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ABSTRACT 

A f ie ld program was conducted'on t h r e e fakes in Kejimkujik National 

Park, Nova Scotia to study plankton-water chemistry r e l a t i onsh ips in. a, 

region of potential acid precipitation s t ress . Comparisons' were, made among . 

lakes and between years. The 'three study s i t es represent two different types 

of rakes".. Kejim^u"ji-k Lake (pH"4.8) and>Pebble.loagitch Lake (pH 4.5) are' • 

' bo th high-colored, dystrophic ac id ic lake"}. Beaverskin Lake i s a c l ea r , 

oligotrophic lake which ' is ndt as .acidic (pH 5.4). • 

The phytoplankton of Ke j imku'j i,k Lake was dominated by diatoms, " 

,Pebbleloggi tch Lake was dominated by chlorophytes and chrysophytes, and, 

Beaverskin Lake was dominated-by cyanophyte„s. ' Ke j im'kuj ik. Lake had the 

highest algal cel l volume per. liter,, and Pebbleloggitch'Lake the "lowest.' 

R c t i f e x .popula t ions composed-, t he m a j o r i t y of the-zooplankton 

communities, while the -crustacean zooplankton were dominated „by the. acid-

t o l e r a n t copepod Diaptomus minutus. Kej.imkujik Lake- had the lowest 
— ' J - C * - ~ * " N 

and Pebbleloggitch Lake the highest -zooplankton blpmass per M , which may' 

resa l t from- abundant de t r i t a l food resources In PeblimLo'ggitch Lake. • 

ftlulttpxe, regression analysis' of water ohemistr-y variables'wi.th, plankton 

species produced many s i g n i f i c a n t ' e f f e c t s ; but fa i led to shpw clear , 

pat terns. Cause and effect relationships in aquatic ecosystems are poorly 

delineated by such -techniques*, A' quali tat ive technique, loop7 analysis, was 

used ,to characterise and compare the structure of 'the planktonic foodwebs. * 

Large enclosures or limnocorrals were used in Beaverskin Lake to tes t 

the hypothesis tha^t shott-term\pH a l t e r a t i o n s produce changes in plankton 

species abundance1 and composition.* Results indicated that for- man'y plankton 

groups,, liming Is, more, stressful; than, additional acidification. - . , ' 

"- A biogeographic study .of twenty lakes' in Nova Scotia-showed'.that many 

ac id ic lakes r e t a i n diverse 'and abundant .plankton communities.' Stepwise 
) ' . . - . . . , • » . - • , ; 

multiple regression identified those factors best able td'explain planktonic", 
- • ' • t 

var iances . Acidi ty was more l i k e l y to af fect 'planktonic. d i v e r s i t y than 
- • . , . , ' v v * / • ' ' - - . " ' • , ' 

abundahce. EffeCts"of pH l e v e l on planktqii communities, were p a r t i a l l y 
obscured by the compensating1effects of-phosphorus level. • • 

' '" '" , ' " ' , - , ' , ," ' " ' ' ' * ,' * ' &.o ' 

' . ' ' ' < * 1 ' - , * ' * ' 
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' CHAPTER 1. - • 
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INTRODUCTION^ — ACID. DEPOSITION AND LAKE PLANKTON COMMUNITIES 
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. * " ; ' • ° ' ' ' 
Substantial portions ,of the eastern"United States, Canada,' and 

northern 'Europe are being affected by acid deposition (Cogbill and Likens^ 

, p 

,1974;' Scheider °et al., 1979; Wright 'and. Snekyik", 1978- Eangay and. Riordan, -

1983; Louclcs and Glasiu 1984; Hayas et al*; 1984), There has been a ten- , • ' •_ . J — . • '. 
fold Increase In rainfall 'acidity over the last "few decades (Last; et al.', . 

1980). Sulfur' and'nitrogen oxides are emitted into the air as a'-result of - . 

fossil 'fuel combustion, with sulfuric acid Accounting for abouti 65-70% of 
k - • , , ; 

• the total acidity. Once acid deposits (wet and-dry) reach the gta$xd, 'the 

extent of e.ffects on lakes' is largely dependent upon bedrock 'geology in the-

.catchment area. Lakes,in locations situated over bedrock which prd'vides 

little buffering- capacity, .such-'as Nova, Scotia, are itvery-prone to, 

. .' w . . - * V 
acidification. ' , * .* . 

' ' ." ' ' ' ' ' 
Acid deposi t ion causes mul t ip le s t r e s s e s on lakes which i n t e r ac t ^ 

. ' ' ' ' / ' • • i ' • • . 
complexly within aquatic communities. Henriksen (1980) has determined 
three.general stages of lake acidification: * '' • . . ' • - - . ' - . - ^ 

1. The f i r s t stage risV characterised by decreased alkal ini ty, but the 

bicarbonate buffer sys'tem i s maintained, and pH l eve l s stay above 5.5 -

\ • l 

6.0. D . • - ' • . . - • 

2. The bicarbonate buffer system is lost during longer periods of 

stress and severe pH fluctuations- occur. 

3. The 'final stage is characterized by chronically depressed pH 
* ' - a 

Levels (below 4.7) and an elevation* in toxic metal concent ra t ions , 

especially aluminum. 

( The most noticeable effeets of lake acidification have been documented 
- ' 1 

for ' f i sh populations. • Symptoms of acid s tress in fish' include physical 

deformities, .reproductive inhibition, decreased growth, and subsequently a 

• depletion of fish stocks •(Fromm, 1980; Harvey, 1980; Schofield, 1976j/ Munis 



- ' ' " ' . - . . _ ' ' ' ,D " t.jage,3. 

and'Lcivestads 1900). * Lake trout (Salvelinus -naaayeush), brook ' t rout . * 

• (Salvelinus jcontlflalj.o) t sraallmouth.bass (Hicgopteraa '4olojaieul). and 

walleye (Btispotedlon vitfeum) are highly susceptible to acid rain (Keller 

et a l . , 1980)* At lant ic salmon have declined in Nova .Scotia recent ly In 

rivers below pH values of 5.0, and "have disappeared in rivers, below pH 4.7 

(Watt et ' a l . , 1983). Shifts in species composition of fish, communities 

with changes in pH have been documented for lakes in both North America and -

Europe (Rahel'and Magnuson, 1983; Mania et al%',.l984f Sbnsets and'Harvej, 

*1984)a Tolerant "fish' species such as yellowa perch (Perca fl'ayescens) 

become, abundant in ac id i f ied lakes.* ^Undoubtedly, these changes In f i sh 

'fetocks r e su l t in l*ake-wide a l t e r a t i ons in\predat;ion pa t te rns which 

*- ' * \ ' ' 'a- V "' 

subsequently affect plankton community structure (Fryer, 1980; Eriksoti 

, et al., 1.980j De Cos^a, 1975;, Lane et" al.,.1982). .. . ' 

Likewise,'' lake acidification directly, affects-much of the-fioodweb 

, . which ..supports fish production., Zooplankton communities in acidified lakes 

become less.-complex with fewer species coexisting as acidity increases. 

Some groups, such as the d^phniids^ are intolerant of increasing acidity 
*> < . • 

.,and" disappear -at a pH of -approximately1 5.0, (Raddum et al.. 1980). • 
» - '< . « " ' - . . . : . *. ' ~ "* a . 

- Abundances ,of cyclopold copepods also de'ctease in acid-stressed lakes-

(Raddusi et al.,, 1980)''. Indirect effects of lake acidification on 

. zooplankton, apart 'from direct effects of increased acidity* include -
•) ' V 

cfhanges, In thermal regime', changes. in ffood abundance djr quality, increased 

meta l 'concentra t ions , and sh i f t s in predation and competition pa t t e rns 

(Malley e t_a l , ; 1982). Phytoplankton communities exhibi t a decrease in* 

' " ' ( ' . • ' * • • 

diversity (Kwi'atkowski and Raff. 1976). . As primary production decreases, , 

t r a n s p a r e n c y i n c r e a s e s . ' A ' s t rong p o s i t i v e c o r r e l a t i o n between 

' • h ' • 

phaeophytin/chlorophyll ratios and Hsccehi-disc depth has been established, 
' >u • 

in acidified lakes (Raddum et ai;, 1980). Bpecies shifts and changes in ' ' 
.• ~ V . 

c. 



,v-

abundance and p roduc t iv i ty oif. pr laaraf pr0du;dero- have been note"d a 'b t i t /_ 

.consistent trends w£th pRrare diff icult wt» •delineate. .(Cojnway , and Ijfendry. 

1962}.' Green algae and pyrropfyytes tend tc/do-iainate • la acidic 'lakes, while 

i ^blue-greens increase a t .higher pH, (Briesonik 'et a l . , *.I$8,'4)j but 'manyYV 
- • - . . • ' - ' , ' • ' ' ' Af: : ' —r——r ., ,̂  -4 , • ' , \ ' 

• e x c e p t i o n s ' t o ' t h e general,.trends-' have, bean'noted.'(U-.S. EPA, • 1 9 0 ) . 

';,Generally, there* Is-a' decrease,in pelagic--production per unit volume 'and -a. *" 
1 J . ' ' ' 1 

'concurrent increase In acid-tolerant benthic' macfophyteo »such • as-' Sphagnum; 

. ' and „ UtgjLcul-ar,ia. . To summarise., acid deposition .causes. Incteaaed acidity, in -» 
.' ° • * • " . . - / ' ' • ''-•"•''. , ' 1 - ' " ' , 'v ^ ';" '" ' J* 

' -• lakes, leading to dramatic-shifts in communities of -aquatic organisms.'- The 
. , overall change Is towards a more oligotrophia system, ,hut an unnatural one' , 

v ' ' V . , » ' , ' * • ' ' . ' . / - - . . . " 
. which exhibits , reduced d i v e r s i t y as compared, to-' nstturally-roccur'ring, ' 

undisturbed 'oligotrophic lake's., .- . . , , " ' - ' - ' - . j . * , ' " • s ," 
. " - • • - "o, '• "• • . • -" ' " - o ' • - " . 

' . To date, '• t h e r e haVeflbeen few de ta i l ed evaluat ions-of whole-lake , : 

response to-acid* deposition,, 'The .d i f f icu l ty i B ' t o reconcile.vthe d i r e c t ' . 

'effects of increasing acidity on the different groups-'of-'-aquatic organisms 
- • • ; . / . f - : ! - •>:''. : l v . < '• - ' 

^rith ind i r ec t effects , r e l a t ed to the substant ia l" s h i f t s ihsShe .ov'e'rall, 
*' " ' ' '• , ' " ••' . •' .' . ' :f • • \ , < i ,-•'•' ' 
, community fooSweb, . including e f fec t s of, ,water> chemistry* on 'nutrient -

availability«, changes in pfiaary producer^ and thgir 'berbivbres, changes\ in / 

Invertebrate predatorss and, changes 'io.- the fish community© Alterations of 

. composition or abundance at .edeh of these trophic levels , may affect,other ,-

components-of- the fpod .web, through- .d i rec t , i n t e r a c t i o n s , - ' i n d i r e c t 

Interactions by meansJo'f"intervening variables along pathways of effect in 
the-food web,' or by means of changes in overall community feedback (Lanej 

' - ' , • ' . • . " ' ' ' . - ' ' 

1985).* ».-- ' - - . . -

• . - ' • • ' . '• • . , . • •• y -

.Management strategies to counteract .the, effects of lake and-Gtrgarav 

acidification most often center on some form ofi liming, whether applied' 

directly to a lake or to tributary streams-in the catchment-area.- .The 
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i n t en t of" such e f fo r t s has been to reverse both the decl ine Wri pH. and-the 

declines in, productivity -and diversity which accompany lake acidification.. 

, There i s , however, some evidence that increased 'nutrient supply-may partly 

counteract' the process of oligotr'ophieation whlch^aeias to occur at -reduced -

' pHs (Kerekeg et al . , 1984)« I t . i s possible, that-some*" combination of -"liming 
, ' *', • , , ' ' . ' . > . " " a . 

ah'd* f e r t i l i s a t i o n may-be the best management s ta tegy for r e s t o r a t i o n o f • ( 

acId±£i$^LLake communities. - Without a comprehensive understanding of the 

' s t r u c t u r e and function, of lake communities, • community responses to . 

perturbations 'such as' acidification' or "the effects of remedial management 

manipulations wi.ll remain ^difficult to predict. -

' Few s tud ies concerning"the e f fec t s of, changes, in pH on o v e r a l l 

plankton community' foodwebsrhave been conducted, -and the resul ts are 6'fte'n 

• contradictory (Conway and Hendry, 1982). The work described here attempts 

to ' answer the fol lowing.quest ions for lakes In Nova'Scotia^ -an area' 
E . 

' subject to both na tu ra l sources of a c i d i t y (humic bag drainage) and• 
• - . ) , - ° • • ' -* 

^anthropogenic acid deposi t ion. These quest ions are important for -the 

understanding of lake system's perturbed, by pH shi f t ' s , and for ,design of 

management'strategiesr , . °°. 

- '1) ' What are- the relationships between lake plankton communities and 

pjl, 'together With associated water chemistry parameters, and what '" 

.d i f ferences 'in plankton communi ty ' s t ruc ture can be.fOund by 

comparing lakes of d i f ferent 'p i levels?_ (Addresse'd in Chanter 2). -•-

) flow tlo plankton' community .dlv.e.fs'ity, and abundance '-respond 'to 
V -- > * . ' * '. ' - • . ' v ' • . ' . " ' : '• ' " ' -. ' " 
\ s h o r t - t e r m .(less .than"-one year) shift 's, in- pH> " such as .the,, 

lepress.ions encountered'-during. spring snow .melt or the;elevations, 

resulting ftomXake.'-lliJteffi?' (Addressed in Chapter 3).' .:, 

tilaoi 

.-J*. '' 

- - 3')'- How\dbes nutr ient /avai ia&il i t jr.'. which interacts- with'changes in 

'" ' p'H, affect community responses'? ((Addressed 'in .Chapter 3.).,',, 

http://wi.ll
file:///short-term
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,*• *4) . What a-re the " larger-sca le • (biogeogr^phical) pa t t e rns -of' ' lake 

. 'plankton 'community'.composition astd abundance EIn relat ion to pH and 

. . the. range'of other.physical and. * chemical characterist ics of lakes 
. . *"' * ' -. . - ' ; '• - ' Bf ' • • - , ' <? ' < ' 

in Nova , Scotia, and what may be corfc'lucfed from-such pa t t e rns 
' " • - . . ' . • ' - . - ' . ,y ' 

concerning lohgr»torsa - adaptation of plankton" communities to5 a range, 
' o . * o' . * ° "' ' k a ! , 

' . - " • " -'of"pB levels? (Addressed'in Chapter 4)". '-,""".', x*'', , " ' . • ' 

Answers to these* basic quastipns have been sought here using several 

\ methodologies. 'Three sS^udy lakes> were f i rs t* se lec ted in Kejimkujik 

\ 

provide.base-line data fojr 

Is 'Does increased acidity 

. National Park for intensive'sampling'In order-to 

lake'_ characterizations, and to address question 

-re,s'ult- -both in.r.edfieed -planktonic species diver 'slty" and ih s reduced". ' 

productivity? This can be tested"'by examining adjace'nt • lakes,, which'.are .. 

currently. 'at* d i f fe ren t pH-level's,' f or ' dlf f e.rence.s ' l a t h e i r . plankton 1 

'communities. 

/j " , • ' ' To „addre>ss quest ioas 2,and~3, .one ,o.f the study lakes J(5eaverskin 
• < . ? ' . . ' . . , , , . 

** " •> ' * > ' , " • " ' ' 
•' ' <Lake), w"ith moderate pH "but reduced, buffering /capacity, was selected If or- in'"' -

. " • - • . , ' ' , « . , ' » • - . - ' ' •-.' •"• \ ' . i , . - ' . •'• 

s i tu experimental manipulations of *pH and-nutrient-concentrations. * 

.Finally, a' blogiaographical survey of-twenty lake's in ' Iova Scot ia; " 

' r ep resen t ing a broad range 6'f-p-E' and ,o ther . l imnologlca l v a r i a b l e s , was ' 
. .° ' •- " . ' * - * \ ' ' ' ' ' 

• conducted I n or^er.-to,'answer question" 4. • ' - - • ' • •- . 
' . » • • / • ' - " * * < - • " " " - ; * " ' " ' - l " . ' 

."The. s ign i f icance of t h i s s,tyidy w i l l b.a to help c l a r i fy the pa t te rns ' 
i - *• * * ' ° - • ' °V" ' , " " ' . • * 

'and mechanisms of lake plankton community responses t o pH and related water-' 

chemistry/parameters ' through" the ,use of, s t a t i s t i c a l analyses of wa te r 

.chemistry-plankton "relationship's.,,-experimental .manipulations, "conrairaity "\ 

•foodweb modelling., and-examination of plankton, biogeographieal" patterns in ' 

£ion to pH. 'Comprehensive baseline data .will also' be -established for ; 

udy • lakes f»or use i n . comparisons -with future ..data to-asse.ss 

h is tor ical 'tretfds. • ' ' ' ' , " . " . - ' ., 
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SlLAUAtSTEMZATIOH AND COMPARISON tfp THREE, ACIDrSTRESSED LAKES. ' . , ' 
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The purpose of,-this par t of the "s tudy, Is to provide comparative,. •„ 

. information on the,pelagic foodwebs/'pf- acidic' lakes-'that are.located-in"a ' 

*, vulmefa-ble' ar'ea i n ' r e l a t i o n to a n t i c i p a t e d - s t r e s s e s from- ac id 
' , , ' \ ' - " . . * - - -' , - . .. 

. 'precipitation. This informatltjn' wil l address the f i r s t question posed In 

the introduction: ,' ,0. ' „ '• ' . . ' „ , . • ' 

• . '. -1) * What are the relationships;between lake plankton communities and. 

- ^ ' ' . ' pH, together'with "associated water chemistry parameters, and" what 

; : • *;.-•> differences in, plahktob, community structure can be' found comparing ' 

. x . t -lakes 'of-different pR levels? * ' , • " ' . , * . ' ' , -
- * ' * , ' ' - * . • • , - - ' . ' * 

' " • 7 ' . - - ' ' . ' ' -

x a - The •"'study l akes ; In ' Kejlmkujik National ' Park - are p a r t i c u l a r l y / 

, i n t e r e s t i ng /because t h e y possess 'some- of- thfe"" lowe's,t known- calcium 
•- ooncentr-atidois in th£ would (Kerekeg, 1980a)o'.The mean'annual precipitation 

, •, to, t h i s region/has a- p i value' of 4.64' (wet 'deposi t ipn <F 22 -kg SO^"/ha* y r ) . 

The .lakes' show slgn$ of acid s t ress : clear-water' Beaverskin Lake, has lost • 

• almost i l l of i t s bicarbonate a l k a l i n i t y and can .be'considered to be a t 

, stage numbe'r. tw,o. of'Henriksen's (19§0) -model, while coloured -Kej'imkuj Ik -and' 

. Pebbleloggitch lakes which -receive additional/ ac id i ty *from- organic soils" 

(. -;have- depressed" pH values year-round. •' . •„'« .'.,•' , ' . * • 
' . ' r ' ' a * , ' - - * . 

* ' f - - ' - * ' ' • , ' • . " . 

'.- -. ..Plankton communities, of, the, th ree l akes : .w i l l be. compared .by 

,, s t a t i s t i c a l , m e a n s -to assess - re la t ionships 'wi th water Chemistry,, -and by 

••lfteans pf community food* web 'analysis' "and modelling-to "compare structure'.and -
i ' • . - - . ' ' ; * • • " 

- > ' * ' . . , -

, functioning'of key trophic, relationships in'each lake. - , , , ' r 

, » •" . 'The 'work described here was undertaken as a par t o-f t.h'e Kejlmkujik ** 

' ; 'Cal ibra ted Lake ;Cat.chments Program.. I-he'-Program was i n i t i a t e d as .an , 

' 'outgrowth, of a joint ^Canadian_ Wildlife Service-parks' Canada-investigation 

. .of the limnology of,'lakes, of'the-'Park. .The Canadian 'Forestry Service had -
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- . , . " ' • ' . - . - : * • ' . . * - • ' - . \ - . -

' , " " - - - . " . ' - - • , . - ' - • • • , ; ' • , ' . • ' 

• • . . ' . ' . ° - ' . ' . " • ' » '* - • / , • ' , * " . : • * • ; " ' . - . - : ' • - \ / . ' • ; • , , , ' 

•also cooperated with Parks Canada in completing-a'.biophysical-survey'of. t he ' 

- Park which provided-a-valuable addi t ion to,t,he background information,-' 
' . • * ' ' - * ' , ' • . . ' " - . * , ' * " * . , " - , ' • " " ' ' " ' • " ' ' . . 

" ava i lab le fo r ' at' watershed- study. ,.,lecau^e' ,of,.the, l oca t i on ' i n ' the' highly , 

- s e n s i t i v e region •ofjfova Septia,,'.'the -existence.'of ek'teiislye'background 

• ' / . ' . . " • • ; . • * • " . . - : . ' , . " ' ' , ' • * - ' • ' . . ! ' / < - . * - • ' . • ; . * • : - > v 

information and the prospect, of- I6ng--te'rm • assurance,-of-»site control under 

Park's" Canada, .the de'clsldn was made"to,commit the-major marl time s>1Loog ' 

• Range'Transport .of ' Atmospheric lo/ilutants ..(LRTAP)a.st:ddy ,1-p the/Kejimk/ujIk -

, « • " - „ * , " J- ' • " * * . - . * - ' * "* ' * * ' " 1 " » 1 ' 

Park s i t e . (Kerekes , * 1977). A varie'fcy ..of' 'hydto'log'ic^i; 'cheialc'al~'anll.'' 
'• V - - '' '•• - . ' ' . . • • . • "• \*:-* ••'•,•"">•''".••'. - •';":'- " • :'' '.-";* / - . ' " 

• .b io logica l s tudies 'have been" conducted. ahd;r«ported"oa- (Kereke3i'.'i982j "-
' " ' " ' • ' ' ' - . ' . , - ' ' ] ' " • " ' -"'* " ' *•'" V - -* •' ""'•' - .- "' ' " ' . " " , 

,1983). . The present study' fibtrstitute's/ the ' pla'nkt-onic'component- of -the ' 
. . . -' _ . ' - t ' , " ' ' ' • ' * - " « ? - ^ ' ' ' 

o v e r a l l ' r e s e a r c h e f f o r t , ' ' ' . ' ' . - • • • • • ' • -- '.'< . ' - . ' - - " • 
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"•. .' . - ' / " ' > A* Methods '• " 
. J & * m ' - . - ^ 

' ' * ", - . . 
' ' I . Study Sites" .. • '/. , . . ' " . ., - • .'--

•: • Three study.lakes (Pebbleloggitch, Beaverskin and keuimkujik) were 

' se lec ted ,tdl,'reptese'itt--a range 'of linjnological fac tors ' ' in^te j imkuj life, - • 

• National Parle,- Jfoya Scotia (Figures 1, 2," 3)1 Several afcjrphqmetrlc and 

- "chemieaf parameters are" summarised in 'Table 1* 'PeWleloggitcli and 
,!, ' , ft - f- -

•• Beaverskitt^Lakes. a'ra. small headwaters(whereas Kejirakujik Lake -Is a larger; ' , 
'deeper lake. ,-All of the lakes'have s i l t bottoms 'and Beaverskin Lake in * 

- * " , . - , ' - .'• , - - . . . ' * * " ' . 0.'-

addl-tion.has.a dense benthic.growth *o.fSphagnum, Bpp. Pebbleloggitch and 

Se'j.Imkuj.ik Lakes are "highly colored, dystrophic lakes with'low pH-values, 

• These two,-lakes are influenced by hu.rn.lc'organic s o i l s in. the i r 'dra inage 

°- V-basii|s, ahd are more ac id ic than would be predicted ton the b a s i s ' o f • 
/ - - - . . *-','„-. ; ' . ' i " „ *-

' - , ' - . . "i - , " ' " ' ' ' . i - * '« . . . . . . , _ -

precipitation chemistry alone- (Kfetekes -etVal., .1982). They both' have.podr 
" • " - . - ' . -. •"-" ' '".' ' *- "'- - ' \ v '• ' / •' , - ' ."''. - ' - ' • :" 

macrophyte development because. "o,f- .poor, light penetration . in their 'highly • 
' ^ ' '.-, " -*• , • ' ' ! ' ' ' . * ' . ' " ' " ' " ' " * * . - * " ' " - ' * * ; 

. -.colored'watersV Beaverskin Lake i s , a, clear-, 'pligotrpphic lake which is"-riot "" 

, ' a s ' a c i d i c as the other..-two.--and -has "good- Ilt,tu»ral .*macropHyt'a^g"jS0w€li. . 
. " . . ' . " " - ' , "\ • " - " ' ' . ' > . - * ' - * . ' " ' • - * - " - - w -

\ - ' • ' • * • • , , - . . . 

o Kejimkujik.and PahMeloggiteh' ,Lak&s-''exhibUt'similar^co'nduc£auce values; " 

. calcium* 'and magnesium cbheentfatioris .ar,e-.near-ly*i"deri'ti'cal*,l« Beaverskin" and 

••. Pe.bbieloggltsk'Lakes -but higher"• lb "Kejimkujik 'Lake (Table !).-'- -The .'ratios-
" - " ' •*- - ' - ;" - - * - , * ' - - ' .."- - t , , v - ' -. ' - 1 , '-• ^ - -

of .aijioris/eationsV .hOwever/'ar-e-mpdt'siiftila-r for. Pebbleloggiteh and„ 

>„ Beaverskin Lakes. ^Primary .pfroHuctlon and the car.bort'measures (DIC,T0C,. 

BOO) ard lowest-in Beaver skin take x(Be'aucb*amp-, 'TL9&3$.'^ All of the lakes m̂ay * 

, be 'nitrogen-limited, at - particular time's*"of. the-.year^ nitrate'plfflf n i t r i t s 

concentrat ions are near t h e ' l i m i t s of - detect ion.•Except fo r - so lub le • 
., .-reactive .phosphorus, (Table'. 1-), BeaVers'k-ifl Lake exhibi ts ' the lowest 

• ' ' ' * • , ,"• • -. ^ ' ~ $. , ' - / , . , '. ' *' ^ p ' • - - - . " . ' 

phosphorus-and, nitrogen concentratlofls of-the three lakes." ' " - "; ' ' 

- ' Fpr ' severa l yCara, ' ' 'basic'l imnological data have been col lected on 

several .lakes in KejimkujIk" National Park* by Environment Canada (Canadian 

http://hu.rn.lc
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Pighre-l, Marphometric Map of Pebbleloggitch Lake, showi-ng sampling station. 

Contour lines are wat«r d&pths in meters. After Kerekes (1975 a). 
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Figure'2. ''Morphbmetrlc Map,-df .Be&verjskin Lake,.- showing_ sampling-'statipn.,." 

." ' - " ' Contour": liaes'are'water«depths ia meters-, .-After Kerekes (1975 a} , -
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x . «. "* . » . 
•Figure 3. .Map o£ Kejltaktijik Lake, showiiag sampling station. 

After Rerekeo (1975'a), 
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k 
Table Jr. Physical ahd chemical data for three lakes In Kejimkujik Park, 

, Nova - Scotia. ' A. General Characteristics, B. Morphometry, 
*•• " * . 

Cj Basic Physical - Chemical Measu-res, D? Cations and Anions, 

E a Algal Pigments arid Carbon, and F« Nutrients ' . 

ttsAfter Kerekega 1980 a , b ; Stewart , Preedman and Dale," 1980 ) 

Pebbleloggi tch ' Beaverskin ' Kejimkujik, 

Lake L :e 'Late 

Headwater' 

Highly ,colored 

.Dystrophic . / 

S i l t bottom 

Headwater ,. "Downs t ream 

c lea r " „ » - Highly colored-. 

^Dystrophic 

S i l t 'bo t tom"wi th S i l t bottom 
• - e, 

peaty organics 
- - . , -*> 

Poor macrophyte- Good macrophyte Po.or macrophyte 
' - '*-.-" ° ' ' 

development' ' development ' - - .development. >• 
' ' ' -. B " " * ' 

- . * *V . 

/ Lowest planktonic , . v 

primary production ~» 
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Table 1. Continued. 

-Pebbleloggitch „ 'Jaaverskin. , ^ , Ife j imkuj Ik 
> ' * " . " , ' . 

-„ , Lake ., . . "Cake, f , v Lake . ', 

-
B. ' ' 

Surface Area (km ) 

2 
Drainage (km ,) 

Maximum Depth'(m) -

-Mean. Depth -(m) 

Retention Time (yr) 

i; ' '>•. 

Temp (°.C) . 

pH.- - - "'' . 

• y 

' 0 . 3 3 4 

/ ' . 1.6 

' , ' '2 ,5 

1.4 

.0.3 ' 

, 

.. 20.0 

4.49" 

• . ' . 

* , 

-

- k -

• 

/ 

. '-' 

-

. ' ' ^ 

. 

Q.395 -/ 

1.0. 

6.25 * -

2,2 
i, 

"0.91 

I • " 

x £,%. 0 A, 

5.38 '" • 

* * . ° i 

t - " ' 
i — + 

- : . 
> - 24.35 ' ; > 

* \ . . k 

- * . ,682/0 ; 

19.2 •' 

'• ' ' ' 4 » 4 -V ' 
'.* J>.16 '• 

4 * * » 

» <5 ^ " 

- , , - °19°.2 

'4.80 -,' ' '• 

-Acidity1 (mg. CaCO - eq./L) 

' Titration to pH 5.6 ' V"'2.29 * ' 0.02' ' ' ' , 0.91' 
< ° - ?• • . ' ' ̂  ' 

Titration fro pH''3.3 . J .24- '-. '"'1,89 " . .Q',53 

'Conductance (umhbs/cm) '40.9' 7 25.8 <> • 34.0 

" 2.29 * 
- ^ a 

.1.24 :-. 

•'40.9' ' " ". 

8.0§* . 

. 92.8; - i 

• 0 ; 7 7 , 

^ 'SOaO-

0.02 

'" '1.89 

25.8 

7a83 

. , 91=7 

0.31 

' * 1.25 

Dissolved 0 2 ,(mg/L) ' 8.08" , 7.83 7,59 
'J • ' ' - - . ' . a 

•2-0 saturation •/, * . 92.8" - • . , 91 = 7 . », j- * 85,8 

Turbidity (N.T.-U.) » 0,77, , 0.31- , * '0,53 

Color (Hazen units) , V -30.0- ' ' * 1.25 ' - 55.0 
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Table•1. Continued. 

'' ) 

PQWI^loggit,ch 

Lake 

Beaverskin 

•' • Lake • 

life j imkuj ik 

Lake -. 

D. 

u-equxvaxencs/x 

Ca , • . . _ , . . < , 
r ' r 

i \ * 

'Mg ' .• . . " 

Ha* ' " _ . -

K . , " ' ' 

FeII _ ' ". '-V; 

V 

NH. + ' 
4 • ' . • & ' 

Cations 

S°4= ..'•*•/,. V 

«&".' ' • / - • ; ' 

3 
* a ' * B 

Anions 

Total lops 
- . . -

Anions/Cations , 

'-ft <—: 

( > 
i _ 

. ' 16.5 " 

' 23.8 

» -124a.4 *' 

. 7.2 "" 

4,'g . 

32,6 
i 

- 0.5'" 
' » i 

• .209.8 ' ' 
* p 

. 88.2*' 

123.0 

0.6 -

211.8 

421.6 
\ 

1.01 • 

'- •-? 

, ' - .16-0 

27,9 " ** 

, ' .124.0'- - - " * 

6.1 

'-'l-,l 

- ,^2 v " * 

' "0,3 p -
c, 

' 179,6 • -' 

* 57,0; 

, .' v , _124,& 

. -O.o' ' 

181.6-

' -361.2 . :* -
0. , -

- k * * 

• - - • -1.02 . - , 

. ' 33.9 

38.6 

"-• 135,7 ' 

.' - 6.4 

a. ' ^ 9 

' " ' 't ' ^ ' 

15.8 * 

; .-, 0.3 -

•' 236.4/ 

~< - 81.1* 
I . -t 

. /'"127,8 

• ; b.6~ 

.' 209.5.'-

' ." 44616' .• 
,- -

*V -.0.89 

-

<-

-

* ' 

' 

i 

"> • 

' 

* 

-

p* * overestimate due .to .color, interference of the methyl-thymol blue, method 
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Tdble 1, Continued^ 

Pebbleloggitch0, Beaverskin / Kejimkujik 

.Lake ' Lake , Lake 

'• E , '„ ' , • r ' / ^ ' - * , 

.', Chlorophyll a ('mg/m3} " l/(T " ' ' 0.67 \ . * 1.8 '' * 

' ' ^ - . 3.' -, •* '" b s -- -*' 

Phaeophytln (mg/m )- ^ 2,7. , 0,9 ' 2 . 1 
« ' - •' " * * . ' • ' - " ' . - " ' ' 

Dissolved J ',, ' ' „ 

' .inorganic £0ag/L). ' . . , 0a46 ," 0,34 . ' ' 0.50 . 

Total,* _ v- , - v • v _ ' ^ * v > - ^ -/ _ - . - -
' , ' * ' ' • -*" "' { ' * ' 
, organic C(©g/L) . - 16,5 .̂ -i 4.2' , " 10,3 

' > . ' f • 
' Dissolved .organic C(mg/L) " 11.9 , ' 3.'6, < ' ,8.4. 

° x D * " 3 * - J ~ - . " ' 

. .Total phosphorus (mg/m.) p76 , 5,-4 ' , ' 9.1* 

. Total .dissolved . , . ' . ' . . . - " -- x 

phosphorus (mg/ni ) , , 10',5, 

\ * 

3 k 'ft 

• Soluble reactive. 

', phosphorus (mg/m^ 2.2' 

* Total nitrogen (mg/L) . - - 0,32 i 

.Ammonia. (mg/L) / , - Q.09-

'Nitrate +• nitrite- (mg/L) 0.01 

\ 
3,3 

\ 
t 

•1.1 

0.20,' 
J 
•" 

0.05 / 

0.01 

' ' 
\ 

• \ " 

\ 
* • -

) 
t 

' *> 

•* 
5.2 

• .-
- -

* 1 . 0 v 

\o.76* 
1 i \ 

•% 

0.-Q9 

' o.oi 

file:///o.76*
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Table 1. Continued, ' } . " 

-—-Pebbleloggitch. "Beaverskin- '- , ' Kejimkujik. 

Lake - ' • - Lake' ,• .' ' ' • Lake' •", 

, , N/P Ratios: 

-'-,- Total nitrogen/ 7 
. , s ;* :7 ' • - '' '' 
'.'"- '. \-Total phosphorus 23 ,-5 ' '."• .' '- 37-.0 

i i 

' Ammo'nia +' Nitrate r ' - '" '•'• -. . ~— 
' . . i - . ' - . . * " ' « , -

" ' . • "" +* NitriteV.Spluble . ' • ' " , ' ' , ' . v ' ' 
- , •. ' . , \ ' * •;, - » „ . • ' . / • . • . . . -" 

. - \ ' ; reac , t ive phosphorus• ,. / »> 45.-5.'- - . .',.. - 54'.5 
' . . , > . " ' . * ) • - . ' i 5 ' ' ' - ' ' ' ' • " •'' • • - • > • 

' 8 3 " , 5 7 . - ' 

, 100.0- ; 

Data 'are; giyen as'.mean values,'oyer ' a l l depths .and 8 dates--from June' 9. to-"' 

> , 
.Sept,, 23,: 1981'. \ '• '•• '' '•• .r 
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•> 7 . ' ' ' • * , ' ''• •'"• , ' . ' . » " ' -;'-• ' '' \- '" "** 'r ' • ' •' 
' ^Wildlife* Service), ' physical 'parameters (including-the" annual thermal " . 

- -cycle) , -water chemistry parameters^^primary production and-chlorophyll 

'*• .concent-rations o'f the three study lakes 'have been measured (Dryfidale and \ 

.Ti.mmon's,' 19.80J Kerekes» 1975, 198-0 a, b)„ "Prec ip i ta t ion p a t t e r n s , lake "* 
7 ' - » • ' , ' 

, - . . ' * ' . - ' ' • x ' . . - ' . " - • ' - ' ; • 
"chemistry, and acid lqading were given by 'Kerekes et a l . '(1982). , '„. 

" • ' . * - " ' i. , * " < B r ' -

, ' II', Physical and'Chemical-Measurements , "* : - >* ' _ '• - - , - . - - . . ' ' . . -

. • ' ' Physical and'chemical measurements and water" sampling were done on'the ,, 

same, day or ,'within appro3rf.sately two days of the'plankton sampling,-; i?dr', 

v Beaverskin-'Lakei data were- not. available fpr the las t three dates. ..Details, 

^ of 'water chemistry sampling procedures, ^techniques', and (basic "data 

- - . In terpre ta t ion 'may be ,'found- in Beatick-ampoand 'Kerekes £19/81), - ."Hater ' •'. ' 

• chemistry i s -.discussed here on ly 'as . i t relates to the plankton xjpmmuni'ties, 

• - ia • • •"". / " . " . . ' ' ' ' . ' " ' * ; ' J - ' , v V ''-' ; " • • 
/ . - - , - ,- k . . . . , . ' -

; III. Phytoplankton" ' ' • ' ' . , '.,•-'-' .- ; 

, -Phytoplankton -were -sampled with'a two-liter, van Do'rti, bottle;- 350 ml of • . 
- • ' . " ' ' .' ** ' '' ' ' '. * - . ' ' - ' . - - ' . • 

',' lake ' water were collected.,an'd, preserved * with 150 'ml o'f .Transeau's ' 

', *'preservative, (6. par.ts waters 3 part's 100 percent ethanbl. <?L part,40 percent i . 

---• formaldehyde), 'Samples'' were' .taken bi-mdnth'ly • oh, RejimkujIK Lake and' 

• • monthly on Beave'cskln- and Pebbleloggitch Lakes-.from June 4, 1-980 to October ' 

29, 1980. ' Each'lake was-̂  sampled approximately three" times-per'month f rom-

Juiie \f 1981 to September 27, 1981. The .Kejimkujik.-Lake'samples were taken , 

at two-meter'intervals from, the surf ace %Q 14.11.,' Samples , from Beavarskln 

Lake'and Pebbleloggitch Lake'we're taken at one. meter ' intervals -(0 to '5 y and ' 

6 to 1-m'respectively). .Alt samples were taken" between "1100 and, 1000'hr» • 

. * - * ' ' V " 7, ~ ' ' ' '" 
, 'The samples, were* counted using the .-"Jtermohl, sedimentation' technique ' 

.with a 'Zeiss inver ted microscope and/magnification of 256S. ' 25J-ml sub-" 

http://as.it
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samples were set t led ahd at _[ least two transects", of each settling'ctlaabe'r , 

were , enumerated. Phytoplankton were counted aV number of cells- .for. each < 

species' 'and recorded, as number of cells per l i t e r (no large colonial forms 

were encountered) .^Species l i s t s and taxonomic tef'erence'a-used'iaay.be' '* 

found in Append!-" &,- .̂A discussion,'of the s ta t i s t ics- of sub-sample„coufttiag 

may be .found- in,Appendix B. ' 7 7 . " - . ,' --,-.-" , 
" \ " ' ' - * ' . . ' • • . , . 

For the common species, 20 individuals were "measured for three linear, 

dimensions ( length, width,' height) and c e l l volumes were determined. 

Effect ive spher ical .diameters ,('ESD). we're ca lcula ted for., each §pec,ies' " '* 

volume by approximating their shapes to the 'nearest geometricalVfigurea. "" 

.Speciek were divided,Into three sise,, categories base, on their BSD values (1, . 

, = 0-9,9'-microns,- 2 = 10-39.9 microns, 3-= >40 microns). 'ifESB values -were^ .'-' 

hot available, size classes- were" a^tlmat^d.," ,- ' , v ' - - ' , • - v -

- . ' Phytopianktonr|pe"c"ies were "assigned to functional .groups "based", f i r s t ." 

on large taKonomic' groupings.:- CMorophyta (greens)*. Chrysophyfca ([diatoms ' 

and'non-diatoms separately),- -Cryptophyta",*- 'Xa-nthq.phyta, Cyanc-phyta " 

(bluegreens).,, Euglenbphyta-and Pyrr'ophyta-. on the three" size categories; of-
- '- • > ' ' . _ • , ' . 7 " - * . ' ' . - ' ' - ' . , " \ - ' • ' " -• * .' 
cel l volumes given above' and third,- based on a tastotsoiaic-sise- combination." , 

15", "Zopp-lankton'' -, _ ' , ' . ' , ',>*..'.••> % ,- '* , 

' " Zooplankton"samples .were collected bi-monthly on Kejimkujik'/Lake .and/ 

'monthly on/Beaver skin* and -Pebbleloggitch Lakes from-[June 4, 1980 t'o October --
r- ' - ' ' • ' * •' . ' • " - ' , , * * ' " , - ' . ' , " • 

29,' 198-0.", Replicate samples were" taken, with a 32 1 'Schindler'-Patalas 
• ' - " N ', * - ' '-* ' 

•plankton t r ap . , "ThVtra'p was ' f i t t ed -wi th -a"35 micron mesh "net--which ', ' 

. retained ""most of the" rbt i fers (Likens/and Gilbert, -1970),.* Sampling .dates -
' - . " * ' , . - - , , ., , ^ -̂ - • ^ -

and- dep'ths corresponded' to those for phytoplankton. To prevent distort ion 
- » 

'of their carabaces after collection," the' animals were placed-id club soda , <• 

" " " " " ' " \ ' -••'' ' • . • • ' v'., " . " •'• " •' :* ~ ' ' ' 

(saturated.COS solution) and then,preserved in. a solution-q,f 4 par-cent- • 
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. . , ' • . . - * . * . : \ . J • 

, . formaldehyde- with 40'g/i sucrose *(Haney .and Hall, 1973). In 19SQ, a second 
* . . , k - , ° 

sooplankton sampling technique, the ' Clarka-Bumpuq-metered net, was used in 

Kejiuikujlk'-Lake lo r comparative purpose's•"* Comparisons, were -Hade of _\. 
. , a , * * * % . i ' - - - . 1 * ' - a ' 

. . . ' - . • * ^ f ^ - " " - - " l * 

abundance estimates (p'umhers -per ,mJ) .of individual specie^ and zooplankton' 

groups derived from the two. methods. Results of the""-comparisons (Appe-ndix^/ 

G) indicated superior, perfprsaance in sampling -accuracy ''for smaller -anliijals \ , 

by the Sch'indlar-Patalas . t r ap , which had "a smaller mesh^size. I t xjas • 

• subsequently used- for a l l sooplankton samplings *• . , „ 7 " - *" 

For enumeration, Wild d i s s e c t i n g microscope 's ""wee-©/ used" at- a"-
" . , ' - ' • 7 ' ' ' *• * ' "* / <- , ' 

ma-gnification-of 50-60X*. Two'or th ree sub-sample's-were counted and'the 

t g t a l volume^of the sample determined. Bpischura nordenski'olfli were .-
: / . ^ - ( .. . ', ~ ? / - 1 . •* - . . -. / 

counted iji four categories : ' 1) adul t females, 2) adu l t Bales, . 3) . 

copep'odit'e* s t aged C I - l l I , .and- 4) CI?-y . Diaptomus 'mini t tus and *" 

. ' D. "oregonensis'were,enumerated as adtjlt '-fea'ales'and a a l e s ^ *As. i t was -
. ' * * , r 

' d i f f i c u l t to d i s t i n g u i s h \ t h e i-nfmatures s tages of these tx?o , spec ies , 
copepodites-Cl-III.and 6IV-V" were combined for both. Tropocyclops sp. and. 

- , .-* " « ' - , * . . - ' ' - * 

7 " Mesocyclops. edax> were counted ink three categories:.- adult females,' adult. " 

.pales,- -and" iiamatuees.; The jiaupiii-pf all/copepods were not"-identified and 

.* were-combined into one-category,, - '- ^ " • . , ' - > • • . • > • 
. " *' <• After the" sooplankton were enumerated*, 'the taw Values' were converted . 

** ' , .. . * ' / . , , _ • ^ * *&.-.- -

•" . to organisms j>'e.r m . , Zooplankton speeiesiWere assigned to seven functional 

^ . .group's^based • on'large taxonbmie_and,developmental'categories;' eladocerahs,* -

' calanoid c"opepods, cyclopOid' copepods' copepoditajs; < nauplii , rot i fer si and/ 

.-' maerosooplankton.. Total Sooplankton. biomass units (mg/m "j per dominant ; 
' ' . ) < • - • ' - '" 

' . , 'species, were calculated by multiplying species densities times mean" body. 
, ' < V * N " " ' , - , * . ' - - - « ' '„ ' ^ . * * - - -

, v V , k f . , ' * a " 

'- weights determined'from-literature values. * * •«• , *!..»''• 
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" • ." ' • " . - . , ' ' * . ' • 

' --\, f." Data Analysis' •- .'''• °\, '*>••• '"' 
' ,J - ' . •" ' » ! . • ' » . .7" 

' , • ., . ' J ' ' . - ' a 

- , - \ ^ •*• Several'"calculatipi|s..fere' made for water quality,data. Percent o m e a 

>. .^s-atu-ratioji w.asi *c|leulated ,> aa a./function of dissolved oxygen and 

, ... t ^ p e r a t u r e (Collins Wd-Wright, 1981):, ' " " ' ' ; ' 
• > . - ' - , , \ . * x . : * • ' , • ? - - * ; " • 

". "• ' - . - - * ! - " * " ""'*«.. *" - V , ' - - ' ' " " . , 

.. ' .%-"Oxygen-Saturation---^4L9 * •(lO,0-*t*(1.202*DO/((DO--15.71-*LpG(TMP/12.15-fl.O) 

• , * ' •- T -'-:«* *. .V.'89>+22."62)}-i.o) ' • 
_ 7 : - " " ' - . . - " , ' "-•' - ; ' < • * "• ' • ' ' • ' ' " ' -

where DO = Dissolved Os-ygen(ppm-), „TMP '= Temperature,;-and *.* ind ica tes an 
- * , —-- . -" , .. 7 '-

~, > v * - '*- b' - ' ' * - * . . r -- < - '. " 
' ,**" ejcponant.-^ (Note: *'-represents' multiplication.) 

--*•-" -,. -Water dhemistry. variables required t ransformation for-normali ty to 
' - • - ' ' - „ > » • ' - * . Q . . 

* '* " "l . ' . -

. - r - ..satisfy ."the .assumptions .of. multiple., regression, analysis. Transformations,, 

/ .% ' ' :o,f the : foraV;'^ . '.,-:;; - / ; - / - . • ft 

.','" -.. *•- / ' IT = iii(x/median +* 1) ** Q 'where Q <= max/ln(max/ffl"edian + 1) 
. , - . , „ - ,,,. .- * - ' -

" • -' * were employed. ' See Appendix D for details-of 'data transformation methods. 
, ' ' Fo r ' co r r e l a t i on and regress ion ana lys i s of water -qual i ty data for 

- * D 

- • Beaverskin Lake,* fewer "dates ,we.re used than for the "'other two. lakes because 

of. missing values.; .•• *. . -, '• 
" ' ' . . , - . ' - . } " ' 

•The' Dalhousie" University CDC Cyber 170-720 computer w$s used for a l l 

, - data'processing,- A*speelal co r re la t ipn program with, summary formal was 
' • ' - . " - - • ' • » 

- written in Fortran-IV, .The"d'ata breakdown, basic s t a t i s t i c s and multiple 

/ . regression calculations' were obtained £rom\t:he SPSS 8.0 data package. ,Some 

• •: • ' ' • • * . . ' 'J. " - <• \ 
of Jjhe formats of the ' f i ' na l data tablfes/were produceS-by the report 

0 g e n e r a t o r . ' f a c i l i t y of'" SPSS. 'Sokal and Rohlf (1969) was used for 
"-' " . " - ^: 

* statistical interpretation. . -. 
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" . ' ' ' *** 

/ ' , - -B. '.RESULTS' • - • • ; . . , , i 

I . rejimkujik Lake " • -' -. , .- ' " " - ' - ' 

Most of the a lga l species in Kejimkujik Lake were greens-or diatoms 
>-fv- ' / ' . . ' - . ' . - • . -

(Table '2), with a1?strong dominance of diatoms i n 1981 (-Table'3). -Similar. 
k , . 

numbers of species were noted i n ' t h i s lake"in both years. No. blue-greens 

were found in 1981. Abundances -of all" groups increased from 1980 t'o- 19S1 

with ' the" exception of the "•blue-greetSjs.; In both yea r s , ' the dominant 

', i phytoplankton species I n . t h i s lake was the diatom Asteribnella-'formpsa' ' 

(Figure 4 ) . ' • ' • -7 \ ' " - ' ' ' ' '" - { - " ' *" -C ' • ' 
" - " ' ' • , " - . ' ' " „ . 

* * The cladocerans showed the highest diversity' of the. zooplankton groups • 
, " .' - ' ' ; / ' " - , ' . , ' - ' 

** i n Kejimkujik Lake in both years" (Table-4). .Numerically, the dominant*,"• 

sooplankton group- was the copepods', followed by - ro t i fe r? ( t ab le 5),i 

Abundances** were higher in a l l zooplankton groups, except cop'epodites, in 

1981 as" compared with 1980. -The dominant'species in.1980 was- the"calanoi'd' 

copepod Dlaptomus spp.,. while "in 1981 i t was the r o t i f e r Kera te l l a 

coeh lear i s (Figure 5). * * . • v „ • . - . ' • 
II t, - £ * • - , a . , , 

- ' J l . Beaverskin Lake ^ ' . 
7 ' » ' . • , • . , 1.-

*y * *- * - ' 

The most diverse phytoplankton group in Beaverskin Lake in both years 

was.the greatf1 algae (Table.2). A'higher to ta l number of algal species was * 
found in 3*!^! t n a n in i .1980. Cyanophytes .accounted for the -majority of the 

/ , ' ' u 

• total-phytoplankton.abundance In both years.(Table 3). Total abundance was 

much higher/in 1981 than 1980-primarily as a result of an increase in blue- . 

greens . 'Green algae and.euglenoids decreased in abundance, from 1980 to 

; 1981. ' r . - " . ' * . " 
P The phytoplankton community of .Beaverskin Lake is strongly dominated 

. < * > " ' ' ' ' „ -

numerically by a„single species, the blue-green Agmenellum thermale (Figure.' 

4). This i s a colonia l species which forms ; pla tes of small spher ica l 
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Table*" 2, Summary of phytoplankton species .diversity, (species "number) , and 

dominant Species -in functional groups fox three', lakes in 1980 and' 
/ -7 '•' ' . ' ' • > ? ' / " ' , ' " - , - • . \ ""-''. 

1981. If only one species is given, it dominated, in, both years.. 

1980 1981 -. 
I' ' » * ,A 

•Pebbleloggitch Lake 

' 'Blue-g.reens -

. Greens -. .• 

Diatoms 

Miscell,/ 

'0 ' * , '•0 ' 

, 5 Oocystis. l i cus t r l s : 14 ' Sphaerocystls 
• '* < \ " ' " - ' » *'-v - 7 - , .schroeterl-

1 , - - k , 

. . . , . ' , . ' , • • -

7' Asterlpnglla formosa . ,13. . ', „, 

'. & ' Mallomopas eaud'ata • * 6 .' , " , ", -

Beaverskin La'ke». 

Blue-greens." 

Greens • • 

' ' , 

. ' , Diatoms -' 

''-''' * 
-Miscell.^ ' 

t - * 

. . -*4-

- . ib 
•- < , 

7 ' ' 3 ' 

" ' -4' 

\ / - , -' ' v " , 

- Agmenellum thermale-

Sphaerocystls "' -', 
' 'shroe'teri 

Navicula-'sp.. . •,' "-.. 

Trachelomomas'sp". * < 

20 

..6' 

5 Dinobryon bavaricum" 

-a*-,-

Kejimkujik Lake . , 

Blue-greens 
• < / * " ' * 

. Greens' .. ,' 

, - Diatoms 

Miscell, 7 

,> 

2-

, 715" 

12. 

v." • 6'*" 

' ' \ i , -

Agmenellum-thermale --• 

Sphaerocystls- '•, 
schrpeteri' -."'.. , . / 

' Asterionella formosa 

Chlbrpchromonas minutJ 

i 

0-

'•17 

"ri ' 

i'"*8 / , 
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.' "' 'I ' . ' " - * - . . , * ' • ' ' ". . , ,,*•/ '. ' , .*•• . '. • ' /- ••' . ' ' Page-"2S. ' -' '•" 
s' .' - -" • '••'> ' ; , ' ' " • ' • ' " " - , . . - \ ' •* f , ' . - -„. '': 1,. '/ ' '- ^ 

/ TabJLe 3 . Cotaparlson "of absolute! (cells/1), and "relative ^-.'phytoplankton' - , ' v, 

\ v,"."'"*- ; ' ".'abundances-by functional group* fpr 'lake- at&b-year. 7 ' . / * -_ '. • ~ _\ " ^ ' ''/ 

".1980 

' : • : - ; • • • 

.Pebbi'elQgg,t-tch, '., ' , Beavef-sfda - " ' - ttejjjnkujikj / 

take * . - - . ' - Lake i ' . -' • 7, Lake 
: '. ' " > 

' ! . , Diatoms. ' s
-
 N 

• 2.- Greena ^ , - • -

3 . 'Biuegreeha 

' 4. .'Chrysopfalyceans 

,5 J . Cryptophyceans 

6.- Xanthophyceans 
'" - ' ' •'• A 

7, * Euglen'oids 
' • ' k ' " ' ' - ' ^ ' ' . 

8*. . "Unknowns • , * 
1 - •' ' ' 7 , i • . 

• „ TOTAL ' 

" / .44,200 (21.2) - - . , "6*,4'60 ( 0 , ! ) / '.19.1,000-\ili9) * 

, ' "-21,300-(10-;2)" ".' - 384,1300;'("5~,a2)' ..' 43*500* (1/3.9); 

,. ' . - ' - , , . " " » 6,640r0ab„(90i6} - ri,OG'6.(3-.5J 
i ' , - . - ' . , - • • • - - . ' , « - , . . , i ' ' • ' • - . - • - ' - ( ' • ' ; ^ 

.-/ .'99,100 °(47.S) • ' 109,OCfo; (1.5) 32,000(10.2); 

'sV^O-'Cfai)' 7 J , -, D . - -. 3,440 (J . l ) 

38,800 (18-.6) "" 

, '208,00.0 

'- . " ., • I -HI 
190,000 (2.6) 

-29*900 j(l..'l)/;' 

„ €")--" p;;r i* 
/ 7',3>0,OQOy " *- ., 314,000r " 

1981 

? ./,- • /-. * " • 

J\. 

,1'a 

2. 

*3V 

<:-
, 5 ; 

• 6 . 

7'. 

.8", 

•' 

' - • ' 

. Diatoms . , "--. 
* - . ' < • 

, * , i 

Greens' 

'•Bl^egreens > - > 

Chrys"ophyceans . 

Cryptophyceans', 

-1' v ; , 
•Xanthophyceans, 

• Euglenoidjs 
i * 

' Unknowns > -

TOTAL ' ' • 
, , a - * 

/ <. .Z,626 (13.5) • 

• 298,,'0Q0 (52.6) 

' • i 

"' 100,000 (17.1) 

- ; 3,W0 (0.6) 

' • 91,800(16/2)' 

* • % a , 

\ «• tr- "* * v " ' * -

' ' 500,000 

• ' •* ' ' - • 

- . . 12,400. (0.1) 

113.0Q0 (0.5). 

'22,7bo/,000"(9'r.7-) 
1 ' • 

• ,-305,00.0/(1.3)" 

t • 

1 ' '29,000,(0.1) 

' . . 1,240 (O.OIi 

7i98O,O(0.3) 

. 2S ,-200,000 

1 

, , > ' , • i 

' * ' 
.4,200,k000. (91?6> 

'. , 230,0*00 (5.0> 

* ' ^ - \ 

t , 53',00q-(l.2.) 

-3,9-30 (0.1) 

98s'?00 (2.2)" 

v - s 

4,590,000 . " ' [ 
.1 . 
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'•Figure/14.- Comparison of relative' mean 'phytoplankton abundances-by functional 

- group, and Individual"1 species*, for' lake, and/ year-4,' Specie's with an *„ 
. ' ,, - a . v ' ,. 

c? •: asterisk a.re not numbered In the diagram, because their*relative" • 

abundance values were leps than 1%. •• ' 
1 ' - ', i "" " 

- ' - *,. ,:,. , . ' ' , , - . ... ^VSP?CIE§ CODES'k/ 

° * **" a.""' a. 

- > 

/,. functional 

'. ' ' - Group ' "- k-

* - >' <*. 
( 1 ) D i , a t o m s 

i& 

' 1 " Asteriohella' formosa 
' 2' 'Tabejklafi'a fenestrata,' v-
3 /Tabellaria.flocculosa 

< • 4 'Havicula sp. '' * . 
-*•' »" ?yustulTa rhomboides' * " 
*6f .,Synedra ulna ' " ; 
*,7'» Hantzschia , sp. a «.-, . 
, 8 Rhiaosolenia er'i.ens*is 

(2) Greens Selenastrum 'mihutum -' 
lUlo'thrix variabilis-

(3) Bluegreens 

, .9 
7*10, 
"n 11 -." Glpeocystis' glgas ; ; " 
/• 12 Sphaerocystls shrOeteri-, 

*13 Chlamydomonas ' sp . 
-, 14, Quadrigula lacustr is - * 

*15 - ijiougeotla sp. • -
1)5' - .Scfaroederia setigera. , " " -

, -*17'. • Clestexinm parvulum- - _, -
*-18-" Tetradesmtts wlsconsinensis. 
. 1.9 "Oocysti's' lacBStris ' 

20 Agmenellum thermale • • 
2 1 ' " Chroo coccus di'spersus 

' * 22 Dactyjococcopsls 'aclculafis' 
,.*23 Anabaena sp,_ " 

' (4) Chrysppliyceans , '24 \ Mallbmona's' caudata." 

('5i Cryptophyceans. 

(6), Xanthophyceans 
Euglenbids 

-25 .Mallomonas urna'formis 
26 Mallomonas'akrokomps ' 
27 '^Dlnobryon bavaricum 
- - ,r.i . , r . . . ,...,-, ••• ' 

' ' - J - * 
28- "Cryptdmonas 'o'vafca. • 

Chlorochrdmon'as 'ainuta' .'29 
30 Trachelomona.s sp .• 
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- • • - , • ' - ' . ' , -•- - - '" ' ' , . ' . v 7 ' ' " " ' ' ' / " 

Table • 4. ' Summary of 'soqplankton spec ie s ' d ive r s i ty ;(s.pecies nuraber)^ and 

' '*&"'• -''.'dominants in'functional'groups for*-three lakes-in 1980 and 1981. . 
- " • - ' . * -. * '' ' *• - • ' • •?' . 

. / • 'If .only.one-species is*given, i t dominated in both years. > ., -

• \ - . Pebbleloggitch'Lake' ' -

C I -dece rns 

• . -°" - • Calaribid.Gopepods 

, >,, . " - Qyclopoid copepo.ds 

-, Rot i fers .' ' , 
• - i v . k 

/ x , . .. Maqrqzooplanktott • 

- - ' * > • - i 

" 1980 ' ,-•; • • 

* * k * -

. 5- Diaphanosoma „, ' • 
' b i rge i . / 

3 ' Dlaptomus' minutus 

, 1.'. Mesocyclops e;das 

' 7 ' 'Ke-ratella c o c h l e a r i s ' 
k ' • . » , a 

1 ' Chlronomus- sp-. 

- * ' ' ' ' ' 

• .198/1 . ' " •' -' "•> ' 

• k '. 

5 Holopedium glbberum 

• 3 . .. . 

1 - '." . " '" . '" 
•= • > " ** 7 \ i » - . . 

. 2 / • ; " • - ' - : ; ' ' -

' I Water mite • <- . -

' - . ; : . . *. . • \ 

Beaverskin Lake - -

" 7 7 Cladocerans- , 7 . • 

• ,Calan6Id.cop%)ods 

. ' * •Cyclapoi.d copepSds*. 

" ., Rotifers'"',, ^ .'", 
*• . ' - ' • 

^Macroz-ooplankton' -

,1 .- . 

.5, Eubosmina' longispiaa c
 v,6 . Diaphanosoma 

3., 

r 
E 

o' 

' * ' 

Diaptopis minutus-

ilssocyclops edas." . ; 

' i fe ta te l la c o c h l e ^ i s ¥-
• ' " - - - t* 

/ • ' " . . • . • ' . . ' • • \ . . ' 

„ b i rge i , .' 

•3 ' -. ' / ' " -

2 •- '.'"' - : 

' *2 - . 

' -0 - ' ' ' . • ••. « 7 

jCeji'mkujik -take' *"." 
J , ' " ' - ' . ' 

. - Cladocerans °'" 

* Calanold copepods 
' • 4 ° f . - - . - , ' 

' , ' , Cyclbpold,".copepods. 
" , 7 . » ' ' 

' " V • k • 

' • , RQtifers , - - .- ,' 

'Macrozooplankton i 

' - / ' , ' . , - ' * « • • ' 

13 Eubosmina *longispinav < 7 

3 ' Dlaptomus minutus ;' , 3' 
- , -- , - - . 
- • • - . ' - ' i •' 

' '2 'Mesocyclops edax* , • -• !• 
, - \ * », -'''*'., ** ' 
7- Keratella. cochlear!! '• r5*: , 

4 -' Chaoborus .punetlpe'nnis ."2 , • • 
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Table 5,, Comp.ar.lsdn of absolute'•(orga^iismc/ra') and. relative'(E)-. ' . " . , ' * -7; ' . 
- • , / ' . - -' . • ' ' • , ' , ' . - ' , 7 ' " 7 " ,.",; . **,.--.'. . .• , , ' v • 

. "', . 20Qplank'tort'abundance,by functional grou'p''for-'.'lake and;.year./. / •-' .; 

'• , •''" • . , « ' ' •> . " - " * ' - ' - if ' - - 4 
. = - i ~. t . " — • > i - , . , - , - - . - : ' - * • ' . - , . ' . , » % . «' i 

t 
' ' *'S "- - -'Pebbleloggitch* " ''Heavefskin.--' - -' ICajiiakujikk • 

'**'" -"'""- -'* £980 7"'"'- ' ' _• '•' M980' : ' - ' ' *-"\ '*' ''1980 ' .'" ->'' -^ 
.'- , • '.*. 

- „ - i ^ - k .- ~ . . . . . . . • , „ . . / , . 

-/ 

la' CladOcerans / - ' 17:000 (10.9.) • " .'3,790-(2.7)* * 5,290 (7.8) . ' 
-— i - - - . ' - ' \ i ' - ^ . *- • - ' • - / - - ^ * - A . . - - . - . - , / , - , - > - » ' . . . . . - - - ' , - •• 

• - -' ' ' " . ' < > ! ° 
; . ' .- .- 2.- . Copepod J nautili-' ' ; . / ."13,800 (8 .8) . / " 20/000 (14,4) 11,700,(17.3) 

.'. •, ' ,3„* -CopepQdltGS":.' "' 4;.' 'SOyOOb.'^lM)" ' ,/-. ,21,100 ('15.1')'_ . :i7-_80q*(2.6.-4K„ .-

' .4."' ' Cdpepod "adults-'."'",' -19,900 .(12?7)' ' :". '»/-ITJloQ (4"2.'5*r' ' " /G*Ci36-(35"",7.)" '• 
'**• ' -, / V " I' - • - * ':' ' '* ' • ' - . - • ' * * • •• •' -." '.'"' -'-• • ' ' ' -' " -. "•'-." .'"'' * " , ' • 

', '"' ' 5'.•.' R p t i f e r s ' "'- ." , 'V ''' '76^3"dOrt-4'a.6)'l ->' l ::Hf,;QQG\3%'2i''' *-24;l00 (35«7) •,--• -" ?•* 
- 7 . . ' " , / . ' • ; ' " / . * •"[ •'•„'•'•'.'•'.'' . . ' . ' - » " . ' : • • » . . - ' . ' • , ' " 

, . - . ; ; ' . TOT%- -.;;; **;''„ . ,i57;aoo'':7 :-,.. --/ *. vB9,po9; ; ..- ':\&,iw., ,' ". • ' „ . , . , 

'. ' ' 19,S17 /Vi.'-*.''" V.. V<V* W^'l' "7 '-*.*"'//'" 1081-/, 

, ; - -, 

'•';,- •'••.- L. v'Ciadadarans^---... .-• v.:1.40'q'OC.|,5.'i.)-' 4 . - - 7 . '/^6$07,(J.4) "--*. /"• ^693-9.0'<5.9)-

f ..' ' . 2 , ' C o p e p o d ' n a u p l i i . ' - ' , -'26?'20Q'.(9**.2)r / , > ' ' - ' , / 2 ^ 2 0 0 "(-i9-,-7)-,.' /l9s.000',(17;5)/ •• • 

,, /•'-. t3V 'Copepod'ites;*. ' , ' .; > ,75sVqO"'("26i:4)' '-'""'";' ':46;}300-(43.0)''" ' 17 ;700 ' (1 -K3 ' ) ' v •' 

' -•A.., eapepod'.'adults-' - ^'" 29.̂ 101) (10..'4)-- *'"' '33,500 (31.1)' . 12..400 -(11.4) '• 
• ' - - * ' . • ; . - * - k . . • ' . » • * - . , - , • - . " • ' - 7 - , . 

••'.-,., ' '••" ,? .. _ . ' . 7* l • - " " ' : : • * • - , - . , . , • - - - ' \ J' 
' : , ^ , 5 . .Rotifers,- - '-"•"/ ;,,140j,,000 (48,9)' •' . 3 ,170(2 ,9 ) 53,000,(48.8). 

"-.' """'; 'TOTAL./ , ••' "* ' - , "28b-,*OO0 " '" ' ' -' ' ' t io8;6oo,'*-..•'V . 108,000 » " 

! ' I ' * . . 

' °- ,-fl 
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Figure 5fl Comparison of relative mean1 sooplankton abundances by functional 

' group »and individual spedes, for lake and year, '-,_ **„ - ' 

SPECIES CODES . 

Functional 

Group 
' 

(1) Cladocefans 
\ 

,(2) Copepods 

(3) Rotifers 

"" 1 *Dapfania ambigua 
2 Daphnia Catauba * • v 
.3 Bostaina JLongiroatri^ 

, 4 Eubosainat longj-spina x . „ 
* 5 Eubosmina tubicen 
*6 Holopedlum gibberum 
7 Leptodora kjndtii "* ., 

- 8 . Diaphanosoma birgei 

* ̂  Epischura nordenskloldl 
(male & .fepale adults) 

10>' Epischura nordenskloldl (CX-Cv") 
k11 Dlaptomus, minutus 

(male I female adults) 
12 Dlaptomus 'oregonensis 

(mala & female adults) 
137 "Dlaptomus spp. i(CIV-CV) 
14 Diaptomus spp, (CI.-CIII) 
15̂  Mesocyclops edax 

, - '('male £ female adults) 
16 , Ifasocyclops edax copepodites 

° 1^ Tropocyclops sp, 
.(males, females, CI-CV) 

18 7 Copepod itauplil apd copepodites 

19 Keratella cochlearis 
20 KeTl^cotTia bostonlensls 
21 Polyarthra vulgaris 

-22 'Conpchxlis unicornis 
23 ' Ploesoma hud'soni 

(,4) Macrosooplankton ° 24 Chaoborua punctipennis, 
IJat^rjalte 
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/ c e l l s .(2 microns* ,diameter), '-/The Jhigh abiihd'a^hcas.-pf 'this"o*pec£eo- are 

. - . misleading'becau'se' of i t s small, size., While i t -cpmprised'over "90 par cerifc , f 

'• of. ^he tota l .phytoplankton abundance', i t accounted for less ' than 1 per,cent •' 
7 - , k ' ~- , , . - ' 

' - * - ' -, - -- - - , - - -
- ' of the | tp ta l dSMgal1, cell'vblume* in Beaverskin Lake. • ' " ' . ' . ' , , ' * 

" ' - , » " • ' •' - 1 / ' • ' ' . / " • t > . , . - . - ' . • • - • / , ' . " ' • • ' " - v 

-' ,- The1 l a r g e s t number of zppplankton; species was fpund.ln t h e ' r p t i f e r ' ' 
• * - ' * " ' ' ' . ' " - " - - • ' . , - " - 4 - ; v / ' . " " , ' , . ' . 

- k - . - V k . ' i ' k * , - ' , ~ - ' k - . 

* , grbup .in 1980 in Beaverskin Lake,. xjMle in- 1981 the* most-diverse group was' "-i 
-. - - * ' -, " , . ' . - . : " V 

- ; the cladpcerans" (Table 4). 'Rot ifers made up-more t h a n 5 5 per cent of, the 
"•,.•.' " ' . ' " * • ' "-- .* . x ' . >r . , i . ' " • ' , - "' -. « * , .__ • -

t.ota-1 ,soo.'plankton abuft'dancei in 1980,'but were reduced,'to l ess than 3 pef -
' '. ' • ' /" . " '' '• ' ".' ' l . ' " " " - . , 7 - * " '-•'-,••"' "• * "' ' "' '•-' *-'. „ , ' , ' - " ' • , 
; " ^ 'cen-t, in",19'81 (Te'ble 5). Cladbcerans shoqed l i t t l e change." l a .abundance, : -' 

_-• while- ccpepods increased' ,frpia 19,80 -tp 19"8l. .-The. d©ml.p.aat sooplankton.- .•'_ 
1 - , ' : ' • - " • . • *-* ' * « ' . • - * • ' ' . . , ' • • * < * • " ' - ' , . " • 

- " -species. In Beaverskin' Lake* in 1980- xjas the rotifer Keratella cochlearis, . • 
•jy , . , . - . , - - . . " * ' ; ' * . k - n—<-•—7- — ' — ; — ~ • 

k 4 - 4 ' _ * . ' ' . 4 - ' * ' . . ' ' . 4 , f t " 

-. • but this'species uas much' reduced in 1981 and was replaced'In the'doalnanc-e' 

order-by the calanoid-cope'pod DiaptpEnjs - minutus (figure 7SV - \ * 
• : - - . , - ,.' * - - . T— r - r-; ' 7 - art ' . . '-- -, ,- - -

, • • - ' . ' ' ' ' • ' , / ' ' ' • ' k ' , . , - ' . ' ' , • ' " • ' " • : " / , . * • - -

* -, I I I . 'PebblQloggi-t'cb' Lake ' ' / ' J ' •/ • * ' ' • ' . - , / , • / . ' , ' 
0 . ' ' .The majority^, of Vhytopl.arikton specie's in "Pebbleloggitch, Lake-belonged,' 

/ .to the green algae'and diatom' gro'u'ps in both years (Table'*2).. This, l ake ' v -

' ' had--no'cyaftophyte''specie's.>pr**sehta' '̂ -lore'1 algal species were found in 1981 -4 ' 

.than- in 1980. .The most abundant ;ph'ytoplankt^n• groups -were;-the diatdms-and - . 

other chrysophytes in ;i98.0, " while' green .algae composed 'Over 50 per 'cent of 

the community in 1981 '(-Table 3)..' Total ' a lgal , abundance' decreased in-

Pebbleloggitch .Lake .from '1980' 'to -19.81.' The, phytoplankton -specie's . 7 

• '- coijipofeitlo'n of ,Peb'ble'lbg,gi"fch Lfike ,x?as 'uniform, 'wi-tjh' no' one. ,op^f;ies- •-, 
* ' 7 ' - " ' ' .' • ' " *' .' ' " ' • / • ' " - "•'•'"" 

strongly'dominant. ,the'most apuadant algal species'-ii/I960 w^o the •.. 
,-',', ' * , - , ' - ,'• . - ' - • ' . / • • ~' ' ' , ' ' . ' ' • ' ' . ' " " " . * . , ' • ." ,' 

• chrysophyte, llallosaoa'as"caudata, x/hile in" 1981 -the'most abundant -species- was ' , 
, , - ' , . 1—, ; . * , . . - , • .- • . • , , -• . ¥*, , • 

- . .the,' chlorophyte.-Sphae'goc^gtls 'bckroeteEi '(Figure 4).'< •-'," " ' ' . . ' - ' .-: 
* * . . ' , „ , * k "̂̂  '• ' " ' , * • • - ' , " • ; . ' 

"* " In 1980, • t h e ' r o t i f e r s had the h/ig-hesf number'of specie^ of t h e . ' " ' 
" - - ' » ' • ' ' & , ' • ' ' -*•* ' . ' / ' " ' • *>' ' : '' ' " . ' ' ' ' , ' " ' • - < ' • ' - ' - . - . . • ." • ', 

'zooplankton groups >in Pebbleloggitch' La,ke,, while ln'1981 -th.e cladoce'ran .,'. 



- .' ' ', . . . ' _ " . " ' " " " ' . / * ' - ' - Page"'3'6' 
k . ' - ^ . ' ' . , _ _ ' , * - ' 4 - ' - ' . - • ' . 

* ' \ - - _ '̂ - ;, K > . < - " x - ' • 

' '. grjoup- x-fas the B*-QSt-div.ei?se- (Table ,4). Although the,'numbeir of rvatifQE,-

species .found* in t h i s lake decreased f-rbm,' 1900 'to 1981, ' ' this, .group 

'comprisigd alrapst half of the . t o t a l zooplankton abundance in"both 'years-

' (Table." 5), / 'Abundances ihcre'as'ed from 198Q to.1981 -ijl a3,l groups' except -the ' 

• cladocerans.-• Species composition of .the" zooplaiitton"xjas'-vs'lmi'l'ai?. in the two. ' 

*- yeas?. " The dominant** species vin' 1980- xiras the" rot i fer Kera"tella cdchleat-is. 
, . '. . , _ - a - _ , „-

' XFigu'rV 5 ) , ' w.hile'; in"* 1.981 the'-iabst-abundant 'specie's' was the cMasoid* ' 
' ' ' " > " - " ' . . . . -_ - , '*• . . . • - -' ^ 7* 7 ' .,, 

ccpepod,Dlagt'pgus 'aihtit^s. " ' . - ' . ' ' * - ' >-' .-'' ' • / , - ' •' ;.' 
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' - , ' - - , , ' " ! . ' • , • , - ' , * k I ' " , . . ' ' , . -
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7 "•"' - . - . . * - . . c« Discussion'- •"' - ' , ' - * - - • " - ' • '* 

I . Comparison of. the-three lakes , 'J. "• ' '*."- • '• • ' 

, ' . ' -Of. t -he three ' study l a k e s , the .phy top lank ton .communi t i e s of. 

'Pebbleloggitch ahd Kejimkujik Lakes _werejaost, alike. .'.Both of* these, highly. 

colored ' lakes were ddminate.d bjr green-algae'and diatoms. Sphaerocystls, ' . 

*' schroe'teri was a dominant 'green, alga ahd Asterlone.lla formosa the dominant " - .'' 
. . . k , . - . . - , . . , f 

- diatom'in each. 'Similar*sp'ecies successions- through the 'course o-f" both "* "'" 

• sampling seasons we"re also noted, .An early blbois pf-.diatoms xias succeeded 

by green algae, 'followed by a*second diatom bloom.'" £| time-lag difference, 

however, xrasn.oT.ed in, the succession pa t te rns o,f_the .two 'lakes«, ( gecause- ; v u 

,4pebblelogglteh Lake i s only 2m'deep t* I t x?arffls m"ore'quie„kly'in the spring; 
than Kejimkujik Lake,. He'nce', the bloom of ,'small green algae, and ' ' ' 

: * , , , ' • ' ' * • - • • . . - - - 4 , ' ' . ' ;, • ; "7 ' ' ' 

, - Chlorochrombn'as x<?hich'normally'''occurs'during'vfune-in. Pebbleloggitch Lake 

happens in late August• In-Kejlmkuj Ik «Lake,x \ .'<•', ^ 

•' . . ..',The 'phytoplankton commuriity of. Beaverskin-lake- xras quite, "distinctive , . 

. in-comparisoniwith.the-Other" txro .lakes',;,, I t had an abundant Jblue-green- i . 
' , - ' '" t . 7 ' •' • ' " " » . ' • ' . < ' . ' ' - . . . 

• , •• component dominated ,by'Agmenellum thermale.' All of^the algal groups/with, * •_ . 
• : 7 , *•' ' • • ." ' - "' ., - , ; •' ' - - , •• / . * ' " •""' - , « - ' < • ' , - ' ' , 

the .exception of'diatoms, were more numerous in- this than* in" the'other tSro' 
' / ' ; / ' - ' / • . • • « * ' • / . . ' - :• - ' . . • ' • • " , - k - ' ' 

, lakes, - The" .seasonal succession pattern'in Beayerskin' Lake sras from greens * ' 

, . . to blu'e-g-r"eens-'and back*, to'greens. -' ] • ' , . ' , ", \ " '• • ' «' 

,' 7 - ' l - , - . ' * 
1 • ' . : "' jBejavefskln dnd'TCeji'mkuj-ik *£akes*-x^ere both~strcongly d'rfminated by-a " .'• • 

*• single' algal- species (Agmenellum thermale and As'teridnella, foraosa /•- • 
, . ^ . , , . . , ^ , ^ , ' , , o~° - , k. 

" - - . ' • ' " . , . - ' . , . . . . . 7 , Jr ' " . , . . , " ' . , ' - 7 . « . -k / 

- , -respectively),' v whereas pebbleloggitch Lake liad' a ,'more uniform -^pattern of. . " 
'"' \° • • • - • ' ' . . . ' • . '•' ' ' ' . ' • ' " : - ,' ' ~ - / - • , . ' ' " " 

z ' relative abundance'amongst I t s -a lga l specie^. - . ' • , ,., , • ' . . • ' 

' "•- H/P . r a t io s ' 'we re , lowest .in Pebbleloggitch' Lake" ahd highest, in : , ' 

, ,'• Kejimkujik-Lake (Table 1), with "Beaverskin Lake in termedia te , 'The t o t a l '-"*.' 
• " , - . ' - , " ' ' . . ' . 4 . 4 , , , • - -_ - • ' , . ! . - I 

• -nitrogen/total- phosphorus- ratio reflects, the total 'nutrient pool, x.?hi-le the* 

• ; a* 

http://xrasn.oT.ed


'„'. . - . , ' . . - . /s-g.e .38 , . , . 

* / 

• ' amEi>ania]_+ n i t r a t e +'«nitrite'/ooluble reactive -phosphorus ra t io re f lec t s . tha -.' •' -' 

, MologlcalLyr-awail'able nutrients, ' The* dominance of.-diatoms .in-,Kejimkujik- . , 
. v • , . , ' ' ,' - 7. - ' ' . - l ' • * " '* '• if . .• ~ "•"'•'„ .-' - ' " ' 

-' , '."Lake"appears to be re la ted- to it's-highe.r N/P-'ratid (compared;to the"other''.- ' 7 

• lakes) .Xkrhich. ma'y confer 'a -select ive, advantage'on diatoms aver'greeny In* ">'/ 

- x nitrogen' u t i l i s a t i o n . , Hutchinson ().967) 'also 'reported- th.at.-dlato'ms *.•-

^x - (notably As te r ione l la spp.) f lour ished a.t high n i t rogen -I evels,"''whereas" " -
, "*"" '" ', ' *~ ^"^ T7~" , •' • ' •-""". . / '* "' ' -, "" ' " -" '•'"•'" * - ".'"*." "^ 

green algae p'referred! low 'N/P ra t ios . BeavexsklnyLafce- had a, reduc*?i. diatom „ -
' k k ."" k J , " • ' - 4 ' ' * , * T ~ " , *, ' ' '-- . * A -i'»- * -.* ̂  .4' • „•?— . . a 1 —*. - a - ; -r 

diversi ty, perhaps related tq Its'loxrN/P ra t io cdmpared. with- the other two, ' •-' 

,- lakes. The incfeass In taxohomic, diversity in .Pebbleloggitch Lak.e,:, alphg,,,*. " -
' * '*' * ' ' " \ . ' ' • , k ' \ " • . . ?X'~.<-^ - . , . - 7 > . — ; . . " . ^ - / „ 

" 'with ' the dominance of'gsrhetis, suggests that 1J/P ratio's.in "this lake aay''bV .*-,, 
• , ; ' ' - . , ' , • ' * ' . _ ' ' " ' ' - ' " * *• ' - " ' * - ' ' - v " . • / ; " - / 

.' favorable for. a l l functional groups Of phytoplankton','41'thovtgh' gteensMfduid **"-.* 

, appear to have an advantage,*. •• , " * - • •'• " ' " . , ' " * ' • - - "77" -7-'-
< ' ' ' « - " ' • - , . « - , , ' , ' , • • * . • • • " " . . - ' " ' ' . ' • ; ' - . ' ? ; • .• . 

, - - In summary,' a higher M/P ratio-In-Kejimkujik Lake - favoured dominance,***''* 

.- ,' ' by. diatoms, ( whereas a loj/e-r I"J/,P . rat io ' in., Pebbleloggitch- Lake, waj-r sore ' , \ ' 

, "'favorable t'o. graehs. ' Although Beaverskin Lake, -with-^n intermediate- N/P -

• k . r a t i o / I r i i t i a l l y appeared' to- be'.dominated', by blue-gnseris, greed's and 

chiysophytes. became-more* important-when \ e l a t i v e abundance was .calculated ,. 

ink-the absence-of, A, thergale/,,' which .contributed - l i t t l e c e l l volume.- , ' "f 7" , 
.-- - V , ' - - v . . - ' * ' , * - ' ~ " " ~ *"?—*"••* ^ , , ^ , 

' . . * , " • . " ' - , - ' - - - . . ' ' ' " " - \ I - - ' - / 

- - * 'When mean algal densities ,ove,r depth, "fpr" each sampling date"'fbr" each'' " -. 
' <,*f*,-* . * . • - *• , - ' . - * ' * ' " - . . ? - - ' ' - . - ' ' " 

" ' ' ' - ' ' . . • ' . - • - . • ' ' ' • • "' - • 
" .'lake were compared,'Beaverskin Lake-had"th^'highest standing crops'pvef the 

' - . . -, , - * ' - ' , . ' -
year, . and Pebbleloggitch Lake",showed the-lowest algal abundance's (Table 3). - -• 

* k -, ' ' , . » ' ' ^ - . ' " ' ' . . - / . , r - ^ - < i - , , - . * , . . _ - • ' , * , ' . . - - . , , " " -
. . - ' b , ' ' " - , ' • " " >k • - - . ^ - ' ' ' • - ' 

, ' .Kejimkujik Lake, exhibited-, peaks in mean cel l ' density in early June (L3 s --
* ' x " i ' " i •• * . - . . - . • ' , ' ' , ' - ' * ; . -

' i ' • ' r • , , - . . . - . 

.- 10' c e l l s / l i t e r ) , and. late',.September (lol-'*"*". 10/) , .and' had, the lilghest^ , ' , 

„ d e n s i t i e s among, the . study- lakes'- daring . ' this '.t-irie,, - "Beaver-skin- 'Lake.-/-' -

' e x h i b i t e d the'highest 'densities- '!:*! talcf-suiamer'Q.'O s 10 ce l l s ' / l i t e ' r On, •-
' 'v' . " • *" • ' * - ' . • '* 4 \ • - , , ' ; ' . r. . -. - ; . . ' " ' ' * . ' , < - ' 

,' , . July 30-), 'wheta'ae' Pebfal-elog'gitch Lake had-'a "density" peak. in,-iB"id-Augus.t.' • 
. * • • _ - > . * * * . • • ' ' , . • ' " , • ' • ' • ' > ' ' * ' ' -
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•./ .- twiatkowski.and Roff. (1976) studied lakes fii the Sudbury, Ontario 

" ...-region f a l l i n g within-«a\ pil^raiiga "s imilar t o th# t of-, the-present study 
*"*: v*" >: -*• '••*'.: . \ -- . • *•• . - \ X ' ° 

% • AlSl$.%s. While species- diversities noted in this' study were similar to- those ?• .. 

, \„ found "by Kwiatkbwiki and .""toff (1976), "'species composition was nets' "In the 
7'-' • -J. 7. - • -' ' ."'- " • * • ». " . - " - - . -

.''••-pre.sett'fc-'stujis., *a doiainant •bl6engre*efi"'co'atpfdneht w.asff ourid In the l e a s t 
/ ; - . * * / : , ' / - . _ . * . . , ' • _ . . ' ' ' . ' - . " ' ' 

- *» -acidic Study lake (Beaverskin))*. while no blue-greens ,were noted-in the most 
<:-' V7'- '-"•- '"/" '""- - -, 7 ' ' * . ' ' ' ' ° ' * « 
' '.' "Ccidie lake (p.eb'bl&loggiteb.)'. -"In- contras ' t , Kx-nLatkowski and toff (197-5) 

'" 'V '" \ - f -•' - / " - ' ' * ' "•" " ' «' ' ° • 
'-*•-.. no'fed increased do'ittirianc'e-cf b lue-greens ,a t the lowest p i values . They -

... also.-"ttc'ted-a" trend-tpVard "Increasing .dominance by greens ' a t higher pH', 

: '/h -''-"•/'--''- '-•. ,'--•-'"' - - - " ' - ' - . - ; . • *- - ' • • - ' " " . • 
u.values, -while in ' the, present .study cur most ac id i c lake was deminated by 

.". greerfs'iti 1981. """- • ' " " - ' • ° '• " . • . " /« " 
'.i . i *• •• X- -- ":: "-"•," f- , - '7v- . ' , ; <• ' " - " . \ v , 4 

, - - . - ' * • * . . ~ * ' . - - * "• » 

_" * 7 'The"p,hy":bpianktPii-dIyersitie/s found.here are Ipwer than reported by 

*• ~"yani(|97.9)"T for ^Clearwater Lake- in Ontario, a more acidic lak^ (pH. 4.2*T than-- ', 

. ~- 7 -7->- \ -v- . \ r • •* x '/-•-. "• • - - (/• 
'^ebbleioggitcli..-Lakej.'CpH- .4.5). •-Yan (1979) suggests, g rea te r sampling" •* 

"' '" '*•*-•'• . / , * "- ' ."' - 7 ' , - - ' / - - / • * , - - " ' . ' ** 
r- '"' frequency 'kM -acid ,'to'ie-rance in 'Clearwater Lake species to expla in the 

" ' - • • . - ~ " ' • . „ " * . ' " - - * * . " > 

;„'• higher .a lgal diversity., ob's^rved. compared with Kwiatkowski arid Roff (1976). 

^Thta-'present^aapling/r.egimei, hpweve-r, was. similar tp Ya'n^s, and two pf the Q 
, o ' — . . o ' • 

.'"st-ady/lakes* (Pebbleloggitch"and Kejimkujik) re'ceive naturally acidic bog 

• drainage" (Ke'irekes et. a l . , 1982).which has'for some, time contribute^ to the 

•k. *,acidity of 'these., t.wp lakes; 'Yan (1979) and Yan and Stokes"(l978)' reported 
\ - - . i . * •, •- •« , 

'-;• Peridinium spp. as dominant -species in acid lakes? in Ontarip; hpwever, th i s . 
r \ • " '•- . ' " - " ' - ' '. . " - ' , ' • • ' • _ . 
\*;/. ge'tfus-Li rare -in-the pre'seht .study -lakes.*- . • • -
- * • ' - • ' " . ' - ' I * • ''• '• : • \ - ' ' ' A*1 

"The three lakes exhibi ted s i m i l a r species cemposition in t lfeir *> 
* ' ' ' ' - . ' - •' " ' n 

" a ~ ' . - ' ' • z'Oppl'anktdn communities In', both"number and'dominant species per functional 
" • . - , ' . " ' - - . - . - • „ 

. • - . - • - ; •;- - . . • • i J " . 

•'grbup-"-(Table" 4). cladpce'rans apd maeror^ooplankton cons t i t u t ed minor 
' s ' « " - . • • . ' "-. V 1 " ' ' ' • ' ' . * .• ° . . 

groups'.-in-ail "three-lakes whereas copepods ahd rotifers were the mtasfe 
. - *- •* • .* . 

- * abundant groups. -Generallyi' the- la t te r two groups .were similar in terms'of 
• v . . . ' ' - . • ' " 

', /relative,, abundances ..for, all. lakes and both years except in Beaverskin Lake • 

-a, • ' " 
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in 1981 "-when ro t i fe r s 'were rare.and' copepods very abundant. Thus, the 

" three sooplankton communities were more s imi l a r In 1980 than 1981. -The 
-, > ' . . . . . • 

o - -

dPminant cladoceran species changed f rpm one year to the nest except i n ' 
- -

'. Kejimkujik Lake Arable 4), ' ,' --

1 - The dominant copepod (Dlaptomus minutus) and cladocerans (Eubosmina 

longispina and ^plopedium, gibberum) in the study lakes .have "been fpund to 4" 

be dominant/in other acid environments.(Confer et a l . 1983, Hendry et al* \ 

1982). Kejlmku|ik Lake exhibited the most diverse 'cladoceran and" 

macro^ooplankton groups, which i s probably related to i t s larger siae and 

"' greater physical heterogeneity. 
/ N 

The overall 'dominance of Diatomus minutus in a l l lakes in both years 

agrees with Sprules (1975) who demonstrated th is species'" wide tolerance in 

a c i d - s t r e s s e d l akes in On ta r io . jE"u minutus e x h i b i t e d a s i m i l a r 

developmental sequence in a l l lakes and for both years. Some differences 

were noted in- the r o t i f e r communities in 1981 as compared wi.th 1980: 

•' Kerate l la cochle^rig was much reduced in Beaverskin Lakfe and Conoehilus 
, -' i ' ' """* 

. .unicornis was fbsent. Different successlonal pat terns were noted:,K«. -

cochleari's was replaced by CU unicornis in Pebbleloggitch Lake in l a t e 

summer pf 1981,. .which did nPt happen, in 1980. K. eochlear is did not show 

the consistent increase over the season in Kejimkujik Lake in 1981 which i t 

did in 1980. 

The zooplahktpn ccmmunities of the three study lakes have maintained 

h igh*divers i t ies in s p i t e of the r e l a t i v e l y high a c i d i t i e s encountered. 

The zooplankton diversities were' Identical in Beaverskin Lake (pH 5.4) and 

Pebblelpggitch Lake (pH 4.5),, the extremes of pH- fpr the study lakes. The 

zooplankton communities of Kejimkujik Lake (pH 4.8) and Pebbleloggitch Lake 

had much higher diversit ies (9 or more crustacean zooplankton species) than 



, , . . . , _ " ' • , - - ; ' , ' " , . . k - p a g e 4 1 • 

< -*• . - . , - ' » . ' - , ' ' , . ' * , ' ' ' ' " 

. r e c e n t l y ac id i f i ed fakes of comparable- pll in the ,La Cloche region" of 

Ontario (Sprules' 1975)j which- typically'had fewer.'than- cix specie's -below a 

pH of 5.0./" Confer e t a l . (198,3). a l so noted', that..,reduced, Voopla'nkton 
' 7 ' ' ' - " " -. ' . ' ' - • " * - . ' _ < - - . ' - * - ' . - , ' 

-_ d i v e r s i t i e s in Adirondack*Mountain lake's. occurred below-pH" 5..0J. again In'. 

contrast, to the present study lakes,', Soff• a'nd ,'KX'7,iatkoxirskI,;(1977), "however, 

found crustacean, and rotifer" sooplanktpn diversi t ies ccmparab'le tc 'those of 

the present- study in , l akes ' of ' cam-parable- -pi -in. the,'Sudbury region in ' 

-Ontario, Sampling intensi t ies in" the'. Rof-f : and -Kwiatkowski • (1977). study and. 
» " ' ' ' 1 " • . - , ' - , . - ' 

' ' - ' ' • - * ' * ' - ' 
the present 'study were greater. jthan t h a t used by 'Confer ,et a l . (1983) or 

• ' ' • ' . - ' s ' • . ' ' - " - " . = ' ' - ' -

/ Sprules (1975), -which may'"explain the contrast, In-diversities ' . 
Whrfe dominant species ' a'nd the„ number of species i n .each of, the. 

''" ''•»' • . - ' ' - , . • / ' .. >.\ ; ' ; . .;; •/' " . ]>. '/ , • 
functional groups were' Similar"in these, lakes;, <their •'densities \we,re .npt, • 

P ' ' \ * " " *~ «• ' - , 
* * ' * r. * - . . , , ' • > V , 

.Pebbleloggitch Lake "had .the highest zooplankton abundances -pe-r. Volume, and 

Ipwest'on an a r ea l bas i s . ' This. I s pa r t i a l ly - because'o.f the, greate'r mean , 
, * '— - v * , * - - * . - . s -

^ - • • 

depths pf Kejimkujik Lake <4.4ra) and 'Beaverskin Lake- (.2.2m)' compared with. 
• . - ' • . ' • ' • • ' . ' " " - ' , ' - " ' - - . ' ' • ' • ' " ' • " ' - - ' " ' ' ," - ' , ' 

Pebbleloggitch Lake .(L4m). ' The hlgh;aean a'ooplanktoti abundances-per-'unit • ' 
" • 7- • \ * ' ' ' . » " * . ' ', 7 " / ' ; • 

e noted in Pebbleloggitch, Lake may be part ia l ly sustained'by .det-r'ital • 

resources since* this brown-water lake ' is 'shallow• and subject to turbulent . •' 

mixing. ,„ - , , ' -' » . ' - .' - 7 
* ' *x * •'"' *. ' '-

Mean cladoceran densities (number/m*-5) were similar, in both years for 
• • * " . ' ' * - " / ' ' ' • ' > ' • ' 

a l l lakes (Table 5). ,Beaverskip:'and Pdhbleldgfjitch Lakes had "increased 

numbers of copepodites and adul t eopapgds, "while-Kejimkujik Lake-arid' 

Pebbleloggitch Laka^had more naup l i i in .1981 thafck 1980.- ' R o t i f e r s 

approximately doubled in Kejimkujik -and Pebbleloggitch Lakes but 'declined 

drastically in Beaverskin Lake,- whereas macro-sooplankt'on remained constant •• 
' " " " ' . - ' 7 ' 

from 1980 to 1981. '.Total sooplankton densities ' increased substantially in 

1981 compared with 1980 in Kejimkujik and Pebbleloggitch Lakes,- but values 

were sl ightly reduced in Beaverskin Lak§, t 
a ' • . . . 
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' " ' The' sooplankton increase frora^ -1980 to 19811 in Kejimkujik and--* 
- - - • ; • • - < , . * - . ' • / . \ . . 7 • - , ; \ t / * * - . .k i V * / ; . . ' 
' .• " Pe'bblelogg'itch Lakes'w"ao 'paralleled by./increa'sed mean.total 'algal abundance " 

- . in theseVtxW lake's (Table 3). 'Kejimkujik Lake xras* domlndte'd by-diatoms and,- -

Pebbleloggitch Lake by g'feens in 1,981, .which are both appropriate ' food * • 

• sources for sooplankton, -In Beaverskin Lake , . to ta l phytoplankton a l sp 
" • ' . - ' " ' . , • • ' '• " - " - . ' - ' . ' " . -

increased in 1981. mostly because'Of .a "large increase ' i i i the bi'uerjgreen' ' 

• ' • : ' ' • ' - ' -

'"'AgmeiiejLlamtthermalle. Since t h i s alga i s p o t e n t i a l l y toxic tp grazing-; _. 

-- 'zooplankton (Arnold, 1971),,it i s 'no t su rp r i s ing t?o observe a decrS-ajje, in" 
"* ' ' , . * -

-overall"zooplankton density.in-^eaverskin-Lake*in 1981 a's compared with • 

" 1 9 8 0° • « ' . ' • • « ' t- X > - , ' " " * ' " ' ' • 

. " In both -198,0 and 1981, a'gradient of sooplankton biomass was- observed. 

- .beginning with the lox^est l eve ls in Kejimkujik'Lake, to the 'h ighes t 'in , 

Pebbleloggitch Lake (Table 6). This gradient ranged over a two-fold change ; 

in biomass; As' with the. biomass-abuadance example of Agmenellum thermale 

, above, comparisons should only, be made in relat ion to .definite 'reference 

points. This biomass gradient is"based oh per m values. *'If the biomass, 
' • ' • v ' ' ' " • : • " ' ; ' . • - ' : . ' - - . • ; • . • • 

•values- were, related to'surface area, the gradient would probably be 

reversed; -.These zooplankton biomass values- are compared with several other 

, * .production .yalue.s for the thre.e'lakes'and,tx^o,study years in fabie 6". In 

" - 7 .' .Pebbleloggitch Lake, total ..organic carbon,- dissolved org'anic carbon,' total 

,--• -phytoplankton density and volume,, chlorophyll'' c'bn'ceiitratiQn and sooplankton • 
" " • ' ' ' * , " 4 . ' ' ' . ' . ' 

biomass I n c r e a s e d from .1980 "t'o 19'81. • In Beaversk in "Lake, t x o t a l 

. ( .'.phytoplankton density, and volume, chlorophyll concentration and zooplankton • 

biomass increased -from. 1980 to 1981, -whereas t p t a l ' o r g a n i c carbon and , 

-' dissolved pjjganic carbon decreased. .In'the largest lake, KejimkujIk, to ta l .' 
' • ' . . • * , ' , ' " , ' * . ' - , ". ." '-'- ." ". ' * * ' • " . , ' *-. 

'organic carbon, total .-phytoplankton densi ty and volume', ' ch lorophyl l • 
" ' - . , ' * - - ' - . -

'concentration and, adoplarikton bi'omass increased. Dissolved organic ca'rboh . 
' • : • ' - - - • • • - . • - . = \ . • - " • " . : • • - - • ' . 

(X 
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"Stable 6. A eraapsrlsoa of *o<w* pM'duc£lin-rpiace,d.(»ea3ure8''¥or'E!ve three lake* tand'two'gear's. . 

'Carbon and chlorophyll values 'are annual raQana; pUnkl-bir values aee new ower . ' 

. " the .snaaor saapiing-pe'riods. - , • ' " • - - . ' 

Febt*lelQSglt(,i. Lake , EeawtsUti Lake.. " fesjiatajik lake 

i960 • 1981 1980. . 1981- - ' ''"1980 V 1981 .", Variable 

\ To ta l Organic 

Carbon (mg/l) 

13.2 , 1 9 . ^ - - -- 6.3 " ' J .O • , ' - - 13 .1 

V ''"/'"-"; '" "-": "" ' .- " " : " 
lft.0 . 

Dissolved .Organic ,. Al.% * 13.8,. - ' 6 . 8 • 5.8' ' „ , ,|G*,9 ^ . 10.9..-. . 

Caption (rag/1) ' ' " . - . . , " ; . ' . - ' , - - . 
' - , < • ' ' ' . * % ' ' , - ' . - • - " ' . - . ' „ . - • 

.Total Phytoplanfctoi. '3.70 s i p 7 71.7 K10** '82*3K108 . 21&.S xlOB "5S.t9>.l07 S70.4 KlO7 

tfoltirnd (a/I) 

T^cat Phytoplankton' *2.1 Kit,5" 5.*0 -clO5' 73^3 xlO5. 232.0 K 1 0 5 , .3.1 %105 45.9 xlQ5 

Density <#/!) • ' ' ' , * ' ' - ' *" 

Chlorophyll Cog/nC) - 1.5 2.8 1.4 . ' 1 . 6 7 .1.3' 2.9 

Zaopla.nkto-1 frioMss" -243.0 421.Q 151.0 257.0 - 123,0 133.0. 

-(rag/m3-} . ' - - . ' . .' ' ' ' • ' / . , • ' ' . 

/ 
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remained a t <fche -aatae l eve l o.V0t, the ' two. yeans. In comparing . the threei 
. ' . * * , , . " '~ . '.'.- • • .' ' V ,- • .' 

lakoGj Pebbleloggitch had the h ighes t and Kejlijikujik 'take the second 
* , • " . - ' 

highest levels of to ta l and- dissolved organic carbon. Total -phytoplankton 

volume,.and density'were lowest in Pebbleloggitch Like ' in comparison with-
V ' ' „ . ' • " * "• ' ' k ' ' • ' * ' . 

the other two lakes . - Thetfe'.xya's a general ' t r end ' of. decreasing ' t o t a l • 
. / . ' ' . , . / - ' • " • - . '-. " ' ° - ' ' * *-" ' 

phytoplankton c e l l volume -with decreasing.' p,H (Table 6)., , The .highest '.-' 

sooplankton bioraass was found,in, Pebbleloggitch Lake%_ which i s the most -

ac id i c (Tabic 6).''.The goroplanktoo population -in „this lake i s l i k e l y 
. ' ' >a.k * v -* 

'depen'dant on detr i tus" .and associa ted bact*eria as, a fo^d source, ' which Ik";. 
•"•- ' r ' , . ' * ' *" ' 

' 1 "" ' 

supported by' the high "tot-al' atganic •carbon* leyelGj, and-low phytoplaabton "* 

abundances and call volume &a , - - • -- . - .' 



. , *' ' * , • - - , - - ' ' '* " ' ' ,•• - . - • " "• . ' ' " . ' " Pag*5' *->3 * '• . 

I I . Plankton-r-Uatef Cheaistry felatioiibhlps - ' . - ' ' ' 7 , • , ' • , 

• Multiple,regression analysis i s often.uped in" ecological research' t o ' 
. - - " . ' • ' * - ' * *-' * - ' * " ' 

"define emirically-derlved relatiohshipc between a dependant variable and -a , - -

se t pf Independent p red ic to r va r i ab l e s . -Those predictor variables,which - -

contribute significantly t.O.a. reduction in the unexplained- variance .of; the ' 
' . \ * ' " ' ' ' " " • * ' ' . ' " ' " ' - - ' ' • ' ' - ' s ' ' • ' , " , - ' . 

dependant variable may*be identified, andj the overall significance* of the .* ' 

multiple regyession^det^riBlnisd* .E-tanplea. of the" use pf.' multiple *r"f*-gras"sian , u, 
<- .-< k , - . . . " * , • . k -

* 4 a . . , I. - . ' - j - , - , . - - ' . , 

. in ecology are htfrae'eous. . Br.yliftoky*afld" Mann (1973) determined" tha t on a - -
* * ' - • 7 ' * " / ' - - .' ' " / '"*- . - ' " ' ' . . / " « ' " 

wide geographical basis", solar energy input was .a bet ter predictor of- lake ,.«, 
' ' • • • ', * ' • ' ' . ' *• 

<*• ' * ' a ' 

produc t iv i ty than-nutr ient concentrat ion, b'ut within na^rpwer ranges <pf . 
" ' . ! ' , . < , - . „ , a*? , 

/ * --" * ' 0 " '' - • . . ' , ' " * ""; " . - ' * . ' 
- la t i tude 'nutr ient variables are mpre .xtap-aftant. Haiaeedi (^T'S) examined * •" • 

* , • - '*• - " : • ' . ; v-* * • " . ' •;*- • . .* - • -, * ' • • ' - - . 

r a c t p r s influencing marine primary prcductivxty, comparing estuarlne and . i 

coastal 'environments,-. Jones, (197?)'determined that a significant ,portion , -
' . " - ' ' ' , *" o • " . . . 

' * ' . , k . 

af the variance- in'num'bejra of -bacteria 'could be explained by physical arid . 
• • „ ' • - ' v . "v ' * *i " "' - , " " - ' * "" - • • 

b io log ica l variables,, (Jones,' 1978).v . "Haunt fprd (1930)7 used -multiple 
- regressipn to study predatlpn' On marine 'apoplknkto'n by *ctenpphores. M'athur 

* - , ' , • * 

'and Bobbins (1980) used the technique tP predic t the e f fec t s -sf th'ermal. , , 

discharge to & freshwater impoundment on zooplankton 'production, - 'lk>swell 
V- •- ' -. . ' . ••• ' ' ' ' ' " ' * " ' "4" . . . ' " - ' -• 

et a l . (1930) studied relationships % betwean phyalochemlcal parameters an'd > • 
' * - . . * • \ - "j» *•** ' -

ATP concentrat ions to_ aid ,in assessment,'of rese rvo i r plankton dynamics, 
'Wyngaard et- a l . (1982),studied freehxrater <top§pod population; dynamicss- • _ ,-

' - - , - * k ' * , , - , E . . . . - ' u * - • 
f * ' " ' . 1 . . . . . ' " 1 • . k ' 

using multiple regressions to-'delineate relationships between copepod birth 
4* \ - • • ' 4 - ' , . . . . 

ra tes . and' pre'y papulations, x • < - . •" .' 
- v ' -i-- - * * 

A l imi ta t ion 'of the technique i s that ' regression relationships do not'- ' -
"1 ' >. ' " ' - / , 

"constitute; strong evidence of causal relationships, -limiting the scope/of / / ." 

' i n t e r p r e t a t i o n of r e s u l t s . Assumptions which must be s a t i s f i e d IincluSe. . 
' . ' • , ' , v r- k . ' ' • ' 

'normality of the variables (requiring transformation if necessary) and'lack , 
"' ' , < \ k ' ^ • • 
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.7 -. -of "str.oog correlations- between'predictor -variables," -, * . *' "' 

, ' . - • ' ' . " . . ' . ' ' ' •, -'.' -.''' '•'. •'* ' '-' ' " / . . ' ' , ' " - . " " ' , " „ ' . ' ' '' • ' " 7-. 
" / . ." - I 'Table \7 'sum marl sac significant.-results frjtra. the 'multiple' regression^ 

. - analyses of w^ater chealetr-y var iab les"(pradlc tora) an'ki,plankton, species .-; 

(de'petotomt'. variables) In-1"980-and 1581. • The' s,tat-i'stica-l"-model design-'Ws 
' ' • - f ' ' ' "• ' - - 4, *•' - • ' . - - * * * . " (F* . * \ * I . > 

; / • " l i n e a r stepx^ise mult iple ' re'greadipif. in, which th'e s igni f icance of. each ., 
",- . .-- '' '• . ' ' -'"• . - • - " ' • • ' , " • ' - ' ' 7 ; ' '< - - *-' *- . - < « . . . ' ' 

-" . -predictor'variable ,1s/determined'as i t Is added*-to t'heuregre.ssiW equation', • • 

'""-,• //and"-the.overall', .signi'fic'an'ce.of the, rdgreoGlon "Is. det'eraiii^d. Significance" 

\ "• (*p/ '<*. s&5) foV /a x-7a£er'chefalstey-' variable -in.\& part icular -lake' fg-indicated . 

' '• •/-by.'stb.q, i n i t i a l l e t t e d of "that- l a k e 'name .(see' key .for Table 7) , . Species ' 
- 1 • , • . . " " . - * ! ' . ' . ' . * , ' •. - • ' " • ' • ' • ' •' " ' 

' " having significant overall 'multiple' regressions- are noted in the.."overall'"' .. 

•"" - cblumn»>. &a " a s t e r i sk denotes Signif icance ' in 'oot lv -years. Mul t ip le 
, . t . - •" . - " . . . * • • ' '.*• . " 7 - -' - ' * ' . , - ' 7 

" ; regression result's'were unavailable. for Pebbleloggitch lake, fn 1980 because. 

. ' of. insufficient' chemical- .da*ta. "--.Pairxtfise Pearson correlation .coefficients " '•- . 

• - -were- aSiso -calculated, 'between water chemistry'and plankton variables, , *• 

r ,', - •> ' Relationships .-between -species and' water, chemistry, variables' for . the - *"' 
- ' ' , . - - * * - , - k - - • * ' - - . . . 

* *. ' . ' " ' ' ' . ," a * * ' a , ' 

three -study lakes x-?ere .inconsistent ,and clear -patterns were diff icul t t o ' , ', 

• "• del ineate, , .-The most discerna'ble-,ones were those-involving.'pH.. In ac id i c "' -
. \ " ' , . . . - ' . ; . ' ' . ' . * ' , * ' " " " ' •* , ' * . " ' * 

-, -pebbleloggitch, Lake." ' a l l "significant c o r r e l a t i o n s vof' p t t ' ^ i t h ' hb th . 

""' "." gooplankton and phytoplankton-species were' positive, "suggesting that pH has " . 
• af - ^ . " 1 ' * ' " ' ' I ' ~ k ' v " 1 

, - ' (, » ' " ' " " ' - . P ' , 

.an adyers'e effect-and.that Pebbleloggitch; Lake- basts a critical' pH level for ,' 
" , " " " ' . ' - " > ' ' - , • ' . ' " . • - ' " - ' ' * . fij " 

, p lanktonic .organisms. ' , ' Correla t ions .with' pH» "however^ were •' not a s " - j 

- consistent- for the other two lakes". .'.Usually, --significant' correlations- of 

' . "pH with phytoplankton. for Beaverskin and • Rejimk'ujik' Lakes we^e negative,. _; 

' except for that with Schroederia setigei/a," which had a positive correlation -

,. with pH in fejikkuj.ik Lake. , Correlations*- o'f. pH- with zooplankton- for .' 

'-" Beaverskin' and .Kejimkujik Lakes 'alao""varied greatly ' , although there . 

•appeared" to. be'-negative correlations with ro t i fers "for both lakes. * • , • ," -
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Tab le 7 . Summary o t aifcgni Flcant . v a r i a b l e s f ron n u l t l p l e r e g r e s s i o n a n a l y s e s f o r t h r e e l a k e s . 

• A., , P h y t o p l a n k t o n {J. Zoop lank ton - • , , " 

A, . Phytoplankton. ' 

S p e c i e s 

a , A, 

•' B04 

' BOS 

. " 0.03 

D04 

- D05 

DOB 

DOS 

' oil 

"* 013 

BIS 

G03 

" G06 

G07 

G08 

Phytoplatikcon , 

Agnenelluo chefgale 

,it3troococcus. d i sperses 

As te r ione l l a foraosa 

Tabellair-la f ene s t r a t a 

_ _ _ _ _ _ _ _ _ 

TataSTelaria flucculasa 

Eunoeia _ pectlnalls * 

Eunotia arcus ' 

Synedra ulna . -

Naylcula sp» 

Erustulla, rhoabotdes 
,i - ' 4. * 

Arthrodfesmus oetoeotne 

Chlamydamdnas sp. , ; 

Mou^eotla spa •'.-

Selenastrum 'atnutun 

Oire?-*- • M u l t i p l e gegges 'olon conptfoeAg vaE-ifable 

a l l ' TMP SO 02S" PH ' TKB A56.A83 CIIL PlfA DIC TOC DOC I P TOP SHP TH ' ta i* . Et>3 

Bk B 

B o.B 

k k 

k Pb 

k "" ' 

P >- . 
c 

• PtC PK 

"it' K 

- b 

-P 

.' P 

k ,b b ' 'B *' - D B 

" D a D 

!-. " ' ' " 

V . P J ESC ' „ 

1 , > »« J 

P ,- * P K ' p , IC 

PJC ' K. P ' " P " , P P P kK P -
•«=• * > c. * ' ? . . 

a K -*K K , , Ei" K. P!C *K K" " K .' . K 

^ 
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Table 7 A. Continued 

' S p e t i e s Ovaf ^ i u l t i p l a r e g r e s s i o n eoaponent vaFla 'b le 

a l l THP DO Q2S PH TRB A.5S A83, "CIIL PHA ,D1C TOC CQC TP , TOP SRP TH KI14 J i 0 3 

Clbaeetlum parvulua 

Sehroede-ria, ae t i f tcra 

Cloeocyat la plgaat 

- ,Oftsy*tl's laeu'atgis , 

Sp.haeroeygtla a'etirotfterl 
* ' a- - ' 

Slafcatpthrlx gela t i 'gdaa • 

• Pinpbryon bavar lcun '-

• '.Dinobryon -Divqrfieiife 
Malloapna* eaudata 

• Kalloaoiia-s urnafogois , , 
' a". 

"'CrypCoaqnaa ovata 

ChloraehFiJaonaa a lnucos 

Unknowft ClargeJ 

, - * • * -

K -K K ' R .K 

PB P P / I» • P ' > W P 0 P 

EK a, 8K ' • 

"K 4 v "'. 

BK UK 
( 4 

K " 'K K -'- K 1C 

1 K " , k *< „ 

" P . P 

. , SC- ki ,4> 

K EK. K 

HK > BK BK .- K K I), ft 6 B k< - « 

K iC ..K" ' *- " - • ' ' K- • 

•'B* B 

D. ' B B 
1 \ ' - " V-

i 

8 " 

V B 

Key: P ' " a t g a l f leao^'-ln- Pebb le logg i t eh Lake, 1*3-81 

8 » a ign i f ieattt ' i a Beaverskin Lake, 1981 

''" - - b """s igr t i i iaant i n Beaverskin Lake, 1980 

K A.aigni . ' teanC ia Kejirakujlk Lake, 1981 

.* k » s i g n i f i c a n t i n Kej lnkuj lk Lake, 1980 

* » s i g n i f i c a n t in fcoth'yeara t " 

- *d 
P 

- <ra 
- CO 
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Table 7 Continued . * 

• - . • 
' Spec ' l e s 

. * ' 7 

, 
• -

' \ 
- ' " 

if 

~ 
Q>rer -7 ' 

. a i l Jt#f DO 

_ 
•* 

02S PU 

- - " - . a - ' 

."Multiple . fe^res ' s ion ednponent v a r i a b l e ° - „ ' . . -

TRB A56 A83- CHll "PHA OIC TOC BPC TP TOP SRP -TH HH4 "JQ3 
, , . _ — , • —• — T = - — ' 

,.i6, 'Hes'oe-ylotii. edax adul t i . 

2k..' Meaocya.op* 'edax copepoditei. (Cl-CY) 

• 32 Copepod n a u p l i t - . " • " ' " . " ' 

"35 Karat'ella '-ooet-leari-s' '- -

36 Kel l lco t t ia 'bas tonef tBls - " " . , _ " 

37 Conoebiliig s p . ' • . - -

38 Polyartfara' v u l g a r i s ' .. ' , -

b ' 

' k - - .', " ', 

* * ' ''it'-. - • 

» > - * - . fe* 

Pk 

k 

k 

r 

k - k ' -k 

* • - > ; * 

7.-T" Dk , , k 

." Keyr . 'P -». s i g n i f i c a n t In P'abblelts'g.gl-tGh U-k«», 1-981 

... B * -a lga l f ; l ean t £ti Beaverskin Lake, -1981 

\ . " -b . .»-s igni f icant ' In Beaverskin Lake, 1980, 

* • K - . sii'gi.i'fica-n'- Un-Kejirak-ijlk :UikeC, "I98i 1 

.'.' " - ' k"-.»-s,l3T.if.tcdftt liTj.KejlrvRuJlfc" iiake, .-l*}fjp/ ; ' 

- * « significant™ it. both years - ' "•*-_-.,. 

, > , - , 

- -Ha. 

•Off-
• (B 

"tn 
• - O 



-."*" Tafia,7. *.' Continued ., 

Key; to Variable Cafles: , •-. 

. \ - , ' 
1."., Physical/Chemical - ; i 

• -.'* "' '"A- <"* : 

TMP - Temperature ( €) ' 

,, DO --Dissolvetf oxygen- (mg/l) -

.-' 02S - Oxygen saturation' (°0 
- *' 

PH - pH*" .»' , . . „' " 
1 ' TRB - Turbidity (N.TVO.)..-" . -

" ' ' -" ' / 
A56 - Mineral acidity (rag/*!-) 

A83* - -total acidity (ipg'/i) " 

' 3 CHL - Chlorophyll a (mg/m-) 
/ .' 

3 
PHA - P'haeophytin (mg/m ) ^ . 

* 

. D I C - Dissolved .inorganic carbon (mg/l) 
*, v '- ' \ . ' .o ' * '• ,~ -

JOC. - Total organic carbon (mg/l) 

DOC ». Dissolved organic-".carbon '(mg/l)* 

- 'TP - Total 'phosphorus (rag/sa/) „ ' , a 

> " " ' *'' "•*''-'' 3 
*" TDP - Total .dissolved phosphorus (mg/m*-) 

- l ' * •'• - ' , - - ' a,1 

SSP - Soluble reactive phosphorus, .(njg/m, ) 

TN - Total nitrogen"""(rag/l) 

NH4 - Ammonia (rag/1) ' 

N03--.Nitrate +-nitrite (rag/1) 



' -' ' '" ,\~ . - , ' , ' ' , ' . . " " , , " ' . ' • " , ' - , - -, " • • . • . ' V •;"•" "\- .Page'.5.2. .' 

' k'r . t Wliea .the multiple, regression"ahalyols re 'sults 'were .compared "amo-zig. •-.-

, '7 lakes ('Table'7)s tefeper'atiite and -total .p'hqsp'hp'ru.3 6aiplained-,,i"jOk'c"e'.;OJ?.the.,-' ',* 
" . 4 .1 . / . . "a . - a ' - ' , - V ^ ' \ " , . » . . - - " • ' 7 , . "^ , . ' . . . ' " ^ \ " ^ ' " " , \ ". / a.' " ' 

,, -' plankton variance .thanMother- variables'.".ir Beafex.&ki'n ."Lake;r while*;total . 7 

• •""., turbidity." and to ta l organic, carbon were the""t-wa iaosfii-'sign'f'fi'cajit'_pre."dictoE, •. . 7 

: . " 'variables for'-Pebbleloggitch'lake. - Fo-r -sqoplahkton-,. Leptode'ra kindti-i.- and .' . 
' - , . • • • - 4 - 4- , . - . • • , : • , ' • . - , . - , ; t - . . ' . , " : . " - - ' • — • • - . . • " " T _ 7 * ' - . - * • • • ' . 

" • " • • * " , • . ,.- - ". :. ; • . "a - 7 I-',', .;. ' ' - . 7 '--,. .-. . 
. - • ' immature,'Mesocyelops' edak were',%he--species- which' had-.'jfche-, ISargest; .portions"... '*.. 

• ' " ' . ' ' - ' , - ' ' - -."' ' ; •• -;-.'"",',„.i -7' ; 7* - . ' . ' ' ' . ~ • - ' ' ' • . •-. . • ' k'' -" "*- "'>''',.-; 

. "' -<*f'their Variances ex'b-lalnettl by.'the,water'-ch^taiatsy var.liblas-.in'I'feji'iQk'iij.ili , -'v,v 

Lake., Diaphanosoma. blrge-i and'.Spiggntt'ta'nordQnskiBldi- (d.I-'t-li; tfare'..t,l}e',....'-

, ^ •'apgcle-s with'the lar^es-tr proportions", of. e:.,pil0lrie.d variance'-lis Beave-rskliV'. -. y, 

• a Lake,-' as' were -Diaptomos 'tein'utus (adult", females) -and" • ixtimatura.'tfeQocyclops 
' V I , 1 " " ' " ' " " - " " - ' " —'— '•• J '•- i , >•-.• ' • • - * - - f — •. . - • . • • - •» • 

\m ' gjda .̂ in ;PQbbleloggltclv Lake*; -*' -/ *• the phyt'opl'ankton-specie's .whicli.were "best "expl,ainejj?"b.y. -t-fa'e waj.̂ -1 

;" QocystiS'-lacustrls. had -.signif leant • interaction's - with'- total'ni'frcogen^'.toia'l:... 
' ' ' J ' ' ' ' ' '• ' . ' ' ' - a ' '. . " . * ' -- . ' v . - . ' ' " • t ,,' "- ' V. **-

,. -phosphorus,,' 'and' t o t a l 'd£s>olvda- phosphorite,", -M. cajed-atai'^'ad-.'slgnif-ican't.'./ 

. . ' iate'r-actfons' .with ait-rate»'. • .Co.tal phosphorus,, ,-and,„ -'solubie, ; reactive-. 

•p.hos-phoru'a, .and "Nayieula-.sp.. had • s i gn i f i can t .'itttesacci-ons.,' with'*" t o t a l 
' ' - ' "7" } ' . - - ' - . - - - ' . ' , * ' - * • ' - " • . - ' • - . V 

. .phosphorus/total.dissolved' phosphorus", ,'and'soluble rfeaetive phoapitei'B-s.-;--.'' 

.." -. '-While'these • species we ire* not abundant, In" their respective; lakgsj .ttjpsy *• di3." 

' ' serve"as-indicators of'nutrient, conditions. -'-- ..",",;•".. \\ '•.-,• ... ,„"""' '.-' ".--..*, 

- - ' ' * • 'k / > ' ' ' , ' ' ' - • " • ' • . . . • ' • . » , ' . " • ' ' ' •" ~ ' " » ' - - . -A. 

, Many, of the "major zooplankton' 'species ' in" Kej.imkujik" JLake "had-" « 
'• < " * -. * '• - "'' • "••••'''• <% '' •' , 7 ; ' _*' - ,-,. ,-" . .* " , * . . ' / ' - 7 . -

" •. s ign i f i can t amo-uats of, t he i r variation* sxp.laihed-.bjr th.e overa l l wat;6T --' 
"t| -". clieidstry data in' both' years. 'EubQSaHina - ioagisplna," .Holopisdium' glbb"efum8

 v ' -
. • . . , " • • " " . ' , ' ; ' , *-' . • ' • - - • ' ' ' , , " • •', . . ' • ' ' " - " 7 .-' -• ' "^ T~7T:y:_ - . 
- ' Diaphanos'Qiaa, birgei . adult female Epischura nordenskloldl aad fliaptom*us" .."• -
• "' ' fflift*-1''"-3» Keratella cochle.31.is, and Kellicotia'bostoniensis-Md-sigaificaht." "' 
" *<4 " " - ' . - • ' . • , . •' ' • ' - . ; - ' . " . - . - - • • . , - • - ' , . -"•" " ' " • - ' • ' < , . " ' " ' •"'- ~ " - - '-

." ' ' overa l l -mtiltiple re'gressi'ons in ""both-year's. .Beaverskin, take. hM 'fip'-Ker'- - . ' 

, " ..consistent, resul ts between year's, witli, rinly: "Qaphni'a ca'tawba, „i)iapt'oiaus-spp.-' '*, • 

http://cochle.31.is
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f '•* . -V * ""-".- - « . > " ' '. ' V- ., " • , • 

•copepodites .and.Keratel la c o c h l e a r i s showing s i g n i f i c a n t " o v e r a l l 
- *- * ^ e? . . — o , " , ' • >, . 1 . — . — — . w - w . 

*. . . . . . a M ' , a . • - - i 
*• ' & . - ' - ' < - , , 

. . ; Begressions in both years.' Algal- species results 'were > quite inconsistent 

* / i n the*t-wo .yeafs. Qnly-.Shlo'rocTtromonas m-imxta in Kejimkujik Lake was 
'' " * . * . r * ." " «a ' ' • ' ' ™ ' * " ' " , - £> . 

- s-J.gnifScant' oyerall in -both years. u * '- '. . Z-~*~ ' J . • 
*• D a.' " ' a . . . - " - - -

" * -„ W " < " - . * • • - « , . ' . , . ' a 

,-. Individual- .factors* which", explained -significant portions of- the 
pJanki^QB species;, variances were-'not 'the .saiga l i i ' i l ie two",years- which 

.» • "!-"luggeat's -that, the plankton responded. to the' physieal-chen-ieal.-environii.ent 

- ' ' - , ' >• • "- . , " . - , " ' . • * * . - - - « -. ' in different'w."a"ys... Different .b iological- interact ions in the two,years. 
k - . ' a - - - ' " ' e x - ' a . - ' . ' - - ' ^ " ' ' 

. ' . , 4 • *« , -, ' - . - . ' . - V . 
k . ' • ' . , ' • - . ' ~ * . . , . . >- . . - k . , -

•'' wHidh'-araiiioj'/.^'considered -in-.multiple"reg'ressioii analyses^ may contribute. 

'^k*./t'o'-|he;obi%rwed'difffereutes.;in response, patterns. . . ' 

'- 7 7* V' ^Spe-pies"-shawi.ng- Significant'Interactions with the greatest number, of 
V *7 .Wttsr ,clje*mis't.i*y .jir.ari'aî ltls* were.-also, iaot, consistent within a'lake-between 
. * . • * _-> * ' ; ' " • * • - . * • , ' . - * ' f : . ' , . ' • , . . o ' . - ' 

,*»- VyJaar's..-,'.'Jq;ar-9S0j^xn7BeaV.erskl'n.,Lake,-'the zooplankton and phytoplankton 

;\.. species''which .were significantly related-to water chemistry variables- were~ -
' l , - • * : . - , " ; • . ' . - ' - ' 4 " ' - " . " - - , • • ' . - ' . . . - . ^ 

-i-'„". Daphnla ,cata.wba and 'AgTnenellum ' thermale , while -in 1981 they, were 

; Biaphano'soma 'birgei and Mallomonas .cat-flata. In. Kejimkujik Lake ia 1980 the 

"7. specie's most . . re la ted ' to the,, water., chemlstrv variables* 'were Diaptomus 

• '•' minutus- (females')"and Mallomonas eauda'ta ^hil 'e-in 1981 they were Leptodora 

•'- - kindti-1. and.Navie.ul'a ,gp.-" .-Sasults were unavailable for Pebbleloggitch Lake-

.'..'•'in.1'98'0.', but'in-19,8,1 .the species, whose, var ia t ions were bes t explained by 

..'"'"" the watep. chemistry data.ware Maptomus. minutus (females) and Qoeystls 

'-' a"'lac"us"tgi3,! * "..,..... ': . ' " , . . ' • ; , - _ ' - . - ." " • 

- *, Z *. '' Factors -ac.coutiting for" the "-greatest port ion "ofHplankton species 

' - \ \ ' va r iance in 1980"were" temperature,- dissolved oxygen and chlorophyll in 

Kejimkijik Lake";' ai*,d,-pH, dissolved oxygen and tiCrbidity in Beaverskin Lake. 

• Xti-i4$l,, the 'important factors 'were -total* phosphorus, and pH in Kejimkujik 

r.." "Lake,-'total phosphorus and" temperature ire Beaverskin Lagfe; and t o t a l 

http://physieal-chen-ieal.-environii.ent
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phosphorus, t o t a l -o rgan ic carbon and t u r b i d i t y ' in Pebbleloggitch Lake. 

There was some -degree -of consistency between lakes -in that dissolved oxygen 

• was an important factor in a l l lakes" in 1980 and t o t a l phosphorus" was 

important in a l l lakes in ,19431. There was, however, no consistency' within 
* - 7 

a lake between year"§ la'water chemistry yariables,. contributing' significance 

to the i multiple regressions. 
8 

, A quali tat ive foodweb -modelling technique, loop analysis, was used to 

provide "additional -information on structure and causal relationships of the 

, foodwebs of the three -lakes. • Tfte models were derived from the field data 

.for,the three lakes for 1981 by Br. -P. A. Lane* and are used here with her 

permission. See" Appendix E'for de ta i l s 'on methodology" and construction of 

mddels, and resulting model diagrams. Comparisons wil l be made between the 

mokdel r e s u l t s and "the m u l t i p l e r e g r e s s i o n r e s u l t s for" 1981* only 
- . " . " *•' 7 • ' ' ' • . * - . . ' 

(significant resul ts for the 1981 regressions' are. indicated' in Table 7 by 

capitalized lake name i n i t i a l s — see 'Table 7 key). ' 

The r e s u l t i n g community .network diagrams (Appendix E, Figures E.2-. 

E.3,' E.4) axe essentially three-layered systems, with three major nutrient 

. v a r i ab l e s and three-major phytoplankton v a r i a b l e s . Each of the main 

".phytoplankton groups has one or more herbivore^, and each diagram has 

several highefc carnivore groups. In each model, a sub-structure comprising . 

de t r i tus , ro t i fer groups and carnivores connects to the res t t>f the diagram 

i? " . 

• through an algal variable. • 

D . - . -
Analysis of these models can help to clarify the causal relationships 

S ' a J "f 

underlying' some of' the • s t a t i s t i c a l pa t t e rns noted in the mu l t i p l e 

regression analyses. Many oS the variables used for the regression^ do not 
< 4> 

' appear expl ic i t ly in the foodweb models; however, the nutrient variables do 

" appear, along with a d e t r i t a l va r i ab le which may be represented by the 
• * * ' 

• particulate organic carbon variable and which is likely related to 
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i 

v * K , • ' 

S " , 

turbidity.' . , , 

" - - • . i*" ' a • '* -' " 

"The loop model fou Kejimkujik Lake (Appendix E, Fig. 2) -shows that 

algal group 3 depends on"the nutrient variable NE, which is a nitrogen?--
i " " • • ' , ' "' 

•J . ' ' a k . - a 

phosphate couples , .The only member of A3 which* has .a s igp i f l ean t „ 
1 ' - * " ' V > ' ' 

regression with "a nutrient v,ariable-,i's 'Eanotia arcus, which "was significant' 
-, . , Q^ 

with tota l dissolved* phosphorus. -Algal variable A2 depends on s i l i ca and 
• ' > ° > • . * ' 

phosphorus, and several members of A2 had'total1 phosphorus as. a significant 

*egressl'an component variable. Several members qf Al also^had significant ,̂  
. ' " * , * , - - , - . k * 

regression components involving either to ta l phosphorus* or t o t a l , dissolved -

phosphorus, w h i l e ' t h e model 'demonstrates that Al depends d i r e c t l y on 

phosphorus-in the P and NP nu t r i en t v a r i a b l e s , For" the Kejimkujik Lake. 
/ a c " 

1 ' . . . ° ' 

zooplankton, Daphnia catawba had a significant regression with,chlorophyll,• 

This herbivore (Z7) depends oh Al in the model, and.in'turn is eaten by , 

Z12, which' is Lepfcqdora kind-til.'' L*. "kindtil Is a'relatively rare predator 

in Kejimkujik Lake, and sp predation pressure on D. catawba is likely -

moderate. This helps explain why this herbivore showed the significant 
• 

r e l a t ionsh ip with chlorophyl l , Since i t s predator i s probably not 

sufficiently numerous to absqrb Increases in the herbivore population. 

The model for Beaverskin Lake (Appendix E, Fig* 3) d i f f e r s from the 

other two'Lake models in the inc lus ion of the NH(ammonia) va r i ab l e , and 

i t s special relationship, to the blue-green algal variable A, Blue-greens 

a-aje known to be nitrogen-fixers, and the component species of A (Agmenellum 
thermale and Chrooeoeeus dispersus) showed s i g n i f i c a n t r e g r e s s i o n 

——————— ^ 

components with both the nitrogen -and phosphorus variables. The blue-

greens are not grazed-upon .by any herbivores in the model, and so their 

relationships to the nutrient variables are not obscured by-relationships 

to higher trophic' levels. For zooplankton, Eubosmina Jong!spina and 
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f Pia'phqnosoaa birgei, members of 28 and Z7 respectively, had chlorophyll as 

i. a s ign i f ican t predic tor in, the i r mult iple regress ions . These grasers 

depend on the algal species In model variable A2, and Z7 also eats Al. 

, The Pebbleloggitch Lake foodweb model' (Appendix E , Fig. 4) Jc similar 

' to tha t for Beaverskin Lake, except that i t has no blue-green a lga l 
* ' " . •* 

component, and the detritus variable assumes ̂greater iuigdttaace ac a food 

source. -In the models for the other, lakes, detritus .served-as food for the 

rotifer variables only, while in the PebbleJoggitch-Lake model, sooplankton 

nauplii -and • Dlaptomus sjppi cbpe^odites, -depend on "D" for food, . This 

reinforces the evidence'presented earlier that detritus Is-of.greater 

nutritional importance in this'lake than.'in "the other two. Many of the 

significant Interactions between algal species and the regression'variables 

involve total organic carbon, turbidity,<oxygen and .temperature. It seems 

that physical factors in this lake are more impotant influences on the-

phytoplankton than are the nutrient variablest , . " ' 
' *k ' , 

a -0 

In a l l .of the models, var iable Z9 (Epischura nordenskioldi) i s a 

sa t e l l i t e variable for A3. , This' means that Z9 is^not involved in feedback 

loops with any variables other'than A3, and thus i t , buffers A3 against-any 

changes. A3 i s therefore not expected to show s ign i f i can t r e l a t i onsh ips 

with any of the other loop variables. The multiple regressions 'showed only 
o ** 

one significant relationship' between an A3" species and a nutrient variable ' 
• * • • •> * 

t (Eunotla arcus and TDP in Kejimkujik Lake). 

The models all-show that in these planktonic foodwebs, var iab les Z8 

(Dlaptomus spp.), Z10 (Me^oc-yelops edax), and "-.12 (Leptodora k i n d t i i ) are 

the top carnivorous species, £ 
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" * . « , * ' * 
•a. 

4 > _ Experimental work wao undertaken In situ in order" to 'answer, the 
*' ' / a 

following questions:' • '' - -" 

How do plankton community diversity and abundance respond to -ohoft-

term shifts in pH, such as the depressions Encountered1. during "spring -
k 4 - - > ' , 

snow melt or the elevations Sesulting from' lake liming? 

How does nutrient avai labi l i ty , which interacts with- chlingec in pH, 

affect community responses? -
"", Two years of experimental work were,conducted in 1981 (Year I)'and 

< * ' - . " ' - » ' 

,1982 (Year II) to 'address th.ese questions. 'The' fiijst yeatfs -'work consisted • 

of a preliminary experiment using enclosures, or limnocorrais, to. tes t the -

ef fec ts 'of a c i d i f i c a t i o n and l iming on the sooplankton community, ,'The • 
7 , , (J, . ' \k 

' . - ,_ , ' • , . , . , . , 

o.e.cond year 's work used larger- experimental enclosures to examine the 
e f fec t s of a c i d i f i c a t i o n , l iming and- .nutrient enrrchm.ent on ..both the.. 

, , - - , . . . . . 
t phytoplankton and sooplankton communities. ' *" -' 

a- ' L * " a » 4 9 , 

The null hypotheses,"to be tested' in. these experiments 'ares 

, 1) There are no s i g n i f i c a n t " d i f f e r e n c e s ' i n mean^abundances of the . 
' * . . - ' „ - ' . ' " i " ' " -

plankton groups among experimental treatments, - ' • < 
/ ' ' " * . ' , • # - ' . ' 

2) There are no s ign i f i can t d i f ferences in mean abundances of the-
J ' ' ' . * • " > • " * 

"plankton1 groups' among -sampling dates. , " ' >. 

, 3/* There.are no significant^ differences* in mean abundances'©"; the 
1 ' ' ' ' ' * * ' ' . ' " ' , " . " - ' . - ,-, 

plankton'groups among'sampling depths. * > - -

* 4) There 'are ,no s i g n i f i c a n t i n t e r a c t i o n s among' the above three" -

factor's. . ' , "•> • . , ' , ' ' < ' " ' " ' - . • " ' • ' . -

Analysis of variance will, be u'ged'to, p a r t i t i o n v,arianee'i'n the d a t a ' 

X - . ' ' " ' • L'' ' ' " " ' ' « , ' . ' '"" -' , . ' .' 

.among the above factors and t o ' t e s t for significant, effects of each., ' 4 

In* addi t ion to plankton abundances, "zooplankton e|»g r a t i o s ' w e r e • 

• measured. ' The egg r a t i o '.(average number .of eggs:*.per female of a 
• sooplankton specj.es) lias been fdand to.be.a sensitive measure of .sub-"lethal 

» ' ' , . ' , ' ' - , / 4 • • a ' . ' ' < ' ' . ' - -

http://specj.es
http://to.be
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- • . ' " '. " " . " --. '.', .' - . V ' - ' 
s t r e s s r e s u l t i n g from' exposure- to "vdrious toxic nafiferials In both 

. " " • * * \ - ' . 

laboratory and field oepococa sys'teras ("Reeve et ol.J 1977; iWdugo et a l . , 

1977; Moraitu-Apostolop'oulu', 1979; Ur'ech,, 1979). " Egg production a l so - i s 

regulated by avai lab le food supply*" (Checkley, 1980)s. arid r e f l e c t s < 
k . a v a. . , ,. ^ * 1 * "" 

, 1 ' a.- "£ 

'physiological state in relation €o stress fron toxicants in 4ooes helot? 
• - * r,, , \ 

"**afchose causing mortality (Sullivan and Pilson, 1983), 
9 . . k » 

' " # 
Zooplankton egg rat io values are often used lo calculate sooplankton 

production r a t e s in c ises where I t i s poss ib le to d i s t i ngu i sh between 

I* * ' - v -. - * . ' 

cohorts. Wo-attempt will be vmade, to calculate production''rates from the 

V - • •. * • . A . • • - '• 
present data. Egg ratio values are uise'd here as.̂  a measure,of stress to 

compare species respon.se over time -'between the treatments applied, 

' * ' a 

Decreasing egg, atio for a particular species is-considered to reflect « 
y . ' » " d k •" 

increasing physiological stress, either as a -direct effect of changing pH, 
* , , ' « ' % * 

or throiigh changes in associated water chemistry variables oi* food supply * 

at different pH,levels, a 

T*ae National Research Council of Canada (NUCC, 1981) reported t h a t , 
* ' "' 

"Atmosphere transport plays a'key role in the acidification phenomenon In 
' f • 7 * ' " 

Eastern Caiiadva, , . . .Maritime t r o p i c a l a i r mass.es which push slowly 
/ ' ' ' » . 

nofthw-ard from the Gulf of Mexico and ac-curaujatevpoilutaiits "" from, the 
heavi ly i n d u s t r i a l i z e d regions which they transverse, contribute a major 

kj - " - ' - ( 

por t ion of the acidj-U p r e c i p i t a t i o n . ' . , , which f a l l s l a Eastern Canada." 

The geographical r e l a t i onsh ip of the nor theas tern United Sta tes and the -

experimental loca t ion , Beaverskin Lake. (Kejimkujik National Park)-, i s 

rej>resented in Fig. 6. Beaverskin Lake^is .a small" (41.8 ha surface area) , 

r e l a t i v e l y shallow (£.19 m mean depth),' c lear o l igo t rophlc lake . I t was * 
. . A - ' * 

chosen, for experimental work because^of i t s in termedia te s i ze and depth 
*•* " * i 

(making i t suitable for liranocorral ins ta l la t ion) , relat ively high' pH (5.4) 

http://respon.se
http://mass.es
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, ' . , i \ 

' ' a ' - . « 
-. I a a, ' s , ' 

rigirr-e 6.' The-gedgraphieal'relationship of\Uie study site, Eeaverskin Lake,' 

1 ' " a. k 

* , Nova Scotia, and the Northeastern-Ifinited States. 
\ - * " * . ' • ' - . . 
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* « . ' " ' , ' ! - . * . - ' ' - - - ', 

' I - t " . . . 4 y * . 

V *' ,< * . . a. * . , - - , , ' . 

» >• ' , r . . • V • t . ' i- •• , 

compared* with the other study lakes, and its* location, away from the heavily • ' 
• ' used areas of the park, a , 1 - < . . * '_.,.'"* 

T '7 "*•- • * . " " . •' ' 

" - ' ' * ' . ' , • • . • . . " ' . , a" . ' a ' a" ' 

- . ' , '"• . A. %thods, , ' '• * J "* , ^ / . ' - ' . ' \ ,.' .-

' - I s Ene - loSure 'Des ign . .-* _ ">' "" .-, . ? ' \ ' , , - - * 
- '" ,"" a "' "* " . ' '•' - * '•'', '" '" ' ~ • . • • , " " ' ' 

a', Y e d f I -'• . . »- •" . " . • , • -, .* 

Mine enclosures," of 6-aii translucent'.-polyethyiene. were installed in; - -
. -, - • - - ' . « . * '. - - - ' ' . K -. . - - - , , - ^ % , . / 

' - ' k . . , ' k . . ' - - - - ' . . " a * , " * / . . , ' ' ' ' / - ^ 

Beaverskin Lak-e, -in about 5-meters'*of wafer "near ,Vhe"'deep"" sta.tio'n.., .Tlie -
- ' . v ' - ' . , - ' - , , - - - ' - • "• . ' " - • . ' 

enclosures were tubular., 1 meter in diameter, anchored In ' the sedi'sferits and-,-' ' 
' - ' , ; ' \ , . • - . " * ' . . " - , ' - - " . T ' ' * ' • ' . " . . . - - - , . . 

' " . . - • ' . ' ' . ' ' - - . l ' . • , k a , ' • " __ . , - , ' a , k. 

', "• ^supported' at'-the'surface'bjf styrofoam ;fl'oats'. Galvanige'd s'teel t ings at , 7 

.", ' the. S^rf ace/'a'nd sediment 'kept the^tnfres'expanded, and, cement weights weze 

••- , - ,'us'ed f,ar.s;olid'a.nchoriti-g, ,- The tubes-we-re open both" to the seidlments"'&nd 

.' ' ,, the :air;-. . I n s t a l l a t i o n was completed In one day to insure. %~hht each"tube * 
•- • ' • ' ' " . s ' , - * ' - ; , . ' •"-, ' - • "< ' . ' ; ' * " • - , ' - • ' , • - » 7 , - - - - . < . ' " 

.-<f? enclosed a s'imilaV, representative-water column'and; plankton community, . -

- . ' . 1 Th^ee o'f the limho'co-rrals were l e f t uritre'at^d as-cbn'trols (pE-5.4), 
" ' . " ; ' ' - '- . " - " • , . - « * - , ' . ' ' ' - . . . • " ' ' • • ' 4 k • • ' • " ' , - s •' > • .' . 

, •,,, tiii4-a'er,wdi.e gradually, acidified" to.-'pH fy°9 by '.addition-,of very ' d i l u t e 

' •"• ' su l fur ic acid (-1.00.1 H-jOs^SO*), and-t'hr.ee, were t'ceated with powdered", lime , 

" (Cae.0J)'.in o rder ' to r a i s e pH to abou,t 6-;8. .- ' ,-•;•''. > •* '" .*• 
•- '" ' ' . • - • . ' • ' • ' '4 *' ^ ' '• ' \ - ''• i * ' . * . ' - . - ' . . ' : - . -.. - . - . ' * ' - . ' ' . , . " 
-" 7 ' b'„ Year "lit - • ' > -' ' «. " - - - ' , - - , - ' ' . 7 ' . • . ' - .„*. -' - - ' ' - * - , ° - • • 

' " . ., Eight translucent,pla's ' t ' lc enclosures , two maters ' in diameter," were', 
• - • * • , ' ' - - - ; ' • ' - ' " • . - - - " • ' ' * • ' ' , • \ - • • * N • " ' ' • • 

.supported by- a wooden raft buoyed'up- by styrofoam' floats (Figure 7 a.); 'The, 
» , - . , - . , , , k , , * . , , . . " - . • - . , " " . 

. raft-was anchored near, the deep .station (5.0 meters.)..,. The lower- ends, of the , 

'encio.sur&s were embedded, in-1 and",.open to ".the sediments ' while the upper^ends 

- * 0 .were exposed' to the atmosphere, (Figure 7 ' b ) . . Ten-a i l p'oiyet'hylepe bags . 
• • . " ' . • / * • - " • - , ' • - - , k , » i 

. ' .were suspende/f by a plamp and chain" system .that" allowed lowering- ^ind' falsing 
• " . ' ' • • < " ' , . ' " , • . " . . . * , , ' • ' " , ' 

of •-the enclo's.urejs £0 compensate for water level fluctuations"'(fig.. 7, c,).-

-Two eac.Iosures',.were, .left untteat'eti. and' served 0 as eonttols. --Twb each. 
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, " ' ' " > s 

a Figure 7. 'Tlie8 ove ra l l des iga of* the experimental enclosures , Beaverskin 

' ' LaKe; - * - 4 4 . . . . ^ , _ - - *, 
, " . k ^ ' - * 1 , ' » * . • . ' . a , ' 

I * ' a).'overall enclosure design, -

1 * . b) placement, and ' v - - ' " ! • ' 
' - - ' ' " ' a " " 

1 c) attachment. . * ' • ' * • ' ' 
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v a ^F . * 

of „the remaining six enclosure's -served as r e p l i c a t e s for tile th ree 
" • ' '-""' ' i ' ' 

exper imenta l - t rea tments . Ten grams, of CaCOa, suspended in one l i t r e - o f 

' SuperQ d i s t i l l e d water -were added to the l imefl 'enclosures, one l i t e r of 

' 0.15% H2S0^ to the "acidified Enclosures, and â  solution of, 94 mg P as H3PO4 
" • ; - - i . - - ^ - • 

.and 2355 iag N-as pELCl to the nutrient',enriched "enclosures (these amounts > 
- ' ' ' ' / -< . -i 

were calculated''to be equal to ambient N and B amounts in",the enclosures, ' 
/ , - ' " ' ' • ^ - , ' ' '* ' ~ *< 

with, the same §.P ratio as ambient, lake water). ', All additions were mixed 

at the surface in each of the respective'.enclosures on .the following dates, ' 

August 12, '18,' 2.7; September "1, "10,. 16, 26; and October 1, &, 11,-' 16,-
, \ t a r -

except"for September 16, 26 aad'OetOber 1", whi,c1i'were omitted fronr_the. 
a . * ' ' ' " a 

1 I a, f a 4 

nutrient addition schedule. There were no'treatmer-ts from the date o'f 

installation, July 15, until August 12 thus "allowing "for a conditioning 

- / • x~ . "'-7 , ' * • ' - ' • - . . • * < • . . , 
period prior to experimental -manipulation. • , , • --.• 



*. "• . ( ' '•"',• '. , T " " - " . 7 . -. " \ - .. . ;"Page 6-6. r 

1 1 . Sampling "". ,"* . ' , . . . " " • -~ , ; ' - **'"" *- . ', *" 

a . Year -I * . - . * * ' . - * . ' ** . - 7 
-k " - . . T * , , . ' * • * . *-

Daring the -course of the exper ipent '(August 1 0 . - September 25), . 

sooplankton were sampled approximately ejmry fen days .in each enclosure and "> 

, r k - " * 4 . ^ * - 4 ~ ~ * ' . " 

- I . . ' . - - _ , , , ^ . 

• 4 in the lak'e. Sample's were taken with" a 32 l i t e r .'SQhi-ndler-Patalas -
•. * » , ' * ' a ' 1 * " ' • • . ' • 

" '"" " - ' . . ' ' . " a , . . k ' / ' " " . ' a, ' * * - " „ ' . " . ' * 

'plankton. trap a)t 2-meter intervals . Temperature, and o,x*ygen were measured 
' , k " i ' , - ' ' " , " . - . • » ' * . - * " - " " ' • *, , 

' .in s i t u a t 1-meter i n t e r v a l s witb.-al'YSX*Mod,el 54- oxygen.meter. .pH-was , , 
_ J "• - * a - , 1 ' * . ' - " * - , " 

a * ^ ' ' . - - • " . - . . . 
"- 4 'V 

. - determined in the field laboratory with a' Radiometer TM2-9 pH m'ete'r. "Rdter 
' * >- ' a. . . . * - . . „ ' 

* . .- . * k v . . 

"> s taples were"collected 'with a 5 - l i t r e Van. Dora'bottle near ' the surface of 
-- - ' » - 7. , : . , ' , . . . ' " " * * . - , 

each enclosure for chemical .analysis . All samples were preserved and' 
. ' - - * ' ' . i ' • - • . , " • " " • > • - * . -i 

analysed 'using previously de-scribed., methods {.sacti'on 2.1)-. .... *, » • '. , .» ' , 

-. " Egg rat ios were calculated for zooplankton s'peeles ffom. samples, taken *- . 

>.with net tows made wi^th a 30 cm..conical; net of'70, micron mesh s i z e , .The 
a „ , - . 4 . " , - * , . . ' • - a a. . - 4 . 

» ' " k , " k ^ . ' ' - 4 - . C ' . 

7 ne t was towVd. v e r t i c a l l y .from a deptli o,f 4' meters to-the surface- in "each k 

enclosure on each sampling date . -"The net was .used in order, to take a 

larger sample-* s ^ e to ensure that sufficient numbers1 o'f"ovigerotis,. females * > 

; . ware ^-capturei tp/give_ r e l i a b l e egg r a t i o e s t i m a t e s . 1 Sub-samples of * 

, sufficient volume were counted* to yield at .least* -30 ovigerous females '-for. " 
" " * > 4 < k . • * " , , _ » , 

• a • ' > . " - " " 

each of. the major sooplankton apeeies. - , Q, ." -" - . ' ' 
-b. Year I I . ' * ' " < . " 7 - * ' ' • _ „ . _, . ! \ 

' . . - ' ' 1 . - . " ' a * • / * 
v . - - a - - k. 

'.The enclosures''were1 installed, July-8, and expanded, to full volume* July 
a ' . " " . . " ' a . . . - - * 

'" ,454with'.a-gas-powered water pump. The.eight enclosures'arfd lake wei.e 

, ' sampled a t 'depths of 0., 2, and 4 metejrs On seven da t e s : '"• July 23, August 7 

., and' 22, SeptemWr *6 and 2'lj and 0stober-.6'and*"21. . TemperatdHt oxygen -ai*.d' 

pH were determined in the field as* for Year I;. Chlorophyll a_ samples were 
a ' , ' k ' *• *"*" ' 

k • ^ " " i f 

processed using a Milli-pore-90%, acet-one ex t rac t ion .and -subsequently, ' 

.measured on a Turner iluofQmG,ter.. Total and soluble, reactive phosphtfrus*, -
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* ' ° a 

a • * "* ' " " ' . „ • . . . ^ * ... J 

* n "a. " 'a . ' * - *• 

"" and general analysis (gotal alkalinity* total Acidity, color, turbidity, 

- "' ' ~ "J V "* * " * "a a * ' 

. 'and. conductivity} -.we're" measured by the Canadian Wildlife Service 'methods 

\ {Kerekes. 1973). '-jAamenia was, measured eolorimetrically (Strickland et/ al? 

'* 1968),. with' the'method modified for use, with small volumes. ' S i l i c a t e , 

, .nitE'ate", and nit>rlte samples were* frozen and l a t e r analysed with a 

; Technicon* Antoanalyser I I (Strickland- .et a l . 1968). ( 

Plankton were sampled concurrently withi samples for water chemistry 

- ('Collins-and'Lane, 198{i) in. the enclosures an$ in Beaverskin Lake at 0, 2, 
. * k k ' a - . > - » * k ' ^ 

" ' - ' - * * 4 * . I 

arid 4 meters , phytoplankton and aooglankton were sampled and preserved 

, 4using_ previously described methods (Chapter 2, A).- ' 
* 4 _ a . , " - f , , , a 

- 'Phytoplajiktotta were -enumerated -using, the Utermohl sedimentat ion 
N * * ' _ • » . ! " ' 

t.echniflue, while crustacean, zooplankton and rot i fers were identified and 
\counted' by dissecting niijoroscope in r.feplicate sub-samples of sd f f i c i en t 

vo.lum-e to include several hundred„individiSals. Plankton abundances ar-e 
- - "" - ' k. • ' * . a - - " 

•k a 
' *- ' . j •» 

. reported as numbers per l i t e r for phytoplankton, and numbers per cubic 

% meter for, sooplankton.- Egg ra t ios were calculated as describe^ for year I, 
. . • ' " ' ' , O 4k1 

* For a l l data", treatm'ent i-dpl^cates have been combined and mean values 
• . ' ' " - ? ' . . ' * ' , 

calculated, ' " -> . 
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t III. Statistical Methods. 

, Data transformations for. normality we're done on the 19i82 Beaverskin 

"r''"i-9 Lake enclosure data' using the procedures outlined for the 198Q--81 field 
| '? "-* ' *' • . . ' , . ' 

l*» u"5 J «. (-1 , 1 
v,if, "ftfata* (See Appendix B for details.) - * 4 1 4 

• To test the hypothesis that the. treatments'--applied to the" enclosures 

had s i g n i f i c a n t e f fec t s on the abundances of plankton variables% ANOVAs 
f a " \ k ' , 

- "were performed for both the 1981 and' 1982 Beaver-skin Lake! enclosure 

"experiment's. The experiment was a nested design with repeated" measurements% 

-(samples) made on each experimental unit (enclosure);1 therefore! enclosure 
* . -k " ° " 7" \ ' ° 

repl icate^is nested within enclosure treatment and the repeated! measures 
MANOVA algorithm of SPSS was used for s ign i f icance t e s t s * The xepeat.ed". 

' - «, < \' <"• '. 
, measure's procedure for a nested ANOVA design takes i n to account tha t the 

enclosures remain cons i s ten t 'over date"; tha t i.s, tha t samples. fro"ni a 

r 

* particuikr enclosure represent repeated measurements* from tha t enclosure 
' . . . - w " \ \ " s ] 

- over t ime, and that the variance i s par t i t ioned ' accordingly^ ""jt-iparate 

° AHOVAs were run for each of f:W„nutrlent, and ,plankt6n%ta^conomici group 
. "a. » » . » 

' ° ,' t, - ' . <• ° 

.- variables. - In each1 case, the hypothesis tested was that msean abundances of 
, " • t • .kV -

the variable in question were "significantly affected' by "the experimental 

factors: treatment, depth,- and date. The null hypotheses for these .tests 
* - "ka- . * 9 ' 

were as previously stated (Hypotheses^l,-4). 
. " ' • « " • - * . ' • * , • 
' a . » ' - 4 . ' 

* . ' a ' * • " * , . a " a » * 
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- ' " ' " ' " •" a ' ' ' l 

B. Results * \ 
•* > ' . • 

I.^Year I - pH and Zooplankton 

The enclosures had l i t t l e apparent physical ef fect da t oe" in t e r i o r * 
» 

water columns. Temperature and oxygen p ro f i l e s wi th in the tubes, were 

s i a i l a r to those in Beaverskin Lake (Table 0), ind ica t ing tha t vQEtieal 

mixing of the water columns was not iapeded, * Gsygen'eoacGatraGioao in "all 

tubes-were s l i g h t l y lower than in the lake, p.I values in She positirbl-

enclosures "remained similar to those i a tlie lake throtaghoia-t ttie expeciraent, 

while p!Ts in the litaesS enclosures qtiiekly rose to ndar iieiatrali":^- aad. 

»pH"o in the ac id i f i ed columns dropped mor,e gradaal ly to 'be lou 5 (F£o*0)o 

Alka l in i ty , which was measured oi. two da te s , was low or aero in the 

ac id i f i ed t rea tments , ' s l i g h t l y higher (around 0.5 mg/l ao GaGQg) in the 

controls, and higher with l ining (5.5 ag/1 as ĈaCOa,). 

^Standing Stocks- • ' • X 
» ' ' \ • a . 

The dominant zooplankton species in the enclosures were the calanoid 
7 . ' k . 

Gopepod Dlaptomus minutus and I t s immature s t ages , and the cladoceraas 

pjaphanogoma birgei and Eubosmina tubieen. 

•jXtotal'copepod densit ies (numbers per'm ) as mean values taken between 
•""*• \ , . - ". " ' . a . 

Jl\ V " I a, 

t rea tment r e p l i c a t e s were lower l a al l .enclosur 'es than in the lake (Fig, 
a . " » * ' * , ' • , . " 

" B ' . a „ 4 * . . ' k* ^ 

9).*'' This was t r ue from the beginni-ng of the experiment, perhaps through 

avoldaiice kjof the enclosures by*. the relatively* mobile copepods during, the 
- ins ta l la t ion ^procedure. A gradual daf(i$Aase "in populations was aote'd over, 

'1» '-' y*i«\ " , '" ' 
' « " ' 0 ' ' , . a"*? , ' n 

• the course of the experiment in a l j rubes, and to-a l e s s e r extent i n ' t h e 
k ' ." z " " - "7 ,4 

' lake?. "Hithin the .'tubes, aeidiflcatlQn a'nd liming ^otch -produced a steeper 
» . • ' • " • < ' - - * •- - , t--° • ' 

' "., , incline "in copepod "populations than in the controls".- Numbefs. recovered to 
V ay. • ,k ,,' « -a J '* ' 

some extent In the acidified"containers, remaining higher than the-controls 
[j 4 0 A - , " a " J ^ ' « 
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Table 8* Itayoieal / Chemical data, for BeavGrskin Lake enclocures, 1981* 

(Alkalinity measored for two -dates only), 

, ENCLOSURE 

AUGUST 6 

Temperature 

Oxygen 

pH 

B A 

21.9_ 

9,6 

5.6 

21.8 

8*0 

5.7 

21.8 

9.2 

5.8 

21,8 

9.1 

5.8 

AtfGDST 21 

Temperature 

GaSygen 

Alkalinity 

!1.6 

7,7 

$>»$ 

« 

21.6 

7.4 

5.4 

0.56 

21.4 

7.5-

-J©. £. 

• 0.0 

a 21.5 

7.3 

6.5 

S.5 

.SEPTEMBER 11 

Temperature 

Oxygen 

pll. 

f 1,9.0 

•8.4 

5.4 

19.0 

8.2 

5.6 

19,0 

8.0 ' 

4.9 

19.0 

8.2 

6."9 

SEPTEMBER 26 

Temperature• 

pxygen 

alkalinity 

• Key : . 

16.0 

9.6 • 

5.3. 
0 -

16.0 

9.3 

5.6 

, .0 .44 

16.0 

•"3.9 

" 5.0 

V.2^ 

1-6.0. •""• 

9.4 . 

' 6.7 

5', 5 

\ 

B - Beaverskin Lake * 

A - Acidified enclosures 

C - Control .enclosures 
a 

L -Limed enclosures 
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Figure 0. Koan pll values in enclosure esperipento^ 198 J,, • <-

Keys t 

_ — Beaversfcia Lake* D "' * • 

__*_- _»_»_" Control Endlooures - • > . . .' 

—,.»__»,«_ Acidified Enclosures ° _ " x • 

- . - _ _ « , . , /Limed Enclosures • • , 
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' ' • • * " ' . ' " ' . - • % 

Plgora 9, 'Moan densities o£ aopepeds (nos ../a3) id Beaverstcin Iflke'^tMosara 
** ° " « • « , ' . 

•- expartments, 1981* . •' *. • • ' . • ", 

Kays " ° V ' • ' « a- *, -

• ^ -™_r««—_"• SQavtJtakia Like > • , • 

' * _™_- v—^ Gdatro! Eialoaarea' - ' : 

' > " ' " • " . . ' - ' ' ' " " " ' '•"• " " 

^4- __. .*_ .— Asldiiied Eaelosusrao ' . , . ' • . % . ' 
a. *" ' > " > . • ' ' • 

* _ ^ «, - ra _• Limed EnaloswGS' - . • 
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Q . • . w . - . * ' - . ' " 

* ' i - . . i 

' " ' ' ' ' a- • ' k . . . . , 

fcfaTQugUpu-t .aost of Soptealiec. • populafiiqire of copepods- in .the l ined -k i 
* ' ** ' • ' ' . ' • ' ' ' . - - • ,' / ' -

-_- -" 'enclosures' remained consistently lower utian any others, ' - - , - " ' • 

*, --, , * -Clado^ran "nuabara, tcaded, to be' .4QI131? ia the 'ecclootaap *'tlian l a ..ad ' 

• t , la"ke3 ^ i t h tfye'escepCion 'ol: one date'-lBeptenbor l l j " (F ig . 10),'"" UitMh ' 
' ' ' - ' '. ' , . 7 " " . ' • ' - a ' • l 

-, * . ,. the enperiQeatal eo'a.taino.ros. a^a tSern e-inilar t-o tha t for ebpepodo woo . \ 
. "noSed, . 'Populations of cladoc'erano in the 'acidified esielooureo w'ero • -

' . « • . ' * ' ' . . . , %, i r , 

kSllgfatly higher than those ia .the ecratr-ols over She l a s t -lialfe^if. the 
a _> . " a s , , * - » , , « . . * ^ ' 

a ' - - " • • - , . t , ' , .*< ' . ' .' . - "" 

- , .G-spentaljaentai per- idd, 'whi l f i nura.bero - i n ' the l i ucd en*elOGB."a.'eG* were 
- " * , \ - " ' • ' „ ' ' ' . ' * • , . . .;'.'..• , ' . - ' - . . - ' * •' • ' , ' ' " < 

consistently lower than in ' tSe other cota-tainerd. - - " '"""•-", 

' 7 ' Egg P.atioo-, • '. • "* • ' . .' . . ' ' . - ' . , , , ' • 

, . , *Bg;fiaa4*aMo'valtjes are presented- along with species deissitieG, ate, 

- average unraber ot eggs 'per -fenc-Ie fotr "both copepods" and1 eladocGro.no • '-

*, r v • -̂ • • *• 

_ '(Table 9), . . ' >" ' • / " ; _ \ - • " . ' ' " * ' * ". ' 

' . Etibosmlaa tubicen had decreasing egg rai,io- values over the enpef Itjent , . 

% both ' the control "and^acidif led enclosure's, . Inlthe litaed,^enclosures r - >0 

.population1-, first" declined,, then later., recovered.-, In the open fefi:e,7this-
k ' ", ***/ "• * '* 

. ' , ' * ' • ' » ' , r " • . . ' 7, " 
. , species''had tiiga-jsgg ratios on the firs.; two-dates?, was 'absent on the .third" 
- " • . . . ' • ' • . . - ' . . " , ' " . - * " ' 

. ° ;clafee and recovered 'slightly on the .last date. . - ' . ' . . . 
' ' • • „ . " ' . " ' . • \ v ^ v " *" ' " . . . " 

C ' , ' ^ . * I 4 

„"- t " « Diaphanosoma birgei- showed- decl ines In both numbers, and egg r a t i o 
. - * values*,'through the experiment.' ia the limed and -acidified environments.* In* •' ' ' 

i • * "• , o ' ' - ' ' , 

the controls and the' lake, numbers f i r s t Increased, "'followed by decline"-, in 
, , 7 ' * ' . . , . • d ' 

1 ' ' - , " • k ". . . ' ' ' 

numbers and .egg ratio, values,, • - • . - . , « . - . . 

,- ' ."• ' ' '.With l iming, the dominant zooplankton,, species Dlaptomus minutus '.-" 

declined at f i r s t and then showed so,me recoveryIn.-numbers and'egg r a t i © / ' 7. 
.' ' , * . "' . " a ' 0 ' S ' 

• • ' ' - • ' • > % , ' a " ' ' • ' • ' a ' 

' values by "the end of the experiment..• With acidification', there, was.a " * 
" .' . " Oa a "-J! « , ' ' ' -- • " , . . 

' ." * • •' ' ' ' . . „ a I • "• "" 

• • „ >; steady, dec l ine In population ab.u»^dance% Eggr<atio v.al-ues1 incr'eased''s'a'6' 
•v- ?~ - f-Lrst^' but ' then, u.eeline.1 o n - t h e ' l a s t ' t w o dates'. -"-In this' conti. <3l'S>. Bj.' ". • '. 

http://eladocGro.no
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* • . ' - • ' • d * - ' * v 

- .Figare 10. Mean densities of eladocerans, (uas./nr) In.'Beaveeskia lake 
, > <* ' 

enclosure experiment's5 1981«\ 
| ' . a . ' ' , • 

°Key? \ * " ' I , • , ' 

°* , _ 7 - , •——. Beovcrskin Lake 

- - '_-__"* - J-,,—* Control ESiclooaVco.. '-'• , 

- '' " .*—' —- -U — Acidified Eneloo-ares " -

Limed "Eaelo'suifas* - * , 
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Tatsle 9. Zooplankton population and egg ^at io data for experimental 
l ' 4 . ' " 

enclosures,,, number per liter (average, number of eggs per 

female), (a) August 9," 1981, 

-"X. 

SPECIES 

a 

Eubosoina Cubisen 
a- """ 

Dlaphanooeaa birgei ' ^ 

Episctara nordenckloldi aalas . 

Epischura nordeoskleil.il females 

Diaptenus oinutus males 

Blaptoaus mnntuo £enalc2s ' 

DiaqtoQius oregonensis males 

Dlaptohus oregonensis feaales 

Dlaptomus«spp*. CI?-? 
0 « ' 

DiaptOHuo spp. "CI-111 
'. 

• * V 

Mesocyclops. edax males 

Mesoeyclops edax f-emales "* 

'* / - ' ' 
Gopepod nauplii' "• 

Holopediuia gibBerum 

Key: "_ B ™ Beaverskin Lafce 

C * Control enclosures 

B 

0.98 
(0o88)» 

N 0.84 
5p.33)' 

°o 

0 

6.7 

• 5.9 -
(0.4) 

0,56 

0,28 

(o.d) 

22.0 

. 7.3 

0.1 A 

0 

s.o -

0 

* 

p" 

• . ENCLOSURE 
"C " 

4,29 
" (0,43) 

2,1?" 
(0.23)_ . 

.0 

0.05 
(0.0) -

3.13 

4.67 
(6.06) 

0i34 ' 

o-O.lO 
(0,0) 

. 10.4 

9.93 

0' • 

. a.io 
(0.0) 

t>5.93 

A 

1.65 
(0,54) 

4.13 
,. (0»28) 

• o.oi 

0.06 
(0.0) 

1,44 ' 

3,57 
(0.02) 

'0 

0.21 
(0,0) 

14.1 

9.03' 

0 

0.06 -
(0.0) 

9.8 

/ o' •* -\ 0 j 

L' 

1.28 
(0,84) 

3.93 
.(0(.56)' 

0 

0 

2.061 

3,3 
(0.05) 

0.10 

0.10 
(0.0) 

13.9 

10,4 

-0 

o.ro 
. (0.0) 

^-=_6.33S 

0.03 
. (1.01-

0 

, A = Acidified enclosures 

L',« limed Enclosures 

http://nordeoskleil.il
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Table 9. , (b> August 26, 1981. 

. . SPECIES ^ - -

t 

Baptmia catawba 

Eubosmina tubicen.. ' 
C * "S. 

Diaphanosoma birgei ; 

- ' '[ ' ' 
Epdschur&i nordenskloldl males 

Epischura nordenfekioldl females' 

Biaptomiss tain^tus'males 

t)iaptomus minutus1 females 

Di'aptOEius pregonensls mal«s '* -

piaptotaiis QregonensSis ofemales . 
1 1 4 

a k. 

Dlaptomus -Spp. CIV-V " . 

Dlaptomus•spp. C1-II1 

Mesocyclops edax males 

Me'socyclops edax females 

* 

Copepod nauplii s~ 

Holopedium gibtserum , J 

' B 

0.31 
-a (0,05)* 

0 . 7 7 , : ' 
( l \S0) 

2.30 -
(0,07) 

-o" „• ' 

0 4 

* . 2.0 

,6*1 " 
( 0 . 8 ) ' 

0 
0 

' *Q.15" 
, (0 ,0) ' 

30.4 

a 9 .5 ' 

0 

0 

3.7 

o , ' 

-

c 
ENCLOSURE 

C. A ' 

0 

-3 

k IO . ' I 

r (0.2?) 

4,20 -
<0.4'6) 

' 4 0 ! 

0.10" 
(tf.0) 

. 0".36 a 

- 1.19 
(0.26°) 

0 

- 0 

v 6.67 

" 2.-37, 

0 ; 

0.15" 
(3 .0) 

* 0.31 a 

oU i 
(0.06) 

0 

4.30 

(o.ioy 
- 3.0 

• .(0,13)' 

' d * ' 

0 

. .0 .03 ' 

'0.82 a 
(0.70) 

4- ° 

0 . " 

4.73 . 

. 2.24 

•0 -( 

0.03 
(0 .0) . 

; 0.84 • 

. ' 0 . 0 5 
. (0 .17) ' 

«*• "-

* 

L ^ 

J . 

0.02° 
..(0.0)-

2.23 
(0.28) 

°. ' 
a " 0 

0.01 

0.2*8 
(o.o). 

. 0 ; 

"0.03 
(b.o) 

' , 4.13 

0.S4 . 

0 ' 

, Q.03 
(0 .0) 

0.30 

- 0.02 
• (0 .0) . 

, - "k 

î: * B = Beaverskin Lake" 

f. C «* Control enclosures 

A a Acidified"enclosures 
a, . I ' ( 

** L » limed' enclosures 

-•» 
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Table, '.9. '(c) .September 15. ' 

;. SPECIES ' ' X \ , . ' 
• • . 

-- ' , • - ' . a < 
. . a . , , 

Eubosmina ".tubicen ' - - ' •*•,'• 

Diaphanosoma. birgei ,. ' • 

' ' -7 .0- \' .- •• * • - ; . ' \ 

J)iaptom»s minutus males*/ ' • ' . 

.M.a'ptomus minutus 'females , '. .' 
» - ' l * a » '' 

.Diaptomus oregonensis males- . • 

, . . . - - • -, 

Diaptomus "oregohensis females ' • 

Biaptomus, spp. C1V-V -. ». - • 

Diap'tomus spp.'-CI-'IIl ' . .-

Mesocyclops edax males • . 

Mdsocyclops ,edax females* ... • '" 

- ' -' - c- *• . 

•"ftopocyclops pr-astnus -males . .'-
, ' k - & 

Tropocyclops-prasxnus females 

"Copepod.nauplii ., . . -

Holopedium gibjberum 
* * 0 

Polyphemus' pedlculus' • 

X' ' • 

Camptocercus rectlrostris• v>/. 

. * . , - " „ • - • • " * •. • . 

Chydbrus sp. -. . k 
Hi ' . . • . 

1981. . ' - , 

' a 

. ! ^ 

' 7;0;' "/:' 

' / 0..46 '' . 
•• (0.67)-'; 

, .. -0.31' • ' 

- -• i.i - -
**. .(0..71-) '-'. 

„ • o- •• i •. 

" 0.46,4 . 
'. '(o,.p), * 

'. • 18.7 ' 

'•/" '">A 

4.-01', ' 

'- :'.° -' • 

' o, • ' 

o . ,' 

" ., 0 

' , t 0" 7 • 

0 

" '0 ' a. 

"• _ '- - " . 

. ENCLOSURE ' • 
' C . ; . ' 

"' 0.36- " -' 
(0'.0'5) '--. 

. • 0'.79 "' 
, (0.15) ' 

0..Q3 

Q.I 9 -

, (o.py.• 

.y • 
.0.03 " ' 

',(o.:i.D' -

*1.28 •'• " 

.- o..23.' ; 

1 0 '.7, 

0.04 . * 
-(0.0) 

', o - '- . 

'0.01 ' . 
- (0.0) ;" ' 

. -o ' '-' 

-0.05 
'.(0.-22) ' 

0- "" 

-' 7 
0 

c > 

; 0 ' 

' A, 

\ 4.38"* : 
.-C0.;26)_ 

-2.39-" 

(oa4-y. 

•0.'08 . '-

049. -. 
•(0.21) ' 

' 0 , ; • . 

.•a .' -

; *3.377 s 
.* 0'.43 ' 

' & ' . • [ 

' 0.02. .'' 
("6.67$ . 

- 0. 

- o;"," : , 

_ 0.27 • 

• 0.02 
",(0,33)' .r 

0,05 

(0.0)4„ 

0.08 
. (0.29)' 

, 0,20' ' " 
(6.08) 

' L 

0*1-4 . 
.(q.oa)' • 

0.27 

, ̂ A P [ a 
• '0,02'. 

. 'pas1.' 
XCL06') 

0. . 

.0' • 

0'.'5? . ; 

..'0.08 ;: 

. 0" • . • 

0.0h '• 
"(2.6)- -

> 7:7, 
• 0.03: 

*(3v331 '. 

a" 0.05 " 

-0-'. .. 

. -Q. ' 

0 ., ' " 

0.01 
', (0.0)' 

" Key; $ -B » Beaverskin Lako . . , 

. * .G • ControlaLenciosures .-

A .-» Acid,lf ied- enclosures 

•L = -Limed enclosuresi
( , 
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Table' 9.. (d> September 26, 1981 

7 " SPECIES . ,"/.-', -, 

Daphnia catawba 

Eubosmina tubicen . . . 

Diaphanosoma birgei ' . 

Epischura nordenskloldl' males , ' ' • 

Epischura nordenskioldi.females • 

Dlaptomus minutus males. 

Diaptomus minutus females 

Dlaptomus o'regcnensis males 

Diaptomus oregonensis females 

Diaptomus spp. .C1V-V* 

DiaptOmus Spp. CI-III ' 

Mesocyclops edax males-' - '. * . 

Mesocyclops- edax f emaleC""""V 

Mesocyclops edax immatures . 

Tropocyclops prasinus males, 

Tropocyclops prasinus1 females 

Tropocyclops prasinus immatures 

• 

1 
0. 

0,77 
(0'.20) 

0.31 
(0.0) 

0 " ' 

. 6 

1.8 

" 2.3 -
(0.27) 

. 0 

0 

.24.3 

0.31 

0 

0 

0 -

6 

0 a 

' 

ENCLOSURE 
* C , A ' 

.05 
(0,0) 

0.7 
(0.19) 

0.5 
. "(0.27) 

' 0 

" 0 

; 041 

1.72" 
' (0.12) 

a'O / 

' 6 

13.9 

4 0.38 

0.08 • 

'"0.33 
(0.5) 

7 0.51 

0 

0 " 

0 

• 0 

.0.55 
" (.0.21) 

' 1.76 
(0.12) 

- 0 • 
9 

. o. 

0.1 

0.65 
(0.05) 

o J 

, . o 

74.2 ' 

.. 0Cl6 

• " 0 -1 

0.08' 
(2.67)^ 

9" • 

' "0. 
* 

0 ' , -

0 

L 

0 

0.48 " 
(0.45)-

0.3 
.(0.5) 

.05 

0 

,,0.28 

.0.67 
(0.18) 

0.18 • 

0 ' 

5.78-7 

0.09 , 

7 « \ 

0-2'6 j 
(0.0) A 

a, 1 

f 

0 

0.01 

0.12-
(0.0) 

0.05 

H 

I 

if 

Key.' B « Beaverskin Lake 
- *• • s 

C • Control'snclosures 
^ 

Acidified enclosures 

Limed enclosures 
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Table 9. . (d)- . (continued) September 26, ,1961. 

.iteciES. 

(""opepod nauplii 

Polyphemus pediculus 

' t 
Chydorus sp. 

,Eurycercus sp. 

1 J 
Ophryoxus gracilis 

Holopedium gjbberura 

• B , 

Jfc.77 

0 

0 

0 

0 " . 

* ENCLOSURE 
4 C M -

.0.53 

0,10 • 
(016) 

0.39 '• ' 
<0.02) 

0.10 
(6.17) 

, -O.03 
(14?) 

0.08 
(0.04) 

i 

0.15 ' 

O.05 
(o.o; 

. 0.43 ' 
-<0.04) , 

0 

0.2 
(0.04) 

0 . 

L' ' 

0.21 

0 

\ o ' 

, 0 

- 0 

0 

"tee **V m 
B = .Beavefski j i 1 (Crake • 

* ' a 

C-=« Control enclosures' 

A - Acidified en-closures 

'"L - Limed enclosures 
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J , •' ' ' 
minutus f t r a t daclinnvd-, and l a t e r recovered to some ©xt«at, A t i m i l a t 

' , » k 

' pa t tern waf seen' in the open lake. 
Mijjŝ cyCallops edax was* v i r tua l ly -v£ver aeen in the lake' samples, but did 

* • f k>" 
t - , • * 

occur ia the anclosures in low n^bers. It showed*the highest egg ratios • 

on 'most dates i*n the acidified environments I . - * 

; * - - - * * ' 

'Bolopctdinm gibbarua. did not occur in the lake samples, and wa| rare i n 

•the.controls. With liming,.. it*.fbowed a rapid decline to zero,, while in the , 
, ' . 4 * . » . # ' ' ' * 

* '- • • I , 
«*idified tubfes it appeared only on the secon4 and1-third dates, 

Tpwai*,d the end of the experiment (the last two dates), many species of 
- . a * a, ' 

.'Clailocera appeared in th* * control and acidified enclosures. These sp&cies 
* * '* ! • '" 

* - ' . » . . , • > , a ' • ' 

(Polyphemus, Ctoydorns, CamptocercttB, Eurycercus, C-phryoxug s'pp.) do not 

"normally occtfr i n , the open lake water-column, and, ware not seen in the 

Controls. . „ 
y *• 

Epischnra nord'enskloldi and'-Tropocyclops "-ptaBimiS' were rare' .and 
. ; . • ' , * - " ' ' ' — * . * • ' . •• • 

' " • ' • - . , • 

sporadic i a their ' occurrences In the samples. 
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c. ANOTA Sesults ' ', ' '«. 

Analysis of variants- wa's used to t e s t fo r̂ d i f farenca*. i n wean, 

abundances of" the plankton, between 'traataftntSa. •* <•"" . _** * 
" ' - , , a . a 

* ' ' a. 

For the 1981 enclosure experiment, the factors treatment and <tat* were 
a * 4 a * 

t e s t e d for th<^ v a r i a b l e s copepods and, c l adoce rans , T h e n u l l hypo thes i s 

' H 
(Hypotheses 1-4) i n each case I s t h a t the re i s no "dif feretfca- io j»ean 

abundance 6f the variable over, the, different levels of. the factor tes ted , 
' , . * , , a * * 

' > ", > , - • - . - . * 

' The a l ternate hypothesis-Is that tbe abundance^ are signifi6an*tly-dffjferent 

for different factor leve ls . "A raj action leve l of p «. 0.05 .fajj'usei in a l l -
. ' a, * *» a * 

* cases. The probabil i ty level p represents the probabil i ty that differences 

in' mean values of- a variable compared between'diffi&r'eat levels of a faetQ,r 
a ' * * * * 

" a • ' . » , -

„.are the result of random variabldn'alon^rathar'than the effacts of that 
^ • r ' ' - . ; "- - ' * 
factor,'- . , , - . V 

• - - . • • * 
1 , a . ' a .' . * . • •_ • Sa. 

For copepod. mean abundances, the-mill Hypothesis- was accepted-' 
(p > .05) fo,x̂  the factpr treatment (Hypothesis' 1), and was rejected," 

.» - " ' » . . , 

(p < ,,05) for t h e - f a c t o t date - (Hypothesis 2) (Table 1-6),, showing t h a t 
' ' * - " . . ' " " ' . " ' \ . ' * " • ' ' -

copepod abundance was the same ai&ong treatments , but changed s igni f icant ly ; 
over time. The.se changes oVer" time 'reflect- £he natural seasonal changes In-

. . ' , • . . . , . / -
Copepod" populat ion. lWeie. • -The- Interact ion term between treatment and date 

. • ' . • * . • >v • . ' ' ' . ; • 
"(Hypothesis 4) had a ye^-y low p r o b a b i l i t y (p =» 0.054)>

,but was not q u i t e 

' s igni f icant . This indicates- some l i ke l ihpod tha t . . the changes in copepod, 
' - V. > «. • - , 

abundance over time wegre not tha-same, for each of the treatments,*'although 

the treatment^ did not by .(-}la*«iSa-w&lves have, a s ignif icant effect. Similar 

r e s u l t s were found for the c l adocerans . Treatment was not s i g n i f i c a n t I . 
1 - " ' . ' . ' V - a 

i> 4 ' \ ' a l 

•** da te was s ign i f i can t . , and* t h e ' i n t e r a c t i o n - t e r m had a- low but n o n - , 

.Significant probability. ' , ' . . . 

http://The.se


' " * " * ' * '"VS4 

, " a ' ' ' •> ' i " , • 

r -; • *- . 
* *•* 

tabla }Q; AS0VA "Rasnlts., Mav^-fiW-n."Uka enclosure experiment, 1981.. _ * 
* - - ", F - F » t * t i # t l t i f o r a$"§3?A " 

' *.' 
4' p » s i g a i f i canee i e i r a l iox. M 

VA&IABLI - Copepodg 
v. 

FACTOR 

Treatment * ' 

Date 

Treatment "jc "Date 

/ 

* 4 

1.37 

'. 37.6 -. 

" * 2.31 

* 

) . , -

"0.325 
• * 

0.000 

0.054 
r 

VARaCABflE - Cladooerans /-

FACTOB. 

"Treatment 

Data 

itoeatment 

H 

. 

x ."Date 

• 

-

t. 

l» 

. F* 
v * 

2.46 

5.85 " 

2.09 *. 

-

P 

6;i66 • • 

' 0.602 
• 1 

' 0,078, 

•* 

a 

\ 

-
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II. tear II — pH, Sutriants and Planktonic Food Webs 

* • % * ' c ' 
a. Water Ctia&aWty • ) 

* * 
TJhe vanfations -of pH in the eight enclosures-and in Beaverskin Lake f 

1 . , * ' • * a 

are represented in Fig, 11. The close agreement of pH values during the 
t *" * t 

/ptare-treatraent period demonstrated that i n i t i a l conditions were s imilar in 
X a ' -<~J 

a l l experimental,enclosures p r i o r ' t o i n i t i a t i o n of the experiment. The pH 
a . j v 

in Beaverskin Lake and the control enclosures remained similar throughout 

the experiment. In the limed (L) enclosure"reuli'catef, the pH in L-l showed 
. . jr. * 

* a / ' . • a . « -

„ a gradual increase") but in L-2 pH exhibited an unexplained lag and then a 

- sharp Increase between September 21 and October 6,, The- pH J.n the nutrlen£-

, * . - x * "" 

enriched- enclosures^ .decreased as a- result of an Increased H ion 

concentration with each add-ttion of Ha-PO./ When nutrien^ additipns were 

stopped (Sept. 21)",' a rap© return to control pH was' observed without a 

subsequent decrease when nutrient additions were resumed (Oct. 6). Also, a"" 

small -upwarcf- t^end in* pH was observed in the acidification" enclosures pn 

the last two sampling dates. *-' * " " ' • ' - , 
a * ( 

Table 11 i s a summary of the most pertinent physical and chemical data 
• - ' . - • ' ' * - " . * • - - . * • * * ' " . • 

c o l l e c t e d In t-he^experiment. For enc losu re s , a l l ' v a l u e s aj?e repor ted as ' -
- ' . * - * *'"* *' 
• the mean of treatment repl ica tes . Neither the lake nor the eraeiosures wotfe 

* - ' * . a ' I " . 
-* •- a* ." 

th ' e rpa l ly s t r a t i f i e d .during the exper imenta l pjeriod* -The tempera ture 

.profiles in the enclosures ahd in the lake were ident ica l on each date, and *„ 

'mean va lues per dat:e ranged from 23°C a^-the s t a r t of the experiment to 

10°C at the end. - A sharp decrease of 6°C was observed, between* September 

21 an'd October 6. Si l icate was measured-but .values were near or below the 
» * . ' * 

• l imi t s -o f d e t e c t i o n . Oxygen p r o f i l e s were s i m i l a r t o each o t h e r , and 
. levels awere always close to saturation .values,^ Soluble reactive phosphorus 

values for mopt observations'* were near or below the l im i t of detection. 
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x 

* " F igurc jU. Mean pH in Beaverekin.Lake anclo*ur;« experiments, I9«v2. 

• % Key. "• t 

, . ft .'p—Jj—0 Beaverskin Lakt* "-

.— -Control Enclosures ^ 
Acidified Enclosures 

* • » • « • « limed Enclosures 

__.—.__-...^ Nutrient Enclosure* v 
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6.0-

* 5.8-

5.4-
5.2-
5.0-
4.8 -

'4.6 
23 

July 

o 

* • 

/ 

* * -LI 
—L2\ 

** •* 

k / 

, i 

\ 

• '••Ncy 

V" 
• • . , - , ^ - A 2 

/"• ^** 

T 
7 

V 
"1 

Aug: 
6 21 
Sept. 

T r 
6 ->2t» 
Oct. 
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Taj-ble l l j 93?«ijcal/(hmLcal Data for BsSakWtddn -Lake % c k x K g ^ l 9 S 2 , V . . i 

X ' ' * * M.t*x*» - ' [ - Sa«li!ib*tv 
S i c l o s w e / * ' " ' , - a • '•+ : ' "Utal aaacti^tt 
Da** M- *%-W Q^iea Oil*, a RLtrita Aaftoala Phoi«pbap-« Pboaphorus. 

' 

V 

BWmSKXH 

' 820723 

•3208QZ 

820822 

820906 

820921 v 

' . 821006 " 

. 821021 

• •* 
' comoL 

820723 
.J 

820807 

'820822 -

820906 * 

- 820921 

,- -821006 

•821021 

* -* 

> 

. 5.56 23,0 

5.66 214 * 

5.55 . 1B.5 " 

5.47' \vM 

'5.43 - KLO 

5^49 12.0 

5,51 lfltf) -
• * 

* 

1 

5.56 23,0 , 

5.63 "'21-0 . 

• 5.59 . • *18.4 . " 

5.46 19.0 

5.33" 18.0 

5.45- 12.0 ' 

5.44 10.0 

PP-
1 

• 

7.86. 

' 1.78- , 

8.48 

8.70 

8.58 7 

10.3 -. 

10,9 

" 

. 7.37 

7.25 ' ' 

8.3l" ' 

8.53 ' 

8.60 a 

10.1 -

11.0 

• '. j a O*!*"3) • " • . ' a - ' 
1 

' 7 • •' 7 ." >-. 
* * * • 

.97 5.24 - 32.3 3.62 .970 .. 

.43 .2.18 2.89- $M \5C30'' 

* . * 
.95 . 4.34 - " 3.17 1.11 .795 

• * • * < " • - . . ' • • 

1.2 1.49 ' 7.99 - 1M • . M5 
i •* a . * * 

•» . ' a. * ' 

.79- 4."52, 1.00 2^)3 ' JsOQ 

1.7 2.48 ... 1.00 ". 1.02 . 5 0 8 ^ , 
' ^ a M " ' ' ' 

1 . 4 ' 4 r 4 5 " ' 1 1 . 0 : 2-03 .965 
-, . • 

A . . . . 1 • 
k * 

.95 6.28 ' 30.0 ' 5.® ' 1 4 7 > 
* a* 

1.1 ^ 1.40 13,2 1.29'" . ,552 

1.7 * • 5.30 " 4 J l * 1 4 2 \ .940 

1.3 4.01 7 9.10 , 1.70 " .815 
f a ' " 1 

1.7*- 6 .91- ',"* 1.Q0 ' 1.04, <H .500 
"V * * - V 

2.2 2.52. 1.00 .880 - .500 

" 1.6 ' 2.74' '8.90 " .791* -.500 

Baeio 
• 

* 

.524 

10.6 £ 

* 9,97 

14.6 . 

11-0*' 

6.96 a-

' 16.8 

*' 

20.3 

'24.5 ' 

10.8 

16.1 

15.8 ' 

1JM 

23,3' 

file:///5C30''
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ft|-1n*W 
pste ' 

" ' 

.. TBfg&SESS.' 7 

820723 7 

8206W '. 

820822 

'820906 

" * '820921 

821006. 

821021 

LJffilG . . 

"820723 

' 8208^ «* 

" 820822 
a - " 

820906 -

'820921 

821666' 

' 821021 -

Acroire 

820723 

\ 
820807 

« 
820822-

820906 

.* 821006. 
' 821021 . 

\ « 

5.55 

5.64 

5 3 

5.14 

5.39 

.ai39 

*5.53 

( 
5.61 

5.8-1 

,5.89 

5.90 

. 6.35 . 

6^59 

5.50 
* 

5,63 . 

5.30 
* 

4.98 

' 4.62 

4^6 
5.01 

-* 

* 

* 

,23.0. •. 

214 

18.5 

194 

. 124** 

s 104 

* 

' 23.0 

214 
f 
. 18.4 

19-0 • 

18.0 

. . 12-0 

10,6 . 

* 

23.0-

.. 214. 

* 
18.5 , 

" a l M a * 

18,0^ 

124" 
10.0. 

pp» 

f . 

7.50 -

7.51 

"8.64^ 

8.64 

8.56 

• 10.3 1, 

** 114" 

' .\ 

7.58 

7.53 

8.28 

.''8.45 

. 8.55' 

9.75 ; 

10.5 ' 

* 

7.47 

7.50 

'8.33 ' 

8.69-

. 8.63 

*"104 
11.0 

+ , / ; l-tal "tkacdL-g. */9 
Chi, a Sltrlte inooia W*«phocu« AoafbaCps Bstio 

* * 

1.1 4.52 

"M 1.40 

4.6 541 

". 2.8 18.3 
4 

1.7 22.3-. 

. 1 . 8 7 5.62 

1.8 6.24 

. "*' 

".91 '• .4.34 

*1.1 1.40 

1.2 4.34' 

.47 1.67. 

l . t . 4.94 

' 2.4 *' 1.45 ". 

1.9 ' 3.83 .. 
. - M '• 

' "®Wl a 

, 1.4 4.43 

14 ^ a 1.40 
* 

• 1,2 4-52 

0.81* 1.69 ' 

1.0 4.67^, 

1.7 • - 1.40 
1.2 1.73 ' 

* 

bg'mh . 7 ; 
... . o.,,,, * ,.x ' " . . 

- '. . ' "4 ' 

31.3* a. ' " 3*09 . f.70 /24'.7 • 

2.l6 " 3.77 > ,500 -5.6Q ' 

20.5 • . 2.7,4 -"..:*& 18.5 " -

84:6 2.25 ' * ^62- 190.-

214 1.23 .500 "86.5 
' , " • • * » " 

' 14 ' 1.02 .500 13.2 

44.8 I , 1.98 .370 . - 92.8 
"* \ 

* 

32.9, 3.13-' 2,26 18.5 
* -

6.9.5 , 1.-23 I .517. 16.3' 

3.69 ^ 1.39 .,1,31. ' 6.46 

6 .19" 1.87 * .617 13.5 : 

1.00' 1.02 V .500 ".' 11.9 • * 

, 1.00 .904 ' .500-' 4.-91-

5.89 .886 .500, "l9.44 

, i^J. • . „ ' , « , , 

. v a. * a. . 

* • " * - ' 

31.4 3.49 '1.30 ' 30.2 * 

10.4 1.25 .897 19.1 

4.96 '. * 2.54 1,55. *' 8.68 

£.87 1.78' • .'825 10.'3 , 

1.00. 1.33 - , ,.500 11.3 . 

1,00 .888v-"-% -500 . 4.80 
7.71 JB41 " .500 18.9 
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<-V. ">*5̂  Ve r t i c a l p r o f i l e s of n u t r i e n t an^ ch lorophyl l £s<ipnceii«t r a t ions for 
k » -

selected dates $r« represented in Rig. 12, Concentrations were quite 

uniform over d-epth.- On Saptemtys-r ,6, five days after an addition of % 
• 

n u t r i e n t s , an Increase i n . n i t r a t a + n i t r i t e was observed in the enriched-i . 

enc losu res , but phosphorus was quickly u t i l i z e d and remained , low. 
«*• ' 

Chlorophyll a. concentration increased substant ial ly between Aug.* 7 and Aug, 
a • *• ' * 

22, during which t ime n u t r i e n t add i t i ons began. The n u t r i e n t and 

chlorophyll a concentrations In Beaverskin Lake and the controls remained 

very ' low.," By September 2U n i t rogen .remained high Itt t-he n u t r i e n t 

enclosures, but chlorophyll a decreased to control levels-^ possibly because 

"" * X 
of phosphorus l imi ta t ion . N/P ra t ios on these two dates ware 19Q and 86.5 

» b. Phytoplankton 

21 Data*compiled for a l l algal* spec ies toge the r (F ig . 13) showed one 

major (August 22) and one minor-(October '6) poak in-abundance for a l l 
* * k 

treatments and the lake. Comparing treatments, there were differences In 

"^naghitudes of t o t a l a l g a l abundance. The n u t r i e n t - e n r i c h e d enc losures 
« . a 

exhibited the highest populations, while acidification reduced algal 
•» . * 

• ' i t ? ' a a a 

abundances.\ Numbess In the limed enclosures followed a pattern similar to 

-•that of. the controls and the lake community. 

• a 

The cyanophytes, or b lue-green a lgae , were by far the most abundant 

* <. * 
algal group (Table 12), and so the i r pattern among treatments was similar 

"td t h a t for the t o t a l a l g a l community. A major paak.occ.urred on Aug," 22, 
k ' * a 

and a smal le r one on Oct. -6 (Fig, 14). Highest abundances were gene ra l ly 
found in the enriched enclosure's and lowest numbers i a the acidified ones. 

' " * • " 

* * ' 
The con t ro l and limed populations" showed p a t t e r n s s i m i l a r to each othj-er 

throughout the experiment, while"" numbers of cyanophytes In the lake were 
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/ . * . , ' ^ - • . - , 
Figure 12, ""/e'rtiijal p r o f i l e s of ch lorophyl l £ , n i t r a t e + . n i t r i t e ^ and 

- . ,* • * ' - '' ." 
soluble reactive phosphorus^ (a l l mg./l.> in Beaverskin Lake 

1 "* enclosure experiment,' 1982. * 
.- ,t • a * 

IBiarerskin Lake 

Control Enclosures* .f£ 

\ 

* !> 

Nutrient .Enclosures 
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Figure 13. To.tal a l g a l abujsdanc^i ( m o s . / l i t a x ) i a , B.*a.v«rsll£a "-Late , •. 

enclosures, 1982. 
«*"- *7 '- •" ... 
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;• \ < 

-kU- . '•—- Sutrient Enclosures % 
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ifable 1*2. * .Plankton fupc t lo t t a l group abatt<Janc&a f of B e ^ g r s k l n Lake .ancloiMiif e s , • 
' - * - * - * * , * - a ' a ' r ' . f . 

" * ' . " 4 * " * a . n a' ""* * ' * 

- ' "1982. (Nos. par[Liter- phytoplankton, nos.. per M.- zoopl'a*nkl:oil!).', *.», ' 
a ' . a " ' - ' ' ' - ' ' ' ' • • ' * - . ' a .' • ? * 

TREATMENT DATE 

ACIDIFIE1-- 820723 -" 

'- * - , - , 8 268p7 

.- , 820822,' 

^ ' . - 8-20W6 
4* X F-

"• ' " '820921 ." 

. ' " ' ' "821606' -

*" ' * ' „8"2"1Q21 , 

• 7 - •'! • • I'kfs&ik. 

BEAVERSKIN 820723' / 

* 820807 " 

' . .820822 

,V ' . '"820906 

. , * 820921 

: ^ 821006 . . . 

""' . '.-7 "8-21021 

' ' . MEAN 

GSEENS 

99401, / 
* * 

\ 78800. .' 

22-600. „ ' 

•617Q0.a . 

129066. « • 
4 • - / 1 

,? 80990. '-.7. 

V * 

87500. . 

18300*. 

^59000 . . -

. 18300. -

67100. 

. -389GQ. 

•35000. 

75000,.' ' 

»|fcp8MS 

^19000. 

' 7550. . 

- 8750. 

- 250QP. 

99900. 

: 327000. ' 

-*l43Qef 

•771800-.'" 
K 

7160. 

• 3180'. ' 

18300.' 

•238,0.;'-

• '' '4770* 

' " * • , 

'3970. 

2380.' 

6020. 

« '6630600. 

.'"' 5996900. 

. - ""9120000.; 

ltfOOOoC " 

- . 45O00O. - ' 

,-. 608O0>. ;, 

* "-'1130000*. 

. .assbtjoou 
1 *• J 

' - . .% 
' 61300.00. . 

^ -1400000. 

136000530. ' 
* V 1* 

*; 11-300000. 

2920000. 
a , 

4 '4140000. 

140000,0." * 

7290000. 

Camt9opiai%Tr§s >• •'." > * • 
y * 1 » ** * 

• ' 4.370. , ' ' . ' . . . 

' ".9150.r • * - , • ., _ " 
f ' 

' '25^00.' • ' I ' { 
a * " ' 

. -7950. ; ~" , * V ' 

*-' -3180-. - "' . '*" .. 

..w' j , * - * a " a kS 

" 27\)00. • % i - .-: 

"' 4236*0. " . ' . . . 

"..- 17100," - ' 
*** a n " ' » * 

" " 5 5 6 0 . -
->* "* J 

-. '21400, ' ' " • 

'." -10300,' 

4 9540. 7 '" ( ' 

* ' ' \ * 
23800., •* ' 

" ,- 3.6600. ,-

' ' 6.200b. - , . 

. '24200.^ . k 



Table 12. Continued, 

TFJEATMENT 

CONTROL 

_ 

- - • , . 

• 

jS . 

. 

LIMED 

H 

-' 

-

. ' 

r . 

i, -

NUTRIENT-
1 

.» 

»• 

" -

. 

BATE 

820723. 

820807. 

820822 . 

820906* " 

820921-

821006 

k821021 

'MEAN 

? 

820723-

• 820807 

820822 

820906 " 

"820921 

821006 
* 

821021 ' 

' -MEAN 

820723 . 

,820807 

820822 

820906 

'820921 

,821006 

, 82102-1 

MEAN 

; 'GREENS 

» " • •*v 

66000. 

48500. ' 

148000. 

' ' 57600. 

' 72200. 

' 48900. t 

144000. 

83700'. 

, 15 lfiO. -' 

121000. 

100000. 

-.86300. 

, "45300. 

35000. 

28200.' , 

61700'. 

9940. 

-34600. 

265000; 

' 153000." 

- 89600. 

40900. 

67200. • 

" 94400." -* 

DIATOMS 

4370. 

' 11100. 

16300. . 

15900.--

149000. 

4.730Q0.. 

. 1 1 7 0 0 0 . 

5 5 3 0 0 . 

15500 . " 
* * • 

13500, 

- 9940. ' 

• 18300. 

20600. 

33400. " 

" -33600'.-

. 20700. -•' 

5170. , 

•17500. 

38800. -

146000*. 

.. . 83700. 
V 

, 18300.. 

" 15500. 

. . 46400. 

t BLIPEGREENS 

2,070000., 

. 3680000 . 

12600000 . 

3650000 . 

,2110000. 

2630000 . 

8 1 4 0 0 0 . 

*• 3 9 4 0 0 0 0 . 

t . ' 4320000' , 

85900,00. 

17200000 . 

, 2 0 0 0 0 0 0 . 

2200000 . 

- 4 3 0 0 0 0 0 . , 

9350-J. -
* * 

'• 553000.6. 

6530000 . 

- ' 9 7 4 0 0 0 0 . 

27300.000. 
* * 

, ' / 8 5 4 0 0 0 0 . ' 

3020000 . 

* 7160000 . 

1200600 . 

9O700O0-. 

CHRY80PHYTES 

2380 . 

. 14700 . 

15900 . 

107000 . 

" ' 32000., 

'* - 17900 . 

> 3 1 8 0 0 . 
i 

' ' 3 1 8 0 0 . 

57366. 
** 

8750. 

33400. * 

"• 61300, 

15100*. 

/ 59900. 

' , 2*5400. 

37400. 
- . a t 

7 5 5 4 . 

-. '"9150. 

17900 . 

14100 . 

. ' 2 4 3 0 0 . 

' , - 525Q0. 

65200 . ' 

• 27200 . 
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Table 12. Continued. •» » 

TREATMENT DATE '^NTHOPHYTES 

ACIDIFIED 820723 '' 

820807 

* / 820822 

820906 

' / " 820921 

821006* 

t 821021 

" 'MEAN • 

1 

BEAVERSKIN 820723 • 

' 820807 

' \ ' 820822- - . 

820906 

*. - -
820921 

* 1 

821006, 
J-

. 821021 ' 

MEAN-

2780*. 
* 

14700. .-

23400.-

47700. 

44800. 

19600, ' 

30200. 

26100. 

1590. 

' 7950'. 

" '10300.. 

18300'. . 

9540. 

93900. . 

23800. -

,23600. 

UNIDENTIFIED 

36200. 

7160. 

17500. ' 

6760. ; 

1190. " 

* 1 7 1 0 0 . ' / 

27400. ' 

' 16100.* 

30200.' 

18300. 

« ' 
•30200. 

* 
31000. 

' .55400. 

86200. 
* 

38100. 

* 41300. 



Table 12, 

TREATMENT 

.CONTROL 

• \ 

•f 

r * 

r 

- . 

• 

LIMED 
i 

/ 

/ 

/ ' ' 
a 

• 

', - J 

* 
NUTRIENT 

t 

1 

"". 

t 

» 

,Continued. 

i 
DATE . XANTHOPHYTES 

820723 

820807 

820822 j 

820906 ' 

820921 

821006 

821021 

• MEAN -

\ 
820723 " 

820807 

820822 

820906 

820921 
* • 

.821006 " 

821021 

MEAN' 

820723 

-820807 • 

820822 

820906 * 

• 820921 

821006* 

821021 

MEAN 

4370 . 

19800 . 

' 9 5 3 0 0 . 

8 5 2 0 0 . 

7 2 8 0 0 . 

3 0 2 0 0 . 

i 

30600. ' 

48300. < 

•'" 4770, 

7550. ' 

13500. " 

24600. 

76600. 

79400.- ' 

15900. 

31700.. 

r 

2380. 

11900.. 

'505000. 

489000. 

149000. 

99800, 

34200.' >. 

184000. 

UNIDENTIFIED 

33809. 

* 4760 . 

1940X). 

10300. 

1590., • 

10700. 

7950. 

12900. 

" 30200. 

11100. 

"32600.. 

20200. • 

20600. 

71700. 

16700. 

. * 29000. 

48100. 

8750. 

1550O. 

r ".1O70O. 

16700.. 

58100-^_ 
" ^"~~"0 

" ' 4210b. 

• .28600. -, 



Table 12. Continued 

TREATMENT 

ACIDIFIED 
* 

• 

* 

• ' « a 

-

r 

DATE " . 

820-723 

820807 

820822 . 

820906 

820921 

821006 

821021 

MEAN 

BEAVERSKIN 820723' 

„ 

. . ' 

-

,.-

820807 

820822 

820906 

820921 

8*21006 

821021 

* MEAN 

CLADOCERANS 

2310. 

3570. * 

18200. 

29700. 

.11300. 

6260. 

.' 4560. 

- 10800. 

12800. 

" 20300. 
« 

. 5430. 4 

2450. *" 

. 4260. ' - ' 

603. ' . 

2210.- . 

- 6880. 

CALANOID". 

COPEPODS 

-' 13500. 

8100. 

14000, 

15500. ." 

9910. 

5690.. 
ft 

9300. , 

10800. 

86200. 

• ,43800. 

"; 623.00* 

61100. 
a 

50100. 

31100. i 

46000. 

' 54400. " 

CYCEOPOID 

COPEPODS 

201. 

* 150. 

1710. 

' 528. ' 

603. 

729. ' 

352. -'*•* 

610. 

905. 

- . 1610. 

0 

211. 

0 

402. 

• ~"-*2810. ' 

• 849. 

ROTIFERS 
r 

704. "\ 

7190. 

67 40,. 
-» 

' 13600 . 

6640. 

8750. 

48300. " 

13100. 

• 

3720. 

1200 > 

.2210. 

1900 / 

12600. 

23500. 

57900. 

14-7Q0." 
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TREATMENT DATE. 

* .-

CONTROL 820723 

^8 20807 

820822 

820906 

820921 

821006 

821021 

MEAN/ 

LIMED 820723" 
* a 

820807 

820822 ' 

820906 

820921 

821006 

821021 

MEAN 

NUTRIENT .820723". 

820807 

. '820822 

820906 

• 
820921 

821006 

821021 

MEAN. 

-3LAD0CER)", 
"* */ 

4520 J1 

27.40^ 

- 13000 . 

' 20200 . 

32500 . 

21900 . 

6010 . 

14400 . 

- -8950. 

2460 . 

' 1 2 6 0 0 . 

8 6 0 0 . 

9660'. 

2050 . 

5280 . 

7 1 0 0 . 

9 6 6 0 . 

1 5 5 0 . 

"8650. 

- 12900 . 

15000 . 

1810 . 

1250 . 

' 7 2 8 0 . 

NS CAljANOID^ 
\ • COPEPODS* S 

) / 
- 51300. 

4250. *. 

• 28900. 

2160. 

1110.- . 

1150. 

4940. 

' 13400.. 

29000. 
a 1 

.«• 13600. 

'38000. 

23800. 

14800. . ' 
i * 

• I960. "• 

7390. 

- 19100. 

31900. 

5130. v -

11600 . 

, ' 6640 . 

8 3 5 0 . 

6 7 9 0 . 

2 0 7 0 0 . 

13000 . 

•CYCLOPOID 
COPEPODS -

502 . 

3 6 8 . 

•5640. 

6330 . - . 

•6120. 

4520 . 

1110. 

3510.* 

0 
a *• 

402. • 

402*. ' 

- 201. " 

150. * 

• 150." 

150. 

208. 

, 301. 

201. 
# 

1710. 

2310. 

3110. 

150. 

100. 

1120. 

ROTIFERS 

352. 

2620.,( 

* 26300. 

11900. 

854. 

13400. 

24000. 

11300. 
1 < 

8750. 

4780. 

1300.-

10100.' 

2J>60. * 

• "27700.* 

B 15800. 

10100. 

4720. 

2560. 

9250. 

17400., 

15600. 

18600. * 

91100. 

22700. 
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Table 12. Continued 

TREATMENT DATE 

tt 

ACIDIFIED 820723 

• 820807 

820822 

'820906 

820921 * 

> 821006 

821021 

MEAN 

BEAVERSKIN "820723 
* 

820807 

820822 

82Q906 

820921 

821006 ' 

821021 
» 

MEAN 

INSECT 

LARVAE 

0 

' . 0 

0 

a> 7 

0 / 

• , ' o 

' 0 

0 

X\ • 

' fr 

' -6 
* 

0 

0 

• 

q 
0. 

0 

0 

*• 

"• JP 

COPEPOD 

j , NAUPLII 

t&atSo. 

4370. 
-

8150. 

4120, 

4170. 

5350. 

13000. 

1J600\ 

58500'. 

2810% 

4420. 

/ 6080. 

4580. 

52?0, 

14000. 

13600. * 

ARACHNIDS 

<• 

0 ' 

9 A 
* *»-. 

o ' 

0 

0 

0 

0 

0 
* 

0 

o 

0 

0 

6 

603. 

0 

86 . 



Table 12. Continued'. 

™«V- •• 
it " ' 

CONTROL , 820723 

820807 

1 8208a22 

820906 

' -82^21 1 •' / 

821006 ' ' 

821021 

MEAN 

* * * 
LIMED * 820723 \ 

• . -820807 

\ , ' - 820822 

X 820906 

'820921 

821006 

,, ' 821021 

MEAN „ ' 

« * 
NUTRIENT 820723 

/ k * 

820807 - • 

820822 

820906 ' 

820921 
* l 

821006 

821021 

MEAN 

* 

INSECT,- -

LARVA*-!* ^ 

0 

50. 

0 

5 0 . t " 

0 

15. 

0 , 
* 

-' ° 
0 

0 

0 

. o '• 
i f 

0 

0 

Q 

w 

0 
*4 

0 

0 
r 

0 

0 

0 • . 

* 0 

* • "* 
'CWfftPOD "* ARACHNIDS ' 

' | R U P L I I 

34400 . ' r ' o • 
• ; : * . . ^ 

* 1760. 0 ' 

130®0. " 0 ' * 
* * * I * * 

4520.". , * 0 ' • 

2080. - * - 0 

,2960. ' 0 

1670.* ' 0 
4 * 

* 8640. 0 

70200. « 0 -

2510, . 0 

5830.", - 0 

6640. 0 
Jf 

5780. ' r 0 

* 5560. 0 * 

4370. 0' 

14400. " 0 

, •*• 

49000. 0 

2910. 0 

5930. 0 

8800. ' 0 

5630. ' 0 

4620. 0 

10200. 1 0 

. 1240O. - 0 
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Figure 14. Cyanophyte abundance ( n o s . / l i t e r ) in Beaverskin Lake' 
. • • " '-J-

** » 
l^sur^s-, 1982. ' 

Beaverskin Lake ' 
4. - * a" 

k ^ %, * • - * • * ' 

_^ Control Enclosures 
* " ' - '• 

* „* " ' Acidified Enclosures ', v* 
* . i . -• 

Limed Enclosures , %l , * 
- ' • • " ' 

— . — Nutrient Enclosures ' , *» „ 
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generally s l ight ly higher than in these enclosures. Cyanophyt-e populations 

a t the end of the experiment were, s imilar In a l l locat ions. 

The" dominant jcyanophyte species was .Agmenellum thermale (Appendix F)^ 
- k> , 

a very small (2 micron diameter) colonial species'whidh form's small mats1 of 

c e l l s . Th i s ' spec ie s was most abundant in the enriched* enc lo su re s , and 
r -

least numerous with acidification. The ottier relatively "a'bu'ndant 
a f 

cyanophyte, Chroococcus' d i s p e r s u s , was a l so numerous with nu t r i en t* 

addition, however, the lowest mean levels for th i s species .were noted' in 

the c o n t r o l s . This, spec ies was not reduced by a c i d i f i c a t i o n in the sane 

way as Agmenellum thermale. * 
• , a 

Levels of chlorophytes, or green algae, were very similar in the' 
• 

enriched-enclosures and in Beaverskin Lake (Table 12), showing a single ' 

'peak* on Aug. 22. Populations in the acidified and limed tubes'-were 

variable over the experimental period, but a trend emerged of Increasing 

numbers in«the acidified enclosures and decreasing numbers in the limed 

enclosures over time (Fig.15). Numbers, of chlorophytes In the controls were 

wpte variable, with two abundance peaks occurring on Aug. 22 -and Oct. 21. 

"The domlltant chlofophyte,. Schroederia setlgera, 'Showed its highest 

mean'abundances over the course, of the experiment in BeaVerskin Lake, 

" although variation was quite high, and this species was not. present on all 

*"» 

dates (Appendix .F). Lowest mean abundance for this species was seen in the 

enriched environments. The- pattern for Sj_ setigera "differs from the overall 

pattern for cKlorophytes. The other dominant chlorophytes, Ulothrix 

variabilis and Gloeocystls maior were most abundant in the enriched tubes, 
a " 

and showed thel^,second highest levels i n the controls, Mougeotia sp., a 

f i lamentous"-chlorophyte, showed r e l a t i v e l y high abundances only in the 

acidif ied enclosures; apparently it. was enhanced by the decrease in pH. I t 
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Figure 15. Chlorophyte' abundance (nos./liat|Br) in Beaver skin -Lake, «* -.< * 

enclosures, 1982. 
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, " * * . . . * 

' was a minor constituent of the Chlorophyta in the other environments, 
^ * '" " • « . . * • 

The chrysophyte««have been divided into tw© groups - the diatoms, and 
,p 

- other non-iliatom chrysophytes (Table 12). Populations of diatoms were very 

low in Beaverskin Lake throughout "--he,experiment, with"no evident1 peaks 

., (Fig. 16). Diatoms did exhibit blooms in the enclosures, however, with the 

exception of the limed* ones. The highest levels occurred. In the acidif ied 
' . * ** - * -

- e n c l o s u r e s , on Oct. 6, whi le pefaks of i n t e r m e d i a t e s i s e occurred i n t h e 

con t ro l and enr iched enc losu re s on Sept. 21 and Sept. 6. r e s p e c t i v e l y . By* 

the end of the experiment', populations of diatoms returned to low levels 
4 , ' * , , -

s i m i l a r to t h o s e i n t h e l a k e , w i t h t h e e x c e p t i o n of t h e c O n t t o l , 

populations, which remained relatively* abundant. *. . 

Two of the dominant diatom species "were Tabellaria fenestrata and T. 

flocculosa (Appendix- F). Both these species, were less abundant In the lake 

than in any enclosures; however, these, congeneric species .responded to the 

treatments in markedly different "fashions. T. fenestrata was mote than-ten 
* - - • ' .• *- . 

times as abundant in the acidified environments-as in any others , while T^ 
flocculosa was most..numerous; with enrichment. Synedra pulch'ella, the o the r , 

«. - '. , < - - ' ' " ' - . » . J"'" "-
dominant diatom, did best" tin the c o n t r o l s , and was a l s o abundant in t h e 4 

\ ' ' » * ' ' f \ . 
acidif ied tubes . • ' , " " * . - * * • 

The non-diatom chrysophyte* speqies were not abundant in any of t h e ' '4 • •* • x- - -
t h e . t ubes , nor in t h e a l ike (Table 12)* Populat ion p a t t e r n s during, the 

experimental period were s imilar in a l l locations'," with peaks occurring In 

* the controls and limed, enclosures on Sept. 6 (Fig, 17). Numbers tended to 

' increase in a l l environments toward the end of the experiment. 

Dlnobryon bavaricum arid Mallomonas caudata were the most abundant non-
. aft _ , 

diatom chrysophyte species (Appendix F). Highest levels of D. bavaricum 

occurred In the control and limed enclosures, while M. caudata was moat 
*v * 

i • * 

abundant in the enriched* and limed environments. 
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. • ' ' . ' • • ' • • ' * " ' " 

Figur-e 16. Diatom .abundance ( n o s . / l i t e r ) in Beaverskin Lake-

enclosures, 1*982. - " . '* • > <•* 
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k - , - . ' 

, ' * ' ' " * " . * 

Figure 17, Non-diatom'chrysophyte abundance (nos./liter) in Beaverskin Lake 

.• • enclosures,' 1982. - - a --

Key: '- • '- ^ • '• * " " ' 
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* Si 

Xanthophytes, the yellow-green algae, showed one extremely high bloom * 

In the enr iched enc losures on Aug. 22 and Sept . 6 (Table 12), wi th minor 

peaks occur r ing in l a t e August in the c o n t r o l s and e a r l y October in the 

lake ^nd In the limed enclosures (Fig. 18). ' . 
<** * . 

K The" dominant xanthophyte, Chlorochromonas minuta, was very abundant in 
the enriched-enclosures, although i t s numbers began to decline towards the 

y ' 
end of the experimental period (Appendix F). Numbers in these enclosures 

were between five and nine times higher than in the other environments. 

c. Zooplankton - ' 
* k -

1. Standing Stocks 

Total rotifer densities were higher in the enriched enclosures than in 

"the others,- with -a. sharp" increase, in abundance at t,he end of the 

experimental period (Fig. 19), Rotifer densities showed a tendency to 

increase over time in the other environments as well, but not to such high 

levels. Rotifer populations were similar to each other in all other 

environments, with slightly higher levels, occurring in the control 

enclosures (Table 12). ' , jf 
' a. » J^""*" 

The dbminant r o t i f e r spec ie s in a l l . environments was Conochilus 

u n i c o r n i s (Appendix F). This species, accounted for the major i ty of the 

d r ama t i c i nc rease in r o t i f e r numbersT.n the enr iched tubes a t the end of 

October. The other abundant r o t i f e r , Keratella cochlearis , also tended to 

Increase In a l l environments toward the end of the experiment, especial ly 

i n the enr iched tubes and in.Jthe "Lake. A.third r o t i f e r s p e c i e s , Ploesoma-

h u d s o n l i , was r e l a t i v e l y abundant -in the enr iched enc losures in e a r l y 

September, at about the mid-rpoint of the experiment. This species was only 

a minor component of the ro t i f e r communities in the other tubes. 

< 
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Figure IB. Xanthophyte abundance (nos./liter) in Beaverskin Lake 

enclosures, 1982". 
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Figure 19. Rotifer abundance (nos./meter3) in Beaverskin Lake 

enclosures, 1982. 
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Total c ladoceran popula t ions peaked a t d i f f e r e n t t imes during the 

exper iments in the var ious environments (Table 12)'. Following an e a r l y 

peak, numbers In the lake declined to l eve l s ' be-low those in the enclosures. 

Numbers peaked in mid- and l a te September respectively in the acidified and 

c o n t r o l t ubes , and t'o a l e s s e r ex ten t in the enriched t ubes . Comparing 

within the 'enclosures , cladoceran numbers were lower on most dates In the 

limed enc losu res than in the o the r s (Fig. 20)"; Popula t ions in a l l 

. environments at the end of the 'experime'nt were s imilar to each other. 

The dominant cladoceran species 'were Eubosmina tubicen and Chydortus 

s p . (Appendix F). . _& tubicen exh ib i t ed i t s h ighes t l e v e l s in ";he 

acidif ied and-limed tubes, being apparently able Jto to le ra te , both extremes 

of pH. I t s lowest abundances occurred in t i p c o n t r o l s . In c o n t r a s t , 

Chydorus sp.. was" most abundant in the controls , with intermediate levels in 

the enriched enclosures and lowest numbers in Beaverskin Lake. 

Calanoid copepods were l e s s abundant in a l l enc losures than In the 

l ake (Table 12,- Fig . 21). Within the e n c l o s u r e s , numbers were h igher on 

- most da t e s in the limed s e t , a l though an i nc rea se was noted a t the end of 

the experiment in the enriched treatment. * 

The dominant calanoid, Diaptomus minutus, was leas t numerous in the 

acidif ied environments, and most numerous In the limed enclosures (except 

that numbers were highest overal l in the lake) (Appendix F). Although t h i s 

i s an ac id t o l e r a n t s p e c i e s , these . r e su l t s suggest t h a t i t b e n e f i t s from 

increased pH. 
V 

Cyclopoid copepods were much less abundant than calanoids (Table 12).4 

/ Numbers were highest in the control enclosures, and were also relatively 

r 
high in the enriched set., during the middle of the experiment (Fig. 22). 

Comparing within the enclosures, liming resulted In reduced populations of 

cyclopoids on most dates. Numbers were lowest on tw"o dates in the open 

! •• 

I? 
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V 

Figure 20. Cladoceran abundance (nos./meter""). in Beaverskin Lake 

enclosures, 1982. , 
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Figure 21. Calanoid copepod abundance (nos./meter3) in Beaverskin Lake 

enclosures, 1982. , ** MI 
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Figure 22.'Cyclbpoid copepod abundance (nos./"meterJ) in Beaverskin "Lake 

,'-r - ^nclqsihtes, 1982.' a , , •, ' , - , . . , ' • ' . ' • : . 
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' . ' ' K ' • , ' • " . ' 

l a k e * . , < ' < " ' " . - * • , - " • ' * • -

Numbers ,of n a u p l i i , the 'f irsrt l i f e - c y c l e s tage for copepods, were 
* * a- $ - *" * 

" a " k * ( - a , ' . - , 

remarkably similar in all enclosures on'all dates (Fig. 23). Abundances 
- \ ^ •* ' • • • * * "" _ 

•started very h i g l \ i n a l l environments a t - the i n i t i a t i o n of the experiment 

(Appendix F)» and ^rapidly decl ined to lo^wer. l e v e l s which remained 
t4 - i r ' * 

relatively constant in all treatments and in the lake for the rest of the 
- • ' • ; . . . , • 

experiment, • ' 
* 

' 2 . -Egg Ratios . , .. " - , 

AS'for Year I , egg r a t i o - v a l u e s are. p resented as-average number of 

eggs per female for*each species (Appendix F). 
- ' a V - ' , - -

. Chydorus sp. was,-quite rare in the'pelagic, samples from Beaverskin, 
* a , a ^ 

• ; Lake,* but was more common in the enclosures- It was most, abundant in the. 

/ "* controls,- where .its egg ratio values at. first declined and later-recovered 

' " " ' ' , ' " ' > " ' ' ' " ' ' * ' 
- s o m e w h a t . * < * - - / * • - . ; 

1 . . ' . - . 
/ • 4 ' 4 

| , ' .Eubosmina tubicen showed the h ighes t popula t ion l e v e l s In the 

. , ' acidified -enclosures, but had i t s highest egg ra t io values In the nutr ient 

enriched tubes. Lpwest population's and r a t i o s occurred in the lake and the 

• , . c o n t r o l s . Rat ios were v a r i a b l e in" ,a l l , envi ronments but tended t o /be 
"" ' . •*- * • - v ' ' ' ' ' / 

• * highest toward the end-of, the'experiment.* * ' " \ , ' 
r' \ 

* ' - * 
Diaphanoaoma birgei tended .to decline in both population "and.egg r a t i o 

' - - , . , va lues through t h e experiment in a l l environments . Only'In" the limed 
. - ' -4, . « . ' . * * . ' • 

. - * enclosures were any eggs seen by the end of the experiment. • • 
x , ' • ' , ; , , . - . 

,, ' * Daphnia catawba was more abundant in year 2 than in the first*'year's 

• , - exRerlitient. Its largest populations occurred in Beaverskin Lake, but the 
• * a. ' ( 

t """ ' » *' ' "" , ^ 

largest egg ratio values wer£ seen in the nutrient enriched enclosures. 
' - , a* ' * 

'. > —k- , 

„ ' Holopedlum gibberum was rare, pr absent in all environments in year 2, 

in contrast to year 1. , 
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Figure 23. Copepod naupMi abundance (nos./meter3) in Bearverskln Lake 

enclosures, 1982, 
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1 
As in year -I, a number of cladoceran species which do not normally 

occur in the open water were found In ̂ the, enclosures. .As" in the previous 

> year, these species occurred most often in the acidified enclosures. Many 
' *" 

of them also appeared in-the enriched enclosures. 

The dominant copepod, Diaptomus minutus, was lea$t abundant and showed ^ 
•* \ * . a — — — — 

i t s lowest egg ra t io values (zero on many dates)" in the control" enclosures 

as compared with the other.environments. In the "acidified enclosures, egg 

r a t t d values for D. minutus' a t " f i r s t Increased a n d " l a t e r dec l ined . 

The popula t ion showed a peak wh.ich lagged behind the egg r a t i o peak.. D. 

minutus egg r a t i o values in the. ltmed enclosures showed a peak l a t e r In the 

experiment". Ratios for. D'. • minutus in the lake and in the enr iched , 
* _ — »""-.—. -Jim *• „ 

-, ' " - ' ." . ' • 
enclosures were low, but relatively constant throughout the experiment. 

' . " " , - a - a - , . a • « " . . . 

' ' Epischura, nbrdehskioldi' was,'rare and quite sporadic in the enclosures 

and the- lake,.'and no* eggs were noted". „ „ . • -,_ 

. Cyclopold copepods v?ere*most .abundant in"the control enclosures, arid 

rare elsewhere. Mesocyclops ettax.had-high egg ratio values in the controls 

on many'dates, but had disappeared, by the end of the experiment. -
* ' J . * "k , 

d. ANOVA Results, 1982- ' * , " " - ' -

For the 1982 enclosure experiment, s igni f icance- tes ts were done for 

- the-following factors : treatment, depth,-date, and the possible"interact ion 

' terms, .The n u l l hypqtheses- ( l -4) we're the same as previous ly descr ibed . 

The depdndant variables ' examined included pR,' chlorophyll *&, and the major 

zooplankton and phytoplankton t.axonomlc' groups.- P r e l i m i n a r y ANOVA ." 

i n v e s t i g a t i o n s s u g g e s t e d t h a t f o r . many . v a r i a b l e s ' , t h e lake'wa4S 

a s ignif icant ly different from "the enclosures. For th i s reason," in order to. 

obtain a qtore"sensitive t e s t fpr differences between epclosure treatments, 

the open ,lake samples are not included in the following ANOVAs.. -. ' . ' ' -



J, 

Page 1.30 

"i * . 
For pH, the factors treatment and date (Hypotheses 1 and 2) were both 

s ignif icant (p < .05), as might be expected (Table 13), which confirms that 

pH was s i g n i f i c a n t l y a l t e r e d by the a d d i t i o n s of ac id and l ime to the 

different enclosures, and that the pH varied s ignif icant ly .over time. The 

i n t e r a c t i o n , b e t w e e n t r ea tmen t and da te (Hypothesis 4) was a l s o h igh ly 

s ign i f ican t . 
1 ' • . -

4 ft C 

Chlorophyll a levels were not s ignif icant ly different among treatments 

(Hypothesis 1^, but did change s i g n i f i c a n t l y over t ime (Hypothesis 2). 

Depth was a l so a s i g n i f i c a n t f ac to r (Hypothesis 3) , i n d i c a t i n g t h a t 

ch lo rophy l l a was not homogeneously d i s t r i b u t e d in the enc losures even 

though no thermal s t r a t i f i c a t i o n occurred. None of the.-interaction terms 

among factors (Hypothesis 4) were s i gn i f i c an t / k 
-Al l t h e a l g a l v a r i a b l e s ( c h l o r o p h y t e s , diatc*msv, n o n - d i a t o m 

4 * " 

chrysophytes, xanthophytels and-cyanophytes) showed s ignif icant responses to 

the da te f ac to r (jHyp'othesis 2); t h a t i s , t h e i r abundances changed 
-• • 

** * ' 

significantly over time. None of the other, factors was significant for the 

algal groups with these two'exceptions: the non-diatoni chrysophytes showed 

a significant interaction.between treatment and'depth, and the cyanophytes 

responded significantly to the treatments .(Hypothesis 1), The cyanophytes 

were the only algal group to be significantly affected "by the experimental 

manipulations imposed. 

, Among the zpbplankton groups, a common pattern emerged of significant 

responses to the factors depth, date, and the interaction between depth and 

' * - •-' \ 
date (Hypotheses 2-4). These results suggest a combination of population 

changes over1 time, along with behavioural preferences for certain' depths " 

in the enclosures. None of the zooplankton groups was significantly 

affected by the treatments (Hypothesis 1)," although for copepod nauplii the 
interaction for. treatment, date and depth-was significant .(Hypothesis 4). 
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Table 13. ANOVA Results, Beaverskin take enclosure experiment, 1982. 

F =• F statistic for ANOVA 

p - significance level for F „ 

VARIABLE - pH 

FACTOR 

Treatment 

Depth 

Treatment x Depth 

Date 

Treatment x Date 

Date x Depth 

Treatment.x Date-x Depth 1.38 

VARIABLE - - • 

FACTOR " 

- Treatment „ " -

Depth 

• Treatment x*Depth 

Date 
\ ' ' ' " 

Treatment x Date 

Date x Depth - . 1.03 _ . 0.439 

Treatment x Date x Depth ' 1.34 0.171 

F 

14.05 

3.88 

0.63" 

7.44 -

•7.H 

0.98 

1.38 

,P 

0.014 

0.066 

0.703 

0.000 

0.000 

0.477 

0.149 

Chlorophytes 

F 

1.16 

0.35 . 

0.19 . 

4.69 

1.-72. " 

P- " 

6.427 

"0.713 

' 0.517 

' 0.0"03 
e. a -

0,106' 

Chlorophyll a 

F 

!'. 15 " 

5.37 

2.67 

4.27 

.1.97. 

1.46 

0.95, 

P 

0.431 »• 

0.033 

0.100 

0.005 

- 0.171 

0.171" 

- 0.556 

-Diatoms 

* F 

0.30 a 

0.07 

0.45. 

5'. 51 

1.58 \ 

0.84. 

1.15 

-P 

" 0.825 

0.930 

.0.830-

0.001 

•0.147-

0.611 

0.318 
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Table 13. (continued) 

VARIABLE -

FACTOR 

Treatment 

Depth 

Treatment x Depth 

Date 

Treatment x Date 

Date x Depth 

Treatment x Date x D 

Non-diatom chrysophytes 

F 

1.44 

0.63 

• 4.20 

3.09 

0.81 -

. ' 0.63" 

epth' , 1.07 

P 

0.355 

0.559 

0.033 

0.022 

0.674 ' 

0.806 

"0.410 

Xanthophytes 

F 

1.15 

3.12 

3.14 

4.12 

0.67 

1.23 

0.84 

P 

0.431 

0.100 

0.069 

0.006 

0.811 

0.293 

0.704 

VARIABLE -

FACTOR 

Treatment 

Depth 

' Tre|*tment x Depth 

Date' 

Treatment x Date 

Date x Depth 

Treatment x Date x Depth 1.06 

Cyanophytes 

F 

15.6 

3.43 

0.40 

16.1 -

0.89 " 

1.89 

1.06 

P 

0.011 

0.084 

0.859 

-0.000' 

0.596 

0.060 

0.424 

F 

0.54 

29.4 

0.92 

7,96 

1.19 

4.1-3 

0.78 . 

P ' 

0.678 

0.000 

0.525 

O.O'OO 

0.343 

0.000 

0.783 

/ 
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VARIABLE -

FACTOR 

Treatment 

Depth 

Treatment x Depth 

Date 

Treatment x Date 

Date x Depth 

Treatment x Date x Depth 0.92 

Calanoid copepods' Cyclopoid copepods 

F 

1.22 

6.90 

2.09 

4,71 

0.97 * 

6.10 

0.92 

P ' 

0.412 

0.018 

0,166 

0.003 

' 0.514' 

0.000 

0.595 

F 

3.77-

20.7 

1.24 

7.44 

1.27 

2.45 

1.21 

P ' 

0.116 

0.001 

- 0.378 

"0.000 

0.286 

0.014 

0.262 

VARIABLE 

FACTOR 
ft 

Treatment 

Depth 

, Treatment x Depth 

Date 

Treatment x Date 

Date x Depth 

Treatment x Date x Depth 2.03 

Copepod naiSplii Rotifers 

F 

1.98 

11.9 ' 

0.80 

4?.3 

1.62 

8.57, 

2.03 

" P 

0.259 

0.004 

0.594 

0.000 

0.133 

0.000 

0.011 

F . 

0,54 

4.37 

0.72 

7.63 

1.47 

2.44 

0.78 

P 

0.682 

0.052 

.0.647 

0.000 

0.185 

0.014 

0.785 

*- *4<J t >« (W&a*., Tfe.. ^|| 
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C. Discussion 

I . Year I "" " , • " " • " 

While preliminary in nature, consisting of a f eas ib i l i t y study for the 

l a r g e r sca le i n v e s t i g a t i o n s i n 1982, the 1981 enclosure experiments In 

Beaverskin Lake suggest some in teres t ing conclusions". 

The copepod data showed t h a t popula t ions were lower In the l imed 
t 

enc lo su re s , suggest ing t h a t of the two t r e a t m e n t s app l ied , l iming 

represented the greater s t r e s s to" the copepods. 

Some of the cladoceran species which occurred in the enclosures were 

l i t t o r a l / ben th i c species not normally seen in the pelagic zone,, suggesting 

t h a t these i n d i v i d u a l s were using the enclosure wal l s as s u b s t r a t e s and 

were a t leas t occasionally get t ing from th is habitat into the upper water 

column. The presence of these cladocerans would help to explain the higher 

numbers in the 'containers as compared with the open water of the lake. The 

Cladocera showed the same o v e r a l l p a t t e r n of d e c l i n e I n „ t h e limed 

enclosures as did the copepods. 

While the zooplankton were r e l a t i v e l y unaffected by the a d d i t i o n a l 

"acidification imposed, they were apparently adversely affected by a degree 

of l iming s u f f i c i e n t to r e s t o r e a near n e u t r a l pH va lue . Liming of acid, 

lakes i s becoming common management strategy both in North America and in • 

Europe, usua l ly wi th the goal o f - r e s t o r i n g condi t ions .conducive to 

regeneration of f ish stocks in acidified lakes and r iver systems (Rosseland. 

and Skogheim, 1984'; White e t a l . , 1984; Schrieber and Rago, 1984). vFish 

popula t ions ar.e, of Oourse, u l t i m a t e l y dependant on e i t h e r primary 
' * r 4 

production or, in'the case of colored, humic,lakes, on detritus as^the food 
" * " • , ' ' ' ' " ' 

source for the "lake ecosystem. The'zooplankton constitute one.of the most 
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important pathways for energy flow from primary producers to the higher 

.trophic levels. If liming should prove detrimental to the zooplankton, 

then little would be gained by creating conditions in which fish may 

reproduce, if their food source is.substantially reduced by the management 

technique which creates those conditions. The study lakes in Kejimkujik 

National Park have been acidic a long time because of the influence of acid 

bog drainage (Kejimkujik and.Pebbleloggitch Lakes), combined with their 

poor buffering capacity (particularly Beaverskin Lake). This process has 

likely been accentuated by the relatively recent increase in acid 

deposition. The Kejimkujik Park study lakes all have fairly diverse and 
at — 

abundant phytoplankton and zooplankton assemblages, indicating t k a ^ these 

communities can to some extent adapt over time to a t leas t some degree of 

a c i d i t y . When t h i s occurs , as in Beaverskin Lake, l iming can apparen t ly 

a c t as a de t r imen ta l s t r e s s to the zooplankton community, a t l e a s t on,-* 

s h o r t - t e r m b a s i s . The r e s u l t s from the~ac id i f l ed enc losures i n 1981 

suggest that , having previously adapted over time to acidic conditions, tjte 

- - ' -.$" 
zooplankton of Beaverskin Lake were t o l e r a n t of a moderate degree of 
increased acidif icat ion. 
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I I . Year I I " • ,, . < <," 

In 1982, l a r g e r enc losures wereoused to t e s t for plankton community 

responses to*al tera t ions of pH and nutrient ava i lab i l i ty . An overall goal 
*, * " 

was to elucidate causal pathways at the food web level . pH was manipulated 

and subsequent phys ica l and chemical efffects were examined. S imi la r 

n u t r i e n t t rends over t ime were,, observad in the c o n t r o l s , l imed, and 
- _ - . ' • a , 

acidified enclosures. A trend of uniformity at the nutrient level does not 

necessarily imply that the other trophic levels Indirectly tied to the 

perturbation will be as consistent. The nutrient-enriched enclosures 
o 

clearly showed Increases in nitrogen, phosphorus, and chlorophyll a. 
' I ' ^ a 

High N/P r a t i o s ( n i t r a t e + n i t r i t e + ammonia/soluble r e a c t i v e 

phosphorus) suggest t h a t phosphorus l imi ta t ion was occurring in the lake 
*. • H 

.âid most enclosures. Even in the nutrient-enriched enclosures, after the 

addition, of both nitrogen and phosphorus, higher N/P rattios occurred, 
J a k 

suggesting rapid utilization of phosphorus. In all enclosures, but to a 

lesser extent'In the nutrient enriched ones, total phosphorus decreased as 

the experiment proceeded. - This1 decrease was either a result of export to 

the sediments or of nutrient uptake by the periphyton growing on the 

enclosure walls. In Beaverskin,Lake, natural nutrient recycling seemed to 

"prevent a similar pattern of nutrient depletion. Chlorophyll a_ values were 

variable,.with the highest values in the nutrient-enriched enclosures. 
„ " • > ' • 

Schindler and Wagemann (1980) reviewed the sources of buffering 

available"in.a fresh water .system other than dissolved bicarbonate. 
l a ' ' ' 

Apparently some type of "auxiliary buffering" was acting on the acidified 
• " ' * 

enclosure 's , A pos s ib l e exp lana t ion could have been d i s tu rbance of the 

sediments during sampling, which may have re leased b icarbonate i n t o the 

water column. Another plausible explanation |fight be a biological enclosure 
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e f f e c t . At low a l k a l l n i t i e s the amount of free COn would be low 

(Beaverskin.< 1.0 mg CaC0-/l) ; however, as pH decreased,, the free".-CO, ' 

would i n c r e a s e . Towards fche end of the experiment the- per tphyton on t h e -

"wal^s of the ^enclosures increased markedly, par t icu lar ly in the enriched 

. containers, and CO, taken up during photosynthesis of t.hese plants would' 

not be r e a d i l y re turned to the water column. This lowering ijf CO.-
,& • , - * . • • ' , - " ' - ' , , - " 

concentration would result in an increase -in pH values. This.could explain 

the jabservedagjLse in pH in the .nutrient-enriched enclosures after« additions 

had been stopped, and the prevention of pH decreases even when the addition, 

of Ĥ PO,-. w a s resumed. In the case of the acidified enclosures, although 
*• * . • - - • ' . ' • • . . - • • \ •• - - ' . ' - ; 

H2SO* was s t i l l being added towards th|T end of the experiment, removal of 

CO2 by the per iphyton on the wal l s .of these tubes may "have pushed the pH 

upwards s l igh t ly . Apparently more acid would be required to counter some • 

of these non-bicarbonate types of buffering. 

- Although, the analysis of variance showed few s t a t i s t i c a l l y s ignif icant 

responses of the a l g a l and zooplankton groups to the t r e a t m e n t s , some 
*" a . * . ' - * 

in teres t ing patterns did emerge: The only S-fgnlficant response pas "shown 
. * " a 

"by the b lue-green a l g a e , which increased wi th n u t r i e n t enrichment and 

decreased with acidi f ica t ion. The green algae and diatoms both increased-

With a c i d i f i c a t i o n ' a n d decreased with l i m i n g . The xanthophytes bloomed 

• with nutr ient "addition. * - ' • " ' . ' , 

'. Ac id i f i c a t i on has often been repor ted to lead to a dominance of the 

phytoplankton by Pyrrophyta (dlnoflagellates) (Aimer e t a l . , 1978; Yan and 
- ' . ' ' • ' , - - * ' k, 

Stokes, 1978; Stokes, 1980; Headry, 1980).. The most common genus reporteS 

in such' s t u d i e s - h a s been Per idinium. ' pyrr'ophytes a re q u i t e r a r e in 

Beaverskin Lake, and the i r frequency or abundance, did .not Increase in the 

acidified enclosures., Green algae have- been reported as"dominant in some 

acid lakes (Crjaman et a l . , 1980), which i s In accordance With the increase 
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y " ' " ' " , ' . " ' ." 

noted i n Chlorpphyta in the a c i d i f i e d .enclosures of Beaverskin t a k e . A 

s i m i l a r , p a t t e r ^ was .also noted during the expe r imen ta l a c i d i f i c a t i o n of 

Lake 223, (Schlndle£-and Turner, 1982),, when chrysophyceans were • gradually 

replaced in importance'by. chlorophytes.' Dominance'by blue-greens in acidic 

condi t ions has ,be*en reported in acid humlc lake's -by" Huitberg and' Andersson 
* a ' ' ' 

• {1982). .In the Kejimkujik Park, study * lakes, bliiergreens w'pre rare fin the 

humlc l akes "(Kejimkujik and Fabblel 'p'ggitch), and were found, to dec rease 

wiph ac id i f i ca t ion- in . the Beaverskin-Lake enclosures* Hendry et'.al." (1982) 

noted reduct ions- in cyahophyte d i v e r s i t y in acid lakes In New" York State." 

Many previous s t u d i e s (Conroy et a l . , 1976; Kwiatkowski and Rofl , 1976; 

Huitberg and. Andersson, 19.82; iCharles, 1982) have noted r educ t ions In-
' . 7 , . ' . *. . . . * * * ,'v ' . . " . , , r * 

diatom "diversity, or abundance _at reduced pH. In. the present experimental • 

s tudy, however, diatoms were found to I n c r e a s e wi th a c i d i f i c a t i o n and '" 

decrease with liming.". * . / .*. 

Contradictory observations* concerning the* effects of- lake acidity* on . 

plankton communities are common, ahd causa l r e l a t i o n s h i p s i n aqua t i c ' 

ecosystems a re of ten poorly understood (U.S. Environmental P r o t e c t i o n 

• Agency, 1983). In a n - e f f o r t to d e l i n e a t e causa l pathways and examine 

• changes I n community s t r u c t u r e in" the exper imenta l e n c l o s u r e s , loo.p -
" a * a- f " * ' 

analysis, was used to construct foodweb models for each of the experimental 
treatments arid Beaverskin Lake (Appendix E, Figure 5). , - • . 

' ** - • . ' ' - , , " ' • * 
The models .all have in common three nutr ient and four a lgal -variables. , 

(Appendix E, Figure 5). Algal variable 3 i s rarely used as a food resource -

by the zooplankton. The' bluegreen algae are grazed on by one zoop!ankto.n 

group, and a re the only a lgae which u t i l i z e the ammonia (NH) n u t r i e n t 

var iable . Detritus and the r o t i f e r variables form a sub-system appended t.o " 

» the r e s t of the community. Three zooplankton v a r i a b l e s ac t as top 

"J*" . / t. 
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carnivores In' these systems, and aire always self-damped." 

L 

". The community core network for the ac ld i f l edeny i rpnments .had .the , 

fewest l inks , the lowest ^connectance, and was the l eas t s table system (Lane 

, -and Blouin-. 1984).., The "acldif led network had the lowes t degree of ' 
-*1 ' ' * - ' - - ' . - • ' . ' * ' ' ' V ' . " ' - " \ 

. •similari ty t o the 'Beayersk in .Lake network of "any of . the 'experimental 

* systems. • ' \ , • , ". . ' . ' * * 
, " Liming a l t e r e d the natjire of, many of the i n t e r a c t i o n s between the 

. nutr ient and algal variables . - The -links from the NP Variable to the algae 
. . . ' ' ", -. - ^s>-

, "are a l l one-way. NP has ,no' posit ive effect on any algal variable, meaning 

tha t changes i n NP, w i l l not a f f e c t the phytoplankton d i r e c t l y . Links to ' 

the d e t r i t u s v a r i a b l e D have" been inc reased , sugges t ing t h a t ' d e t r i t u s -

-assumes,greater Importance in the l imed systems., perhaps as a r e s u l t of 

reductions in the algal community. , ' • , . - ' • - , 

_ '• Nutrient enrichment resu l t s in two-way flows abetween most,nutrient and 

a l g a l v a r i a b l e s , meaning t h a t changes in" n u t r i e n t s can be passed,'along . 

to higher trophic levels . . Nutrient enrichment ' in ;the enclosures produced 

increases ,in the cyanophytes and xanthophytes a t the phytoplankton-level. 

In both, .cases, the inc rease took the fprm'of a l a r g e bloomf ollowedby* a 

decline, .. The loop /odel for the enriched community shows"that the blue-

greens are l inked d i r e c t l y to NH, ammonia, the n u t r i e n t on whicl\_thay. 

primarily depend in the model. The blue-green bloom Is coincident with a 
- ' * ' , ' " ' ' - -

sharp peak in ammonia concentration in l a te August, following i n i t i a t i on of , 

n u t r i e n t a d d i t i o n s , i l l u s t r a t i n g t h e d i r e c t e f f e c t of" t h e NH-BG 

. re la t ionsh ip . '• , • .,- '. - ' 

For. the zooplankton, acidif icat ion-did not cause any majefr changes in 

. any of the, taxonomic groups. This confirms the f ind ings of the Year I 

enclosure s tudies , that the' zooplankton of Beaverskin Lake aire apparently 

" adapted to .the present levels of acidi ty and able to to le ra te the degree of 

" * :" ' A*" /'. • ' - . , • ' * :• .," " 

\ 
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' ' * . % - *, 
additional acid s t ress .imposed, . . . 

• * - • ** 
In many Instances-" the dominant, zooplankton species' of Beaverskin Lake 

and the enclosures have been reported elsewhere as acid-tolerant, and' common 
> " * " ' - - . - - • » 

in acidic conditions. Keratel la 'cochlearls , the dominant r o t i f e r , ' h a s been 

found in acid lakes in Sweden (Aimer e t a l . , 1978; Hulberg and Andersson, 

1982). Bosraini'ds are commonln acid c o n d i t i o n s , inc luding t h e dominant 

cladoceran in the enc losu res , .Eubosmina tubicen (Roff and '-Kwlatkowski, 
., . ^ :. —————— . . . ^ 

1^77). Daphnilds, which ate, rare in a l l three Kejimkujik Park study lakes-, 

are commonly found' to. be l e s s t o l e r a n t of a c i d i c cond i t ions than o the r 

c ladocerans (Sprules, 1975)." ' . " '• " 

-The most abundant calanoid copepod in the Beaverskin Lake'enclosures,, 

Diaptomus minutus, and" the most abundant cyclopoid copepod, Mesocyclops 

edax, have both;been noted as acid t o l e r a n t in Ontario lakes (Roff ahd 

Kwlatkowski, 1977) and in the .northeastern U.S., (Confer, et a l . , 1983). 

Liming of t h e enc losures r e s u l t e d in reduct ion of the r o t i f e r s and 

cyclopoid copepods* and lack of abundance peaks in the cladocera which -we're 

noted in o the r enc lo su re s . Only the calanoid copepods increased with, 

l iming , ' a l though not by a g r e a t amount and not on a l l d a t e s . Apparently 

liming represented a greater s t r ess to many of the" zooplankters than did 

a d d i t i o n a l a c i d i f i c a t i o n . Reduction of .zooplankton by l i m i n g has been 

prev ious ly r epor ted for lakes o f ' l ow pH (4.2-4.5) (Shieder and Dillon,*-' 

1976; Dillon et a l . , 1979)., although,liming of a lake of more intermediate 

pH (5.7) r e s u l t e d i n l i t t l e change' In the zooplankton (Yan e t a l . , 1977). 

Increases in zooplankton populations are often reported following liming in 

Sweden (Eriksson et a l . , 1983; Hasselrot and Hultberg, 1984). 

a , Nut r ien t enrichment r e s u l t e d i n d i r e c t l y in abundance peaks in most 

zooplankton groups -r f o r ' c y c l o p o i d copepods in the middle of the 
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experiment, *and fo r , ca l ano id copepods and r o t i f e r s a t the end of the 

experiment. . .Lack of a positive effect "on cladocerans may resul t from the 

fa.ct tha t c ladocerans are subject to p reda t ion by the copepods. Thus, 

Increases in n u t r i e n t s aire passed along the foodweb to higher t r oph i c 

l e v e l s -with only the higher p r eda t o r s ' ev iden t ly showing popula t ion 

i n c r e a s e s . • Effects on In te rmedia te t roph ic l e v e l s would presumably be -

- expressed in terms of increased- growth and turnover r a t e s . The r o t i f e r 

g roups are preyed upon in the model on ly ,b-y immature Ep i schura . 

nordenskioldi, which were quite rare in the enclosures. Predation 'pressure 

was presumably l ight , allowing rot ifer .populat ions to"Increase. Increases 

in ro t i fe r s following nutrient additions to enclosures in an acid lake, were 
** , *" ' * 

also noted .by DeCosta et al. (1983). They found'greatly increased1 

populations of Keratella toward the end of a two-'month enclosure 
k l " " * * 

* fer t i l iza t ion* experiment, a resul t ^fVlte similar to the pattern noted here 
' • -• *"• , / - ; v • ' . 

"for r o t i f e r s . In a d d i t i o n , they noted inc reases in the c ladocerans 
' ' ' • - ' ' . . , \ \ " 

(Bosmina and Diaphanosoma), which were not- seen in the present study. 

In summary, a c i d i f i c a t i o n seemed to a f f ec t aspec ts of community 

s t r u c t u r e , afe seen in the loop a n a l y s i s models, but did"not produce 
I if, - \ kf 

widespread changes in plankton populations. Liming resulted -En reductions 
* " . ' \ 

- in many- plankton groups; and "an increased importance of d e t r i t u s - I n 

community trop*hlc re la t ionships . Nutrient enrichment led to increases in 

cyanophytes and the carnivorous zooplankton groups of the upper t roph ic 
- ' l e v e l s . • 

k 

v 

^* <• ,**%.*.. ., »*».j,.fe, $» m* a 
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CHAPTER 4. 

BIOGEOGRAPHY OF LAKE PLANKTON IN RELATION 
i / *' ' 

TO pH AND WATER CHEMISTRY 

r 

r 

r 
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- To" provide a note general approach" to the question of plankton 

community pattern;? in relation to pHv and associated water chemistry 
* 

variables, 1arger- numbers of lakes representing a* broad range of acidity 

levels must be examined, This has.'n-it previously,been done in Nova Scotia, 

which has lakes, ranging from naturally acidic which have been subject to' ' 
' , * • ** * a 

humlc bog drainage" for some time, to lake* which retain-buffering capacity 

and near-neutral pH. . This biogeographlc study will add*ress' the following 
4 * . , ' ' ' . ' 

general, .question: "• • - ' . - - . 

What are the l a r g e r - s c a l e (b iogeographical ) p a t t e r n s of ' 

lake' plankton community co'mpbsitlon and abundance in 

re la t ion to pH ahd the range of other physical and chemical ' * -
4 " 

characteristics of lakes, in Nova Scotia", and what may be, 

- - concluded from such spatial patterns concerning long-term 

adaptation of plankton communities to a range of pH levels? 

Specific question's to be, answered "will be: What are the physical and 

chemical factors'which are most influential in determining the composition 

"of lake plankton communities?; what are the patterns of distribution of the 

, ' •* 
major plankton groups in relation to pH and water chemistry?; and how doe's 
plankton community composition compare between a variety of lakes?. Answers 

to these questions-may be found by use of simple graphical and regression 

techniques to relate plankton species numbers and .abundances to pH, and use 

of more complex multivariate techniques such as multiple regression and 

cluster analysis to relate plankton' community composition to a-larger set -

of physlcal-chemic'al variables and to compare community similarity among a 

set of lakes. 

(7 
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' • I A. Methods "*. 

I-. Study-Lakes 

• On, the ba'sis of previously a v a i l a b l e „physical and chemical da t a , 

twenty'lakes- were selected from across Nova Scotia to provide a range of pH 

conditions for s.tudy. Ten lakes were located in Kejimkujik National Park, 

including the*-t*hree original study lakes; fLve were located in Cape Breton 

Highland*? 'National PhrkT;. four .were located in the" Halifax-Sackville -area; 

and one was .situated near Amherst (Fig. 24). The lakes range In depth from 

2 to 30 meters-, and in pH value from around 3.5 to 7.6 (Table.14) . Most 

lakes were sampled -five t imes-(at approximately s ix week intervals)"from 

May-November 1983, faur lakes .were sampled on four occasions (those, in the -. 

Halifax-Sackville area), and one^lake {Layton's Lake, Amherst) was sampled 
k ' a. 

twice. Additional morphometric and chemical data for these"lakes may be • 

found in Kerekes (1975 a,b'; 1983), Kerekes et a l . ' (1981, .1984), Howell and # 

Kerekes (1982), Clifford- (1984), and MAPC (1972).' Lake numbers (1-20) 

assigned i n • F i g . 24 a r e ' u s e d in subsequent t a b l e s and . f igures for 
. . * . 

identification .purposes. 

The lakes of Kejimkujik National Park are loca ted in the Southern 

Upland Inter ior ..geological region of Nova Scotia (Roland, 1982). Figures. . 

,24 (A,B,C,D) sho.w the r e l a t i o n s h i p s of lake bas ins to under lying bedrock." 

Kejimkujik, Grafton and McGinty Lakes l i e on a sandstone-shale conglomerate 

bedrock o r i g i n a t i n g in the l a t e Devonian/early Carboniferous period (370 

m i l l i o n years ago). ,Big Dam East and Big Dam West Lakes occur nor th of 

Kejimkujik Lake on .a borderi*etween the above'bedrock and a shale-limestone 

area originating 500 mill ion years,* ago in the Cambrian period. The other 

-Kejimkujik Park lakes (Pebble loggi tch , Beaverskin, Peskawa, Mountain and " 

Puzzle) are on or near the border of a Carboniferous-Devonian era (350-400 """ 

mill ion year old) g ran l te /d ior i t e bedrock and a Cambrian era (500 mill ion -
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Figure 24. Twenty study lakes for plankton blogeography, Nova Scotia, 1983. 

Basin locations and bedrock geology are Indicated. 

Kejimkujik National.Park: -(A) ' 
a '4 I 

1. Big Dam East Lake 

2. Big Dam West Lake ' 

- 3, Kejimkujik Lake 

"4. Grafton Lake 

« 5. McGinty Lake -

6. Puzzle Lake 

' 7. Mountain Lake ' 

8. Beaverskin .Lake 

9t Pebbleloggitch Lake 

10. Peskawa Lake 

Halifax-Sackville Area: , (C) 

11. Kearney Lake 

12. Little Springfield Lake 

,. 13. Drain Lake,' . . 

14. Lacey Mill Lake . • 

Amherst Area: (B) 

15. Layton's Lake 

Cape" Breton-Highlands National Park: (D) 

16. Freshwater Lake - *. 

17. Cann's Lake 

18. Warren Lake 

19. French Lake j 

a-20. Presqu-'lle Lake 

Latitude 

. 44°27' 

44°27' 

44° 23" 

.' 44°23' 

44°22' 

44°19' 

. 44°20; 

44°18 

44°18' 

44°19' 

-

44°42' 

• 44°48' 

, 44°48' -

44°51' 

a . 

45°48' 

* 

- 46°39' 

46°40 

46°43' ' 

46°44' 

46°41' 

Longitu< 

65°16' 

*65°17' 

65°15' 

65°H* 

65° 10"' 

65°14' 

65° 16' 

" 65°20' 

65°21' 

65°22' 

63°42' 

63°45' 

. 63°45' 

63°49' 

• « . 

65°15' 

60°24' 

60°26' 

60°24' 

60°52' 

60°57' 
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D. 
Coat Srttoi. 
HifMonds Hai'i 
Pork 

KEY : Bedrock Type 

Granitic 

Goldenville 
' state/Greywacke 
Halifax 
Slate/Schist " 

Pictou 
Sandstone 

Windsor 
Sandstone/Limes tone 

Riversdale 
Sandstone 
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* , - Gneiss/Sciat. i 
• - Granitic 
c - Metamorphfc Slate 
o - Dioritic 
e - Windsor 

Sandstone/Limestone 
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* * .* a. 1. 

Table 14. Physical and chemical data-for 20 blogeographic study lakes. 

(Mean values over dates and depths). 

Lake ' ^pH Alk TP SRP TN TDN DOC . SI 

1, 

- X 

;8* 

17* 

13! 

19] 

16; 

4: 

n; 
y 

14! 

15! 

y 
7] 

9* 

io: 

20' 

6 

- 12 

18 

Big Dam East 

Big Dam West-

) Beaverskin 

) Canns 

Drain ' : 

) French 

) Freshwater 

) Gr.afton -

Kearney 

) Kejimkujik 

) Lacey Mill 

) Lay tons' ' ^ 

" \ a 

) McGinty 

) Mountain 

) Pebbleloggitch 

)' Peskawa 

i Presqu'ile' . 

) Puzzle 

) Ltl,Springfield 

) Warren 

5.2 

5.0 

5.4 

6.2 

4.2 

5.5 . 

6.8 

5.9-

'6.1 

5.0 

4.6 

7.5 

6.2 

4.9 

4.4 

4.8 

7.6 

5.2 

.3.5 

5.7 

• 0.7 -

0.3 

0.3 ' 

2.2 

0.0 

1.1 . 

12. -

1.3 

1,3. 

0.3 

0.0 

38. 

'.. 3.4 

0.1 

0.0 

0.1 -

52. 4 

0.0 

0.0 

1.6 

12.8 

14.6 

26.2 

8.84 

•38.5 

9.97 

8.06 

.16.5 

16.4 

14.0 

15.5 

45.7 

21.4 

' 14.8' 

25.4 

22.9 

14.7 

16.1 

10.4 

9.09 

' 0.2 

1.0* 

11. 

0.7 

1.3 

. 0.8 

0.4-

1.3 

1.0. 

i.3 : 

. O;Q 

24. 

0.7 

•r.o 

0.4 

5.1 

0.6-

0.6 

,0.4 

"0.1 

.128 

.162 

.100" 

.161 

.280 

.156 

.110 

.102 

^214 

.077 

.078. 

.335" 
i 

.175 

• .101 

.146 

.116 

-.161 

.106 

.100 

.133 

.010 

,.010 

.010" 

. ,010 

.030 

.018 

.022 

.012 

.127 

.013 

.010 

.200 

.010 

.011 

.010 

.012 

. .010 

.010 

.037 

.015' 

3.4 

11. 

.2.0 . 

3.7 

1.5 

5.9. 

"2.4 

4.2 

3.3 

6.5 -

.2.7 

4.7 

7.9 

2,9 " 

9.6 

6.3 

3.3 

. 3.2 

1.7 

7.7 -

1.-44 

1.96 ' 

,0.36 

1.10 

1.45 

0.89 

1.62 

0.78 

2.55 

2.18 

1.33 

0.85 

2.32 

1.16 

.1.56 " 

2.20 

1.84 

0.32 

1.90 

2.94 
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Table 

. 

1) 

7 2' 

8) 

1'7) 

13) 

19) 

16) 

4) 

H ) 

* 3) 

14) 

15) 

' 5) 

*7) 

9) 

10) 

20) 

A 6) 
12) 

18) 

14'. Continued. 

Lake , 

Big'Dam East 

Big "Dam West 

Beajzerskiri 

Canns ' 

' Drain * • 

French 

Freshwater 

"Prafton 

Kearney 

Kejimkujik ' 

Lacey Mill t 

-Laytons 

McGinty 

Mountain 

Pebbleloggitch 

Peskawa 

Presqu'ile 

Puzzle 

Ltl.Springfield 

Warren 

. 

. Al" 

.094 ' 

• .268 

.033' 

.106 

.843 

'.140-

.023 

' .067 

.125 

.162 ' 

.346 

t 
..102 

.090 

.082 

..212 

.218 

.02*7 

.044 

3.62 

* .233 

z 
max. 

4.2-
. * • 

9«'5 

6.3 ' 

9.2;. 

3.0 

'2.0 " 

16. 

• 9.0-

26., 

19. 

5i4 

.11. 

'4.0 

14.' 

2.5 

9.0 

3.0. 

6.1 

7.0 

31. 

-z 

2.32 

2.47 
r 

2.19-

. 2.00 ' 

0.61 

'.l'.04.( 

6.50 

2.8 

9.17 

4.35 

^ 5 

2.1 

1.39 

4.26 

1.42 

3.16 

.2.10 

2.7 

4.0 

15.9 

- '• , . 

- Area • 

. *5„5 ' 

105. ,/ 

39-5 

-10.4 * 

16.." 3 

' '7-0 

42.2 

270. 

63.9' 

24400 

16.0. 

*11.3 

4.4' 

'136. 

33.4 

388. 

4.4 ' 

33.7 

- 13.7 

89.8 

• 

Temp " 

' 16*9 

16.1 

16.5 

13.5 

13.8 

10.8 

,12.4 

16.2 

9.9 

15.9 

12.5 

13.8. 

15.1 

14.6 

16.2 

15.5 

13.8 

16.5 

13.4 

9.6 

* 

Color 

', 7.00-

"108". 

4,00 

6.67 " 

10.8 

43.3 . 

4.33 

'30^7 

5.42 4 

80.3- . 

3.75-

6.25 

79.0 

9.50 

118. 

.64.0 

*-
- 5.0 

- 1 7'0 . 

3.75 

74.7 

•L 
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Table 14. Continued. 

* e v - ' : . " * . " 7 • . . ' .- * 

pH -.pH' (units) ... ' " -

.Alk-Alkalinity (mg/l)- •-•' ' •.' 

"TP - total'Phosphorus (mjg/m3) " . .' •'• ' .'-

SRP - Soluble Reactive Phosphorus (mg/m3)- * " 

•-TN -"Total Nitrogen (mg-/l) - ' "•"".""-

TDN - Total Dissolved Nitrogen '(mg/lj ." -

- " - : • * r ' • " . • ; • • 

, DOC - Dissolved Organic Carbon (mg/l), 

SI - Silicar(rag/1) .• 4 ' 

" Al - Aluminum (mg-/.l) . " -."-.•- " 

-zmax-'"Maximum" Depth (m)-" " " 
-z a- Mean Depth (m) - - '...'•-. 

*• ' ' . . ' - -

Area - Surface Area (hectares)" - ".'-''*. 

Temp V Temperature" (°c) 

. Color - Color (JHazen Units")-

.* 

\. 

/ 

, . # 1 „.« mMM#"~'«"*-* *- •*j»«t^mm»»i*i» ir'<l'*'l*M'M̂ ^ 
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year old) shale-limestone bedrock southwest of Kejimkujik Lake. fcThe lakes 

'^ Of theHal i fax ' a rea (Kearney, L i t t l e Springfield, Drain and Lacey Mill) are 
' "ifts ' -' 4- - . 

' s i tuated in the Southern Upland Coastal geological region on a border zone 

* betSv-een sands tone-sha le conglomerate bedrock (Devonian/Carboniferous, 370 

inlllion years old) and "shale-limestone bedrock (Cambrian, '500 mill ion years 

• • o l d ) . . Cape fereton National" Park^ls in the Northern P la teau geo log ica l 
- . " . ' • " ' . . » • a 7 - " * • . . . , . - ' 
, region of - Naya. Scotia." Freshwater, Cann's and Warren Lakes are located on 
•- " , , - - ' . • • ' * - , , " " . - - . " , " ' * * • 

" C a r b p n i f e r o u s e r a . (350 m i l l i o n yea r old) g r a n i t e / d i o r i t e bedrock; 

Freshwater "Lake i s .dn the coas t , whi le Cann's and Warren Lakes are a t 'T . . . . . 
% \ -* • ' higher altitudes on the plateau." French Lake is near the maximum altitude 

- . . . . c 

,. area of, the p l a t e a u , In an a rea of g n e i s s / s c h i s t bedrock of the Hel'ikian 

| • period (900 m i l l i o n years o ld ) ; Presqu'il .e Lake I s a coas t a l lake on'an 

'-, • early Carboniferous (360 mi l l ion , year old) sands tone-sha le conglomerate. 
'] . -bedrock," Layton's" Lake., near Amherst In -nor the rn Nova Sco t i a , i s in a 

• ' 7 ' s a i i 4 s t o n e - s h a l e - c o a l j^armation of the l a t e Carboniferous per iod (300 

. . : mil l ion years old). Thus, a var ie ty of bedrock types i s represented ' in the 

-drainage bas ins o f . t h e study l a k e s , providing a range of b a s i c water 

chemis t ry and buffer ing capac i ty cha rac t e r i s t i c s . Those lakes which are 

natural ly acidic. tend to l i e .on poorly drained bedrock with poor buffering 

capacity (gran i t ic , ' d io r i t i c , shale). Poor drainage and lack of buffering' 

* - promote the format ion of peat bogs, whose accumulat ion of organic ac ids 

provide acid dra inage to adjacent lake basins-. Those lakes In a reas of 

sands tone- l imes tone bedrock rece ive runoff of h igher pH and r e t a i n 

carbonate buffering capacity,-. 

t 

» »fc*s*fc" v» &# « « • « « 
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I I . Sampling Methods 

a. Physieftl and Chemical Factors 

Many of. the lakes are shallow and are well-mixed throughout most of 

the, year , Heiice, water samples for chemical a n a l y s i s were taken a t t he • 

surface (G.S-l.O'meters)" in/ spr ing and f a l l for sha l low, u n s t r a t i f i e d ; 
* • t * * * •» 

lakes. „ Deeper lakes were sampled a t three depths (surface, intermediate ' 

depth, Jpnd near-bot»tom) on a l l d a t e s . For those , sha l low lakes which did 

not straolfy in the summer months, water sampling continued at the surface 
k ^ . ' . . - -

only. ' • 

Temperature and oxygen were 'measured, in s i t u at fhree depths on each 

sampling t r i p as previously described (Section 3.A.II). One l i t e r of, water 

was collected a t each depth sampled for nutr ient ahd general analysis,, and 

500 ml. for metals analysis , using a 2 - l i t e r Van Dorn bo t t l e . Between 200-" 

500 ml-* r e p l i c a t e samples* from p h e s u r f a c e were f i l t e r e d on).45 micron 
• / -

MUlepore f i l t e r s "for ch lorophyl l <a. and phaeophytirt a n a l y s i s ( these 
, , " - . i ,' 

samples were not taken on t h e . f i r s t sampling ."(.ate in May). General analysis 

(pH, conductivity, tu rb id i ty , "co lor ) , chlorophyll and' phaeophytirt analyses 

were performed using s tandard CWS'methods. Major ions a^d 'meta ls were 

analysed by the Canada Center for Inland Wafers laboratory in Moncton, New * 

Brjunswick, * 
. . . . * 

b. Phytoplankton and Zooplankton 
' ' a . -""*. 

, Phytoplankton and zooplankton were sampled at three depths In all. 

lakes on all. dates using a water bottle' and Schimiler-"Patalas trap, 

respectively, * 8 previously described (Section"2.A), «AU sampling was 

conducted at the deep station of each lake. Replicate"-aub-samplea ware 
t * a W * 

examined for phytoplankton and zooplankton enumeration using methods 
previously described' (Sect ion 2.A). -

Y 
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*• " ' 
I I I . Statistical- Analyses ' • . . . . 

- - ' , ' , ' . ' • * ' - "' , 
In order to answer the questions posed concerning patterns"of ' 

relat ionship between plankton variables and physical-chemical factors', 

pa l rwlse .cor re la t ions , -regressions, multiple and stepwls.e .multiple N 

regressions were,conducted' on the .various physical-chemical variables and 

. plankton taxonomic groups, oVer the twenty lakes." All data ,were log- -

transformed for normality as previously described. 'The s ta t is t ical package . . 
k ( . . - . ' •; , - ' , , . -

MINITAB was used for these analyses, MINITAB sc'reeps data for multiple 
" - , ' " " - . , , ' - _ ' * - " • . > ' . ' " ' , - ' 

regressions and automatically rejects predictor variables which* are 

strongly correlated, or which do not vary sufficiently to be useful as 

predictors. The coefficlent.of determination-, R -• is also presented for 

each regression,. RA is the proportion of unexplained variation in the 

'dependent variable accounted for by the regression. A random variable has 

• % . . . ' , . . * - . . . 

a meart and an associated variance produced by departure .of each of the-

valuesTcrom the mean, and all of this variance is Initially unexplained. • 

In linear regression, a line, representing the regression equation, is 
1 '• M 

J , produced.Tor least squares regression, the equation selected minimizes 
" ' - a y - ' , ' ' ' , . . k ^ , 

the-sum-. Of the squares of the departures of the data points from the 

regression line. Thus,- there Is a residual variance produced by the 
' . ' - . • ' " • a ' " ' k " . , ' • a. 

. k a v ' - . , , * . . - ' ' 

departure of. each of- the values-from the regression line, and this variance ' 
' ' ' ' ' " " ' - • • - ' ' ' ' " ' ' . - " - ' " * ' l ' - - - . 

. . wil l be l e s s than the variance about the "mean of the dependent variable 

. '•*" <unl#ss the slope of the equation is zero). Thus, the unexplained variance 

' in the dependent variable has been'reduced (or explained) by.some factor 

(R ) as a result of performing the' regression analysis, R* is equal to the 

corfelationbetween the observed and, predicted values of^the dependent 

' variable, .The situation is analagou-s for multiple regression except that 

more than one. predictor, yariable enters tree.regression equation. For' 
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' ? ' a t 

multiple regressions, R should be adjusted for degrees of freedom of the 

-regression, since the addition of predictor variables "can increase R*"" even-

"if the added variables are of-no real predictive value. 
1 - ' 4 * ' 

' . C lus te r a n a l y s i s of the twenty l akes was conducted on the bas i s of 

taxonomic group sums, using the BMDP s t a t i s t i c a l package. Clustering w-as 

done us ing s t anda rd i sed -data, wi'th Euclidean distance and single-linkage 

amalgamation. Separate c l u s t e r dendrog rams were" g e n e r a t e d ' u s i n g 

phytoplankton and zooplankton data . ' , . 

'Da ta p lo t s , were genera ted using the "MINITAB package. T - t e s t s of 

differences between means were also done using MINITAB,. • , 
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B. Results 

I . Lake Chemistry * "-

The s e l e c t e d l akes r e p r e s e n t e d . a broad range of the l lmno iog i ca l 

cond i t ions found in Nova Sco t i a . The lakes of Kejimkujik Nat ional Park 

(Fig-.' 24, l~10>were r e p r e s e n t a t i v e of the many types of- inland wa te r s of 

Nova Scotia, ranging from highly colored, acid humlc -waters to clear lakes 

of h ighe r pH (Table 14). All Kejimkujik_Park lakes were r e l a t i v e l y 

undisturbed. The lakes of the Hailfax-Sackvllle area (Fig.,'24, 1*1-14) have 

been sub jec t t o .varying degrees .and types of watershed development, and 

showed extremes of pH, ranging from " g h l y acidic L i t t l e Springfield Lake ' 

(pH 3.6) to Kqarney Lake (pH- 6.2), L i t t l e Spr ingf ie ld Lake has been , ., ' " 

inf luenced by cons t ruc t i on In i t s d ra inage bas in , exposing p y r i t e type 

bedrock and leading to highly acidic drainage and extremely high aluminum •"* 

concen t r a t i ons (3.6 ppm). The L i t t l e Spr ingf ie ld Lake outf low l eads 

d i rec t ly to Drain Lake, which receives an input, of rawl sewage effluent \from 

a nearby t r a i l e r park., Drain Lake had h igher pH va lues (mean>4,2')» much , , a / ^ y * 

higher phosphorus and- nitrogen levels than L i t t l e Springfield Lake, and a * 

lower, concentration of aluminum. Layton's Lake, near Amherst {Fig.24, 15), 

I s a meromic t i c , a l k a l i n e lake wi th high n u t r i e n t l e v e l s . This c o a s t a l \ 

lake was strongly influenced by h i s t o r i c a l fluxes of seawater from the Bay 

of Fundy. The lakes of Cape Breton Highlands Nat ional Park (Fig . 24, 16-" • ° 

20) ranged from coastal , nea r -neu t r a l Freshwater .and P r e s q u ' i l e Lakes-to ' • . 

more acidic lakes at higher a l t i t udes in the highlands", ""Che twenty lakes 
a ' ' • , < 

as a gronp ranged in depth from 2 t o 31 meters , -and in a rea from 4.4 to'. \ 

24,400 h e c t a r e s , wi th corresponding v a r i a t i o n s in complexi ty of bas in • 

morphometry. 

Alkalinity and aluminum both showed strongly curvi l inear re la t ionships 
. k 

to pH (Fig. 25 a,b). The transformed (Log1Q<x+l)) data are plotted here. .-
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Figure 25. Log"^ of a)"Alkalinity and b).Aluminum, versus pH. 
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. " • " .' • ; ' "• v * * 
against pH. It i s clear that highest a l k a l i n i t i e s occurred at pH.,6.0 or 

" S ' ' \ 
reater (fas would be expected), while the highest aluminum concentrations' 

"".-•- '• X 7 , . - ' " . vlV" . • 
î ere- found -help*? ptt 5.6. . ' • }• . . . - . - -

I * ' . ' ' '. • ' . ' • ' • - •.'•.•-'•;.' ' ' •. •*,•*• • ) " : ' - • 
* . - - ; • - . . • - . ; • • " - : • - . . . . • 

../ 

\ -

\ k-

\ -

-* 
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I I . Lake Plankton-Water Chemistry Relationships 

"Highest t o t a l zooplankton numbers were noted in Layton's Lake, while 

highest algal populations were found in Beaverskin Lake (consisting mainly 

of the smal l cyanophyte (Agmenellum thermale ) noted p rev ious ly for t h i s 
-7 

l a k e ) , (Table 15). Total c e l l volume for Beaverskin flake was moderate . 

compared with the overall data se t , while*Draln Lake and Layton's Lake had 

very- high "algall c e l l volumes. Layton's Lake was t h e r e f o r e h igh ly 
" ' % * * ' • productive in ter-ms of the standing crop of the phytoplankton community. 

• ' " ' a \ ' " ' 

Drain-Lake.did not exhibi t .high zooplankton^numbers, suggesting e i ther that 

much of the a l g a l blomkass 'was In 'splscTes-unsuitable as food sources , or 

t h a t cond i t ions of low ^pI-Kand high a l u m i n u m ' r e s t r i c t e d zooplankton 

popula t ions in t h i s l a k e . The high a l g a l c e l l volumes of Drain and 

Layton'*s Lakes were reflected by high chlorophyll a_ and phaeophytln leve ls . 

Re l a t i ve ly high c e l l volume and' pho tosyn the t i c pigiferTt va lues were also" 
4 » . * * ' 

noted for P resqu ' i l e and McGinty Lakes, Both of these lakes had high" pH 
. . . 

l e v e l s . Thus, Drain Lake was an anomaly wi th abundant, p roduct ive 

phytoplankton a t 'very low, pH value, ' - ' 

» I-hytoplanktdn c e l l volume" and ch lo rophy l l a_ l e v e l s were both 

posi t ively related to phytoplanictv-on abundance, al though' the re la t ionships 

were not strong (Fig. 26 a,b). These plots exclude Beaverskin Lake, whose 
.unique population of extremely abundant, small cyanophytes madex th i s lake 

ti . , 

an-extreme o u t l i e r I n these r e l a t i o n s h i p s . Between-,lake d i f f e r ences iti 
ft- ' ' • . . ' "a ' - " -

a l g a l spec ies composit ion p a r t i a l l y obscured the- ce l l -^ lurae- 'abundance 

re la t ionship. The rela t ionship was,somewhat stronger*for chloropyll a. and 

a l g a l abundance (R »0 .54) . The r e l a t i o n s h i p of c h l o r o p h y l l a to' 
3.84)*.* ThlaST phytoplankton c e l l volume" was q u i t e s t rong (Fig . 27 a, Rr-Q.84). 

' -. - -. * • - ' 
Suggests that a unit of phytoplankton ce l l volume confialns a predictable 

amount of chlorophyll a, because the ce l l volume was able to explain 84% of 
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*> 
a» 

Table 15. Total zooplankton (no./nr) "and algal (no . / l ) abundances, algal" 

c e l l volume (mm3/i), chlorophyll a and phaeophytin (mg/l) . 

. Lake Zooplankton .Algae Cell.Vol. " Chlor.a Phaeo. 

1), Big Dam East 

2) Big Dam West 

8) Beaverskin 

17) Canns-

13).Drain 

19) French 

16) Freshwater 

,4) Grafton 

11) Kearney 

'3) Kejimkujik" 

14) Lacey Mill 

15) Laytons . 

5) McGinty 

7) Mountain 

9) Pebbleloggitch 

10) Peskawa 

20) Presqu'ile 

6) Puzzle 

12) Ltl.Springfield 

18) Warren 

74500 • 

103000 

215000 

117000 

133000 

96600 

155000 

84600 " 

21200 

86000 

72900 

1540000 • 

290000 

53700 

198000 

100000 

335000 

117000 

26000 

•36100 

1630000 

1200000 

27400000 

1490000, * 

5060000 

589000 

624000 

1830000 

. 849000 

774000 ' 

543000 

2810000 

768000 

2180000 

,364000 

39^000 -

5080000 

. 1730000 ' 

665000* 

"' 160000 

,1.55 

1.50 

1.30 ., 

2.13 

15.5 

1.'48 

2.13 

1.08 

* 0.21 . 

1.64' 

0.70 

10.1 

3.31" 

0,81 

, 0.74 

0.74 

1.87 

0.55 

0.85 

0.20 -

0.77 

1.39 

1.01 

0.60 a 

10.3 
* 

0.46 

1-.11 

1.19 

0.39 

" 1.00 

0.23. 

3.09 

2.46 

0.55 a 

1.27* . 

0.80-

2.76 

0,92 

0.49, 

0.85. 

0.89 

2.18 

0.93 

0.92 

9.36 ' 

1.03 

0.95 • 

2.21 

0.52. 

1.77 

0.29 

10.2 

5.19 

0.68 

2.01 

0.90 

2.75 

1.54 

0.71 

1.14 

• ' k . 

4 ft - a 

" . ' \ - * * ' «1 
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Figure 26. a) Phytoplankton ce l l volume (mm3/l) and b) Chlorophyll a (rag/1) 
a < • 

versus phytoplankton abundance (no./l). 
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Figure 27." a) Chlorophyll a (mg/l) versus phytoplankton cell volume (mm 71) 

and b) phytoplankton cell volume (mm /l) versus pH.' 

«• 
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the variation in the- chlorophyll data. Phytoplankton cell voluraej-feowever, 

showed no. relationship at all to pH (Fig. 27 b, R2* 0.005jf. A knowledge of, 
, a • / 

pH would be of little .value in predicting algal cell volume in a glvXri 

lake. •' 

Phytoplankton species numbers ranged'from 17 (Kearney Lake) to 43 (Big 

Dam East Lake) (Table 16). The low spec ies numbers i n Kearney Lake- were 

.reflected In low abundances In most algal groups. Low algal d ivers i ty in 

Laytpn's Lake was not accompanied by low abundances in any group, althoijgh 

the t r u e d i v e r s i t y may have been higher than Shown, s ince t h i s lake was 
* , , -' 

sampled l e s s f r equen t ly than the o t h e r s . Lakes of very low pH such^ as 
Drain", Mountain, Pebble loggi tch and Peskawa Lakes s t i l l r e t a i n e d f a i r l y 

a a 

high a l g a l d i v e r s i t i e s and abundances. An extreme^ case was L i t t l e 

S p r i n g f i e l d Lake, "which a t pH 3.6 s t i l l r e t a i n e d 26 s p e c i e s of 
,, * . 

phytoplankton, a l though abundances were f a i r l y low in a l l c a t e g o r i e s . 

Lowest a l g a l s p e c i e s numbers appeared in near-neutral lakes (Kearney and, 
**. 

Layton's - Lakers} J al though some except ions were noted (-Presqu'ile and 

Freshwater Lakes). 
a. k „ 

Plankton Community Composition and pH- ."• . 

Oocurrances of each spec ie s in the 20 lakes a re i nd ica t ed by 

appropriate lake numbers in Appendix A. 

The most f requent ly occurr ing phytoplankton spec ies fn the o v e r a l l 

data s e t were the diatoms T a b e l l a r l a f loccu losa (19 l ake s ) , F r a g l l a r l a 

crotoflensis (15 l a k e s ) , and Navicula spp. (20 lakew); the ch lorophytes 

Gloeo.c5"ystls maior (16 lakes) and, Sphaerocystls schroeteri (20 lakes); the 

chrysophytes Dlnobryon bavaricum (19 lakes) and Mallomonas caudata (19 

l akes ) ; the"xanthophyte Chlorochromon.au. a i n u t a (20 l a k e s ) ; and the 

cyaho'phyte Agmenellum thermale (16 lakes). 

" \ 

a* 

http://Chlorochromon.au
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<> 
Table 16. Algal taxonomic group abundances-(nos./I) and-diversity (number 
" " ' ' . " ' * " . \ ' ' " \ • 

of species). (Others - includes non-diatom chrysophytes, 

euglenophytes, xaqthophytes, and pjrrrophytes). 

, Lake 

i 

• 
1) Big Dam Bast 

2) Big Dam West 

8 ) Beaverskin 

17) Canns 
""* * 

13) Drain" 

. 19) French 

16) Freanwater 

4) Grafton 

11) Kearney 

3) Kejimkujik 

- 14) Lacey Mill 

15) Laytons 

5) McGinty 

7) Mountain 

NO. 
Spp. 

(43) 

(42) 

(26) 

(34) 
> 

- (23) 

(40) , 

(24) 

(35) 

(17) 

(23) 

• Greens 

m 

393000 (17) 

361000 (12) 

346000 (9) 

84800 (8) 

1610000 (9) 

f66O00 (17) 

179C%0 (7) 

404000 (13) 

-' 56.600' (3) * 

96700*(8)' 
r a 

(28) *** 300Q00 (12)', 

-(18) 

.(28) . 

(31) 

9) Pebbleloggitch (27) 

10) Peskawa 

' 20) Pxe«q«'il* 

"6),Puzzle 

' (-25)-

- (3D 

' (25) 

1-2) Ltl.Sprlngf.leidX26) 

«•, 18) Warren "(33) 

V" - -

918000 (8) 

/23J0OO <8)". 

120000 (7) 

97900 (8) 

40300 (7)'" 
w -
*2720000 (11) 

318000* (5) 

i 313000 (7) 

41000 (9) 

DJibmsj 
7 \ , 
. 1 ' 

157000 (12)," 

362000 (15) 

14300 (7) \ 

19300 (13)1 
1 

76200 (8) 1 

2450Q0 (1-y" 

350000 (7) 

"773000 (13) 
i < 

8150 "(7) 

576000 (7) 

' 44900 (8) .5; 

170000,0 e4) ' 

8810Q (8).' 
* A 

292000*(14*) . 

128000 (9) 

168000 (9) 

2200000 (11).'. 

17000,(10) 
" n. \ 

83300 (10) 

* 20700 (10)'' 
i* a. 

Bluegreens 

748000 (5)." . 

. 421000 (6) 

26700000 (2) 

502000 <5) 

. ' ,«0 (0)' • 

i ' . 25900 (4)"-

61800 (3) 

. 567000 (-3) 

778Q0O (2> 

37J4Q *2) . 

172000 (2) " 

"1 74400 (2) . 

243000 (4) 

1640000 (4) 

24800 (3) 

12900 (3) 
t 

, 52700. (1) 

1340000 a(4). 

231000 (4) 

49600 (7) 

Others 

. 336000- (9) 

58900 (9) 

386000 '(8) 

885000 (8-) ' 

3370000 (6) " 

153000 (7X 

33300; (T^ 

883Q0«(6) 

6560 (5) 

- 64100 (6) * 
1 

'' 26500 (6) 

117000 (4) 

206000 <8) 

126000 (6) 

:i 13000 (7) 

175000 (6); 

^110000 (8) 

54400 (6) 

37300 (5) 

48300 <7) 

(".' 

vf 
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-ladocerans "Eubosmina tubicen (17 lakes), Bagmlna . longirostr ls 

The most frequently occurring zooplankton .species in the .overall data 

set were the cl 

(19 l a k e s ) , and Holopediua gihberum (17 l a k e s ) ; the calanoid copepod 

P i a P 1 ; o i T m l n ' a t u g <19 U k e s ) 5 t h e c y ^ o p o " c0PeP0d Mesocyclops,edax (19 
' . , 4 » • * 

lakes); and the rotifer Keratella cochlearis (20 lakes).0 These frequent 
1 a * * 

phytoplanktoit and zooplankton species seem to be characteristic of Nova 

Scotia lakes in general. 

The majority of the algal species were ubiquitous, occurring across 
aV» 

the range of pH. Many were most numerous in the mid-range of pH (5.0-6.5), 

*•» with reduced abundances at extreme pH values. Certain species showed1 

strong preferences in term's of their occurrance .for -high or low pH. A 
i 

a • 

group of species consisting Of the blue-greens Dactylococcopsis acicularis, 

Splculina major, Aphanocapsa pulchra, Calothrix abscendeus, the chrysophyte 

Chrysosphaerella longlapina, the diatoms Synedra ulna, and Plnnularia 

Braunii, the greens Selenastrum ainutun and Groenbladia neglecta, and 'the 
\ * 
( *,. i pyrrophyte Peridinium limbatum occurred only In lakes with pH values above 
\ n • 
\ - 5.0. This group i s e v i d e n t l y i n t o l e r a n t of very a c i d i c c o n d i t i o n s . A 
\ _ 
, '• - second group of species consisting of the blue-greens Anabaena floa-aquae. 

4 . jt \ k 

and Anabaena variabilis, the diatom Nitzschia dissipata, and the greens 

"V • Staarastrum connatum and Crucigenla tetrapedia occurred only in lakes of pH 

- *. " 
legs than 6.0. . This group ehoWs a preference for acidic conditions. 

" ,• - 7 - i 
' ,l 4 

Amt>ng the zooplankton, the-rotifers Euchlania sp., Filinia longlsta 
*. a , - ' 

v k 

arid-GastiropuB. sp^, and the cyclopoid-fpopepod Tropocyclops pras inus were 

" found only-above pH -5w^. whi le t he - . rb t t f a r Trlchocerca e longata only 
"^occurred -below pH 6-0. Most of the otfier *o"oplarikton. were'present across a 

. » k - •> -

-. I * a 4 M . 

broad ' r ange of pH"*v<"lues, e x c e p t , t h e c a l a n o i d copepod Diap fonus 
oregoflensis, whi^h. only occurred i n lake* of " intermediate pH (5.0-^6.0). 

This la in contrast ' to its" congener Du a l n u t m , which occurred- in a l l Lakes 
• " " * * . » - * _______ . , 
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but the most acidic one. The cyclopoid copepod Mesocyclops edax and the 

cladoceran ScapholeberiB king! were both found to occur only at the more 

extreme pH values, below.5.0 or above 6.5. 

- Plots of phytoplankton abundance and species number versus pH showed 

little relationship (Fig. 28 a.b). R2 was very low in both cases, with no 

patterns evident. The plot of algal abundance versus pH again excludes 

Beaverskin Lake because of Its anomalously high algal numbers. 

•None of the phytoplankton sub-groups showed any relationship between 

species number and pH, There was*some indication for diatoms of a 
k 4. , 

relationship between abundance and pH, with highest populations-above pH 7, 

although considerable variation in abundance existed below this pH level. 

"' Most lakes had between 14 and 20 zooplankton species, with less 

variation ,in diversity among lakes than for the phytoplankton (Table 17). 

Little Springfield Lake was notable for very few species in any of the * 

groups, and low abundances of all forms except rotifers. Presqu'lle Lake' 

also had low numbers of species in all groups, although it did have large 

populations of the primarily herbivorous groups - cladocerans and rotifers. 

Layton's Lake showed extremely abundant cladocerans and cyclopoid copepods. 

Drain Lake, near the other extreme of pH, also had abundant cyclopolds, and 

the highest levels of copepod nauplii. Evidently, the majority of nauplii 

"in Drain Lake do not survive to adulthood. ., ^ 

Plots of zooplankton abundance and species number showed very weak " • 
" - . * • ' • " 

relationships (Fig. 29 a,b), "although an interesting pattern did emerge for 

zooplankton species numbers. There was some indication of a curvilinear * 

relationship, with lowest species number's occurring below pH value 5 or 

above pH value 7. Highest species numbers -occurred between pH value's 5 and 

« 
7", although variation was faltly high within this range. 
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Figure 28. a) Phytoplankton abundance (no./l) and b) Number of phytoplankton 

species versus pH. 
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Table 17. Zooplankton taxonomic group 

(number of species) 

Lake 

\ 
- 1) Big Dam East 

2)' Big Dam West 

8) Beaverskin -

17) Canns 

, 13) Drain 
a 

* 
19) French * 

16) Freshwater 

4) Grafton 

11) Kearney . J 

3) Kejimkujik 

14) Lacey-Mill 

15) Laytons 

5) McGinty 

7) Mountain 

No. 
Spp. 

(17)" 

(19) 

(19) 

(24) 

(14) 

(18) 

(19) 

(2Q) 

(16) 

.(16) 

(14) 

Cladocera 

7170(7) 

9510(7) 

4500(6") 

7830(9) 

* 8470(5) 

10500(9) 

5950(7)* 

8670(7) 

3730(6.3 

3460(6) 

6570(6) 

(16) 1360000(5) 

(22) 

(15) 

13200(7) 

4930(5) 

9) Pebbleloggltcch (18) 21800(6) 
. . t ' r 

10) Peskawa 

20) Presqu'lle 

o 6) Puzzle 

(22) 

(13) 

(20) 

-12) Ltl.Springfield (8) 

• 18) Warren --t (21) 

8170(7/ 

69200(4) 

6170(10) 

2020(4) 

2290X6) ; 

1 

abundances (nos./t 
. .a , " >• 

. 

Calanoid Cyclopoid 
Copepod* „ 

5330(3) 

7100(4f 

10900(6) 

' 4150(3) 

78(1) 

9870(4) 

2480(4) 

7380(5) 

3620(4) 

10600(4) • 

3840(3) 

9270(2) 

11900(5)-

7800(3) " 

i0100(4) 

6370(4) 

781(2) 

16500(4)' 

: 0(0) 
' a "• 

209^(3) 

1290(3") 

1630(3) 

125(1) 

182pft3) 

9^90(3) 

21(1) 

354(1) 

3920(3) 

335(2) 

480(3) 

39(1) 

36800(4) 

13200(4) 

,1000(3) „ 

^480(3) 

1720(3) 

292(2) 

573(3) . 

645(f) 

6460) 

-. 

a» 

CI-CV 

12700 

11700 

30800 

' 10200 

52 

12000 

2890 

19500 

4320 , 

28100' 

4840 

7610 

411600 , 
4* , 

8450 

32000 

36000 

2240 

27800 

0 

1910 

) apd diversity 

Nauplii 

29700 

18400 

13500 

36700 

87100 

6390 

29900 

16100 

. 47 lp 

12900 

- 2300 

57500 

36300 

18500 

20600 

13200. 

19900 

17100 

471. 

' 15700 

-

Rotifers 

18300(4) 

54800(5) 

155000(6) 

56700(9) 

27700(5) 

5/800(4) 

113000(7) 

29100^5) 

4490(4) 

30300(3) 

55300(4) 

71100(5) 

2"Jj300b(kj) 

#100(4) 
» 

112000(5) 

34500(8)' 

222000(5) 

- 48500(3) 

22960(2) 

' 13500(9) 

> l - -
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Figure 29. a) Zooplankton abundance-(no,/mJ) and b) Number of zooplankton 
» ' a 

•"species versus pH, ' 
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Two of the zooplankton taxonomic categories-showed patterns,similar to 
a . * " 

the one described above, Both cladocerans and calanoid copepods had low 

species numbers at l the extremes of pH value, and highest diversities 

between pH 5 and 7. Rotifers did show"a weak tendency for greater . 
j -a 

abundances at higher pH, but variation was also high. ' • " 

Some evidence was noted of a r e l a t i o n s h i p between, zooplankton" ' 

abundance ' and a l g a l c e l l volume, p resumably r e f l e c t i n g t r o p h i c 

relation^hlpS^bet.ween primary producers and consumers. Drain Lake J with * 
I * * 

highest cell volume but moderate zooplankton abundance,' was an exception to 
.,-

the pattern. ' . 
,. ' * * 

Rela t ionsh ips of plankton abundances with pH are partly obscured by§ 

the e f f e c t s of phosphorus on .plankton abundance. .There I s a moderately 

strong -relationship of phytoplankton, abundance with to t a l phosphorus (Fig. 
30 a., Vr™ 0.22),- and a stronger relationship of phytoplankton ce l l volume . 

i * ' ' 
with TP (Fig. 30^b., "|2=40.58)/» There i s a l so a r e l a t i o n s h i p between 

* - ' . ' , ' 2 ~ ' 
ch lorophyl l l eve l and TP (Fig. 31 a.,. R =• 0.42). The present data s e t f a l l s . 

* t*" t v _ * ' ' " * ' ? 

"* " * 

somewhat below the OECD chlorophyll/TP relat ionship, as was noted for humlc f 

lakes by Kerekes (1983). One of-the* lakes with very high TP levels , Drain 

Lake, has very high phytoplankton abundance and cel l volume in spi te of i t s 

low pfl va lue s . Several of the lakes with low TP and low a l g a l s tanding 

crops values had high pH (Canns, | r e s h w a t e r and Warren Lakes). Thus, the 
. • ' , . , • « ; 

relationship ofj algal abundance to pH is partly confounded by the effects 
j . * , a , ' * ° '*" * 

of the TP/a lga l biomass r e l a t i o n s h i p . Zooplankton abundance i s a l so 
r e l a t e d to TP (Fig, 31 b . v R •*- 0.50). Laytort'a Lake has aTstrong e f fec t qn 

' . ' ; . * " * k 

the relationships of plankton to- TP, having ""high levels of .both phosphorus 
attd plankt6n abundances. This lake i s a lso, alfcarine (pH * 71-55). The , 

* ' * • # - * I 
<A e f f e c t s of the phosphorus a re l i k e l y mote "important in determinirfc the 

r : . -.** ". ; •' : • '- - • •• • - '• *..*•*/ ' * ' . 
; productivity-of Lay ton,* Lake than is the high pH, * , ' / « • ' 

_ * 1 * ' fc ' I' * ' ' I-

* * .) , «. , f -
- , - " 

) 

V " , • ' a.' • , :' • 1 . 
* • " - . - , t •-•-»̂ «a.'M'l.lli(il» W j j U p l ^ M , , 
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Figure 30. ] a) Phytoplankton abundance (no . / l ) and b) Phytoplankton c e l l 

volume versus to t a l phosphorus (mg/*-*). 
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Figure 31. , a) Chlorophyll a and b) Zooplankton abundance versus Total 

phosphorus (mg/m-'). 
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Stepwise m u l t i p l e r eg re s s ion was employed to de termine the b e s t 

• predictor variables for the plankton group data from among the physical-

c h e m i c a l - v a r i a b l e s measured. The r e s u l t s , wi th R2 and R2 ad jus ted for 

degrees of freedom, a re shown in Table' 18. P r e d i c t i v e capac i ty of the 

phys i ca l - chemica l da ta was q u i t e good for most of the plankton group 
t 

abundances, and for o v e r a l l spec ie s numbers. No single*" p h y s i c a l or 

chemical variable was Important to a l l of the phytoplankton, o r ' a l l of the 

zooplankton var iab les . - ' """ 

Dendrograms were der ived on the b a s i s of phytoplankton communities 

(Fig, 32), and zooplankton communities (Fig. 33). Clustering of the lakes 

on the basis of these two c r i t e r i a produced different r e su l t s , as might be 

expected from the plankton da ta presented " e a r l i e r (Tables 16 and 17). 
' j 

Amalgamation* d i s t a n c e s between lakes as a whole were s m a l l e r for the 
* 

^phytoplankton than- the zooplankton, meaning that phytoplankton communities 

were more s i m i l a r ac ross the twenty l akes than were the zooplankton" 

communities. -. 
- \ - - ; 

The phytoplankton communities (Fig. 30) formed four rnai*- lalt;e groups: 

_ / - vx ' * 7 
- French^ peSkawa, Pe*WjleloggitCh and McGinty Lakes; j v 

- Freshwater, Kejimkujik, Grafton and Big Dam West Lakes;/ 

- Littir Springfield and Lacey Mill Lakes; 

- Big Dam East and Warren Lakes. 
t 

"These twelve' lakes formed a largt* group a t an amalgamation distance of , 

1.1,* with the addit ional lakes joining that c lus ter at progressively higher 

l e v e l s . P r e s q u ' l l e and Layton's Lakes formed ajpair a t a d i s t a n c e of 1.4, 

while Beaverskin Lake and Drain Lake were extreme ou t l i e r s from the r e s t . 

The zooplankton communities (Fig. 31) formed three main^lake groups: 

- Kejimkujik, Puzzle, Peakawa*] Graf ton and Big Dam West Lakea^ 

-"Big Dam Eaat, Mount^n and Canns Lakes; * 

- © 
• '- •• • • • V • '• ' " ' 

•r ' ^ - a t 
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Table 18. _ Stepwise multiple regression results for plankton groups 

versus water' chemistry. 

Plankton Variable Best Predictor .Variables »2 ' 

Adjusted 

. s2' 

/ 

Alkalinity-, pH', SRP, Z ^ , DOC 

i ' • 
5RP, TDN, DOG, 

Alkalinity 

-Phytoplankton -

Greens 

• Blue-greensv 

^ Diatoms 

Others DOC, Color, ? , Temperature 

Total Phytoplankton SRP,f TDN, DOCi 

Number of Species , TDN, DOC, Color, pH 

Alkalinity,-Area, Temperature 

78.1 %- ,70.3 X *** 

53,7 % 41.4 %, * ' 

-91.4 % 89,7 X *** 

30.9 X 12.5 % NS 

54.5 % 46.0 X ** 
r ^ 

76.6 X 70.3 % *** 

. Zooplankton - ' 
- ' ' l r * . 

: t -Cladocera SRP, TDN, Alk., PHaeO"., Chi. a 

Calanoid copepods" "Temp., Al, Chi. a, phaeo.., Alk, 

Cyclopoid copepUds phaeo., Chi, a', Phytoplankton 

* • "Cell Volume 
Rotifers 

-Total Zooplankton* 

TDN, Zm a x , pH, SI, SRP' 

SRP, Alk., Phaeo., Chi*, a, 

• Phytoplankton Cell Volume 

Number of species Al, Alk., pH, Color, Z 
max 

95.5 % 93.9 % *** 

67.5 X 55.8 % ** 

98.2 % 97.8 X *** 

•69.8 X 59.0 %** 

98.6 X 98.1 % ***. 

76.5 X 68;0 % ** 

Refer to Table 14 for Key for variable ".abbreviations and units, . 

* Significant at'p»0.05 ". / 

** - Significant at p«0.01* ' . . ' 
> ••* 7 * 

*** Significant at p-0.001 • . . - ' 
NS Not "significant . " . 
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Cluster dendrogram of lakes,based on phytoplankton communities. 

Lake Name, 

Big Dam East Lake 

Big Dam West Lake 

Kejimkujik Lake 
<* 4 

Grafton Lake 

McGinty Lake 
•# a -
4 ' < "" - • 

Puzzle Lake 

Mountain Lake 

Beaverskin Lake ' -

Pebbleloggitch-Lake 

Peskawa-Lake 

Kearney Laki-

, L i t t l e Springfield Lake 
*• • ' ' \ 

"Drain Lake * 

* 
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* "t 
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t Presqu' l le Lake8 
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Figure 33. Cluster "dendrogram of lakes based on zooplankton 
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- Lacey.MllJL, Warren and Kearney Lakes. 

These eleven lakes,, together with French Lake, formed a larger group 

at a distance of K6. Pebbleloggitch and, Beaverskin Lakes formed a pair at 

a disitance of 1.6, and jo ined the l a r g e r group along wi th Freshwater and 
a •» a. t * 

Little Springfield Lakes at a distance of 1,8. Presqu'lle, McGintv, Drain 

and (especially)" Layton's Lakes, were outliers from'the rest. 

v 

* ?-
\ 

/ 

. X 

J-



. ' *-

* * *w~- - Page 185 

'C, Discussion « 

be 

T̂he Inver-.il ^relationship tn t the, data set* of a lkal ini ty with pH is to 

' * 
expected, aincp" a lka l i n l t y (expressed in mg per llt«*r as CaCfts) i s ' a 

. measure of the compound"? prja^ent which c o l l e c t I v n l y sh i f t pH to the 
a a 

alkalinf„ end of the scale (Wet'zel, 1975). The relationship of log 

(alkalinity), versus'pH was essentially linear from pH 8 down to pH 5, > 

Bel*w pH 5, no- a lka l in i ty was measured. 

/* 

The'exponential i t jcre ise in di-;'*-i'>tv)pd aluminum conct-nttat ion with 

*, decreasing pH has "been"-a eorarao*. observat ion in previous?- s t u d i e s (U.S. 
* * 

Environmental Fr%te^tioo Agency, 1983), The p a t t e r n may be p a r t i a l l y 

obscured by the fact that levels of aluminum in many of the lakes were a t 
/ 

or near the l i m i t s of de t ec t i on , implying the p o s s i b i l i t y of l a rge r 

-relative $rror in these measurements.. The pattern Is nevertheless clear j . 

enough* Increased levels of aluminum and other metals In acidic waters are 

; cause for concern in1 terms of botn e'cologlcal effects of metal toxici ty1 t a 

aqua t i c organisms, and human hea l t h e f f e c t s of metals in dr inking water 

supplies and In fish ultilized.- as a food source. 

The strong relationship between chlorophyll-^ and phytoplankton ce l l 

volume i s of in teres t , since i t offers a way to predict t o t a l cel l volume 

from a simple measure of chlorophyl l l e v e l . Est imat ion of a value of X, 

the p red ic to r v a r i a b l e , froln a measurement of Y, the dependent random 

variable, i s straightforward from al l inear regression, although calculation 

T 
of the confidence l i m i t s assoc ia ted wi th j tha t e s t ima te requires- s p e c i a l 

methods (Sokal and Rohlf, 1969). TOtal a l g a l c e l l volume IS a b e t t e r 

measure of primary producer bio-mass In a planktonic capmuntty than algal 

ce l l numbers- (Wetzel, 1975). and so estimation of th i s variable from easily 

obtained chlorophyll measurements would provide valuable Information on 

p o t e n t i a l food resources in lake 'p lankton communities. Phytoplanktbn. 

**,• 

http://Inver-.il
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m. a*"""""' 

"*" I ** *• .a ' V 
Abundance do>s not a c c u r a t e l y re£l»»e.t biomass because^of in t e r - spee - i e s 

*" ' 
variat ion ,In ce l l s ize , nor does'chlorophyll concentration correspond wil l 

x » " « 
wl"-h phytoplankton abundan.Ce (Elg. 26 b). ' • 

Tota l c e l l volume did not 'show any r e l a t i o n s h i p - w i t h pH (Fig . 27 b ) . 

Conf l ic t ing obse rva t ions ht*ave been obta ined on the r e l a t i o n s h i p s of * 

phytoplankton biomass. and production with varying pH value. Kwlatkowski 

and Roff f 19|,7 b ) , in "a s t u d y of s i * O n t a r i o l a k e s , found p o s i t i v e . 

correlat ions of chlorophyll £ with pH, and lowest primary productivity at 

-lofwest pH. Aimer e f a l . (1978) noted h ighes t a l g a l biomass In the most 
11 ' , ^ 4 V 

' acid conditions, x and lowest biomass at intermediate pH, in a se t of lake:* 

from Sweden. During .acidification of lake 223, Schindler and Turner (1982) 

observed i n c r e a s i n g ch lo rophy l l and a l g a l biomass. There was some 

sugges t ion in the p r e sen t da ta of-higher d e l l volume, ( ref lec t ing" .h igher 

biomass) at high pH-value (above 6.0), and one anojaalous f inding of high' 
' ' a- . a 

** * " . a . 

cell-Volume a t low pH value (Drain Lake) (Fig. 27 b). * ' 

Many i n v e s t i g a t o r s l\ave noted r educ t ions in phytoplankton spec ies * 

numbers a t lower pH l e v e l s , comparing among setjs of l akes over a pH 

gradient . . The same pat tern-has been found in Sweden (Aimer e t ' a l . , 1978), 

southern Norway (Leivestad e t a l . , 1976; Raddum et a l . , 1980), >the Sudbury 

region of .Ontario (Yan, 1979; Stokes, 1980), the LaCloche Mountain region 
of Ontario (Kwlatkowski and .Roff, 1976), the Adirondak region of iNew York* 

* • • • • , , . ' * _ * 

(Hendry, 1980), and Florida (Crisman e t a l . , 1980). In the present study-, 
1 if t 

no re la t ionship was found between a lga l species•number and pH (Fig. 28 b). ' 

The s i x lakes wi th the h i g h e s t numher of spec i e s (>33*> did occur in the 

i n t e r m e d i a t e range between pH 5.0 and pH 6.3, -although many l akes i n t h i s , 
* ** "' -t . 

range had .much-lower numbers.. As Was seen for spec ies number, no. c l e a r 
' * • * ' «. ' \ k 

pattern' was -noted for phytoplankton abundance with pH (Fig. 28 a) . 

H-

i 

http://abundan.Ce
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.-* -7- - •" " ' • A . • a 
* . * • * , 

In -slmi lar ' f Jfcshlon.to phyt->p.'anktdn, many* s t u d i e s have noted fewer 
*-

-- (, a 

species of'zooplankton In lakes of lower *pH value across a rang^ of lake pH 
' "'*' ***-- "* J 

values. "This has been the case in Sweden (Aimer et a l „ '1978; Hultberg and 

Andersson, 1982), Norway(Hendry and Wright", .1976; (Raddum e t a l . , 198(1), 

Ontario (Carter, 1971; Roff and Kwlatkowski, 1977; Sprules, 1*9754 Yan and „ 
"" * •*• ' 4 

Strus, 1980),' the northeastern U.S. (Confer et al,, * 1983), -and Great 
.. % - - % - . ° -

Britain (Fryer, 1980), Cladocerans have"been nf-teti as - the 'most , sens i t ive 
i ' > 

group (Raddum e t a l . , 1980), p a r t i c u l a r l y the daphnids (Spru les , 1975)*, 

although-* many cladocerans «j#e.fairly acid tolerant.*., 
' ' ' * " • , " 

In the present s tudy, zoteplaftkton abundance was nqt*rela"ted to pH 

except t h a t the highest^abundances occurred in one .of the most a l k a l i n e 

lakes (Fig. 2,9 a ) . Species number showed no LinearVrelat ion to pH values 

(Fig. 29 b) , but the tajend of lowest a.buiidance.-t a t extreme pH's i n d i c a t e s 
* * a -

« « 
long-terra adaptation to moderate pH by ma»t* species. The trend below pH 

, | ^ • *. 
6.0 ,ls approximately l inear with decreasing' pH values. 

The group of lakes a t or below pH 5.0 (n=7) had an average of 14.7 
-

zooplankton"species,° while the group»of lakes between pH 5,1 and pH. 6.5* 

(n=10) had an,average of 18.6 spec i e s . Those lakes above pH 6.5 (n*=3) had 

an average of 15.3 s-pecles. The a c i d i c and medium range group means a re 

s 'I-

significantly different (t-test, p<.05);, but th^alkaline group pean Is not 

t - ' ' 7 > , 
significantly different from either of the others. Thus*, the present data 

" t conform in general to the previou-sly reportedTesolts for blogeographic 
a. \ 

patterns of reduced zdoplankton species richness at lower, pH value 

mentioned above. " " < 

\ ' " " ' \ 
' Species, numbers'found-in "a lake are influenced by sampring regiute, as 

' "*- '" -""" ' 
was suggested in Chapter 2, and many blogeographic surveys of lake plankton 
are based on s i n g l e samples or m u l t i p l e safnples from a s i n g l e da t e . The 

*"• - , " . " ' • • J ' 

preisent study i s based' on m u l t i p l e depths an ima ted from spr ing to l a t e 
* "- - I 

r'1 
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f a l l , wttirfh increases the likelihood of encountering most or *aM. pelagic 

* , species present in a given-lake. • * 

j; 4 The s tepwise m u l t i p l e r e g r e s s i o n s f̂ or *this da ta se t showed some 

in te res t ing results: (Table 18). The* diatoms were the phytoplankton 'group 
- a, S 

- o 
with the highest ft". Alkalinity and physical factor*? explained almost 90% 

of the diatom variance. Alkalinity was a lso important in predicting levels 

' a ^ 

of green and blue-green algae. These two groups also had soluble reactive 

phosphorus and dissolved organic carbon as Important predictors. The 

miscellaneous phytoplankton group 'others' did .not have a significant 

portion of its ^variance explained by any combination of '.predictor 

variables. This is perhaps because this group contains a number of 

unrelated specie's which may respond to their physical-chemical envkĵ ronments 

' ", ^ in different ways, obscuring any patterns. Total phytoplankton as a\ whole 

"•„ were well predicted by the dissolved nutrient variables (SRP, TDN, DOC), 
suggesting the overriding importance .of trophic relationships with 

"> * . 
>•" 

.nutrients for* phytoplankton as opposed to the influence of physical 

factors, Phytoplankton species number was well predicted by TDN, DOC, 

Color and pH. ** ' 

The cladocera l|ad a s ignif icant portion of the i r variance explained by 

, a combination of Nu t r i en t s , a l k a l i n i t y and pho tosyn the t i c p igments . The 

copepods a l so had pho tosyn the t i c pigments as s i g n i f i c a n t p r e d i c t o r 

V 
v a r i a b l e s , and i n the case of c i l a n o i d s , , t e m p e r a t u r e , aluminum and' 

a l k a l i n i t y . R o t i f e r s were s i g n i f i c a n t l y r e l a t e d to n u t r i e n t s , maximum 
a k 

depth «nd pH. Total zooplankton wefe*best explained by SRP, alkalinity.. 

and measures reflecting phytoplankton productivity (photosynthetic pigments 
I « a ,, 

and cell volume"), 
""I .' * ' » 

y The general patterns discerned suggest that the phytoplankton respond 

>' 
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** ' * 

*4t. more directly to the physical environment and the dissolved nutrient -

i 

rie»E /concentrations, wall., .the zooplankton respond more to nutrieVt levels* and' 

those variables associated with algal production.' Significant predictors 
a * • . * 

' * 4 

for the zooplankton are often* removed from them by two trophic levels. For 
* 

, example,, the 'cladocera, largely herbivorous, have SRP and TDN as their most 
4 A * • 

Importajft t-predictors. The cyclopoid copepods, largely eartiivorou»s have 

phytoplankton measures as the i r best predictors. The ro t i fe r s respond to 
4 * * 

a V 

nutr ients , depth and* pH. Calanoid copepods Were most strongly related to 

t empera ture , which may be a r e f l e c t i o n Sf t h e i r seasonal I f f e - h i s t o r y * 

patterns*. " , 
- * 

t*k - The. number of zooplankton s'pecles present i s .best .predic ted by 

aluminum, a lka l in i ty and pH, ^a te r color and maximum depth. 

I t i s Interest ing to note thatj" while pH does-not const i tute one of the 
a a 

a \ , - •* * , 

s i g n i f i c a n t p r e d i c t o r s of abundance fo r e i t h e r p h y t o p l a n k t o n o r 

zooplankton, i t Is one of the important predictors of species richness Of 

both zooplankton and phytoplankton. 
* " ' " ' . / 

/ Prediction and causality require; careful in terpreta t ion in a complex 
system. While the predictor variables were usually able, to Explain highly 
significant proportions of- the plankton variable variances, I t i s -difficult 

to make d e f i n i t e conclusions concerning c a u s a l i t y . In ,phys lcs , a foree 

acting on a mass causes acceleration", and the causal i ty Is clear and easily 

understood. In a-careful ly-conducted l abo ra to ry experiment , force and 
- a, 4a. 4 4 

acceleration will be,strongly related for a given mass, and force will 
* -

predict acceleration to a high degree of precision. In ecology, It is more 
. a * 

d i f f i c u l t to ass ign causal mechanisms. A l k a l i n i t y doe%*not "cause" a 
* * * 

c e r t a i n populat ion o,f green a lgae , even though a l l U j ^ l t y is- the bes t 

predictor of chlorophyte abundance, Obviously many variables in an aquatic 

system in te rvene between these two i n complex causa l pathways. .Some of 
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* *" * * . * 

* 4 * • * 

these i n t e r v e n i n g v a r i a b l e s w i l l be known and measured, o t h e r s may be 

* suspected but not measured, and^fyLll-o'thers .may not be known. 

Results of -the clu'ster analyses were dtallferajpt for phytoplankton and 

zooplankton, al though Some s i m i l a r i t i e s 4 did appear*. Kejimkujik, Grafton 

and Big ."6am West Lakes were grouped c l o s e l y in t e r m s "of both t h e i r . 

phytoplankton and zooplankton communities. In terms of the i r physical and 
. " k 6 • ' • " 

chemical data, these' lakes do hot »£and out as a grqup frbm'the overal l se t 

of lakes. Many of the physical-ctfemical measurements" are s imi lar for these 

t h r e e l a k e s , p a r t i c u l a r l y 1 ca lc ium, "color and DOC Other l akes which" are" 

s imi lar to these lakes in terms of physical-chemical factors,"however, have 

different plankton communities. - » I*" 

"Layton's, P r e s q u ' l l e and Drain Lakes were o u t l i e r s in terijis of both" 

the i r zooplankton and phytoplankton communities, Layton's and P r e s q u ' l l e ' 

Lakes had% phytoplankton'.communities' more s imilar to each other than to the 

other lakes, and these" were the 'only lakes above pH, 7.0. Drain Lake was a t 

the ether end of the5 pH scale . Beaverskin Lake ".fas an ou t l i e r in terms of 

i t 's phytoplankton1 community, which has been noted p rev ious ly as being 

unusual in i t s dpminance -by a single cyanophyte specie^.. 

In gene ra l , -the d i f f e r ences in the phytoplankton and zooplankton 
i *" " . " 

groupings are more s t r ik ing than the s i m i l a r i t i e s . This suggests that the 
• 

-phytoplankton and zooplankton d-o not respond in the same ways-to their 

physical, chenwiatl and biological environments, in that two lakes with 

V ' * _, . 
' . * • s i m i l a r phytoplankton communities a re riot more l i k e l y to have s i m i l a r 

- ' " a " " " ' 

• '- > J • zooplankton communities, and vice-versa. ' 
• * * * . ••» 

* . »• ' 

•"'•-. The lack of a strong, effect of pH on the plankton communities of this 
- ' ' • ' ' ' " 4 • , 

, * '̂ ""Vdata set suggests that lake plankton can adapt and continue to be 
M, " t * -

?• I " 5 _ r * * • • * . 

fttfoductive over, a broad range of-pH. Changes in pH a re more l i jcely to 

v 
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affect community" species comjposition than t o t a l abundances or U'lomass.. -

An I n t e r e s t i n g example of the-» i n t e r a c t i n g a f f e c t s of a c i d i t y and 
' \ "' " * 

• , < r ' • , • * - • • * 

nut r i en t ava i l ab i l i t y .Is .provided^ by. ' L i t t l e Spr ingf ie ld and-.Dtain Lakts^ , -̂  , 
Highly a c i d i c L i t t l e S&ringfield* Lake,, wi th high aluminum l e v e l s and ' .. 

4, ' "*'. *• .» 

extremely clear water, supp/nM:s -moderate phytoplankton diversity and, jj 
> ' ''J***'"1. * ' ' * • ' "*' ' * A.' 

abundance. The outflow from thffe lake leads'to Drain Lake; At one point- )° **^ 

£ 
along the outflow, an input of raw sewage i s added which goes tfirectly into 

' • '" ' ' - ' ' , " ' ' ' 
"• . 'Drain Lake. Addit ion of the sewage waste causes marked changes in the 

• » ' • ' ' 

water chemistry and biology of Drain Lake as compated to L i t t l e Springfield--
a - ' * " " " " * ' - • 

Lake. Levels of total phosphorus, soluble reactive phosphoru.s^|i4i total ." 
"* * *"*• «ff % "_. . 

* t * '* ,. B" » * " 

"nitrogen are two to three time's higher in Drain Lake, pH is increased by-

0.65 units, "aluminum is substantially, .decreased'and water color is .' , 
' -. a a . 

increased. ' " A " x ' 
« • . 

Phytoplankton divers i ty i s approximately equal in the t^jo. lakes, bu t , -""» „ 

, phytoplankton abundance i s 7 t imes g r e a t e r i n Drain Lake, c e l l yelume i s " # 

18.5 t imes g r e a t e r and ch lo rophy l l £ i s 21 tkqtes g r e a t e r . Zooplankton *" 

divers i ty i s Increased from 8 to l*4".vspecies, and zooplankton abundance i s 

2.9. times greater in Drain Lake. 'The major' increase in the phyto,plankton -

occurs in the chltrophyte and miscellaneous categories, while Increases i n * * 
• • T ** 

• . the. zooplankton are mostly In the copepod group. Increased phot'osyntlietrc 

a c t i v i t y i n Drain Lake may be p a r t l y r e s p o n s i b l e for the inc rease in pH, -

and r educ t ions in aluminum may r e s u l t from r e d u c t i o n . i n s o l u b i l i t y ^ a t 

h igher pH combined with increased complexing of'alumlnum with organic 

material -and transport ttF the sediments. Drain Lake has been found to' have 

r * . ' " • ' 
* . ' - . 

- -high productivity and a diverse biota, including several macrophyte .species 
whiehi do not normally occur at such low plJ"(Kerekes et al., 1984).' Drain , -».£ J Lakef also supports abundant benthlc Invertebrates, ducks and muskrats, ahd 
limited amphibian arfd fish populations, These findings are unusual for an 

.• •»• 
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• * » . - " " «_. * 

extremely acidic lake, and suggest.that nutrient enrichment may help to 

* 4 

overcome the negative effects' of low pH values on productivity and 

diversity such as'often occur in acidified lakes (Kerekes et al., 1984). 

.Yan.et al. (1982) observed that enrichment of an acidic lake In Ontario (pH 

- 4.6) resulted in a. phytoplankton bloom and subsequent .tnereaa-es in 

. herbivore .and invertebrate carnivore (Chaoborus) populations. Resilience, 

of this community to nutrient addition was reduced compared with a second 
*» a * • ^ 

a „ 

f e r t i l i z e d , non-ac id le l ake . Two years af ter f e r t i l i z a t i o n , herbivorous 

populations had been severely" reduced by invertebrate predation. This was 

a t t r ibu ted to a lack of vertebrate predators to , con t ro l the invertebrate 

popu la t i ons . - Drain Lake, on t he .o the r hand, supports ' a f a i r l y d ive r s e 

p reda to r community, which may fc&lp to s t a b i l i z e the foodweb'so t h a t the 
» 

b e n e f i t s of f e r t i l i z a t i o n appear a t every l e v e l . S t ruc tu re of a l ake 
V 

a * * » r 

'foodweb Is t-he-refore important in considerations of nutr ient enrichment as 
l " • 

a management tool to supplement l iming of acid lakes. 

S 

W(few»t„ m 5ifl(fî &»'i, „ 
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. - ' . - ' " . , * APJENDIa"-; A , . 
* a ,, 

a > ' " * ' % , 

„ Species Lists and Taxonomic References for Zooplankton aftd Phytoplankton. 

. -y— , * "' * ' ' • ' ' -
/ "• - • _ ' rfi > ' - ^ 

Table A. l . L i s t of, z o o p l a n k t o n s p e c i e s found , in Kej imkuj Ik . and 
' ' i' " , ' * " - . ' 7 , 4 

* ,c •*" Pebble loggi tch Lakesi (1-980, 1981) and Beaverskin Lake (198'Q," 

1981, 1982). Numbers with each species refer to those of the 
• *- - " <>, ~ - • • ** * , - . ' 

X .'.'., t:wenty0 study lakes in which they occurred. Based on Edmondson 

,• "* ,. '"'*' - . ' (1959) . ' ' " ' - - . . " ; . ' ', ; • ; •<-' " .- .' ' ' 

".Table A.2. L i s t of taxonomic'-ref erences used in , zooplankton spec i e s 

. i den t i f i ca t i ons . v 

• ' ' ' - a - ' " ' • - , ' ' • \ ' 

Table A.3. L i s t of p h y t o p l a n k t o n s p e c i e s found in Kejimkujik and 

7 ' * , Pebbleloggitch Lakes (1980, 1981) and BearVerskin Lake (1980, 

. , " ' 1981, .1982). Numbers- with each species refer to those of the 

v • twenty study l akes in, which vth'ey occurred. Based on Smith 

(1950). - ' - - , 

A 

Table A.4., List" of taxonomic references used in phytoplankton species.. 

7 identifications. *<_(_. 
c 

X. 
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' " " , • , ' 7 7 ' *• • "' " ' ' '", a 
' Table A . l . , " " . ' - , ' . . ' • l * • ' . ' • " ' ' ' " ' ' \X * 

- ' - a* a ' •• ' 
, " , . ' i ' : 

• • ' . ' - . " * " * • ' L * " ' \ ' , - - , ' » ' , ' ' a , . . 

a . . - . • - , , , ^ . . J . . , ^ | 

Phylum Arthropoda . J ' . , - - - . • ' " " ' 

', s Class Crustacea ' • '" " j -,_,.,.' , ' • 

Order Copepoda • . ' • • - ,",'-". 
* ' - '' - - ** •* - •' , , . 

' , •* Suborder Calanoida , ' X X , "' ' '" _ 
i ' ' , ' « • ' , ' , . • ' ' ' , ' " " " ' 

* - . Family. Temorldae ' t" ' ' , ' * , . , * 
"̂  . ' ' ' * l ' 7 ' • " -

* ' ' J . ' ' - Epischura nordenskioldi. Llllj.. - ' , » , , 
'„ ' *"""" X '•"•" 1.2/3,4,5,6,7,8,9,10,11^14,16,17.18 , ' 

Family Dlap'tomidae, - ! f --.•'"- , 

'. • Dlaptomus minutus Lillj. , ** * •* « - S>? 
• " * "v ' i,2,3,4,5,6,7,8,9,10,ll,13,i4,15,16;17,18,19^20" \ • 

• ', f ° • » J Diaptomus oreg'on&nsis Ljllj. '"' ' « - . . . . 
' *.' *''.,, V .. 2,4,5,6,8,19... - '• - ' • ,•*•"*.'',". ** * 

•. X , X Suborder Cyclopolda ;, * . . " ,'-..'','• ^ ' 

."• ', . Family Cyclopidae , • * , : ' V * ','' 

Mesocyclops edax Forbes "' -
1,2,3,4,5,6,7,8,9,10,11,12, }3,'14,15,16, ,17,18,20 
Tropocyclops sp. * • •', , - ,*' 

* 7 1,2,4,5,6,15,18, . '•• ,, 
Tropocyclops praslnus Fischer "„ /• 
1,2,4,5,6,15,18 , 

• 9 

'a, Subqraer Harpac t ico ida « ' - , , -.' 

- ' ' ' Family "Metidae " -" , , \ 

' - * "'"' ' 
, • , Metis jousseaumei Richard 

' ' ' ' 7' ' ''*' '' •' 1 9 a ' ' 

Order Gladocera ^ X a 
Suborder ,Haplopoda 

- , ', X • ' * , ', ' 
Family Leptodoridae. *" -

Leptodora kindtii Fqcke 
" ' 3,6 _. ' 

Suborder Eucladocera 

', . Superfaiaily polyphemoidea-

,'. Family"polyphemidae . •: >' 

Polyphemus pediculus L. 
3,6',l0,l6,i7,19 * 
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Supe'rf amily- SIdoidea ' • **__ 

-, Family Sididae -' ' ' . - *' ' 

• Dlaphanbsoma brachyurum, Lieven 
' • ' ' ' 3,9 '-,,', ,:' ..- ' .' ' ' X _ /-,.' ' -

Diaphanosoma birgei Fischer , -. <7 
. • :. 1,2,3,4,5,6,7,8,9,10,12,14,15,17,19 ' ' 7 

-? Latonopsis sp;. "• • 
• • ' . • : • 9 ' " - ' ' , ' \ "« ' ' - : . ' ' • . ' ' " - " • " ' '-»" 

Latbna setifera (Q.F.M.) 0 ' . , ,",' 
, Q . ' k &.-. " ,, - , 

- , , " • . ' ' , i ' 

'" Family Holopedildae ,' '/ ** ' -

* Hoiopedium gibberum Zaddach ', 
1,2,3-4,5,6,7,8,9,10,11,13,14,16,17,18,19' 

, Superfamily Chydoroidea ' - ' '• -" . 

Family Daphtilldae -. ' •- X 

JDaphnia ambigua Scourfield: ' 
". .' 3X4,11,16,17 . . ' • X •.-,.'* ''• '•, -, ' 

-• Daphhia catawba Coker* , -0 "• 
''•'," l,2,3t4,"5,6,7,8,9,10,11,15̂ ,17,18,19" - , " 
r" Scapholeberls sp. 7 - - , , 

•,.' '' . 1,12,13,14,15,16,20 ' '' ' .' ' '. X , X* 
- Ceriodaphnia sp. *'. •- .- ', , 

'"'a.' •- ', • • , " , ' . ' - / • 7 

Ceriodaphnia affinis Lllljeborg . 
• " " 13 •* .;.--, j . . ;•" 

Family Bosminidae ,. -, - ,- ' *' 

Bosmina long'irostris (O.F.M.) " . ' 
. " 1,2,3,4,5,6,7,8,9,10,11,12,13,14̂ 6,17,18,19,20 

.Eubosmina lgngispina (Leydig) . 
1,2,3,4,5,6,8,9,14,17,18,19,20 ' 
Eubosmina tubicen .(Brehm) t* -• , 

- I,2,3,4,5,6,8,9,10,ll,l4,15,16\l7,18„19,20 .'• 
Family Chydoridae . , . „ " , 

' " Alonejla excisa (Fischer) 

9 • ' , - • ' - " • ' " . , ' - ' . 

Alonella pulchella Herride 
. ' . . ' . ' 9 ' -. • , , 

" Acroperus sp. • ,. . .•, 
,9 ' • ' ' ' ' . " ' • . . . • 
Alona intermedia Sars . 

;: 9 . - '.. • v : ; ' 
"C Alona affinis (Leydig) •• ' - -

" •'- Alona rustica Scott . * 
9 - ' '". 

Alona guttata Sars - * ' . 
" . • 9 ". ;'• , '' - x k • , 

* • * • « * . . 
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Class Insecta 

' Chydorus cf. bfevilabris Frey 
• .6,8,9,-10,15,19 

Chydorus bicornutus., Doolittle 
' • ' . ' , 9 ' , 4 a ,-' '/ - ' 

Chydorus plger S»rs , -

' ' 9 " , ' ' ' , . , - \ 
Chydorus linguilabrls Frey 

X9 - ',' . *; ': ' - - -,'-' , 
- k ' Chydorus latus Sars .,."•-' 
•; 7,9,11,12,13,16,1.8 ' .-

- ' '' ' Camptocercus cf X'rectirostris Schoedler 
X 9 , , - • •'...., . 
- Eurycercus sp. - - , 

$x ti- • . • • • # , 
Family"Macrothrlcidae * ... > 

Ophryoxus gracilis Sars. 

9 " , • " • • . ' " 

- 'V 

Order Diptera 
\ • . • . ; 

- Suborder Nematocera 

; / 

Family Culicidae ' 
/ 'a > 

Subfamily Chaoborinae. 

Chaoboru,s, punctlpetmis Say 

* t ; <-.-./_, 

, , ' . . ' . - , .- ' • 3 . ' - " , 
, ' " ' • , , Family* Chironomldae* 

Class Ar'achnida 

Order, Acariha 

r ' -a ' * 

Chironomus s p . . 
3 , . , ' .'-.'_ a . •' 

: . , , ' 

,. Water, mite y 
' 3.8* '", '" •', | 

Phylum Rbtifera 

Class Monogononta 

Order Plioma 

- Family Brachionidae 

Subfamily "Brachiopinae ' 
i ' , ft - -

' " * . " • , • ' * 

Kel l lco t t ia bostonlensis Rousselet 
, -1,2,3,4/5,6,7,8,9,10,11,,16,17,18,j6,20. 
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.Keratella cochlearis Gosse 
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20 

Keratella quadrata Carlin a 
14,15,16,17,18 
Euchlanls sp. 
3,5,20 " • • I 
Platylas polyacanthus Ahlstrom J 
11,13,18. ' * '/ 
Lepadella patella Barring 
3 

Family Synchaetidae • , •» 

Polyarthra vulgaris Carlin 
1,3,4,5,7,8,9,10,11,15,16,17,18,20 
'Ploesoma hudsoni Imhof" 
3 

Family Trichocercldae 
s 

" Trichocerca elongata Gosse 
8,10,18 
Trichocerca multlcrinis Jennings 
2-4,5,10,14,17,19 : 

Family Asplanchnidae 

. Asplanchna sp. » * 
8,9,»10,13,16,18 * " 

Family Gastropo-Aidae 

Gastropup. sp.* 
15,16,18 -o 

Order Floscularlacae , 

, Family AConochiltdae 
N 

Conochilus unicornis Rousselet 
1,2,4,6,7,8,9,10,13,16,17,19 

Family Testudinellidae 

*** iFllinia longiseta Ehr. 
15,20 

, i 

Phylum Coele'nterata ,̂.77 
, < j 

' Class Hydrozoa *-. 

Order Hydroida » 

/ Family Hydridae f 

, " Hydra sp. 
3 - * 

\ 

1 \ 
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Table A.2. , °'H\ 

"7 . 
Cladocera "*. / 

/ v * -, • " 
Brooks, J.L. 1957, The sy^ temat ics of North American Daphnia- Mem, 

*• Conn, Acad, Arts and Scl. 13.t~18G. 
• v . ' * 

* Brooks, JT.L. 1959. Gladocera p. 587-656. In. W.T« Edmondsoii (ed.) 
* > k. 

Fresh-water Biology, 2nd ed, John Wiley and Sons, Inc*, New 

York. . 

J "' Deevey, E,S.V and O.B. Deevey. 1971. The American Species of Eubosmina 

*. ŝ 

Seligo (Crtfstacea, Cladocera), Limttol* Oceanogr. 16(lj.:20 jl-
» -. 

218, 
Copepoda 

*" "" * 

, Czalka,, S.C. and A. R o b e r t s o n . 1968. I d e n t i f i c a t i o n of '"the 

copepodids of the Great Lakes .species Of Dlaptomus (Calanoida, 

Copepoda"). P r o c . 11th- Conf. Grea t Lakes Hes , S-F-eO. * 

>* internat ional Assoc. Great Lakes Research, 

Pennak, R.W, 1978. Copepoda p. 388-420, Freshwater Invertebrates of 

« „ ' the United S t a t e s , 2nd ed. John Wiley and. Sons, Inc . , New 

'York. «i " ^ ,• ' 
'*- v * 

Wilson, M.S. and H.C. Ye at man. 1959. Free living Copepoda. In: W.T." 
i 

Edmondson (ed.) Freshwater Biology. 2nd ed. John Wiley and 

Sons, Inc . , New York. 

Dlptera 
i 

Gook, Edwin F. 1956. The Neartic Ohaoborlnae (Dlptera; Gulicidae) II, 

of Minnesota Agricultural Experimental Station Tech. Bull. 218 

102 pp. . ' , ' 
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• ' 
Pennak, R.W. 1978. Dlptera p. 666-709.. Freshwater: Invertebrates of 

the United S t a t e s . 2nd ed. John- Wiley and Sons,- Inc . , New 

" I •'--•*• . ' ' Nia.- '- -"' •"" '"•' • \ 
Rot.ifera , 1 • - " ' -: , 

. " - " ."-4 : -Xl ' ' 
- Rut tner -Kol l sko , A. 1974. Plankton R o t i f e r s , Biology and Taxonomy. 

^ • E. " S c h w e i z e r b a r t ' s . h e Ver lagsbuchand . lung . N"agele u . .„ 

.Obermiller." S tu t tga r t . T46 pp. , . , . 

' . ' , - * • ' , > ' ' 

Miscellaneous *-*" ' ' . - ' •. , . \, - '• 
7 . • » * • . • 

Anonymous, 1972. Freshwater plankton, ""November 6-10, 1970. Kejim-

>-'•-. X ., kuj Ik Nat ional Park," Noya Sco t i a . Summary Report No. 46, \ 
' , ' ' " ' - C-O.I.C. Ref. No;, 009F> 25 pp.. Canadian Oceanographlc I d e n t i -

" i , . ' , . , • " ' - ' , - - » 

• - ' ' " - - ' a -, ,' , ' • ,- • , - ' ,- , -, r " 
1 ,<•- . fication- Centre, National Museum of Natural Sciences, Ottawa. . -,• 
, - ' " . ' V '7 • ' • ' ' " ' ' • ' ' •' ' * ' ' - ' ' 

- . 'Anonymous,; i974. Speciskl Zooplankton .Report. • July" 23,. 1974. "Kejira- , 

" X 7 X-kuj ik Nat ional Park, Nova; Sco t i a . C.6.I.C. .Reference Number -

•' „, 32F. 'Canadian'Oceanographic Ident i f ica t ion Centre/National . . . 

. , . . • ' Museum of Natural Sciences, Ottawa,. Ontario. ' 10 pp . . . 

. . Mmoudson, W.T., (Ed.), 1959. Fresh-Water Biology. *'John Wiley and 

7 • , *"' , Sons.. N.Y. - - '" . • , , . - , " , 

f-

- y 
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J 

Table A.3. . • * " . ,. -

4 , ' • " ' . * " 

Phylum Chlorophyta • . , 

Class Ghlorophyceae* 

*, °0rder Volvocaleltv .' -

* - 7 ' '"Fattftofc^a^ai 

y 

"domonadaceae 

Ghlamydomonas sp. 7 , , - * . 

3 a X X- '•'• ' " ""' ''• ^ ' 

, -,Family,Volvoqaceae ' 7 • • • ,„ 

-' ' * ' Eudorlna elegans Ehr/ ''"•,' 
' 1 " ^ ' 4 * . . . 

-J '. » a,. 

Order Tetrasporales - " l -.' I 
X ''-'•' ''• " . *' - X - - , " a 7 ' ' ' \ ' 

;. ' Family Palraellaeeae • " ' . ' ' • X • 

• * Sphaerocystls Schroeterl^ Cho'd. « . . , , . 
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,1849,20 '-

" ' • Gloeocystls gigas. (Kutz.) L-agerh. 
^ -3,749 ' ^ -"'.'' X, 3.., " ., '." 

' • ' , " fGloeocystis major Gerrieck ex. Leminaj. , 
1,2,4,5,6,7,9,10,11,12,13,14,16,17,18,20 

. , -*- " • Gloeo'cystis planktonica'(W. and G.S.West) Lemm. 
X' " :,.••; 1,4,5,8,9,13,16/7. '- * ' - ,• 

Family Cpccomyxaceae-' . • * • . . . * ," X* 

Elakatothrlx gelatinosa Wllle <* ! 
'". I,2i4,5,6,8,10,ll,12,13,l6

!',l-7,18,19,20 ; ^ ". 
Order Ulotrlchales ' .»' - ' " ' • ' ' *-"*" " , 

J 
Suborder UlotrIchi|iea« 

J~\. •'- - 7- ' ••••-;• , : !• '•:•*-
* Family Ulotrichacae .','", 

-*. Ulothrl.« aequalis Kutz, 
, l,2,3,4,7,"9,10,I2,14,17,18il9 
OlPthrix variabilis Kutz. -

.8,9,13,14,15. -. 
Geminella interrupta Turp* 

... 8 , " ' - '.- '.' \ ' 
Order*Oedogoniales , , 

'- Family Oedogonlaeeae' . 
' ." ' 7 , % ' • . , ' " " • ' - ' 

Oedogonium sp. 

, - , . 3 ' * " ', ' • '" :7 

' a-5 
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t 

kj 

' kj. 

• , Order Chlprjococcaies ° ,, " ,, ' • 

^ y *, '• Family" Micractiniaeeae" * 

t ' • - . . . ' ... Gol^nklnia radiata (Chod.) Wille 
7'. " -. " ''., ' x X_ 'X3>8, " 
• .,, ' Family Chajaelaceae ,' 
' * . * " * a. . . * ' - / • ' ~ 

-• Scba.roederia setigeraX(Schroder). Lemm*. • , 
• a * , , • r X " *' 1,2,3,4,?,7,8%,9,12;i3^14,18 "' ' • ;• 
' ° . ' , ,. ' • . X Family Oocystatteae , ' '-•* - - - l -7 ' ' ' 

' ' ' " . * Ghlorella vulgaris Beijerinck " ,. , ,* "' 
* - • -' . - .* ' '• * " - . ! ' " . , - ' - ' 

' , ' , - ' . ' • • " • " ' - 1' ' , ' ' . , ' . , 7 , „ 

. '» '» ' ' . » , - , Westella l i n e a r i s G.M. Sutith" '-'••,'. 
»^- ; , * • - ''"-'3a9 •, • . ... • ':•,. ; " '• " • , v V •• ••-

. - - Echinosphaerella limhetica G.Mi Smith; ,,' ,**-
,- - < - .' - < j' ', •;• "- ; ' — r * - , — /"'. • •,.-, -,"" ' 

" ' ' '* '.'..' Qocystia lacustris Chod,, '-'.', , , ' 
; „. . - • , , • ,- , r — - -— -, , ; ( , * 7 

1 - , -k- 1 . f t a. , . 

. , ' . , " - ' " ' • '' '» , Oocyatis parva W. and G.S.-%est '. 
' ', / 1 ,2,3,4,5,6,7,8,9,10,14;i5,16,17,18,19,20 . 

' « X Ankistrodesmus f'alcatus (Cor'da) "Ralfs 
'.'• ., '-. -. 2,5,12,19,20 •' >. , ,' ' • ' ' , , ' " . ' ' " • ' • " . • ' •• 

•- Ankistrodesmus braunii (Nag.) Qolllns- ~ v <, * -
;..-, • , " ' - 7 - , , .,• " * -, ' *3 . , • ' - — ' ' • ' '•' ",. ' ' '' - .' ' • "' .• ,.. ..'• 
- - . - ' • ,- SelenaStrum minutum.(Nag.) Collins*' 
X* X • \. ' .. " "•; ..-'"7 '-1,5,18,20' • , ' " '• ,'-•_., *": ' \^, , 

, • X . Kirchnerjel-la lunarls (Kirchner) Mobius ", 
• ' - • . . , ' . - v ' o - " ,' ' . ' - ' - - - - •" , -

'•*- . ',.-. . - .'• " Quadrigula lacustris (Chod,), GkM, Smith / 
, - . _ "I ,, *(,,,_ -._ , , ,;,• _ ̂  , 
X" " " 1 ,, Tetraedron minimum (A. Braun) Hansglrg 

X - .M • , • , ' ''-3 1 , 1 ' ,'"'•'''', 
. --.- ' ', '.'".. '_ Family Scenedesmaceae • - . . ' . - , . 

1 - ' X " ' ' " a " ' "'• ' ' ' ^ ./ '- ' .'7: .,• .'"'t'. . *. '. -
, , Scenedegmqs bljuga (Trup.) Lagerh,--,," - " ,'. 

''•-'-• "[: • '- > .*> ' '" ?, .' 1,12,15,19,20 , .' " • 1 
Scenedesmus. quadticauda (Turp.) Brehisson 

•/ '•••'• - ' ' '•- 2 _• . , : , * " . ; . , . , , , ; : , " " ' ' . ' , 

Tetradesmus smithli Ptescott 
', - '-• ' ,' 7'*,. 1 — /" .'!.' " X, •.. ' - '" ,; '• "- -X 

Tetradesmus wlsconsinensls G.M. Smith- 7 
.- X , •"-'•' - " '^ ^—*^~ —-'.;; x-.' '"•"' - . •". X 

' .' ^ Crucigenja tetrapedia (Kirchner) W." and G.S.'We^t 
-'• " ;: •'.•••• . > ; ; ' i»2 _ " * 7- ":•'• " .,;",• '. -. 't'". \ 

" - ' . ' ' • ' •. Actinastrum sp. ' ., '- , X > '7 ' . , 
'' ' ' . . ' , '.. ' 3̂  - X ,, *. '•''".;,-,' /' *'"': ; , ' V "' 

.-.Order Zygnematales 7 ' 3 ', X 7 ' • ; ,X'"1.1' '- ' "' 1 '••;' 
. Family Zyghemataceae, . . . . - , ' ' , 

" - 7 ' ' "vtougeot-ta s p , • " • ' ' " , ' - , ' , , , ' ' ' -X 
' ' ,"' ' , • ' - . ' - 8 .7 X jr'» • , . ' . ; " • . '•' '' . ..''''' •'; •'•-,' -" • 

•', '' '" ' ' 7 ' '• '. Splrogrya.sp. r '" , : ', ' • <• . 

<Y' 



Family Mesotaeniacea.e 

Gonatbzygon brebisonii DeBary 
1 , 8 , , 7 • / * ' . '- X " -

Family De'smldiaceae • , • ' " 
! . ' ' ' I * ' . 

Closterlum lelblelnii Kutz. . , 

, • ,. A9 , .'.\ : .-- , •' ' 
Closterium parvulum Nag. , " ', 
1,3,4,7,8,9,13,15,17,19,20' ! . 
Euastrum insurale Roy , 

• " . -. 4 • „-* .. ' _ 7 -' ' • -'• ' >•'.'• 
Staurastrum connatum (Lund.) Roy and Biaa. 

' '/#*,8,i3',14".' • ; ' ' , . • , ' " ' " -
, " Staurastrum gracile Ralfs 

4~ 77 • - ' .:''." '• 
, . Staurastrum lacustris G.M. Smith ,, 

" 8 . , > ' . . " • • . " . ;' 

Staurastrum paradoxum' Meyen 
; 2,4,10,14,15,16,19,20 , \ _ ", 

Arthrodesmus octocorne Ehr. 7 ' X 
3,4,14,19,20 - - " -
Spondyloslum planum (WoUe) W, and G.S, "West" 
2,14,16,17,18,19 X ' 

, Phylum 'Euglenophy'ta, " 

Class Euglenophyctiae 

Order Euglenales 

Family Eugleriaceae 

•Trachelomonas sp, 

15 . 

Phylum Chrysbphyta • ' , " 

Class Xanthophyce*ae . 

Order Hecterqchlorldales 

- - Family Chloromoebaceae 

•- •' ,,Chlorochromonas minuta Lewis 
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20* 

( ' 
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* • ' , * , ,t ' ' ' ' , ' , , , 

Class Chrysophyceae , * ' -
i ' * " " *-

Order Chrysomonadales 

Family -Mallomo^adaceae • ' . , • 
.'' " *, . ' ' *" , ,' "' 

Mallomonas'akrokomos Ruttner • 
1,2,3,4,5,7,8,9,10,16,17,18,19^20 
Mallomonaa caudata Iwahoff 

^ 

, • ;...': 1,2,3,4,5-6,7,8,9,10,11,12,13,14,16,17,18,19,20 
•' Mallomonas, producta (Zacharias) Jiranoff 

' .'" - ' • .- ' " ' :- '"' • 3 " ' ' : ' • "' * . ' " ' - ' ' ; ' • " ' . -, ' . " . ' . 

,/ : ' ,-• *" " . * ' .Mallomonas urnaformis Prescott ," .> 
y- •• • • • •,-••. ..-.i—~;~—x . - * • • •- • 

-.''. - , ' „ ,• , '•'Famil.'y Oehromonadaeeae , ' 

, * ' - ' 7'. "-' Dlriobryon bavaricum Imhpf 
",.'.-'', 1,2,3-4,5,6,7,8i9,10,11,12,13,14,15,16,17,18,19 

- ' "' Dinobryoh diyetgeng Imhof 
•' ' ' ••' :-•'. 7 • "•'• 8,9' . .- • 

•''•-' '' " • ' Dlnobryon pedlforme (Lemm.) Steiriecke 
; , .* X ' '. ; ' •' * ' - .X' V ' X • ' 1,2,3,5,7,8,9,13,14,17,19,20 . 

, , „ •"' ' Class • Bacill'arlophyceae , ' ' X' * .-

,,,/- .- ', '*', > ' 'l ' X Of dec. Centrales , 

/ ' , , , ,',,,• Suborder Coscinodiscineae 

',' ' X X '-''• ' , , '"• i" '• -Family Coscinodiscaceae - - - , , , '"X -. •" 

*"•"' ' '.' ' : ' * '•-.. Melbsira grariulata (8hr . ) Ralfs •-

• ';••- '-* ••' >•' " ' V '• • . ' '".'/.-' " • 19 

. ' , ; ' , . ' '"• Cyclotella meneghiniana. Kutz. 7 * ' 
'•'" .""'.' '7 ""?•• '•' '''•.'"* ' , 7,10,15,16,19 • X ; - * ' " 
• "X",' -,' X',"»'•' Suborder Rhlsosolenlneae 7 . 

'-, -X , , Family Rhizosoleniaceae . • 

' ', ',',*' X - ',*''•• •, • Rhiagoaolfenia eriensis H.L. Smith 
X . _,.'• - X 1.2,3,6f>8,9,11,12,14,17 
,. , , .Order Pennales ' ' ' * 

" ' . . ""* - - ' *, • * " '' , , •'-' 
' . . ' ' . , ' , • ' Suborder Fragilaririeae" , • 

' " , , ' . ' - , •, ' '• '-- ; Family Tabellarlaceae ' ' 

Tabellarla fenest ra ta (Lyngb.) Kutz. 
1,2,3,4,5,7,8,"9,10,1,1,12,13,14,17,18,19,20 
Tabellarla flocculosa (Roth) Kutz. , 
1,2,3,4,5,6,7,8,9,10,11,12,13,14,16,17,18,19,20 
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Family Fragilarlaceae 

Fragl lar ia capucina Desmat-z'^rs 
3 . 
Fragllaria crotonensls Kitton 
l,2,3,4,5,6,7,8,9,10',12,13,14Jl 

, Asterionella formosa Hass-
7,16,15,16,17,19,26 
Synedra pulchella Kutz. 
1^2,3,4,5,6,73,10,12,15,1^17,18,19 
Synedra ulna (Nitz.) Ehr, 

,"20 i ~~~~~ 
- Family Eundtlaceae 

Eunotia arcus Ehr. 
2,4,5,6,7,10,11,12,16,17,18,19,20 
Eunotia bidentula W. Smith 
2 -
Eunotia lunarls (Ehr.) Grun. * 
3 
Eunotia pectinalis (Kutz.) Rabenhorst 
1,2,4,6,8,9,13,14,17,18,20 

Suborder, Achnanthineae 

Family Achnanthaceae 

Cocconejs placentula Ehr. 
3 

Suborder Naviculineae 

Family Navlculaceae 

Navlcula sp. , £ 
1..2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20 

' Finnularia major Kutz. 
3 
Finnularia braunli (Grun.) Cleve 
1,2»4,6,17,B 
Diploneis sp. 

* 3 
Frustulia rhomboidea (Ehr.) DeToni 

_.3 „ " 
Gyroslgma sp. wm 
1,2,4,5,6,7,12,16,17,18,19,20 

Family Gomphonemataceae 

Gomphonema ollvaceum (Lyngb.) Kutz. 
1,4,5,6,7,9,11,12,13,14,1'7#8,20 

family Cymbellaceae 
* 

Cymbella caespitosa (Kutz-.) Schutt 
*3 

"»-*»«ia **j^*t 
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Suborder Surirellineae* 

Family Nitzschiaceae 

NitzBchia dlssipata (Kutz.) Grunow 
-13,14 , 
Nitafschia palea (Kutz.) W. S*ith. 

* 3,4,8,9,18 
, Hantzschia- sp. , 

Family Surlrellaceae 
« * 

Surirel la/ l i 'neatis W., Smiths^ 
1,4,7,10,13,19 - ' 

' / 
Phylum Pyrrophyta 

' • " • • * * 

Class Dinophycede 

Order Peridiniales 

Family Peridlniaceae 4 

Class Cryptophyceae 

Order Cryptomoaadales' 

Peridinium limbatum (Stokes) Lemm. 
.1,2,16,19,20 

L 
Family €ryptomonadaceae 

« / 
Cryptomonas ovata Ehr. 
1,£,3|4,5,6,7,8,9,10,11,13,14,15,16,17,18,19,20 

V . 

'"X^j X-'v 

Phylum Cyanophyta 

Class Myxophyceae 

- Order Chroocoecales 

Family Chroococaaceae 

-J-S 

Chroococcus dispersua (Kelssl.) Lemm. 
8 
Chroococcus llmneticus Lemm. 

- i;2";-4,6';7,io,i5,is;i8)i9 „ 
POaaJfcyat-ts (^Microcystis) aeruginosa Kutz. 

Rhabdoderma ivTugf^iht (Neumann) Geit ler 
. 2 ,5,6,741,12,15 r16,18,20 

Rhabdoderma l ineare Schmidle and Lauterborn 
8 • 

\ 
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Dactylococcopsis acicularls Lemm. 
, \ 8,16,19 - , 

Aphanothece sp. - - •-' 
8 - »-
Agmenellum (-Merismopedia) thermale (Kutz.) 

, Drouet and Daily 
1,2,3,4,5,6,-7,8,9,1041,12,H»I7,18,19»20 , 

, Coeiosphaer'ium naegelianum Ungr. 
• ' X"''- 8 A • 

Order Oscillatoriales 

Suborder Oscillatorineae -

Family Oscillatorlaceae ' . - V 

Phormidium sp. 
3,8,94247, -„ - " 

Suborder Nostochineae '«.* " , . ,« 
* a ' •' . , _ » '» 

r as 

Family Nostocaceae" 

* - * " • 

Anabaena flos-aquae (Lyngb.) Brebisson 
1,12 - r * 

> *-\ Nbsj**c sp. 
, X1,2,4,5,6,9,18,19 

Aphanizomenon flos-aquae (L.) Ralfs 
3,8 

\ 

•*x 
\ / 
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Table,A.4. 

Boure l ly , P.; Les Algues d'eau Douce, 1966. V.l. Les Algues Ver tes ; 

19*68, V.2. Les Algues Jaunea e t Brunes; 1970. V.»3. Le-s 

Alguek Bleues et ROuges. Editions N. lk»ubes et Cie. Par i s . . 

Patrick, R., and C.W. fteimer;1966. The Diatoms of the United Sta*tes 

exc lus ive of Alaska and Hawaii. Vol". 1. Monogr. Acad. Nat. 

' ' " " ' • • ' • " * 

' S'cl. Philadelphia, No. 13. . -T ' 
- *- * ' ' ' 

Pr-ea to t t , G.W.; 1962 Algae of the Western Great Lakes Area. "Wm. C. 

Brown Co., Dubuque, Iowa. ' . ' -. ' • 

Smith, G.M.; 1950. The Fresh-Water Algae „of the United S t a t e s . 
X « * » ' • • ' , - . ' . * 

McGraw-Hill Co.,-New York. "' ' ' , ' * " . 

Whi.tford, L.A., and G.J. Schumacher;. 1969,. A manual of the ,f res l i -

. water a lgae i n North Caro l ina . North Carol ina A g r i c u l t u r a l 

Experiment Station-Tech. Bull." No. 188." " 

1 . 
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•.,,"", APPENDI2U B, 

,, Statistics of -Sub-Sampling 

For a randomly distributed planktonic•species wh&r© p, the probability 
• I - * * ' , ' , ' - at. 

' - 4 ' , , , . - • ' I 

' O'f encountering an individual at a random point in space, -is very small, the 
i •' • * 

. d is t r ibut ion of Individuals In.repeated samples will„be- characterized byv the^ 

* Poisson d i s t r i bu t ion , - in which $z~y., * t h a t i-s , the- va r iance equals t h e ' -
- - ' ' • ' * - . ' , , - : • . ' X 

mean. Departure from th i s random distribution, i s common in pl*ankton' samplest 
' " •* i • } T i 

(pa'sste," 1971) , 'wi th overd i spe r s ion the mo,st common, s i t u a t i o n , i.n- which 
3 - ' • _ ' ' ,- ' ' • . 7 , . ' 7 7 ' ' " • ' 

o .>"u. In th i s case^ in a set of samples, the,-relationship between the means• 

and va r i ances of thek var ious s e t s .wil l r 'be: . oX--p ,+cP 2 . , where ,c I s - a , 

constant charac te r i s t i c of the*population, and I refers to the i th se t . "The * 

r i g h t hand, c o n s i s t s of the 7 Poisson variance"'v , , ar.isi.ng from random 

variat ion, and-the over-dispfersion variance, cu2. ' For. plankton populations, . 

c i s of ten between 0.1 t o 0.2 (Cass ie , '1971) . -For r a r e spec ie s (mean < 1), 

cy"2 i s small and the d is t r ibut ion wi l l «be approximately Ppisson» # o r larger 

means,, the. coefficient of variat ion decreases as. the dumber of Individuals^ ; 

- counted inc.re;ases, up to a l i m i t i n g value which depends on cV To' examine 

i the s t a t i s t i c s - o f , sub-sampling, the common species Gloeocystls, maior was ' , 

chosen'from Big Dam West Lake for, examination. Table Bil shows s t a t i s t i c s ' 

associated with counts from repl icate sub-samples. The-mean value of c for. 

a l l dates and depths, was found to be 0.174, indicating a.moderate degree of* 
' ' ' * *' - ' . ' . ' ", ' • - ' • . ' • " 

i over-dispersion. In such a case, the optimum number of Individuals to count 

per sub-sample would bfe 10-30 per s p e c i e s , for a c o e f f i c i e n t of v a r i a t i o n 

between .48-.55 (Cassle, , 1971). • Counting of a d d i t i o n a l i n d i v i d u a l s would 

yield l i t t l e improvement in the coefficients of variation.". Venrick (1978)* 

has shown that for a to ta l .o f about. 100 individuals of a species counted ih 

•4 sub-samples, the re la t ive error of the mean wi l l be approximately"}-30%.' . 
B ' " , a . 1 , 1 ' "" I 

Z ' " ' • " ' * . ' ' , * ' . \ ' 

http://ar.isi.ng


* , : "'- ' 

830524 - : 

* 1 

' - - 7 

- ' o -; 
2 8 " 11 .50 2,7 

x=29, ,s=16, cv=.55 
c- ,27 :' , . 

Table S a l . C e l l coun t s in r e p l i c a t e , subrsamples f o r G l d e o c y s t i s major i n Big Dam West Lake . 

x= mean, s= v a r i a n c e , • c v = - c o e f f i c i e n t o f , v a r i a t i o n , c= c o e f f i c i e n t of d i s p e r s i o n , 

Date '' " . , , . - _ , ... ' Depth (me te r s ) ' .' , 

''" ' ' ^ ' " ' " • ' ' - 3 ' - ' . " ' '•: '. . ' • 6 ; > - * , -

' - ^ 4 7 -24 ' - , , 37 - 2 2 - .. ' 17 2 9 28 

- ' ^ - . - ' ' - ' " " " - . ' - • • • - ' "' ' . 
--."x=i32.5, sJ=H*7, cv=.-36 ,„ x=14, s = 1 1 . 2 , cv=.8 ' . - " -

" ' 'a*-*, c-=.I0 - '.. . ,- . ,c==.57 

, ^ " a - - , ffj- " a ' 4 . * , 4 , . ' 

^830709" -"* . 9 - . 1 1 15* 3 - "' - -721 '. 22- ., 16 1 4 , . ' . - - - - - - 8 - ^k 13 4 

-x=-=~9.5, s=5 , cv« .53 - x=l"8-.3, &=?>.% c v = . 2 1 -. - . K = 7 . 3 , ,s=4a3, cv-=.59 . : 
- , c=.17 """. ' . X ' * . * ' . _ c=0 . * '" 7 "c=.21 . i - ' 

8 3 0 8 1 7 . ' 3 3 * ' 8 -23' '20" • . . X,-724: -15 . 16 ; 7 • - . - ' - I 7 24 -^ 8" • 29. '-

-'* x = 2 i , ^ = 1 0 , 3 , cv=."49a. . - - • • . x = 1 5 . 5 , s=-7, cv=.45 x-=I9.5, s = 9 . 1 , ,cy=.47 
, -. *̂ ' - c=-.'l9 '. . 7 ' ; ' / " - C- .14 , • ' - • ,' c=.17 • , -

830923 '. - ,,. • 25 1 5 . 17 X 6 ""• ' 7 1 6 - " 1 8 - 2 0 a ' 12" 12 15 -18 

X , ." x=.15.8, s = 7 . 8 , cv=.49 ""• x-=1.5..3, s = 5 . J , cv'=.37 - . . . x = l 4 . 3 , ' s = 2 . 9 , cv 
- - -a - c= .18 ' . - .. ": ' ' ' c=.07 " "X * ' c = 0 ' ' 

831104 '• ' : : 6 1 0 . . 7 " 19 '- ' •-' "" 4 - 4 ' - 7_ 8 . ' „ ' 32 • 8 16 12 
• t a -

"x=10.5, s - 5 . 9 , cv=-.5iaa. ' 3C=5.8, £-.2*\, cv=.-36; • x=17, s=10-.5, cv=.62 ' g ' 
c= .22 • ' ' * c - 6 ' « - c=."32 - ' - f u=" 
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.f7 
" APPENDIX C. 

Comparison of Two" Zooplankton Sampling Methods in Kejimkujik Lake-
'a'1 ' - "X *' ' ' . ' " • ' , ".- '*» 

(Schindler-Patalas plankton trap and Clarke-Bumpus, ne t ) . . " 

1 Table C.I.. 
' „ \ , \ , 0 . -
Comparison of total densities (no./m ) and relative 

- ' , . - . ' . a . 
' ' I k - ' 

abundances (%) for Z040plankton by spec ie ' s i n 

Ke j iml^fj.ik, Lake collected with the plankton trap and: 

"" the Clarke-Bumpus. sampler. '<•" ,' 

Table C.2. 
' . - > ' ' - . - • _ . . ' ' " a" , ' ' 

Comparison of t o t a l ' d e n s i t i e s (no./m J) and r e l a t i v e 

-abundances (%) for. zooplankton-by, functional group i n «. 

Kejimkujik Lake - collected with the plankton, trap a n d . 

' the Clarke-Bumpus sampler. , v - - •,. . 

y 
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Comparison of the two sampling methods. 

By Species (Table C 4 , ) , • . - . " 

Only thoseaenvlronments In*which both sampling methods were used 
* • X ' ' 

slmult^ieously are Included in th i s comparison. , ' - , ' - ' 

* - - • • ' • . . • x , .-•: •• ' x , \ .*. - -
- The resul ts show: • • ' . • . , *• " • ' 

1, For most taxonomic categories, the plankton trap captured higher 

numbers of organisms.- Exceptions Included- Diaphanosoma 

b i rge i , Daphnia ambigua, and copepod males (excluding Diaptomus 

oregonensis)., « - . • -• , ' 

2.. For "Jaost of the larger organisms, the values for the two methods 

" were similar.. , ' . j ' • ' 

3 . For most of the small, organism's, the Schindler-Patalas plankton 

trap was the more~effective sampling device. Nauplii, ro t i f e r s 

and. small copepodites" are poorly collected with a Clarke-Bumpus - . 

sampler , and the Clarke-Bumpus. sampler missed fiubosmina -, 

, longispina as the dominant cladoceran and Keratelia cochlearls 

as the dominant ro t i f e r , l ikely because- of the i r small s i z e . ., 

- 4 . The plankton . t rap captured approximately th ree t imes moTe 

- .animals in to t a l than the Clarke-Bumpus.' 7 
' , ' , "t, ' * • 7 * " - , 

'.. . •'..'• •• " . ' - ' - x ' 'X . • •*'-_*•'-'..' 
b. By Functional Group (Table C.2.) X - . , ' • -

1. Cladocerans were collected in similar numbers by .the two methods. 

. ,..'2. Nauplial and rotifers were, not trapped efficiently byth^ Clarke-

- ' . „ Bumpus. ; • ' - '* . "' " . , „ ' ' X 

3'.' "" Only 50% of the macrozooplankton,were collected with* the Clarke- > 
' ' * * . I, " ' • - % ' ' ' " • ' ' ' ' . ' 

- • Bumpus as compared to the' plarikton trap, 
.1 *! ' > - k .^ ' v ' . a .' 
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, Table C.l. , . , 

Abundance . 
• Column Percent 

. SPECIES - - • *. 

Daphnia ambigua 

. * • Daphnia catawba . X 

Bosmlna longirostris , -,-, , 

Eubosmina longlsplna - ' , 

Eubosmina tubicen 

Holopedium gibberum 

Lepto'dOra kindtii, 

-.' Diaphanosoma ljirgel '•. 
-o - '-' " -*•' • -, * 

- X ' '- ' • • , ' 
. ' Diaphanosoma brachyurum 

\ X ' ' 

',•''' Ifinrycercus sp» ; „ ' - ' ' ' • 

CamptocercuB cf. rectirostrls ' 

•Alona* rectangula " ' " , ' . 

'"j* . ',' " a ' " " ' . ' ' -' 

"it. • Epischura notdenakioldl (female) 

Epischura nordenskioldi (male) 
" • A a- " ^ 

PLANKTON TRAP 

•0 

a" ' 0 # " 

i • " 59200 
1.8 . , 

4430 
' '': ' .1 

76400 . 
* 2.3,. 

- , '32800 
' 1 . 0 ' 

- ' 5070' . 

' ' * " • ' ' ' ! 4 •! 

• • 1270 " , ,' 

", ,'• -. xo 

87200 
2.6'. 

, " 259", 

.-• , ' ''*° 
178 

• * - .0 • •' 

. • 74 

. ; " -.10 ' , *' 

37' -• 
.70 ' 

* 7930 .X 
• '.2. ,-

' 5560 
.2 

'.' 

CLARKE-BUMPJ 

33' 

7 X " • - V 0 

: 42800 
'' ' •'- 3.6" 

, 1160. 
, ". '" , ".1 ' 

6*5900 

" 5.V 
." - 20300 

- . 1.7 

- ' 4890" 
,.y " .4 

.'•"' * ' . . I s 

•a 9 1 0 0 0 ' 

X '. 7.6 ' 

* . . ' ,', 212 ° 

'• .' ' "• •°-

' a , 0 

:, 0' 

,- * °' 
• " 0 

- 0 

6160 
.5 

6790 
.6 
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Table C.l..\ (continued) . -

Epischura nordenskioldi (CIV-CV) 

Epischura nordenskioldi (CI-CIII) • 

' - ' • ' ' * , 

Diaptomus minutus (ffemale). -

Diaptomus minutus (male) -

• — X - '•'".. ,"'-' " ••' *• 
Diaptomus oregonensis (female)" * 

' Diaptomus oregonensis*(male), 

Diaptomus" spp, .(CIV-CV). ' -
,—„__ ^ . , - - ̂  , 

""- ' -' 
' Diaptomus spp, <CI-Ctll),- . -

i • " , . 

Mesocyclops edax (female) ' • k. 

- Mesocyclops edax,' (male) 

' '. 'Mesocyclops edax (immature) 

Tropocyclops sp. (male) 

Tropocyclops sp. (Immature). 

Copepod Nauplii 

Keratella- cochlearis 

Kellicotia bostonlensis 

17000 
a " " 5 , " ' 

79600 
"2,4 

"* 240000 
" .- 7 4 . l -

,162000 - ' '• 
4.8 

7620 . .' 
.2 ' 

.' 3900 
' -, .1 

, 440000 . ' 
13.0 

. 454000 
13.4 • 

7120 
" * .2 " ' 

' 3190 
. , 4 X 

'13500 
'-•4 ' ' 

77' 
.0- • 

-" 1040 : " 
' . ;0 -•' • 

-496000 X '-. 
" ' ; 14.7 • . •' 

1030000 . ; i 
' 30.4 " ' 

,- 37100 
1 4 *, ' : , 

* ' 5930' , 
.5 

- * ' " 22500 
1.9 

189000 

" -• , 165*000' 
1 * ' 13.8 , 

• \ ' ' 5630 ' -
*' .5 , 

2760 
• ".2" 

347000 
. 29.1 " 

• 193000 
16.1 

' ' .5500 -. 
• .5 

' • 4920 
.4 

-. ' 6970, 
,6 -

* / "*• 

t9i ' 
. , .o " •' 

;. - 1040-. ' 
-'. .1 

X - • 3190 
7 .3 

' ' - '337 

x ' .o 
. ' " ' ' ' 877 
• •" ' . 1 ' 



Table C.l. (continued) 

Chonochilus sp. 

« 

Polyarthra vulgaris 

Ploesoma hudsoni 

Triohocera elongata 

Euchlanis sp. 

Chaoborus punctipennis 

Chltonomidae sp. 

Water mite 

Page 214 

1320 363 
.0 .0 

106000 12 
' 3 . 1 .0 

74 45 
.0 " .0' 

321 0 
.0 * 0 

758 * - ' 0 
.0 0 

127 126 
.0 - .0 

37 9 
.0 .0 

125 . 13 
.0 a .0 
9 ' 



Table c.2. - -",. , ; -

' . " • * PLANKTON TRAP' , 
"Abundance -
Column percent . , 

SPECIES '• •• ' , , '•'.',• 

Cladocerans - \ ' 267000 • 
X ' • ,. > - •/X. \ \ ,, 7,9 X 

: • ' • ; , • \ - • • . • • • " ' 

, ' , Calanoid copepods „' 1420000 

' X ' ' * ;' '• -• -H-9 
. Cyclopoid copepodS'- 25000 - • 

';;. " '• • '. ,';,- - .* , , 7 ; : ' 

Copepod nauplii * 496000 

.'. '. ' -. ' • •« * ' . '• 14.7 ' •• / 
•- , . x ' •* 

Rotifers i • '" .. 1180000 ' " " 
. *; : , -' • 34.8 

Macro-jJooplank^Qh • 289 

x , V-'"', x,.'.. '„ -Ay. 

"' ' • Column total ' '3390066 l 

. * .•:'••'•.•'" X * '"73.9 ' 

," 

CLARKE-BUMPUS , 

' 227000 X 
19.0- . 

'945O0O "; 
79.0. * 

: - 18600 .",• 
Iv6"' 

•', 3190 
-. ' X .»3 

- *• 1630' 

.',-. '••' >""• X- ' 

•'X 1*8 
•0 

"' 1200000 , . 
, , 264 

; R0W-T0TA1 

494000 
10,8 

2360000 
\ . ; 51.6 

43600 

.'. " 1.0' 

499000 
10.9 

11800OOj 
. , 25'4 

437 
.0 

4580000 
100.0 

kjagf 
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' •, Appendix D. • Data Transformations 

General experience has shown that many 'water cheMstry parameters arid, 

• 4 , ' ' 

population counts or densi t ies -are not normally d is t r ibuted but rather are , 

skewed^ to the r ight , giving a preponderance, of smaller numbers. For water.' 

chemis t ry t h i s ' app l i e s most gene ra l ly t o concen t r a t i ons e i t t i e r i n *' 

mass/volume uni ts or as proportions -^'parts ,per 'mill ion; '•«.. Some variables' may. 

be left-skewed. This can happen when there i s a clear maxlmpm valueX ^uch 

as for, percent saturat ion of oxygen.", 7 -, , * 

Most s t a t i s t i c a l procedures r e q u i r e - t h a t the dat.a be .normally '; 

dis t r ibu ted* and w i l l be b iased when used on a ske/we'd v a r i a b l e . , The 

accepted procedure in .Such a case i s to apply a noh-ltinear function to a l l . 

' - ' *si - ' ' ."•': • .'v'. : '"'x' / ••"/ •' V.'. ,-•.'"' •: '•"' ;;' 
the values so tha t the r e l a t ive , difference between the larger and "smaller 

values, 'changes. If lone, p roper ly , t h e d i s t r i b b t i o n of values around the » 

mean-becomes more symmetric. This i s called transforming-the yar iahle . Mt -

should be noted t h a t l i n e a r functions-can a l so be'used to . t ransform'data . 
• , ' • * " ' ; . . ' . ' * ; ^ >•"" a ' " * ' . " ' * ' * ' ; ' 

but these only affect the scale'and range,of,the variable and ;not'it-sr 
• ' ' ' - . I. ' ' ' X ' a ' ' ' * ' ' ' I ' ' ' ' 

distr ibut ion* , X• , • - '" ' • '- ri" ' -

-For right^skewed" da ta , the - log ' func t ion i s most often used as a • 

t r ans fo rmat ion . , ' However, t he re i s a , p r a c t i c a l problem in applying t h i s X 

func t ion to V-va r i ab l e which has ,zero va lue s , as the log of zero i s ' 

i n f in i t e ly negative anil causes an error on most computers and calculators". -1 

"Ratio-seal a" variables (that i s , ' a n y variable, where it-makes sense "to say, 

t h a t one value i s twice as large- as another ) are a i l r e l a t i v e to z e r o , 

r e g a r d l e s s of the sca l e of the v a r i a b l e , ,- This* d i s t i n c t i o n i s l o s t when 

taking logs, and so a l inear transform was used to change each' variable to 

a' consistent- scale and range beginning at one. The median i s ,used- to scale 

the^variable, as i t i s the measure of central tendency leas t sensi t ive to-
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extreme'values. Thus the transform formula becomes: *-> 

. r X' -= LOG ( X/MEDIAN + 1 ) 
-» * * 

This will- transform zero to zero and the median value to log(2) and so on. 

If it is desired to keep the same scale in the transformed variable, then 

the above could be multiplied by the median/log(2). It makes no difference 

which base logs are used of course,- since they are all proportional. 

By this me'thod the relationship between the. untransfprmed variables 

and zero Is kept, although only approximately, in the transformed values, 

and it is kept consistently far variables of different scale. If the 

variable range was changed without re-scaling, as in X* -= log(X-H), then 
the ratio between untransformed values could change quite drastically 

depending on the scale of the variable, • 
t 

Thus, for the Kejimkujik Park water q u a l i t y da ta for 1980 and, 198*1, 

the following transformation for normality was employedi 

XT = ln(x/median + 1)*Q where Q = max/ln(max/median + 1) 

The fac to r Q m u l t i p l i e s the transformed value i n t o the same range of 

v a l u e s , " t h u s , x'" = x when x <= maximum va lue . Note: one parameter", 

d issolved 'oxygen, was skewed to the l e f t so a s l i g h t v a r i a t i o n of t h i s 

equation was tised* 

Percentages were usually skewed to the l e f t between 0 and 100 and the 

following arcsin transformation was applied: 

x" = arcsin(x/lOO)/(Pl/2)*100 

Since the software package (SPSS) used in da ta a n a l y s i s only has an 

arctan function, the following iden t i t i e s were used: 

arccos(x) ~ afctan ( l /x - 1) 

aresin(x) - arctan (1/. l /x - 1) 

a rcs in (x) + arccos (x) -= fl 
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' The following formulae were used for the water quality data: ••, 

Percent oxygen saturation (arcsin transformation) 
i 

% 02' - [Atan ( 1.0/SQRT(1-.0/((%02/105)**2) - 1.0))] / (3.1415/2)*1Q0 

Dissolved Oxygen (In transformation) " 

DO' = 9.25- 3.5 * In ((9.25-D§) ./ (9.25'-7.9) + 1) 

' Turbidity (In transformation) 

' • TRB' = In ( TRB/0.'4+1.0* ) * 0.798 

Mineral acidity' (In transformation) , " 
fa - . J-

MA" =- ln( Min. acid./"0.34+1.0 ) * 1.313 
s. * . 

Total acidi ty (In transformation) • ^ 
•» i 

• TA' = ln ( Tot7acid./3:9+1.0 ) *-7*17 . 

Chlorophyll (In transformation) ' , 

Chi." = ln( Chl./0,72+l.O ). * 2.25 "̂  . , 

•- Phaeophytin (In transformation) , , 

Pha',' = ln( Pha./1.3+1.0 ') * 3.63 " ' " 

. Dissolved ^inorganic carbon (In transformation) 

' "•DIC = ln( DIC/0.37+1.*® ) * 0,941 

Total organic carbon (In transformation) 

TOC = ln( TOC/8.4+1.0 ) * 17.78 ' " 

, Dissolved organic carbon (In transformation) -

DOC = ln( DOC/7.2+1.0 ) * 14.37- . > ' 

Total phosphorus (In transformation) 

TP' = ln( TP/8.6+1.0 ) * 15.22 - , ' 

Total dissolved phosphorus (In transformation) 

*TDP' ='ln(' TDP/4.25+1.0 ) * 10.56 

• Soluble reactive phosphorus (In transformation) 

. ' SRP' m ln( SRP/0.25+1.0 ) * 2.693 

Total nitrogen (In. transformation) • . 

**)* i\ik\ 
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TN' i ln( TN/0.156+1.0 X * 0-*99 ' -

Ammoni'a (In transformation) - ^f , 

KB.' * ln(* NH,/O.O 47+1.0 ) * 0.1356 
X ' ' • , ' " • 
"'. Nitrate '{.In. transformation) . , ' 

• * k " ' * , " ' ' 

-. '*, *" N0^',= ln( NO3/O.OO9+I.O.) * 0.014 

* 

Data transformations for normality were done on the 1982 Beaverskin 

Lake enclosure da.ta us ing- the procedures ou t l ined for the 1980-81 f i e l d 
, 4 "• - > 

data . The da ta were f i r s t examined for-skewness. A simple measure of 
- •. „ 

k a 

skewness- i s the mean minus the median, divided by the standard deviation 

(Spiege l , 1961). This quan t i t y - I s p o s i t i v e for r i gh t - skewness , nega t ive 

for l e f t - skewness , and zero for "a symmetric (normally d i s t r i b u t e d ) 

' va r iab le . Basic> s t a t i s t i c s ' and skewness measures were generated for the 

untransformed water q u a l i t y ' v a r i a b l e s i n o r d e r to examine t h e i r 

. d i s t r i b u t i o n s (Table D.l), , As. a guide , a v a r i a b l e wi th a value for the 
* 

simple skew s t a t i s t i c ou t s ide the range (-,2,,2)' has a f a i r l y skewed 
t 

. d is t r ibut ion; that i s , when the difference between the i^ean and median i s 
v 

20% or more of .-the standard deviation. * ._. 

Given these r e s u l t s , only temperature and pH were not r igh t - skewed. 

Temperature was ac tua l ly , skewed l e f t , ' but i t i s t y p i c a l l y normal and i s 

seldom transformed. (The skewness m^y be a resu l t of an uneven effect from 

the date factor). 

Conduct iv i ty , a c i d i t y , and a few of the concen t r a t ions were only 

s l ight ly right-skewed but sirtee other variables of the same type are more 

> 

Skewed, this is probably an anomaly of the data selection and it will be 

safer to transform. 

4 

I J f 

-*•**-** • - « . "¥**,!•< ><&t_ai - j " - , - - i--*i r iranjlHi ""•" ' 
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T a b l e D.l . _ D e s c r i p t i v e s t a t i s t i c s and skewness f o r u n t r a n s f o r m e d 1982 

w a t e r , q u a l i t y da t a , , Beaverskin Lake enc losu re experiment . 

CODE 

1) TEMP. 

2 ) OXYGEN 

3) pH , 

4 ) CHLOR.A 

5) ACIDITY 

6 ) CONDUCT, 

7 ) COLOR 

8);TURBID. 

9 ) SILICA* 

Hf) NJTRATE-

11) 'NITRITE 

FREQ 

189 

189. ' 

189 

189. 

189 

189 

189 ' -' 

189 
* 

189 X 

189 "' 

189" 

MIN 

10,00 

7.20. 

4.50 

-. , .29 

- 1.45 

19.00 

, 5.0©' 

-.18 

28.00 

i 1 .40 

• -.60 

MAX 
1 

23.00 

11.20 

6.70 

•-Q7.87 

3,38 

•28.00 

10.00 

.88 

81,20 

' 3 6 . 4 0 

3.22-

, MEAN STDEV J 

,17.37 4.36 , 

8.79 ' 1 .18 

5.48 ' .4,1 • 

1.48 1.01 

2.27 '.-• .A3 

22.13 ' 1.80 

' 5.32 1.22 , 

,44 .14 

29.36 6.86 

1 4.50 5.78 

.63 ' .20 

MEDIAN ' ' SKEW 

18.16 ' ' ' + 4 8 1 

, 8 .51, - . 2 3 7 

,5,50 ' +.049 

1.24 - . 2 3 8 

2.26 - . 0 2 8 

'22.02 , , - . 0 6 1 , 

5.03 . - . 238 

.42 - . 1 4 3 
- » 

28.28 - . 1 5 7 

"3.97 - . 0 9 2 

.62 ' - . 025 
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Thus oxygen, chlorophyll and nutrient concentrations as well as color, 

acidity and conductivity were log transformed as follows: 

0- » L0G(H02/8.514 + 1) * 8,5l4/L0G(2) 

• Chlox.a' = LOG( Ghlor.a/1.244 + 1) * 1.244/L0G(2) 

A c i d i t y ' = L0G( Aci'd./2.258 + 1 ) * 2.258./L0G(2) \ ' ,* 

Conductivity' ,-=; L0G(S Cond./22.02 + 1) *' 22,02/L0G( 2) , X* * 

Color'- •= L0G( Color/5.027 +.1) * 5.027/LOG(2) 

Turbidity' -'-- LOG( Turb./.422 +1) * .422/L0G(2) -

Silica' - L0G( Silica/28*.28 + 1) * 28.28/L0G(2) , , X ,' 
" j - S l" ' .1 

,-.'", " Nitrate' =XL0G( Nitrate/3.97 +" 1)'* 3;97/L0G('i) , - ' '• 

, v , -' Nitrite' * L0G( Nitrite/.615-+ 1) *. ,615/L0G(2) " 

Where .X' indicates the transformed variable, ' > , ' 

-Plankton population - counts are highly .right-skewed most of'the time. 

For population group sums and other population variables where most of, the 

values are non-zero,- it is strongly advisable to use £he median formula, 

rather than a simple log(x-t-l) transformation. (The consequences of not . 
' " ' ' ' _ * ' i. i. ' "" 

doing so are possibly "over-shooting" -.and having transformed variables 

.which are left-skewed.) - , •'',,, 

Thus the plankton population variables were transformed as follows: 

• ''•' • Greens', = LOG ( Greens/28495 + 1) * 28495/L0G(2) , ; ' 

Diatoms' ="L'0G ( Diatoms/14199 + D * 14199/L0G(2) - ' 

i. : . Blue-greens' = L0G( Blue-gr./3514120 + 1) * 3514120/L0G(2) 

" , . Chrysophyte^' = L0G( -Chrysoph./13708 + 1)"* 13708/LOG(2) 

Xanthophytes' = L0G( Xanthoph.723180 + 1) * 23180/LOG(2), " 

," Unidentified' = L0G( -Unident./18446 + I) * 18446/L0G(2) 

Cladocerans' =- L0G( Cladocerans/4231 +.1) * 4231/LOG(2) 

Calariolds' = L0G( Calanoids/8448 +, 1) * 8448/LOG(2) 

w> 

/ 
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• ' . ,. Cyclopoids' -= 3fc/)G( Cyclopoids/228 + 1 ) *-228/LOG(2) 

, ftotifers' = LOG^LRotifers/5954-4- 1) * 5954/LOG(-2) 

Insect larvae" = L0G( .Larvae/2 + 1) * 2/L0G(2) „ 

. Copepod nauplii' « LOG(* Nauplii/5217 + 1) * 5217/L0G(2) 

. X ' '• ' ' '• " ' • • ' ' • • • ' ' * 
..Arachnids' = L0G( Arachnids/6' +' 1) *' 6/L0G(2) 

t i - * i •> - * 

Again, the multiplication .factor on the right is merely to scale the 

transformed** values back to a range similar to that/of the untransformed. 

, .. *• 

,. u. • 

w;;-:' 
r 

,S* 7 -* ', "' * 

• > 
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APPENDIX E LOOP ANALYSIS 

.(Adapted from Lane and Blouin, 1985) 

1. Introduction * 
a* 

Loop analysis is a qualitative netwofk technique that uses signed 

>X . I diagjraphs to represent sets of interaction variables. It represents a 

aa-karjked contrast to the more well-known computer simulations of system 

.analysis which utilize masses of data to construct quantitative models. 

Loop analyses involves integration of feedback pathways in ecosystems which 

permit calculation of changes in basic * production measures (standing crops 

and turnover rates) as well .as Identification of crucial entr-y points of 

ecological stresses into foodwebs. Lane and Levins (1977) have studied 

hypothetical freshwater plankton communities undergoing nutrient enrichment 

using this metho'dology. Briand and McCauley (1978)- conducted lake 

manipulation studies and tested' loop analysis predictions with their 

results. Lane (1982) and Lane and Morison (1981) have applied qualitative 
> k 

analysis to marine field communities In the field and laboratory. Loop 

anaylsj.s has not previously been used for an acid precipitation study. 

• kk a 

Whole system understanding Is urgently needed. Thousands of potent ia l 

feedback pathways e&ist in a c i d - s t r e s s e d 4 a k e s and i n d i r e c t e f f e c t s can 
i * 

swamp direct ones (Lane and Levins, 1977). Not only is better understanding 
7 

needed to assess this stress, but also to insure that management^ strategies , 

won't boomerang in unforeseen ways.**1 * * 
"k i. 

r . * ' 
2. Methods 

The three lakes modelled in_ th is study .are Pebbleloggitch, Beaverskin 

and Kejimkujik Lakes i n Kejimkujik Nat ional Park, Nova Sco t i a . Their 

', l imnology (Kerekes et_ a l . , 1982)^ and d e s c r i p t i o n s - of t h e i r p lankton 
* ' , a . 

communities and the da t a c o l l e c t i o n plan for t h i s s tudy (Blouin e t a l . , 
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• 1983) have beeri given prev-Sously. Only the 1981 'da ta -a re modelled here ; 

because n u t r i e n t va lues were not a v a i l a b l e for 1980, The mathemat ica l 

formalism of loop analysis I s also detai led elsewhere (Levins, 71973, 19'75f*> 

Lane, 1982; Lane,and Morison, 1981). In t h i s study, the analysis XronSisted-

of f i t t i n g loop models to c o r r e l a t i o n ' m a t r i c e s der ived from f i e l d d a t a , 

(Blouin e t "al., 1983) . Because loop-models ,predic t d i r e c t e d changes (+X~ 

or 0 value's) for each var iab le - in the model, "correlat ion signs for pairs of 

variables can also be predicted., ..The following example i l l u s t r a t e s ' how th i s 

can be, done. «|P, " 

Figure E.l r e p r e s e n t s a f o u r . v a r i a b l e aqua t i c ecosystem. The l a rge 
"' .* ' . ' , ' . ' . X " ' ' - ' - . , * . , ' " 

c i rc l e s - enc lose the v a r i a b l e s (N, A, -H ah-d C). The arrowheads i n d i c a t e a . 
' *< 7 ' ' , , - , ' , , , , ' , . 

posi t ive effect on-.the variable ,the -arrowhead touches and the circleheads , 

Indicate ,a negative, effect on the variable they touchl^ The signs (+»anet -) • 

represent the quali tat ive, effects of:one var iable .on the ra te of change of 

the second va r i ab le^ (Thus, the s igns a re" the q u a l i t a t i v e values-of, the 

p a r t i a l der iva t ives^ of>. the func t ions pf-each v a r i a b l e ' s r a t e ' o f change 
' , ' • ' . - . \ - , - - , , . . . . . . , ' 

evaluated a t equ i l ib r ium) ." For example, h e r b i v o r e s (H) consume a lgae (A) 

causing an- increase (positive) in H and. a decrease (negative) in A, 

The following ,"definitions and rules summarize loop analysis as i t i s 

used here:', - tX, X' ~ , .,X • '• ' , *' -

•'!,,,' A l.oop ,of length k Is a simple, closed path from a variable to Itself 

< through k steps which visits.each,variable on the loop only once. The ' 

, ' • value of a loop* is the product of the •c.4 of its links, and the sign is , 
' " , X - - ", ' , : ' ' • - - ' " 

-the' -Sign of that product. Alpha (c^.) is the interaction coefficient 

- * 'representing the effect, of variable j on variable 1. A loop of length 

,0,1s by convention,'positive and̂  has the'value +f. " Feedback "is defined 

as the effect of a variable on itself by way of intervening variables.-

./ 

, I 
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Figure E 4 . Loop diagram of a four variable aquatic ecosystem arranged as -
1 , • ' , "•, i- • 

a single food chain. Nutrient (N) and carnivore (G^ .variables 

are self-damped whereas algal (A) and" herbivore (H), variables 

are no t . A c i rc lehead i n d i c a t e s ' a nega t ive eff<e£t on the 

-*, ' ' , - ' , . • ' - * " ' , 

, , adjacent, v a r i a b l e . N-A,-A-ti and .H-C i n t e r a c t i o n s represen t , < 

'predator-prey relationships., , , For example', carnivores' (C) are " 

. . ' increased, , by feeding on he rb ivores , (fij)j' he rb ivores a re 

decreased through carnivore predation. -' " *•. 

V 

«y 
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2. Mathematically, the feedback at level k, (\)y ' in a system of n 

variables Is defined by Fk * (-l)
m+1L(m,k). Feedback at level k is 

summed over all sets of products of m dis-junet loops that total k 

elements. Disjunct loops have no variables in comilaon (L = loops), ' 

3. Loops of length 0 have a value of +1 and FQ = -1. This is an algebraic 

convenience. ° i w 

4. A path ?i.(
k-* isj a product of (k-1) alpha values from X.. to X± 

involving k variables, none of which are visited more than once. 

. -t P U = 1. 

r I 

5. The complement of a path Is the set of Variables not on the path. 

6. Let CL be any of s parameters of the system dX^/dt = f (XijXo, Xo, • ••» 

Xn; Ci, Cj, Co, ««. C ) . Then, the e f f e c t of a change in C^ on the 

equilibrium level of any variable (X.) in the system i s : 

SXj/BC^ = 2 ( 3f±/ 3Ch) £ P j£<k> x Fn_k [Comp P j i
( k ) ] / F n , 

t h a t i s , i f C, i s a p o s i t i v e input to X^, then i t s e f f e c t on X. w i l l 

havs the sign of the sum of the products of each path from X. to X-, 

each multiplied by-the feedback of i t s complement,, and a l l divided by 

the feedback of the whole. * 

In Figure E.l, the path from nutr ient to carnivore i s posi t ive , whereas 

the path ffom carnivore to nu t r i en t i s negative. There are three loops of 

length two representing predator-prey Interactions,, and two self-damped loops 

( l eng th one). . There are no loops of h igher l eng th ( l e v e l ) , t h a t i s , 

invo lv ing more than two Var i ab l e s . Table E.l g ives the q u a l i t a t i v e 
k 4. ".a 

predictions of changes in standing crops fqr four parajneter^inputs:* an 



Table 1. A. Predictions of directed changes in standing crops for 

" ' variables" in Figure 4 , and « 
a * " ' 

•B. Predicted correlation signs between pairs of variables 

responding to increases in N and C.. 

A. Directed Changes - . . 

Increase in:, . - N A H C Variable 

N. ,+ 

A * - ' -

* H a + 

C • ' " -

B. Correlation Values 

Variable pair Increase in: N C 

N-A, , ' "' , , " " - - + . -

N-H ' ' ' , ' ' v + +-

N-C '""" " ' , ' • ' + ' -

A-H, .' ' ' ' . . + -

A-c' ., ,-'" ' <•• + + 

H-C . A " ' ' '-_/ ^ ' + -

+ + + 

+ + + 

+ • + 

Hi ~ + 
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" ' ' " ' ' " . ' ' ) ' • ' ' • 

i nc r ea se in n u t r i e n t (N), a lgae (A), he rb ivore (H), and c a r n i v o r e (C) shown 

, in t h e l e f t -hand margin. The changes a re read ac ross each , row. For 

example, an Increase in A, perhaps ref lect ing a be t te r environment for algae 
- " , , - * ' 7 ' k ' . , 

•„• ' (more, optimal temperature or light regime), results ip a decrease In N and 

increases In A, H and C. . - . * . 

These directed changes can also be used to.predict correlations between 

changes in pairs of variables (Table E.l).. For- example, if N is increased 

then there will be positive correlationsbetween the changes in standing 

crops of all Variable pairs. ' If C is Increased, only N-H and A-C pairs will 

be positively corre.lated ahd all other pairs will exhibit negative 

-. '• correlation.' Both directed changes in standing crops and the resultant 

correlation values generated'by loop analysis can.be tested with either ', ' 

field or laboratory data, sets. - • " . 

•Figures E.2, E.3, and E,4 show the models for the three study lakes. 
; , ' " ' ' ', ' ' . ,•'.''' X ' ' *. 7. ''•',-

- . These.models, were derived by fitting predicted correlation values from model 

predictions to observed correlation patterns' from the 1981 field data. 

Figure -E.S-rehows ;co'mposite or 'core models for, the experiteental, 

enclosures in'Beaverskin Lake in 1982. A core model is a compilation of X„ 

individual models."Each individual model is, derived by fitting predicted 

. variable changes from the model to observed changes In field data from one- ' 

sampling date to the next. " The core models 'represent those Interactions 

. which are most important in a particular environment. ' Solid links are. those ', 

, which appeared In more than 50% of the individual models^ while dotted links , 

are thOse which appeared in between '33%--50.? of the individual models.. 

http://can.be
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Figure E.2, Loop diagram of the plankton community of Kejimkujik Lake. 

Parameter input i s a posit ive input to variable NP (nitrogen-

phosphate complex). Symbols a s soc ia t ed with loop v a r i a b l e s 

, , • are explained, in. Table E.2. , ' ' , ' " , , 
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Figure E,3. Loop diagram of the plankton community of Beayerskin Lake. 

Parameter input i s a "positive input to variable NP (nitrogen-

phosphate complex). Symbols .assoc ia ted w i th loop varlable-s 

are explained in Table E.2. 

• - '- / ' X 

-* 
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Figure ^.4. Loop diagram of the plankton' community of Pebbleloggitch Lake. 

Parameter input is a positive input to variable N(nitrogen 
a , 

complex). Symbols associated .with loop v a r i a b l e s are 
c 

explained in Table E.2. 
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Figure E.5. Loop diagrams for Beaverskin Lake e n c l o s u r e s , 1982. SymbolB 
I * « 

, i associated with loop variables are.explained in Table E.2. 

a) Control enclosures, ". 

b) Nutrient enriched enclosures, 

c) Acidified enclosures, 

d) Limed enclosures, . . • , _ 

e) Beaverskin Lake, , 

f) Summary -core of all models, 
'- ' * • , ' ' ' " a " " " X / ' 

\ 

j 

*.%. *1**l-.«,«aa, *Ar . -) -a -f 
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Table .27 Key to "Variables used in the loop diagrams of Individual. lakes. 

X indicates that the -category does-not apply. • . 

V a r i a b l e Peb'bleloggiafe-eJai/ Lake B e a y e r s k i n Lake 
"•" ' . > 

Kejimkujik Lake 

I. 'Nutrients 

" * * k '• ' 

NP 

-N 

•NH-

D 

V 

silica . " 

phosphorus <-

X 

silica silica 
_ # 
phosphorus* •- "> phosphorus 
" " a ' _ -" ' 

soluable -reactive, soluable reactive, 

^̂-t-fcotal dissolved and total dissolved and 

total phosphorus. total phosphorus. 

* total nitrogen 

nitrate - • 

nitrogen 

' ammonia 
» a a 

d e t r i t u s 

total nitrogen 

nitrate -

nitrogen 

ammonia 

detritus 



Table 2 . ' Continued" • ; • -, .', 

- V a r i a b l e , 7 - P e b b l e l o g g i t c h Lake "Beaverskin Lake Kejimkujik Lake 

-it. Phytoplankton 
' * a -

' A, ,' ' - -. Chlorochromonas minuta 

Gloeocystls "giga-s • 

Cry p to mo n as .pvata , 

Oocystis lacustris 

Sphaerocystls schroeteri 

Eunotia arcus. . ' ." -" * 

Fr us folia, r'homboides 

Mallomonas caudata 

Mallomonas urnaformis • 

Clds-terlum parvulum Sphaerocystls 
, ' - " - . , ' . ' schroeteri 

Schroederia aet'igera Sphaerocystls 
s c h r o e t e r i ' - . . 

- * • tfpcystis l a c u s t r i s 
.Chlorochromonas- ml.nutfi , . . . - ' -

Navicula sp..r 

. S p h a e r o c y s t i s 
s c h r o e t e r i 

Synedra u lna -

Dinobryon d i v e r g e n s . 

Mallomonas .caudata 

Mallomonas u r n a f o r m i s 

- f 

re 

Ul 
i n 

*»' 

• .V 



-x Table 2. Continued. 

• . Variable - "pebbleloggitch Lake 

Asterionella formosa 

Eunotia pectinalis 

' Synedra ulna . - '. 

Navic.ula s p. 

Tabellarla fenestrata 

Closterium parvulum ' 

.Schroederia setigera 

Arthrodesmus octocorne 

Mougeotia sp.-

Selenastrum minutum 

Binobryon Ta'avaricum." 

Dinobry'b.qf diveSgens 

x X 

Beaverskin Lake . Kejimkujik Lake 

Tabellarla fenestrata ' Gloeocystls gigas 

Mougeotia /a] 

Oocystis lacustris" 

El-akatoth.rix^'gelatinosa 

Dinobryon. bavaricum ' ' 

Mallomonas caudata 

Chroococcus dispersus .. 

Selenastrum minutum 
.,.-—,. „•„, I, t .M M. HI 

Asterionella formosa 
, — j , -I 

Synedra ulna -* 

Agmenellum thermale 

Asterionella formosa 

Tabellaria fenestrata 

Navicula sp. 

Eunotia pectinalis 

Frustulia rhomboides 

Chlorochromonas minuta 

Cryptomonas, ovata 

Arti'hrodesmus octocorne 

Mougeotia sp. . 

'Closterium parvulum • 

Elakatothrix gelatinosa 
* 

Eunotia arcus 

X • _'-_ ' '* 

Tf 
S3 

n> 
ro 
o 



• 7 «. •f. 

X 

T a b l e 2 . C o n t i n u e d . 

V a r i a b l e . . P e b b l e l o g g i t c h Lake B e a v e r s k i n Lake K e j i m k u j i k Lalce 

III.- Zooplankton 

7 " ̂ ' - -

."_,' R .4'-."" ' i*-

: ' 5 7 " •" 

X .6 

Nauplii. - ' .-. 

Diaptomus spp. (CI-III) 

"X '.X'". 

Keratella cochlearis 

Nauplii 

X 

Keratella cochlearis 

Nauplii - ., 

Diaptomus spp. (CI-III) 

Kelllcottia bostonlensis 

Keratella cochlearis 

Diaptomus. minutus adults. Diaptomus minutus adults" Dlaptomus minutus adults 

. - B_̂  oregonensis adults D_̂  oregonensis adults 

'" ' X " •-"' " '. IK. spp. (CIV-V) 
' ' ' - - a » 

'Daphnia catawba Daphnia catawba 

Diaphanosoma birgei .. Diaphanosoma birgei 

Daphnia catawba 

"V, ' 

~> 

hi 
00 
© 
l-aa-



Table-2* Contlnu'ed. * , .. - ' 

, Variable ' - . Pebbleloggitch" ,^ake Beavefskin Lake Kejimkujik Lake 

\:-

12 

'Eubosmina longispina 

Holopedium glbberum 

Diaphanosoma birgei 

Epischura nordenskioldi 

Mesocyclops edax 

Dlaptomus spp. (CIV-V) 

Dlaptomus oregonensis 
adults 

Leptodora kindtii 

Bosmina longirostris 

Eubosmina Ixmgispina 

Holopedium glbberum 

Bosmina longirostris 

Eubosmina tubicen 

Holopedium glbberum 

Epischura nordenskioldi Epischura nordenskioldi 
* 

Mesocyclops edax Mesocyclops edax --

Diaptomus spp.. (CI-III) ,X 

Epischura nordenskioldi 
copepodites (CI-V) 

Leptodora^kindtii Leptodora kindtii 

to 

ro 
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Appendix E. Plankton species data, Beaverskin Lake enclosure experiments, 
1982. 

Table El. A., Phytoplankton species abundances for Beaverskin Lake enclosures, 
1982. (Numbers-.^r Liter). , , 

a , * -*** *a ' ' a -

Table El. B. Zooplankton spec-ie-^abundances and jagg ratio data for Beaverskin 
Lake enclosures, j.98.2, (Numbers per M , average number of 
eggs' per female')*.*?.-

; 

X. 



a , Page 244 
Appendix E * a. 
Table E l . A. Phytoplankton- spec ie s abundances fo r Beaverskin Lake e n c l o s u r e s , 

1982. (Numbers per L i t e r ) . * 

TREATMENT DATE Agmenellum * Chroococcus Anabaena Aphanizomenon 
thermale dispersus flos-aquae flos-aquae 

ACIDIFIED 

, 

1 

820723 * 
820807 
820822 
820906 
82092-1 
821006 
821021 

BEAVERSKIN 

, 

CONTROL 
' 

* 

*. 

LIMED 
i 

. 

NUTRIENT 
. 

-

820723 
820807 
820822 
820906 
820921 
821006 
821021 

820723 
820807 
820822 
820906 • 
820921 
821006 
821021 

820723 
820807. 
820822 
820906 
820921 
821006 
821021 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

5380000. 
5580000. 
8790000. 
1120000. -
343000. 
560000.. 
1070000. 

4680000. 
11000000. 
13400000. 
nlooooo. 
2840000. 
3960000. 
.1290000. • 

. 

1690000. 
3290000. 
12400000. 
3530000. 

• 1960000. 
. 2520000. 
719000. 

3400000. 
8120000. 
16900000. 
1870000. 
2090000. 
4130000. 
54200. 

• 

5210000. 
-9160000. 
26800000. 
8360000. 
2880000. 
7000000. 
1140000. 

1240000. 
414000. 
328000. 
. 33300. 

97000. 
48500", 
53800. 

1450000. 
366000. 
161000. 
150000. 
75400. 
183000. 
107000. 

** 377OO0X 
382000. 
194000. 

f119000. 
123000. 
113000. 
86200. 

. 

916000. 
463000. 
"317000. 
122000. 
113000. 
167000. 
39300. 

1320000. 
587000. 
447000. 
174000. 
140000. 
156000. 
59200. 

6 
0 
0 
0 
0 
0 
o 

-

0 
0 

15100. 
0 ' 
0 
0 
0 

/ o -„ 
0 ,* 

5560. 
0 
0 
0 

7550. 

< • 

0 
0 

k o 
0 
o • 
0 
0 

, 

0" 
0 

1590. ' 
- 4770. 

0 
0 

- 0 

.0 
0 

* 0 
0 

9940. 
0 
0 

-

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

28200. 
0 

1190. 

," o 
0 
'0 

3970. 
1190. 

0 
0 

0 
0 
0 
0 
0 
0 
0 



Table El , A. Continued 

TREATMENT DATE 

" X 
ACIDIFIED 

" 820723 
820807 . 

„ , 820822 
820906 
820921 
821006 
821021 

'BEAVERSKIN 
' , " - 820723 . 

' ', 820807 
820822 
820906 
8-20921' 

* '821006, 
82,1021 

CONTROL 
820723 

- . 820807 
820822 
820906 

" 820921 
; 821006 

821021 

LIMED 
820723 
820807 
820822 
820906 

", 820921*-
821006 
821021 

NUTRIENT 
" - * 820723 

. , 820807 
- * 820822 

820906 
' 820921 
, 82100b 
, 821021 

[. 

A s t e r i o n e l l a 
formosa 

, 

I 
*" 

. i , 

397. ' 
4 0 

0 
0 
0 " 

397. 
,0 

0 
0" ' 
0 > . 
0 

' 0 
0 
0 

0 
0 

1590. * 
0 

397. 
0, 

1190. 

397. ', , 
0 

397. 
' 0 

0 
0 
0 

397, 
.0 

• 0 
0 
0 

795. 
795. 

T a b e l l a r l a 
f e n e s t r a t a 

1980. 
0 ' 
0- " 
0 

10300. 
296000. 

1.19,0. 

• 

' 0 
' 0 

0 
. 0 

'1590. 
795> 

0 

- ' 

0 . 
397. 

0 
, 2780'. 

1190. 
7160. / 

- 2780. ,t 

0" . 
397. 
397. 
397. 

1190. 
-1190. 
4770. 

397., 
397. 
795. 

6760. 
9150. 
2780. 

795. 

, 

T a b e l l a r i a , 
f l occu losa 

-
" 0 

0 
' ' 0 

9940. 
35000. 
10700. " 

1190. 

, 0 " " 
0 ' 

' 795. 
o, 
0 
0. 
0 

0 
0 

397. 
2380. » 

62000. 
X " \ j 6 2 0 0 . 
A 15900. 

l) 

795. 
0 
0 

4370. 
14300. 
25400, 
18300. 

, 

• 397. 
0 

10300. 
122000. 
67800. 

9540. 
9540. 

Eunotia 
arcus 

" 0 
•o 
0 
0 
0 

* 0 
o 

0 
0 
0 

. o 
0 
0 
0 

, 

0 
0 
0 
0 " 
0 

- 0 
- 0 

0 
0 
0 
0 
0 
0 
0 

0 
397. 

0 
0 
0 
0 
0 



Table El. A. Continued. 

TREATMENT 

ACIDIFIED 

DATE 

"820723 
820807 
820822 
820906 
820921 
821006 
82JL021 

BEAVERSKIN 
» 

4 

» 

CONTROL 

LIMED 

NUTRIENT 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

Synedra 
p u l c h e l l a 

5960. 
0 

2780. 
. 13100. 

43400. 
16300. * 
11100. 

0 ' * 

3180* 
795. 

14300. 
0 
0 
0 
0 

0 
7950. 
9540. 
5960. 

75800. 
2130O. 
79300, 

i 

8750. 
10700. 
7950. 
7950. 
1980. 
2780. 
3580X" 

1190. 
2380. 

22100. 
14300. 
4770. 
3580. 
3970. 

Navicula 
Sp. 

10300. 
7550. 
5960. 
1980. 

11100. 
3580. 

795. 

3180. 
2380. 
2380. 
2380. 
2380. 
3180. 
2380. 

4370. 
2780. 
4770. 
4770. 
9940. 
8350. 

18100. 

5560. 
2380. 
1190. 
5560. 
3180. 
3970. 
6980. 

2380. 
14300. 
5560. 
2380. 

1 9 8 0 . 
1590. 
397. 

Cyclotella Finnularia 
menenghiana major . 

1 397 i? 

f 
0. 
0-
0. 
0-
0 

q 
0 
o" 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

397. 
0 
0 
0 
0 
0 
0 

0 

u 
0 
0 
0 
0 
0 

795. 
0 

795. 
0 

795. 
0 
0 

0 
0 
0 
0 
0 
0 
"0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 



Table El. A. Continued.^ 

TREATMENT DATE Arthrodesmus Te*tradesmus Mougeotia Selenastrum 
a 

ACIDIFIED 

-

I 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

BEAVERSKIN*. 

w 

'CONTROL 

LIMED 

NUTRIENT 

8-20723 
820807 
820822 
820906 
820921 
821006 
821021 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

820723 
' 820807 

820822 
820906-
§20921 
8.21006 
821021 

oc tocorne-

0 
0 
0 
0 

397. 
0 

3 '* 
at 

j * 

0 
0 
0 
0 
0 
0 • 
0 

* 

0 
0" 

1190. 
0 

397. 
0 
0 

* 

0 
0 
0 
0 
0 
0 
0 

0 
0 

2780. 
' 397. 

397. 
0 
0 

yi^S-consinensis 

•* 
J. 0 

0 
0 
o 
0 
0 -
0 

0 
0 
o 
0 
0 
0 

, o 

0 
0 
0 *•* 

i 
0 

795. 

0 
0 
0 
0 
0 
Q 
o . 

0 
0 
0 
0 a 
0 

. 0 
* 0 

Sp. 

0 
0 

397. . 
9150. 

11900. 
73400. 

2380. 

0 
0 
0 

4770. 
0 
0 

795. 

«kf 

0 
0 

1190. 
1980. 
3970. 
8350. 

.5170. 

0 
0 

397. 
397. 

2780. 
1190. 

0 

S, 

3580, 
0 

1190. 
8350. . 

17500. 
1190. ' 
4370. 

minutum 

0 
1590. 
1590. 

• 1590. 
795. 

2380. 
2380. 

•» 

2380. 
3970. 
2380. 
2380. . 
2380. 
3970. 
6360. 

• 

1980. 
'3580. 

, 5560. 
6360. 

0 
1980. 
1980. 

0 
5960. 
1980. 

* 795. 
4370. 
1590. 
2380. 

795. 
3580. 
2380. 

795. 
397. 

5170. 
# 3 6 0 . 



Table El. A. Continued. 

TREATMENT DATE Closterium Spondilosium StauraBtrum Staurastrum 
• • — Ha— - — l i M l — a — - | > || • • • • . ! • . . .an l Hi • W i n . | -n-,,11-1- l Ill I • Illlll 

ACIDIFIED 

t 

i 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

BEAVERSKIN 

# 

CONTROL 
. 

820723 
820807 
820822 
820906 
820921 ' 
82100b 
821021 

• 

820723 
820S07 
820822 
820906 
820921 
821006' 
821021 

parvUaa-utâ  

0 
397^' 
0 • 

, 0 
0 
0 

v 0 
\ 
* 

795. 
7>5. 

- 0 
0 
0 

* 0 
0 

397. 
795. 
397. 
0 
0 

• 0 
0 

planum 

5170. 
0 
0 
0 
0 
0 
0" 

•* * 

0 
0 • 
0 
- 0 
0 
0 
.0 

* 
' 

0 
" 0 ' 

0 
0 
0 
0 
0 

paradoxum. 

0 
0 
0 
0 
0 

' 0 
0 

* 0 
0 

"'o. 
Oa 

*• , o -
0 
0 

* 

0 
0 
0 
0 
0 
0 
0 

connatum 

0 
0 
0 
0 
0 
0 
0 

-

0 
0 
0 
0 ' 
0 
0 
0 

* 0 
397. 
0 
0 
0 
0 

iP 

LIMED 
820723 
820807 
820822 
820906, 
820921 
821006 
821021 

NUTRIENT 
820723 
820807 % 
820822 
820906 

'" 820921 
" 821006 

821021 
821021 

0 
vO 
0 
0 
0 
0 
0 

397. 
795. 
0 

> 0 
0 
Ok, 

0 
0 

7550. 
Q 
0 
0 
0 
0 
0 

0' 
• o 

10700. 
0 

6360. 
0 
0 
0 

0 
0 

-e 
0 
0 
0 
0 

0 
0 

397. 
0 
0 
0 
0 
p 

0 
0 
0 
0 
0 
0 
0 

0 
- 0 
795. 
0 
0 
0 
0 
0 

1 



* 

T a b l e E l . 

TREATMENT 

„ 

ACIDIFIED 

» 

A. Continued. 

1 DATE 

i 

820723 
820807 ' 
820822 
820906 
820921 
82100b 

•821021 

BEAVERSKIN 

, • 

CONTROL 
' 

*t 

* 

LIMED 

% 

-

NUTRIENT 

/ 

r , 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

820723 
820807 
820822 
820906 
820921 
821006 " 
821021' 

820723 
820807-
820822 
820906 
820921 
821006 
821021 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

K i r c h n e r i e l l a 
l u n a r l s 

• 

0 0 
0 -
0 
0 
0 
0 

0 
0 
0 ' 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

It 

0 
0 
0 
0 
0 

. 0 
397. 

0 
0 
0 > 
o ' 
0 

397. ' 
1190. 

Ulothr ix " 
vaar lab i l i s • 

0 
0 

16700. 
4370. 
4370. 
6360," 
1590. 

0 
V o 

0 
0 
0 

' 2380. 
0 

" 0 
0 

1590. 
1590. 

33400. 
27000. 
35400. 

a 

0 
0 

12300. 
10700. 
13500. 
5960. 
4370. ' 

• 

0 
0 

130000. 
45900. 

6360. 
2380. 
4370. 

Schroederia 
s e t i g e r a 

109000. 
0 

19800. • 
0 

"22600. 
37700. 
62600. 

77900. 
" ' 0 

247000. 
0 

21500., ' 
0 . 
0 

f 

54100. 
33800. . 
65000. -

0 
16100. 

0 ' 
91600, 

, 

397. 
105000. 
75100. 
59600. 

7950. 
•8750. 
8350. 

0 
254'OQ. 
26900. . 
61600. 
10300. 
15900. 
37300. 

-

Gloeocyst ls 
maior 

* 

7950. 
2780. 

37500. 
. 5170. 

19500. 
5170. 

. 1190. 

2380,, -
3180. 

795. , 
795. 

3970. 
" 1590." 
2380. 

- , 9150. 
3580;. -

- 67000. 
46000. ff 

8350, 
'8750. 
3970. • 

3580. 
'3180. 
2380. 
6360. 

10300. 
7550. 
7160. ' 

X * 
2380. 
1980, ' 

82800. ' 
•30100. 

• 23900. 
4370, 
2780. . 
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Table El, A. Continued. Page 250 

TREATMENT 

ACIDIFIED 

< 

DATE 
1 

820723 
820807 
820822 
8^20906 
820921 
82100b 
821021 

BEAVERSKIN 

-

* 
• 

CONTROL 

LIMED 

,NUTRIENT 

v 

" 
-

820723 
820807 i 
820822 
8209,06 
820921 
821006 
821021 

820723 
820807 ' 
820822 
820906 
820921 
821006 * 
821021 

820723 
820807 
820822 
820906 
82092J/ 
821006 
821021 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

Oocystis 
parva 

. 
0 
0 
0 

1590. 
0 

397, 
3580. 

1 

0 
3970. 

795. 
1590. 

0 
0 

7160. 

so 397. 
0 

795. 
1980. 
397. 

1980. 

0 
795. 

1590. 
0 

1590. 
1190. 
397. 

, 

0 ' 
1190. 

0 
1190. 

0 
1590. 
1590. 

Oocyst is * 
l a c u s t r i s 

397. 
397. 

0 
397, 

'1190. 
0 

4370. 

0 
795. 

0 
2380. 
2380. 

795. 
9540. 

q 
0 
0. 

397. 
795. 
795. 

1190. 

1590. • 
, 7 9 5 . ^ 
795. 
397. 

0 
2380. ' 

397. 

397. * 
0 
0 

1190. 
397. 

5170. . 
795. 

Scenedesmus 
b i juga 

/ 

3180. 
O 
0 
0 
0 

1590 . 
0 

" 

0 
0 

. 3180, 
0 
0 
0 
0 

* a. 

0 
' 0 

0 
0 

4770. 
0 
Q 

0 
1590a.-

0 
0 
0 

1590. 
1590. 

" " ' •» 

0 
0 
0 
0 , 

1190. ' 
0 

1590. 

Quadrigula 
l a c u s t r i s 

0 
0 
0 
0 
0 
0 

1590. 

0 ' 
0 
0 
0 

* 0 
0 

5560. 

* 

0 
0 " 
0 

*" 0 
0 
0 
0 

0 • 
0 
0 
0 
0 ' ' 
0 

1590. 

a , 

0 
0 
0 

l« 0 
0 

2780. 



Table'El, A. Continued. 

TREATMENT DATE 
" 

ACIDIFIED 
82U723 
820807 

•820822 
820906 
820921 
821006 ' 
821021 . 

BEAVERSKIN ' 
i ' 820723 

, 820807 * 
820822 
820906 
820921 
821006 

" - ' 821021 

CONTROL 
820723 
820807 .. 
820822 

'8209,06 
820921-

- . 821006 
821021 

LIMED 
,820723 

X 820807 
' - , 820822 

X - 820906 
820921 
821006" 

X , 821021 

SUTRIENT 
", ,820723., ' 

820807' 
820822 

, '820906 
820921 

'; 8,21006' , 
821021 -

Gonatozygon 
b r e b i s o n i i 

0 
- • 0 ' 

0 
• - 0 

0 
0 
0 

. ' o ' 
• 0 

0 •' ' 
0 

795. • 
0, 
0 

, -• 

0 
0 

• * o t 
. 'dt 

0 " ; 
0 , 

" ' a " 0 X ' 

: o , 
0 

' 0 ' 
, o ' ; 

o 
;o -.' 

' * , -. 'a"-" 

' ' 'o , • 
0 * ' 
0 
0 
0 
0 
0 

Sphaerocyst ls 
s c h r o e t e r i 

0 
0 
0 
0 
0 ' " 

-' - . i 0 
0 

' 

0 
7 0 

0 
' • 0 -

0 
0 *"• 
0 " 

a 
'a - . " 

'" , - o 
* 0 
' , 0 ' --
, 0 , 
,0 
0 
o " 

V 

t i 

- 397. ' 
0 

" " .0. -
ov • 

. - 0 * 
0. ; 

. " 0 „ . ' 

- . 0" ' 
" 0 

"'.« ' 0 ' 
0' ' 

: 7 0" X. 
" , . 0 

0 

Tetraedron 
minimum ' 

O 
0 

397. 
397. • 

' / 
0 

397. 

' * 

/ o 
U , 

1590. 
# 
0 
0 
0 

0 ' 
0 " 
0 
0 a 
0 

. o X , 
397. 

-

0 
'"X ' o ' • 

a 0 " ' 
397. 

0 ' k 
0 . .* 

-' 397. ' . 

. *• . - ' 
•• 0 . 

0 
' 0 
,0 
0 

397. 
0 

Euastrum 
Infafulare 

.-

0 
0 
0 
0 

795. 
• 0 

o-

' 

. ' 0 • 
0 

. 0 
0 
0 ' 
0 -a 

" 0 

1 ' "1 

' 0 
0 

397. * 
., o 

0 
" a - 0 " 

397.,-

i.. t 

, 0 
0 
0 

' ' 0 
. 0 ' 
X o 

a 397. 

" 0 ; 

Xo 
397. 

0 » 
0 

; o 
0 ' 



/ 

fable El. A. "-"Continued. 

TREATMENT DATE 

ACIDIBIED 
820723 
820807 

. * 820822 
820906 
820921 
821006 
821021 

BEAVERSKIN 
820723 
820807 
820822 

* 820906 
820921 

, 821006 
821021 

Elakatothrix 
gelatinosa 

0 
3580. 
2380. 

0 
0 

795. 
795. 

795, 
1590, 
1590. 
3970. 
2380. 
2380. 
3180. 

\ 
CONTROL 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

397. 
3580. 
4770. 

0 
1190. 
795. 
1190. 

LIMED 
820723 
820807 

' 820822 
820906 
820921 
821006 
821021 

NUTRIENT 
820723 
820807 
820822 
820906 
820921 
821006 
821021 -

397. 
3580. 
3970. 
1980. 
3970. 
3180. 
795. 

2380. 
1190. 
.5170. 
397. 
0 

3970; 
3180, 



# 

Table El. A. Continued. 
page 253 

TREATMENT DATE 

ACIDIFIED 
- 820723 

820807 
'820822 
820906 
820921 

. 821006 
821021 

r 

BEWERSKIN 
* \ " 820723 

820807 
820822 

. 820906 
- . - ' • 820921 

\ 821006 
821021 

CONTROL 
820723 -
820807 

" 820822 
X. ' ' 820906-

" 820921 
821006 

" , • 821021 

LIMED 
820723 
820807 

, X " 820822' 
. ' 820906 

820921 
821006 

;, j> 821021 

NUTRIENT 
820723 

'820807' 
820822 

, -820906 
7 '820921 

• 821006 " 
,- 821021. 

Dinobryon 
bavaricum 

0 . 
' 3180. 

15100. 
2780. . 
- 0 

16300. 
, 1750O. 

., 

o, 
0 
0 4 

1590. 
7160, 
3970. , •" 

33400. 

. 0 - ' 
7550. 
8750. . 

101000. • 
,- '26100. 

/ " 8350. 
-. - 4 7 1 0 0 . 

- ' . 

. 0 
' 1190. * 

• 13900. 
56200. 
- 6360. 

.. 31600. -
^•1900. 

^ 

' '"'i o ' \ . 
: ,795. ••• 

3971 
" 397. 

. ' , 0 , 
, "12700. X 

,- 27800. " 

Dinobryon 
. d ivergens 

-

1190. 
397. 

3180. 
3180. 
1190. v 

0 
397; 

. a 

u 
0 
0 
o-

795. • 
12700. • 

' 0 

0 
1 0 * 
397, 

1190. . 
4370. 

- 1980. 
" 0 • 

O 7 
" .'' I ) a 

• ' O'a". -

397. 
0 

795. -

. 

\ '" q- • 
-. 0 •" 

- ' °V ' 
0. 
0 

397. -' 
1190. 

Mallomonas i 
caudata 

3180. 
• 5560. 
• 7160. ' 

1980. 
1980. 

10700. * 
2*4600. ' 

' • . ' • - . 

' 5560, 
21400. 
10300. 
7950. 

• 45900 . 
19800.' 
28600. 

m 

' ,2380. ' 
•.'- 7160. . 

6760. 
5560.- ' 
1590. 
7550. . 

' 14700. 

, ' 57800. 
7550. 

, 19400. 
4770.* 
8750, 

27400, 
. .-"7550.7. * 

-7550. *' ', 
, .,. 7950 . -
; 17500. 
' 13700. 

,24300. ' 
• 393.00. X 

1 -' 36200, 

Mallomonas 
\•akrokomos 

V 

. \ . 
0 

• 0 
0 '-

•r. 
. 0 

' ' 0 . 

' t 

'• 0 a' ; 

a 0 »-

0- . 
"0 , 
0 
0 
0 

• , 

0 *• 
07 
0 
0 • 
0 

. • 0 

a1 ^ 

, 

0 '• 
0 
0 • ' ' 
0 k "' 

; ' o' , 
, ' 0 ' 

" ' 0 ' a 

. ' 0 7. 
,397. '; 

0 . 
- , 0 ' , 

' o ; 

- 0 
- - 0 

K 



Table El, A. Continued. 

TREATMENT DATE Peridinium Cryptomonas Chlorochromonas Unknown 
limbatum ovata ' minuta 

ACIDIFIED 
820\23 
820987 
82082S 
820906 
820921 
821006 

,821021 

BEAVERSKIN, 
82072:31 
820807 

,. 820822 
' , ,8.2090b 

\ 820921, 
- 821006 
'821021 

; * 

4 < 

CONTROL 

LIMED 

820^23 
820807 
820822 
820906 
820921 
821006 
821021 

820723 
,820807 
820822 
820906 
820921 
821006 
821021 

NUTRIENT 
820723 
820807 
820822 

, 8*209067 
820921 

' 821006 
821021 

0 
0, 
0 
.0 
0 
0 
0 

a , 
o 
o 
o ' 

Q V 
•0 

0 
0 
0 
0 ' 
0 
0 
0 

0 
' 0 

0 
0 

397. 
-0", 

4" 0 

0 
0 
0, 
0 
•0 
0' 
0 

0-
1590. 
795. 

, 1980. 
397. 
1980. 

' 795.° 

' ' 0 " 
0 

1590. --
, 1590., •' 

0 
1590. , 

'.0 

397. i 
* i 

0 
1980. 
\2380. ', 

\ ° 
-#190. ""j 

J795; . 

1,190.-
1190. 
1190.• ,,..' 

• 1590." , ' 
-X 397-, 
2380, 

0 '". 

-' o . • ' 
1980.'" , 
i6360. 

O 
3'9?. , ' 

5560. 
397. 

2780, 
13100. 
22600. 
44500. 
44400. 

, 17100. 
29400. 

1590. 
7950. 
8750. 
16700. 

' . 9540. 
* l 92300. 
• ' 23800, 
>','' 

3970. 
'. "19800, 
. 93300. 

82800. 
4,72800. 
, 29000. 
,29800. 

, 3580. 
, 6360. 
12300, 

- 23000. 
75800. 
77100, 
15900. 

,2380, 
9940. 

* 49,8000. 
48'9000. 
149000. 
'. 94300. 
33800. 

36200 .V 
7160. ' 

17500. 
6760. 
1190. 

17100. 
27400. 

30200, 
18300. 
30200. 
31000. 
55400. 
86200. 
38100. 

33800. 
6760. 
19400. 
10300. 
1590. 

10700.' 
7950, 

3020O., „ 
11100. 
32600. 
,20200. • 
20600. -
'71700. , 
16700. 

48100.' 
8750. 
15500. 
10700. 
16700. 
58100. 
42100". 

file:///2380


Table E l . A. Continued. 
Pag 

TREATMENT DATE Bambusina 
brebisspnii 

Micrasterlas Euastrum 
arcuata intermedium 

Cosmarium 
Sp. 

ACIDIFIED 
820723-
820807 

1 820822 
820906' 
820921 
821006 
821021 ;• 

BEAVERSKIN " 
* 820,723 

'820807 •" 
X 820822 

820906 
820921 • 

, ,821006 
821021 

1 '' , 

CONTROL 
820723 
820807 
820822 
820906 
82092i 

" 821006 
821021 

LIMED 
* - ' 820723* 

* -820807 
- 820822 

, 820906 
;. . 820921 ". 

"'"* , 821006 
- 8*21021 

' ' « 
NUTRIENT 

820723 . 
820*807 ' 

,8208*22 
820906 
820921 
821006 

• . 8 2 1 0 2 1 " 

0 
1190.. 

0 
0 
0 

1190. 
0 

3180. 
3970. 

795. 
1590. 

34200. " 
" 2 7 8 0 0 . 

o. 

. 0 
1980." 

0 
• 0 

795. 
397, 
397. 

. 

n9o. 
397. 

2380. 
5560. 

397. 
1-590. 

0 
•a 

0 
•* 3197. 
. 1 1 9 0 . 

1980. ' 
22600. 

397. 
795, " 

397. 
0 
0 
0 
0 
0 
0. 

1 , v 
V 0 \ ° 

\ 0 

' \° 
/ ^ \ \ 
V V. '0 

' " oX 

-

0 
- *' ' '0 

0 
* "o. 

- -. o' 
0 
0 

t 

0 
" '' ' 0 

0 
. - 0 

* 0 ' 
0 

' 0 

" '. 

' • ' . o' 
• 0 

7 0 
- 0 

0 
-, ' 0 
"• o* 

0 
0 
0 
0 
0 
0 
0 

" \ 
* 0 

0 
0 

• 0 

" . 
0 

0 
0" 
0 
0 
0 
b 
0 

0 
0 

0 
0 
0 
0 

0 
. 0 

7J>5. 
795. 

0 , 
0 
0 

0 
0 

.795. 
397. 
397. 

-397 : 
0 

0 
0-

795." 
.1190. 

,0 
0 
0 

X 



Table El. A. Continued. 

TREATMENT 

ACIDIFIED 

• 

DATE 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

BEAVERSKIN 

• 

CONTROL• 

, 

"* -. 

LIMED 

a ' 

NUTRIENT, 

* 
•> -a 

" 

820723 
820807 . 
820822 \ 
820906 
820921 
821006 
821021 

-820723 
820807 . 
820822 
820906' 
820921 * 
821006 
821021 

-820723 
820807 
820822 
820906 
820921 
821006, 
821021 

* 820723 
820807 
820822 
820906 
8,20921 
821006 
821021 . 

Peridinium 
inconspicuum 

0 
' 0 

0 
1190. 

0 
0 
0 

0 
0 
.0 
0 
0 
0 ' 
0 

0 

'•41 
0 
0 
0 

a 0 

• 

0 
• 0 
0 
0 
0 
0 
0 

0 
0 
0 k 
0 
0 
0 
0 

\ » 



Page 257 

Table El. *B. Zooplankton species abundances ̂and egg ratio data for Beaverskin 
Lake enclosures, 1982. (Number's per M , average number of 
eggs per-female). 

TREATMENT DATE 

ACIDIFIED 
820723 
820807 
820822 
820906 

I ' 820921 
• 821006 

821021 
1 
J 

BEAVERSKIN 
820723 
820807 
820822 

.820906 
820921 
821006 

' 821021 

CONTROL 
. 820723 

820807 
820822 
8-20906 
820921 
821006 
821021-

LIMED ' •" 
• 820723 

820807 
8W822 
820906 

' 820921 
. 821006 

' 821021 

NUTRIENT ' 
820723 

- 82080£ 
820822" 
820906 

' 820921 
821006 
821021 

Chydorus 
Sp. 

0 
V 0 

3?20. ' 
3900. 
5180. 

986. 
4 0 0 . 

402. 
402. 

0 
0 
0 
0 
0 

100. 
788. 

5870. 
18600. 
29900. 

- 19500. 
3680. 

<: 

'""6 
V100... 

402. 
895. 
553. 

724. "* 
1910. 

0* 
. * . 0 

. * 2110. 
8350.-
9250. 

1 603. , 
251. 

Daphnia 
catawba 

251. -
150. 

0 
U 

100. 
0 

l l6. 

1200* 
0 

402. 
412. 

1080. 
201. , 

0 

100. 
0 
0 

50. 
0 

33. 
100. 

• 805. 
0 
0 

'. 0 -
100. 

0 
0 

»*, 

503. 
100. - • 
100. 

• 201. 
100. 

0 
100. 

Bosmina 
l o n g i r o s t r i s 

. 
0 
0 
0 
0 

50. 
0 
0 

0 
0 
0 
0 
0 
0 
0 • 

0 
0 
0 
0 

a 0 
0 
0 

-

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

"0 
. 0 

Eubosmina 
long i sp ina 

0 
0 
0 
0 
0 
0 
0 

0 
0 * 

603. 
0 

1260. 
0 

201. 

\ 

452. 
0 
0 

"50. 
' 0 

0 *v 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 -
0 

\ , 

oV/ 

^-Xa./--

*i/*.o Vftofi 



Table El. B. Continued. 
Page 

TREATMENT DATE fiubosmina Holopedium Leptodora Diaphanosoma 
tubicen gibberum kindti leuchtenberglanum 

* 

820723 ' 
820807 
820822 
820906 " 
820921 
821006 
821021 

BEAVERSKIN 
. 

CONTROL 

LIMED 

* 

NUTRIENT 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

* 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

1400. 
2610. 

12000. 
24400. 
3620. 
5050. 
4040. 

-

4420. 
16900. 

402. 
'412. , 
1240.* 

201. 
1810. 

a 

2610. , 
lb7 . 

2950. 
603. 
160. 
50. 

523. 

6230. ' 
301. a 

9560. 
6730. 
8600. 
1170. 
2960. 

4620. 
150. 

2610. 
805. 
301. -

1000. 
603. 

201. 
0 s' . 

100. 
0 
0 
0 
0 

• 

0 
0 
0 
0 
0 
0 -
0 

201. 
0 
0 
0 
0 
0* 
0 

100. 
100. 

0 
0 ' 
0 
0 
0 

-

0 
201. 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

211. 
0 
0 
0 

0 
0 

110. * 
0 
0 

*" . 0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
Q 
0 
0 

, 0 
0 
0* 

452. 
654. 

1500. 
1100. 
1100. 

0 
50. 

X 

6640. 
2810. 
3820. 

' 1410. 
664. 
201. 
201. 

• 

1050. 
1600." 
2780. 

50. 
100. 
335. 
134. 

1810. 
. I860. 

2310. 
805. 
201. 
100., 
352. 

4420. 
1100. 
2510. 

603. 
1610. 

0 
201. 



Table E l . B. Continued, - ' * P a & e 259 

TREATMENT DATE Scapholeberls Chironomidae Eurycercus Camptocercus 

ACIDIFIED 

" 

a . 

820723 
820807 
820822 
820906 
820921 
821006 
821021. 

BEAVERSKIN 

_ 

/ 
t 

t ' 
CONTROL 

-

LIMED " 
-

• 

., 

NUTRIENT 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

820723 
820807 
820822 
820906' 
820921 
821006 
821021 

820723 
820807 
820822 • 
820906 
820921 
821006 
821021 

820723 
820807 
820822 
820906 
820921 
821006 
821021 ' 

k i n g i i 

0 
150, " 

0 
0 
0 

55. . 
0 

ar 

0 
0 
0 
0 
0 
0 
0 

1 

0 
50. 

0 
' 0 

0 
i 0 

0 

0 " 
100. 
301. 
171, ' 

0 
0 

<", 

0 
0 

905. 
0 
0 
0 
0 

0 
0-
0 
0 
0 
0 
0 -

0 
0 
0 
0 
0 
0 
0 

• 

0 
50. 

no. 
100. 
50. 

150. 
0 ' 

0* 
0 
0 
0-

. o 
0 
0 

0 . 
0 
0 
0 
0 
0 
0 

l ame l l a tu s 

0 
0 
0 v. 
0 

* 301. 
0 
0 

1 

0 
0 
0 • 
0 
0 
0 
0 

* 

' 0 
0 , 

no. 
50. 

1550. 
1280. 

345. 

t 

0 
o -

" 0 
. o* 

• 0 
• 0' 

0 . 

' 0 
0 
0 

201. -
1610. 

100. 
0 

rectirostrls 

• 

0 
0 " 

503. 
259. . 
352. ' 

50. 
261. 

0 ' 
0 
0 
0 
0 
0 
0 

0 
83 . 

1060. 
704. 
703. 
600. 

1220. 

0 
0 
0 
0. , - ' = 

201. 
50'. -
50. 

100. 
"0 

301. * 
2760. 
2210. 

100. 
•100. 

X' 



Table El . B. Continued. 

TREATMENT 

ACIDIFIED 

DATE 

820723 
820807 
820822 
820906 
820921 
821006 
82i021 

BEAVERSKIN \ 

•t* 

1 

CONTROL 

-* 

LIMED 

NUTRIENT 

, 
., 

820723 
820807^ 
820822 
820906 
820921 
821006 
821021 

820723 
820807 
820822 
820906 
820921 
821096 
821021 

' S - a / 
^ k . ^ ' ' 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

820723 
820807 
820822 
820906 
820921 
821006 
821Q21 

Polyphemus 
pedicu lus 

0 
0 

301. 
0 

603. 
55. 

0 

201. , 
201, 
201. 

0 

\ • 0 * 
\ 0 

\ 

0 
0 
0 
0 
0 
0 

) *° 

0 
0 

100. 
0 

. 0 
0 
0 

' 0 
0 

100. 
0 
0 
0 
0 



Table El. B. Continued, -r Pag,e 
TREATMENT DATE Epischura 

nordensk io ld i 
[Females} 

ACIDIFIED 
820723 0 
820807 0" 
820822 0.-7 
820906 0 
820921 '• 0 
821006 100. 
821021 221. 

BEAVERSKIN 
820723 0 
820807 0 . ' 
820822 201 . 
8'20906 0 , 
820921 , 0 -
821006 402.,-
821021 0 

CONTROL 
820723 , 0 
820807 0 
820822 0 
820906 ' 0 ,"* 
820921 * 0 , 

- - 821006 0 -# '• 
821021 o : 

LIMED, * .. -
820723 *. / Q 
820807 . 50 . 
820822 * • 0 " 
820906 0 

-820921 0 
- - -821006 ,- ' "50 . 

821021 . 0 

1 

NUTRIENT , ," ,. 
820723 • - . 0 

, 820807 X " * 0 
820822 X 0 
820906 0 
820921 ' 100. 
821006 0 

- 821021 - 201. 

Epischura 
nordensk io ld i 

{Males} 

0 
0 
0 
0 
0 

50. 
0 -

' 

0 
0 " 

* 0 ' 
0 
0 

201. ' 
0 

r 
-» 0 

0 
0 
0 

Jw • ' ° 
^ 0 • 

0 

* 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 ' 
0 

50. 
201 . 

epischura 
nordensk io ld i 

JC4-C5] 

0 
0 

° / 
4 0 1 

0 
0 
0 

a 

100. 
201. 
402. 
201. 

o • 
c °* 

0 

0 
*0 

' 0 
0 
0 
0 
0 

0 
0 - -
0 
0 ' 

. 0 
0 
0 

D 1 

o 
0 

1 0 
0 
0 
0 ' 

Epischura 
nordenskio ld i 

[C1-C3] / 

201, 
100. 

0 
0 
0 
0 
0 

* 
0 

201. 
0 
0 
0 
0 

, 0 

o . ' 
33 . 

0 
0 
0 
0 

a 

•• 
0 

50. 
0 

, 0 
0 
0 
0 

I 
-- - 0 

0 
0 
0 
O , 
0 
0 
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TREATMENT DATE Diaptomus 
minutus 
[Female] 

Dlaptomus 
minutus 
[Male] 

Diaptomus 
oregonensis 

[Female] -

Diaptomus 
oregjonensls 

[Male] 

ACIDIFIED 

X 
4 * ; 

j — J r J * ' , ' . * , 

' ' 1 
« 1 

820723 
820807 
820822; 
820906 
820921 
821006 
821021 

805. ' 
956. 

3920. 
5070. 
4020. 
2270, 
2040. 

150. 
553. 

1200. 
875. 
553. 
719, 

2020. 

0 
201 . 
503. 
110. 
100. 

50. 
•110. 

f-3 

BEAVERSKIN 
820723 
820807 
820822 
820906 # 
820921 , 
821006 
^21021 

25300. 
" 9450. 
13800. 
12300. 
19400. 
8850. 
9450. 

28900. 
2810. 

11800. 
9730. 

, 7920. 
•6230. 
11800. 

i 

503. 
0 

603. 
4310. 
1730. 

' 603. 
402. 

C0NTROL 

O 

LIMED 

£20723 
820807 
820822 

' 820906 
| | 620921 
W8 21006 

821021 

820723 
820807 
820822 
820906 
820921 

.821006 
82102*1 

NUTRISjIT 

X 
820723 ' 
•820807 
820822 
£20906 
82D921 
821006 
8?1021 

6130. 
•318. 
3930. 
502. 
402. 
150. 

1640. 

- 5430. 
2960. 

12200, 
.7450. 
6590. 
3420. 
3370. 

4 

8250. 
1250. 

. 3520. 
2760. 

• 41-20. 
2660. 
"7790. 

3920. 
167". 

3210. 
201. 
•150. 
«*. 
301. 

3520, 
1050. 
6230.J 

4160. 
2660. 
764. 
603*. 

*., 

6230. 
251. 

1910. 
654. 

2210. 
'754. , 
'568.0.. 

t 

100, 
"*7, 

100. 
0 

50. % 
•0 , 
0 

*0 
0 

201. 
301 . 
503.' 
' 0 

0 
/ r 

201. 

0 
150.. 

.0 • 
100. 
150. 

0 ' 
' 0 

201. 
0 
0 

•* '. 
. 

» \ o 
. - A .al 

. 100. 0 
0 

100. 
* 0 

0 

•* 

" - ' n '.0 
' V 
100. 
25 M 

0 
* 50. 

< 100. 

•a, 

at 

La 

Va I' 
J 
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TREATMENT 

ACIDIFIED 

V 

' DATE 

-

i 

820723-* 
820807 
820822 
820906 -
820921 
821006 
821021 , 

BEAVERSKIN 
• 

• 

. 

CONTROL 
t • , i 

* 

f 

» 

V * J 

* 
. * ' 7 

LIMED -
. 

•a* . 

i 

U \ 

\ 

NUTRIENT 
• 

r 

$ ' 
• » 

1 . -

820723 
820807* 
820822 
820906 
820,921 
821006 
8.21021 

, 1 

820723-
820807 * 
820822 
820906 " 
820921 
821006 
821021 

820723 
8208U7 
820822 
820906 
820921 
821006 * 
821021 

« "a* 

• 

£20723 
* 820807 * 

820822 
820906 
820921 
82l506 
821021 . 

Diaptomus 
Spp.[C4-C5] 

,1760. 
1710. 
3420. 
8270. 
4620. 

810. 
1030, 

" a l 

8350. 
8b50. 

24500. 
29700. a 
17200. 
10800. 

' 20900. 

2910. 
1140. 

16400. 
, 1150. 

200. 
201 . 

1200. 

503. 
j-,'2310. 

13500. 
983(^ 
337U. 
1380. 
1610, 

* 

V 
.905. 

1000. -
4020. 

. 1400. . 
905. 

1350 » 
3820. 

Diaptomus 
Spp.[Gl-C3] 

• 

10600. 
4470. ' 
5030. 
1240. 

503. ' 
1680. ' 

' 3280. 

22100. 
22500. 

9450. 
2510. 
3090. 
3420. 
3220. 

• 

38200. 
2530. 
5040. 

301. 
311 . 
737., 

1780. 

i 

. 19600. 
7140. 
5730. 
2090. 
1610. 
1330. -
1810. ; 

i 

^ 16300. •* 
^ > £ 6 1 0 , 

a W d K " -
100O.-' 

' " 1810*. 
2760. :, 

• Mesocyclops 
edax [Fem.] 

0 
0 

805. 
211. 

50. 
100. 

0 

402. 
805, 

0 
0 
0 
0 
0 

* 

0 
150. 
653. 

1600. 
* 673. 

/ 8 8 5 . 
a ^ 0 

0 
2 0 1 . 

O 
0 
0 
0 

50. 

> * 

'. V 
- <[• 

* " 603. • 
8Q5.* 

* 1400* 
5'0. • . 

a' p * 

Mesocyclops 
edax [Male] 

s 
100. 

0 
0 

•0 
100. 

0 
0 

402. 
0 
0 
0 
0 
0 
0 * 

0 
0 

422. 
200. 

' 452. 
,518. 

67. 

0 
100. 

0 
0 
0 

•0 
0 

0 
0 
o-

100. 
'603. 

0 
0 * •* 

Va""** 

ft 



Table E l , B. Continued. 
Page 264 

TREATMENT DATE Mesocyclops Tropocyclops Tropocyclops Tropocyclops 

ACIDIFIED 
820723 
820807 
820822 
82U906 
820921 
821006 
821021 

BEAVERSKIN 

CONTROL 

LIMED 

-

-

NUTRIENT. 
w 

f 

\ 

1 * 

820723 
820&07 
820822 
820906 
820921 
821006 
821021 

820723 
820807 
820822 
82090b 
820921 
821006 
821021 

820723 
820807 
820822 
820906 
820921 
821006 
82102r 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

edax [C1-C5] 

100. 
150. 
905. 
21b, 
251. 
311 . 

0 

100. 
805-

0 
111. 

0 
402, 

0 

502. 
217. 

4U60. 
3820. 
4420. 
2500. 

536. 

. 0 
100. 
402. 
201 . 
150, 
50. 

0 

a * - * 

301. ' 
> 201. 

- 1100. 
1400. 
1100. 

100, 
100, 

Sp. [Fem.] 

0 
0 
U 

u 
0 
0 
0 

0 
0 
0 
0 

u 
0 
0 

0 
0 
0 

201. 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

k - . 

-

o' 
0 
0 
0 
0 
0 
0 

Sp. [Male] 

0 
* 0 

0 
100. 
201. 
317. 
352. 

0 
0 
0 
0 
u 
0 

2810. 

0 
0 

100. 
100. 
100. 
382, 
402. 

•V 

0 
Q 
0 
0 
0 • 

100. .' 
100. 

\ 
. a * 

a t 

0 
0 
0 
0 

- 0 
0 
0 

Sp. [C1-C5] 

0 
0 
0 
0 
0 
0 
U 

a 

0 , 
0 
0 
0 
0 
0 
0 

0 
0 

402. 
402, . 
472. 
231 . *" 

'* 105. , 

0 
0 
0 
0 

J> 
0 

' 0 
<k 

•* 

* 0 
0 ' 
0 
0 
0 
0 
0 -
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TREATMENT 

ACIDIFIED 

DATE 

1 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

BEAVERSKIN 

-

CONTROL 

LIMED 

> 

NUTRIENT 

* 

n 

820723 
820807 
820822 
82090b 
820921 
821006 
821021 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

820723 
820807 
820822 
820906 
820921 
821006 
821021 

820723 
820807 
820822:, 
820906 
820921 
821006 
821021 

Copepod 
Nauplii 

42200. 
4370. 
8150. 
4120. 
4170. 
5350, 
13000. 

V 

58500. 
2810. 
4420, 
6080. 
4580. 
5230. 
14000, 

"34400. 
1760. 

' 13000. 
4520. 
2080. 
2960. 
1670, 

. 

70200. 
! 2510. 
5830. 
6640. 
5780. 

• 5560. 
4370. 

• 

49000. 
2910. 

. 5930. 
8800. 
5630. 
4620. 
10200. 
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/ ' 

TREATMENT DATfe 

ACIDIFIED 
820723 
820807 
820822 

' - •' 82090b 
•' 820921 

821006 
821021 

fefcAVbRSKlN . 
820723 
820807* 
820822 
820906, 
8 20921 
«21006 
821021 

CONTROL' . 
\ 820723 
1 820807 
' 820822 
. 820906 

820921 
821006 
8 2 1 0 2 1 ' 

LIMED" ' 
. ¥ 820723 

-* -820807-
820822 

« 820906 
* 820921 

821006 
y ' * 821021 

4aa 

y *• 

NUT-RIENT 
820723 
820807 

• v 820822 
,- i . -820906 

" " * » ' .8-20921 
' K » -821006 
.. .,8.210.21.. 
7' . * " • * . 

K e r a t e l l a 
c o c h l e a r i s 

603. 
Ju l . 

5630, 
lObUO. 
6080. 
5950. 

12600. 

o 

3b2U. 
120O. 
2010, 
1900. 
3030. 
5430. 

24*700. 
i 

( a 

1 

352. 
33. . 

'" ' 7650. 
3260. 

* 553, 
* 6960. 

, 15700. -

" / 
. " 1200. 

251. 
805. " 

6660. 
1860. 

1280O. 
12200. ' „ 

' 

"***-. ! 
" 2 0 1 . " " 
( .45 ft- -

\ % 3 . , N . •' 
'1300'. 

Gahonochilus 
Sp. 

0 
* 6-790. 

0 
1500. 

0 
241U, -

35100. 

*• 

0 
, 0 

0 
0 

9650.. 
18100. 
33200. 

0 
2510„ 

17200. * • 
7540. 

0 • 
6030. 
7540. 

Po lya r th ra 
, v u l g a r i s 

0 
0 
0 

*0 
0 
0 
0 

0 
0 
0 

' 0 
0 
0 
0 

•*•• 

. ' 0 
"" O 

. <> • 
0 
0 
0 
0 

V Ltt. 

7540. 
. 4520-, 

0 
30.10. 

0 -
" 14400. 

301.CU 

ft 

4520. t 
2260. ' * 
3010. 
1500. , 

3010. . '•'" 3010. 
1420.0.' ' 

* ' *99oo; 
" 3770. 

. 70100.* 

0 . • 
0 
0 

' 0 
0 

• 5 0 . / * . 
.- "201«. 1 

• \ 0 * 
„.*> 
.0 - • 

* 0- ' 
201 . 
*%JM+ -, 

855. 

Ploesoma 
"hudsoni 

100, 
100. 

• lino. 
154U. 
553, 
21b. 
402, 

' 100. 
0 

201. 
.0 
0 
0 
0 

\ 
i 

0 

V* 1430. 
"854. 
201. 
201. 
Ib7, 

0. 
0" 

402. 
503a." 
301. 
100< 
50. 

« * 

• 
tk 
0 

'" 5730. . 
"" 14400.a 

' ' 402. 
-.50. 

' •. a 0 

*f 

"k I 

V 

I 
X 
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. 

ACIDIFIED 
820723 „ 

' 820807 
820822 
82090b 
820921 
82100b 

i 821021 

BEAVERSKIN ' 
820723 
8208O7 . 
820822 * 
82090b 
820921 
821006 
821021 

CUNTROL • 
*., 820723 

820807 
» 820822 

820906 
? 820921 
• 82100b 

821021 

F 

LIMED 
820723 
820807 ' 
820822 
820906 
820921 

, 821006 
821021 

•7 

NUTRIENT ' -• 
* • . 820723-' 

,820807 ' 
"820822" 

. 820906 
820921 
821006 

, , 821021 . : 

e longa ta 

-. O 
0 
0 
•0 
0 

5o. 
100." 

0 
0 
0 

NQ 

0 
0 
0 

> * 
0 
0 

50. 
50. 

0 

o • • 

, 
0 
0 

100. 
0 
(j 
0 
0 

- • 

0 -
0 - t 
0 ' 

. 0 
0 
0 

o ' 

. Sp. 

u 
0 

\ 0 
0 
0 
la* 

0 

til 

', 0 
U 

. u 
0 
0 
0 
0 

0 
50. 

0 
5. 

50. 
0 

• " 0! 

4 

0-
0 

. 0 
0 
0 
0 

- 0 

A 

o • 
0 ' 
0 -

' . '0 
' . ' O k 

• ' 0 > . 

\ . o 

/ 

"mite 

0 
0 
0 
0 

l". 
0 

* 

.Asplanchna. 
Sp. 

* 0 
. ' 0 

0 
-U 
0 

120, 
50 . 

Page 26 

• 

* 

0 
0 
U 
0 
0 

603. 
0 

0 
0 
0 
0 
0 
•0 
O 

0 
* 0" 
' 0 

0 
0 
0 
0 

0 
•o 
0 
0 
0, 
0 

A 

% 

0 
0 
0 
0 

0 
0 
0 

25}, 
50. 

'284. 
536. 

0 * 
0 
0 
0" 

402* 
261. 
301. 

\ 
0 

50. 
*0 

• 201. 
9050. 

301. 
150. 

*-* 
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