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Abstract 

Sediment stratigraphie analyses of piant pigments, fossil diatoms, and selected chemical 

parameters wae u d  to mfer postglaciai trends in primary production in Killarney Lake 

(souuiwestern Woba) .  Tbree 2.7 to 2.8 metalong corn and thne dd (top 30 cm) cores 

werecoItectedhmtbeIakecfuring 1992d 1993. Thecoreswerepreûo~o@c, dark 

olivegnysik, ~ t h e b o t t o m a f ~ ~ ~ e ~ ~ ~ c o a r s e d d g r a v d ; a r a d i O c a f b O n  

dated stratum hdiaîe iy  above this laya iadicatcs the k basin is a kast 4,700 years old. The 

stratigrapbic profiles of organic msttet, phosphorus, cbiorophyli, carotenoid, and diatom 

concentratons indicate that iaitiaiiy the lake was W o w  with low prkmy production Water 

levels and primsry production kgan to rise in Killarney Lake likeiy in response to a coder and 

wetter climate about 3,900 years BP. By about 2,100 years BP a deep lake with low primary 

production existe.. Achange in the climate about 1,2W yeam BP again causeci low water levels 

and increased p h a r y  production. Wata levdo increased again about 500 years BP but did not 

reach the levd of the pmiious deep -ter Jtand (2,100 years BP). Rimary production was low at 

this time but showed a trend toward incrrasing production during the last 100 years. The most 

recent phase in the history ofKiUamey Lake, which began about 1940 AD, was indicative of 

stab1ecmciitionsrrlative~ eartierwodg ~whi&timeodymnOrfluctuti~nswereobaerved 

in sediment cbemistry and pigments. In an dort to d u c e  chronic ~yanobact~al blooms, the 

Town ofKillamcy's long history ofcopper suîphate use bas resuited in very bigh suriàce sediment 

(top2~)coppakvds.CoI(eciMly,thescriniilyJanidi~~de~Killamey~~ken~~ 

produ& for at least the last &e millermia. 
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1.0 Introduction 

The resïdems oftheTown ofKîUamey, in southwestern Manitoba, no longer experience the 

pns~ekthatCapainIohRiBbyfitstdescri'bedmtbe~sdtlingdaysofthisarea, Kin- 

Lake bas a long bistory (>50 years) ofxnaripuiation in an effort to reduce the &quent occurrence 

of cyanobacteriai (bhe-green algal) blooms. The rapid growth ofalgae gives rise to numerous 

undesirable effects on treatment of potable water, fisheries, bathing Samtation, and recreation 

(tourism)- TherearefnKdatam~iniakewater~si#;e 1879, whenktemkagriaimaal 

land use began in the watershed. In the absence of long-term historical data collecteci from the 

water column, a study of Killarney's paleorecord will provide a means to infer hiaoricai lake 

production as weli as past environmentai conditom. 

Adysk of vertical scdimad cores fbr consthent chemicai, physicai and biological parameters 

is a powerfùi tecbniqye for studysie historiai changes in lake prhary production due to changes 

m ~ ~ b a l d ~ o n d ~ ~ d r o l ~ p a t t a a s , ~ l ~ a n d o t h r c n v i r o m n c n t a l ~ o f ~ .  

M a t d s  praduced wit6in the lake (algae, aquatic p h a q  mvatebrses, and MI), as welî as those 

aiismgfiomthesimoimdiqg~erShed@riitiarlAtwd~),andepogtedonthela&bo~om 

DepPdmg on thm cbeniicai composition and tbe environmental conditions ai the sdimdwater 

interfixe, these matmataials may persist, prescnnDg a d ofconditions in and around the lake at 

the~ofdep0sitioaThetaskofpsi8olimnologyistodsipbaaadimaprnpast~011~~m 

thenatureofthehice ~byappiymg~U1IC1asrandiqgofdernlim~,1ogytothepast. In 

tum, knowledge of a lake's historicai responses to enviromentai cbange can be used to predict 

-c- 





2.1 Lake'Ikopbk St.hsradEutrr,pbicrtion 

The concept ofhke trophic state was first introduced by Namiiimi (I9l9) who disthguished 

of nutrients is hi& the laLe is eutrophic. Ifnutrients are in short supply, the lake is coasidered 

oligotrophic. Eutrophic kkcJ are m d y  productive, trirbid, MIow wa?erbodies iich in algae and 

with considerable fluctuations in suTf8ce and WC oxygen IeveIs (Horne & Golâman, 1994). 

The opposite is mie of oligotrophic lakes which are typiCeny unproductive, ofken deep, with very 

transparent waters that are W y  saturated with dissohnd oxygen (Home & Goldmaq 1994). 

Between these two extremes are mesotrophic lakes, wbkh are modemely fatileV 

A postgIacial lake is typ idy  olïgotrophic and contains b mûientsents Natural processes, such 

as wind erosion or Ieaching by raiamter, add to the watn which encourage plant and 

animal We. The incfeasbg fertüity of lakes as they age is a natural phenornenon and proceeds 

gradually throughout k i r  lifétime. This pnicess ofâitr~phicationnomialh, takes m e s ,  tbough 

in some lakes a ciramatic incfease in this rate can create eutmphic conditions within decades or 

less. niis accelerated or 'cultural' eutrophication is caused iarpely by an increase in phosphoms 

and nitrogen exports âom land to waîer bodies Wsmg corn himan activities in th& catchmem. 

Agncuîtural intensification (increasing use of nitrogen and phosphoruib~ fertilizers) and 

urbatnization processes (espeQally with respect to the disctiarge of treated wastewater to water 

bodies) have beenimplicaîed as the main sauras oftliis nutrient ocport (Henderson-Seliers & 

Markland, 1987). Elevated nutrient levels in lake water allow dgai biomass and aquatic plant 

produdimto aïnesc $ramatiCanywtiich1eadsto waterqualitydetaioration, reducingits amenity 

and aesthetic values. 

Such deterioration cm be reduced, stopped and even reversed by the use of suitable 

rehabilitation tec)itriques that can bc eitha pmentk or atrativc. Preveatative mnhods should be 



regarded as the most ecdd- affepEab~ebecausetheyopemte by reducuig the input ofnutnents 

to the lake water. Thetefore they tadde the problem at its source and give permanent resdts. 

Preventive mcthods can be replaced or supplemented by curative methods. These operate by 

raaoMng~entsaOmthwata~oosb~wrrsuhsalmostimmediateiyHowever, astheydo 

nottaddetbcswrceofthcpmbl~tharef6CctivechrrasioniS~imdt&ymustbenwintained 

M m .  

Coppa adahïstered as copper sulpbate (CuSOJ has long been the most commonly used 

aigkïde h Canada (SEPS., 1989). The use of copper dphate may result in a cpick and &ective 

inaease in paonved watm quality (for example, by recreation-based users) but it is Eely to be 

oniytemporsry sinœthedeadorgani~matterrrrnJtiagfbmitsusetendsto rrmaininthelakeand 

is thus available for fimire assindation. Repeated dosing can also lead to the development of 

physio10@cal tolerance in the algae or to the replacement of cyanobacteria by copper-tolerant 

green algae @enderson-Senas & hhridaud, 1987). Thk was found to be the case in a snidy of 

58 years of coppa sulpbate use in the Fairmont Lakes of Minnesota (Heoson & Stefbn, 1984). 

Cher short periods HaDson and Stefan (1 984) noted th* oxygen depletion ocairred due to the 

biologicai oxygea dmisnd (BOD) of the dead decaying al- leading to accelerated recycling of 

nutiiasts (espaaanYpbosphorus) h m  the sedimentssediments new availability ofphosphorus m many 

cases led to the re-establishment of the algai population mne 7 to 2 1 days affa the treatment. 

Almost aii ofthe copper iniroduced duhg aquatic aesailee contro1 efforts Maiany moves fkom 

the aqueous pbase to the sedmwnbs whae it genedy pasisis a- Furtbermore, due to the 

d~dnaaaeof~~pperlmditS~tofomi~lecoaip~~witho~cmatt~ardmind 

salts, total coppcr concentrations in sediments tend to be cumulative (SEPS., 1989). ûver the 

long-term the accumulation of copper in the sediments may cause shifts of both algal and fish 

populations, physiological tolaence in the algae, disappcarance of macropbytes and reduced 

numbers ofbembic macroinvettdmtes (Hderson-Saers & Markland, 1987). 



2.2 P a J m ~ o ~ o g y  

The ta& of paleolimnology is to reconstmct Iimnologid Wory by aoalyziag the physicai, 

chemical and biologid information masaincd in Me sedimcnts. Lake sediments can record a 

neariy continuous record ofwhat has ocnnrrd inthe iake wrimaad catchent (watershed and 

airshed) extending back t h o d s  ofyem. While pdcolimnoIogicai remutructions lack the 

acanacyofproperlyfakendirectmadbgs, t b y e a n ~ t a t p m b l e m o f d e c c t ~ a m p l i n g o f  

short-termvarietionm eLnrjrOmedvariab1es byiuîephg -, seisoaal and ammai variation in 

single seâiment ssniples encompassing an entire yearor a mmber of years (Davis &Anderson, 

1985). Moreover, for a particuiar site or region without historical data, it becomes possible to 

cberacterllr"or6-dons'' witb~chcurrentconditionscanbecornpared 

@Met& ,  1992a). For many systems m wbich it is suspeaed thas a lake's productivity has been 

altered by nutrient inputs, the only clear evidence cm be derived &om core studies because the 

major changes in primary production wül usuaiiy have occuned prior to the start of a m p h g  

program. In addition, monitoring programs once in place must continue for many years before 

meyningfùi e m r i r o ~  trends can be detected. 

Pdeolimnology rnnsls hinorical treuds best whn a number of parameters (e.g. geochemistry, 

absohde dating, biochemicai markers, and fossils such as diatoms) are examined together. As each 

stratigraptiicparameteris~thcnumberofliypothesesthatcan~~fortbeda~isduced 

until the bistory ofa lake can be reconstructed with reasonable catainty (Swaîn, 1985). 

2.2.1 Chernicd Purimeten 

The chemical composition of lake Sediments is a refiection of the substances tbat have 

acnimulated, theirtransformation by biological and pureiy chernical processes at the sediment 

siirfaîe, and the exchange of substances bctween the sedimm and the water. The matnx for al 

fossii compoaeats u s d y  consthtes the bulkofhke scdimmt and indudes organic materials that 

~ t k ~ m s p m f i c f i s s i l s , d o ~ W a h a ~ b ~ c ~ ~ ~ t h e t l i k e w i S e  

cannot be eady distinguished as to m i n d  species (Eagstrom & Wright, 1984). 



Sources of the orgaaic component iaclude both the autochthornus production of algae, aquatic 

macrophytes, aquaticvertehaîes and Wcncbntes, and the allochthonous deinais h m  thal 

o r l i t t ~ r a l ~ o n a n d ~ s o i r s ~  Sqarat i tmof~~)~~hmBlnochtbonous  sources 

oforgaiiic matter is difficuit to determine- The asmptïon ruade is that autochthonous detritus, 

withashatatian9ttimethrougbtbe~cohiumtoth~boüom, tendPt0 beôetterpreserved 

in the Seciimento (Sange, 1988)TherefÔre, rnemmmnt ofthe change in orgmic matta content 

ofsatirnent mata shouid Bmaany dec t  past levels o f p ~ p r o â u c t i o n  m lakes. 

Sedimmtary carbonate may origiaatc &om a Mnay of sources, including the weathering of 

iimestone rocks, biologicai promiaion by imrertebrates, and the precipitatïon of  dcium carbonate 

by algae and macmphytes during photosypahesis (W- 1983). Iacreases in piimary production 

silat the &nate squili'brium through greater d o 1 1  dioxide uptake and enhance the mïdsummer 

precïpirtation ofcaicium carbonate (Engstrom & Swain, 1986). This calcium carbonate. or marl, 

can remain m the &ent as ewidence of periods ofhigh prirmiry production. Whik a measure of 

total aihonates kludes other sources of carbonates besides rnarl, the total carbonate profile with 

depth m a sediment core am provide an Mication ofthe trend in p- production. 

Stratigmphic phosphorus adysk  ofthe sediment maük has also beai used as an Udicator of 

primaryproducrion~m&Wnghs 1 9 8 4 ) . P b o a p h o n i s i J o ~ t b e ~ ~ ~ I I U t n e n t  

in the ecosystem and thus is coimnoniy responsible for Iimiting biologïcai production (Wetzel, 

1983). Phosphorus occurs in lake sediments in both authigenic and ailogeaic materials. The 

sedimntadonofauthigeincphospbonisocairs thrwghtizebiol~*cai~ofâissoived inorganic 

phosphorus d i t s  subsquent depositionaspartiatlateo@~phosphoms @ngstrom&Wnght, 

1984). Allogaiic phosphonu does not c a r n i e  to prirmiry production (Engstrom &Wright, 

1984). Dissoived phosphoms may also be transported to the bonom Sedjmetlts via sorption of 

h u m i c c o m p 1 e x e ~ a n d i r o n d q ~  .. . as iroaphosphates, and po~iiyviacoprSaPitation 

witharbomks. Saacoâthepatiailate~pbospboni~tbas~tothcbaionikincOrporated 

dircalyintothesecomcntq ~ m o r e l a b i i e ~ 8 e d ~ a t h C r m t b e h y p o l i m n i o n o r  

m t h ~ r c A m m t P t b r o u g h m i c r o b i a l a c t i v a y t b a t ~ ~ h o s p ~ d s o ~ b l e o r ~ c  



2.2.2 Plant pigments 

Rmiaryproducer~inlekcsysteaisdo~alwayslcavemorphologidtracesinlakt.CEYIiIIIent~ 

but may contriiute to the fosd pigment record (Battarbee, 199 la). For many years, fossil 

carotenoids and chiorophylls ban been proposed as valuable paleolinmologicai iadicators of algai 

popiiatious (Swain, 1985; Sanger; l988).Aaodhg to Hidey BIlClArmsüong (1991) irifi,rmation 

gained fiom sedimentary plant pigments has paraileIed developmnts in analyiical techniques. 

Vientyne (lg!S,l956) and Gorham (l%O, 1%1) noted the universal presence of chlorophyii 

d~d~idsmlalUescdimatsaadrrEatedthemtolalrttroptPcshmis~aUracrion 

and spectrophotomeûic techniques. Sub~eq~lently, othcrs (GuiIizzoniet d ,  1983; Swain, 1985) 

h a ~ u s d s ~ c h l o m p h y n d ~ o n ~ ( S Q ) P ) 8 ~ a ~ o f e u t t 0 p ~  Liquid- 

Iiquid Baraction and coknmi chromatography were used to sepsrete carotenoiâs into hypophasic 

and epiphasic f%tions (Gorham et al., 1974) and to isolate the ~yanobacte~al pigments 

niyxoxantbophyii ancl ofallarftndrin (Swain, 1985). SpecSc diloropbyh and camtenoids are now 

being ideatified withtheuse oftIPn-ilyachromatography(Zullig, 198 1) ad high pressure liquid 

chromatopphy (HPLC) (Ihtoura & Wewdyn, 1983; Lem&& Fm* 1994). 

Cblorophyllais pmmt maügraips ofphato!ptôetk mpnisms acept sanu bacmia(Moss, 

1968). UistbemostabipdantcblompiiynmlMngorg~mdisalsothemwtabuadamf0min 

lake sediments as pheophytin a, pheophorbide a, chlorophyuide a, or in tbe isomerized or 

dornerized fom @deyetal, 1977). Swah (l%S) f b d  that undeeompod (native) chlorophyii 

is l e s  cornmon in& sediments and ifpresent iuJusls reported h m  very recent sediments. 



Carotenoids are fouid in all photosynthetic plants kcludhg algae, cyanophytes and other 

photoqntktic bacteria (Sangex, 1988). Catotenoids tha are commody present in the Sediments 

criobeca~egotizedasirydrocarboncaoicoa(cpipbaPc)daaygenatcd~~~pbaSc). 

Tbeprimpal~tmehgrrmplmtsdhredimenisisD-~t~;a~teaeUoo~~~lon, but 

in much lower CO-011s (Sanw, 1988). The most abunàaat XBIlfhOphyUs in hi* plants 

and dbea t s  are iuteïn, viohmthiq m o m d i q  qptoxan&in and aaxantb (Sanger; 1988). In 

the algae and cymobacteria both Scaroteme and lutein are abundant, but in addition there are 

~-groupm~~ndroplyllomdudnigfiiconanUgnmyxoIrsiitbopiiy4~~cillaxenthii5 

echmenone and othcro (Sang- 1988). 

Carotenoids thaî are unique to prokaqates and prrsaved in aabmats can provide important 

~ M d e n c e ~ c y a w i p ~ c e i a n d o ~ O a c o f t b c f i t s t o f t b e s e c y a n o p h y c e a n  

pigmentsto bemtedandmesundmklUesdmKntswasoscillaicantbin, whichishisaiyspecïficto 

only two genera in the M y  Odatoriaceae (Sanger, 1988). Che gmug OsciIlaton'iz, is often 

amongthe~geaaaof~eriatodoniinatelakes8~thybecomee~ff0phi~(ZulJig 1981; 

Griffith et uL, 1969; Engstromet ai., 1985); therefore, oscillaxanthin stratigraphy cm reveal 

trophic SE&- Myxoxandiophyii, anmQ,catorfbrcyambactaisingewaI, canalso provide important 

sedimentary evidence. Griffithserd (1%9) fOundmyxorcannbophyn and osallargnthm mcreased 

dramatidy in response to increased numbas ofcyanobaaais that thrive on nutrients detived 

~omexpandiqB~settlemen~s,fOre~tdearance,d~~~~~~nie~~~l~~mitant 

riseSithesepigmcdswith~eutn,p~cati~~~maybeusedto&etheo~of~opogenic 

disturbances in the lake catchmait. 

Fiant pigments in the m e r  cohmin are daivcd b m m  situ production, littoral p k  materiai 

and sediment reaispaision 1993). Once Bi the mer o o h m  pigments cm be digested 

by herbivores rnd may be incoqtorated into body tissue, modifiai, or passed through the gut 

unharmed &m&, 1993). During sinkjng pigments may be fùder degradeci by the bieaching 

effects of d g h t ,  chemidiy-oxidized, or destmyed by microbial processes (Leavitt, 1993). 

Degradation or derivathe formation can contirnie afta deposition. Rapid oxîdation in the water 



column can take place over dap, dowapost-depoSitiond losses in surfàce sediments may take 

years, and very slow los  of double boods in deep se di men?^ k l y  takes place over centuries. 

Over the widest range of production, pigment deposition and fossil concentration are 

proporîîonal to dgal standbg camp (Leavig 1993). Inthe EogüshLake Distaia UX, Gorhamet 

UL ( 1 9 7 4 ) f i d ~ c a m t a i o o s ~ ~ o a d ~ ~ i d S d ~  

chlorophyk Lmtarcurrelatims between -camtem,ids andalgai siaading aop were 

excellent (ic0.90). as were log-log relaions ôetweenalgsl staiding aop and sedimentary buik 

chiorophyUs ( M 8 3 )  andbetween epiümndc d f d  CblorophyIls (d.74) (Leavitt, 1993). 

Guilizzonietd (1983) also foindadsticeUysi~castco~lielation betvmasedimentaryplant 

pigments and algai p~imaiy production in a study ofthe recent trophic evolution of 

twelve Itaiïanlakes. Despite losses diamg deposition, fossü andaigai abumbce remaincoxrelated 

througbtim~sol~astbaeisnochangeiabesmmarpbommy,filigbt~~a,~donor 

deep water oxygen content (Leavitt, 1993). 

Swain (1985) states there is no obvious rrawnwby aeutrophic lake should produce more 

pigment per gram orWc matta than should an oligotmphic lake. Howeva, ktors believed to 

pmmote pigmentpÿsavation, inchiing low oxygencancartrasi~ light p e n d o n  

a n d s e d m i e n t i s u s p a r s i r n ; h i & ~ m ~ a n d a b s r i c e o M c ~  inPPniments, 

tend to produce higher Sedjmentary pigment concentrations in euttophic laLes. Reduced light 

availability mayaho contri'bute to 6 ' ~ n  adspraiiminthealgal ab, wlrereby mmz pigment per 

gnmio~cmetietispioduccdbytbed~cells.Roductivelakes~o~Wowandhave 

high Sedimentation rates tbat rnayrrsult in rapid burial and w o n  of pigmented detritus. 

Reservationisenhancedbyodyminmiei~er~bicdecayhthe~colimmdonthe~e 

muds (Sanga, 1988). In oügoüophic lalrcs tendto have much Iess pigment preserveù in 

thesedhentaryorganicmaücrbecauscprirmiryproducti~islessdthac islcss sedimenting 

o@c mat te^ Photo oxidation is ais0 perhap more of aconcem in oligoirophic lakes as these 

lakes tend to k deepcr and pigments are more lilrely to degrade as they fidl tbrough the longer 

wateroolumns. 



Swain (1985) suggests that the proponion of sedimentaxy chlorophyll aot degraded to 

pheopigments may provide an independent meastm ofpigment presewation tbt can be used to 

distinguish increased pigment production fiom edmced prrservation Chlorophyil degrades at 

about the same rate as totai carotenoids, and o s d a m t h  degrades at about the same rate as 

myxoxanthophyii (Swain, 1989. Tkefbre, both the ratio ofchiorophyil to carotenoids (QD:TC) 

and the ratio o f o d a x a n t h  to myxoxanthophyll (OSCrMYX) are mody determineci by the 

-of autochtho~mus production iat&r than by m o n  conditions ( S a  1985). These 

ratiosmaybe~b~grapiilcsiudieswbaestiatsmdicgteaquaüeabM~eintheflora if 

a lake is iargeiy dominateci by phytoplenlboq then there wiü be a predombnce of carotenoids 

(Gorham & Sanga, 1976). Lakes dominated by cyanobacteria other tban 0sciII;aron'a wili have 

low OSCMYX ratios Rdafivdy hi& OSCMYXvaiues mdicate tbat is the dominant 

cyanobacteria, but not that the lake is necesrarily dominated byOscz'I&onà. 

2.2.3 Diatoms 

Diatoms beiong to the dgai dass Bacillanophyceae and fkture a distinctn.e bighiy ornameated 

celi waii composed primarily of silica. They have bem especïdy usefui in paleoenviromnental 

studies because their @es distributions are greatly influenced by lake chemistry and nuaiem 

supply, and their rexnains are weil presennd and abundant in the lake sediwnts @kit et al., 

1992a). Fosd diatoms have been used quaiitativeiy in many studies to iafer lake eutrophication 

r d t i n g  âom point-soince sewage inputs, the eff'ects of land use activities such as agriculture, 

roadconstructiou, and cottageandmuriicipaikaddevdopmentaswdlas to doaunent recovexy 

trends in eutfopbic lakes foilowiqg, for example, sewage treatment @àrit e td ,  199Zb). 

W e  trophic status can be iafmed fiom sedimentaxy diatom fosds by employing specific 

diatommdicator Speaes, caiaihtis$ ratios of seiectd taxommic groups, or by the use of simple 

o r m u h i p i e n g r e S S o n ~ T h e d e v e i o p m e n d o f ~  

has made it possible, tbeoretically, to detemine qumtitativeiy the rdationship ofa species to a 

&en &ent (e-g- total phosphorus), ad then then these tblationships to infa past cbanges in the 



chosen parameter h m  down-core changes in diatom assemblages in lake sediments (Anderson, 

1993). Howeinr, t k e  are O* a râwtmdkrfiinctio~~~ deveioped thus far that d d  with trophic 

variabI (e-g. Hdî & Smol, 19921, and duy are mt regiody applicablee Birl<s (1994) feels tbat 

this approach is also limited by the quality of the available modem trrtuling sets, a lack of any 

consïstmtd~taxoaamy,~esampie~dniebndalogy,anl~sdimeniary 

emiironments of mch samplee 

Smccpatterasofdimomdiztribuiionwithrrsp~atobletrophic~eren~app8f~ntat the 

nimily or c h  levds, reconstruction metbods based on ratios of taxonomie groups such as the 

centric:penaate ratio (Nygaard, 1949) and aqhid:centric ratio (Stockna & Bensoa, 1967) are 

not as appealing m Qthr theory or praaice as those based on the autecology ofindividuai diatom 

species Wang& Didanan, 1993). Most diatom-based emnfonmentai asscssneats of trophic state 

changes are based on the ecologiesl interpretation of shib m the abuadanoe of'mdividuai species 

in sediment ums. Such studies often use autecologid data which are taken fkom the literature 

(e.g. Lowe, 1974; Beaver, 1981). For example, the diatom rexord in lake sediments can been 

iuterpreted subjectRrelyusing aiteria such as phospho~\~s-rich (eutrophic) laices are dominateci by 

Sephm&&ms and phosphorus-pr (oiigotmphic) hkes are domb~ed by C~IoteIda (Anderson, 

1993). BaWee  (1986) suggests that because some taxa have wider ranges tbaa supposed or 

because trophic categories have been di&rrntty defineci by the vatious authors, it is sometimes 

necessary to base interpretations on the behavour of groups of taxa rather than on individual 

species.Asten*~&f~~rna~~ for ex~mpIe, posscsse% ewtypeq sormc charactMc of oiigotropbic 

conditions and otbers chiaaciaisbic of eutrophic coaditi011~. 

Accordhg to B d e e  (lgglb), diatom concenfrafions and diatom accumulation rates are 

especially suiteci to eutropbication studia whae it can be argued that produaion inmases in 

iakes shoddcluiseaninerreseht6e~~ofdiatnmsto thescdimm.Manyfiictorsinfiue~lce 

diatom acnimulation rates, but in Qrcumstances whae preservation is good and sediment 

acatmuhtion is o o ~ o u s  the most hportmt M r  is the Ievel of diatom production in the water 

column (Batta& 1986). Their conœntmtion sbwld dect past Ievels ofalgal standhg crop and 



limnetic chlorophyiia (WMmore, 199 1). Howewr, Batbrbee (1986) cautions that the diatorn 

~athighlevelSofptOductionwheresElica 

isaliniitmgdent, PndbreasedproQctionisaccounîed~rbycyanobactena, 

White it is often dÏfiïcult to subdivide diatom taxa in QPRimenf assembIages hto detailed We- 

foxmgroups, ageneral dishdonbctween planlctomc opscies andbenthic @es c a n e  be 

made. Changes in the ratio of planktonic to benthic taxa can be intqreted in two maEi ways: 

Qtha as due to a change in the morphology ofthe lake basin as a Me fiUs in, d o r  to a change 

inproduction@aüarb, 1986).nientiokmorr~hmdicahigproduction~esaSSOCiated 

with cuhnal eutrophi~nthrin pmduction changes aSSOCi8ted with postglaàal iake development 

&ce, over along paiod oftirne, the ratio is a h  likely to be censitive to rn~iphorn~c changes as 

the lake fills in (Battarbee, 1986). The diatom record can also be used to reconstruct lake water 

level and regiod Cnmate espcaanY wd m closed basia kkes where the water level and lake water 

chemistry ere more saiJitive to cbauges m Prropitation and evaporation. The diatom record may 

indicate water level changes where there is any shift in the proportion of open water habitat to 

littoral habitat by the planktonic to benthic ratio or an increase in the concentration of benthic 

microfosds (saaaiae, 199 1 b). 

Anderson et al. (1 990) found that a sediment core &om Lough Augher, Northern Ireland, 

showed anunambigwus record ofthe diatom response to eutrophication; the Speaa succession 

represented a clear eutrophication gradient, with a shifk &om mesotrophic planktonic foms 

(Auhcoseira a m b i , ,  Asterioraellia forniosa, Fragihtia mtoneltsfs, Diutoma tenue var. 

elmganmi) to a d e t y  of smaii9ephrmodi- spp. typical ofvery eutrophic conditions (S. 

puavrrs, S. hamltschii). They found that intqretations of diatom plankton records based on 

indicator @es ad tbQr conaaody found BSSOCiBtiotls, could k applied to eutrophication and 

respomes to autrient reductïon. Similady, Stoenneret ol. (1 990) found that diatoms Eom the 

sedimmJofMcrcodBaymorrstSkveLah,NotthwcstT~essbowed~ablltKiSiIlCe 

and modifieci species composition m more recent sediments.Althougb the Bay remains highly 

~Iig~br~pbic, ïnaeased xnicrofod flux and changes in @es composition indicated increasing 



nutrient suppiy(Stoametetd, LW). 

Rees et aL (199 1) shidied the sediment record fmm the Bosherston Lakes in 41fd South 

West W h  to detemine the record of trophic staius.Ahigh extemai phosphorus losdiag which 

inchdes phosphorus-rich d u e n t  h m  a sewage trrstmmt works in the catchent of the lakes 

had produccd progressive eutn,phïcatïon ofthe lake systern They found that organic carbon, 

n i t r o g e n e P d p h o s p h o r u s w n a n t r a s i 0 l l ~ m t b t ~ s c d 9 n c n t ~ ~ g ~ ~ 0 ~ ~  

with trophic oiaais and reflected the distance fiom the point source ofphosphonis input. At one 

site, the diatom stntigraphy and sediment geochemïstcy suggested an increase in trophic status 

moa likeiy due to an mfhnr of uutht-rich wata. Rees et d (199 1) found that the sebentary 

diatom record weot h m  a mixecl flora deposited in the e d y  history ofthe system, to one in which 

epiphytic species oWr@Grvrir were abmdant hst Wow the crsRiment surbice, mmbers of the 

genus3ep- i n d  in fkeqyency, ~ * & g  to the resea&m the onset of advanced 

eutrophication. 

Rawlence and Senior (1988) presented a late-giaciai diatom and pigment histoty of Little 

Lake, New Brunswick The ocaunace ofbePthic allcalipbilic diatoms, predomhatelyFreliai~ 

spp., coincident with distinct chauges in sediments, organic matter, p o k  types and infiux rates 

wereutilizedinidentiSiagthepssbkaàsteaceoftbeyomgaDryascooIimaval(ca 11,ûûûto 

10,000 years BP). They found tbat trends in organic matter and pigment values were consistent 

with a graduai increase in biomass As wdl, diatom growth was determineci to be indicative of 

incrasbg littoral and M c  wwth with time, but there was no indication that Little Lake was 

ever eutrophic (Raw1ence & Senior, 1988). 

In order to place environmentai inféreaces on a queatitative temporal h s  it is necessary to 

establish a chmnology in the lake sediments. Radiometric dating methods are based on the 

radi08CfiYepPopertiesofcectabirnstabIecheniil#i~ ~Whichaxonric~esareemitted 

m orda to achieve a more sable atomic fonn (Lowe & Walker, 1984). Radioactive decay (atoimc 

13 



transfocmation)istimodcpadob,~~dsFporcven~e~~ndsfors~nedew~tstomillions 

ofyears for othas. Ifthe rate of deay  is knoum, theage ofthe Sedjments can be estabiished. 

hlongcorestudies, radhuboncq damigb  pbabiybeenthemostwiddyused method 

for dating Me CPdimenfS. Libby(1955) cstablished the principles ofthis method whîch telies on 

the fàct tbat a radioactive carbon isotope, I'C, is arpinalPred into the rno1eadar structure ofiivmg 

O- W b a i r m a g i à s m i s w ~ ~ t h e ~ o b a l ~ b y ~ a i d b i U i a l ~ t h c s e ~  

no more1% is added to it and theiiiitial rtiviry begins to de- st a regular rate. nie haEtife, 

or rate of decay, of '4C is about 5,700 years By knowïng the originai amount of% in a sample, 

it is possible to caiCUI8te the age of the sample by detcmiimig the number of haElives that mua 

have elapsed in order to account for the sample's resiCdual l m 1  of "C acîivity. 

The time scale of short core studies Oast 200 y-) can be determined by i d e n m g  the 

inc~easeofpoiienfiomaop plant~or~cuhureweeds, bytheincrrsSeincesium-137C37Cs)or 

by tead-210 ClTb) dathg (Engstrom&Wn'ght, 1984). The i s o t ~ p e ~ ~ ~ C ' ~ $  produced artificially as 

a consecpence of nidlear weapon tests, can be used as a marker horizon which can be traced in 

lake sediments. It has a haif-Me of 30 years and has been detectable since 1945. The peak 

radionuclide fàiiout produced by nuclear tests ocaured during 1962 to 1964 and a lower peak 

ocaimd during 1958 to 1959 (Jaakkofaetd, 1983). Nepiigibk mourtts wae deposited bâore 

1954. Radioactive kad C'Tb) is a memba ofthe uranium-238 C v  decay raies with a halflife 

of only 22 years (Lowe & Walker, 1984)- It is based on the escape ofradon fiom the Earth, and 

the subsequent decay ofthis radioactive gas to the isat0pe~~9b. 210Pb is eveoaiany removed f?om 

the atmosphereby~onorfkiboutand is incorporated h o  iake sPAimentssPAiments T b  is hown 

as unsupported "Tb. Supp~rted~~oPb is produced within the sedimmtq and it is assessed by 

measurip$ its radnim-226 m) grandparent- The excessaTb over die apected21Tb gïves the 

amouut of uns~pported~~0Pb. Measwemm oP1oPb content can be useù to establish rates of 

sedimentation m lakes over a tirnede of 100 to 150 ycars (Lowe kWalka, 1984). 



2.3 Pileolimnologid Studies of LakeTmpbic Status 

During the last d d e ,  severai nitegnted pdeolimnological l d k s  have ban carried out to 

reconstnict anci iritapret past emrin>mFsrtnl condïticms 6iomthe piiysical, chemicai, aiid bîologicai 

idionnation contaid in -profiles- Severai auîhors inciuding Tolonen ami Merilaiaen 

(19û3), Engstrom et ol. (1985). Fritz (1989) and Nichian and Schweger (199 1) bave utiüred 

chemistry, sabmmypiant pigments, end diatomrni~~~fissils to rrcoashuct lake bistoies. 

Macm mûients (e-g. N, P), heavy w t a l s  (e.g. Cu, Fe, Mn). sedimaitary plant pigments, pH 

and redoxpotmthi are among the m a q  parameters thatTolonen and M* (198) d y z e d  

nom a sediment core representhg a 7,000 year loog bistory of Galltrask Lake, Finland. In the 

d c e  sediments the mfluence of sewage pomaionwas d d y  dected by increases in pH and 

sedimentary plant pigments indudmg rnyxoxanthophyil (Tolonen & Merilâinen, 1983). Nickel, 

copper, and manganese only slightiy increased m the recent xdiwats, while other heavy metals 

(especiaiiy Cr and Zn), suiphur, phosphorus, nitrogai, and total organic matter were heavily 

concentrateci ai the polluted surfàce SedMent (Tolonm & Merilainen, 1983). 

EngstromeiaL (1985) reconstnicted a 1,000 year limn010gkd history of Harvey's Lake, 

Vermoatbsscdonstratigraphic~oficseochemistry, plsiitpigumtsaadfossildiatoms 

in a 0.7 m core of probdal seduaeuts. They obtained an accurate sediment chronology fiom 

21Pb, 13'Cq and I4C dating and fiom the stratigaphy of polien and sawmill wastes. It was 

determioed that p r h u y  production increased in Hawey's Lake in 1780 foiiowing European 

settlernenî and agaïndk 1945, as simwnby~acçumulraionof dhmtaryplaut pigments 

and ûiatom h d e q  ciad &anges in tOssil algai assemblages @gsmmetrrL, 1985). CyanObacteria 

fkst appeared in abundance about 1945 as indicatcd by the prernce of osdanuthin and 

and 1945 to present) were mafked m the d n m î a r y  record by enhanced pigment preservation, 

~ m a i d h i g a i i c ~ n d ~ ~ g r a p ~ d t h t d e v e l o p m e n t o ~ e d s e d i m e m s  

(Engstromer d ,1985). 

Fritz (1989) recoastnicted the histoly ofDiss Men, Norhik, U. K k m  diatom anci pigment 



adysis ofa 1 7 rn sediment are. Large variations in diatom concentmiors d distinct lithologid 

changes suggested fiuctuatmg Iake IevcIs and a memtropbic nutrient status early in the lake's 

Mow h a e a d c o m a m a t i o i i s o f t h t ~ ~ ~ a i Q ' d t b e ~ o n  

ofOsc11I;ad~ about 6,000 years BP, pmbabfym nspoase to inaeaJed s&b&ation ofthe water 

indicated a Iongmod ofmoderase ~~feffevels ancl w d  hyplinmetic oqgen depI&on The 

diatom taxa were found to ohia to those chatactdc of moderately emiched lakes. There was a 

tranition fiom a~e&-âominated diatom assemblege to one doxninated by SephUnam-' 

spp. Fritz(1989) amibuted the rapid and wstahed amophication ofthe meret0 bcreased nutrient 

inputs caused by fbrest dearance and a@- practÎces in the catchment 

A 13,200 year history ofF&àx Lake, Abesta was descriïed by Hickman and Schweger 

(1991) based on the arialyses of diatoms, daysophyte stomatacysts, pollen ad sedimentary plant 

pi- ~rqxmmbpiiyndOSCi118X811thillinalOmcae.AmeWmimmo~ 

and myxodophyll concentrations, heace the @est cyanobacterial populations, ocamed in 

the region ca 13,200 to 11,600 years BP. Diatoms wae not found und ca 11,255 years BR 

Benthic taxa initialiy dominated, but by ca. 19 100 years BP planktoaic taxa had become more 

prominent indicating a rise in the lake wata level and probably increased water transparency. 

h k i m m  cblorophyn and totai amtenoid c013Ce)3ff8Sjons d ca 11,255 to ca 7,000 years 

BP corresponding to the warm early- to mid-Holocene pcriod (Hïckman & Schweger, 199 1). 

Lake nutrient l d s  were mtaprrted to have ban higher @or to ca 7,000 years Bp In mntrast 

tomosts~idiesoftrophicstaîus, therec~ll~t~ded~indic*estbatthehlcebaschaagedfbrn 

king eutropbic durhg the eady HoIocene, to its present statu as an oligotrophic ?O mesotropbic 

lake, 



3.0 Study Site Description 

Killamy Lake (4g011'N, 9W42'W) is sbatcd withbthePembinaRiver Plainof southwestem 

Manitoba(Fiigurt 1), OCQ11n4B~iiboKtheTiitkMOPmtajllUp~mtbesouaidthePelieab 

RockLakesaidPcmbmachanueiïnthenonb. Itisrmd~sbanow(m&umdepth=6.0 m, 

SUTfgce anao 163.6 ba) lakt withite widestandipscstopenwrta portion nearest the t o m  of 

Kiilaniey(Fi~2).KiBinncyLsl<ehas~nop~meneato~~oworouo8ow. The 

hkeliesto themrthoftheLongRiver(~rmcdyknownas~ Cd). Thereis rmartificial 

chaaodco-theMt0 the~whichsavcsaplhto~rmctt~tbelake~Adamco~istructed 

by the Raine Farm RehabilitatioaAdrniriisttati , . 'on in 1956 aüows water to flow into the lake when 

the water 1 4  upstrram ofthe dambecomes hi@ Comnrsc~ whm the waîer lewl upstream of 

the dam deaeases below the actual kke level, water flows out of the lake. Accordiog to K e h  

(1979) the amount oflake mflow and outflow is d compared to the totalvohme that flows in 

theLongRivapastKillamyiadi~thattbisstntcturrhasaotbeen~mdiveriingmt~ 

to the lake. 

Taephya~irymtbeKilkwy~istbereniltofglaaalpn~esses~~&Holstrom, 

1980). Areconstruction ofgiacial history in Mamtoba is provided by Fenton a al. (1983). The 

WesternMaiorofCanadawas enQdyeodbytheWl~~~nsinanglacier; ice disappeand firçt 

fmm the soutbwest cmna ofMaaitaôa roughiy 1 l,SO years BP. The eady phases of glacial Lake 

with soutbeni drahage, were hrmed at tbù time- By about 1 1,000 yeers BP the ice fiont 

intersected the Precambrian Shieid am, in the northeast corner ofMamtoba, and giacial Lake 

Agassawas~bymeasteniOUfIdThiœmdvaaccdm~3rthwesteniOntan0, dosing 

the lower -an outlets The entire area was probabiy ice-fke by 9,500 years BP and the final 

~eof~of~Lake~iotothcLaLeSuperiorbasiiibywayoftbee8~~ernoutlas 

was between 8,000 and 9,000 yearsBP. 

Duriag the d o n  and waning ofthe lamntide contmeatal iœ mas  fiorn the south, the ice 



Figure 1. M o n  ofKillamey Lake in southwestem Manitoba in relation to other lakes referred 
to in the text 



Figure 2. Ba&ymeüic map ofKiihey Iah, show@ depth contours in metas and the locations 
of the sediment corhg sites. Cures KI, KZ, K4, and K5 were collected at site 1 and cons K3 
and K6 were collectecl at site 2.A bladc box marks the location ofthe dam on the Long River. 



eont remaïned statjoaary for a period oftime in the area immediately to the north of the present 

lake basin (K i îhey Phase). Watas h m  the meiting ice and surfàce nmoff fiom the aist side of 

Tde Moimtain flowed eastdy toward the PenibniaRiver KUamey Lake was fbrmed as a result 

ofco-cmbeneathagreatmassofcoiitinentniiœ. Sedimeatsbtoughthto theareamodifiedthe 

land south ofthe lake to a g d y  undufatibg landscape wbiie the ma to the north ofthe lake 

r a n a i o t d ~ i n ~ i n i l a r h c d b y t k ~ ~ o f ~ ~ T h e r m d e r f y i i i g  

bedrock in the areaconsists ofCretaccous shdes ofthe Ri- Mountain Formation at depths of 

25 to 30 metasbeiowthesurfàce. Thcdoahntunco~l~~lidateddeposito~gthe Cretaceous 

shales is strongly calcareous, 10- t d  giacïal till containing sandy and graveiy layers 

(Micbalyna & Holstrom, 1980). 

~ l a o d u s e a r o u a d t b e l a l a k ~ ~ w i t h a d a c r e g g e m d o n a n d r ~ d d d  

associated with theTown ofKillaniey (imrporated in 1903). The town has a population of2,200 

people and a zero rate of population growth K A  Lamb, Secretary T r m e r ,  Town of 

KiDamey., personal communication, l994).Aaialphotographs takenin 1948 (Figure 3) and 1992 

(Figure 4) show that extensive shoreline development has oecinred around the lake. Additional 

aerial photograpbs (not indudes) show tbat most shorehe devdopment has rapidly taken place 

over the last 25 years. There are presently approximately 80 homes and 70 cottages on the lake 

shore. The laLe is used exteasiveiy by tourùts for boating, swixnming and fishing (summer and 

wbter). 

h the e>dnme eastem end of the lake avariety ofuses inc1uding picnic-swimmhg area, sports 

fields, cottage areas and residential lots iie adjacent to the IakeAlong the southeni shore of this 

eastanendofthehkt~~ffagt~eidtourisrcanipsnm~eltotbePhoreüne.Fiathawnstofthis 

i n t m s M l y d d o p e d ~  cottageanddresidcntiallots havcbeenmorrnccmlydeveloped. 

On the north shore ofthe c d  portion ofthe hke a golfeourse, picMc site, campground, 

co~andbootkunchhavekendevelopsdbya~9~emdividual.Aloagthe~gwe~tern 

shorek pasture land and cmplands predomitiJitcmitiJitc Cade gcaze m a Pasture adjacent to the lake. 

Kil)amey Lake ais0 serves as the source ofthe tom's drial0ag wata Town drdchg wata is 



Figure 3. A d  photogmph (Al l4oO-l98, Enagy, hhes and Resomces Canada) ofKillarney 
Lake taken during 1948. 



Figure 4. Aaial photograph (MB92ûû8-157, Province ofMaaitoba) of Killarney Lake taken 
during 1992 (04/05/92). 



pumped h m  the M e  to the watatreatment plant whge it undergoes coagulation treatment. 

Sewage disposal is viaan aeraîed -holding pondThe Town's stonn drains discharge 

imo themaeilaLtWandthebayt0 theeastofthebridge. 

Kiuamey Lake a c ~ s  wahin the Moderately Cool Boxeai, Subhumid Continental Region 

(CDA, 1972). It iies wiîhintbe trabsjticmbetwear the mixeci gras prairieand predominantly 

grassland with scattned groves of willow and aspen (Weir, 1983).Acoording to a biologicai 

m e y  ofKiiiameu LakeCOIlLhlCfedbytbe Provinciai F M e s  B& (Amascm, 1956) the native 

vegetatoncomistPofmD<ed~andtall~e~withassoaabed~usplants.Al~ng 

the north shoreline large clumps ofbur O& (Quercw rnam~41p4) are present. On the south 

shoretfemblingaspen(PoPJt~~~remdo~s), greenash (Fr~.pennryhrmica) audwillows 

( S r k  spp.) occuf. Wtivated fields touch tbc shores in many places or are only cut off by a 

namiw beîtofm. ïhe~ofKit lameyLakeshows bothemeqentcndsuhaaged~on. 

bergent vegetation consists c M y  of rushes (Junc8ce8e), sodges (Cypaeceae) and &rasses 

(Oramineae). ûther emergent vegetation includes p o n d d  (Potamogeton sp.), duckweed 

(Lemnu sp.), and crowfoot (RamnictrIw sp.) (Aniasoa, 1956). 

Tbroughout the years 191 7 to 1956 an almost continuous d e s  of fish stockings had been 

made by the Provincial Fisheries Branch (Amason, 1956). The lakt bas been stocked ovcr the 

years withpickerel (Stkostedion vitrem), püce (ESOX lucius), largemouth bass (Micn7pteru.s 

sdmoidar) anci yeilow lowpach ( P m  sp). Since KiUrmrey Lalre experi- smrr winter kill in 

most wiatasno ôreeùbgpopÙaiionofgame f i shk  becaableto mamiamitseIf(Amason, 1956). 

In rccent years th lake bas wt been fish stocked (Mr. H. A. Lamb, SeaetaryT- Town of 

W a m c y ; ~ c a n m i ~ c a t i C m ,  1994). 

Killamey Lake is hmeutrophic (summer mean phytoplankton biomass 11 to 32 pg 1-1 

chlorophyll; total phosphorus 30 to 200 pg P; Dt L.G Goldsbomugh, University of Manitoba; 

unpublished data) with the phytoplanlaon dominated throughout much of the summer by 

cyaw,bacteria@Iue-green aigae). The fUalueocyof al@ bIooms and the amount of aquatc weeds 

may have inaeased with the amount of @cultural feailiPrs applied within the lake's Qainage 



system The rapid growth of algae giws iw to numerous undesirable effeçts on treatment of 

~gwat~~~onliddon(touriSni).ToiriaParerel~bymsnyal~aiid 

wh~ingestedbyhunumporothr~scmcswcdetrimeat81orevenl~e&cu.Massive 

growths of a l e  canpirysi~impcdc wataways and clog filters at watertreatment fâcilities. 

Associateci with an mQC(ISC inpoduction iS the expaded @lem of wiater la msubg fiom a 

prratadepIetionofoxygenmtbt~.DccsyPig~blomiscan~œiniple9ssntfOul~ 

massafl-dqshotetines. 

Wmey Lake bas a long history years) of mani*pulation in an &ort to reduce chronic 

algal blooms EffOrtsto amtrotnuisanœaigal blwms havebemdethmugûregularaâditions of 

copper silphate (for example, about eight tomes in 199 1) to the epilimnion. The copper sulphate 

is appüed by spreading the chernid on the lake d a c e  fkom a boat. This practice of adding 

copper sulphateor "biuestoniag" may have begun as *as the 1920's. Mrs. B. Blixhavn, a long 

time resident ofKillarney, r e m d e n  !mimmbg at the "girl's beach" (the smtkmmst section of 

the present public beach) in 1924 when someone was applying a blue-colored substance. She 

recds the rocks 6 g  blue and behg told to wait to go swhmhg. Mrs. D. Hysop, also a 

KiIlarney redent, cites an ianecdotal report fiom 1943 where t o m  resident Mr N. Wddon says, 

The bay was a stinkhg mess and t o m  r&dent Mr. F. Kent bluestoned it; people said he was a 

foolaadtbstitwailddt~~rk~TLn'scouldsuggcstthiisbhiesto~wasanew~thatyear Mis. 

B. Wood, another long-time resident ofKillamy, rewllects ha husband bluesto~~ed the bay âom 

arowboat in 1947. Mc H Kiffien also ofKillarneyôegan w o e g  for the town in 1957 and they 

wae already bluestonbg. 

There are few data on changes in lake water quality since 1879, when intensive agricultural 

l a n d u s c ~ m t b e w c a n s h c d . A ~ ~ ~ ~ ~ w s s c o n d u ~ t e d t b t o u @ u t t h e  

iceheseascmin 1991 and 1 9 9 2 b y I k . L . G G o ~ ( v n i n r s i i y o f M a n i t o b a ) m ~ p  

with the Manitoba Provinciai Watcr QuaiQ Branch Select PurÊice water chemistry parameters 

from these two yean and one sampüng day in 1993 are illustrated in Table 1. These chernical 

parameters are compared with otha laLes located in southwestern Manitoba in Table 2. 





Table 2. Cornparison of selected surface water chemistry parameters (Dr. L.G. Goldsborough (University of Manitoba) & 
Provincial Water Quality Bnnch, unpublished data) collected during Au- 1993 for Killamey Lake compived with 0th 
lakes locatad in southwestern Manitoba (sae Figure 1 foi locations). 

Parameter Killarney Lake Pelican Lake Rock Lake Crawford Lake Max Lake 

Total alkdinity (mg f ') 199 353 212 450 270 

Specitic wmiuctivity Q m b s  cm") 753 1568 749 2643 517 

Dissolved oxygen (mg r') 7.6 7.8 7.0 9.8 7.7 

Total phosphorus-P (mg T') 0.275 0,2 1 O 0.1 50 0.039 0.053 

Secchi depth (m) 2.08 OS2 1 -50 5.55 0.79 



Cornparisons betweea lakes IisteciinTabk 2 shouldbe mtaprrtedcmxtiouslybecause the vaiues 

givmarefmoalyonedayof~plEig.TbetotalaIlalinity,pH, anddissolvedoxygeavaiuesare 

lower for Killarney Lake than for the other lakes in the ama. The chlomphyll a value is low 

compareci to values foiPelicanLake andm Lake. It is Walyfhatthis Iow chiorophyiIavaIue is 

not rrprrsaitative oftypical choraphyUavaIues mthtlakegivcnits eu hop hic^. Killmey 

l a k e b a s d v h i ~ l e v e l o f ~ ~ o u t o f t h t ~ e l a h s a n d l o w a ~ t r a n s p a r e n c y a s  

indiM)PA by the Secchi dcpttL 



4.0 Materials and Methods 

4.1 Coriag 

S k  diment  cores wae coIIected from w sita rrprrscntlitive ofthe deepest portions ofthe 

l a k e d ~ ~ o f  I992ad 1993 uabe3, Fiigrnc2).~peraisSionamr(Reasoner, 

1986) was used to obtain tbne long cores (KI, K2, & K3) to studythe postglacial record of the 

Me. The cor& system consisteci ofa 7.6 cm dhmeter 4 m plus long wre beml, a weighted core 

head, and a core driver(Figure 5). It is dest*gned fbr d e r  operation, is simple to operate and 

inexpensive to assemble- 

Coring was conducted h m  the surfke oftk ice pacL After a hok was made in the ice pack, 

the core barrel, core head and driva were lowaed through the water column and aîiowed to 

seaie slowly into the sufficial sediinents -net, 1986). The d h r  was raised and dropped 

repeatedfy in order to drive the core baml into the sediment. Upon completion ofthe dmRng 

process (when the coring device v'brated upon impact &the driver), the driver was raised and 

removed âom the min line. The con was retxieved us@ a N e y  system attacbed to the ice pack 

A core catcher consistmg of a ring offive ahnmmmi hgers attached to the inside base ofthe core 

barre1 prevented the loss of sedùnent whiie reüieving the are. The are  baml was cut to the 

sedùnentlwafet ioterface ad seaied with sohmtcaiiadd plastic enâ caps; the Iowa end ofthe 

bardwasaisusealed niecaesw~ntnursportedtothe~rato1)raadkeptia4~Crintilanaiyzed~ 

~ a x * , w a e o ~ b y ~ ~ c l e p g t h w i s c a n ~ m t h w a O o f t h e c o ~ b a r r e l w i t h  

a radial saw. Anylon mono&nent passcd betwem the two nits was draum dong the core Iength, 

slicing it mto two bises. Subsiimphg ofthesecores was paformed w i t h  a 1 cm band at 5 cm 

i n t d s . A d e d  5 mi syringe was used ta obtain approximateiy 1 9  d ofwet sediment for 

d e r n i i n i q g ~ ~ ~ ~ a n d t o e l c i i r b o a m s ; t o t J p b o s p h o ~ t o t a l c b l o m p i r y n ;  

and diatoms at each sampting intemLApproxhnately 10 g ofwet sediment was colIected for 

carotenoid pigment amîyses.Mditionai buik sediment samples were coUected for radiocarbon 



Table 3. A surilmarv of the Sedime cores cokcted h m  Killaniey Lake. 
p p p p p  

Sediment CollectionDate Corer Water Core Wb3 

K1 March 15,1992 Reasoner 6.85 205 5 

K2 March 15,1992 Reasoner 6.85 270 5 

K3 March 15,1992 Reasoner 6.17 280 5 

K4 March21,1993 Glew 5.82 25 1 

KS March 14,1993 Qew 5.82 26 1 

K6 March 14,1993 Glew 5.50 20 1 
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Figure 5. Scbenuitic diagram of a modifieci Reasoner (1 986) percussion coring system. 



dating (seelkühg). Cace was used to m i d  subsampling sediment adjacent to the core barre1 to 

pnvm~=ibie- 
. ~yaiqga~astheaxebarrelpassrdtbroughthesediment 

To ociiniine modem cbanges m lakt priniary produdiontwo short (top 30 cm) sedmieot cores 

(KS & K6) were c o l l d u s i n g a G i e w ~ e d K - B  g d y  wrer(Glew, 1988,1991).Athird 

short sediment core @4) was collated fbr2Ib dating ofbu recent sediments (seeDaabig). The 

grav i tycorer~ofa lo~cyf i idcr ,  thesleeveaddiinipinsdeviceto se~ethecoretube; 

andlmupperp~tasbbousedthecloshgpiston, nleasemechkq andcaptivefloat(Figure6). 

An acryIic con tube wiîh an b i d e  diameter of 63 mm was u d  for core coliection. 

Corkg was conducted fiom the sudiace of the ice packthrough a hole made in the ice. The 

gravitycorerwasloweredthroughthewatercohmmaadalIowedto settieslowlynitothesuTIicial 

bottom sediments.Aguidcd messengertriggdthe closure ofthe top ofthe coretube and the 

graMty corn was raised slowiy to the surface. The bottom of the core tube was stoppend. The 

cores wem d o n e â a t  1 cmimtavals mthe fieldus@ avatidadnisiondeviœ for dose interval 

seaionhg (Cam, 1988). The bagged sampks were tmqorted to the laboratory and kept at 4°C 

daoalvrrA 
Subsampling was perfonned as with the long cores. ApprorQmateiy 1.9 cm' ofwet sediment 

was wnected for detaniinPqg wateramteat, orgsnic matter, aod total carbonates; to?alphosphorus; 

total chlorophyn; and diatoms at each samphg h t e m L A p p m ~  10 g of wet sedimnt was 

coIlected for caroteaoid pigment a d p s .  The remabhg sediment of core K5 was sent to the 

W.M. W'd Tecbnical Services Laboratory (Province ofMmitoba, Wdpeg) for analyses of 

heavy metai content (Cu, Pb, Hg, Cd, Mn, & Fe) at 1 cm i n t d s .  

4.2 Comporidiou 

Sediwm core subsamples werc descni  cpWMyin tams of color (using Munseiî soii 

color&arts)Bdtexture.Watcr~ organkmattu, andtotalcarbonatesweredetermïnedby 

loss onignition W ~ c 0 n t e n t ~ h ) a n i s m e a s l i n d a s w C i ~ l o a s ~ ~ t o  coastantwagbt at 

i0S0C foi24 horirg oxganic matter (0/o dw) afterignithn at 55VC for one bw and total carbonates 
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Figure 6. Schematic diagnmi of aGlew(1991) modifiedK-B miniahae gravity corhg system. 



(% dw) afkfùrther ignition at 950°C for thme hours (wetzel, 1970). 

An ignition wtttod was dso used to detaniine the total phosphorus in the lalce seâiments 

foilowingthe methods o ~ ( l ~ ~ 6 )  d Staintonetd (19n).Totalextm&&Ie phosphorus 

was detanimed by wmbusting s~mpIes at 5500C for one hou  to destroy organic matter, then 

bohg the raimie in 1 N H I  whichoctrac*l the phospho~s and comiats it to orthophosphate. 

The total pho~phorus content ofthe original sedmiem sampk was detammed as orthophosphate 

by the molybdate-ascorbic and method (Stainton et ol., 1977). Color devdopment (blue) 

proportiod to the amount of oabaphosphe present in the sample occurs upon the addition of 

molybdate-ascorbic acid ragent to the sampIes. The absorbame ofsamples was measured at 

885 nm in a Spectronic 601 (MiltonRoy, Rdesteq NX) ~ o p h o t o r n e i a .  Totai phosphorus 

(pg gdwl) was determined by coqmrbg masined sample absohaace to a standard phosphorus 

(range 50 to 1,400 pi) c w e .  

4.3 Plant pigments 

Plant pigments wexe extt8cted in 90% mahewl for 24 hours in the dark The samples were 

then CenWiiged to remove suspended particles- The extract a b d a n c c  was detefmined at 665 

nm and 750 nm in the spectrophotometer More and &a acidification with 1 W3 N HCl. Totai 

chiorophylI (pggdwl) was determi& fbllowing sEandard spectrophotornetric methods d e s c x i i  

by Lorenzen (1967) and Marker et aL (1980). 

Total carotemid pigments, myxoxanthophyii, anci o s d b m t b  wae demmhed followiag 

the methods of Sanger & Gohm (1972) riad Swain (1985). These pigments were adracted in 

90% acetone for 24 hom in the da&. The extract was decanted and centrifugeci to remove 

suspendcd particles. The clarifieci simple was ~Iîccted inîo a 1 0  ml graduateci cylinder and 

made to volume. Total camtemids wae meastmd by k s t  q o d j h g  a 30 mi acetow aliquot via 

the addition of 15 ml of 2 W  KOHm mcbanol (w). T&is m b m  was dgerated fbr two hom 

and thenthecarotemidswaee~dradedinto 30 mlpetroleumaha(30 to600CBP) haseparatory 



nimieL'Ihehypopbase~~~ei i lydraissodiumsulphateaidthe~ctnictabsorbance 

wasreadat448 mnsganistapetroIeumcthabhdr Theepiphasewas wssbedwith50xnidistilled 

water ( thehypophasewasd~  drsmtdthmigh~ussodiumsulpbate, andtbeacaact 

absorbance was nad at 448 nm against a 2: 1 acetone/metbanol blank. Total carotenoids ((ig 

gdwl) were calculateci as in Swain(L985). 

~ n t h o p h y f l d ~ w a e ~ h m t h e ~ 7 0 m l 8 c e t o 1 ~ e a l i q u o t  

by adding 40 mi petr01eum *berin a separatory finrwl MyxoX821tbophyll and oscillaxanthin are 

highiy polar and are completdy held in the ricetonetvater hypophase, which was removed and 

dried under an air stream. The dry pigments were redissohnd in absolute *han01 and the 

concentration of these two pigments was detennined by the trichromatic method (Swain, 1985). 

Thi~methodwnsistsofmeasuringthe&~0rbaaceofthabanol~0hitionat412nm, 504mnand 

529 nm, the absorbance peaks for the contaminathg pigment phorbin, oscillaxanthin, and 

~oxanthophyii, rrspeuivdy. The correntratjonofmyxowntbopiiynaud oscrnawuithin(p8 gdwl) 

was then caiculated as in Swain (1985). 

4.4 Diatoms 

Diatom valves were separated h m  the sediment ma& using a series of water washings. 

Distillecl water was added to a 1 an3 wet sediment sample and the semple was sonicated for 

approximately 16 minutes. A 0.5 ml subsarnple was diluted to 100 m1; 40 ml of this solution was 

ranoved for washiag. To remove dsy partides the sampies were W y  WBShed three times with 

1% Caigon6 wata soAener in distilleci water(Wei@xolume). Tbis was foiiowed by at least six 

distilleci watawashes. ScrilSig time betmm W g s  was three hours as detetmmed foilowing 

thequati011~rpaaidesctdmgtmieaOmFok(1%5).EiilpmcalJtudies showedthreehourswas 

adequate to pumit sepamfion oftrger, npidly sedimenthg diatoms from smaliet, more buoyant 

Clay particles. 

A m a s u n d v o l u m e o f a w d l @ t a t e d s u s p a o i o n o f ~  



mys (modified fiomBatesrke. 1973) and left to evaporate man uadishabed mom This method 

dowed for a d o m  distri'bution of diatoms over the floor of the tray. Once dry the covenlips 

were removed bmthe trays, combusted at 550°C fOt six minutes and mounted on siides ushg 

Napbrax @IorthernBioIogical Suppk M i d d m q  Ipswi*&) highnsohxtion diatom momtant-A 

minimum of500 diatom vaives wae i d d e d  and eaumerateci fiom each simple under high 

masmfication (100ûi) îight microscopy using a Leitz Diaplan (ûennany) micfoscope with phase- 

oonwstopticsT8~0~)mi~cball~specimenswaestudicdfinthaii9pgscanningelectr0~ 

miaosco~ S w e s  idenBcation is m d y  based on keys by Patrick and Reimer (l%6,1975), 

Ger- (l98l), andKmmmeradLaqpBertalot (l986,1988,199la, 1991b). Diatom zonation 

was based on cluster analysis employiug Eudidean dutaace and simi of squans distance method 

on log W o m i e d  diatom concentration data (m, 1982; Wolin, 1996). 

Sediment samp1es were coilected at fhe positions in each long core for radiocarbon dating- 

Samples were removed, dried, wrapped in dumimim foil and stored at 4OC. Three samples fiom 

K2 (23 to 35,140 to 150, & 264 to 270 cm) and K3 (25 to 37,140 to 150, & 270 to 281 cm) 

were aualyzed at the EnWoinnental Isotopes Lab,AlberEaEnvuonmd Centre, V i e .  

The stratigraphy of and I3?Cs content in the K4 short core was used to estabiish the 

sediment cbronology in the Külamey Lake basin over a the-& ofthe past 150 yean. This 

a d y s ï s  wasconductedbyMrP. ~atdrFreshwaterInsciaite,Wï~pegpeg Radiocbemical 

anaiyses w e r e d e d  outusingammikrofanalytidtechniques. Five to teagmms ofsedinient 

were sealeci in 60 x 15 mm plistic petri dishes, sgcd for 30 days and counted on a gamma 

spectrometer (Ge &i semhductor de2ectot) fk the determinaa'on of "'Cs and 226Ra in some 

cases, counting was done on a hypecpurc germanium aystal and21!Pb was deteneed diredy 

dong with InCs and 96Ra (JO& 1987). Oae to thne gram sampks were anaiysed for 210Pb by 

leaching in 6N HCI in the presence of a 2?l?o tracer, autoplathg Po onto a sihrer disc (Flynn, 



1968) and counting the disc on an dpha spectromaer to determine 2'OPb via its 21% daughter. 

T R a  was determineci on selected slices by the radon de-ernanation techmque Wthieu, 1977; 

Wïikhmn, 1985). Excess2?Pû was ddammcd in each &ce by subtracting the% actniity from 

the2Vb - 
Tbernnat~mean~waedcaanmcdusiqgthretmodds- The~&modd(Ol&eid  

&Appleby, 1984) ammes aconstautfhnc oPIPPb to tbe dhmîs and acoastllnt sedimentation 

rate. The constant &ix modd (Old&ld &Appfeby 1984) assumes a constant flw oF1oPb to the 

sediment and changiDg sedimentation nites. The Merence between these two models 

~ c S e y i g t b 8 t ~ h f a j 0 a b e s t ~ r e g r é s s i C o n d t b e ~ f l u x m o d d i s a ~ o n  

point by point and then averaged. The tbkd model used was the Rqid Steady State Muring 

(RSSM) model ( R o b b ,  1978) which corrects for d e n t  d g .  It does a a w e  fit to the 

mked pronle and calculates the parameters based on no rnbg baving occurredoccurred 



5.1 Sedimat Cbronol.lg 

The sediment ofthe thne long cores @Cl. K2. &K3) was unlaminated organic siit (Dr. W. 

Last, U'aJi ty  ofMamtoba; personai communication, 1993). Sediment dors wae generaliy 

very darkgrcyish brown ( 2 . m )  to darkolivegrey (SY 3Q). The bottom 15 cm of the K2 core 

was a coarse sand and grad. Ifthis latiamed is postglaarl debris, IF daîing ofthe organïc 

stratum immediatdy above the ssnd indicated the I(ilkmcy Lake basin is at 1east 4,670 years old. 

The '.C dates obtained from the K2 and K3 cores appear inTables 4 and 5. Radiocarbon ages 

presented are aI3C wm*ed (correction = 16 (iY3C+ 25) years) and relative to 1950AD; the 

û13C &es are 960 relative to the PDB international standad. These dates provide the basis 

fortheextc8polatedagesusedmthetext, kaiiiigin&tbeprobablefiilsPa~~umptionofiniaom 

deposition rates through the are. 

The three I4C dates obtained for the K2 core indiCate tbat the sedimentation rate at this site 

averaged 0.59 mmyearl. Cornparison with data fimm the EO c m  indiateci that the sedhmtation 

rate at tbis site was bigber, avaagiag 0.75 mm yeart. 

The chronology ofthe K5 and K6 short cores is based on closcinterval "?Pb dating of the 

K4 axe. The age-depth relationship, detemiiaed using the RSSM mode1 nsuhs, is plotted in 

Figure 7. This modd provides a reasonable explmation of the 210Pb activity profile nom the K4 

core W. P. Willanson, Freshwater htitute; personal communication, 1995). The 24 cm are 

represents 53 years, the base of the tore was dated 1940AD. The average sedimentation rate 

was determincd to k 49 mm year! 

nie ~~iryo~nCsprwides~cpada*Mdmcedthe~0fthc~~0Pbchn,1~]logy 

(Figure 8). Ammimm concentration oF3'Cs was f o d  at 12 cm and a lower peak ocamed at 

17 an. The dates of l963AD and 1959AD arc placeci, rrspectivcly, on these levels based on the 

bistorid pattern of atmospheric Miout Qagkkoiaetd, 1983). These dates fàii rrcisonabiy close 



Depth below Dasedmataial P C  14C age AECV# 

Table 5. Radiocarbon dates Erom the IO core in Killamey Lake. 

Depth Wow Dated material at3c "C age AECV# 



Year 
1933 1953 1973 1993 

Figure 7.Age-depth refationship in the K4 core detennined by "?Pb. 



Figure 8.137Cs aaivity in the K4 wre. 



to the *'(Pb age-depth nim (Figure 7). The Iow kvels of ')'Cs below 20 cm rnay be due to 

downward mïx@ or diibion. 

5.2 C o n  Ki 

5.2.1 Composiaon 

T h e ~ p i i r r m i d c r o ~ m t b c R l  corrarrprofiledinFigurr9.WateraPdcarbonate 

content didaotwymuchwithdcptaWaiermüentBradwnyincreased~mca Wh crtthebase 

ofthe corn to ca- 85% at the top ofthe tort. The carbonate content was relatively constant over 

the length ofthe are fluctuasing a r o d  the mean of dw. 

m ~ c  matter content was high at the base of the Kl  c m  (ai. 1% dw) then decreased to 

ca. 1W! dw between 180 and 145 cm Two mairima (ca 20% dw) in organic matter content 

occurred between 145 and 75 cm and between 60 and 25 cm Applying the '.C dates obtained 

fortheK2core(alsohmthissite),thefomapesk~edbetweeaai.2,500aad 1,270years 

BP and the latter between ca 1,010 and 390 years BP. Tb phosphoms content also peaked 

during these two periods, although the d e r  peak was les pronounced. Between 205 and 140 

anthe phosphorus cmtentawraged200 pggdwl'. DdngthefirstpeaL(145 to 75 cm) phosphorus 

content increased to ca. 300 pg gdwl and m the secwd peak (60 to 25 cm) phosphorus reached 

430 pg gdw! Both o@c maîter and phosphorus wexe low in the surtàce sediments (ca 15% 

dw and ca. 280 pg gdwl, respecfiveiy)), but both showed an increasing treud in the top five 

centuneters. In the top 10 cm organic matter content increased fkom ca 14 to 18% dw wMe 

phosphorus conta hcreased h m  ca 250 to 320 pg gdwl. 

5.2.2 Piiot pigments 

Total chlorophyll was the only pi- parameter measund in the K1 con (Figure 9). Total 

chlorophyllwas1ow(ca 5 pggdw')mthebattom~between205and 115 anAsfound 

with the organic matter and phosphorus content, total chiorophyii content dso peaked twice. 

Between 1 1 5 and 75 cm (ca. 1,970 to 1,270 years BP) it reached ca. 14 pg gdwl and between 

60 and 25 cm (ca. 1,010 to 390 years BP) the maximum totai cblorophyll content (18 pg gdwl) 





was reached. The percent native chiorophyil vaMd widely over the length ofthe KI core. No 

native chlomphyli was f o d  between 170 and 165 an Prrservation conditions may have been 

very good between 145 and 140 cm, and at 25 cm as these samples containeci 100°/. native 

cblorophyn. 

5.3 corn K2 

53.1 Composition 

The chemical parameters mta~ured in the K2 core are proiïied in Figure 10 .As in the K1 

core, water and carbonate content remsineci reiativeiy constant over the length of the K2 core. 

Wataconte!ntwasonly17?/rat270~ at265cmitmacaoedt0600/odm~eased~uaUyto 

84% at the surfbce- Carbonates averaged 103/r dw overthe lengthoftheX2 core acept for a low 

value (6% dw) a .  270 an. Orgaaic matter and total phosphorus content were also exceptionaüy 

low (1% dw and 42 pg gdwl, respectively) et 270 cm. 

Organic matter content was ca. 17% dw between 265 to 240 cm (a. 4,6 10 to 4,170 years 

BP). Two maxima ofca. 22% dw occurred between 200 and 110 cm (a. 3,470 to 1,880 years 

BP) and baween 80 and 20 cm (ca 1,360 to 300 years BP). Total phosphorus was low (ca 165 

pg gdwl) between 265 and 175 cm(ca. 4,610 to 3,030 years BP). Between 175 and 110 cm (ca. 

3,030 to 1,880 years BP) the phosphoms content ofthe sediments peaked at ca. 600 pg gdw '. 
There was a s u d l  decrease in pbosphow concmtrationuntil a second peak (ca. 700 pg gdwl) 

occurred between 80 and 20 an (u 1,360 to 300 years BP). 

53.2 Pimt pigments 

The~gme~pliramerersmeiisurcdintbtK2cwcmpmfiledinFigurr 10. Theperccatnative 

chlorophyllwKdwidelyoverthclcngthoftheK2 am. No nativechiorophyll was measUrable 

between 160 and 155 cm (ca 2,760 to 5670 years BP) and a 65 cm (a. 1 .O90 years BP). One 

sample at 165 cm (ca 2,850 years BP) contained 1000/o native chiomphyU 

Total chiorophyli and total carotcnoids showed similar pattmis of conceatration in the K2 

core. In the lowexmost scdmieilts (270 to 180 cm) totai chiomphyii concentration was low (m. 5 



Figure 10. Rofile of the chemicai parameten and s 
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a n m e a n d .  

Thetotalchl~r~phyntomcal~d(W:TC)~owiisvaybi~(~ 21)atthebasc(270 

cin) ofthe K2 core. Vahies bctween 265 and 175 cm (ca. 4,610 to 3,030 years BP) wae much 
. . lower (ca. two). The ratio was maxmrioed at dues  of f i e  to six betwem~ 170 to 145 cm (ca 

2,940 to 2,500 years BP). In the top 140 cm the ratio returned to lowervaiues in the range oftwo 

to fiuc; 

Both osàUaxantbm and myxcmnhphyii fiu- incgukrty throughout the K2 core. The 

c011CeLlSration ofmyxoXBIlfhophyil showed a di@ hmasing trend Zpeakvahies are compareci as 

follows. The fïrst d peak in qxoxanthophyn c o ~ t i o n ,  ca 15 pg gdw', ocarrred at 245 

cm (ca. 4,260 years BP), the concentration increased to ca 28 pg gdwl at 195 cm (ca 3,380 

years BP), increased to ca 3 1 pg gdwt at 155 cm (a 2,670 years BP), increased to ca. 35 (ig 

gdw' at 50 an (ca. 830 yean BP), and reached a maximum concentration of ca. 40 pg gdwl at 

3 0 cm (a. 480 years BP). Major pealcs in oscillmmthin concmtration (ca. 28 pg gdwl) also 

o m e d  at depths of 19s an (ca 3,380 years BP), 155 cm (ca 2,670 years BP), and 30 cm (ca. 

480 years BP). Values greata than one in the odaxaathin to myxoxanthophyll (OSCMYX) 

ratio ocaured most o h  in die lower half of the core between 270 and 75 cm (ca 4,700 to 1,270 

years BP). The 0SC:MYX ratio averaged ca. 0.5 in the top 70 an. 

5.3.3 Diatoms 

Diatom~eswerefoULYiata~kvelsoftbeK2 wreQ'i ll).Totaldiatom~on 

was low, rangïng âom ca. 16 to 450 x 1106 valves gdw', between 270 and 190 cm (ca. 4,700 to 

3,290 years BP). Diatom concamation rcached maiomum values of ca 9,000 to 12,000 x 106 

valves gdwl between 190 and 75 cm (ca. 3,290 to 1,270 years BP), with the exception of one 
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Figure I 1. Profile of the diabm concentration, comunity spechri, and diatom diversity in the K2 
core. 



iowvahie(460x 1Q~1~)citaQcpdiaf130an(cs.~40yairsBP).Diatomsd~ 

to an average cmmmtdon of ca. 3,440 x lQvllvcs gdw' bctween 75 and 10 cm (ca. 1,270 to 

130 years BP), thenhaeesed in the top 10 cm (ca- 130 yeam BP to present) ofthe K2 core to 

n e a r ~ v a h l e s o f 8 , 9 M ) x  l Q M h n s g d w x a t t h e ~ .  

Pbktonic diatom taico wae dways more abundant than b d c  hrms. However, benthic 

taxa did inaease dative to plauktonic taxa at depths of 255 cm (a 4,430 years BP), 120 cm 

(a. 2,060 years BP) and 65 an (ca. 1,090 years BP) (Figure 11). Planktonic taxa composed 

nearly dl ofthe sample at 135 cm (ca 2,320 years BP) and between 120 and 75 cm (ca. 2,060 

to 1,270yearsBP). Thisisevident mtheplaaldonic:bemhicratio. 

Diatom divasity (as estiniated ushg the Shannon-Wiener(l%3) hnrnila) ranged h m  a low 

of 0.8 at depths of 180 cm (ca 3,110 years BP) and at 240 cm (ca 4,170 years BP), to a 

maximum value of 3 -9 at 255 cm (ca 4,430 yaus BP). 

The major gemni are profileci in Figure 12. The benthk taxa showed two peaks of greatest 

abundance between the d e p b  of 225 and 125 cm (ca 3,900 to 2,150 years BP) and between 

100 and 25 cm (ca. 1,710 to 390 years BP). This is illustrated ben by the species totals for the 

genera C'beIllo, Epiihernia, Gomphonema, and N&cuh (Figure 12). In contrast, the 

planktonic gmaa were most abundant in the recent sediments (ca 39 years BP to present) and 

between 125 and 75 cm (ca. 2,150 to 1,270 years BP). 

A total of 108 diatom taxa bave km identjfied fiam tbe K2 core; a complete listing is found m 

AppendaA. The most wmmon taxa (determineci as d taxa thet were preseat in a minimum of 

two samples and had a dative aburdaece oQl% in at least one ample) are listed inTable 6 and 

their stratigrapbic are illustrateci in Figure 13. Light microscope photographs of the 

most common tzma are fomd inAppendix B. 

Aulacoseira ~amiIurfo, dong with A. mnbigw and A. ~11bo~cticu were important 

euplanktonic components ofaePcmh~throughoutduK2 wre.A. mbi- andA. subarctim 

have been summeci together due to thc âiîEculty in sqarating these two species at the light 

DncroscopelcveL~thrre~eshavesmiJlirdistributiontnadsmtbeK2core, ahhoughthe 
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Figure 13. The most common diatom taxa in the K 









1,270 years BP). 

SepItat#lhii- Nugm8e. n e  the  AU^^ spp., occurred in high concentrations 

t h t o u * u t t h e K Z m ~ * ~ s n a n d c e e c a w a t i J s o ~ t t i r o u ~ t h e K Z c o ~ . I t  

was found that theCycIdek and d S ~ s c t l s ~  with the exception ofC. b a h i o ,  

ddwtbesepiirattdattheligtitniicto~copekvdnie~iiamd~~nienantricspp.', tkefbre 

represents a mixture of C. q i i q  C. memgkiiriimsz, S. u g i i e ~ s ,  S. hanmchii and S 

mimhrlils. These species wae identifieci usbg SEU These taxa were most abundant at 150 cm 

(ca. 2,590 years BP) and in the top 10 cm (ca 130 years BP to pfesent). C. b d z i c a  was absent 

fkom the top 70 cm ofthe K2 are, and was most abundant at a depth of85 cm (a. 1,440 years 

BP). 

Several Fragilan'u taxa were major components of the flora E b-Mato was common in 

moa portions ofthe K2 core. It reached bighabuadances at two depths, 70 cm (a 1,180 years 

BP) and 120 cm (ca. 2*060 years BP).E comtmens was also abundant at these two depths, but 

was most abundaat lowa in the K2 cm at 185 cm (ca. 3,200 years BP).Although it was present 

in much reduced quaatities, EpR.rata had a similar SEratjgraphy toE cOllSIhlerrs. These two taxa 

were rare in the bottom40 cm (ca. 4,700 to 3,990 ycers BP) and top 25 cm (ca. 390 years BP to 

present) of the K2 wre. 

Several taxa w a  oaly abundant m the lower portion ofthe K2 me. These include CymIleItcl 

cynrbifonis and C. kt&i  which were only found h the K2 core below 140 cm (a. 2,4I O 

years BP). Amphora pedrcutus, C'beIh wnielleri, i,itkmia smi fhii, NmCNIctlla mpidlata, 

and N. oblonga were abundant between 225 and 130 cm (ca. 3,900 to 2,240 years BP) and 

between 100 and 25 cm (ca. 1,710 to 390 yem BP). These taxa wae absait fkom the top 25 cm 

(ca. 390 years BP to present) of the K2 con. The süatigraphy ofRlllphora d i s 7  Cocconeis 

plocentu&, Gonphoraema subcloi;lioirnn and &m&a ulm in the K2 core were quite simiiat. 

T h e s e s p e e i e s h a d t h e k ~ a b ~ b c t w c c n  160and 150an(ca 2,76Oto2,590years 



BP). 

RFteraoiekf- F r a g r a g r W a m e ,  a d N i ~ ~ s i ~ Ü û ? u w e r e m o s t  abundant 

inthesrÿfaacpdjments. Tbefirm~~twowaecibsentfiromthescdmwmsatdepuWbdow30nn 

(ca. 480 ycen BP). 

C1usteram@& was used to sunnnariÿe changes in diatom assanbiages ova the Iength of the 

K.2 con. Rcsults i d d d  6ve major dustas (Figure 14). RegionAcontains saniples 15 to O cm 

(2 10 yem BP to present). These ssmples contain higûer concentrations of planktonic taxa that 

respond to nutrient infiuxes (e-g. Aslerionel.. fonnoso and Fragiikaia c~oioneltsls). Samples 

270 to 220 cm (ca. 4,700 to 3,820 years BP) and 25 to 20 cm (a. 390 to 300 yean BP) cluster 

in region B. This region coutains high concentrations of epipek taxa (e-g. Amphora owlis and 

FragiIma bdsîriaza).  Region C Uicludes samp1es fiom 1 O5 to 80 cm (ca 1,800 to 1,360 

years BP). This association is dominateci by planktonic diatom taxa (e-g. Aulacmeira spp.). 

Samples 160 to 135 cm (ca. 2,760 to 2,320 years BP) and 35 to 30 cm (ca 570 to 480 years 

BP) cluster in region D. Both bemtiic and planktonic taxa are abundant in this region- Associations 

domiDateci by bmtfiic taxa ciuster in region E. These include samples 215 to 165 cm (ca 3,730 to 

2,850 years BP), 130 to 110 cm (ca. 2,240 to 1,880 years BP), and 75 to 40 an (ca. 1,270 to 

650 years BP). 

5.4 Con K3 

5.4.1 Composition 

ThecheLIIicalparamtas~intheK3 conarepro61edmFigurr 1S.Asintheprevious 

two cores, m e r  content and carbonates wied We ova the length oftheK3 wre. Water content 

increased p d d y  fkom 74% at 280 an to 86% at the mfkce of the K3 con. Carbonates 

averaged ca. 11% dw over the le@ ofthe K3 core. & p i c  matta content was high (ca. 22% 

dw) up until the i n t d  150 to 125 cm (ca. 1,830to 1,560 years BP) where organic matter 

content dropped to a low of 9'99 dw. It thm rrtrirntcl to high leveis pealtiag ris 27% dw betwan 



Figure 14. S m  of q u a m  Euclidean dküme cluster aaalysis of the log tmnsformed 
concentration data of the major diatom taxa in the K2 con. Five groups (A to E) are 
recognhed, seperated by the shaded boxes. 
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125 and 20 cm (ca 1,560 to 400 years BP). In the top 20 cm ofthe K3 core organic matter 

content declined to 13% dw. Phosphorus collCeLdrafionfO11owed this sam pattem, pealODg at ca 

800 pg gdwt between 250 and 150 cm (ca. 2,940 to 1,830 years BP) and 125 and 20 cm (ca. 

1,560 to 400 yeamBP). Pbo~~honis was atamimmUm(ca. 300 pggdw') ddng the iOtewal150 

to 125 cm(= 1,830 to 1,560 years BP) and wasreduced to ca 450 pggdwl in the top 20 cm. 

5w4w2 Pluit pigments 

"fhepigmentparametersmonindbtheK3 coremprofiledinFigure 15. Thepercent native 

chioroptiyn fiuauawl imgiulrfy -the Iength ofthe K3 cari. Vdues remained above zero untü 

165 cm (ca. 2,000 years BP), a f k  which Vatues o h 0  were fiequently encountered with the 

exception ofone sample value of 100"?& native chiorophfl at 80 cm (a 1,060 years BP). 

Similart0 the dgraphy oforganic matter content and phosphonis, total chlomphyii reached 

its maximum(ca. 32 pggdwt)ûetween250and 150cm(ca. 2,940to 1,830ycarsBP) and 125 

and 20 an (a. 1,560 to 400 y e m  BP). Law values of ca. 8 pg gdwl OC CUIT^^ between 150 and 

125 cm (ca 1,830 to 1,560 years BP) and in the top 20 cm oftheK3 are- Total carotenoids also 

showed this pattern but the peaks meamrbg ca 13 wggdw1 were notas prommced. The CD:TC 

ratio flucniated between values oftwo to four up untiI 50 cm (ca 730 years BP). The ratio was 

slightiy Iowa than two until20 cm (ca 400 years BP), then reached a maximum of 4.6 in the top 

15 cm. 

OsciIlaxaattila 
. . concentration was rnaximized in diment  samples at 200 an (ca. 1380 years 

BP), 160 cm (ca 1,940 yairo BP), and 50 cm (ca 730 years BP), peakïng at 26.35, and 24 pg 

gdwl, rrspeaive@ The stratigraphy of oscülsamlim and myxoxanthophyll w u  vay oimilar but 

myxowritbophyll001i0ea$8tj011wasstigbSbigba~at ca~Opggdw1.TheniyxoX;BllfbOphyil 

stratigraphyrilso showedonedramatic~to 101 pggdwl at 165 cm(ca 2,OûOyearsBP). 

Tbis caised the OSCMYX ratio to kat its lowest (zero) a t t b  point. The oppsite occu~ed at 

245 cm (ca 2.880 y e m  BP) w h n  the low concentration of myxoxanthophyli caused the 

OSC~ratiotobe~iyhigh(48).V~nmaiiiedlowktweai125aad20cm(ca 1,560to 



400 years BP) and then increased again at 10 cra (ca 290 years BP). 

5.5 corn K5 

5.5.1 Composition 

Thecbeniàdparamct~meriiruredintheKS~~eatepfiledinFigure 16. Thewatacontent 

in this &on core incrcased gradually b m  78% a the base to 91% at the h c e  of the core- 

Likewise, the organk matter content and carbonates fiuctuated minimaiiy over the 40 years 

represented by tbis am. ûrganic matter content a q e d  ca. 16% dw and carbonates averaged 

ca. 9% dw owr the length ofthe KS core. Phosphorus increased gradually fiom 276 to 360 pg 

gdw' during the intemai h m  25 to 2 cm (ca. 1940 to 199OAD). The phosphorus concentration 

nearly doubleci to 590 pg gdwl in the top 2 cm comsponding to ca. 1992 to 1993 AD. 

as.2 p u t  p i v t ~ t ~  

The pigment parameters measmd in the KS core are profiied in Figure 16. The percent native 

chlorophyll was udîormly low (a. 10.h) corn25 to 20 cm (a. 1940 to 1951 AD). The percent 

native chlorophyil increased to ca. 15% betweefl20 and 6 an (ca. 195 I to 1983 AD) and reached 

a maximum of 22% between 6 and 1 cm (ca. 1983 to 1992AD). Total cblorophyil increased 

gradualiyfiom 25 to 49 pggdwl between 25 and 2 cm(= 1940 to 199ûAD) and then kcreased 

more dramaticeiiy to 70 pg gdwi m the top 2 cm. The total caroteaoids averaged ca 2.5 pg gdw ' 
âom25 to lScm(ck 1940to 1964AD).AAalScm, theavgegevalueincrrasedtoai. 3.4 pg 

gdwl and two maximum values of 4 pg gdwx ocareci at 14 cm (ca 1966AD) and 3 cm (ca. 

i988AD).nieCD:TCrath ~ i s a b r v l a a m i m n ~ o f ~ t o t a i ~ i d s ~ g r a p ~ .  

The ratio asmageci ca 12 between 25 to 3 cm (ca 1940 to 1988AD) and increased to 24 at the 

suTf8ce (ca 1993 AD). 

Osdbmthh concentration a v q e d  ca. 2 pg gdwl fiom the base of the are to 5 cm (a. 

198SAD).'Ihemaximum&of3 pggdw1axmedat4an(ca 1987AD)adthcconœnûation 

of oscillexambin showed an inaeaJmg trend in the top 2 cm Myxoxauthophyil concentration 



Figure 16. Rofile of cbemical parameters and 
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The conceaaations of ooppeq lead and mrairy in the recent sediments ofKinaniey Lake are 

cumpared to values obtained for nearby Pelican Lake (Dr. L.G Gddsborough, University of 

M;aaitok unpublisbed data) (see Figure 1 fbr ldon) mFigure 17. The most obvious stdgraphic 

change in Killamey Lake metals was the dramatic inmase in the coppa concentration in the 

sediments h m  80 pg g1 at a depth of 23 cm (ca. 1943AD) to 900 pg g' at the surfàce ofthe K5 

core (ca 1993 AD). The lead content at the base of the K5 core (24 cm) was 15 pg g1 and 

grad* iocrrased to a m a h m  on4 pgg' at 13 cxn(ca 1%8AD). It dechedgradually to ai. 

20 pg g1 in the top 3 cm The mercury concentration in the KS core averaged ca 0.09 pg g' fiom 

the base of the core to Il cm (ca 1973 AD), at whicb point the concentration inaeased more 

sharply averaging ca. O. 12 ~ ( g  g1 betweea 10 to 1 cm (ca. 1975 to 1992AD). 

5.6 Core K6 

5.6.1 Composition 

The chemicai parameters rne~tsufed inthe K6 con are profled in Figure 18. As in the K5 

core, the water content varieci littie, it ranged ftom 8û% at the base of the K6 core and increased 

gradua& to 96% at the SUIface. Oq@c matter content and carbonaîes both remained relativeiy 

constant fiom 19 10 3 cm (ca 1953 to 1988AD). ûrgauic matter contait mged h m  15% dw to 

16% dw and donates averaged ca. Y!! dw duriag thk intcnral. Both parmeters increased in 

the top 3 cm ûrganic matfer imeased to a maximum of 1% dw at the surnice while carbo~liites 

reacheda~of24%dw~2anlmdtbmdeacasedto 17%dwatthesurface. Phosphoms 



Copper Lead Mercuiy Years 

Fi y r e  17. Profile ofthe concentration of three heavy metals (copper, lead and mercury) in the KS core 
h m  Killarney Lake compared to nearby Pelican Lake P r .  L.G Goldsborough, University of Manitoba; 
unpubfished data) (see Figure 1 for location). 
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content averaged ca 240% dw h m  19 to 9 cm(ca. 1953 to 1977AD), after which it increa~ed 

more sharpiy to mach a maximum ofca 640% dw at the surfàce. 

5.6.2 Phnt pigments 

T b e p i ~ ~ M i n t b e K 6 ~ 0 ~ t a r e p r o f l e d i n F i ~  18. The percent native 

c h i o r o p ~ ~ e d c a .  17%&ringthemtmnl19to 14cm(ca 1953 to 1966AD), decreased 

tom 15%~m14to7cm(ca. 1966to 1981AD)andtheniaaclisedtoa~umof27%at 

2 cm (ca 1990AD). afkwuhichit dccmmd to le!% at the surfiice.Thetotai chlorophyli and total 

car~~&profilessbowedtht~ametrads~tht~~~ard~na;tes.T~taldorop~ 

increasedfiom22 to 40 pggdwl fiomthebaseoftheK6 core to 3 cm(= 1953 to 1988AD). 

Amaximumchlorop~coziceatdonof15O pggdw'wasreachedatthesuxfàce(ca. 1993AD). 

During the intaval 19 to 3 un the total carotenoids m d  g c a d ~ n O r n  2 to 4 pg gdw' and 

then sharply reached a maximum concentration of 7 pg gdwl at the Surface- The CD:TC ratio 

rangedfiom 10 to 15 andreacheda~umvahKof21 a t t b e d c e ( c a  1993AD). 

Osdaxantbin concentration averaged 2 pg gdwl between 19 and 3 cm (ca. 1953 to 1988 

AD) except for a peak that maisureci 5 pg gdw' et 7 cm (ca. 198 1 AD). After 3 cm (ca 1988 

AD) the osciuaxmthùi concentration increased to a maximum of8 pg gdwl at the surface (ca. 

l993AD). M y x o x a n t b p h y u c o ~ o n w a s i m t i a n y h i g h e r t b a n o ~  avaaging ca 4 

pg gdwl during the intaval 19 to 12 cm (a. 1953 to 1970AD), but I&s decreased to ca 1 pg 

gdw' at a depth of 11 cm (CIL 1973 AD) and remained low until9 cm (m.. 1977 AD). Like 

oscillaxamhm, myxoX8115hophyii conceatrations increased in tbe top 5 cm (ca 1985 to 1993 AD) 

and reached a maximum of9 pg gdw' at 2 cm (ca 199OAD). The ratio of OSCMYX remaineci 

j u s t b e l o w o m e x c e p t f 0 r a ~ c ~ b c i w k a 1 1  aad7cm(ca 1973 to 1981AD)where 

the ratio approached four. 



6.0 Discussion 

6.1 Scdiment Cûrociology 

The stratigcaphy of 2'oPb and 13'Cs content in the K4 short core was used to establish the 

recentJedimentchmaologymtbeKillarneyLake~ Sicethearrawasfimsetîledabout 114 

years ago, î t  sbould k pomie to obtain a pre-dement @rWr to 1879) swgrapby within the 

dahg cap* o~l?Pb. ~ a s e d  on the agedep& rrlationsûip detangned (d=.99), t was possible 

to reliably date back 150 years to 1843, correspondiog to a depth of 69 cm. Unfortunately, the 

K5 and K6 cores wae or@ 25 cm and 19 cm, respectively, in length, so they don't represent the 

entire dernent paid The Glew m&ed K-B coing apperslus Qd mt petrate d a p i y  mou& 

into the sedimats to obtain a pre-settlement stnttigraphy. Anderson (1993) found this to be the 

case for many eutrophic European lakes whose long histones of cultural disturbance and high 

variable seàiment accumulation rates (30 cm sediment can represent only 30 years) resuited in 

sbortcorestbatrareiyprr-dete~pertuddon LnKillamcyLakethedimentationratewas 

comparabiy moderate to the aforementioned 10 mmyearl, where 2!5 cm represeats appmximately 

50 years- The -on rate (4.6 mm 7 ' )  agncs wd with other d u e s  obtained for prairie 

Iakes. Dr D. Delorme (National Water Research lnstitute; paonal  communication, 1992) has 

found sedimentation rates for lakes inManitoba based on210Pb profiles ranging fiom 1.6 mm 

yeart to as high as 14.6 mm yearl. The haer  bon rate was fwWülam Lake, near Max 

Lake in theTude Mimîab  southwest ofKi0amy Lake. 

Results nom the anaipis of the basal Jtnta in the long sediment cones indicate that the 

Külamey Lake basin is a least 4,700 years old. It is kely that the lake is olda than this since 

geologists believe the glaciers retreated h m  d i s  erra close to 11,MM years ego (Fenton et al., 

1983). AMS (accelerated mass spectrometry) dates on seedq rnainly&pus, fiom a Kiilarmy 

Lake con wlîected with a vibra-cor= at Site 1 (Figwe 2) during March of 1993 by Dr. D. 

Lemmen and Dt R E  V' ofthe Geologicai S u m y  of Canada (GSC), yidded a date of 9,180 



years BP for the depth interval 345 to 350 cm in a 420 cm long core (Dr. RE. Vance, GSC; 

personal communication, 1993). Thedore, the bottom 15 cm ofthe K2 core that consisted of a 

coarse saad and gravd is &ely not of glacial ongin. Vmceeid (1992) state that corhg can be 

d S c u l t  in lalas of the N~ithAm~can Great Plains as the xnineral-tich sediments commonly 

contain desiccated and cemated hobnsLIS Tbe kasonet c o ~ g  apparatus used for Sedmient 

camd~~wiisnlatyd1etopmetntethcsr-dimmtbyoadthistypeofsedimnthorizon to 

obtain the complde postglachl record ofl<illamy Lake. 

The K2 core '4C date of4.670 years BP obtained for the orgmic strahim immediately above 

this horizon, dong with the observed trsnsition h m  siit to coarser-grained sand suggests tbat this 

Killamey Lake record began during the wam and dry middle Holocune. The coarse material 

found m the horizon at the base oftheK2 are mayrepresent a zone simiiar to the zones found by 

Teiier and Last (1982) in the postglad sediment ofLake Manitoba They pomilated that the 

zones were formed by podogmWs duxing dry or extmneiy low water conditions. ?ne zones in 

Lake Manitoba were fomed between 9,500 anci 4,500 yean BP duxing what is believed to be the 

warmest and driest postglaciai period in the region ( T e k  and Lesf 1982). Ritchie (1976) also 

f O d t h a t d i a n g e s i n I a k e ~ t y p e ~ o ~ c S i l t s t o  siliydgrsorsaadsatsitesatCrestwynd, 

Saskatchewan and Russeü, Manitoba suggested lowereû lake I d  mtheeariy postgbcial probably 

in response to a dtier climate. He postuiaîed changes in iake sedùacat type at these and otha sites 

mtheaspmperklanddtrarisjtidcoacsrrsultedhm~~11~mw*alevd,paiti~ 

a lowerhg of the water table below its present levei as a rrailt of c h t i c  change. 

6.2 Historicd Rimug Production 

The history of primary production in Killamey Lake over the lest 4,700 years is based on 

trends in d h e a î m y  stratigraphies of-c totai cerboaateg pbosphoru~, plant pigments 

anddiat~ms~&~rP.diuljestbet~torecoastrua~emiiroamentsâom~fOdrec~rd, 

the mterptetations depend on information fiom a variety of stratigrapbic analyses. Despite slight 



ditkences in core length, refiectmg site-specific variation in seduaentation rate and perhaps core 

compaction, rrsultrhmtktbrrecaeswacingaiaal~-T6esmnlattreadsobserved 

for the measund parameters befween cores contniutes to a more accurate reconstruction of 

p~productioninKiDamy Lake. 

6.21 Sediment Composition 

1 obsaved thiit the pmxutage of resiàuai bulk dry compositi011 oforganic matter remained 

relatMiy constant at di Ieveis ofthe cores. This mdicates tbat the contribution to organic matter 

6om allocIithonous sources bas pbably been d a k l y  consistent over time. The peaks m organic 

matter content &de with pceics m totd chiomphyil, total carotemids, and myxoxanthophyll, ail 

of which are mostly autochthonous in origb, indidug that these pealcs were due to incceased m 

sidu prsnaryproductio~~, 

ThetotalCâZbOnateconte~toftbcsedimmsnmainscoostantthroughwtdtbecores. There 

was no evidence in the sedimats ofbigha carbonate levels which couid resuit fiom increased 

carbonate prrcipitahon assodateci with raiseci photosynthetic a* 

nie phosphorus content oflake seclimcnts ain be used as a p m q  fot pgbopduction because 

ofthe dose relffbodp between pbsphoms comxntmtion and primary production, and because 

lake sedimento are an effective oink for phosphorus (Engstrom & Wnghf 1984). The peaks in 

phosphanis c o ~ t o  pek9 mowc matter, chloropiiyg aad carotet~lids, providing Grther 

aiidence that these were pexiods oflngh pritnmyptoductiioa 

6.2.2 Seôiioentrry Pîant Pigments 

It has been dernonstrateci that total chlorophyll demntMs and caroteaoids preserved with 

little &gene& in t b ~ o r g m i c m a a r r e f i e c t ~ m ~ p r i m a r y p r o d u c i i o n ( S a n g e r  

& Crowl, 1979). A gratter production rate (at a givm the)  provides a higher concentration of 

pipentsmtheorganicmatterofthes&mentpoâle(Gorhametd, 1974).Pigmentcoacentrati0ns 

are superior to pi- z~ccu~nulation estimates since algai abundance in water is not necessarily 



conelated to acamuhion rate m the sexhmts  1993). Pigment accumulation estimates 

may be b i a d  by pigment degradation during sialaog and incorporation into Surface sediments 

(Leavitt, 1993). In addition, in tbïs study measured accunudation rates may be only r o u a  

appro~~~ l~o fmie fodp ignmtfhuq  wibiamn~hminterpoMonsbetwee13wideiy 

spaced '.C dates. 

Ihrrveeqmseddispipmtcommtdondatkto t h e s d m d ~ w e i g k  'Ihisissometimes 

lesssatisniaayuian~~~rdstivetootbeo@c~duetovariabledilutionby 

pigment-fiee material (Swain, 1985). Zn KiUarney Lake the percentage of residual buik dry 

composition remains nktively constaat at aii levds ofthe cores, such tbat the trends observeci in 

pi- concentrations =the same whethertheywat expressed reiative to the sediment dry 

weightorits orgeiiccontent 

The intexpretation of sedimeatary pigments, like thaî of the redox-oenntive elements, can be 

c~mplidbyJpatialaadtempotalVariafimm~~~~~$~~prsavationwithintbeSediments 

@ngstrorn & S m h ,  1986). Factors believed to enhanœpipat p-on inchide low oxygen 

l o w ~ ~ o n ,  highsedmieneti conœntmtion, lowtaaprahm, bw lïghtpiimahoi5 on 

rates, absence ofbenthic orpisms in safimmtq and increased levels of eutrophy (Sanger, 1988). 

in Wamey Lake's ptesent shaJiow wata condition, it may be dBinilt to meet many of these 

criteria-Howevq I d i d d e t ~ ~ d i e r r w e s a h i g b ~ o n n i t e i n K i l l a r n e y L a k e b d  

on the 2'0Pb stratigraphy in the short cores. ïhe high seâimentation rate would have promoted 

rapidkaiaiaichthstimmcrraSemp~co~~nprobabiydoaR&amdprimary 

producrion 

A f.uttber independent measure of pigment p-tion is the proportion of sedimentary 

chlorophyii not depied to pbeupllmmtg the pacem naîivc chlorophyll (Swain, 1985). In the 

Killamey Lake cores the total cblorophyll profles did not decrease at points of poor pigment 

p d o n  M d  by Iowa patent h cblorophynvahies. Sbrdarly, pealcs m percent native 

chlorophyil did not cocfespond to peaks in total cblorophyîi profiles. This was also obsawd for 

the other pigment profiles. For exiimple in Figure 10, the coacentration of myxoxanthophyll and 



oscillaxaathin pigments at 165 CUI, the point ofbest preservation suggested by the high percent 

~tivechlorophyil, waeIowcomprmdtothemaicimmivai~esofthesepigmeatsat3Ocmwhere 

the percent Datm chlorophyil was las, suggesting pfesezv8tion was lower. Thadore, because 

pigments did not krease duriiig the hypothesLed cpirodes of edmced prmtion ,  their rise 

musthavefeSJtedlargeiynOmincnaocd~udiotl 

ONen that totai cblomphyii and totai carotenoids are proportional m primary production in 

Killmey Lake, two m8~*0r episodes ofmcreased production were e~4denced in the sedimenîary 

pigments. The~gmens~grapbyindwloq~corrsindicatesthatrrcaitpimarypdudionwas 

low in compaiisonwithtwo maximabawaaca. 2,980 and 1,780 years BE andbetween 1,460 

and 3 50 years BP @ a d  on average peak ages for wm KZ and B). EIoweva, adon must be 

usedwbenmtapctEagthc~d~hyfiomdwtop25cmoftheb~~.~observed 

decrease in pigment wnantrations in tbe top 25 cm ofthe long cores may refîect disturbaace of 

the surfàce sedimen& due to the ssmpling apparatus as opposed to an aausl reduction in pigment 

conceDtration. Thebighcrdinimtwstdcont~atthetopoftbemrr~~pmmotesmixiagofthe 

sedimatsdurïngtransport, such~$tbatwasa~~innesehpi~co~lcentrationh 

the most recent sediments, it may not be evidenced in the pigment stratigraphy due to dilution 

through ini>SPg. Reant @st 50 years) primary production ia6arrd fiorntotd chiorophyil levels in 

ksbortconsm~that~podudimhdvrrcent~waphi~ andcomparable 

with~twomaPmaobsavedmthlo~corrs.nieladtofdisairbimceoftbe~uSng~e 

sbmt~~~mediod~Nidmcsdmthcfidd~aaco~edionwhcrrIobsaMdthepresence 

ofiiciiironomidtubes on the^^- 

f h e ~ t ~ d ~ m p i i y U d t o t e l ~ * d c o ~ ~ w a t o b s a v # l U i t h  top 

O to 3 cm ofthe short corn. This mcrrcise q n o t  rcpresest increascd primary production in the 

water column in the past ste y e ~  but moy be due, in part, to an over-estimation of pigment 

o o ~ b y ~ ~ ~ ~ o f a l i v i q g ~ ~ m t h e p a f i m a t ~ . I n t h c f i d d I a b s a v e d  

a brownlgreen f k y  lPya at the sedbdwater iatcrfàce. Mo& dgae with intact cbloroplasts 

waealsoappanntindiexdimaitwbenscdimcmssniples~omthttopOto3 anwereobserved 



under the raicroscopepe Leantt and Fmdlay(lS94) f o d  that tbe --on of-t histon'cai 

events (O to 5 years old) was diffiarltusingfossil pipents beause ofpigment decomposition in 

aufaceoedmientskfonpermanen~burial,Elevatedabun~~fSeMfalpipm~during 1988 

?O 1989 m~227hthe~LakesArea~~~coasistcotwahbigbchlompbynstanding 

crops, but couid not be rrliably dùtinguished fkom hcompletebz si& degradation (Leavitt & 

Findlay. 1994). Pigment degndation is nomdy most intense diuing sinkiag through the water 

column (Hurley &Armstrong, 1991). Howew. losses in water and sediments are panidiy 

compensatory. and residd pigments can continue to decompose in Surface deposits mudey & 

Armstrong, 199 1). ûnce bdow the zone ofacbve foss, pigment prrservation can k excellent for 

hundreds of years (Leavitt & F i ,  1994). 

The ratio oftotal chloropbyll to total mtenoids (CD:TC) is usefui in stratigraphie -dies 

where stiifts may mdicate aquiiotative change in the dgd flom The CD:TC ratio m Külamey Lake 

was always high 0, indicating a predombmce of chlorophyll derivatives over carotenoids. 

Swain (1985) found that carotenoid concentrations tended to be dïsproportionately higher in 

eutrophic lake sediments because cyanobacteria tend to dominate in eutrophic lakes and produce 

more carotenoids than do green algae. Oligotrophic lakes yielded bigher CD:TC values (2.0 

0.5) than more eutrophic lalces (0.6 0.2) (Swain, 1985). 

In Killaniey Lake the high CD:TC d u e s  may Mect the mput of &mestrial mataial that was 

rich in chlorophyll derivatives. Sanger (1988) States tbat high but variable CD:TC ratios could 

occur ifweil-preserved parendiymatous phnt Wents brou* in undecomposed chiorophyli 

moldes. Sanger and Gorimm (1972) also &zpmted highCD:TC values in a mre h m  Kirchner 

Marsh as indicating perïods of greater inputs ofallochthonous organics and possibly a greater 

d m  o f h i c  decomposition ofthe ZUnOCbthOM)us organics because oflakc shallowing. In the 

K2 core mgure 10) evidaice for this is suggested by the increase in the CD:TC ratio between 

1SOand 165cmwbichpsnUelscm~mcpiphyticdiritom~which~be~ndiogto 

an increase in aqyatic maaophytes due to lake shaIIowing. At the base of the KZ core pigment 

concentxations were much reduced relative to other Ievels ofthe core and the CD:TC ratio reaches 



a maximum valie of 2 1. This suggests a @od ofdrougk IfdryiDg of the sediment ocaine4 the 

r d t  wouid be intense pigment desüuctioa, espcQsny of cztrotenoids (Sanger; 1988). 

Blooms of cyanobacteria have ocairrrd hegdadyin Külamey Lake tbrwghout the period 

rrprerwMd bythc iongcores. Myxoxantbpiiy4 an~catorofcyanobacterhingemral, reaches 

peak eo-m dmïngtbe first pcak m ~ p o d u c t i o n  between CZL- 1,460 and 350 years 

BP @ a d  on average peak aga fbr K2 and K3). S w a h  (1985) f i , d  that the similarity of the 

ratio of o s d h m t h  to myxoxadmpiryli (OSCMYX) values h e m  lakes, oaip1ed with the 

constancy ofthe ratio regardles ofdegradation, su- tbat the OSCMYX d u e s  in cotes are 

a measm of dative produdm w k e  bigkrMh# ( m d y  21) indicate O ~ e ~  dominance 

of the cyanobacterîa flora (Swain, 1985). OSCMYX vahies âom the long cotes were almost 

aiways below 1; for example, the average value fkom the K2 are was 0.66 (SD 0.21). In 

contrast, the values fiom the short ams were most o f b  above 1; fw example, the average value 

for the K5 wre was 1.1 1 (SD * 0.54). O&Iloforia has, therâore, bem more important in the 

cyanobacteria flora Smce settlement. 

TheshortcoresfiornKülameyLakedid mtrecordanydnmiatichreases htheconcentration 

of oscillrmaatlim or myxoxantbphyii suggespiig tbat in the last 50 years thPr pmduction has been 

les than historiealty f o d  in the laice. The o s c d b d h  ad myxoxanthophyll concentrations in 

the short cores were very reduced, ranging from 1 to 3 pg gdwl, campareci to concentrations 

reaching a 0  pggdwl in the long cores. Thc reduced conceatranion of* pigments m the short 

cores may be a result of the coppa suhte additions to tbe lake efktively ducing cyanobactenena 

fkom bistorically high levels. 

W e  tbis method may succtssfblly d u c e  excessive algai growth, it can have deleterious 

effects due to the persistena ofcoppa and its a ô i i  to form stable complexes with organic 

m a t t e r d x n b e d ~  toEiJcopperconœnmionsmsedmieoistcndto beaumilative(SEP.S., 

1989). Copper co~~catrafions in the top O to 5 cm depth segment ofKiliamey Lake range h m  

800 to 950 pg g' HanseD and StQn (1984) suggest tbat total sedjment copper concentrations 

approaching or acceeâing 1,000 pg g1 are excessive and can han saious deleterious Hects on 



bottom dwehg orgeniSmS. Four sedimenî sampIes a d p d  for copper h m  the K2 are indicate 

diatnaturalIevdsofcopperrange~rnlS to21 pggl. 

For comparïsoq the coppa concentration in three other Manitoba lakes and three water 

bodies in Saskatchewan with a history of copper sulphate use are presented in Table 7. An 

irrvd@on of fora Saskatchewan mfâce waters (SEP.. ,  1987) determintd that total capper 

concentration in the sedimats of municipal raw water suppiy reservoirs reached 620 pg g! 

Accwntdations of sediment copper as high as 5,600 pg g' afta 58 years of successive use for 

algae conad baveken doaimented aitheFainnont Lakes, Minnesota@amen& Stefàn, 1984). 

6.2.3 The Diatom Record 

Diatom resuits are most commody reportai as proportional data While this fonn of data 

representation is advantageous beeause it is easily calculateci, t is misleadîng in that it does not 

ailow cornparisons of chaDgmg spe~*es mxmbers with depth. When ushg proportional data, shifts 

in @es aumbas an ody compsrableat agivmdepth To avoid this problem ofdepth comparison 

ofpropomopaldata, I b a v e d  diatomconcennaiioils mthis saidy. Tbeuse o f d i a t o m c o ~ o n s  

in lake sediments as an estimate ofpast diatom production has been criticized for providing 

misleadmg estimates of past standmg a o p  Smce the munt of sediment accumulatnip at one point 

in the lake's basin can vary with tiw. For example, ifwatershed aosion rates are bigh during a 

certain period in a lake*~ history, the fossil con&tion, as a redt of sediment dilution, will 

und- smcüng crop (Smoî, 1979). Iftbe depbtimepofiie ofa SedimeDt are is determined 

it is possiiiile to correct diatom c o ~ t i o n s  to accumulation rates which wodd account for 

changes in sedimestation rates. H o w m  in tbis study evai ifthe three dates obtained for the 

K2 con are treated as a confomable sapence of dates, the sediment age between dated leveis 

and hence acnimulstionrates mst k intexpolated. Ultimateiythe rates would be m g e d  over 

long mtavsls oftime. Tbercfore, m the case ofKilkmey Lake, diatom accurnuIa!ion rates would 

not provide eny more infbmtion than can be gsmcnd h m  distom concentmtions. 

'Ibemostabrmdenttarragrrsd~tbtK2~0rewaecbaraaaisticof~ eutrophic 



Table 7.AcomparUOn o f t d  copper (Cu) concentdonia secliment a r e s  b m  Mlamey Lake, 
Maw Lake1, Pdican Lake1, Rock Lake1, and Lake Winaipeg2 in Manitoba, and Oyama La$, 
Credman DugoUr, and Coqest Rieservo? in Saskatchewan. Values pnsented are for the O to 
10 an deph segment, a ~ c e p t  forLakeWdpeg where the d u e  presented is an average for the 
OtoScmdepthsegmentfiom31  amples si tes^ 

Sample Location Cu Commtmtion (pg gl) 

Max Lake 

Peiican Lake 18 

Rock Lake 26 

Oyama Lake 48 



nligame were the most abundant diatom taxa in the KilIamey Lake sediments. It is generdy 

h o w n  that in hi@y productive lakes, diatom pbytoplanldon associations are dorninated by 

AuCacoseitu spp. and Sephtumd?" spp. The diatom flora indicates that Wamey Lake has 

had water with hi* nutnknt wmentmtions throughout the 4,7W year record represented by the 

K2 core- 

which identiljr stratigraphie patterns ofdiatom co~t~e~lfigtioa and notable inmeases, decreases, 

appearance, and disappearances of taxa, 1 separzlted the core into nine diatom zones (4 B ,, B, 
c, D,, o, E,. E, & E3 (Figure 13). 

Diatom Z & BG 270 to 220 an (a. 4,700 to 3,820 years BP) & 25 to 20 cm (ca. 
390 to 3O:;zBP) 

The diatom flora at the base ofthe cote was diverse and low in total diatoms. While taxa 

throughout the are, tbcy ocCrUrcd in reduceà concentration &uhg this interval (B,). The initiai 

diatom assemblage comprised p r h d y  pie- benthic taxa. Smd species of diatoms such as 

A m p b a  d i s  and Fragïbia bmMri&z were important at this the. These taxa are primarily 

epipelic, living upon the wbmerged sediments. Tbcse taxa are wideiy adapted forms common to 

shallow lakes and ponds. In severalAhta Iakes, they comprise the dominant pioneers in the 

early Holocene as wdl as the mid-HoIocene in response to reâuced water IeveIs (Hiclonanet al., 

1984; Hickman & Schwegeq 1996). Th& initial dominance suggests that Külarney Lake was 

shallow, recovering h m  a period ofbehg dry or mady so. The more recent acairrence of these 

Little Ice Age, ca. 500 to 100 y- BP. 
Di- I -215 to 165 cm(a 3,730 to 2,850 years BP), 130 to 110 cm 
(ca 2,240 to 1,880 years BP), & 75 to 40 cm (cl 1,270 to 650 years BP) 

Despite the dominancc of euplaaktonic taxa mainly belonghg to Aui'acmeira and 

Sephanodisci~s, the benthic taxa of zone B, iacreascd in abundance durhg zone 6. Present in 



large concentrations were epipelïc species such as Amphom ovalis, FragiIlmia brev~~rnata, 

and F. comtnrens togethet wiîh epiphytic species such as Cocconeisplrrcennrlo, C ' b e f l a  

spp., and E p i t h i a  spp. The inmease in epiphytic taxa iikeiy reflects an increase in aquatic 

macrophytes, which pmvidt substratum for mciny ôenthic diatoms. FmgiWa brwistrÏaa is 

known to p t f f i  shallow eutrophic, üttoral watm (@clrmanef d,  1984). Navlrmanc1114 oblungq 

usualJyfound m the littodzont. ocaund iargciymzones E, and& Patrickaud Reimer(l%O) 

Diatom Zones D I & D:: 160 to 135 cm (ca 2,760 to 2,320 years BP) & 35 to 30 an (ca. 
570 to 480 yem BP) 

cymbijlomis reached maximum concentrations in mneD,. 
Diatom ZoneC: 105 to 80 cm(= 1,800 to 1,360 yearsBP) 

T o t a l d i a t 0 m c o n œ a t d 0 l l ~ r e a c h e d ~ ~ ~ t h i s n w i e ~ e  to thepredominance 

of the planktonic diatoms AuIucosena umbi$pa, A. grcllltrh4 and A. submtico- Benthic, 

partidary epipelïc species such asFrugz'I'a bmMata, disappeared durhg this interval. 

Accordhg to Hicb(1978), this situation wodd oaly ocan Xwaterleveis increased and large 

phytoplankton populations developed. Hi* water l d s  often resuit in increased erosion of a 

of nutrient mputs tbat firvored diatoms over other algae, such as grrais (Fritzet al, 1993). 

Tbc major încrease in these planktonic diatoms may also have been due to a reduction in 

cyanobacteria Demases in diatom conCCLIfrations thai accompany increases in oscill~x8tlthi.n 

levels ban ban nportcd in cores fiamothahices @ngstmrnetd, 1985; FI& 19891, ad hsw 

beenvariously attn'buted to domhntOdWOIIû poprhtions inhr'biting diatom growth through 

aiidopathy (Keatiag, 1978), thaough tk exchision of diatom species through nutrient cornpetition 



and myxoxauthophyII were low intheKillamcy Lake sedimeats duringthis paiod of inaeased 

as nutrient inputs ioacased due to the influence ofdernent in the KiIlarney area 

AsterionefIb fornasa andFr@ILpI'a mtonellsls ocaimd in high concentrations and were 

unique to this zone. They are often not fomd in the sediwnts because their long needle-like 

that is why 1 only mcouatered these two species in the surface sediments (zoneA). However, 

other thin elongate Spocies, for exampleSp&u spp. and Nirzschia spp., were fomd at the base 

of the wre. 

Asterionelhformo~ and Ftagilan'a m~oraenms are considered to be taxa that respond to 

nutrient idluxes (Wolin, 1996). They also may indicate less turbulent conditions and little 

resuspension ofsediments, and perbps as weU, de- water (HickmaneiaL, 1984). They are 

capable of mhtahhgdKnisdves highmthevmter whamn, giving them an adwmtage ifthe photic 

zone was nduced by sbading fiom otha phytoplanktonor cyanobacteria The increase in these 

and other planktonic diatoms niggest higher water levels in Külarney Lake accompanied by a 

6.3 Summuy of Sedincnt Strriigmphia 

The purpose of my study was to mfér, based on stratigraphie profiles of sedimaitary plant 

pigments, fosd diatoms and sdected chemicai parameters, trends in Külamey N e ' s  primary 



A s i m m i a r y o f t b c ~ h i s r a y 0 f p o e n a i y ~ o 1 1 i s ~ d e d b y a ~ d i a g F a m  

ofky straîigraphic variables inFigme 19. Radiaarbon ycers pmentedhere in the text are based 

onaveragepeak ages for K2 andK3.Mydyses suggest thadprimaryproductîon was low in 

KIllamey Lake diamgtbepeEod4,67O bo 2,980 years BE Resrmiably b u s e  ofcûy conditions, 

t h e p l a n k t o a i c ~ w e r r m u c h ~ ~ S i n u m k a n d t h e ~ f l o r a w a s c ~  by 

pioneering epipelic diatoms such asFragilarUI bnwkûibta. 

niepresaœofmyxoxslitbophyUandoscillaxantbmwithdepthiadicatesaratcyano~ 

blooms were not a ment phenornenon, but have occumd inegularly throughout the period 

represented by the long cores. Recent (last 50 y-) prùnary produaion appcars to be low in 

cornparisonwithtwomeXimabetween2,980to 1,78OyearsBP,andbetweai 1,460t0350years 

BP. Bentbic diatoms, includingAmphora ovaiis, A. pedidilp, Fragiilmio bmistriata, and E 

~~~,waem~e~dUgng~twomtavals.Sbsllowwai~COlliditi~~l~~yresutted 

inahighlypioducfntelittoralzone, ~011$1ibriiiOgtoovefallhigh~poducti011 

Primsry production was duced between 1,780 to 1,460 years BP. The diatom record 

indi& b a s e d o o a n ~ m t h e ~ o o f p l a n l d a i o c t o W c ~ a ~ u i t h e p m o n  

ofïittoraf habitat driring this perid Hi* waterleveis may have rrduadbeashic growthand the 

sizeofdielittoral~rcsuttiDgmicduccdp8maryprodUCticm- 

The diatom flora was found to not have changecl sienificantly over the last4,700 years in 

KillamyL,ake. Indicatiiveofwaterwithhi~nuSri~~~~~Ad~~seüagrdatq A. 

umbigua, A. submtica, and Sephonodis~l~~ niagarue, dong with sevetal small centnc taxa 

were important eupIanktanic componcnts of dietom assemblages throughout the me. Notable 

increases and decteases of diatom taxa appeatad to be more related to fluctuating lake water 
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6.3.2 Killuney fjltr!'s k c e n t  Hutory 

The most recent p b  in tbe history ofKillaraey Lake, which began about 1940 AD, was 

indicativeof stableCOLdifi~~~~, rekiveto earfiapaiods, duriugwaiditimodynmiorfhicniations 

w a e o b s e M d m ~ ~ ~ a i p m m n T h e T o w n o f K ü k m e y ' s l o ~ ~ r y o f c o p p e r  

sulphate use has resulted in very bigh sediment copper lewels compared to other lakes in the 

region. Copper le& in the top 2 cm (ca. 1990 to 1993 AD) approached biologidy toxic Ievds. 

This approach to contralling the levels ofcyanobacterial blooms appecrrs to have been effective 

g M n t b e l o w w ~ o l l ~ o f m y x ~ ~ p ~ d o s c i u a w n t h m m t h e  shortcores. 



7.0 GeneraI Conclusions 



and peleobiologiCcal paramtm msdmentana hWaIdsea  Lake in south-centrai Saskatchewan 

indicrrtPA that a shallow hypasalint iake wiîh extensive rnuàflats existed about 4,000 years BP. 

Sauchyn & Sauchyn (1991) inmprrtedthe vegetationrecord h m  Hmk Lake, Saskatchewan 

end found tùat the h u m  -th imdaridity in the Cyprrss Hilis o c c d  approximate1y 

7,700 to 5,000 years BEAlso in Saslratcheaw. the Ceylon Laice record inàicated hi&-saiinity 

conditionswithepisodcsofdesidmfiDnnca 8 , , 0 0 0 ~ 6 , ~ y c a ~ B P d c o n t i n ~ l o w l a k e  

levels unîil4,OOO years BP (Last, 1990; Tella & bt, 1990). Chappice Lake in souîhaistem 

Alberta, oscületed betwcaireIativdyhigh sraids and desiccationhm 7,300 to 6,000 years BP 

(Vance et al., 1993). From 6,000 to 4,400 years BP, lake levels were coasi*stently low and 

production was h i w t  Moon Lake, North Dakotaamid-HoIocene @od ofhigh salinity h m  

7500 to 4,700 years BP, indicabcd low efbxivemoishne @rsipitsaonmwis evapoûanspiration) 

(Lairdet d., 19%). These chta suggest a pattcm of a drier mid-Holoca with r e g i d y  recurring 

drought on the prairies during the @od h m  ca. 8,000 to 4,000 years BP. 

Water levels and primsry production began to rise in Killamey Lake likely in response to a 

cooler and wetier climate about 3,900 years BP. By about î, 100 years BP a deep lake with Iow 

primayprodwtionexisted ~ysitesoatheprainesiradi~aclimaticchsage~mamore~d 

mid-Holocene to one of increashg moisirne about4,ûûû years BP, which continues until about 

2,000 years BP. Wddseaad Ceylon lake paieorecoràs show increasing lake levels about 4,WO 
- 0  

years BP, culminabng in deep-laice stands by about 3,000 d 2,OOO years Be Rspctively (Last 

& Schweyen, 1985; Tella & Last, 1990). Between 4,400 and 2,600 years BP, lalce level was 

more stable but g d d i y  rising dproductionw~s highat Chappice Lake (Vanceet aL, 1993). 

A~e~latmlyfiesblakeexisted60rn2,600to l,OOOyeaftBR 

A change in the climrite about 1,200 yeasrs BP agah caused 10w wakr levels and increased 

p r i m a y ~ o n m ~ L a k c . L o w l a k e l m l a t a b o u t  1,000yearsBPiseVideatatscverd 

other sites, including Cheppice Lake (ca 1,000 to 600 years BP) (Vance et al., 1993) and 

WddseaLake(ca l,000to700yearsBP)(Last&SlCzalq 1986).Thcselowlake~mughly 

correspond to the Medieval W m  Period, about 950 to 750 years BP (Lairdet al., 1996). 



Water IeveIs in KEUaniey Lake incnescdagainabout 500 y- BP but did not reach the level 

of the pmious deep watastand (2, 100 yeam BP). Pnmary production was low at this time but 

showed a trend t o d  hmeasingpoduftPondubgthe last 100 years. Evidence ofa high lake 

stand at Chappice Lake h m  ca. 600 to 100 ycats BP (Vaace et d., 1993) suggests wetter 

conditions may have aasted diaiag the Little IceAge (about 500 to 100 years BP). 

' E s  projectdted~tbcexpcssedwaccmsoftht~dentsoftheTo~ofKülmey 

r e ~ t h e ~ o c c m m c e o f c y a n o ~  blooaismrhtlakeandnumerous Mdcsirable 

effects aiishas onwataquality I twa~kl ievedbythe~~~thewaterqi ia l i ty in  KiIlaniey 

~baddetaiorrdedasarrsultofantbiopo~c~InthecontextofthehistoBcal~ges 

i n p h a r y p P o d u c t i o n t h a t I h a v e ~  iteppaisthaîandmpogeniciduencesinthepast 

100yeasorso bavebadodyamiaorimpacton&etrophichistoryofIWlameyLaice.Itappears 

h m  these d y s e s  diat the lake has been naturaUyproâuctive for at least 4,7ûû years. It may be 

that the enectci ofmodem men& have mt had the pfound m0uence on the lake's imphic stahis 

that previous ctimnh'c andgeologid eveilts havehad. 

Paleolimnology reveais cause and e f f i  best when anumber of parameters are examined 

tog* Foi~rrrinmseveealokmaepaiaabliaesof~~errcurreatlybeinginv&gated 

including pollen d y s i s  by Dr. RE. V i e  (GSC), mineraiogy by Dr. B. Last (University of 

Manitoba), invertehaîe remaïns by DE B. Hami (University of Manitoba), osûacds by Dr. D. 

Naldrett (Envitonmental Earth ScienceAssociates Inc.), and cyanobacteria by Ms. H. Küng 

~resh~lnstiade)~ezichof~~patanietersis~tbcnumbaofbypotheses 

tbatainaccomtfathedatawillbe ~ r s d u c c d p r r , v i d i r i g 8 ~ 1 ~ ~ e n ~ 1 ~ ~ 0 1 1 o f t h e  

historyofKhmeylake. niisnconioflaLtrrsparrsmay~nr,vi&laadu~tplamvsendpolicy 

makas withareaüsticvicwofthe~eof~eseitpaiencedinthe~ theirkquencyof 

oaunmce, a n d u l t i m a t e l y c l u e s ~ t h e n e ~ o f d i l i q g ~ ~ t h r d m a y ~ ~ ~ ~ f h ~ .  
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Appendices 

AmpiorapdiCUJtls Kûiz 
Amphora sp. 1 
ArnmoeoneisspnaetOphora m.) Pntt 
AsterionelIafomtosa Hass. 
Aulacosena ambiguu (Gnm.) Sirnom. 
Adacose&agrdata (Ek) Simons. 
Aulacoseirastrbarcti~~~(O. Mûll.) Haworth 
Coloneis bacillunt (Gnin.) CI. 
Colone& Zeptosonro Krammer 
CaloneiF venh7icosa (Eht) Meisî. 
CocconeispZaceda Ehc 
CycZoteIZu bo&acaEui. 
Cyclotella ca@a Gnm 
CydoteZZa nirneghinim Km- 
C'utoplewa eII@tica (Bdb.) W. Sm. 
Cynatoplewa soleu (Wb.) W. Sm, 
Cynibella c i d a  (Hanp.) G r m  
Cynrbella cymbformis (Ag. Kûtz.) V. H e d  
Cynbella cynbijhmis vac nonpunctuta Font 
Cymbellu ehrienbeWi Kûtz 
C'belZa hrrsiedrii Krasske 
C ' e l l a  lmceoZatu (Eh.) V. Heurck 
C'beZIa mend Hust 
C'bella minuto var. silesiaca (Bleisch) Reim. 
C'beIIapwo (W. Sm.) Cl. 
C'bellap~ Reher 
C ' e l l a  ~ n i &  (Br&.) V. Heurck 
Epithemia crdhma (ICûtz.) Br&. 
Epithemià mgus Kub. 
Epithemia mithii Carnithers 
Epithemia s o m  Kuh 
Epithemia m& (Eht) Kütz. 
Epithemia w& var. gmnulatu (Ek) Bnm 
Epithemia nagrch var. westemmii (Ehr) Gnm. 
Etmotia sp. 1 
Frc~giImà b-a Grm. 
Frugilmia calpucima Desm. 
Fragilma conmirenr (Ehr.) Gnm. 
FragiZma notonensis Kia 



Gornphonem~ atmmaiana Ebt 
Gomphonema angtlrtatm (Katz,) W h .  
Gomphonemagrcu:iIe Ebr. 
Gomphonemu in~acatum KMz. 
Gmtphonemopwultcm (Ki&.) Gnm. 
Gomphonem4sphaenrpho~  va^ a u p ( E k )  Gnm. 
GornphonenrambcZavcdfr~n (Gnm,) Gnm. 
Gomphonema h ~ c ~ h a n  Elu. 
GyrosZgnrao~tll)l~(KMz,)Rabh, 
H ~ n t z s c k c l l l l p ~ s ~ . )  Gnia, 
M ~ o g l o i a  el&tic~ var. dameif mw.) Cl. 
M ~ o g l o i a  mra& Vois 
Matoggloia mcta HuStedt. 
Mcztogloia smithiiTbw- 
MiogZloi4 smiîhii vat. amphicephla &un 
Nm~cuIa dementis Gnm. 
NmaticuZa cuspitaka Katz 
Nm*cuIa deassis 0sk 
NmOVIda eZ@ennS (Gregory) Rai.&- 
Nàvicugla gracigloïrl;esA- Mayer 
NmimIa Zaevbsma Kiitz. 
NavicuIa libonens& Schoemaa 
NoviaZa rnutica Katz. 
N m h h  oblonga Katz. 
NmicuZapupuZa K#z. 
N4~1~cuIapupuIa vat rectanguILajS (Greg.) Gnm. 
N m - d a  tadiosa Ki&- 
NmOVtCtJa r e i n M i  Gnm. 
NmictlZa sdi)~~ltt l l l l  vat. intemedia (&m.) CL 
NmgctlIa scIe~v~kemis Grm. 
NmicuZa Wjnmctatu ( O R  MûIl.) Bory 
Navidîzttrsda (a.) &un. 
Nedium bisulc- (Lagerst) CI. 
Nitzschia m p M a  Gnm. 
Nitzschia ungustata (W. Sm.) Gnm. 
Ni&schia comnrutrrta Gnm. 
Nimckiri&sipclra (Kiitz.) Gnm. 
Nitzichia hantzschima Wh. 
Nitzschiapalea (KQtz.) W. Sm, 
Nitnrchio mllumo Grrni, 
Nitzschia sigmoiàka (Ehr.) W. S m .  
Nitzrchùz îryblioneIIa Hantzsche 





Appcndix B.Photographs ofthe Most Common DietomTaxa Found in the K2 Con 





Appmdk B. (continued) 

A C'bellP cymb~omis (Ag. Km.) V. Heurck E Frcgima brevrevrstriata Grun. 
B Fragihria mtonemis Kitt. F FragïWapinnotaEhr. 
C Amphorapedculus Kiitz. G Cpbella htcrtedn'i Krasske 
D Gunphone1110 swbcikzwtm (h) GRm. 








