15 mls, 20 m1s, 25 mls

and 30 mLs were removed from one light bottl-e and fiLtered according to

previously descríbed methods. The second light bottle had aLiquoËs of 35 mls,

40 mls and" 45 ml-s removed while the thÍrd provided subsampLes of 50 mls,

by running a series

A set of light and

after four hours. This

Sampling, incubation,

to those described
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and 60 mLs. The 70 mls, 80 m1-s, 90 mls, and 100 mLs subsampLes ürere

removed individually from the remaining lighË bottles. The dark bottl-e

aliquots of l-0 m1-s, 20 m1-s, 30 mls and 40 mls came from one bottle while

the 50 m1 sampLe üras removed from Ëhe second dark bottle. All samples were

processed as in oËher field experiments.

In order to determine if loss of carbon-l4 label-l-ed cellular material

'li/as occuring Ëhrough the Metricel filters, an experiment was desÍgned Ëo

refÍlter the aliquots. Twenty-five ml aLiquots from a light and a dark bottLe

were filtered and the fiLtrat,e .t¡ras coLlected seperaËely. The filËrate from

the light boËtle was filtered Ëhree tÍmes with a new fí1Ëer being used for

each fíLtration. Each filter and apparaËus was rinsed with L5-20 mls of

distilled ïlater. Dark boËtLe fÍltrate was refíltered five Ëimes. FÍlËers

ï7ere processed and counted Ín an identical manner as oËher carbon-l4 field
experiments.

The filtrate T¡Ias aLso examined for labelled exËracel-lular solubLe

material by an acidificatíon-1-yophyLLization Ëechnique. FiLtrate was col-Lected

and acidified to a pH of 3.0 with 0.01N sul-phuric acíd. The acídifíed sample

was pLaced in a 200 ml- beaker and immediately f.xozen. Frozen sampl-es were

transported to Ëhe Universíty of Manitoba where Ëhey were lyophyllÍzed Èo

dryness. The lyophyl-Iized sampLes rlere resuspended in one ml of deionized

disËilled water and two I/2 nL aliquots T¡rere removed and placed in seperate

scintilLaËion vÍals for counËing.

SpecÍfiõ:,ActíviËy of Carbon-l4 Arnpou1es

The Lotal radioactivity of carbon-14 ampouLes was calculated for use

in the primary productiviËy formuLation. Three ampoul-es were chosen at

random from a sampLe of L00 NEN 555-1-95 ( L970 ) and five ampoules were
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chosen from a sampLe of L75 LaboraËory produced ampouLes. From each ampoule

Ëhree one lambda al-iquots ïrere removed by micropipeËte and added indÍvidually

Ëo scintílLaËion vial-s, each conËaining 1-0 m1-s of Brayts fLuor. These sampLes

ïIere counted in the manner descríbed in the prímary producËivity countíng

procedures for carbon-l-4. The mean DPM was deËermined for each lot and

mu1-tipLied by L000 to provide the totaL radioactivity of each riampôule.

Ancillary Carbon-l4 Experimentation ( Laboratory ) :

In order to account for high díscrepancÍes beËween repl-icates and high

apparent rate of dark uptake of carbon-L4, a serÍes of experiment,s were

designed in an attempt to deËermine the probl-em and rectífy the error for

further carbon-l4 primary producËÍvity studies.

Acid cleaned and DDDMF l^rater rinsed 1-25 mL bottles were filled with

DDDMF r¡taËer. To each of these bottles, the contenËs of one ampoule of

carbon-l-4 was added using a 5 ml- TOMAC sterile disposabLe syrÍnge. Ampoules

and syringe were rÍnsed twice with water from the bottle. IË was shaken

vigourousLy to distribute the carbon-l4 evenly. Two 50 ml aliquoËs hrere

removed and filtered through a 0.45 mícron Metricel- GN-6 filËer ín a Gelman

fÍLter apparatus. Filters and apparaËus r^rere rinsed wÍth 15-20 mls of DDDMF

r^raEer and the fÍLters fumed for one minute over concentraËed hvdrochLoric

acÍd and pl-aced ín scíntílLation vial-s contaíníng 10 mls of Bray's fluor.

ScintiLlation counting procedure was ídenticaL to that previously described

for carbon-L4 fieLd methods.

An experiment T¡ras conducted to deËermine the length of acidification

requíred for the removal of inorganic carbon-l4 from filters. A1L glassware

r^ras cleaned in concentraËed hydrochLoric acid and rinsed several- times in

DDDMF útater before use. Double distÍlled deíonized water r^ras fÍltered
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through a 0. L0 mícron míl1-ípore filËer prior to its utilLzatLon in the

experÍment,s.

L25 mL pyrex bottLes were fil-Led with DDDMF waËer and an ampoul-e of

carbon-l4 was added wíth a 5 ml sterile disposable syrínge. Both the ampoul-e

and the syringe were rinsed three times to remove all traces of the radio-

active carbon remaining after the transfer. The pyrex bottLe was shaken

vígourousLy to produce a homogeneous sol-ut,ion and then 25 m1- a1-iquots r^rere

removed, fi1-t.ered and rinsed with 1-5-20 ml-s of DDDMF hrater to remove excess

ínorganíc carbon-l-4 retained on the filter.

Acidification over concentraËed hydrochLoric acid was done for varying

lengths of time ( 0, L0,20,30,45,60,120 and 180 seconds ) ro determÍne

the effecË. The 0, 10, 20, and 3Osecond aliquoËs r¡rere alL taken from one

bottLe whíl-e the 45, 60, L2O and l-80 second aliquots T^rere removed from

another bottLe.

AncÍl-l-ary Oxygen Evolution Experímenrarion ( Field ) :

ltrithÍn each of Ëhe three conËours, three staËions were sampLed

simul-taneousLy Ëo determíne the exËenË of variatíon exísting r^liËhin Ëhat

contour and between contours. The methodol-ogy followed and Ëhe random staËions

utilized were idenËical to those described for equivalent carbon-l-4

experimentation and the basic oxygen prímary producËíviËy rnethods.

Ancil-1-ary experimenËs to determine incubation time, diurnal photosynËhesis

curve and verËica1- profíl-e of productivity were conducËed wiEh Lhe oxygen

method, DetaiLs of the method have been described prevíously.



RNSULTS AND DISCUSSION :

I. ENVIRONMENTAL PARA}4ETERS :

A. ) PHYSTCAL

Throughout the sampl-ing period

permanent thermal stratificatíon due

stratifícatíon was often establíshed

was only Ëemporary, being destroyed

currents.

Calculated mean temperature values are presented in Figure 6 to illustraLe

the overall seasonal trend. The ice cover totally disappeared from CrescenË

Pond on [{ay 4, 1970 and was fol-Lowed by a sharp íncrease in ËemperaËure. A

gradual Ëemperature decline took place during August through October and

continued untíl the earLy November freeze occurred.

The daÍly temperature fl-ucËuations were often pronounced, presumably

resuLtíng from the shallow depth and relatively small- volume of Ëhe pond.

The smal-l volume of r^7ater \¡las responsíble for Ëhe rapid loss of 1aËent heaË

to Ëhe surroundíng atmosphere, as wel-L as the rapid gain of heaË energy from

the atmosphere as condiEions permitted. According Ëo HuËchinson ( 1957 ),
Crescent Pond would be a third class l-ake due to iËs t,hermallv unstratified

condiËíon.

of Ëhis projectrCrescenË Pond had no

to its shal-low depËh. A micro-thermal

overnÍght or during calm periods but

rapidly by wind and thermaL convection

4L.

B. ) CrrEMrCAr

The chemical parameters, phenophËhalein alkaliniËy, Ëotal alkalinity

and carbon díoxide were used to calculaËe the total carbon conËent of Crescent

Pond which was necessary for Ëhe calculation of primary producËÍvíty by the

carbon-l-4 uptake method.
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The pH values for station L and station 2 were characterLzed by similar

ranges, ín contrast. Ëo those from station 3 which were of a consistent,ly

higher range. McCombie ( L953 ) suggested that a controlíng factor of the

hydrogen ion concentration may exisÈ with respect to quantity and quality

of phytopl-ankton. At alL three statíons the plI values were higher at the

surface ( Table 2 ). As \^rater levels increased the pH values at a1l- stations

decreased for both depths sampled. No verËicaL changes of pH were evídent, as

ofËen occurs in deeper bodies of Ìrater. The pH ín Crescent Pond was regulated

by the carbon díoxide-bícarbonate-carbonate buffering system. A relaËionship

betr¿een pH and \daËer depth r¡ras most noticeable in late May, mÍd JuIy and Late

September and was perhaps due to the increased concentration of the buffering

íons resuLting from evaporaËion. pH values of greaËer than 9.0 werê encounËered,

índicatÍng eiËher extreme divergence from equilíbrium due to photosynËhesis

or Ëo the presence of hígh concenËrat,íons of sodíum and magnesium carbonaËes.

BeËween pH 7.0 and 9,0 only the bÍcarbonaËe porËion of Ëhe buffering system

is of biological importance ( Hurchinson L957 ).
Only analyËícaL carbon dioxide \¡ras measured, whÍch becomes O mg/L at a

pH of 8.30. The totaL carbon dioxide Levels rrere noË measured. The anaLytical

carbon dioxide content fe1-L rapidLy with the Íncrease in pH and reached 0 mg/l

by late June at alL staËions"( Table 3 ). An íncrease in carbon dioxide was

evident on July l-5 at aLl three stations whích probably resulted from large

amounts of precípitation which Lowered Ëhe pH and through dilution, enabled

analyt,ícal carbon díoxÍde to exisË. An íncrease in pH was responsible for the

declíne in the concenËration of anaLyËica1 carbon dioxide following that period.

The LotaL alkaLinity followed a specífic seasonal- Ërend aË all stations

and depths sampl-ed. Values from the surface \^rater and immediately above Ehe

sediments were in cLose agreemenË at any given sËaËion on each sampLing date



TABLE 2 z

DaËe

June 3

August 31

October 25

Sel-ecËed pH val-ues

Station I

Surface Depth't

7 .90 7 .90

9.Ls 9.L3

8.60 8.60

for Crescent Pond during t,he su¡mner of

'k Depth denotes a sampl-e coLl-ected

Statíon 2

Sur face Dep Ëh:t

7 .go 7 .go

9. L8 9 .20

8.60 8.70

1970

immediaËe1y above

( Statíons L, 2, and 3 ).

Statíon 3

Surface Depth:k

8.20 8. L5

9. 30 9. 30

9.00 9.00

the sedimenËs.



TABLE 3 : SeLected anaLyticaL
( Stations L, 2 ar,d

Date

June 3

July 1

August 31-

October 25

Station L

Surface

7.0 nre/l

0

0

0

carbon dioxide values
3 ).

'k DepËh denotes

Dept,h)k

6.5 u.e/L

0

0

0

Station

Surface

5. 0 mg/]-

0

0

0

for Crescent

a sample coLl-ecËed

Pond during the summer of L970

DepËh*

5. 0 mgl1.

0

0

0

immediately above

S tation

Surface

2.0 mg/L

0

0

0

Ehe sedímenËs.

Dep th:v

1.0 mgll

0

0

0

N
(Jl
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( Table 4 ). The seasonal- trend in total aLkalinity was to an increasing

vaLue, from L7O ng/L to 32L mg/!, wiÈh no autumnal increase evident. Several

peaks occurred simulËaneousLy aË all stat,ions, due possibly Ëo fluct.uations

in the rrTaËer level.

The concentration of dissolved oxygen ranged from 1.23 mg/L to 12.35 ng/L

and was often pronounced among sËatíons and between the two depths sampLed.

A consístent, seasonal Ërend in the concentraËion of díssol-ved oxygen r¡ras not

evidenË, al-Ëhough for the most part iË was higher at staËion 3 Ëhan aË Ehe

other two sËations.

Dissol-ved oxygen aË the surface of sËaËÍon l- was generall-y hÍgher than

that Ímmediatel-y above the sedÍment. This may have resulËed from zooplankËon

respiraËion associated r,rith large numbers of zoopl-ankton immediately above

the sediment,, or from Ëhe macrophyte vegetatÍon photosynthesizing aÈ a

greaËer raLe near Ëhe surface. Bacterial action as well- as chemical oxidation

of organic måtter may have contrÍbuted to the formaËíon of Ëhe oxygen

díf ferential-.

The higher oxygen concenËrations immedíatel-y above Ëhe sedíment at

staËions 2 and 3 ( Tabl-e 5 ), may have resulted from a hÍgh rate of

photosynËhesis by benthic a1-gal forms whích predomínated at these staËions.

HuËchinson ( L957 ), attribuËed low surface dissolved oxygen to the cessation

of algal bl-ooms in many cases. However, this ïras not true in Crescent Pond,

for no phyËopLankton bLoom occurred which corresponded to low oxygen levels.

On June 4 and September 17 oxygen deËerminations were made at Ër^ro hour

intervals on sampl-es collected from the 60 cm depth at sËaËion 2. The

resulting diurnal- curves ( Figure 7 ) showed a late afternoon recovery of

dissol-ved oxygen. The val-ues for June 4 r^rere considerabLy lower than Ëhose

on September L7. In June, rapíd oxygen evol-ution from noon onrtrard r¡ras apparent,



TABLE 4 : SelecËed total aLkal-inity vaLues
( Stations L, 2 and 3 ).

Date

June 3

August 31-

October 25

SËation I

Surface DepËh:v

205 r;re/I

202

2L3

'k DepËh denotes

for Crescent, Pond

208 ne/L

202

20L

Station 2

Surface

26L ng/L

258

262

a sample coLl-ecËed

duríng the summer of 1970

Depth>k

260 ng/L

258

262

immediatel-y above

StaËíon 3

Surface Depth*

the sedíments.

317 n.e/L

318

3L5

317 n.e/L

32L

3L4

N
!



TABLE

DaËe

I{ay 2L
I{ay 28
June 2
June l-l-
June L6
June 20
June 23

5: DissoLved oxygen concenËrations
above the sedíment. Sampl-es were

Station l-

Surface

8. 43
8. 55
7 ,45
2.t5
L:i23
6. 00
4.60
2.20
4.55
5. 80
8. 65
4.23
5. 58
3.l_3
8.05
8.90
3.7 5
5. 1_0

9.9s
5.90
9.93
8.38
5.23
3.9s
3.7 0
5.30
4.L5

June
July
Ju1-y
July

30
9

L4
2L

JuLy 23
July 28
July 30
Aug. 4
Aug. 6
Aug. 1-1

Aug. 1-3

Aug. 18
Aug. 20
Aug. 24
Sept. L

Sept. 3
Selp t. B

Sept. 1-0

Sept.15
Sept. 18
Oct. 4
Oct.25

Bottom

8.28
7.80
7 .20
L. 85
1.58
5. 83
2.t8
L.7B
4.50
5.20
8. 60
3.43
3.7 0
2.98
8.08
5. 88
2.23
5.58
7 .65
5. 00

L0.23
6.50
4.s3
3. 33
3. 55
4.l_0
3.90

for stations L, 2 and 3 at the surface and immedíately
coLl-ecËed during the summer of 1970.

Station 2
Surface BoËËom

8.38
8.73
8. 05
5. 00
2.58
6.23
5.08
6.70
5.98
7 .50
8.90
3.7 3
). o)
4.43
8. 35
8. 38
5.80
5. 83
6.33
6.40
5.48
7.78
6,40
2.28
5.3s
7 .L5
4.9s
9.40
B. 85

8.53
9.25
9.25
4. B0
4.63
6.90
5.20
6.7 3
6.25
7 .05
8.70
3. 55
5. 18
4.43
8. 3s
8.40
3.1_5
5. 83
6.5s
6.60
). o)
7.7s
6.90
2.40
5.38
7 .20
5. 15
9. 30
8.95

Station 3
Surface BoLtom

8.38
9.20
7 .85
4.40
2.53
6. 00
s.4s
6.9s
5. 83
4.05
8. 55
6. 08
7 .03
6. 83
8. 65
8. 88
6.7 8
7 .40
8.53
8.23
9.43
9.00
7 .93
7 .90
8.20

L2,30
LL.45
9.53

8.43
9.25
7 .55
4.40
2.83
s.68
5.53
6.95
6. 80
4.95
8.70
6. 08
7 .43
6.88
8.38
8.78
6,63
7 .L8
8. 83
8.38
9.50
9.L5
7 .85
7. 8B
B. 00

L2.35
11.95
9.s3

-,Þæ
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while ín September a steady state dissolved oxygen recovery was evídent.

Díurnal- dissoLved oxygen fLucLuations appear in a varieËy of habitats

( Bartsch L959 ), and may be uËÍLized for the measurement of gross primary

productivity ( Kemmerer and NeuhoLd L969; McConneLL L962, 1965; Odurn L957 ).

The diurnal- fluctuations in CrescenË Pond may have been associated

with zoopl-ankton migraËion from the surface r4raËers or from phoËosynthetÍc

ínhibÍtion. An associaËíon between dissol-ved oxygen and amount of incident

radíation Ìras not evident, a1-though a diurnal curve of photosynthesís

indÍcaËed ËhaË there nas oxygen production during Ëhe morníng. Thís supporËed

the theory of oxygen utilizaËion by zooplankton. Large Ëemperature fLuctuations

did not occur at that tíme and therefore the l-ower rates of dissolved oxygen

production cannoË be coupled with flucËuatíons Ín the percent saturaLíon of

dissolved oxygen resulËing from temperature changes. However, from Figure 7,

iË appeared that the photosynËhetíc inhibítion T^ras not acting on the

phytopl-ank,Ëon component, buL if present, r¡ras inhibitÍng the aquatic macro-

phytes and,/or benthic algae.

During SepËember, Lhe steady dÍssol-ved oxygen producËion indicated the

removal- of an environmentaL inhibitÍon which may have been present earl-ier.

Since cloudless meteorl-ogícal- conditions prevaiLed on both sampLíng dates,

Ít was assumed that. zooplankton respiration \¡ras the primary cause of the

sLow dissol-ved oxygen recovery on June 4, L970.

Increases in dÍssolved oxygen ritere not at.tTibuted to wind or r¡rave acLion,

for the pond was well sheltered and rarely became aggitated.

Algal respiration may accounË for a sígnificant decLine in the dissoLved

oxygen during dark periods ( Hut,chÍnson 1957 ). ThÍs may have occurred to

some extent in Crescent, Pond, buË since Ëhe popuLat,ions of phytoplankton

r¡rere Lor^r, the decrease nas probabLy a resuLË of benthic algae, epiphyËic



al-gae and aquaËic macrophytes rather than the phytopl-ankton.

c. ) Bro].ocrcAr

From Standard Methods for the Examínation of !üater, Sewage and

Industrial- tr^Iastes ( American PublÍc HeaLth ASsocíation 1965 ), ÍË was

evídent Ëhat Ëhe number of microscope fields counted for phyËopl-ankton was

adequate for the corlcenLrations ínvol-ved. The meËhod used for phyËoplankËon

counting cLose1-y followed the recommended procedure outLÍned by the Biological

Methods Panel CommíËtee on Oceanography ( 1969 ). Actual Ëests to deËermine

the vaLidÍty of thís procedure as used on Crescent Pond ürere not attempted.

It ís therefore possibLe that some of the reported varÍabiLÍty may be

assocÍaËed wíth sampl-Íng and subsampling errors.

Hol-mes and Widrig ( L956 ), suggested a minímum of L5 - 30 specimens

of any one organism be counËed, and in the case of chain forming organisms,

the entire sampl-e be counËed. In CrescenË Pond the counting of 1-5 - 30

individuaLs of al-l- encountered specimens would have been an aLmost impossibLe

task due to the low numbers of phyËopLankton presenË.

The method of centrifugarion r¡ras sÍmil-ar to that outl-Íned by Ballantine

( l-953 ), with the exception Ëhat the time was lengthened to ensure maximum

recovery of ceLl-s. It appeared from the studíes of BaLl-antine ( ibid ), that

l-ength and speed of centrifugation were adequate with regard Ëo the Crescent

Pond studies.

51.

For staËion 1 ( Figures I and 9 ), the toËaL numbers of phytopl-ankton

for Ëhe taxa Bacillariophyceae, Cyanophyceae, Euglenophyceae and Chrysophyceae

were in agreement beËween the Ëwo depths sampled. The Chl-orophyceae \,ùas

characterízed by a greaËer peak during spring and autumn at Ëhe sampl-ing



To Face Figure 8 :

Figure 8: Seasonal changes

( ceL1s / ]-í-ter

during L970.

Ín phytopLankËon numbers

), aË sËaËion L - surface

To Face Fígure 9 :

Figure 9 : Seasonal- changes in phyËoplankton numbers

( cells / l-í-tex ), at sËatíon L - imrnedíately

above the sediment duríng L970.
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point l-ocated immediateLy above the sedíment ( Fígures 8 and 9 ).

The spring puLse of BaciLLariophyceae nas composed predominantl-y of

NavicuLa spp. and Svnedra spp. wíËh a smaLl-er concentration of Stephanodíscus

sp. A declíne in the díatom popuLatíon occurred in earl-y June resulËing

from the decrease ín numbers of NavícuLa spp.riìS@. spp.r and the Ëotal

disappearance of Stephanodiscus sp. Smal-l- numbers of typÍca1-l-y benthíc

diatoms occurred throughouË the season ( Navicula, SËauroneis, 8ag ),
as wel-l as epiphytic díatoms ( CvmbeLla, Gomphonema, RhoicospenÍa, Elgglg,
Acnanthes, Cocconeis ). Numerícal- increases of diatoms duríng Ëhe sunrner

monËhs rÂrere attributabLe to Navicul-a spp. and Synedra spp. SËephanodiscus sp.

reaPpeared in earl-y August, peaked in earLy September and decl-Íned gradual-l-y

ËhroughouË Ëhe autumn. The autumnal peak of BacíLlariophyceae r¡ras comprised

of NavÍcuLa spp. r Svnedra spp. and SËephanodiscus sp.

During summer and autumn the Chlorophyceae aË station l- differed

signífican_Èly between the surface sample and that coll-ected immedÍate1-y

above the sedÍment. The spring Íncrease was prol-onged at the greaËer depth

by Ëhe occilçrende of Schroederia setigera, the a1-ga solely responsibl-e for

the spring chlorophyte increase. Stichococcus subËiLis was well- represented

on June L0, indicatÍng a possibLe exotic species whÍch was capabLe of groürth

for onLy a l-imited períod. Samples collecËed from Lake ManÍËoba conËained

S. subtilis in l-arge quantíties at this t,íme and may have been Ëransferred

to Crescent Pond vÍa waterfowl- or insect.

Low numbers of Chlorophyceae existed throughout the sununer period.

Cladophora gLomerata, O,edogonium spp., RhÍzoclonium sp. and Spirogyra sp.

llere present in smal-l- numbers during the warm period. Although Ëhese r¿ere

fil-amentous benthíc forms, Ëhey appeared Ëo be characËerLzed by a regular

aPPearance wíthín the waËer column. This may have been due to the activÍty
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of waÈerfor,trl-. The autumnaL pulse consisted prÍmarily of Chaetopþora elegans

a filamentous cool water a1ga. This alga was found growing epiphytically

upon the aquatic macrophyËes and r¿ith the decay of the hosËs and íncrease

in waËerfowL acËivLty, Large numbers of cells rirere carried inËo the open

'hlater. The numerical-ly Low and sporadic occurrence of Pediastrum, @lggry,
and Ankistrodesmus throughouË the year was aËypical of the shaLlow pond

environment ( Hutchinson L967; Brourn L969 ).

Chrysophyceae occurred r^lith irregularity and in low numbers represented

by Mal-l-amonas sp. and ot,her smal-l- unidentified genera. They were of minor

sígnificance in the overal-l- view of aLga1- succession at sËat.Íon l_.

The Cyanophyceae at station 1 commenced with a small- spring pulse of

Lvngbva bergeii whÍch remained only a short period during the rapíd warmíng

of the pond. Tl^ro large cyanophyte peaks r¿ere evident. during Ëhe summer períod,

boËh represenËed by OscÍLLatoría spp. Although not detectabl-e under the

magnífication uËilLzed f.or counting, two dístíncË specÍes of OscíLlatoria

may have been responsibLe for Ëhe two íncreases. Aphanizomenon flos-aquae

appeared at staËion l- at the surface onLy ín l-ate August and early September

but, was noË responsibl-e for any significant increase ín numbers. The smaLl

increase in blue-green algae in the sampLe coLlected above Ëhe sediment Ìras

due Ëo this specÍes.

Euglenophyceae, aLthough Low in numbers during a11 períods throughout

the summer, possessed a smaLl- increase during September. EugLena sp. and

?hacus sp. r4rere responsíble for these increases aË both depths sampled.

Dinophyceae, a1-though poorLy represented quantiLatively after llay 26,

I970, were ín abundance prÍor t,o that perÍod. The dinoflageLLate pulse,

although not measured quanËitativeLy was examined qualÍtaËiveLy and found

to exist of Ëwo distinct species of Peridiníum.
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The numerical count data for stat,ion l- are presenËed in Appendices

7and8

Although iË was not, the intention of Ëhis study to deËermine causit,Íve

factors of the phytopl-ankton succession, some t,heorLzLng is possibl-e.

The phytopl-ankËon aË station l- were often comprised of small numbers

of Ëypical-ly epiphytic and benthic aLgae. During the auËumnal increase

( Figures I and 9 ), many genera which were subdominant in the s1¡runer

Íncreased, perhaps as a resulË of the rel-ease of epiphytes from decaying

fÍl-amentous aLgae and aquatíc macrophytes.

AnoËher Ëheory for the autumnaL increase in BacilLaríophyceae at station

l, is the acËívíty of l-arge numbers of migratory waterfowL, whÍch created

a turbuLence not generaLly assocíaËed with Crescent ?ond. This activity was

capable of breaking epÍphyËes from their hosËs as well- as stirring the benthic

diaËoms ÍnËo the entÍre water coLumn.

PearsaLl ( Lg32 ) correlated fLood conditions wiËh the increase in diatoms

and a decl-íne in numbers with oxygen, nitraËe, si1-ica and calcÍum. this

theory does not appear to hoLd true for Crescent Pond, for no association

exísËed betl,Teen station l diatoms and fluctuat,íons in T^raËer depth. Patrick

( 1948 ) found chemicaL content plus f.ighË and temperatuïe to be initiators

of diaËom increases, whíle RyËher ( 1958 ) found diatom numbers Ëo be

1Ímíted by nuËrienË concentraËions. ?atrick and Reímer ( 1966 ) consider

the benthic diatoms Ëo be of greater importance in shallow waËer areas. Many

Navicula spp. be1-ong to the benthic group and may account for the largesË

Proport,ion of naviculoíd dÍatoms in the pond. PatrÍck ( 1948 ) and patrick

and Reimer ( lbíd ) beLíeve the spring puLse of diatoms Ëo be larger than

the autumnal- bLoom and rarel-y comprised of the same species in both instances.

A1 though a spring íncrease was evidenË at stat,Íon 1-, t,he autumnal increase
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hTas perhaps due to benthic and epiphytic forms being carríed into the r^raËer

column. However, if nutrients were avaílabLe and conditíons rireïe unsuitabLe

for the deveLopment of benËhic and epiphytic forms, an increase in planktonic

forms may have occurred. If this had occurred, t,hen the acËual- auËumnal

increase in planktonic díatoms \¡7as neglÍgib1-e. During both the spring and

autumn increases Ëhe same specíes rÄrere responsíbLe for t,he increase and

refuËes the theory of Patrick and Reimer ( L966 ), as it appl-ies to CrescenË

Pond.

Hutchínson ( 1967 ) sËaËes thaË a reduction in the numbers of

DesmÍdaceae occurs wÍth an increase in pH. The sporadic and numerically

rare appearance of the desmid fl-ora in Crescent Pond may be a funcËion of

an increase in pH.

The Cyanophyceae at station L had a smaLl- spring pulse represented

by Lvnebva bergeÍi, which remained on1-y a short period during the rapid

warming phase of Ëhe water. This species may have been Limited by temperaLure

as no oËher species hrere at a maximum and competing for nutrients aË this

time. The two l-arge Cyanophycean increments were evídent durÍng the summer

period, both resul-tíng from Oscill-aËorÍa sp. Since temperature remained

relatível-y consËant during thÍs perÍod, a nutríenL lirniËing facËor or an

antibiosis-stimulating theory may be appLÍed. However, Lf. the OscillaEoria

increases represenË one species, the most probable expLanaËion r¡ras a wÍnd-

currenË factor carrying Ëhe al-gae Ëo other portÍons of Crescent Pond. This

theory is supported by the increase in OscÍl-l-atoria aË Ëhe open r,rrater sËations

duríng Ëhe period of low numbers at sËat,ion 1. Merísmopedia and SpiruLina

occurred occasíona1-Ly during the cooLer months.

Aphanizomenon flos-aquae deveLoped aË an atypícal Ëime of Lhe year

for thaË genus. IË is generally assocÍated wÍth ü7arm ËemperaËures, hÍgh
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orthophosphate concentrations ( Hammer 1964 ) and hÍgh pH ( prescoËt

1-951 ). Thís may indicate the release of an inhibitory substance from Èhe

Oscillatoria, capable of retarding growth of

This may al-so have resulËed from sampLing errors.

For sËaËion 2 ( Fígures 10 and 11 ) the BacÍllariophyceae lacked rhe

characËerístic auËumnal peak, althtíugh a mid suutrner peak díd occur. The

magnÍtude of the spring pulse at the surface ,r^ras greater Ëhan that

immediately above the sediment. &g¡glg spp. and sËephanodiscus spp. \^rere

agaín primarily re3ponÉíble for the increase Ín Ëhe numbers o.f diatoms at

both depths. Símilar díaËom communities exisËed at both stations ! and 2,

although a higher incidence of chain forming dÍatoms occured in the sample

collected immediately above the sediment at station 2. These consísted

of Fragílaria sp. and TabelLaria sp. which characËeríze the liËtoral zone

of lakes and ponds ( HuËchinson L967 ). The midsummer increase was due

primariLy Ëo an íncrease of NavicuLa sp. and hras presenË only at sËat,ion 2.

The lack of an auËumnal increase ín BacÍ1laríophyceae Ì^ras aËypical

( Hutchinson íbid; Parrick and Reimer 1966; paËrick 1948 ).
The number of Chlorophyceae ín the surfacel^rater at staËion 2 were

greater in the spring and autumn, Ëhan in the water immediateLy above ¡he

sediment. Schroederia seËigera vras responsibl-e for the spring increase in

celL numbers of green algae. Scenedesmus, Ankistrodesmus, Pediastrum and

Chlamydomonas were aLl- represenEed durÍng the spring buË occurred on|y

sporadical-Ly and in Low numbers throughout Ëhe remainder of the year.

Schroederia set,igera ïIas Ëhe dominant green alga until earl-y July. An íncrease

Ëhe Aphanizomenon fLos-aquae.

at the surface during October was due to Ëhe presence

Filamentous aLgae hTere present in l-ow numbers coupLed wiËh sporadic

occurrence ( cladophora, oedoEonium. Rhizoclonium, and Enteromorpha ).

of Chaetophora elegans.
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The Cyanophyceae population'üras less at staËÍon 2 than aË sËation L,

aLthough a similar pattern of species successÍon r,¡as evídent. Lvngbva bergeii

and Oscil-l-atoria sp. \¡Iere responsible for the peak during June. OscÍl-latoria

sP. r¡7as the bl-ue-green aLga ent,ireLy responsible for the midsummer increase

in numbers of Cyanophyceae. The presence of Ëhis peak coincíded with a

decrease in cel-l- numbers of OscÍLlatoria sp. aË staËÍon 1. Aphanizomenon
September

flos-aquae hras responsible for the midfr_lrrnre:: increase.

Numerical data for the aI-gae aË staËior- 2 are presenËed in Appendices

9 and 10.

At sËatíon 2 the mÍd-summer increase o6 Bacillaríophyceae r^ras primarily

related to the increase of Navicula spB. This increase may possibly be

attrÍbuted to the r¡74Ëer fLuctuatíons or corresponding pll drop during this

period. A water leveL Íncrease at this time may have been responsÍble for

the rapÍd numerioaL increase in BaciLlariophyceae by diLution of an inhibitory

substance capabl-e of restrict,Íng the growth of Navicula spp. Another theory

Ëo explain the sudden ríse was a pH maximum responsÍb1e for growth restrict,ion

of Navicul-a. I^IiËh the decrease in pH during this period, the pH resËriction

for growth may have been eliminated and Ëhe íncrease in Navícula resulted.

A símil-ar íncrease occurred at sËaËíon 1 immediately above the sediment and

at boËh depths of staËion 3, but were noË as pronounced.

The Lack of an auËumnal increase ín Bacillariophyceae r¡7as aËypical

( Hutchinson 1967; Patrick and Reímer 1966; Patríck L948 ). The mid-summer

increase of Bacill-ariophyceae indicate Ëhat dissol-ved sílicates were probabl_y

noË the Límiting factor for growth. Therefore ánother theory of dÍatom

reguLation must, be appLied. An ínhíbitory substance, or a pH greater than

the maximum requíred for growËh may possibly have resuLted ín the low

autumnal numbers. Since Ëhe Largest percenËage of diatoms aË Ëhís tÍme were
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epiphytic, Ëhe Ëheory of epíphytic díatom retardation on planktonic diatom

grorüËh may appLy ( Jorgenson l-956 ). fhe rise in the numbers of Ëypical1-y

benthic diatoms during the auËumnal períod may have resulted from the

increased activíty of mÍgraËory r¡raterfowl_.

The ChaeËophora elegans increase durÍng October was due Ëo wínd and

current acËion carrying the aLga to station 2 from the shallower inshore

areas, for no suitable subst,rate for iËs grohrth exísted at sËaËion 2.
/c'

Both Lvír6ya bereeÍi and Oscill-atoria spp. r^rere responsible for Ëhe June

peak of Cyanophyceae. The reducËion ín theír numbers may be attríbutabLe to

Ëhe warmÍng trend evident in the r^rater during Ehís perÍod. Aphanízomenon

flos-aquae was the bLue-green aLga responsíbLe for Ëhe mid-SepËember peak.

As at station 1, t,his was an atypical time for deveLopment and may have

resulted from an inhibitory substance from the OscÍLlatoría spp., Cl-adophora

gl-omerata ( which was found Ín large numbers before the appearance of the

A. fl-os-aquae ) or anoËher alga species retardíng its development.

The small íncrease of Eugl-enophyceae during September may have resulted

from Ëhe release of organic substances from decaying a1-gae and macrophytes,

for Ëhe Eugl-enophyËes typicaLLy possess a number of organic requirement,s.

AË station 3 ( Figures 1-2 and 1-3 ) Ëhe spring íncrease in Bacillariophyceae

was less than at the oËher two statÍons sampled. Navicula spp. and Synedra spp.

were agaín responsíbLe for the majority of the increase, while Stephanodiscug

sp. r¡Ias Present in l-esser numbers than encountered aË the oËher stat.ions. The

numerous smal-l- diaËom increases Ín the surface Ì^7ater of station 3 were

attributabl-e to fl-uctuatÍons in the numbers of Navicula sp. untíL mid-August.

Stephanodiscus sp. accounËed for Ëhe remainder of Ëhe BaciLLariophyceae

increases. Samples coLl-ecËed ímmedÍately above the sedímenË indicated a June
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Íncrease in FragíLaria sp. wíËh two increases in NavÍcuLa spp. ímmediately

following. The fl-uctuations ín numbers may have resulËed from a micro-scale

discribution of the aLgae ( McAlice L97O; Cassie L962 ). The auËumnal increase

r^las attribuËabLe to Stephanodiscus sp. but occurred considerably earlier

than the EtephanodÍscus sp. increase at the other tÌnro sËations.

The Chl-orophyceae successíon possessed a similar pat,Éern to that l-ocated

aË station 2. Schroederia setiEera was primaril-y responsíbLe for the spring

Íncrease in assocíatÍon with StÍchococcus subtilis, a species noË presenË

at sËaËíon 2. The typícal shaLLow r,rater algae forms of Ankístrodesmus,

Chl-amvdomonas, PedíasËrum and Scenedesmus ( HuËchinson L967 ), were subdominanË

genera on1-y in the sprÍng and occurred sporadÍcaLLy and in low numbers at

oËher Ëimes of Ëhe year.

Cyanophyceae aË sËation 3 produced a differenË successÍonal- paEËern to

thaË experienced at the other two staËÍons. The iniËiaL spring occurrence

tras comprísed of Lvngvba bergeii as welL as OscÍLlaËoría spp. Midsummer

increases of bl-ue-green algae rrere noË presenË at. thís sËation. OscÍlLatoria

sp. occurred sporadically and Ín l-ow numbers at

Ëhroughout the rrarm summer perÍod. An increase

took pLace during the same period but aE a larger magnítude than occurred

at the oËher statíons.

The Chrysophyceae at sËaËion 3 were of 1imíted ecoLogical sÍgnifícance,

occurring sporadical-Ly and in low numbers at Ëhe surface on1_y.

Euglenophyceae were charactexlzed by an earl-y auELmn increase at both

sampling depths, T,,tÍËh an occassional appearance Ëhroughout the remainder of

Ëhe sampLÍng season.

Numerical data for the a1-gae aË sËation 3 are presented in Appendices

11 and l-2.

both sampling depths

in Aphanizomenon flos-aquae
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At sËatíon 3 the high numbers of planktonic Bacillariophyceae may have

resulËed from the l-ack of epíphytíc diatoms aË thÍs sËatíon, if Jorgensonts

theory was adopted. The absence of an auËumrlaL increase in diaËoms may be

theorized in the same manner as sËaËion 2. Low autumnal- numbers of epiphyËic

genera resulted from the lack of fil-amentous algae and aquaËic macrophytes.

Mid-summer blooms of Cyanophyceae hreïe non-existenË at station 3, with

Oscill-atorÍa spP.occurring sporadicaLLy and in low numbers. A possible expl-anation

for Ëhe Lack of a mid-summer increase r,¡as Ëhe presence of an inhibítory

subsËance secreted by the Large numbers of Nostoc verrucosum, a benthic aLga1

specíes, whích may have effect,ively conËrol-Led the numbers of Oscíl-laËoria.

The species of oscillatoria encountered, e-.,1¡ryþ, has been described by

Prescott ( L95L ) as a conrmon tychopl-ankËon algae. SÍnce Ëhe ecoLogical niche

which a Ëychoplankton organism ( PrescoËt L956 ), could thrÍve in was not

Present at station 3, the growËh of the organÍsm r^ras presumabLy excl-uded.

The o. tenuis found at this statÍon may have been the resul"t of wínd action

carryíng lhe a1-ga from Ëhe LittoraL zone of Ëhe pond. The increase of

Aphanizomenon fl-os-aquae whích occurred during the same period was of a

larger magnitude than that recorded for the other stations. trrtater temperature

and sol-ar radiatÍon were simiLar at al-l stations and therefore cannot be

consÍdered a facËor Ín the differentiaL growth rates of the A. fLos-aquae

Hammer ( Lg64 ) found that A. fLos-aquae occassionally persisted pasË its
optimum temperaËure of 23.5 - 26,5oC and ínto late autumn when temperacures

were low. However, Hammer ( thid ) faiLed to postulate a reason for the

shift to cooler ËemperaËures. The groT^rth of A. fl-os-aquae in other portions

of Ëhe marsh occurred duríng Ëhe warmer surtrneï months, wiËh a rapid reducËíon

ín numbers during earl-y auËumn ( Brown L969 ). According ro Hammer ( ibid ),
a high phosphate content Ís necessaxy f.or ÍËs growth. This may have been
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introduced ínto Crescent Pond from waterfowl fecal maËerial- or the decomposiËion

of algae and macrophytes.

The Euglenophyceae had an early autumn peak, wiËh an occasionaL occurrence

throughouË the summer of the sampling perÍod. Their occurrence aË station 3

may índicate a presence of required organic compounds being released to the

hrater and carried Ëo the area by wind action.

D.) PRIMARY PRODUCTION

L. ) CARBON-L4 E)GERTMENTATTON

Field Prímary Productivíty

Seasonal- vatúaËíons in the rat,e of prímary productíon, as measured by

the carbon-L4 uptake method for staËion 1, are represenËed by Figure l-4. The

integraËed value representing Èhe total míl1igrams of carbon fixed / meterz/

day have been pLotted against Ëíme. Three disËinct increases in production

r¡7ere apparent as well as trÀlo negaËíve vaLues ( ie. more dark uptake than light
uptake ). A comparÍson between the primary producEivíËy and the phyËoplankËon

succession at, staËion L, appeared to be a funct.ion of an increase in

Bacillariophyceae. The first diatom peak in the spring r¡tas not. sampled for

prÍmary producËivÍËy, but the remaÍning three increases in diatom numbers

\¡Iere rePresented by an increase ín the amount of primary productíon. Increases

Ín the numbers of Cyanophyceae produced no apparent change in the rate of

produc tívi ty.

Primary producËivity aË station 2 ( Figure 15 ), riras characterízed" by

Ëhree peaks in producEion. Euring Ëhe season, five negaËive production values

were calculaËed and were apparent.Ly responsible for Ëhe erratic nature of

production at this sËaËÍon. Primary production at sËatLon 2, possessed no

disËínct associaËion Ëo the seasonaL succession of phyËoplankËon. I,ühen the
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Bacil-lariophyceae reached a summer maximum in mÍd-Ju1y, the rate of primary

product.ion \^7as a negative value. A high producËivity value late in June was

not attributabl-e to any alga1 successional paËtern. The two productivi¡y

increases in late July and September appeared to be a funcËion of Ëhe blue-

green algae incremenËs. Ho\dever, this function r^ras noË a real phenomenon

for Ëhe blue-green aLgae recorded for t,hese periods r¡rere ennumerated form

the screened portíon of the sample.

StaLion 3, which recorded Ëhe smaLLest populatíons of phyÈoplankton aË

any given time, was characËerized by the largest productiviËy values for

Crescent Pond ( Figure 16 ). Three large peaks in producËivíËy were evident

as weLL as t!ì7o negatÍve values. Station 3 possessed the smalLest algal

populatíons and the highesË productivíty val-ues for CrescenÈ pond, aLthough

none of the peaks corresponded to any signifícant íncrease in the aLgal

popul-ation.

The primary productívity values for alL stations on Crescent pond

showed littl-e resembLance to each oËher or to any specific seasonal trend.

Station 1, had the LowesË producËivity val-ues but the highest a1-gae populations.

SËation 2 had an intermediate aLgae popuLation with an intermediate productivity

vaLue while sËatÍon 3 had high va1-ues with a low phyËoplankton population. In

order Ëo evaluate Ëhe carbon-l4 met,hod and Èo determine the cause of the hígh

dark uptake values, as weLl as Ëhe generally erratic results, a series of

fieLd and laboraËory meËhods Ìrere carríed out.

AnciLLary Carbon-14 Experímentation

The minimum, maximum and optímum LengËhs of íncubation were deËermÍned

and appLÍed to the routine carbon-l  primary producËÍon methods ( Figure 17;

Table 6 ). Although Ëhese data were ai-so quiËe erratÍc, røiEh excessiveLy high



TABLE 6: Determínatíon of the minimum, optímum and maxímum lengths of incubatíon for Crescent pond
primary productivity experiments.

Incubation Period Bottle cpm - Background Efficiency dp*

2 Hours

4 Hours

6 Hours

8 Hours

10 Hours

l-2 Hours

Light
Dark

Light
Dark

Líght
Dark

Light
Dark

Light
Dark

Light
Dark

LgL.4
2005. 0

23L2.9
L607 .7

2040.6
Ls93.6

1113.1_
L780.8

2745.2
20L5.r

2377 .2
18t_7.0

76.0%
74.0

75.5
7 4.0

7 5.0
75.5

76.0
7 6.5

75.5
7 5.0

7 4.0
73.0

25L.8
27 09 .5

3603.4
2L72.6

27 20.8
z]-LO.8

t464.6
237 4.4

3636.0
2686.6

3198. 9

2489.0

!
t\)
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values for dark upËake, iË appeared thaË an incubaËion períod of four hours

ïr7AS adequate.

MinÍmum, maxímum and opËimum val-ues for íncubated waËer to be filtered
T^7as experimentally deËermíned ( Figure 18; TabLe 7 ). A Linear reLatíonship

was found Ëo exÍst between Ëhe number of mílliliters fiLtered and the dpm.

It was apParenË from ËhÍs daËa that vol-umes filtered rÀrere appropriate,

al-though the possibility of a fÍlËraËion effect ( Arthur and Rigler L967;

Schindler and Hol"mgren L97I ) cannot be eLíminated since filter vol-umes were

not less than 5 mLs. If a fiLtratíon effecË rÀras presenË it may have resulted

in a very severe underestímation of primary product.ivity. AccordÍng Ëo

FÍgure 1-8, the Ëwo val-ues utíl-ized throughout Ëhis study ( 25 and 50 mls.)

were representatíve of Ëhe ent.ire sampLe. VariaËions Ín the l-inearity of the

line were created by varÍaËions in aLiquoË and bottLe sampl_ing.

Doty et al ( L967 ) determÍned thaË Ëhe rate of primary producËíon

varies, depending upon the tíme of day, and found Ëhat a specific one hour

period could be accurately extrapoLaËed Ëo Ëhe daÍLy producËion rate by

muLtipl-ying by t\,renty-four. The above one hour sampLing time was noË suÍtable

for Èhe determinaËion of primary producËion in Crescent Pond due Ëo a low

carbon-l4 uptake value for the first hour of incubaËion.

In order to íntegraËe Ëhe rate of primary producËÍon per unÍt surface

area, a depth curve of phoËosynthesis r^ras consËrucËed. The depth curve

( Figure L9 ) was represenËed by a highl-y erratíc l-íne. rË appeared from

these data that a high rate of phoËosynthesis occurred at the surface and

photosynthatÍc inhibition riras Ëaking place aË Ëhe 60 cm depth. In generaL,

photosynthesis in the surface r¡raËers would have been inhibited by shortwave

radiation enteríng Ëhe surface r^raters. An expLanation ïras not availabLe at

the time of sampl-ing Ëo adequaËel"y explain the occurrÍng phenomenon. An



TABLE 7: DetermÍnatíon of Ëhe mínÍmum, opËimum and maximum sampl-e vol-ume Ëo be fíltered during
prÍmary production experímentation ( carbon-1-4 ) on CrescenË Pond.

VoLume FÍltered

5 mÍ11i1iËers

10 milliliters

l-5 míl-l-ÍLíters

20 miLliliters

25 mí11-iLiters

30 mil-l-iLíËers

35 míLl-ÍLiters

40 miLLiliters

45 mi1Lilíters

50 milliliters

60 míl-1íliters

7O mi11í1íters

80 mílliLiters

100 millil-iters

cpm - Background

246.8

486.7

709.7

9s4.6

LL64.4

L4LZ.0

L285,7

L427.L

1588.6

2005. 0

2398.8

2402.s

3079.5

3766.L

E ffÍciency

75.5

7 5.5

76.0

7 6.0

75.5

75.5

7 6.0

76.0

76.0

7 6.0

7s.5

75. 0

7 3.0

7 3.5

dPm

326.9

644.6

933.8

L256.I

L542.3

'L870.2

L69L.7

rB77 .8

2090.3

2638.2

3L77.2

3203.3

42]-8.5

sL23.9

\¡
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FIGL'RE I9 :
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associaËion r¡Ias noË evídent r¡rith solar radiaËion. IË was assumed that.

fLuctuaËÍons in the phytopl-ankton popul-ation r,rrere not. great enough to create

these erratíc resuLts. ThÍs variation was laËer aËÉributed to the contaminaËed

carbon-t4 ampouLes ( NEN 555-L95, L97o ) urÍlized during this study.

A diurnaL curve of phoËosynthesís was required in order Ëo integrate

the carbon-L4 upËake results to a daíly primary productÍon raLe. This curve

( rigure 20 ), exhÍbited a high raËe of photosynËhesÍs in Ëhe earLy morning

during Low light intensíty. A rapid decline to a negative value T^ras evident,

r,7ÍÈh negatíve vaLues beíng recorded untÍl Late afternoon, at which Ëíme a

small positive val-ue occurred. Negative values were again recorded followed

by a posítive value which occurred after sunset. IË was apparent from this

experiment Ëhat productíon did noE relate to incídent radiation ín any

obvious way. IË was not known at this time, however, whether or not Ëhis

conËradíction r^Ias due to some inheïent facËor in the met,hod utilized.
An experímenË l^las performed Ëo tesË Ëhe f.ight exclusion abiLity of Ëhe

dark prímary productívity bott,les. AL sËatLon z ( 50 cm deprh ), rwo dark

botËLes were prepared and incubated fo1-LowÍng Ëhe procedures previousLy

outlÍned. AnoËher two dark bot,tles r,rrere prepared by an identical technique

and Ëhen total-Ly covered by tr^ro Layers of aLuminum foÍl. If 1-ighË r¡ras entering

the normaL dark boËtl-es, then a cause of high dark upËake would have been

establíshed. From Tabl-e 8 it was evident, ËhaË the dark bottl-e procedure beíng

uËílized in routine productivÍty studÍes was adequaËely removing 1ight,

although poor replícatÍon occurred in the experimenE. Therefore, the dark

upËake of carbon-l4 was not due to inadequate l-ight exclusion.

It Tnras thought that a varíable celLuLar particulate organíc loss through

the fiLËer may have been responsible for the erratic high dark uptake relative

to the l"ight bottle upËake. If apprecÍabl-e amounts of LabeLLed ceL1ular



TABLE 8: Result,s of a carbon-L4 uptake experímenË to determíne whether the dark bottLes utiLized
in the routine prÍmary productivÍËy experiments were 1íght-ÉighË.

BotË1e

NormaL Dark

lÊL

lL2

ExperimentaL Dark

lft

lf2

cpm - background Efficíency dpm/ 25 mLs Mean

609.6

LO97 .7

1091.6

519. 1

63.5%

61.5

62.0

05. 5

960.0

L7 84.9

L760.6

792.5

L372.5

L27 6.6

@
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materíal were being carried through the 0.45 micron fil-ter by heavy vacuum

pressure, cel1-u1-ar rupture or fil-ter rupture, an unusally low dpm would

result. rf this occurred primarily in the LÍght bottLes, Ëhe integral

cal-culaËÍon would Ëend to bias and increase the effecË of the dark bottles.

To examine the above, a refílËrat.ion of productivÍty boËtLes was performed

under low vacuum pressure. Results of thís experimenË ( Figure 2L ) showed

that some particul-aËe matter could be capËured on refilration, but thaË

rel-ative to the iniþial fíLtnation capËure, Ëhis was ínsígníficant. Also,

no signíficant difference beËween lÍght and dark bott,l-es ltras apparent.

Although extracel-lular organÍc l-oss to the fÍLtrate wouLd no¡ have

influenced high dark uptake per se, a significant excretÍon Ín the 1-ight boËtLe

may have resul-ted Ín an unusual-Ly Low light bottl-e val-ue. In the calculaËion

of primary producËivity, this would subsËantiaL1-y reduce the fÍnaL values.

On examÍning the possibLe cell-ular organic loss through the fil-Ëers,

it was evident that high vacuum pressure and subsequent rupture of cel-Ls

into the fíLtrate r¡ras noË responsibLe for the high dark upËake withín the

limiËs used. Both LÍght and dark boËËles reveaLed símíLar fí1ËraËion efficiences

but were not consistenË enough forra correction facËor to be appl-ied to the

productivity values. Tabl-e 9 índícated that a signifícant differential in

exËracelluLar excretÍon exisËed between the 1-Íght and dark botËles at both

depths sampl-ed. Both the Líght and dark bottles exhibited a hígh dark extra-

cellular excreËion aË a depth of 80 cm with the dark bottle characËerLzed by

477" greater excretíon. At the surface, the líght botLle excretion was

approximatel-y 6 tímes thaË of the dark bottLe. From this experiment it mighË

be suspected that excretion r¡ras greater bel-ow the surface, buË there ï¡ras no

indicatÍon as to an explanaËÍon of hÍgh dark uptake and erratic values.

The statistical varíabil-ÍËy between subsamples of the same rnrater sampl-e



TABLE 9z ResuLts of a carbon-LA experiment perforned at sËatLonZ?, to determine wheËher a signÍfícant
quantíËy of extracell-ular excreËíon rras occurring.

Depth Bottle Aliquot cpm - Background EfficÍency dpm/25 m1-s Mean

Surface Líght 1

Dark 1-

Dark 2

BoËËom* Light 1

LÍghr 2

Dark 1

Dark 2

ìk Denotes a sampl-e coLl-ected Ímmedíately above the sedímenË.

L65.9

2qt

30.9

LO44.6

L039. 6

1480.1

L445.L

53. s

56.0

56.0

61.0 t7L2.5

59.s L747 .2

59.0 2508.6

57.0 2535.3

3L0.1

52.L

55.2
53.7

L729.9

2522.0
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and beËr^leen subsamples of dif ferent hraËer sampl-es Ì^rere examined ( Table 10 ).
Standard devÍatÍon for the subsamples removed from any given 1-ight bottle

rdere not signÍficantl-y differenË. Dark bottle results showed larger values

Ín standard devÍatÍon than exÍsËed ín the f.ight bottle subsamples. This

indícaËed thaË more accuraËe resul-ts were obËained from any given subsample

from the light botËle and that dark bottLe subsampl-es were somewhat Less

accurate. The group data for dark and f.ight bottles produced 1-arge standard

deviations índicaËíve of poor repLication betr4Teen aLiquot.s of different

bottl-es, even though they oríginally came from Ëhe same Ì7ater sample.

As a resulL of Ëhe above fíndíngs, indicaËing poor repLÍcatíon beËween

bott.l-esr an experiment was underËaken Eo determÍne the amounË of variabilitv

expected beËween incubated bottles from dÍfferent water samples.

The group data ( TabLe L1- ) was characterLzed" by large standard errors.

Therefore, the reLiabil-iËy of the aLiquots to represent the enËire popuLation

appeared inaccurate. ThÍs indicated ËhaL eíther the phytopLankton population

was hÍgh1-y variabLe between samples colLected in close proximity, or Ëhat

Ëhere was some inherent error in the method.

It appeared necessary to statistíca1-1-y determÍne Ëhe amount of variabiLity

encountered within the three conËours sampl-ed. From the extremel-y high vaLues

of the standard deviaËion and standard error found wÍthin the 0 to 50 cm

conËour ( Table L2a ), it was concLuded agaÍn that Ëhe phytoplankËon

populations T^tere extremeLy drariabLe or Ëhat a major error was inherent rtriEhin

the carbon-l-4 technique utíLized. Both l-ight and dark bortLes were simil-arly

affected. Since this contour conËained Large areas of emergent aquatic

macrophytes, as welL as a l-arge number of, submergent macrophytes and benthic

aLgae, a variat,ion r^Ias expected. However, the variabil-ity encountered was

certainly greater than the variabíLÍty inherent r"rithin the phytoplankton



TABLE L0: Statistical analysis of the group data from an experimenË Ëo determine the variabiLíty
between alíquoËs of Ëhe same sample and aLÍquots of differenË sampLes. The boËtIes were
incubated aË staËíon 2 immedÍateLy above Ëhe sediment.

BotËLe Mean dpm/25 ml-s Varíance Standard Deviation VarÍat,Íon of Mean Standard Error

Group data for f.ight botËl-es
L700.944 29s39.923 L7t.870 3282.L6s 52.290

Group data for dark bottles
648.833 276074.4Lt 525.428 460L2.402 2L4.50s

TABLE LL: Statistical analysis of the group data from an experiment to deËermíne the variabÍl-íty
between al-íquots of different r¡rater sampl-es. The experÍmenË T,tas conducted at station 2
from rn¡ater collected and incubaËed immediatel-y above the sediment.

Bottl-e Mean dpm/25 mls VarÍance Standard DeviaËion Variatíon of Mean Standard Error

Group data for light bottles
L886.466 L235463,690 tLt.sLî 2059I0.6t5 140.615

Group data for dark bottles
Ls6L.6t6 LL78L7.757 343.245 L9636.292 L40.L29

æ
Ol



TABLE L2a : SËatistical- anaLysís

Sample and Depth

Group data for
Group daËa for
Group data for
Group data for

TABLE 1-2b ::Statistical- anaLysÍs of the data

surface lÍght :
surface dark :
boËtom lighr :

boËtom dark :

SamptreJand Depth

Group data for
Group daËa for
Group data for
Group data for

of the group data presented ín appendix l-8.

Mean

231L. 500
L694.800
2688.7 33
1_843.633

TABLE 12c : r,SËatÍstieal anal-vsís

surface líght :
surface dark :
bortom f.ighr i
bottom dark :

Sample and Depth

Group daËa for
Group data for
Group data for
Group data for

Standard Deviation

204s .37 5
Ls52.40L
796.225

L524.L52

Mean

2630.800
L622.966
L39s.966
2382.266

surface líght :
surface dark :
borrom light :
bottom dark :

presented in appendix 19.

Standard Devíation

239.834
L55.465

L609.283
27 0.087

of the group data presented ín appendix 20.

Mean

Standard Error

L1_80.898
896.898
459 .7 0L
879.970

2250.833
2135.800
2683. 500
1514.100

Standard Devíation

s62.445
1609.331_
2228.043
l_049.385

Standard Error

138.468
89.758

929.L20
L55.934,

Standard Error

324.728
929.t47

L286.36L
605,862

@\t
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popul-atÍon exc l-us ive l"y.

Results attaíned for t,he 50 - 100 cm contour ( Table LZb ) were in a

similar range as thaË experienced Ín the 0 - 50 cm contour. standard

deviation and standard error of Ëhe mean ïrere both l-arge, indicaËíng poor

agreement of carbon-L4 upËake among statíons in the 50 - 100 cm con¡our.

Although the a1-gal popuLations probabLy fLuctuated spatíaL1y withín this

contour, Ëhe varÍabÍlity appeared to exceed the values explicabl-e soLe1-y

by phytoplankËon.

The greater Ëhan L00 cm conËour ( Table L2c ) exhibited the largest

standard deviaËions and standard errors with respect to the oËher conËour

daËa. Sínce l-ow phyËop1-ankton populatÍons rrere general-l-y present in this

contour, a larger variation in primary producËion was probable. A smaller

variaËion ín a popuLat,Íon rtrÍth Lor^r numbers woul-d yieLd a higher variance

than the same deviat,ion in a Larger populaËion. IË was Later deËermined

that the results obtaÍned during these experiments r^rere a producË of contaminated

carbon-l-4 ampoul-es.

Since deviations of the magnítude found wíthin the Ëhree conËours were

probably not associated with carbon-l-4 uptake by phytopl-ankton or rapid

bacËeriaL metabol-ísm, contamínated ampouLes appeared to be the cause. ThÍs

possibiLity r^tas examined by using acid cl-eaned gLassware and gl-ass fiber

filtered Crescent Pond water. Carbon-14 was added, Ëhe sample agÍtated and

an aliquot immediately removed and processed. From the results presented in

TabLe L3 it was evident that rapid bacteriaL upËake of carbon-l4 was noË

responsÍbLe for the 1-arge dark bottl-e activityr assuming that fiLtratÍon

had effecËively removed bacteria. The¡ce'fore, it was surmised thaË the carbon-l4

ampouLes received from the New Engl-and Nuclear Corporation were contaminated

with a particulate organic substance.



TABLE L3:

BoËt1e

Líght

Light

Dark

Dark

ResuL Ës
rouËíne

of an experiment
carbon-l-4 prímary

cpm - Background

595.3

344.7

15. 0

770.L

Ëo determÍne whether the carbon-L4 ampoules utilized during
producËíviËy experíments, TiTere contaminated.

Efficíency

72.5

71.0

81. 0

66.s

dpm/25 mls

82L.L

48s.5

18. 5

1158.0

æ
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Ancillary Carbon-14 ExperímentaËion ( Laboratory )

To provide concl-usive evidence of contaminat.íon in New England Nuclear

ampoul-es of 1ot numbers 555-195 ( l97O ), 555-L95 ( L967 ) and 569-031 ( I}TO

the ampoules were subjected to a quality Eest, as described earlíer. This

test provided evídence that the ampoul-es were contaminated with a parËiculaËe

organic subsËance capable of retenËion on a 0.45 mÍcron fil-ter ( Table L4 ).
The standard deviatíons and sËandard errors for the data indícaËed the

carbon-l4 labelled parËiculate material was not a constant amount in each

ampouLe. Consequently, no correction facËor could be applied to the originaL

fÍeld data in order to compensaËe for the particulaËe error.

The possibílity of excessÍve inorganic carbon-l-4 retenËion on the fil-ter
was examíned through a seríes of experimenËs where aliquoÈs r4tere treated as

above buË the filters were eit,her rinsed'vrÍth 25 m1s of diluËe HCl or fumed

for increasing l-engths of Ëime over concenËraËed HC1. In the fírst of Ëhese

experiments ( Table 15 ), conducted on NEN 555-195 ( rgTo ) ampoules, a

Large standard deviation and sËandard error for the group daËa indicated

that the dil-ute acÍd rinse \¡ras noË able to apprecÍabLy lower the error

ÍnherenË within the ampoules

From Fígure 22, it was apparent that no appreciabl-e reducËion ín residuaL

carbon-l-4, wíth increased fíl-ter acidification Ëime, resulËed. The data from

bot,h experiments indicaËed that the carbon-l4 ampoul-es were contaminated

and t.hat the contamination was in the form of parËiculaËe organic carbon.

From the above series of Laboratory data and anal-ysis it was deemed

necessary to Produce ampoul-es within the laboratory from stock solutions

of carbon-L4 ( Amersham-Searle CFA 3-5 Mci ). These ampoules rn/ere stoïed at

room temperature for several days príor to experimenËal use.

A filter acidificaËion experiment, was conducËed ( Figure 22 ) wirh the

)'



Table 14

Ampoule

: ResuLËs of an experÍmenË designed
within ampouLes.

NENss5-195(1970 ) 1 a
tl

tl

tl

ll

tl

il

It

tl

lr
tl

rl

BotËle A1-iquot

1

2
2

3
3

4
5

5
6
6

I\TEN 55s-195 ( t967 )
ll

tr

tl

il

It

b
a
b
d

b
a
b

a
b

a
b

to reveal the amount

cpm - Background

67 0.9
637 .2
372,6
363.6
828.5
796.8
967 .3
9s4.5
403.9
434.8
385. 5
6L4.0

sL3.940
209.8L5

1_9.0
15.7
16. 0
13. 3
8.3

L2.8
1-9. 700

3. 004
L.7 34

Mean : L265.333
Standard DeviaËion :
Standard Error :

1

1

2
2
3
3

of particulate organic materiaL

E fficiency

47.s%
50.0
54.0
50.0
52.5
5L.5
48.0
44.0
46.0
55. 0
46.0
48.s

a
b
a
b
4

b

Mean :
Standard Devíation :
Standard Error :

dpm/50 mLs

L4L2.O
L27 4.4
690.0
725.2

1578.0
L547 .2
20t5.2
2169.3
878.0
790.5
838.0

L266.0

Mean

1343.2

707.6

t562.6

2092.3

834.3

1_052. 0

80.5
80.5
7 4.5
7 3.0
52.5
7 3.5

23.6
19.5
2L.5
L8.2
15.8
L7 .4

22.6

L9.9

L6.6

\o
H



TABLE 14 : continued

Ampoule Bottl-e AliquoË cpm - Background Effícíency dpm/50 mls Mean

NEN s60-013 ( 1970 )

tl

ll

n

il

il

ll

tl

tl

tl

It

1a
1b
2a
2b
3a
3b
t,^+4

4b
5a
5b
6a
6b

382.5
394.7
480.7
528.5
493.6
508. 9
496.6
5L7 .5
457 ,L
498.0
540.6
542,0

855.000Mean :

Standard DevíaËion : 98.368
Standard Elrror z 40.L58

54.5% 701.8
s7.0 692.s 697.2
50.0 96L.4
53.5 987.9 974.7
s9.5 829.6
62.5 8t4.2 82L.9
57 .5 863.7
57 .5
54.5
62.0 803.2 82L.0
57.5 940.2
58.5 926.s 933.4

900. 0 881_.9
838. 7

\o
N]



TABLE L5 : VaLues of an experiment designed to reveal- whether an acid rinse of the fiLËer was capabLe
of eLímínating the particul-aËe organic material within Ëhe NEN 555-1-95 ( lgTO ) ampoules.

Bottle Aliquot cpm - Background Effícíency dpm/50 mLs Mean

1 a 733.2 46.5% 1576.8
1 b 774.L 46.0 L682.8 1629.8

2 a L0BZ.3 42.0 2576.9
2 b tL96.3 48.5 2466.6 252L.8

'3 a 1-153.9 48.5 2379.2
3 b 1081.6 46,5 2326.0 2352.6

Mean : 2L68.066
Standard Devi,arion z 473.767
Standard Error 2 273.529

(¡)



To Face Fígure 22 :

The relaËíonship between dpm/25 mill-ílÍter alíquoË
and the acídificaËion Ëíme over fuming
hydrochloric acíd. The arroTirs indicaËe Índícate the
fínaL subsampLe from the first bottl-es Ín each
ampoule group.

Legend:

open-square NEN 555-195 ( L970 )
closed-square A,;S laboratoîy produced ampoul-es
open-circle NEN 555-195 ( 1967 )
cLosed-square NEN 560-031 ( 1970 )
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l-aboratory ampoules. The data indÍcated low vaLues for acidÍfication time,

provÍding concLusíve evídence ËhaË che 30 second acidification time used in

rout.ine experimenËs r^Ias sufficient Ëo remove excess inorganic carbon-l4. IÈ

was concl-uded that Ëhe only ampoule suítabLe for primary producËivíty

evaluations ïras the l-aboratory produced Ëype.

PlaËË and IrwÍn ( 1968 ) routíneIy fíl-tered the ampoules prior to

utilization in prímary productivity experiments. An experiment l¡ras conducEed

to determíne the extent of organic partÍculate removaL during ampouLe

filtraLion. Tabl-e L6a and 16b provided evidence Ëhat fíLtration of carbon-I4

ampoules prior to use in experíment.s, substantíaLl_y reduces the dpm

inËroduced by particulaËe organic contaminants. It was evident that the

l-aboratory produced ampoules \^rere relativeLy free of partÍcuLate organic

matter and thaË the NEN 555-L95 ( 1-970 ), and NEN 560-03L ( 1970 ) ampoules

contaíned substanËial organÍc maËeriaL capabLe of reËention on a 0.45 micron

filter. The amount of organic material- remaining in the NEN 555-1-95 ( 1970 )

aliquots after fÍl-tratÍon r¡Ias variable. From Ëhis íË was concl-uded thaË an

0.45 mÍcron fÍltraËion prior to experimental use would not, neccessarily

remove the organic matter. A 0.1-0 micron fiLtration r¡ras also noË suíËabLe

for accurate reducËion of the conËaminanË Ëo a l-eveL aË which the isotope

coul"d be util-ized or where a correcLion facËor could be applied. Laboratory

produced ampoules were suitabLe fsr direcË experÍmental use without. prior

fí1 tratíon.

Since one fiLtration of the ampoul-e contents was noË capabLe of

reducing the conËamÍnant to a suitabLe l-eveL, an experiment was undertaken

Ëo deËermine the number of fiLËrations necessary to do so. TabLe 17 indicated

that for both pore sizes, tÌro fil-trations r¡reïe necessary to effectively

remove Ëhe contamínant wiËhin Ëhe ampoules. NEN 560-031 ( L970 ) were



TABLE L6a : Represents the resuLts of experíments to determine the effect of ampoul-e filËration
through 0.45 mÍcron and 0.L0 mÍcron fíl-ters, príor to util-ízation in experimenËs.
Values of carbon-l4 retention on fíLters as a resul-t of Ëhe direct fiLtratíon of ampoules.

FilËer SÍze Filter NEN 555-195 ( L970 ) NEI.I 560-031 ( L970 ) ,,'1;äb produced

0.45 micron 1,r2
tt3
,r4
tt5
tt6

0. L0 micron L,r2

dprn/f ilter

L009.2
976,9

L222.6
21_22.3
1107.8
LLs4.4

36.L
802.4

dprn/ f i1- ter

17 00.7
1638.4
L899.6

1668.8
1043.0

dPm/ f il-ter

31. 3
LL.2
L2.6

27.9
13.9

\o
o\



TABLE 16b :

FÍlËer Size

0.45 micron
il

tl

tl

rl

il

il

tl

il

tl

tl

tl

0.10 micron
fr

il
tl

Val-ues Ln ð'pm/Z1mLs from the fíl-tered carbon-L4 ampouLes i¿hÍch were added to DDDMF
ïrater in L25 ml bottles and subsequently sampl-ed.

FilËer

1_

1

2
2
3
3
4
+
5

5
6
6

ALíquot

a
b
a
b
a
b

4

b

a
b

a
b

NEN sss-lgs ( L97O
dpm/25 mls

7 0.4
51. 0

133. I
L32.3
to7 .4
L35.9
t6.2
L5.6

L49.6
L7 6.0
2s5.4
L98.2

23.2
34.9

L41.2
L49.5

1
1

2
2

) NEN s60-031 ( 1970 )
dpm/25 rnls

L5.2
L8.6
25.4
26.9
57 .2
72.4

a
b
a
b

tab Produced
dpm/25 mls

L2.2
15. 0
39. 3
49.4
L7 .9
32.t

48. 8
83.7
)t.o
67 .2

5L.6
55.3
7 3.L
4s.3

\o\¡



TABLE 17 : ResuLts of an experímenË to determÍne the number of fílËraËions of Ëhe carbon-l-4 soLuËion
whích was requÍred to effect,ivel-y remove thê organic parËicul-aËe matËer príor to uEiLízaËíon
ín experimenËs. The experiment T^7as performed on thro fiIËer sízes and three ampoule types.

Fil-ter Size Fil-tration NEN 555-l-95 ( l97O ) NEN 560-031 ( I97O ) Lab produced

0.45 micron 1
tt2
tt3
,r4
tt5
,r6

0.10 mÍcron
ll

fl

It

dPm/ f il- ter

1107.8
L76.0
LL.4
3.2
L.9
2.L

EBøz.4
L49.s
10.0
9.5
s.9
6.0

I
2
3

6

dPm/fÍlter

L7 00.7
L5.2
5.0
3.3
4.0
3.2

1043.0
67.2
L4,6
6.6
4.5
4.6

dpm/ f i1- Ëer

32.I
L2.6
2.7
2.8
1.6
1.5

45.1
1_3.9

4.9
,a
3.1
?1

\o
@



effectivel-y reduced after one filtraËion during thÍs experimenË. The

l-aboraËory produced arnpoul-es díd not require filtratíon.

2. ) OXycEN EVOLUTTON E)GERTMENTATTON

FÍeId Primary ProducËiviËy

Primary producËivíËy as deËermined by the oxygen evolutíon method at

stations tr 2 and,3 ( Fígures 23, 24 anð,25 respectively ) showed that, the

lowesË seasonal productivÍty occurred at staËion j-. At statíon 2, the

primary productivity was greatest, while sËation 3 possessed an intermediaËe

value.

Four distinct increases ín primary productÍon were evident at stations

1 and 3, whÍ1-e station 2 was characterizeð, by three pulses. The main

increases ín production occurred at similar Ëimes of Ëhe year at aLl three

sËaËions. In ÍLl-ustrating the resulËs, a1-1- negative vaLues were omíËted.

The prímary productivity measured by Ëhe oxygen evolution meËhod at

station 1-, appeared to cLosely approximate the rise and faLl of algaL

populations. Initial-1y, the prÍmary production raËes mayebe attribuËed to

the high populations of BaciLlariophyceae. The second small- increase Ín

producËíon aLso appeared to be the resuLt of Bacíllariophyceae whiLe the

third íncrease appeared to be a funcËion of t.he Cyanophyceae. Since mosË of

Ëhe Cyanophyceae were filtered from Ëhe botËles prior to incubation, Ëhe

association was probably an arËifact of sampLing rather Ëhan a deviation in

the aLggL popuLation. The final increase in product,ion resuLted from an

increase in Bacil-Lariophyceae during auËumn.

At sËation 2, the producËivity values were higher than Ëhose found at

station 1, even though higher populatíons of aLgae hrere found at Ëhe LatËer

station. This was probably due to the depth differences between statÍons more

99.
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than compensatíng for the a1ga1- populaËion differences when an Íntegrated

value was pl-otted. The primary product,iviËy values correspond to the

BaciLlaríophyceae fLucËuations at sËat,íon 2 with the excepËion of Ëhe second

increment. This increase did not correspond to any recorded aLgae popul-aËíon,

but may represent an undetermÍned increase in algae or an arËífact of

sampLing.

Algae popul-aËions hrere l-ower at station 3 than at the other stations

and was attributed to the depth integrated vaLues. Production vaLues for
staËion 3 did noË correspond to any series of algal fl-ucËuatÍons with Ëhe

exceptÍon of the first íncrease, whÍch r,ías associated wiËh the spring rise

in numbers of Bacillariophyceae. The remaÍning increments in primary

productivíty may have resuLted from the unrecorded fl-uctuat,ions in algae

popuLatÍons, or from sampl_íng errors.

StaËÍstÍcal Analysis of the Oxygen Method

The accuracy of the oxygen vaLues from one van Dorn r¡laËer sampLer

was examined ( Tabl-e 18 ). An anal-ysis of variance yíelded a value which

was signíficant at both the 5% and the 17" levels ( Table 18 ). The vaLue

indicaËed that the rel-iability of the títraËions to accurately assess Ëhe

oxygen was well- wíthín Ëhe limit of the 0.05 me/lÍter whích was the highest

titration differential_ recorded.

SEatisticaL reproducibÍ1ity of productíon val-ues r¡ras examined by

multÍple simul-taneous incubatíons of samples. The statistical- analysis of

the daËa showed a Lowi4standard devíaËion for rhe light bortl-es wíth sLíghtly

higher values for the dark bottles aË the surface ( table L9 ). Exrremely

accurate repLication of f-ight bottle tit,rations occurred at the surface.

Repl-ication of the dark boËËLes \¡ras noL as consËanË as that found in the light



TABLE 18 : ResuLËs of an experíment Ëo determÍne
from the same and frorn differenË \^taËer

üIater Sample

1_

2

Aliquot A

7 .95

8.03

8. 05

8.10

An anaLysís of varÍance ( F tesÉ ) of the. above daËa
yielded a value of 1.333 which rtuas signÍficant at both
the 5% ( 4.07 ) and L% ( 7.59 ) Levels"( RÍchmonð, L964 ).
Therefore the hypothesís Ëhat variatíon within hraËer samples
was equal Ëo Ëhe varíabiLíty beËween samples ( ie. the
data are homogeneous ), may be accepted.

Aliquot B

8. 05

8.05

8. 00

8.1_0

reproducib i1-íty
samples.

Alíquot C

9.05

8.1_0

8.05

8. 05

of the dissoLved

Mean

8.02

8.06

8.03

g.0g

oxygen concentraËions

H



TABLE L9 : Results of an oxygen evolution experÍment desígned Ëo reveal the reproducibilityof productÍviËy val-ues determined by muLËípLe símultaneous incubaËioã of bottles.
Results are expressed as mg of dissolved oxygen / LLter.

Depth

Surface
il

ll

tl

It

ll

I¡Iater Sample

L

2
3
4
5
6

80 cm
tl

tl

tl

tt

il

InítÍal DissoLved Oxygen Light Bottle

1

2
3

5
6

StaËisËical anal-ysís of

Bottl-e

TABLE 1.9b

Depth

Surface
il

ft

B0 cms
fl

lr

5.40 ne/L
5.2s
5.40
5. 35
5.40
5. 30

5. 30
s. 35
f,. J)
5.40
5.40
5.40

Inítial Dissol-ved Oxygen 5.350
LÍght Botrle 5.L75
Dark BoËËLe 5.158

Initial Díssolved Oxygen 5.366
Light Bottl-e 5.150
Dark Bor,Ële 5. i_08

5.20 ng/l
5. 15
5. 15
5.20
5.20
5. r.5

5. 15
5. 05
5. 1_5

s. 1_5

5.20
5.20

the data presenËed in Tabl_e 19.

Dark Bottle LÍght - Dark

Mean

5.10 mgl1
s.15
5. 15
5.20
5. 30
5. 05

s. 10
5.10
5. 05
5.10
s. L5
5. 15

Standard Deviation

0.054
0.000
0.083

0.031
0.044
0.031

+0.10
0.00
0.00
0.00

-0.10
+0.10

+0.05
-0.05
+0.10
+0.05
+0.05
+0.05

Standard Error

0.000
0.000
0.031

0.000
0.000
0.000

H
(r¡
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and may be responsible for naËuraL fl-ucËuations in primary production

uLilizing the oxygen evolution method.

The sÈandard devÍations of sampLes ímmedíatel-y above the sediment,

for both 1-ight and dark bottLes, r¡rere wel-l beLow Ëhe 0.05 mg/liter l-imit

of the titraEion. StaËistical anaLysis of the data indÍcated ËhaË Ëhe oxygen

evol"ution method of primary production was relaËível-y accurate in spiËe of

the Loïs oxygen changes measured, or may have been insensiËive to change

at, Ëhe particular oxygen Level at hrhÍch Ëhe tests were conducted.

The abiliËy of each of the stations 1, 2 and 3 Ëo represent Ëhe entire

contour in which they were present was examined by simulËaneous sampling

of the three random stations wíthín each contour.

Standard errors were caLculaËed from the mean of Ëhe Ínitial dissoLved

oxygen concenËratíons for both Ëhe surface and the above sediment sampl-es.

In addiËíon, standard deviations were deËermÍned for Ëhe neË val-ues of

production.

The 0 to 50 cm conËour ( tabLe 20 ) was characterized by large standard

errors at boËh the surface and immedíaËely above the sediment,, indicating

large differences ín initial díssolved oxygen concenËrations. The net, val-ues

for Ëhe surface possessed a sËandard error which approached the l-imiÈs of the

method. Net val-ues above the sediment ïrere characterLzed bv a Low standard

error.

InÍtial dissoLved oxygen concentrations varied considerably Less Ín

the 50 to L00 cm conËour ( Table 20 ). Net values for both depths had

standard errors which exceeded the limíts of the dissoLved oxygen test

( rabLe 20 ).

From the computed statisËics of the ínitial oxygen concenËraËions

in the greater than 100 cm contour ( Table 20 ), it was evident Ëhat Ëhe



TABLE 20 : StatísticaL analysis of Ëhe dissol-ved oxygen concenËrations wÍthÍn the three contours
Sampl-es were col-l-ecËed aË Ëhe surface and inrnediaËel-y above the sedimenË aË three
stations in each of Ëhe three conËours.

ConËour Depth Analysís Mean Standard Devíatíon SËandard Error

0 to 50 cm contour
Surface IniËial_ Oxygen 5.643

" LÍght - Dark 0.026

Depth:t IníËiaL Oxygen 5.61-3
" Líght - Dark 0.097

50 to l-00 cm contour
Surface InitiaL Oxygen 7.953

" Lighr - Dark 0.060

Depth:t IníËial Oxygen 8.637
" Lighr - Dark 0.0233

Greater than 100 cm contour
Surface Inítíal Oxygen 5.937

" Líght - Dark 0.027

DepËh:t Initial Oxygen 5.377
" Light - Dark 0,100

:k DenoLes a sampl-e colLected immediateLy above Ëhe sedÍment.

0.7 86
0.068

0.810
0.040

0.0927
0.081_8

0;060
0,0927

0.500
0.055

0.395
0.050

0.4s4
0.039

0.468
0.022

0.0529
0.0469

0.035
0.0s29

0.286
0.032

0.228
0.028

H

{
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dissoLved oxygen did not vary greatl-y. Standard errors for the net val-ues

were wiËhín the lirnits of the tesË. Data indícaËed that Ëhe variaËion in

productívíty was greatest in the 0 Ë0 50 cm contour and hras more uniform

in the oËher tülo conËours. Therefore, primary productivity data col-lected

for station I was consÍderably less accurate in representing the ent,ire

contour than the data colLected for süations 2 and 3.

Oxygen EvoLution Fiel-d Experimentatíon

The opËÍmum, mínimum and maxÍmum length of incubaËion for oxygen

producËivity samples r¡ras examined by varying Ëhe 1-ength of the incubation

period. Data in Figure 26 indLcated a minímum incubaËion time of two hours

and that maximum and opt.ímum incubation Ëimes hTere not reached. A time períod

of four hours was sel-ecLed for use in experíments to correspond with the

carbon-l4 experimenÈ incubations. This enabLed the dírecË comparison of

primary producËion beËween the oxygen and carbon-l4 methods.

The diurnal curve of photosynthesús produced by the oxygen evolution

method was characterized by a bimodal- curve ( Figure 27 ). However, values

.t^Iere noË consísËenË enough to appl-y a correction facËor for daily production

estimates. The morning peak of production .t¡ras greaËer than thaÈ which

occurred in the afternoon and was consísËent wÍth other studies ( Doty s¡

aL L967; Doty and Oguri L957; Odum 1957; Verduin L957; Ryrher L956;
Jackson and
McFadden L954 ). IË appeared from Figure 27 that Ëhe reducËion in oxygen

evoLution corresponded to incÍdent solar radiaËion ( Doty et aL L967;

Doty and OgurÍ L957 ).

utí1izúng gross photosynthesÍs measurements, odum L957 prod,uced a

meËhod based on diurnal oxygen fLuctuations. Ot,her authors ( McConnell

L965,1962; Kemmerer and NeuhoLð,1969 ) have used the meËhod with success.
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Crescent Pond couLd have been regulated by this meËhod if overall gross

photosynthesÍs r^ras the onLy va1-ue required.

The bímodal- diurnal curve of photosynËhesís was characterized by a

peak production in the morning, being consistent with the findings of many

authors ( Newhouse er al L9673 DoËy and ogurí L957; odum 1957; verduin

L957; Ryther L956; Jackson and McFadden l-954 ). rhe dara indícared ËhaË rhe

reduction in the rate of oxygen evoLutÍon was reLated Eo the amount, of

incÍdent sol-ar radÍation ( Newhouse et al L967; Dory and oguri rg57 ).
Bamforth ( L96L ) found the dÍurnal- oxygen cycle Ëo be mÍníma1 before

sunrise and maximal two to Ëhree hours prÍor Ëo sunset. These changes ín

oxygen concentratíons have been attrÍbuËed to the migratíon of pl-anktoníc

organisms ( Bamforth L961; Blum 1954). If Ëhe phyËopLankton migrate ahTay

from an area during the high f.ight periods of the day, a reduction ín the

rate of prirnary production wouLd have resulted. Although the migratÍon

may occur ín ot,her areas, it appeared that incident soLar radiation was

Ëhe limiting facËor due Eo the l-ack of 1-arge numbers of phytopl_ankËon

capable of a migraËory patËern.

The photosynrhesís depth curve ( rable 2L ) was highLy írregular. A

positive value r^7as present aË the l-0 cm depËh whil-e zero vaLues T¡rere recorded

for the 2o anð.30 cm depths. A negatÍve vaLue \¡ras presenË at the 40 cm

depth, the on1-y depth ar whích this occurred. A value of 0.05 mg/lÍter

was produced aË 50, 60, 70 and 80 cm depths. AË 90 cm, 0.15 mg/i_iter were

evoLved.



TABLE

Depth

L0 cms

20 cms

30 cms

40 cms

50 cms

60 cms

70 cms

80 cms

90 cms

2L: Results of an experimenË performed aË staËíon 3 to determine Ëhe phoËosyntheËic
depth curve with respect to the oxygen evol_ution meËhod.

rnitial DissoLved oxygen LÍght Botrlei,' Dark Bot,tle Light - Dark

7 .90 7 .75 7 .60 +0.15

7 .95 7. 80 7. 80 +0. oo

8.00 7.75 7.75 +0.00

7 .90 7 .75 7 .85 -0.1_O

7 .90 7 .85 7. 80 +0.05

7 .90 7 .85 7. 80 +0. 05

7.95 7.80 7.75 +0.05

7 .85 7.80 7 ,75 +0.05

7 .85 7 .80 7 .65 +0. L5

H
H
t\)



SUMMARY AND CONCLUSIONS

Crescent Pond had no long-term thermal stratificaËion due Ëo i¡s

shal-l-ow depth. However, daiLy temperature flucËuat,ions were often pronounced

and períodíca1-Ly created a micro-Ëhermal stratífÍcation.

A relatíonship between pH and riraEer depth, where an increase in pH

occurred with a decrease in depth, r^ras mosË noËíceable in Late ì4ay,

mid-July and LaËe SepËember. The analytical carbon dioxide content declined

rapídly !üith the ,í.ncrease Ín pH and the decrease in waËer depth, and reached

0 mg/l by late June aË alL statíons. The changes in the pH, co, and totaL

aLkalínity üIere considerable and undoubËedly had an effecË on Ëhe bioLogical

components of CrescenË Pond.

The concent,ration of díssol-ved oxygen often fluctuated widely among

staÈíons and between t,he two depths sampled. Values general-ly were higher

in the surface Ëhan ímmediateLy above the sedimenË at staËion 1, whÍLe

stations 2 and' 3 were characËerized by higher concenËrations in the botËom

T¡7Atef S.

The seasonal succession of Ëhe phyËoplankton varied considerabLy among

Ëhe three sËations as weLl as beËween the two depths sampLed. This was atypical

of the 1-argerr¡rater bodies wiÈhin Delta Marsh and conËained many aLga1 forms

typÍcal of epiphytic and benËhíc communiËies. The lack of sÍmilariry in
a successional PatËern of the phytoplankËon, among staËions and bet\¡reen

depths, rrTas probabLy due to the differing ecological nÍches in each area.

The prímary production, as determined by the carbon-l4 method, was

highly variabLe among stations and between depths. trühen compared to Ëhe

a1gal- successíon, an assocíation r^ras not. evident. Station 1 possessed the

lowest production val-ues but the highesË algae popuLations. SËation 2 had,

113.
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intermediate productivity values while staËion 3 was characterized by high

values of producËion with a low phytoplankËon population. At all- stations

and depths, high values for dark uptake occurred sporadicaLly and resulted

in negative production values for that period.

In order Ëo evaluate the carbon-I4 meËhod and Ëo determine t,he cause

of Ëhe high dark uptake, as well as Ëhe generally erratic results, a series

of field and LaboraËory experíments Ìnreïe carried

\¡7ere carríed out to determine the following:

a. ) minimum, maximum and optÍmum incubation

b. ) minimum, maxímum and opËimum amounts of

fíLtered,

c.) the raËe of primary producËion with respect to depth,

d.) the rate of primary production with respect to the diurnal- rate,

e.) the extenË of celluLar parËicuLate organic loss through the fi1Ëer,

f . ) the extent of ext.racelLular excretion.

The statístical- varíability beËween subsamples of the same water sample

and between subsamples of different water samples T^rere examined. Results

Índicated Ëhat subsampLey'obtained from any given bottl-e r^rere staListically
equal, while those removed from different bottles \¡rere consÍderablv less

accurate.

Due to the erratic results obtained in mosË experiments, a number of

additionaL experimenLs \^rere conducted to provide concl-usive evidence of

parËiculat,e organic conËaminaËion withín the New England Nuclear ampouLes

of lot numbers 555-195 (1970), 555-L95 (L967) and 569-03L (L970) . Ampoules

of carbon-l-4 were produced within the LaboraËory from rad.ioacËive sËock

solutions, and examined in an identicaL manner as the commercially

produced ampoules. The Laboratory produced ampoules r^rere found Ëo be free

ouË. In situ experimenËs

lengËh,

íncubated rdaËer to be
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of parËiculate organic matter.

Primary product,Íon as measured by the carbon-1-4 uptake method, \^ras

not, accuraEe due Ëo a parËicul-aËe organíc subsËance contained within the

commercially prepared New England Nuclear ampouLes. The ampoul-es produced

ín the Laboratory from radioactive stock soLutions contained no appreciable

organic ParticuLaËe contamÍnatÍon and are recommended for use in routine

primary producËion sËudíes.

The primary production values at differenc statíons as determined by

the oxygen evoluEion method, showed a similarity with respect to periods

of increase. Production values r¡rere more closely associaËed wiËh the algal

fluctuaËions than was found during the carbon-l4 anaLyses. Similar in siËu

field experimenËs and sËaËisËícaL analyses, as those conducted for the

carbon-l4 method, r^rere performed util-izíng Ëhe oxygen evoluËion method.

The oxygen evoLution method \¡ras more accurate in represent.ing the

prÍmary production of the phyËoplankton component.. However, íf contamÍnation

had been absent from Ëhe carbon-l-4 ampouLes, then Ëhe radio-carbon met,hod,

due to its greater accuracy at Low Levels of producËion, would probably have

beerù{.more'rsr¡ftãble considering Ëhe low numbers of phytopLankËon present.
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APPENDIX

Ampoule

1

I
1

2
2
2

3
3
J

1 : DeterminaËÍon of tota1 activiËy of New England Nucl-ear ampouLes ( i,ot Number 555-195,
L970 , derived from Ëhree - one lambda aLiquoËs from each of three ampoul-es.

A1íquot

a
b

c

a
b

c

cpm-Background

327 5L.3
30324.0
327 5t.3

33420.0
3L4gL.O
31491_.0

321_08.8
3l_491.0
30324.0

88.50 x 106

9.833 x l-06

Sum of Specific Activity

Mean Specifíc Activity :

a
b

c

Efficíency

81.5
79.0
82. 0

81.5
80.0
81.5

80.5
80.5
81. 0

dpm

40L85.6
38384.8
29940.6

41006. L

39363. 8
38639. 3

30886. 7

3911_9. 3
37437.0

Specífic ActiviËy

10.05
9.60
9.99

t0.25
9.84
9.66

9.97
9.78
9.36

x
x
x

tsE
l-00

L09
10:
100

L09
10:
100

x
x
X

x
x
x



APPENDIX 2 :

Ampoul-e

1

I
1

2
2
2

J
3

4
4

5

5
5

Determination of ËotaL activiËy of laboratory produced ampoules ( Amersham-Searl_e sËock
solut,ion ) deríved from three - one lambda al-íquots from each of five ampoules.

Aliquot

a
b

c

cpm-Background

6924.5
6924.s
7L36.7

7362.3
7 67 4.L
7296.4

7 362.3
7429.4
7 07 4.7

6308.0
6L4L.5
62LL.8

6954.0
7L99.0
67 52.3

z L29.86 x 106

8.656 x 1-06

a
b

c

a

b

c

a
b

c

Sum of Total- AcËiviËv

Mean Total Actívítv :

E ffícíency

8L.0
80.5
81_. 0

81. 0
80.5
80.5

80.0
80. 5
81.0

81.0
80.5
80.5

80.5
81.0
80.5

a
b

dp*

8548.8
8601.9
8810.7

9089.3
9533.0
9063.9

9202.9
9229.L
8734.2

7787.7
7629.2
77L6.5

8638. 5
8887 .7
8388. 0

Specific Actívity

8.549 x l"06
8.602 x 109
8.811 x lOo

e.08e x 109
9.s33 x 109
g.064 x LOo

g.203 * 10:
9.229 x 10!
8.734 x lOo

7.788 x ro!
7.629 "x 101
7.7L7 x 10o

8.639 x Lo9
8.888 x 10?
8.388 x l-0o



APPENDIX 3 :

DaËe

I{ay L2
May L5
NIay L7
NIay 2L
r'4.ay 22
YIay 23
I{ay 26
May 29
June 2
June 5
June 6
June 9
June 10
June 11
June 12
June 13
June l-4
June 16
June 19
June 20
June 23
June 24
June 25
June 30
July 5
Ju1-y 9
July 10
July 14
July 17
JuLy 22

:k Refers

TemperaËure regíme of CrescenË Pond
recorded in degrees centigrade.

SËatÍon 1

Surface

15. 0

13.0

23.0

20.o

L9.5

Station 1

Bottom:k

t2.5

L2.8

22.3

20.0

L9.5

Station
Surface

7.0
5.8

13. s
14.s
L7 .O
18.0
L3.0
13.0
23.5
2L.5
23.8
20.0"
20.5
20.0
L9.5
22,0
24.0
2r.5
18.5
20.5
18.0
23.5
20.5
22.3
21,.0
23.3
26.3
28.0
23.s

for Ëhe summer

2 Statí.on 2
Bottom:k

2L.0

21,5
18.5

22.0

23,5

28.0

of L970. The temperaËure ,üras

L4.3

L2.8

22.5

20.0

20.0

2L.0

2L.5
1_8.5

22.0

23.5

27.0

Station 3
Surface

to sample Ëemperature -taken immediately above the

14.8

t2.8

23.0

20.0

20.0

Station 3
BoËËom:l

2L.5

2L.O
18.0

22.5

23.0

27.0

Mean

7.0
5.8

13.5
L4.2
L7 .O
18.0
L2.6
13.0
22.9
2L.5
23.8
20.0
20.5
19.83
19.5
22.0
24.0
2L.4
18.5
20.8
1_8. L

23.5
20.5
22.4
2L.0
23.2
26.3
27.34
23.5
2L.5

14.0

11.3

23.0

20.0

20.0

2L.8

20.0
L8. 0

22.5

23.0

27 .0

2L.5

2t.8

20.0
18.0

23.0

23.0

27.0

2L.5

benthic sediments

contÍnued



AP?ENDIX 3

Date

JuLy 23
JuLy 24
JuLy 27
July 28
July 30
July 31
Aug. 4
Aug. 6
Aug. 7

Aug. 1-1

Aug. 13
Aug. L4
Aug. L8
Aug. 20
Aug. 2l
Aug. 24
Aug. 28
Sept. L

Sept. 3
Sept. 8
Sept. L0
Sept.13
Sept.15
Sept. lB
Oct. 4
Oct.25

: continued

Statíon 1

Surface

l_9. s

24.s
23.5
24.0

L9.s
24.s

22.0
25.0

23.5
L7 .O

1_8.5

17 .o
2L.0
15. 5
t2.0
L0.5
10.0
L2,3
6.0
7.5

Station L

BotËom:k

19. 5

22.5
23.0
24.5

t_9. 0
24.0

2L.5
24.s

23.0
L7. 0

18.0

L6.8
2L.0
15. 5
11_. B

10. 5
10.0
12.3
6.0
7.5

Statíon
Surface

19. 8
19. 5
24.0
24.0
24.0
2L.O
20.0
24.s
25,0
22.5
24.0
22.0
22.0
t6.5
15. 0
18.0
1_8.0
L7 .3
2L,0
L6. 0
L2.O
9.5

1_0.0
13. 5

-7^

2 Station 2
Bott,om:k

19. 8

24.0
23.5
24,5

L9.5
24.0

22.5
24.0

22.0
t6.s

18.0

17 .3
2L.0
16.0
L2.O
9.5
9.s

13. 5
7.0

'k Refers to sampLe temperaËure Ëaken irnmediatel-y above the benthic sedÍmenËs.

Station 3 StaËion 3
Surface BoËtomrk

19.8 19.8

23.3 23.5
23.8 23.8
24.0 24.0

20.0 20.0
24.0 24.0

23.0 23.0
24.s 24.0

22.0 22.0
16 .s 16. s

18.0 L8.0

17.5 L7.3
2L.0 zL.O
16.5 16. 0
1_3.5 L3.5
9.0 9.0
9.s 9.5

13.5 13.5
10.5 10.4

7 .5 7.5

Mean

Lg,7
L9.5
23.6
23.6
24.2
2L.O
19.7
24,2
25.0
22.4
24,33
22.0
22.42
l_6.9
L5. 0
18.1
18.0
L7 .2
2L.O
15.9
L2.5
9.7
9.75

13.1_

7,8
7.5



AP?ENDIX l+ ! pH, carbon dioxíde and alkaLiniÈy vaLues for Crescent Pond during the summex of L97O
( Station 1 ).

Date Depch pH Carbon DÍoxide Phenolphthalein Toral Al-kalinity

lvlay 27 Surface 8.00 7.0 ne/l
DepËh* 8.00 6.5

June 3 Surface 7.90 5.0
Depth 7.90 6.0

June 10 Surface 7.80 7.0
Depth 7 .70 8.0

June L7 Surface 7 .9O 6.0
Depth 7 ,90 6.0

June 24 Surface 8.00 7.0
Depth 7.9O 7.5

JuIy 1 Surface 8.35 0
Depth 8.30 0

July 9 Surface 8.60 0
Depth 8.60 0

JuIy 15 Surface 8.15 3.0
Depth 8.18 2.0

July 22 Surface 8.65 0
Depth 8.60 0

JuLy 29 Surface 8.50 0
Depth 8.50 0

Aug. 13 Surface 8.70 0
Depth 8.75 0

Aug. L8 Surface 8.95 0
Depth 8.80 0

A1-kalinity
0.0 mgll L78 ne/L

ìk Depth denotes a sampl-e colLected immedíateLy above Lhe sedíments.

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
3.0
0.0

10.0
8.0
0.0
0.0

14.0
L2.o
8.0
8.0

20.0
20.0
32.0
25.0

178
205
208
21_4

2L6
2L4
2L6
2L4
2L4
263
267
28t
270
237
23L
270
257
248
245
266
266
289
27L

continued



APPENDIX 4 : continued

Date

Aug.

Arro_-_Þ.

Sept.

Sep t.

Sep t.

Oc t.

Oc t.

Depth

24 Surface
DePth:t

31 Surface
Depth

8 Surface
Depth

13 Surface
Depth

19 Surface
Depth

4 Surface
Depth

25 Surface
Depth

'k Depth denotes a

pH

9. 05
8. 95
9.L5
9.L3
9.t5
9.L5
8.90
8,90
8.80
8.80
8.70
8. 70
8.60
8.60

sample

Carbon Dioxide

o *g/t
0
0
0
0
0
0
0
0
0
0
0
0
0

collected ímmediatel-y

Phenol-phthaLeÍn
Al-kaLínttv

34.0 me/L
36.0
38.0
37 .O
39.0
38.0
24.0
24.0
18.0
18.0
L7.O
1s.0
15.0
L6.0

above the sedíments.

ToËal Alkal-iniry

272 me/L
284
26L
260
267
263
276
272
275
276
3L7
278
3L7
3t7



APPENDIX 5 : pH, carbon dioxide and al-kal-iniËy values for Crescent Pond durÍng the summer of L97O( Station 2 ).

DaËe Depth pH Carbon Díoxide PhenolphËhal-eín Toral Al-kaliniry

May 27 Surface 8.L0 6.0 ne/L
Depth:t 8. L0 6.5 ng/L

June 3 Surface 7 .90 5.0
Depth 7 .90 5. 0

June 10 Surface 7.85
Depth 7.85 6.5

June 17 Surface 8.00 5.0
Deprh 8.00 5.0

June 24 Surface 8.20 5.5
Depth 8. L5 3.5

July L Surface 8.50 0
Depth 8.50 0

July 9 Surface 8.70 0
Depth 8.70 0

Ju1-y 1-5 Surface 8.10 5.0
Depth 8.1_0 5.0

JuLy 22 Surface 8.90 0
Depth 8.70 0

JuLy 29 Surface 8.50 0
Depth 8.50 0

Aug. 1-3 Surface 8.90 0
Depth 8.90 0

Aug. L8 Surface 8.80 0
Depth 8.85 0

6.5

Alkaliníty

o *g/1-
o ^e/t0
0
0
0
0
0
0
0

11_. 0
13.0
16.0
20.0

0
0

29.0
16.0
7.0
8.0

28.0
24.0
24.0
28.0

'k Depth denotes a sampl-e collected immedíate1-y above Ëhe sedíments.

l7O ng/L
L73 ne/t
202
202
2L4
2L7
2L8
220
222
2L8
265
265
287
279
245
239
263
255
248
248
265
266
266
268

continued



APPENDIX 5 : continued

Date Depth pH Garbon DÍoxide Phenol-phthal-ein TotaL Alkalinity
ALkaLínity

Aug. 24 Surface 9.1-0 0 mgll L,6.0 mg/L
DepËh:t 9 .L5 0 46. 0

Aug. 31- Surface 9. 1-8 0
Depth 9.20 0

Sept.8 Surface 9.00 0
Depth 8.95 0

Sept. L3 Surface 9.10 0
Depth 9.1-0 0

Sept. L9 Surface 8.83 0
Depth 8.83 0

Oct. 4 Surface 8.80 0
Depth 8.80 0

Oct. 25 Surface 8.60 0
Depth 8.7 O 0

'* Depth denotes a sampLe collected immediately above the sedíments.

39. 0
40.0
28,0
27 .O
34.0
34.0
22.0
2L.O
18.0
18.0
14.0
L6.0

27L ne/L
270
258
258
26L
263
264
266
276
273
278
280
3L8
32L



APPENDIX 6 : pH, carbon dioxide and alkalinity values for CrescenË pond during the summer of. L97O( StaÈion 3 ).
Date

May

June

June

June

June

Ju1-y

July

JuLy

Ju1-y

JuIy

Aug.

Aug.

27 Surface
DePth:k

3 Surface
Dep rh

10 Surface
DepLh

L7 Surface
DepËh

24 Surface
Depth

1 Surface
DepËh

9 Surface
Depth

15 Surface
Dep th

22 Surface
Dep th

29 Surface
Dep th

13 Surface
Dep th

L8 Surface
Depth

'k DepËh denotes a

Depth pH

8.10
8.10
8.20
8.15
8" 10
8. 10
8.10
8.20
8.10
8.20
8. 35
8.50
8.70
8.70

B. 15
8.55
8.70
8.7 5
8.70
9. 00
9. 00
8.95
8. 95

Carbon Dioxide

7.0 n.e/l
7.5
2.0
1.0
2.5
3.5
4.5

3.0
5.0
0
0
0
0
4.0
4.0
0
0
0
0
0
0
0
0

Phenol-phthal-ein
Alkalinity

0.0 mg/l
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
3.0
7.5

18.0
20.'o

0
0

t2.o
15. 0
10.0
11.0
30.0
36.0
30.0
30.0

Total A1-ka1íniry

L75 ng/L
L76
2L3
20L
223
220
220
222
2L6
223
276
265
274
280
235
237
253
263
24s
250
260
264
268
266

sample coll-ecËed immediaËely above the sediment.



APPENDIX 6 : continued

Date Depth pH Carbon Díoxide Phenol-phthaLein ToËal- Alkalinity
AlkaL inity

Aug. 24 Surface 9.20 O ^*/L 3O.O mgll 268 ng/L
Depth:k 9 .20 0 52. 0 27 4

Aug.31 Surface 9.30 0 5j_.0 262
Depth 9.30 0 51.0 262

SepE. 8 Surface 9 .40 0 52.0 26l
Depth 9.40 0 54.0 26L

Sept. 13 Surface 9 .1.5 0 37. O 263
Depth 9.20 0 37.0 264

Sept. L9 Surface 9 .45 0 59. O 262
Depth 9.45 O 62.0 265

OcE. 4 Surface 8.90 0 40.0 270
Depth 8.90 0 36.0 271

Oct.25 Surface 9.00 0 34.0 315
Depth 9.00 0 35.0 3I4

* Depth denotes a sample col-lected ímmediaËely above the sediment



APPENDIX 7 :

Date

May 26
June L0
June 17
June 23
June 29
July 9
July 13
JuLy 22
JuLy 27
Aug. 4
Aug. 11
A,rg. L8
Aug. 24
Aug. 31
Sept. 7

Sept.13
Sept. 19
Oct. 4
Oct.25

Phytoplankton popuLaËion Ín cells per lÍter at Station
of. L970.

Baci 1 1aríophyceae

3 r 132, ooo
78,000
96,200

224,550
57 , ooo

L66,250
Lg6 ,87 5
345,625
105,000
L77 ,000
l-29 ,000
346,250
3L3 ,7 50
196,250
357,000
5l_4 ,5 00
549 ,000
596,600
125,000

Chlorophyceae

304, 000
14,000
99 , ooo
34,600
9,650

2L,250
23,500
L7 ,725

9 ,400
I 0, 000
37,250
L8 ,7 50
13,000
L6,250
3,500

42,Ooo
27 ,0OO
7 5 ,600
21 ,000

Cyanophyceae

47,600
2,110

:

L ,229,7 50
136,500
475,500

L ,77 0,000
35L,250
572,500

63 ,7 50

rLL,g4O
56,250

140,000

I, surface during Ëhe summer

Euglenophyceae

:

L,250
4,5oo

2,500
L,250
L,250

19,000
1_4, 000
LL,25O
2,000

Chrysophyceae

r,ioo

:

L,250

:



APPENDIX

Date

l4ay 26
June 10
June L7
June 23
June 29
July 9
July L3
JuLy 22
JuLy 27
Aug. 4
Aug. 1-L

A,rg. 1-8

Aug. 24
Aug. 31
Sept. 7
Sept.13
Sept. L9
Oct. 4
Oct. 25

8: Phytopl-ankton popuLation in ceLLs per f.iter at St,ation
sediment, during the summer of L970.

Bacil lariophyceae

3,041 ,000
L2O,4L5
58,200
25,450

L83,000
52,500

346,000
689 ,000
108,500
L73,750
1_75,000
150,000
552,000
113,000
425,oo0
504, 000
87 6,200
7 87 ,L}O
L46,25O

Ch1-orophyceae

353,500
2go,gg3

9 6, 000
30,000
7,000

LL,325
22,OOO
29,375
Lg r25O
29,500
9,250

29,375
72,OO0
L3,375
33 ,27 5
2g,000
79,300

403,500
8, 750

Cyanophyceae

31 ,500
41-,940
6,450
r':oo

597,500
30, 000

552,500
l_,530, 000

239,000
72,OO0

L44,060
I6L,260

75 ,000

1, ÍmmediaËely above

Euglenophyceae

10, 5 00
10, 67 0

:

2,000
2,500
4, oo0

3,000
6,000
2,000

L 0, 000
12,000
19 ,500
15,000

Ëhe

Chrysophyceae

7,000
2,670
1,500
1,000

2,000

:

2,000

:

'':oo



APPENDIX

Date

NIay 26
June L0
June L7
June 23
June 29
July 9
July 1-3

Ju1-y 22
JuIy 27
Aug. 4
Aug. LL
Aug. 18
Aug. 24
A.rg. 31
SepË. 7

Sept.13
Sept. L9
Oct. 4
Oct. 25

9z Phytopl-ankton population in ceLl_s per 1Íter aË SÈatÍon
of L970.

Bací1 lariophyceae

3,556, 000
30,000
24,600
44,600

L43,7 50
9L,250

437,000
299,000
290,000
226,500
1 68, 000
40,500
66,250
51 ,000
64,7 50

102,000
1l_2,500
L27 ,500
48,000

Chlorophyceael

464,000
209,750
48,000
30,000
10,250
20,L75
2L,250
6,450

12,250
5,L25
9,000
3,000

L7 ,500
37,500
22,750
66 ,7 50
L5 ,7 50
48,000

1 04, 000

Cyanophyceae

18,750
75,020
trr_-ro

27 0, 000
538,000
375,000
103,000

l_2,000
33,250

252,940

30, 000

2, surface durÍng Ëhe summer

Euglenophyceae

L,250

-

''too

2,000

:
6, 000
2 r5OO
4,500

9 ,000
1r500
1,500

Chrysophyceae



APPENDIX 1.0

DaËe

l{ay 26
June l-0
June 17
June 23
June 29
July 9
Ju1-y 13
JuLy 22
July 27
Aug. 4
Aug. Ll
Aug. 18
A.rg. 24
A,rg.3L
Sept. 7

Sept.13
Sept. L9
Oct. 4
Oct. 25

: Phytoplankton popul-aEíon in cell-s per l-iter at StaËion 2, immediaËeLy above ¡he
sedímenË, during Ëhe summer of. L970.

Bací11aríophyceae

2,392,000
9 0, 180
53,200
90,700

133,550
1 64, 000

1,101_r500
579,000
I77,500
220,000
307,500

53 ,7 50
57,000
69 ,7 50
58.750

101,400
48,000

100,000
82 ,5 00

Chlorophyceae

90, ooo
L59,320
45,000

121 ,300
27 ,27 5
17 ,7 50
32,250
15,000
5,875

l_6,800
23,500
l_6,500
1_3,500
LL,250
24,7 50
64,07 5
22 rOO0

9, 000
20,000

Cyanophyceae

99,000
2L,l4O

38,020

:
108,000
L56,250
248,000
56t,250

25 r 000
75,000

548,060

:

Euglenophyceae Chrysophyceae

t,ì.so

L,250

a, ioo
6 1250
7 ,8oo

":oo



APPENDIX 11

Date

May 26
June 10
June L7
June 23
June 29
Ju1-y 9
July 13
JuLy 22
Ju1-y 27
Aug. 4
Aug. L1
Aug. L8
Aug. 24
Aug. 3L
SepË. 7

Sept. 1-3

SepE. 19
Oct. 4
OcË. 25

: Phytoplankton populatÍon in celLs per liter at SËation 3, surface duríng the summer
of 1970.

Bac í11aríophyceae

2,568,000
68,000

Lzg,O4O
16,300
46,40O
36 r 000
75,000

120, 000
92,000
43, ooo

1_ 10 , 000
136,000
181,500
117 ,500

45 ,000
25,000
26,250
29 ,7 50
l_5,000

Chlorophyceae

273,000
22O,OO0

43,520
69,250
24,7 O0

81 ,000
40,5oo
10,000
9r000

L0,250
5r000

32,000
19,900
L2,5OO

L r25O
2L,250

24,500
5,000

Cyanophyceae

tLg,340
132 ,000
18,000
5,910

9 0, 000
1B,000
4,000

5o,0oo

L2,5OO
389,625
555,000
555 ,000

Euglenophyceae

,r:oo

1 ,000
l_,500

4, ooo
2,000

zø,ìso
8,750
8,750
L 17-50

Chrysophyceae

r,ioo

+, ãoo



APPENDIX 12

DaËe

I{ay 26
June L0
June 17
June 23
June 29
July 9
July L3
July 22
JuLy 27
A.rg. 4
Aug. 1-1-

Aug. L8
Aug. 24
Aug. 3L
Sept. 7

Sept.13
Sept. L9
Oct. 4
Oct. 25

: PhyËoplankton popuLation Ín cells per liter at SËation
sedimenË, during Ëhe summer of L970.

Bacillaríophyceae

2,936,000
102,000
297,600

7 6 ,3OO
61 ,500
29,650

226,025
110,000
247,000

71,000
328 ,7 50
L86,000

57 ,000
110,000

38, 750
12,000
16,000
l_9,500
11 ,000

ChLorophyceae

520, 000
646,040
44,040

132,050
6,375

41,775
25L,250

4,825
42,625

1 ,500
L3 ,7 50

9 ,000
13,500
2,000
2,500

32,000
4, 000
217OO
7 ,000

Cyanophyceae

32,000
]-L6,780

2,000

eo, õoo
6g,000
30,000
72,5OO
30, 000
75,000

333,000
666,000
640,000
30,000

3, ÍmmediateLy

Eugl-enophyceae

2,000

:

2, 000
2,000
3,000

6,000

1 8, 750
4, ooo

'':oo

above the

Chrysophyceae

1,000



A?PENDIX 13 :

Depth

Surface
ft

DetermÍnaËion of Ëhe varíation Ín photosynËhesís wiËh depth wÍËhin CrescenË pond.
The experiment was conducËed at StaËion 3.

15 centimeter
1_5 rr

30 centimeter
30 rl

45 centimeter
45 rt

60 centimeter
60 rr

75 cenËimeter
75 '

90 cent,ímeter
90 rr

105 centimeter
105 rl

BotË1e

Light
Dark

LÍght
Dark

Light
Dark

Light
Dark

Light
Dark

Light
Dark

Light
Dark

Light
Dark

cpm - Background

22s2.4
369.9

2255.s
L679.2

2403.2
1486.2

L7 64.0
t320.6

406.9
L626.4

L969.0
L57 8.4

L976.3
LL7 4.7

L947.6
L2L4.O

Efficíency

74.0%
75.0

74.0
7 3.5

7 4.0
7 2.5

70.0
7 4.0

7 4.5
7 3.5

7 3.5
7 4.0

65.5
7 4.0

75.0
75,0

dpm

3043. 8
49L.7

3048.0
2284.6

3247 .6
2049.9

2520.0
L7 84.6

s46.2
22L2.8

267 8.9
2L33.0

30L7 .3
L587 .4

2596.8
r6L8.7

Light - Dark

2552.L

7 63.4

LL97 .7

735.4

-1666.6

545.9

L429.9

97 8.1



APPENDIX L4 : ResuLts of a carbon-L4 uptake experimenË to determine the diurnal- varÍation ín
photosynthesis of Crescent pond.

Incubation Tíme

5 :00 AI,I to
9 :00 At"t

7 :00 Al"I to
11:00 AM

BotËle cpm - Background Efficiency

9:00 AM to
1:00 PM

Light
Light
Dark
Dark

Líght
Light
Dark
Dark

Light
Light
Dark
Dark

LÍght
Light
Dark
Dark

Light
Light
Dark
Dark

11:00 A]4 to
3:00 PM

tL73.8
L257.9
B4s. 8
81_ 6. 8

92.9
89.9

926.L
927 .L

99.9
101.5
668. 5
694.L

940.9
907 .5

LL49.2
LL7t.2

85L.2
814.3
987. B

L036.9

1:00 PM to
5:00 PM

72.s%
7 3.5
73.0
7 3.0

74.0
72.0
72.5
72.0

69.0
7 3.5
7L.O
7l.o

7 3.s
72.s
72.5
7 5.0

7L.O
7L.0
73.0
75.5

dp*

1619. 0
L7LL.4
1150. 7

1_LL8.9

L25.5
L24.7

1277 .4
L287 .6

t44.8
1_38.1_

94L.s
977 .6

T28O,L
L25L.7
1581_.5
Ls6L.6

1198.9
tL46.9
L353,2
1,37 3.4

Mean Light - Dark

L665,2

1134.8

L25.L

t282.5

L4L.9

959.6

L26s.9

Ls73.4

Lt72.9

+530.4

-1L57 .4

-81 8. 1

contínued

-307 .5

-L90.4



APPENDIX l-4 : conËínued

Incubat.ion Time

3:00 PM to
7:00 PM

5:00 PM to
9:00 PM

Bo ttle

Light
Light
Dark
Dark

Líght
Líght
Dark
Dark

Líght
Light
Dark
Dark

Light
Light
Dark
Dark

7:00 PM to
l-L:00 PM

cPm

9:00 PM to
I :00 AlvI

- Background

1043. 0
LL3L.2
LO77 .0
100B.5

868.6
97 3.3
926.L
943.7

7 34.7
769.9

L227 .9
L258.9

886. 8
897 .2
827 .6
844.9

E ffÍciency

7L.07"
7 4,O
7L.O
7t.0

72.0
7 4.s
7 4.5
7 3.0

7 3.0
7 4.5
73,0
7 3.5

7 2.5
72.5
73.0
7 4.0

dPm

L469.0
t528.6
L420.4
L420.4

1206.4
L306.4
1243.L
L292.7

1006.4
L306.4
L682.L
L7L2.8

t222.9
L237 .5
tL33.7
1L41. 8

Mean

1_498.8

L468.7

1256,4

L267 .9

L019.9

L6g7 .5

L230.2

1137.8

Líght - Dark

+30.1

-11. 5

-677.6

+92.4



APPENDIX 1-5 : Represents the results of a carbon-l4 experiment to determine whether a l-oss of
labelLed organic matËer lras occurríng through the fÍl-ter. The experiment rnTas performed
at SËaËion 3, with incubation of bot,Ëles immedíateLy above the sedíment. RefiLtration
of the aliquot,s yíelded the fol-l-owing values.

BoËtle FiLËraËÍon cpm - Background Effícíency dpm/25 mls

Lighr Inirial_ L792.7 73.5% 2439.0
2 79.2 75.0 105.6
3 59.1 75.0 78.8

Dark IniËía1 1990. L 75.0 2653.5
2 to7 .2 76.5 140.1
3 52.7 79.5 66.3
4 2s.9 68.5 37 .B
5 L6.2 83. 0 t9 .5



AP?ENDIX 16 : ResulËs of an experíment to deËermine the varíabíl-íty between aLiquot,s of the
same samPle and aLiquots of dífferenË samples. The bottLes were incubated at
Station 2, immediatel-y above Lhe sediment.

BotÈLe

Líght A

LÍghË B

A1-íquot

L

2
3

LighË C

cpm - Background

rL02.5
1080.8
11_01_. 0

L42L.9
l_395. I
t399.5

t229.3
L247.L
120s.2

L72.7
L06.2
L04.5

839. 0
777.7
83L.9

1

2
3

1

2
3

Dark A

Dark B

1_

2
3

L

2

3

Efficiency

73.0%
72.5
7L.O

74.0
7 3.5
7 3.5

7 3.0
7 3.0
7 3.5

7 5.0
7 4.5
74.0

7L.5
73.5
72.5

dpm/25 mLs

15L0.3
1490.8
L550.7

L92L.5
1_899.0
t904.L

1_684.0
t708.4
L639.7

230.3
L42.6
t4L.2

1L73.4
1058. L
Lt47.4

Mean

l5L7 .3

1908.2

L677 .4

L7L.4

Lt26,3



APPENDIX 1-7 : ResulËs of an experiment to determine the varÍabi1-iËy between aLiquoËs of different
I^IaËer sampLes. The experíment'hlas conducËed at StatÍon 2, from r^laËer colLecËed and
incubated írmnedÍately above the sedÍment.

Bottl-e

Líght

Number

L

2
3
4
5

6

Dark

cpm - Background

L697.2
2723.2
L004.2
L246.6

451.L
1053.6

894.6
L455.5
1_1_38.8

1_163. 8
820.2

L376.6

1

2
3
4
5
6

E fficÍency

7 3.5"/"
7 0.5
7 4.5
72.5
72.0
72.5

72.0
72.5
73.0
7 3.5
7 3.5
74.0

dpm/25 mls

2309.L
3862.7
t347 .9
L7t9.4
626.5

t453.2

t242.5
2007 .6
1_560.0
1583.4
1115.9
1860.3

Mean

1_886. 5

Ls6L.6



APPENDIX 18 : ResulËs of an experiment Ëo determine Ëhe sËaËistical variabíliËy ín carbon-14
upËake among sampl_ing sËat.íons in the 0 to 50 cm contour.

S tation

L

1_

1

1_

L

I
l_

1

Depth

Surface
tl

ll

tl

50 cm
il

ft

ll

Surface
It

il

il

45 cm
tt

tl
fr

Surface
il

rr

ll

Bottl-e

LÍght
tl

Dark
tf

Light
It

Dark
tl

Light
tl

Dark
il

Light
rt

Dark
tl

Light
ff

Dark
It

Light
ll

Dark
il

93
93
93
93
93
93
93
93

189
L89
1_89

L89
189
L89
189
189

A1-ÍquoË

a
b

a
b

a
b

a
b

a
b

a
b
a
b

a
b

cpm - Background

L9.4
35. 0

L54.6
L46.0

t62L.L
Ls64.4
2L25.7
2L45.5

2L34.L
2L86.2
t1,L2.4
L233.0
L900.3
L856.s

82.4
77 .6

2899.6
2858.4
2362.9
2372.3

. 2705.6
2969.6
L7Ls.9
L734.4

40 cm
tl

rr

tl

E fficiency

7 s.0%
7 4.0
7 4.5
7 5.0
73.s
72.5
72.0
72.0

74..5
7 4.5
7 4.0
74.0
69.0
68.5
74.0
73.5

72.0
72.0
72.0
7L.5
72.0
72.0
7L.O
69.s

a
b

a
b

a
b

a
b

dpm/ 25

25,9
47 .O

207.5
L94.7

2209.7
2L55.0
2952.4
2979.9

2864.6
2934.5
L503.2
1663. 5
2754.L
27L0.2

1Lt_.4
105.6

4026.8
3970.0
3281_.8
33L7 .9
37s7.8
37 4s .3
24t6.8
2495.5

mls Mean

36.5

zOL.L

2L92.4

2966.2

2899.6

1_583.4

2732.2

L0g.5

397 8.4

3299.9

37 5L.6

2456.2



APPENDIX L9 : Results of an experíment to deËermine the statistical variabiliËy in carbon-14
uptake among sampling statíons ín the 50 to 100 cm conËour.

Station Depth

2
2
2
2
2
2
2
2

62
62
62
62
62
62
62
62

53
53
53
53
53
53
53
53

Surface
ll

tt

tt

80 cms
It

It

tl

Surface
tr

tl

It

80 cms
tr

tl

il

Surface
ll

ll

Bottle Al iquot cpm

Light a
ttb

Dark a
ttb

Líght a
ttb

Dark a
rtb

Light
tr

Dark
rl

LÍght
tl

Dark
tl

- Background

2L06.3
t994.3
LO44,s
1048.6
383.8
337 .6

1584.0
L48r.6

17 38.2
L790.4
L273.t
L269.O
362.0
301.9

77 55 .2
L7 62.9

2009.2
L994.3
1253.L
1265.0
2397 .0
2451,.s
1948.6
L927.5

ff

60 cms
rt

tl

ff

a
b

a
b

a
b
4

b

Light a
ttb

Dark a
ttb

Líght a
ttb

Dark a
ttb

Efficiency

73.5%
7 2.0
7 3.5
7r.5
7 3.0
7 4.0
72.0
7 3.0

75.0
t+.)
7 3.5
7 4.0
7 4.5
75.5
7 4.0
7 4,0

7 4.0
73.5
7 4.0
7 4.0
7 4.5
7 4.s
7 3.0
73.0

dpm/25 mls

2865.7
2769.9
L42L.L
t466.6

525.8
456.2

2200.0
2029.6

23L7 .6
2403.2
L732.L
L7t4.9

485.9
399.9

237L.9
2382.3

2715.L
2713.3
L693.4
1709.5
32L7 .4
3290.6
2669.3
2640.4

Mean

2BL7 .8

L443.9

49L.0

2Lt4.8

2360.4

L723.5

442.9

2377 .L

27L4.3

1701.5

32s4.0

2654.9



APPENDIX 20 : Results of an experiment to deËermine the statisËical- variability in carbon-l4
uptake among sampling staËions in the greater than 100 cm con¡our.

S tation

3
J
3
3

81
81
81
8L

113
113
113
113

Depth

Surface
t?

120 cms
tl

Surface
tl

105 cms
il

Surface
il

l-00 cms
It

Bottle Aliquot cpm - Background

Light a
Dark a
Light a
Dark a

Light a
Dark a
Light a
Dark a

Light a
Dark a
Light a
Dark a

t826.L
341.7

3s29.4
1_587.8

Lt7 8.t
2722.9
1855.6
238.8

1881.6
t672.2

382.3
1400.4

E ffic iency

72.0'/"
73.0
7T.O
69.0

73.5
7 4.0
7 2.5
7 4.0

72.0
74.0
73.5
7 3.0

dpm/25 mls

2536.3
.¿+68.2
4971.0
230t.2

t602.5
3679.6
2559.4
322.7

26L3.3
22s9.7

520.L
L9L8.4



APPENDIX 21 : Results of an experiment Eo deËermine whether the acidificaËion t,ime utílized
carbon-14 upLake experiments was suffÍcÍenË to remove all inorganic carbon-14
retained on Ëhe filËer.

Acidificatíon Tíme

NEN 555-195 ( t97O

0 seconds
10 '
20 rr

30'
45 rr

60 rr

r20 rl

Lg0 rl

NEN 560-03L ( 1970

0 seconds
10 rl

20.
30'
45'
60 rr

L20 .
190 rl

cpm - Background

760.8
790.7
64L.L
653.2
639.4
855.l_
892.3
813. 5

E ffíciency

673.6
538.5
5L2.7
4s6.3
548.4
482.7
397 .2
405.4

64.0%
63,5
62.5
62.0
6L.5
62.0
6t.5
58.5

d,pn/25 mls Aliquot

LN

79.0
5þ. )
51. 0
47 .5
40. )
42.0
35. 0
35.0

11 88. 8
L245.2
1025.8
105 3. 5
L039.7
1379.2
1450.9
1_390.6

continued..

852.7
935.9

1 004. 1

960.0
Lt79.4
928.3

LL34.9
1158.3



APPENDIX 21 : conËinued

AcídificaËion Time

NEN 555-L95 ( L967

0 seconds
1_0 rr.

20 rr

30 rl

t,< rt

60 rr

L20 '
190 rl

cpm - Background

Amer sham-Sear 1e Labora Ëory

0 seconds
10'
20 rl

30 rr

45 rr

60 rl

r20 il

180 rl

29.3
L7 .9
L4.2
t4.9

220.4
255.5
238.6
239.0

E ffic íency

Produced Ampoules

27 .4
LL.7
L0.4
8.3
9-7vt t

8.9
3.3
4.0

69.0"/"
42.0
62.O
35. 0
44.5
45.5
40. .)

43.0

dpm/25 mls AliquoË

77.5
80.0
7 8.5
78.5
67 .O
79.9
20.0
37 .5

42.s
42.6
22.9
42.6

495.3
56t.5
513. 1_

450.9

3s.4
L4.6
L3.2
10.6
13.0
L1_.3
t6.5
t0.7



AP?ENDIX

Station

I
1_

1

1

1

l-

93
93
93

22 : Results of an experíment to determine the statisËical varíabiLity ín oxygen evol-uËíon
among stations in the 0 to 50 cm contour.

Depth

Surface a
trb
rt Mean

50 cms a
ilb
rt Mean

Surface a
ttb
rr Meart

45 cms a
trb
tt Mean

Sample /É

93
93
93

Initial Oxygen

4.65 me/L
4.85
4.7 s

4.65
4.7 0
4.675

6.20
6.25
6.225

6.L5
6.1_0
6.L25

5.95
5.95
5.95

6.05
6. 00
6.025

189 Surface
1gg rl

189 rl

189 40. cms
1gg '
lgg rl

Light

4.60 ng/L
4.50
4.55

4.40
4.60
4. s0

5.95
5.95
5.9s

6.10
6. L0
6.1_0

5.70
5. B0
5.75

5.90
5.95
5.92s

4

b

Mean

a
b

Mean

Dark

4.60 ng/l
4,60
4.60

4.35
4.50
4.42s

6. 05
6. 00
6.32s

6. 10
6. 00
6. 05

5.70
5.70
5.70

5.75
5.85
5. 80

Light - Dark

0.00
-0. L0
-0.05

+0.05
+0. L0
+0.075

-0.10
-0.05
-0.075

0.00
+0.10
+0.05

0.00
+0.10
+0.05

+0.15
+0.10
+0.L25



AP?ENDIX

Statíon

23 : ResuLËs of an experÍmenË to determíne the stat,isËical varíabíliËy
among staËions Ín the 50 to l-00 cm contour.

2
2
2

2
2
2

Depth Sampl-e

Surface a
ttb
rr Mean

80 cms a
ttb
tt Mean

Surface a
ttb
tr Mean

70 cms a
ttb
rr Meart

53
53
53

53
53
53

IniËial Oxygen Light

7.80 ne/L
7 .95
7.875

8.50
8. 85
8,62s

7 .9s
7 .90
7 .925

8.65
8.7 5
8.70

7 .65
7 .85
7.75

8. L0
9.05
8.57 5

62
62
62

Surface
It

tt

62 B0 cms
62 rl

62 rl

7.40 n.e/L
7 .50
7 .45

7 .85
8.70
8.27 5

7.70
7 .80
7.75

8.40
8. 55
9,475

7 .50
7 .45
7.47s

7 .85
8.90
8.37 5

a
b

Mean

a
b

Mean

Dark

7.35 ng/L
7 .30
7.325

8.05
8. 65
8. 35

7 "60
7.75
t.ot)

8.30
8.4s
8.37 s

7 .50
7 .50
7 .50

7.70
8.95
8.325

ín oxygen evolution

Líght - Dark

+0.05
+0.20
+0.L25

-0.20
+0.05
-0.075

+0.10
+0.05
+0.075

+0.10
+0. L0
+0. L0

0.00
-0.05
-0.025

+0. L5
-0.05
-0.05



APPENDIX

S tation

24 : ResuLts of an experíment to deËermine the statisËícaL varíabiliËy ín oxygen evoLution
among stations in the greaËer than 100 cm contour.

3
3
3

J
3
3

Depth Sampl-e

Surface a
ttb
tt Mean

l-20 cms a
ttb
It Mean

81
81_

8L

8l_

81
8L

InitíaL Oxygen

6. 30 mg/1-
o. J)
6.325

4. B0
5. L0
4.9s

6,L5
6. 05
6.l_0

5.70
5.75
5.725

s.40
5. 35
5.375

5.45
5.45
s.45

Surface
il

It

105 cms
il

tl

d

b
Mean

a
b

Mean

1L3
1l_ 3
1L3

1_L 3
113
1_1 3

Surface a
ttb
rr Mean

100 cms a
ttb
It Mean

Light

5.90 mg/L
6. 00
5,95

4.90
4.9s
4.925

5. 8s
5. 85
5. 85

5.50
5. 60
5. s5

5.20
5.20
5.20

5.0s
5.25
5. 15

Dark

5.80 mgll
6. 05
5.92s

4.70
4.85
4.775

5. 80
s.95
5.875

s.45
5.45
s.45

5.25
5. 00
5.I25

5. 05
5. 15
5. 1_0

Light - Dark

+0.10
-0.05
+0.025

+0.20
+0.1_0
+0.1_5

+0.05
-0. L0
-0.025

+0.05
+0.15
+0.10

-0.05
+0,20
+0.075

0.00
+0.10
+0.05



APPENDIX 25 : ResulËs of
incubaËion

IncubaËion Length

2 hours
2 hours

4 hours
4 hours

6 hours
6 hours

8 hours
8 hours

10 hours
L0 hours

an oxygen evolution experÍment Ëo
Lengths for Crescent Pond primary

Bottle

Light
Dark

Líght
Dark

Light
Dark

Light
Dark

Light
Dark

Sampl-e A

6.90 me/L
7. 00

6. 85
6. 80

6.75
6.65

6. 80
6.60

6.65
o..f J

deËermíne Ëhe minimum, optÍmum and maximum
productivÍty experiments.

Sample B

6.95 mg/L
6.85

6. 85
6. B0

6.75
o. o)

o.I)
6.65

o. /5

Mean

6.925 ne/L
6.92s

6. 85
6. 80

6.7s
6.65

6.92s
6.625

6.7 0
6.55




