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@, ‘ : ABSTRACT s . -

A field program was conducted ‘on three fakes in Kejimkujik National
’ Park Nova Scotia to study plankton—water chemistry relatlonshlps in.a,
- revion of potential acid precipitatlon stress. Comparlsons were made among,
lakes and between years. The threé study sites represent two different types
of lakest, Ke]im%ujik Lake (pH 4 8) and,?ebbleloggitch Lake (pH 4.3) are
‘both high#coloréd, dyatrophnc acidic lakeg. Beaverskin Lake is & clear,
oligotrophi¢ lake which 'is not as dcidic (pH 5. 4)

The phytoplanLton of Kejlmkujik Lake was dominated by diatoms,'

. 1Pebbleloggitch Lake was domindted by chloropﬁytes and chrysophytes, and

“ Beaverskln Lake was domln?ted by cyanophytes. KeJimkuJik Lake had the
highest algal cell volume per liter, and Pebbleloggltch ‘Lake the lowest.

Rotifer populetions composed the maJorlty ‘of the- zoopiankton

communitles, while the cnustacean zooplaﬁkton were dominated by the. acid-

" toleraat copepod Diaptomus minutus. KeJlmKUJik Lake'had the lowest
and Pebbleloggitch Leke the hxghest zooplankton blomass per M3 whlch may

-

result from- abundant detrital food resourees in Peﬁﬁfgloggitch Lake.N
species produced many 31gn1ficaﬂt effects; but 'ailed to shpw clear‘
petterns. Cause and effect relatlonshlps in aquetlc ecosystems are poorly
delinedted by such - techniqueso A qualltative technlque, Toog’ analysis was
uséd to characterlse and compare the structure of ‘the planktonic foodwebs. *
Large enclosures or 11mnocorrale werd used in Beaverskin Leke to ‘test
the hypothesxs that short—term,pﬂ alterations produce changes in plankton
spec1es abundance and comp081ffon. Results 1nd1cated that for many plankton

groups,. liming is. more. stressful than additiona1 acidiflcation. ’ . ,“

v

A biogeographic study . of tweaty lakes in Nova Scotia. showed that many :

acidlc lakes retain diverse and abundant plankton communit;es. Séepwise’

\

&ultipie,regress1on analysis of water chemistry variables ‘with plankton '

o5

multiple regression 1dent1fied those £actors best able ta’explain planktonic. .

variaunces. ACLdity was more llkely to affect plantonic dlverslty than

. abundance. Effedts of pH level on planktqn eommunities were partially

\

obscured by the compensating effects of phosphorus level.
w oy R ’ - o " P
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INTRODUGTIOL%—— ACID. DEPOSITION AND. LAKE PLANKTON COMMUNITIES
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YL
Substantial poxtxons of the eactern United States Cawrada, and \

.
.

northern 'Furope are be‘i ng affect:rad hy acid dem ition (Cogbill and Likens,
» - .
197{;; Scheider “ct al., 1979; Wr:.ght anci. Snekyﬂz, 1978: Bongay and, Riordan, -

4 x

1683; Loucke and Glass, 1984; Heyas et al.; 1984), *Fhere’ has been & ten-

fold fhierease kin rainfall acidity over Che 1asL few decades (L:zs't m‘: al.,,,

m-
= Yo

1980). Sulmr and nitrogen mudes adre emittaﬂ mgo the au‘ as a result of

»

2.
,ﬁossll ‘Fuel’ combgﬁstion with sulfuric acid a’ccouni:ing for about - 65"70/0 of

a t

+ the total acidity. Once acid depoalts (wet and-dry) reach the gm&m, 'i:he

".

extent of affects on lakes is largely dependent upon bedrock geology in th@.

. -+
[ s S

Acatchmen’i: area, Lakes in locations siﬂ:uated over bedrock which provld‘es

little buffering  capacity, such-’ as Nova . SCOtia, axje Lyery ‘prone tq .
' ’ )x : . - ' . R \
aéidification. 7 . e - -

N N
N - P
4 4 q

 Acid deposition causes multiple strebses on lakes which intéract;&

’ ° L ’ . ’ - M .v
compl exly within aquatic communities. Henriksen (1980) has determined '

' v

three. feneral s%ages of lake acidificatiom : Tt T e
. 1. The first stage is. ' characterized by decreased alkalinix.y, but the

bicarbonate buffer system%ls r;aint ined, and pH levels stay above 5.5 -

5(.,0.,° v : LY

1y ) Y \', -
2, The bicarbonate buffer System is lost during longer periods of

v
'

stressg and severe pH fluctuations occur. )

3. The 'findl stage is characterized by chr‘oni‘cal‘ly depressed pH
Y . a
gv‘éls ‘(below 4.7) and an eclevation® in toxic metal concéntrations,

‘ oo

especially aluminum. '

»
12}
<

1

, The most noticeable effeets of lake acidif,ica?tion have been documented
- 1 !
for: fish populations. ° Symptomg of acid stress 1n fish® include physical

-

deformities, reyroductive 1nhlbition, decreased growth and subsequjntly a

?

b}

- o

“depletion of fish SLocLs ‘(Fromm, 1980; Harvey, 19803 Schofleld, 19763/ Muniz
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o
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. .o, o Coe . .. wPoge 3

and Loivesi;ad,, 1980) * Lake trout (Balvelinus namavcush), brool trout. *

-

,

(Salvel inus -Fem,iﬁalés), smallmoum bass (Hicwbtems dolomieui), and

hai

Y 4

tmT Laye (Sﬁlzoctedion vitf.‘eum) are hifvhly susceptible to acid rain (Keller

vl
2 s

et al,, 1980)., Ai.lantic @almon have declmed in Nova Sc:oti@ recentﬂy in

2

B

rivers below pH values of 500, and have diaappeared in rivers below pH 4.7

[

(Wa,tt et ala, 1983). Shifts in Species compositibn of fish communities

wl&:h chanﬁeg in pH have been documented for 1akos “in both North America and .
ow

Europe (Rahel and Eg,agnuson,, 1983; Muniz et :ﬂ e, 1984 Somets and‘Harvey,

o

*1984). Tolerant *fish species such as yellow, perch (Percu flave cenu)

3

become abundant in acldi fied lakeg, ‘Undou‘btedly, ﬁ:hese changes in flsh

°

Vstuch,s rasult in ]_ Le—wide altevatwns in\predation pattems which

B

\

S

subseque rfiy affect plankton cbmmunity structtﬁ« (Fryer, 1980; Erikson

et al., 1980; De Costa 1978;, Lane ey al.,1982) . . s

v é’ ] N
Likewlse, lake acidlfication dlrectly aﬁfects much of the foodweh

N Lo

u

" whlch«.supports fish production., Zooplanlct,on communities in acz.difiad lakeés

=
'

bEcome less -complex %ith fewer sPecles coexisting as acidxty incgeases.,

w 4 4

Some groups; such as the ciagphniids, are intolerant of incréasing acidity

i ? v

..and" disappear sat a pH of .approximately‘j.o, (Raddum_ et al., 1980).
4 oy . 2

- - .
o
A ey - .

A‘bundapces L0f cyclopoid copepods also decrease in acid-stressed lakes:

(Ré&dum et et al.,, 1980)?} i’ndire’ct effects of iake acidifi'cation on

P

. aowplankton, apart Lrom direct effecta of increased ac.u;lity; imclude

b

in acidified lakés (Radgum et al,, 1939) Species shifts and changes in

- PUE

c’hanges in t:hermal regime, changes in ffood abundante dr quality, mcreased

v v

metal concentraf:lons, and shifts in predation “and competltmn patterns
"y L' "’“

(Mal1 ey et al., 1982) Phytoplanktbn cammunities exhlbit a decrease i

diversity (K»:uatkotvski/and Roff, 1976). . As primary production decreases,

ol N ] g
transparency increases, sgrong positive correlation betwedn
' 5o
phaeophytln/chlorophyll ratios and *secchi—disc c’lepLh has been estabTished

ﬁu

¢
o o

¢

’u
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1932)»‘ Green algae and pyrroplwtes tencl L{
e xblqe-greens increaué at nigher oH, B/=zonik et alo,xEQSQ)a hut many

\execption81tc the general tremdo have beeu noﬁed (mﬁo EPAa 1383)

. §
o

e Generally, thete is & decreas i agic production pet unlt volume and a\'

e = N - ¢

' J.\‘ B i = AT 3 \ P

concurre1t increase in ac1d—tolerant benthic macrophytpc much.ks Spharngm
,f and UtEiculaﬁLa., To summariza, ac&d depoaition causes 4nctea ed acidity ln X4
N \. v ° ‘1 . V' .‘ U * \ syt @
laheQ, Lgadlnw 0 &ramat1c shift° ln communftﬂes 0{ aqﬂatic organisma, The'

N ¢

overall chgnge is EOWards a mo;e ollgotraphic syutem,,nut an unnatural Qne
° -’ [

" . which exhibits redhced diversxty ws ccmpared to naLurally~occurrimg,

» - ‘

» .

undisturbed oliwotrophic lakess - o u'f.,. Lo e /

\_ - A cL. ~ o~ R \ RN
. .- ] . v
) . . ' o Vel o

" . To date, Ihere havh been few detaiTed eValmatlons of whole lake :

'
s . - * L Y -

response tc acid dep051tiona The.dlffaculty.ls‘to reconcilewthe direct' ¢

effects of increasing acidlty on thc different groupo ok’ ﬂquatzc orgaiipms

p . o (

gith indigpct effecbs relatcd to thg sabstant131 shifts in, fhe overall
S " . )19'. . t oy - *

. community foodweb incl&ding éffects of waten nhemistry on nutr&ent

. [
” 5. X

- availability, changes in primary producer and their’ herbivores, changeé in

invertenrate predaLors, and. chanﬂes in- the Fi h community. Altetations of

~
te

- compoeltion or abundance atledch of these trophic i%\\ls may axfect othér [

components of- the £ood web thxough dinect 1nteracﬁ1ans 1ndirect
‘ oy . ¢ h . - Jt\ "

interactions by means,of ' intérvening variables along pathways Qf éffeqt In

the .food web,' or by means of changes in.overal} community feedback (Lane;

\ X B K
[ , b .o 1 . !

1985) o, o ) Tt -
 Management strategies to counteract. the effects of lake and traam‘
[ ‘ ¢ .

aci&ification most ofteq center on some fﬁrm of lining, whethef applied’

' ' .o . . o . . . e «
directly to a lake or to tributary streams-in the catchmeni areas .The

AN
. 1

.
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1ntr,.n.t nﬁ"duch efforts has been to reverse both the decline’ﬂ pH and the .

“
- »

" deet iﬂEu in productivity -and diversity vhich accomp.:my la[e acidificatiom

. p . e

"“hewe iw, however, some evidence that increaoed nutrient supply amay partly

. (N
- ORI

*
T

i "pﬁ (Kerekes et al.,, 1984), It.is poscible that some combination of»liniing
,‘ y v . . . \
ot and £ g’:tilizatlon nay- be the best managemeng stategy for reetoration o:f

) acidlﬁig‘gltlake communltj_es@ Wii:hout a cmﬁprehensive understandmg of the

Structure and function.of lake communities, ‘community response‘s “to

. . v
L] LI v v :

. ‘peri,m?:bai_ions ‘such as’ a('widlflcation or ‘the effects of remedial manacement\
- maﬂﬁ pulationa m,ll remdin difficult to predict, s
Few studles concerning the gffeects of changes. in pH on overall

voe, d v
s

plankton cOmmumty foodwebs have been conducted -and the resuﬂts are oftén
¢ v S

I

20 vcontradli:tory (Gonway and Hendry, 1982)., The wark described here attempts’

.+

to answer the follomng questions for 1aLes in Nova’ Scotia,, ‘an area,

|

s

connteract ga.he process of oligotrophieai:mn whi h ms to occur at reduced .

.“ snbject to bqth natural sources of acidity (humic bog dramage) and

1 a
[

anthropogenlc acld deposition. ihese guestions are 1mportant for £he

~ ~
o i B} R

v l

\' und'erstanding of lake systews perturbed by pH shift‘s‘, and for,desig’n o,f

&% ' .

" \ management stratégws* ) . S

‘1) What are the relationship@ between lake plankﬁ‘on communities and

v i
' [ 3 -~ -

&1fferences in p'iankton commmnity structuru gan be fb\md by

comparing lakes of different pH levels’? (Addressed in Chay;ger 2)

1l

IR 'How t‘io plankton communlty dw.e\rsj.ty, and abuu@ance: rgspgnd to

L)
PR
. . R .» K . AN '

]
A\S N <, *

. +
Toow

. s epresaions encountet:ed during spring anow melt ‘or the elevat:ions,
Tyt 'H re u];’tinw ffom ‘lake »]-.*&? (Addressed in Chapter 3) "J Y
. [ \ , -

., 3) How does nutrient a,vai lii,Y, which J.nteracts with changes m‘

- vy

pH affect cdmmunit,y reuponses" (Addresse.d in Chapter 3)9_‘ .

‘\short—term (less than”~ohe year)' shift‘s An pIH\’,-‘ sﬁuch' as the -

P

‘pl-l, ﬁ.ogether wlﬁ:h agsociated water chemmtry pammeters, and whas

’~


http://wi.ll
file:///short-term

2 ‘ : ' : :
o 4), What are the"lar%ex—scale (blogcmgraphica1) patterns of leke

art o \

planktonfcommqnlty composition aﬁd abundance An relatlon to pH and

> * wot M A

K ' . the ranwe “of other physicgl and chemical characrerisLlca of 1akes

° 7 .. A o e . - / “ ‘%- )
o ' in Nova Scotia,_and What may be conclm&e& £r6m such patternsg
LI . M4 . . ,_4/ - .

° %,

- Ve orn;cemi;@fF longﬂterm adaptatlon of planktoa cbmmunities LG a range
Pt oL ~o§ pH levels? (Addrecsed in Chaprer 4) ST . )
. Answera Lo these bas

ameth‘odologies° ‘Three’ sgudy lakESawere flrst‘selected in Kejimkugik

- . | s
~7 .. “ e

. National Park ior intensive sampling in order to provide baee—line data for

p e

’

'oda

f [ v
+ 0 *

( lake characternzations, aﬂd to addresc question 1° ‘Does increaeed acﬂdity
u 0'_
result boLh in redmced planktoﬁic spegles dlverﬂity and in reduced

V u q . "

producwlvity? ‘ Tnis can be tested by e?amining adjacent 1ékceh which are .

' “ - - . P

) currently at-dlfferent pH 1evels, for differences im their planktﬁh

.
b - ~<-’ L ,“ . . N < - “,' ie : . s ~
= ' L | - - v . .
‘cemmunities. -\~ . e a -
. 2 .- . .o ST . IR
“ Lo - s .- -

e ﬁ“‘4 S To address questioms 2 and 39 one ef the study 1akes %Beaverskln
N -~ ] ’ : r -

i "'Lake), with moderate pH‘but reduee@ buffering capacity, was selected\ior in" -
e : s-tu experimentaT manlpulations of pﬁ and nutrient eoncentratians,

» -

. ' -a, o

. -

"}f Flnally; a bioaeographical survey of twenty lakes in)Nova Scmﬁié

- o, - .
i+ v !

eo representing a broad range of-pi and other &rmnologlcal varbables,gyas '
, ) o ox \' v s p‘_ .‘ . A _'
»conductedfln or&erAtQ answer queotion 4. e ‘ ' . -

R B ~ 3 ' - - : L
RS

The sig flcance of this atudy will bé to help clarlfy Lhe patterns

v
s | 1 - . N f .

. and mechanisms of lake pIaukton community‘responses'ﬁo pH and related water“

chemistry parameters through the, use of sxatistlcal analyeev of watew )
‘y % & ot roroy, . N . . . . ’

'.chemlst plankton relation@hips, experimental.manipulatlone, comﬁunity
. foodweb mode11ing, end examination of planktbn blogeographieal patterna 1n

b : »

'rion to pH. Comprahen ive baeellne data will also be establi hed fqg;

3

T

-

1 el 4

[
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. " The p‘urpose of this part of thé'study 1s to prov'ide hompéraﬁ:ivé
b 2 - o, N e R K . . tl‘ P
informatx\on on the, pelawic £oodwebs ‘of acldic lakeo i:het are locat&ed 1n a

. ,u, NN $,, P

'vulmerable area in elagion to antieipated Etreose” ‘from- avld

ey .

_grqecip:.te.txono Th:ls information mi.ll address the fimt questmn posed in

P el . w ! f
- - Lo [ ' .

, the introgyction: ' . R ) N oL e

v . - - ' - ' s [ s -
N oo . 1

) I!hat are the relatidnshlps between lake plankton communitles and

< . . < ,,,,‘,, s

¥

V- o . pH, together with associated water chemistrj parameters, and what

- LR SR - . \

e o déPferences in planl;ton communli:y stmetum can be found comparing

v 1akes 'of dii‘ferent pH levels‘? - ' l‘ ,

L The study .lakes in Ke]imkujik Natlonal Park are partlcula?ly

v

' -
. '

interesting because hey posseus some oﬁ th@ lowe t lmown calcium

e concentrationo in the wonld (Kerekes 1980a).". The ‘mean annual precipltaﬁ.ion o

’ o A N r

to this reﬁion has a pH value O.L babl (wet deposition = 22 ke so,,{ /haw yr)
The lakes show sign,s of acid Qtrass' clear—water Beaverskln Laké has lost
. C e &
. almost all of its bicarbonate alkalinity and can be con51&ere& to be at

'\,|/ H . [

' stage numbezz two of Henrlkoen s (1930) -medel, while coloufred Kejimkuj ik and

'Pelobleloggitch 1a’kea whlch receive additional acﬁity from orwanic soils ;

. s
. 4 - . '

; ghave- depreased pH values year—round, o C P
* o £ ’ — : B
ro-, Plaxrkton communlt ies, of the three lakes’.will be. 'compaved by ]
v ¥
. statistimal means ‘to gssess relatlonshlps with waﬁ:er themistry, and by .

. o o-

means of community food web 'amalyals and modelling »Lo compare sLnucture and -

7 ’
Al 1 ' . N '

B ftmctiommgf of key trophic. relationshipe in each lake, L . L

- _ Ce T’ne woﬂc &eacrzibed ‘here was um&ertakerﬁ as 4 part of the Rejimkug ik ~n"

, ' s “ 'v‘, Yo

"Galibrated l.ake Catchments Program,. The“Program was iﬂitlated as'an

- ] | ¥ Y

outgrowlh of a Joim: Canadlan Wildlife Servicé—-?arks Canada J.nvesi.lgation

1
-
'

. of Lhe limno],ogy of 1akes,of t‘he Park. . The C:madlan Forestry Service had .

. s . Al
LN o .
.- 1 ! “ 4 b - 3



q1so cooperatea w;th Parks Canada in completing a bi@physfcal aurvey of the

«

Park which provlded ‘a- valuablﬂ addiLion to, ﬁhe backgr@und informatfoq ’

[N ¢ <

: \available for % waLershed ﬂtudyz_ Becauqe oF the.locatlon in thé hi®h1

. . I 3 = .wr - m\‘ q

o sen81tive region Qf Nova Seotia,: the exist@nce¢of e;tensive background

1nfqrmat10n and the prospect of long Lerm asaurance of siLe contral und/

.

s ~ YA

Parks Canada, the decision was made Lo commit th@ mﬂgor marltimes{Long

¢

, [

N ~

/;//// Range Irangport of Atmospherlc Ebllntants QLRTAP) study to the stimkujik

’

Park site (Ke?ekes, 1977) A variety.oﬁ hydro]ogical chemlcal and’»

;‘ ea !

biolagical studie@ have been conduéte& and weﬁorted on (Kerekes, 1982,— -

v . N + -
¢ Lo -y, -

1983).‘ The present study COn;titutes the plankienic component of Lhef

ove?all TeB earch effott. . "' T L S -

o * . .
- . - P



L "Sﬂudy Sites’ o, L ] S
o Three study Iakes (Pebbleloggmmh, Beavcrskm aad K mkuj 11«:) were

v v o« ‘\3 &

»o -

parametere are” sumnc.,mzed m 'I‘able 1; °Peb 1e10ggitch ané

"déeper lake, - AlL_ a’F the 1a&es ha‘gs si‘lt bot.toms ‘and Beaverskin Lake in’

B Qs ~

' ¥ . - .

.o addation has a dense benthic, growth “ofSpnagmm BPP. Pebbleloggitcb and

o ?Kejimkujik Lakes are highly colﬁred, dy‘stmphm lakes with low p‘H =va]‘ues.

e -~ °
¢

‘I‘hese two. 1akes are mflmenced by numic orwanic suils in thein drqlnave

P oA - 1 v . “ea
I Y

-

d 4 * ¢ .
~ (- .

*basir&s, ahd are more acldic \Lhan would be predicted on the basis 0""

A

precipitatlon chemistt'y alone (Kérekes et Jal., .1982). 'Shey both imve post

a_

P o

I

macrophyte &evelopment bécause af paor light'penétrat.l.on in thél.r vhighly o
L - . oo - T

v,color{a& waterd,’ Bﬁaverékin Lake is 2, clear@ olicotmphic 1ak.e wh:lch is'not o

- : 3 l "-“‘-\.* i 5 . ¢ -

‘a8 ac:1dic as he oeher vtwo *aﬂd ‘hag - gcod Iittoral macraphyte*grawfl‘*

A s b

’!

- ¢ -

he]imku] ik and Pab,blelogglteh Lake$~ exmb% similar canduct.ance valnes- “

s 3
e " ] -

B calcium\ aﬂd magneaium cfmcentrhtlons a',re_ nearly identlcal iﬂ Beaqmrakm and

A x ‘1 oy .

o

Bebb;el)oggitch Lak,es ‘but hwher' ih ’Kejimku;;ik Lake (Table 1). . ’Ehe fatios

- . LA T
N s, ot - ~

of anions/eatlona, hawever, are. moSt similar for Peb‘bleloggitch and y

w T e
- 3 - -

s Beaverskin Lakes. Prlmary yroduction and the carbon measures (DIC TOC

.

e DOC) aré 10west. :.m\ Bgavez:skaln Lake (Beauctfdmp, 1983).\A11 of th& 1akes may

N et N v L

P be nitrogen—limited aL partlcular timés« of. the year“ nitrat:e plam mtrite )
L concentratlons are near the lim‘.u,s of detettlon. Except for soluble
...reactive ,phosphorus (Table 1), Beaixetskm Lake exhlblts’ the 1OWest

<"
n -

P A

P v e . o B

phosphorus and nlti:ogen concentratioﬁs Qf Lhe three lakes.
- For sweral years,‘ basic lmmnaloglcal data have been cal],eatad on -

t ¥
- . R

. ) several lakes in Keglmku_]ik Nat;ional Pankoby Environment Canada (Canadian
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Figures1, Morphometric .Map of Pehblelog&j@cgl Lake, showing sampling station,
Contour lines are water depths in meters. After Kerekes (1975 a).
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Physical ahd chémi_ca.l data for three lakes in Kejimhujik Park, -

Nova - Scotia. = A. Ge.ne‘ralrcha‘ractericqtiqs} B. liorphometry, °
C.;.b Basic Physical - Chemical lMzasures, D, Gations and Anions 3 ¢

2

s s

E, ‘élga"‘l Pigments and Carbon, and TF. I\[utri:enés}

k, GEAfter 'i(er:el;esi i98‘0 a,b; Stewart, Preedman and Dale,” 1980 ).
, . - . .
' } - Pebbleloggitéh '; ‘B:'aave;rs'!tinl ‘ _Kej"imkuéjik .
v o Lake a 1 e ‘Lake o
- S A — @
A - Headwater ' Headwater . ‘Downstreai
L - . ‘ Highly Icolored Clear o e ﬁighlirl colox"e,r(i-.‘ e
- Dystrophic . . < ' - Dystrophic
Si‘lt b;oi:tom .+ §ilt bottom ';c-yith‘ Silt bo’t‘i;.ox'n A
\ . B : 5
’ = l peaty organics . ’
4 - N + ’ sl
‘ l ‘Pocr macrop,ln;tev " Good iqacxjoﬁhy?’c; Poor macrophyté )
) e ’ - ., " a . '
; ) . deveiopme.;it C, ’ gievelQ'pment S _develop_qi:ent: N
) P - . ‘ Lowest uplanktonico ‘ kfw. .
) . . ’ ] SR ©._  primary pxodugﬁ:glon C K o
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Table 1. Continued.
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: A ‘\¢ N - _o‘ ; ’ o
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- Beavérskin:'Lake,! data Were ,not.available for the laet, theee ddtes.

A o~

' :W“i'l?i}:ife‘ SeI:'\?i'ce) Physi‘cal parameters (including -the’ anﬂual thermel

. ,cyc]‘:e), we.,ter chemlstry purametef uprimary productien and chiorophyll

v R N

concen’tracions of the three si:udy 1akes have been measured (Dryedale and .

.
4 l

P

“‘immone, 71980‘ Kerehesg, 1975, 1980 a, b) Erecipltatlon pa,i;teme, lal«'ce

Voot

- chem:i.stry, an.d aciﬂ loading Were givén by Z\erekee et al. alo (1982)5 .

, 3 Y . . - A . * . :
) . q 1 . 9
- . vara ) . N . B4
. , 3 . v B s - L e -
T L , . . .

IL Physical and Chemical Meaémremente o T oot ‘,_{ ’ '_ .

eéme.day or‘,within eppro 1mately two days of the pla*nkmn eamplin

4 ‘"
s . f ’

<,

!" of water chemistry sampling pr:ocedu\res«zD t‘ec‘hni’quee; ‘an'd basi

o‘ v oot

in‘texpretation may be . Eound in Beatichramp and Rerekes (1 B1). .

s v I ol - .

f -

L Phy‘sical and" chcmical measurements and wa‘ter sa.mplirng wete done on' the

'Ft,

¢ da ta’

'

’we,te .

- chemistry is ;diecus'sed hem on}y as it rel‘a‘;tes to the planktc_on gmmunities; N

P \ e B N P

i :» . '.",, . .“ N Lo n: L. B . . . ,‘~ "._- :”
III Phytoplankton o Lo f" . o

- . - - .
‘u ‘

RN

¢

Phytoplml»ton 'were sampled with a two—liter ven Dorn bottle, 35

J N L
44 »

1ake wat.er Weve collected and preserved wit‘h 150 ml of wanseau

plseservative (6 parts waters 3 parts 100 percenﬁ eLhanol @1, part 40

v [ !

Oml o{

percent

formaldehyde) Samples« were ta*ken bi—mdnthly on I\eJimkuJik Lake an&

,‘De’ta:!,l&

. monthiy on Beaverulcin\ and Pebbleloggltch LaLes' fmm June &, 1980 to October

:
!

. ‘,‘293'19800 Each lake wae sample& appfoximately three i:imee per mcnth from

~ N R

Jude 1, 1981 i_o September 27, 1981. The Kejimkujmk Lake samples wer

\
. ' ey s \‘ . ’y

«

e taken

at f:wo-ﬁaeﬁer‘ :nfnteru’als fm‘m the eurface to 14 ..’ Samplee From Beaverelzin

4 - . 4
.

Lake and ’Pebb'leloggltch Lake 'wete taken 4t one. meter intervale ] to ‘5, and

. . .
[ N . . . ”\ } -~ ETREN Lot ‘nv.;:

O to 1~m‘ respectively). All sample were taken between ‘1100 and 1800 hr, .

\

-The samples. tget'e ccuntecl using Lhe Utexmohl sedlmeﬁtation Lechnique

¢ - N [

W:H.h a Zeiss mvevﬂted microscope and magniflcation of 256& ! ZS-Lml eub—-'

9 A

~ o N - <

Ll

S

4

»
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samples were settled and at’ 1eauL Lwo transcets. of each set@lina chamber.

vere enumemtede Phytoplankton were counted ag mumber or cellg'fox each
. . ® -,
species "and recordedi as number of cells perx liter (no large colozﬂal forms ’

5 -

»

were encounteredigfxspecies 11@@9 and taxonomic reﬁ%reﬁceﬁxused*may‘be B

found in Appendix

]

A discus'oign}'qf the statistics of éub—sémplg,éogzﬂting
may be xound in, Appendix B., L N

I‘or i:he common species, 20 in&:wid 18 vere measmced for thme linear

r N .- ‘i

dimensions (1ength width height) and cell volumes were determineda

B . |

<

Effectlve spherical diametexzs (ESD) were calculated for each ﬁpecies

*

© yoluike by approximai_im théle shapes Lo the rneazr:esi. geomeﬁrical Lir?ures, .

o t
»

" .Speci®p were divided into a.hfee s:i.ze caﬁegorlev base om thez.r ESD :values (1

. —‘\4 EIREN

= 0- 9.,9 micmns, 10-39,9 micmn Jo= MO mlcrons)‘, If /ESD x_yalue.,' vwerce-‘

3 I - - r
. - ! - - oAy < . S e N

. not available, size ela ses were estimated. o R PR

'
- h N ‘

. “ Phyi:oplankton pedies vere assicned to functional grbups ‘ba éd',‘fix"st' -

4
. & ~ . .
-~ 7 F * '

on large t&xonomlc groupings- Chlorophyta (greens), C‘hrysophyta (diatoms

-

\ and non—diatoms separately), Cryptophyta, Xa’nthophyta, yanophyta
- J ¢ ‘ ¥

(blueﬂreens), Euﬂlenothta and Pyrroghyta- on the Lhree gize categoriss of

- ot - Y N S ‘E.

ce._l volumes given above nd xthlrd,' based ont a taﬁmmomic—size‘ o:cmztb'irmi‘.:lono ,

2

- IVo'Zoomlénliton" X B T ‘ei,' ) L ) -
s ) ‘

Z00plankton samplwes n:zere c@llected bl»monthly on \ejimkuj ik /Lake rand
‘mon€hly on, Beaver kin and Pebbleloggitch Lakes from- June 4 1980 t*o Oc&ober -

29 1980° : Replicaﬁ:e samples were akeh with a 32 1 Schindler‘vPatalag

[

plapkton trap. lhe trép was ;itted wu:h a 35 micron \mes\h net» Whlﬁh K

retained mbst of the rbtifem (Likens amI Gil“bez_t, -1970).‘ Samplingﬁates

' and dep;.‘hs correspendeé :ﬁ_o th’osa; fc;r phytoplankwn, mu‘pfreve,;nt disLori;ion -
) * - \ 9

Tof’ thelr ‘car aces after cmlle&:tzon, ‘i*he animals were placednm_ri clu'b crodsz. ;T

S .- \ ’

nooTe s

[ - o .

(saturgted_c : sulution) and t,hen,grgsemed in a splution ,Q;xf 4 percent -

v . b

& ’
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ormaldehy&e Wit’h 4(7 g/ l sdcrose (Haney and Hﬁll, L‘)?B)n In 198G, a se;cond

’

zooplemkton samnlinv technique, ﬁhe Clarke*ﬁumpus metered net, was used inm

‘a L . ) F T o

Kejiwkujik' "TLakKe _.’for compaﬂative pur’pdsés.“Com"iiarlsmm,ﬁeere aade of'“

[ S . - -
+ e -

‘abundance estimates (numbers .per m )\of mdividwal speabek and zooplankeoy

N
LI A} e, Pk * »

groups derived from the two methads. Results of Lhe *caﬂzpapisons (Au’uendiz.“ -

> - “ -
PR

N + \ ) A N . " - “a
- ~ * e ".’.,a*

N G) mdicated superior ‘performance in samplinw ‘accuracy for smaller am.malc .

v
ar .

- -
i - “ ER.

by the Schlndler-Patalas trap, which ha& a smaller mesh size. I8 wvag -

~

~ 2 “
LS

7

; /subs_equéhgzl’y ased for all ze(rplanléton samplﬁ:ng.,\ L . T

“a

- ¢ ‘. T

I‘or enumeration, Wild dLS“@Ctiﬂg micz:oss:opes Wtw:e use&‘ at. a-

magniflcafion»of 50-—602{° Twe ‘or uhree sub—sémples were cou‘t’ted a.,nd’ thc .

r o

’ Y t

) tgtal yolumeﬁpi the sample dete‘rmiped. Epischura nordensk.i‘oldl were .,
S -

£

] P -
* ’ AP - - - s A 3 B - g .

- counted in four cat_e'gories“:' 1) adult fq.mal,esy 2) adult males,* 35

i - \ ¥ =
.- ¥ ‘ "o . 4 ‘J Iy

cbpep‘oq,it’e‘ é‘t,age‘s Ci-i1I, ‘sanc_lp- 4) CIV-V, Diaptomus mindtus and “

4

\ »
- -

‘ " 2 i \ N o r o~
. 'D. oregonensjﬁs’were enuwerated as adulttfe‘maTes gndﬁmalesw As. Lt was .

L3 ’

R

dlfiicult to dlstinguish the 1‘ufmat res stages of these iwo ,speci”es,

~ ¥ .
]

copépodltes CI—III .and GIV—V were comb:tned for both n1_opoc:yclops sp. angd .
x v

- v oz

Y Mesocyclops edmv were coxmted i three ca agome HS adult femaies,r adult

<
N t 1

males, ami ilhmatures, 1 The nauplxi of all copepods were not id‘entified and

' a2
-
- K3
- . N

| were, combined into ona- categdry,, - o M
[ - e, AN . . “n
T # -
I After the’ zooplankton were enumerzted, the raw Values wem converted .
' - v oo T

o v . . .o . E -
N [ ’ . Q > -

| to organisms per m3., Zooplankﬁ:on specieslwere aus:[gned fo seven functi:oqal

’ 4 -

o .,groups fba ed-on 'large taxpnomic and developmental categories- cladocemﬂs,

b %

calanoid cfopepods, cyclapﬁid copepods,b copepnditas, nauplil, mot:ife‘fa, an&

1
w

R macmzooplankton, _Total z”oopianktom biomass units (mg /mii par dominam. -
- y
"o uPECieS wer'e calculated by multiplylng specieo densitles times mean b‘ody

\, . “ - -
3

weights _de“cem;.tne& from-%iterp.tum values, C = . -t

- * - - * A 4 - +
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~\, V." Data @na*lysis [ - .. . v .
P w ve TE e - ’ '

- l\ - Several calculatmns Herg made £m:' water qtual it.\; data. Percent o gan

*, -

LI |

I s-:.-%turartion was ca’culated’ aa a func».lon of dissolved oxygen and

q‘,‘ e u),‘.

. :.; temperature (Gollins ‘and Wright. 1981): T hd
:‘,_'_ e \, S - - o . '

Z Oxygen«saturauon'—“lsl 9 * (10.0**(1 ZOZ*DO/((DU—IB 71*LOG(THP/12 15+1.0)

.
1ae - M “
‘ - -

R X 89)+22 62)-1.0) T ..

-‘ob’r s ¢ M - . . .

where DO Dio#..olved Oxygsn(ppm), TMP Temperature, and d indicates an

z,panent.- (N’ote. &- represents multiplication.)

> ¢ hd

* Water dhemistry variables required transformation for- normality to

DR - [
. B

S u
L
S - -3

‘"of rhefcr*n'« ) ."’*: . .
. oK the, LR T e -

.. L v oa

T T .

. Y = (x/medlah 4 1) ¥ Q where p =& max/ln(max/médian + 1)
were emﬁ)loyed. SEe Appendz,x D ‘.Eor &etails -0of Mata transformation nethods.

N
I‘or correlatlon and regreasion a'nalysm of water quallty data for
Q

geaversk:m Lake, fewer ‘dates were used Pt_:han for the other twe lakes because

' . . « ) . \ . ;
.. - “ .

. of miesing values.. . o ‘

LT « “The Dalhousie Un:wersz.ty CDC Cyber 170-720 computer whs ﬁsed for all

data precessing. A spglal correlation program w.ith,summar‘y' format® was
. , .

v

f written in Fm.jttan».]’.v. . The'd:ata Eregkd&wn, basic statistics and multiple

PO P - s e
B - »

, .regression calcxilatidns' w'ere obtained from'fhe SPSS 8.0 data package. Some

' - - Y @ \
_ m? the formats of the £inal data tables ‘ware producea by the report

generatof facility of SPSS. Sokal and R&hlf (1969) was \1.::9(1 for

s Ltgtistical interpretatién.

a
v . N "

L - Page 25

PR satisfy “the ,a&sumptinns Of. multiple regression analysis. Transformations,

or
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BREMIS L z

I. zz?ega.mkujik Lake T 1 ’

Most of the algalv species i£1 Kejimk\;]-]:k Lake ware greens 0T dlatcms .
(Table 2), W:«,th(axsﬂ.rong dominance of chatoms in 1981 (Table 3). Similar
numbers of species were \noted in this lake in bot:h years. " No. blue-—greena

DR TS

Were found in 1981. Abundances of all frmups inereased from 1980 to- 1981

PEERY 3

w1t.h the’ exception of the wnlue—greens.f In both years,' the dominant

ot

phytoplankton species in this lake was the diatom Asterlonella form'osa"

(I‘igure4) .t t. -'I~‘~i‘, [ N S B \‘ N "“'if'
. The cladocerans showed the highe’st diversity of the zaoplankton groups :
i X

W in Kej imkujik Lake in both years (Table 4) Numerically, the dominantu .

zooplankton g,roup: was the copepoda, followed ‘by roti‘fers (Tab1e 5)

® -

Ab\jhdancesm were higher im all zooplankton groups, except copepodites, in

1981 éLg compared with 1980. . The QOminant species in.1980 waé the’ calgnoi‘d}'

ﬂ'

copepod Diaptomus spp. wh‘ile ‘in 1981 it was the"rot‘i’fer ‘Keratella

cechlearis (Figure 5) * S T ’

.t
*

7§I. Beaverskin Lake ‘ , ‘ ®

4

. Tos
o .

) The nost diverse phytoplankton group in Beaverskin Lake in bot.h years '

N

was .the gref algae (Tablevz). A h:.ghgr totql number of dlgal species wag

- .
. -
© o . 1

found in”¥981 than inm 1980. dyanpphytes ,,account‘éd fo:r the majority of the

total -phy opl%gomabundance in both years. (Table 3). . Total abundance was '

f=4

. much higher/in 1981 than 1980npriniarily as a result of an increase iq blue=

s + - s . -

. v B - -
greens, 'G(reen algae and euglenoids decreased in abundance from 1“980~ to

- R ns » . : L.
1981. . v LY r . : ’ . . * B
- o - N -
.

> The phyt.oplankton community of Beaverskin Lake is strongly dominated N

numerically by a sinrrle species, the blue-green Agmenellum thermale (Figure.

45 This is a colomal species Whlch forms .plates of small spherical
- »l r ™ '

i

¢
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Tables 2, Suniinq.iy of ‘phyi:eple:nkton species ,divez's':;tyz (speciee fnumbér) ,anii

dominant dpec:Le” in ijmtibhat gz‘oups fm: three lakes m 1980 and
> . S . N - . s .
1981. if only one Spec:Les is given, it dominated .Ln both years,
+ o, ~ R . <’ ?
. . - . N i N ‘~ s ~ o
— - . R - . , '
s . N ~ LN /- T ‘ - . N » i
: oo+ 1980 - ... 1981 e,
T R oM, Yoo N T A R oy
‘Pebbleloggitch Lake . .0 ..o TS T Lo T
©OBlua—gréens - T IUTNQUT, LT T LU g s Tl g
Greens -+ : ' ' .5 Qocystis ldcustris’ . l4 ' Sphaerocystia = -
sphacrocystis .

(P C o T T T e 3. schroesert -
~ ‘: .

M - v .' . - ) . N h » ’ . .o v
- . N , U e PN U . } , N [
Yo Diatoms - 7 Asterionglla formosa . 13. . ! ’

N . P2
_ . . . L ~ e, ’ - - . A /
Y * ' . . v - . = Lt : *
Mlséellq . , 6 Mallomopas caudata - "6 L e
' “ \ * h = - N [ .
¢ L0t o o ot .. < N
- ‘ ‘ v -
. ) B ' - . . : N ’
L A > 4 N .
. N - L . Ty C PTre Fotee = .
S ——— : - —
. .
e e - - e e S )

Beaverskin Lake~ PP e A ; B i N Y

- “ e - " ' * ‘ . "'_ YN . > . . - .
3 ‘Blu‘e—gr/eén_s, T4 - Apmenellum thermale b .. L o
’ . . . H'w N s, ° ..‘ Lo (Jl-‘ AR | ."
Greens * .10 Sphaerceystis =~ - .20 . L . ) S
ca e T . N ‘shrogteri . : I
. , N . bt — . e . \ - L
. PN . S o Lo
Diatoms - £ 3 Nav.icula- 8pe . e b st X

. “ - M ! 4 ~
[N ~ »

.

-M’lscexli.p& . ) 4 Trachelomonas 5D h s 5' Dinob¥yon bavaricum -
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' S . schrpeteri . L R
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© 7 Teble 3° Cm.;pariaon ‘of abgclute (cells/l) amd relatz yi ’g" pﬁwmplanmon .
. : A2 e . ty 2 '
" 4 * 7 [ . , S 0 '
o e abumiances by Eumctional gmmﬁ t”mf ‘lake ar"d vyear.. s ’, IR A
- . , B : . ‘ . . . . . . . ‘.\_L , ) 2 \'\ :‘, . <: .
‘108 - .3 ; . Y RN '
, 1980 o . Eebblel@ggktch‘ ﬁéavet*skiw . Ktaji_mku;ik BEREA
N N = TR Lake " .0 lake 0 0 T LT
L v - f - ) ) * ! ’ ~t e ' . e" 1 !a . ) - ‘l ’b ) R *
‘ o A + i o 3 N -
. o . . ' . i ~, - . R S 4 - ,
T " N ' i L
4 ) x . s * ! DAY P AR ! Y 8
n v - Y S A T, R N h o Lm0t
’ o ' PN . ® ' . e T A [}
, . L., bDiafems - . N (44,200 (21.2) « - . 767460 (0.1) l% 000 (61 9) -I N
. ' e © o . S ’ '
© 'y ’2s Greems [ -+ v - '-21,300‘*(1012)" L 384 000"(‘57 2) '43;500 (13 9) L
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. ! , ,|r~ '

" ‘4. Chrysophyceans %3, 100“(47 5 " iog ouq (L 5) ,32;’@0@ (i0.2), ./

LY

I So . Cry\ptophyclea{ns“ - . 5 @30 (2 la’) ‘j R Y 3;.440 (B1) T

3 Ay - )
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a r ~

;.55 Ceyptophyceans, | 3,390 (0. O 3, 930 (0.1)
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- ‘l‘igurc lh Cemparison of relative mean phy jtoplan’lu‘fon abundam:es by funcc}:onc.l
o, T TN " ST T . o .
.. ’. . m:oup and indivf dual speciess fo‘r 1ake and yegm Species trbth an -
Pt . T . ' N =] W
= I N asterisk are not numbered jin Lhe dlaﬂram because their® reiatlve *
”°k ~!| - v " , N ) “\.’ - . . : . . R ’ /
. abundance values vere 1@;38 t'han' 1. . T
>, ) v, [ N R 4 LN - » - N
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. ) " - % , . *
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. G];O\j:p o . oo, - - s IR N o M f‘ » e ey T ,
T o h . w7 - . ' ‘
(1) Diatoms ' " .1 ° Asterionella foxmosa = . Lt .7
. A ¢ » 2, 'Tabellaria fenestrata, ~. ... . . .
ce e ¢ © 5 2 ‘lzbellaria femestrata . S
- e « s+ 3 .Tebellaria, flocculosz o -
. oy A "t 4 Novipsla sp. 0 . ] o -
. . P R ; Frustulia rhogd‘)oid"ew L
e a0t T e L %6 .,wuha- A
e, L v . %], Hontzechia, sps . rer. N

N . IR ot
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- h A \ 3 L
e RIS * Lor v S S "\’,é,'.vl V- 7 ,.*/ Lo e T ",.
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) s - T RN 4V 1U10thrl:{ variabilis "’ - *.‘ ot
o T e BRI Gloeocystis gigas o s
R vl . 12 Sphaerocystis shrocteri. Lo
et - ""13 Chlapydomonas 5p. T T
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C T T S ~+ . 19 Oocystis racubtris - Lo T

9 . . © N . - N I .

- (3 Bluegreens ' " 20 Agmenellum thermalé N :

L. O oLt 21" Chroococeus dispersus .

R o . ' ) %22 Dactylococcopsis ‘Gciculatris -
L o T "7 ...%23  Anabaena sp.. o

Lo < (4) Chrysophyceans ' .24 < Mallomone’s candata’ v
) : X .25 Mallomomas urnaformis | S
; . . . 26 Mallomonas akrokomes =~ - =+ . .

’
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n 4, L. ~
& M N
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Figure 5, Comparison of relatlive mean' zooplankton abundances by functionmal
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- group -and individual species, for lake and year., -+, . N - !
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o celle ,'(2 miérhns\ dlameter)o h\v hlgh a‘buhdancem of thi &peci‘.esy- are
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-~ "‘. ., ! ,

misleadmg because of it@ umall ésizeo' Uhile it comprioed over ‘a0 per cent '

! . [

. of. the total phytoplanhton abumdance, it; acceum.ed for 1es° thc.xi 1 per cent .
y af t_he tqtal @‘l‘gal cell volume in Ecaverskin L\ke,. ‘; \" . : Co7

re 3

AN

SR 1he larrgest numbevs of zooplanhtorg sPee:Les wam found An the rotuer

t
. - ' N ‘ . N )

group in 1980 in Bnaverski.n Ialtc;,f s:rh.ﬂe in 19o1 the most diverse rn:ousp wag’ “1
N 7,

- li:he cladoce.rans (Table 4) Rotifers made up more than.SS per cént of thL R ’

~ .- v -
.\ - 4 N - Tiv» M L

total zooplankton abuﬁdancejln 1980 bu‘t were reduged to 1ess than 3 per .

< . - .s
DRI o Jeva v T N ., o ’ .

cent in 1981 (Tc.,ble 5) Cladocerans shoxzed Httle chanﬂe :m abundan\:e,:\ o

- .
v . 4 .

. whlle/ copepods increased fromy 1980 £0 I%L .Tne domimﬂm; voopianlcton

\ \ ’ [ N 'S i ¥ '
}V; species im Emaver km' I.?Le\ in 1980 tas h rotifer Iemte'ﬂla c@cmeana,'

. . bBut this sppcies Wau much reduced j.n 1951 and wa.g repLaéed in the domimunce'

* ~ . T
" ¢ [} - ’ " - N "
e “ Cors

¢ order by the calanmd copepad Dm.ap‘t:omum m{nutuc (@igure,‘ﬁ R

I
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E IIL Pebbieloggltchn Laké Ty | T " o L
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'

f'" } " The magorit“y‘of @hyéoplanktm Specles ii;l ‘Pcbbleloggltch Lake*ﬂ’oelqnged .
L . - RN

to the graen algae aid &iatb‘m groups in both yearu (Lablesz») This lake i

v v

' had «no‘c;ianopﬁyte" s‘pé‘cie‘s ‘préseht; 'More' algal specieu wgée fo*und in 1981

AR
\ 1 P oy
s M AT B [

than :i_n ].980o The movt abund ang \phytoplanl‘.tan gmup ﬂwere the diatbms atid .

'

. PANY ‘- ~ - . 2

' oth@r chrysophytes in '1980, whi]_e green algae composed over 50 per. cem: of "r

.
’ . .

.

- ",

the communi;y :in 1981 (T'\ble 3) Totalfalgal abundance decg‘eased in-

B PR s .-
e ,/'«4 ~ > t ' [ \,\\~ 4

‘Pebbleloggitch Lake from l980~ to 1981» The phytoplank;op pecy_ée .

T

% compo!aii.ion of Pebblelugg‘ﬂ'tch LaLe was umfcrm, wmh no- omg uE,ECiGS

strongly dominant. The most abundant alga]‘ specleo lv;/l%() wags Lhe
- ' " 7 .

chryeophyte Haﬂ lommas caudata, whﬂ? 1e m 1981 t‘he mos‘t abundamt specles was .

x
“
-

- . ths’ chlorophyte Sphaemcysttﬂ.s chr:oeteri (Figure !r) e i

I 1980D the rotli'ers had the hiwnegt numbef o.f “pee}.eé or the
~ R N d\.x,d'\;v*"~.,: I N CERN /, "

‘ zooplan?::ﬁon gr()u.ps 9qn Pebbleloggltch L&Le9 whﬁ.le .i.n 1901 Lhe cladoceran .,', ’
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’ speclec

’ cladocexanso»

' copepoﬂ Diaptomus minuﬁuso‘“

gmnup was the m@stfdive;se'(Table 4)

comprise& almost half of the Lctal zoop1ankton abumdance in both years

v

(Table 5.

v <

yeanrgo

TFigure 5)9 while in 1981 the" mbst abuﬂ&awt species was the ek lgmoid~,

L

Abundanc@s incxeaae& £roi 1900 LO 1981 47 all gvoupn éycept the

v

A T

A

Species compaaition.of Ehe’ zoopla1kton vas- sim laﬁ’in the tWﬁ

found~in this

*

ake decrea ed
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frou 1980 tc 1981
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L /Io Compériso’n of the three lakes ’ o T -
[ ., N . I K . . N ‘

. v, " +-0f the three s'tudy 1aL-es, Lhe phytoplankton communities of

. &
Pebbleloggitch and I\ej imku:jik Lalcm were most aliifce° - Both of thesa hlwhly

colored lakes were dbminated by green c.lgae aud Ai atoms., Sphaemcysﬁis

x

. schroeteri was a &ominant green, alga ahd Asterionella formosa the dominant

7L “diatém’ in each. Similar species Successmne throug“h the conree of bbp_h

- "y .
- . 1 3 M '

(sa'w.mp‘ling seasons wére also noteda An early bloom ,dﬁ diaboms was ducceeded

-~ 7 N . ;e . - ' N . - "\

by gréen alwae, Followed by a‘seco*ld diatom bloomo

lu,,,

cﬁg”: -

S

- . N - i “

'Li:-'han Kejimku‘ik Lék'e,, ) He‘nc;e‘, thé bloofn of .emall, green algae and'

Chlorochmmonas wh.Lch normally occurs durmg - June- in. Pebbleloggitch Lake
T "" T " - ' ‘ . ) A ‘“ \/-I‘ " 4' - . » N

happem in late Augu@t in KeﬂmkujilmLak& U TN ©

- a . , ’
s ', M Yoo e o SR

,\Pebﬁleloggi;dh Lake is only 2u-deep, 1t warms more quiekly in thd gp:ﬁ:ing,"

kS

tlme-—lag diffefence, ‘)

o howévgr, was no?:ed\in the s’uccegsl‘qn pafterns o_f_the two lakes, Because’

' The phytoplankton community of Beaverskm ‘Lake was qu:[te distinctive,.

, in, combarison Jith! the m.hér two Jdaked, It haﬁ an abundant blue-green‘

. ‘ . et

< component &ominated by Agmenellum thelrmale, All o.ﬁ‘ ?;he algal groupu, with

. -y P - A s
: .

. . LY PRI

- the exceptloﬁ of dlatom.s, were more numerouc in~thi¢' "Eham in the bther tio’

. 1o [ \ -
- 1 . < \ %
J i

] ,J.akesw The seasonal succession pai.tem in Eeaversk:i_n Lake was lrom m'reens
v N . 9, B . . ~
to 131ue—ffreens ‘and back £o’ green..s. S "_ v \‘ LT, oy

el T, :' 'Béa'verskin and Rej‘imku;rik ‘Lakes “Were both“sﬁmonﬂly dominated by a )

b +

,: single algal species (Agmene‘ﬂlum g:hermale and Astemonella formosa

s 1 P ' Q -
'/|

fespectively)» whereas Pebbleloggitch Le_ix.é had a ‘more unlfom “pattern of

P

v Al ~ -
a , . y N

. " mlative abundémce amongst its algal specieg;, .o v B o

vt !
R f

‘ »

Qe N/P ratio@“were love t in Pebbléloggitch' Lak.cé and lﬁgheot in

b N N

N Y

- ,:' Kej:f_mkujik Take (Table 1), wiﬁ.h Beaverekin Lake mtermedlatea "The t‘otal-

. 4 N o~ *
.

L . nl:trogen/ total phodphoru.» ratlo refl@cts the total nutrient pool, while the

N Lt " . . L. K 0 .
[ PRI P . ’ . [N ‘
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amm,onia + nitrate +v nitrite]uoiuble reactive phouphoru mclo ref‘iects the . -‘ -"*

\\%’oloy cally-available nutrlen’tso ' me éominance of «dmtoms in Itegimkx_j :i.[t

- .
- "'.» T

.«Lahe appears to be rc—:‘lated to its hiahar N/P t’ai‘:‘ﬂd (co«mpared to th’e cher - ':;

- i
;‘, PR

1a1 es) which may confet a rselectiye advantage on diatoms over mteens in‘

U
y - / ‘. c - . "

'
t

. nitrogen utlli,zationa I{utchinson (1967) also reported that diatoms

N

f
v e »

(notably Asterlonella spp ) flourlshe& at high nitrdgen levels, wnereas

v [N - e -

®, ,~' -

‘ green algae preferm& iov N/ P ra’tiose Bea’vexskin /Lake had a reduc@ cliatom -

N \-;* 5 »w- #-kv.b LN

‘o
(e

diversityp Perh{aps z‘elated to its lovwr N/P rc.tio compared ?h the omer tw:m =

ot

glak,esq The increase in tamnomic diversity in .Pebblelo giteh La&ceg,algng«; -

R P . Y

P ] -
EET LD CE

ralth the domiﬂance of \g(\z(ans, suggesté th&t N/P ra :i_os in thig 1ake may' be~ 2
. < Y -

favomhle for all functionai groups of phytoplankton, althmgh gteens would

-

o -~ “ -y e e
. £ o » ® . T -
’ »

- hl 4 - . . <. 3

. appear to have an wévantage.. N U SR P ',f‘f -t':»‘

. - P " TS -
& .o~ v . . < . . o . “ P
? 4 N v ‘ P LR PR .

In cummary, a higher N/P ratie ian\ej imltujik Lake favoumd dominatnce "

’ h ‘ - ‘(.
o

by diatoms, :Jhereas a toyer N/P r;atio :m Pebblewggitch Lake wac' mare

')»:-
v . '." 4..' "

*:avorable to graens. A..though Beaverskin ‘La.ke9 with an intermedlate' N/P

| B .
N Y . .

ratio,y iﬁitiaLly appeared to be domin@teﬁ by blue—gr@ens, greens and

- »
, . ‘41 -~ » R

cﬁrysophytes. Eecame more important when telative abundance was cal,cwlated

’ Yo Vo .
v et L

“
'

4 the absence'of Ag the*mgaale9 which eomnbuted 11\3:1:1@ cell volume., AR

- .
- % . LN - ° - ‘-' “"'"“‘"ﬂ‘a—m

’When mean algal dcnmties over depth for each sampliﬁ(, date :Eor Ec.ch

/ S

-
’
%

lake wefe compared fBeaverskin Lakt had tha highest standing crops ovet the
year, ) and Pebb”i elogg1 Lch Lake shawed the loweist alr"al abundanceu (?able 3)

v“:J* Lot v, e SN "" RS
w o -

I\egimkujlk Lake e*thibited peaks m mean cell density in em:ly .mma (LB x ..

! ' l \ I . e

A R

P 10 cells/liter) a,n@l late September (191 ::a, 10 ), un& had th.e higﬁest

1

densities among, j;he study lakes durmg thig mme. Beave@skin La‘ke -'«~‘

.
.l ’ N -
.o, -

summer (1.0 2 167 cells/llter on <

« )

)

exmblted the h’lghe densittes ih mid

&

&’ . - \ <, L

[

July 30, xwqug‘qs Pebh; loggltcn Lahe had a denalty pea\ in mid A\zgust 3
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KW atkowski and Roff (1976) atudled lakes in the Sudbury, Ontar?io

o

- 1~rreglon falllng within;a p& range '‘similar J;o J:hat of-. the present study

W " .;;.gilse,s. While specmes«divermties noteé in thig c‘tudy Were similar to- those

. - R ©
“ - g oy e > @ - ‘ ° ™

Y i“bund by Kwiatkow,elci and Roff (1976), species composmtxom was nQL’*’ “In the

' [ fpi*eeeni stuhay,ia doininanj_ blue ,greeﬁ co‘mponent was“found in the least

1,
> g

" ‘acldic 3i:udy lake (Bea,verskin),, While 7o ‘blue—greenu we?'e notéd. in the Rost
< ST

{i'ciclle Iake (Peb%léloggitch) In contzast i\WlaLkOWSkl and Roff (1976)
- N {1 [+]
noted 1ncveased dominanc@ o qua-greens at the lowest iﬂi values, They

. Teom N Lo

"L also “noi'ed 5y trend toward 1ncreaéing domlnance by greens aL higher pH

‘o " 5, .
M I ° a

valuea, “whlle in the. present sLudy our most acldic lake was dominated by .

o, - :, »

areens it 1981- Tt SO ’ ‘ .
:,i....‘ *v.‘. - ;L“f e Ve o® ’ * ,
RERS The phytopiankton diversltigs fmmd here are Lower than fePorte‘i by

_c.~..’ .o

_Yan (1979)“ffon Clearwater Lake w Ontario, a2 more acuiic 1akga (pH. 4.2)‘ Lhacr '

©

.

- . - “

‘ ‘PebbleTQgg’itch Lake (pH 4.5) Yan (1979) su gests greater sampling

* frequ:oncy ;md am.d tolerance in Clearwater Lake specles to explain the
. « b

j,} hlgher alcal dlversir.y obS’erved compared w):th Kwiatkowskf and Roff (1976).

e

Tha presentqsamplﬁnc regime, however, was, sim:.lar to Yan "3, and two of theQ

3

stﬂ,dy. 1akes (Pebbleloggitch and Kej 1mkujik) receive tiaturaLly acidic bog

g .;- « - -

: drainage (Kerekes et al., 1982) which has' for some time contrlbuted to the

o v
.

" acidrty of these tm J.akeo. Yan (1,979) and’ Yan and Stokes (1§78) ’reported

L

%, Peridiniﬁm spp. as domi:nant species :m acid lakes in Ontario, however, this.

\/ génus 15 rare in- ,the present study 1akes. :

The three lakes exhibited similar spec;es composition in £ a

o " : 0 -
e as « w

zqoplanicton communities in both nnmher and dominant species per functmnal

: 6 . IS
» / 2

-vgroup:(Ta‘h«lo‘ 4). (ﬁadocerans and macro—zooplaukton constituted minor’

» e * @

groups in ail’ «tﬁree lakes whereas copepodv and rotifers were the most

" - + R 1

) abundaut groups. ‘Generally, t;he latter t:.wo groups .were similar in terms of“

-
.

L “relative abundances f,or all 1akes and both years excepb in Beaverskin Lake .

* .
. > . . . .
. P v . . » o " r
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in 1981‘whcn rotifers were rare and CQpepods very abundaat Thus, the

°

uhree zoop'! ankton communiti es Were more similar in 1980 than 1981. “ The

-

Ll

dominam; cladoceran species changed from one year to the next except in’

<

°

. Rej iﬁkuj ik Lake (Table &)e :

- -t . . 4 N

! . The deminant copepod (Disptomus minutus) and c‘ladoceran's (Eubésmina

longispina and ’?{olopedium. g:i:b'berum) in the study lakes.have ‘been found to

- oS
‘ae clominént in yther acld environments.(Confer et als 1983, Hendry et al.\

L ¥

1982). KeJimkuJik Lake exhlblted the mest diverse ‘cladeceran and .

macraz:ooplankton groups, which is probably related to its larger size and

greater physica.l lletexogeneity.

The overall dominance of Diatomus windtus in all lakeg in both years

_ agrées with Sprules (1975) who demonstrated this species” wide tolerance in
acid-stressed lakes in Ontario. D, minutus exhibited a similar

developmental sequence in all lakes and for both years. Some differences

~

were noted in the rotifef: communities in 1981 as compared with 1980:

-

&

: Keratella cochledris was mueh reduced in Beaverskin Take and Conochilus

Y

,dunicornis was Qbsent. Different successional patterns were noted: K. °
cochlearis was replaced by C. unicornis in Pebble'@lnggitch Lake in late
summer of 1981, which did not happen in 1980. K. cochlearis did not show

the consistent inmcrease over the season in féeji'mkujik Lake in 1981 which it

P

did in 1980, ‘ . . :

The zooplankton communities of the three study lakes have maintained
high- diversitles in sp;te of the relatively hlgh acidities encountered.
The zooplankton diversxties were 1dentical in Beaverskin Lake (pH 5.4) and
Pebbleloggitch Lake (pH 4.3), ,the extremes of ph for the study lakes. The
z?oplankt:or‘x czgimunit@es of ¥ejimkujik Lake (pH 48) and Pebbleloggitch Lake

had much higher diversities (9 or more crustacedn zooplankton species) than
\ . .y

a
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recently acidified i’akes of compamble pu m the IsEL Cloche regilon of

® >

Ontario (Spmﬂ eg 1975), whlch- typically' hael fewar ﬂ:han six c'pecies below a

~ o

' .

: : ot S ¢ . «
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pH of 5 0., Confer et al. (t1983) aleo xmted that- reduced zooplankﬁ.on'

- diversxtieu in Adirondack Hox_ntam lakea ocmurréd beldw pH 5 Q, again in:

L - - Y

contgast to the present "tudy lakemu . 'Eoff and Kwiatkowski (1977), 'hm»;'c,ver;9 '

K . TN . -, Vi

Ioumd; crustacean and rotifer zooplankton dlveruit’i ee compar@ble to ‘those of

~or

the present sﬁ:udy in, 1a2\es of compara’ble pH 'in the Sudbury mffion in‘

'

—Ontario. Sampling 1nten;slties in the Roff and Kw:ﬂ.atkowski (197?) study ami‘

L N

Iy

\ J
- Sprules (1975), whlch may eprain the c;onf:rasﬁ itr diversitlea

3 ,i .oz

)

Whﬂ*e dominant apﬁ@i@ﬁ and Lwhe number of specms in {each oﬁ the.

L&
. “a . h]

functional gmups were almilar'in these~ Q,alges, ‘theim densities were not..‘

» V'

1 - s o

Pebblewggitch Lake had the higheﬂt zooplanhton abundancee pe;: valume ancﬁ

lowest-on an areal basis. This is partially becatme of the greater mean |

~ N

the present study were greate’c than that uued by Confer et al. (1983) or ’; )

depths of Keglmkujik Lake (4 Am) and Beaverakin ’Lake (Z.Zm) compared with‘

v e .o

Pebbleloggitch Eake (Ll&m) The hiw’h mezm vooplankton ahundanée" pef unit~

v

e noted in Pebbleloggitch Lake may be partially susi:amed by detrital

[l

mixing. ) - . : L . S

|
. . .

Mean cladoceran densitiea (number/mg) Were smllar in both years for

- * .-

'all lakes (Table 5). Beaversklu and Pabbleloggitch Lakee had increased

numbers of copepodltes and adul.t eopepods, while Y{ejimku_]ik Lake and
. Pebblelo gltch Lake, ‘had more nauplii in 1981 tham 1980. thifers
b

resources since th‘is brownmwater 1ake is shallow and subject to tur‘bulent S

auproximately donbled in Kejimkujik and Pebblelsggitch Lakes but: declmed '

drastically in Beaverékin Lake, whereas macro-zooplankton remamed constant'i

3

from 1980 to 1981. ' Total zooplankton denafties increased ‘substantially in

1981 compared with 1980 in Kejimkujik and Pehblelougit«:h Lakes, but values

\
.

were slightly reduced in Beaverskin Lake,
Qo ¥ .

’ ’ .o
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The aoaplankton innrea@e froﬁ 1980 to 1981»1n chlmkujik and—
'5 < .\ 1 -
Pebb1eloggitch LaLes wnu paralleled by\anLéé%ed wean - totai algal hbundance‘

o f P
in theeé two 1akes (Tﬂble 3) f&ejimkujik Lake vag domindted by &iatoms and“- ’

~ w

Pebblelogwitch Lake by greeme in 1981,_wh1ch are both apgxog‘}ate food‘»

- gpources for zooplamktoﬁa In‘Beever skin Lake, total phytopl nLton also

" increased im 1981_m0stly béced@e‘uf .a larwe increaoefin the bluergreen~ : ;

1 4 ¢ M ,D

t"Aprhenellum fhermal@. Since this alga is potentlally ﬁokic to vrazing

-'zooplankton.(Arnold 1971),,:11.1e not surprislng £o obs erve decr*age in

"‘.beginning with the 1owest levels in KejlmkUJlk Lake, to the highest in fi

) above, comparisons should only be made in relation to definlte reference

~.,poiﬁts. Ihis blomass gradient is based on per m
"

I’

1

“overall’ zooplankton density in/%eaverskin-Lake in 1981 as compared with

1980»

o * 1 . .,
. .t . - B "
g ‘ o4 \ 1 . . * « ’

In both 1980 and 1981 a‘gredient of zoopiankton biomess wag obseéve&
Pebbleloggitch Lake {Table 6). Thla gradlent ranged ovEY & twqrfold change *

in biomASS; As’ with the biomass»abundance enample of Agmenellum thermale

v . .

’

-t
> 0

3 valuee. mIE Lhe biomase

4 14

-valuee-were related to’ surrace area, the gradfent would probably be

reversed. ”hese aoou?gnhton biomass values are compared wiLh eeveral other
productlon values Tor the Lhree lake" an& Lwo study yeare ln Table 6, in .
Pebbleloggitch Lake, total organic carbon, dissolved orghnic carbon, tota1°

-

phjﬁoplankton density and wolume, chlorophyll concentration and zooPLankLon ;

- N
“

biomass‘1ncreased from.1980 fo 1931. -In Beaverskin Lgke, fbtal

phytoplankton den31ty and volume, chlorophyll concenttation and zooplankton'

¢ ‘

x

L ‘biomass increased from 1980 to 1981, whereas total organic carbon and"

’ diésol%ed opganic carbon decreased In the larnest 1ake, Kejimkujik, botalr

“ A ? A t

organic carbon, toLalaphyLoplankton density and volume, chlorophyll

4

concentration and zooplankton biomass 1ncreased Dieeolved organic carbon

.
PRI : .
- « , RN . O
. . ; . -
. RN - , v B
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Table 6. A comparison of soue product

“

N

L

.
.
[
.t
-

1

moans over

K} . . - A t .
] = - + w . - -
o the .summor sanmplieg-periods. - . .
. N e wr . P v N . 1 4 [
:* < - P y . R . . )
“ v b ) Y ~ s
. -

1980 -

1981

1980 .

198y

Lrow. 0 lio. 7. pebbleldggitsh Lake . Beavsrekin Lake.

~

keij!ﬁi&@}}k Lake

1980

'JHKQSL .

| Total Ocganie’ 12 . 19 % B g 1L S DI LN
N N A N :. V- v‘ (“ . A B N . : e " ] .
Carboa (mp/l) g, . . . - . .
. . I3 e . ' _:' . ", " :," “- ¥ 'IJ "-.’ l" *
Dicsolved Organfe . 1.5 13.8 . 6.8 5.8 ¢ 109 L1849
- ' . = . N ~ o' . it < \ : LY -
Caebyn (mg/l) . ) NP &
S : ot Y . s RPN

" . . Total Phytoplanktos 3.70 x10

¢ ! '

Vo lune (ug_ll) o Lt

f .
.

" . Toral Phytéplankton® 2.1 xi0

5.

.

7;07 ®l

5.0 z10

o

5

82.3x10°,

216.5 x10®  55.9w107 S70.

VL

N -

,

Ty

.

. .
v s
]

73.3 x10°.252.0 x10° | 3.1 x10° 45.9 x10

'

4 x10”

¢

Demsity (£/1) o - MR v ’
Chlorophyll (mg/md) * 1.5 2.8 LG, L 1.5 2.9
Zooplagkton blonass™ 2430 4210 151,06 257.0° 123,0 123.0.
‘_(mslmai . ' ' b Lo L

tod-related. measutes for’ the three lakée and “t:s':g"y\éag:‘s: .
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o
e
x
+
o
« "
v
-
e T
.
.
e
2 i
.
"~
an .
WV
By
’ .
N v
¥
\ o
¢
.
a «
‘
[
\
s
)
J
v oa
.
[N
'
8
1
" [
e
[
. P
(4
- 5.
’
.



-

" abundances and cell volumes, . - . -
« . s , .

remained at khe gane 1eVe1 OWer, ‘the two. yean In a@mpargng the Lhreeg

e DR

lakec, Pebbleloggltch had Lhe nighest “and mejimhujih Take the ccund

&,

highest levels of total and disaulved ormanic carbon. Loﬁal phytoplunkton

.

volume and density Were IOWe L in Pebblelo itch Lake:in comparison with.

!‘ LI 4

the ether two lakesa' There-.was a general trend of . decreaulng totalﬂ

Lo - . % e o~ , . 2. . . d

s . o . y

< - . SO , - Page 44
. . A . . M . . , o
- e

v
b

* v [ ° %}.

phytoplankton cell volume with decreauin@ pH (iable 6)0, The hlgheut -

zeoplankton bLomass was found in.Pehblelnwgitch Lakes which 15 the Bnost -

aciaic (Table 6). The zaoplankton population in thia lake 13 1ike1y

A *

supported by’ the hlgh ‘total’ orﬂanicwcarbon 1ovela, a1d low phytopiankuon « '

° !

»

“dependant of detritus and 2 sociated bacterla as a food somrce, which is oo

-

9
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i

contribute significam.‘ly e a reducﬁion J_n Lhe unexplal.nerl wzch:ianae of the -

¢

“IL Plankton-~latet? Chemigtryi‘ la“"«:ic’iifshiipw S o

Muli:iple regression analysiv is of.ten uped J.n écological research’ to

N -
- 1

defme emirically-—derived relationships beﬁweeﬂ a dependamt vamable and a e
. AT s VI

set of indepen&ant predlctgr varlableso -"ﬁhose pre&ictor vaxlaﬁleo w.hal_ch

.

0 N

v, f ) N ' - ,,‘ I R

dependant variable nay *ba 1deﬁtifled, “and the ovemll Oignificance of the &

4 .

multiple rogrESSLOn detc—gminedy Examplea of the use of mult*i ple fpgfas 31011 o w.

L R 1

im ecoLon‘y are numerousg Brylms’ky and Iiann (197 a) determmed Lh i: on o ‘* -

N f
[ - .- a

_wide geo«raphical hasis, solar enerwy inpﬁt was a better predictms of 13¥e .

N Y %

< 1

productivii.y Lham nui.rien:t concentr"ﬁ:mn, bui: wlthin naz;rowez: range vof .-

5 " o, N ¥ 1 [

lat'itude mitrient vamables are moré Elmpgrtamte Hameedi (1976) e*tgmined ;'«'

. 3 S : .
factors influencing marine primary productiv:.i:y, comparing ESLunfiﬂe and Cod
\

coastal environmentsﬁ Jones (1977‘) determined "fhat ?a. ianiﬁlcam portion o
; ) o

. -
i N R

af the variance in numuej:s of bact.eria c’quld be explained by physlcal ‘dnd .

- s a7

bﬂological vatiahlés (Jones, 1978) Mountiford (1980‘%03@& multlple
\) I vy . %

' regression to study predatlon on marme zooplankton hy ctenophores., Mathur

' [IN

cand Pobbfns (1980) used the tecl}niqme to predict the effects @f thermal, . -

s «
A} - 3

discharge \m freuhwaﬁzer %mpoundment. on zooplargtton productlon, - ‘Boswell

[y

eﬁ: et_al, (1980) studied Itel@tionampo betwem phyeiochemic'al parameters and :
T, . \ . - “
ATP conceﬂtma;ians to aid in aasé sment of res»rvom plankton dynamics. .
I«Iyngaard et gt ai, (1982) gtudied freshw»aiter copepc& popu? atim‘z\ dynamlcs, "

si"tg mulu;@Le regressmns w delineate telatmnships between cope,pod birth Y

Lo N
rates, and prey pmpulau:zlcuns.e . oo \

A 1imitatlon of the techuique is thai. mgressiqn relai,ianships do not "
- ¢ 1o

a N -
. v . 3 te -

° iy

. ‘conatitute, strong gvidence of causal relai:mnships, Jdimiting the seopeof "§

+

*intérpretatian of resultsw A‘ssumptions‘which must be safzisfied i:ncluﬁe‘.

. o

nomality of-' the vartiables (requiring wansfomation if necessary) and lack
. . . . .
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of stmmw eoi:relationﬂ betwaen pmdici,ot vag:ﬁable‘so' o ’ S :

X -
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“

| Lable 7 ~J\_mmmﬂ.mec Ss_gmificam. rreg 1tg from. thé . mu?tm.ple regregsion .

o 40 Y ' [N -~ . N
. -

analyoea oi‘ w,,pte*r chemifaﬁry vaz‘iables (pz‘edlc o) am& plankton opecxeo

- -

(depehﬁami‘ vm:i ableq) m 1‘%0 zmd l%la ; Tne’ Btamsticaﬂ.;model\. 'de'sﬁ.gz‘a- was

L "

.’H m.at: Bu,epwiue Lultiple regi*e 'Bonr, m whic.h the sigﬁificdnce of each "

1
. N T

Eedictbr va;.:s.ab'ie iv dei_crm‘sned ag it if added‘ ko thé:,'lcé'}éxe:a_smm' eqmation*g'
[ PN

LS
! ’. u ! v
.

and the oﬁzerall simnificaﬂce of ;:he fedrea ioj i de e‘minedb Slgnificance

A“ - : »"""" v ’|‘ ’ ‘\J\u L i
(p,’ < mS) Lor /a wus_er cheﬁaisﬁ:ﬁ'y variable irf\a paxtfcu? ar ls.ke? Tg- im’iie:ai:ed ot

3
[ -
N

A» ~by the in:a.t:[al lettex: oﬁ i.ha\, 1'%.& mame (see l»ey for’ J,able 77.. Speeles‘

-

of Lnuufflcient ehemical daj:.a. Pairwj;f“e PearE.on correlaticm wefﬂnients

-
R o - AR A . g

having .;igmficant c:rveml“i mulhple regrecsfons are ﬂoted in the overall’

A

.t £ ’ ' I

: mlumm\ Ao’ asﬁ:erl*k &enntep _P‘Lgﬂi‘ficance in- both -y&8¥Ce Multiple,

ERd R s

regremmn result,.) were nmavailable for Eebblelagaitch Lake. o 1980 because B

- ., ‘ N i - Y i

. ,
Y v
. * R

were auso calculai:ed betWeen water ‘chem:n.stry and p};aﬂkmn variablw, L

41* \ Relationships between species and’ water chemistry variabTe ijqz,t’ne.

~ appeared to, be »ﬂ@gatwe cormlatlgns with rotifers for’ both lakes. . .

‘
ot o 1, N .
v : . PRE

- PN » 3
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three study‘ lake.; were mqonm.stent aud clear pat:,tems were d_&ffieult to L
- N P . Y

N - ; .
N N [ ' |

dei’lneate. ,The mast discernable ones were Lhase involving pI'L In acidlc Y ‘

+
v v

Pebbleloggxtch Lake, all E:Lgmificant ,corx'elations of phH: with both

i
ot \

zboplankton and phytoplankton specx_es Were povitive, suggestﬁ.ng thaL pH has

1 » L N

Jan adverse effeet rand 1.hat Pebbleloggitch Lake- hau 2 critlcal p’ﬂ level for

pTanktomic or"anisms.\ Correlations with pHa' ‘however, were -’ noi: as'

;
¥ - 1 . ~ -

R consisx.ent fm' the other two lakes. . Usually, *signifmant conr&laLions- of

°

pH with phywpl{mktoq ﬁor Beaverskin and hejimkujik Lakes wene nega;.ive,

except for that wit:h Schroed‘eria setige a, which had a pasitive co?relation

A
LA
. + v o -

N Y

w:,th pH iu Kejimkujik Lake. . Correla ions» of pr with zooplaﬁkton for .

o & B P

Beav’erskin and Kej1mkujik Lakes al o vara.ed greatly, alth?ugh there
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~
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cot . When ﬁ:he multiple regre‘ssion analypi uTts vz“e*"e L omp ared amm.g
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1akes '(Tabie 7), temperature and toi;al phos@hpruy 4z pla.me& m@-re: of i.he S

.t S - " v

- plankton variamce than oﬁ;er vari ables j,n' Beaw?emrkln Lahe, whlle‘ tetai L
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.oz

R tm:bidlty and total organic carbon wen. the two most sigmwcant predi‘cf»:on U
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(C varia:bies for™ Pebbleloggitch Lake. ; For ,zqoplankton, .Leptqdma klndtiiy a,mi

r
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Lot lm’mature Hesecyelops edax were the apeeies whia:ﬁ:l ha& ,the ]ﬂrgesﬁ; ,pqrtien«s ,
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[ FOY " » 'wf vv

. of ’their V\ariance@ explained by. Lhe wavi.ex: chemiaﬁ:ry \‘;ariab1es in‘ I’ej imLulilz . ‘.

‘e P .o

Lake. Diaphanosoma birgei and Episx.huxa nordenukimldi (&1—1‘11) fmre the

- > . - 4 L ,,-.a-\. -“v4-~ e
4 - R . ¥ e &

. 5. species w1th the 1angest p‘rgportions of e,fplulneri variancel '«‘n Beaversklﬁ -
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X, N =

-ALake, ac were Dlaptomus ’minutus (ad”ult ﬁemaTes) .and immatum Mesocyclops “

—"L",v e e PPN
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chemistry variables 1n Pebblelogr*ltch Beavexskin, an& Kejimkﬁj"‘ik Lakes' "
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' respectively were Ooc:ystis lacuatriﬂ, Mallomonas caudata md Navicula ap.m‘
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Oocystis lacus‘tric had sxgnificant 'mtetaci,iens with total nii.mgear to;:al
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phosphorus, and tota1 diaaolved pﬁosphotnﬂ.‘-l‘i. caudata had s;.dnf?‘ficant‘

. 1 K Sy T K
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e u‘ateractions with nim:are, f:otal phomhorus, and solwble reaetzv@

. v~ N - - *; ., N <
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p -ph@ *phorus, and Navicula sp, had ulgnificant intenactwns With m'tal ;

< L.

phcsphor:us, total di“sol*Ved phosphorus, and soluble réactive phcwphemxs.. .
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signiricant ammmts of their vquatlon explained by Lhe overail Wal.,é“t

o
o
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T S che‘mlstry data in\both years. Eubqsmlna 1ongispina, Holopadium gibbexfum, . .

b s

- - » [

Diaphanosqma blrgei, aduli: female Epischura norc‘ienskiblda dﬂd Diaptom"us S

>3 v

. &
. H l "

minutus, . Keratella cochleaﬂis» :m& Kellicotia hostoniensms had sxg“zificant

~ < N ¥

Q o Tovv " X,
; ovefall multipla regress ons m ‘both years. Beaverq%’in Lafke had fewer
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consistent results between yearu, with only Daphnia eatawba, ,Dlaptomus spp.
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ﬂogepndixes and Keraﬁe%la cochl@arls ShOWlﬂg Signlficant averall
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) ,negregslans In both years. Algal» pecLes reaults wera qulte ineonsistent

“ “in the tﬁo _yea¥s. Only ChI@rochromonas minuta in Kejimkunik Lake wag
- o~ het s % T "‘w . ‘4 -2 B -
.algnifkcant 0veﬂall in both years.r ’ s .2’“ , '“i

PR “
H B PRI R TN
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Ind1v1dual faétors whmch‘explained olgniflcant pcrtione of . the
ot ‘ 7,
plankton apeciesivariances wewe noL the same in he twn years, whlch

B - [

suggeats that thv plankton respanded to the physieal—chemical env1ronment

% L K

%{ in.different Ways.“ Dlﬁxerent biologlcal 1nterac&ions in the two years,

:* whmch:afﬁxnot considered in multipla regtesuioﬂ analyaes, may contribute

‘i‘ RN
s ~
- L -

tp the observed dlffereucss L1 respanse paiterns. . )

:~t:=« =f “pegiés shawing si@nificant int&ractinns With the greatest number ai

7
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. . 2 KRN Co 0 . .

F o i

Z,.spacies Which were sign1¥i&antly nelated -to waﬁer chemlstry variables were

" S

- ~ PR

Daphnia catawba and Agmenellum thermale, while in 1981 they, were

e

Biaphauosama birgei agd Mallomonas cauﬂata. In Kegimkugik Lake in 1980 the

e R
5 . A

B
o

‘3 species mo°L ‘ralatad to Lhe watex ehemistry varlables were Diagtomus
‘ minutus (females) and Mallomanas caudata while in,1981 they were Leptodora
R =eptocota

“

kindtii and Navicnlh sp. Résults were unavailable for Pebbleloggitch Lake -

4

L

xnf1980, but 1n-19&i the Species whose variations were best explained by

" P - PR

Lhe water chemlstry data Ware Dlaptomus minutus (females) and OQocystls
1acustris. ) ! :, : S A ;

B ‘,,'. ve D PR LT

. 'Factors eccounxlng for the greateSL portion of plankton species

"variance in 1980 Werextemperature, dissolved oxygen and chlorophyll in

» .‘nv‘ t, 4-‘
v

Kejimkijik Lake' and pH, dmssclved oxygen and tﬂrbidity in Beaverskin Lake.

nA\,

N

s

In 1981, the 1mportant factors were tatal phosphorus and pH in Kejimkujik

. -

B “”Lake,,tutal phoaphorus and temperature in Beaverskin Laé@ and total

. u RS . " v
N b . - .
oo . . 5
oo . Y., EU A s 4 5
~ A A . <y

& - - g

;~Waﬁer~chemlstﬁy variahlas were“alao not cons 1stent With11 a’ lake- betwuen )

‘ﬁéaxs,Q In 1980, 1n Beaverskin Lake the zooplankton and phytoplankton "
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phosphoruc, total organic carbon and turbidity in Pebbleloggitch Lake.

-

There was some degree.of consistency between lakes in,that dissolved oxygen

w

was an important factor in all 1ake§ in 1980 dnd Lotal phosphnrus was

important in all lakes in 1981, There Was, howgver, no coqsistenqy‘witpin
. A . 5 .
a lake between yeard ln'water chemistry varilables. contributing significance

-
a

‘to the multiple regressions, ‘ i
g M

LA qualitative fogdweb mo&elling Eechnique, “Loop Analysgg, was used to

. provide;additional°info mation on étructure and causal relatiopships of the

~a

foodwebs of the thrée lakes. - The models were derived from the field data

¥

:for the Lhree lakes for 1987 by.Dr. P. A, Lane, and are used here with her,

¢

permission. See” Appendix F ' for details on«methodology and constructlon of

mddels, and resulting model diagrams. Companisons will be made betwaen the

‘\b@el results and the multiple regresaion results for- 1981 odly
~ ‘¢
(significant resultshfor the 1981 regresaions are.indicate& in Table 7 by

‘papiﬁalized lake ngme initials - see Table 7 key). B o

The resulting eouununity network diagrams (Appendix E, Flgures E 2,
.3 IL4) are essentially three-layeréd systems, with three major nutrient

‘ variables and thnee major phytoplankton variables. Each ‘'of the main
. " . - ;/ *

phytoplankton groups has one or more‘herbivoreﬂ, and each diagram has
- = . .
séveral highex carnivore groups. In each model, a sub-structure comprising .

detritus, rotifer groups and carnivores conmmects to the rest of the diagram

[

v

-through an aigal variable,

~ \") . N R « .
, Analysis of'these models can helg to clarify the causal relationships

g Y - ) . ¥

underlyings some of ' thestatistical patterns noted in the mul€iple
S N ‘ \

regression analyses. Many of theé variables used for the regressiong do not
. . .

v

'apﬁear explicitly in the foodweb models; however, the nutrient variables do

° appear, along with a detrital variable which méy be represented by the

1

-fartiﬁulate organic carbon variable and which is liksly related to
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tﬁrbidicy.‘ . . ,
The Loop model for Kejimku_;ik Lake (Appendi;z B, Fig. 2) ‘shows that

? - 1

algal group 3 &epends on the futrient varlable NE, whlch is a ni trogen—’

v e
~ y -

phosphate complex., .The Omly member of A‘B which:* has a eiwgu.ficant

- +

regression with ‘a nhtriemt tzamable“is ‘Eunotia arcus, which was elgni»ficantf
AUNOLLa JECUS, Q

with fotal iiisfso'lved‘phos;)horus. Algal variable A2 depends ‘on siliea and

s
[t : v

. : ~ Page 55

+

phosphorug, and several members of A2 had’ total' phosphoms as a s::.gniﬁeant ‘

Tegression \componem: variable. Several members of AT also had significant

f \ . , " e " r » - »
regression components involving either total phosphorug ot 4otal, dissolved

- - .. (N o »

' phosphorus, while the 'mdd'el’demons'tr‘a%es that Al depends di-\r«ec‘tly on

phosphorué-in the P and NP nutriént var‘iébless Faf the 'Ke-jimkujik I_:ake

-]

zooplankton, Daphnia catawba had a signif:.cant regression with chlorophyll.

Thisg herbivore (z73 depends on Al in the model, and.in turn is edten by

%12, which is Leptodora kindtii. “._Ii:.'"kindtii is 4 relatively rdré predator

inNKejimkujik Lake, and sp predation préssure on D. catawba is likely -
. [ ——— T ————r————— -

H

moderate, This helps explain wh3; this herbivore showed the significant

relationship with chl@rophyll, since its predator is probably not

3

sufficiently numerous to absgtdb increases in the herblvore population.

The model for Beaverskin Lake (Appendix B, Fig. 3) dlffers from the

s other two lake models in the incluslon of the NH (ammonia) variable, and

&

its special relationship to the blue-green algal variable A. Blue-greens

\ . <

are knowd to be nitrogen-\fixers, ‘and the component species of A (Agmenellum

thermale al:zd Chrooceoccus dispersus) showed significant‘ regresslion
-

components with both the nitrogen -and phosphorus variables, The blue~
greens are not grazed-upon by any herbivores in the model, and so their

relation.ahiﬁs to the nutrient variables are not obscured by .relatiomships

to higher; trophig lewels. F‘or zooplankton, EBubosmina i\ongispina and
' AN
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i
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\
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r Diaphanosoma birheig ﬁembbt of 28 and Z7 respectively, had chlor@phyll as

. a signiflcant predletor 1n_their multiple regressions. Theése grauer
)

»

' &epend‘on the algal QpeciGS‘in nodel varlable AQ, and Z7 algo cats Al.

s

T The Pebbleloggitch Lake foudweb model" {Appendiz E , Fig. 4) is similar

v

ta that f;r Beaverskin Lake, o cept that it has il blue-green algal

v
- PR

component, and the detritus variabie agsumes greater 1mpdrtance as a food

P

source. -In the m@dels for the ether 1akeo, deKVituO 3erved*as food for the

rotifer variables only, while in the Pebblgloggitgh.Lak@ modéL, zooplankton
nauplii aﬁd-Diaptémns"snpx cbpeﬁodites dopend on D for food. . This
relnforces Lhe evidence pieaented earlier that denrltus is cf .sréaber

nutritional imporfance,in this lake than in,the other LWO. Many of the

A bl "

. signi@acanﬁ interactione beéween algel species and the regression variables

involve total érgamic carbon, Lurblditya.Ongen and temperature, It seems

A
y

that physical factors in thls lake are more impotant 1mf1uences on the’

phytoplankton than are tye nutrient variablesg

P

' In all of the models, variable zZ9 (Epischura nordenskioldi) is a

satellite variable for A3. , This means thaL 29 1§\not involved in feedback
loops with any variables othér than A3, and thue is buffers A3 again t any

changes. A3 is.therefore not expecged to show signiﬁlcant talationships

with any of £he other 160p variables. The multiple regressions éhoweq only
one significant relationshiptbeﬁween.an A3 species and a nutrient variable

(Eunotia arcus and TDP in Kejimkujik Lake). . '

) -

. @ ,
3 The models all-show that in these planktonic foodwebs, varidbles Zb

(Diaptomus spp.), Z10 (Mesocyclops edax), and Z12 (Leptodora kindtii) are

the top carnivorous species, ‘ :
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- . Y. ’
»+ Bzperimental work wag undertaken in situ in ordel to-ancwer the

. - ’ s

. 3 ’

* * - -

+ M *

following questions: - ’ ) ' : - -0
b, v ) . .
llow do plamkton community diversity ond abundance respond to ghort-
- * ) " . s . )
tern shifts 1w pH, cuch as the depressions encountered , during opriag

snow welt or the elevatilons pesvlting from lake limiag?

e
.

‘How does nutrient availability, which interacts with c?}ange;q in pH,

®

affeect community responses? e # .

»

Two years of experimental wcrk were conducted in 1981 (Year 1)’ and
1982 (Year I‘I) to address these quesi.ions. Ihe' first yea'f{‘swwork consisted
.3 * . >y .o
of a prelimiﬂary e*zperiment using; enclovure or I:imnocctmls, i:é- test the -

.

Page 50

gffectd of %id.r:.ficatwn and l*immg on the zooplz{xﬁmkton comn_uni,tyo "Th'e

;n',v. N
. ! ~

e\comd year ] wmk used 1arger evzperimemal encm;an,}res to e*&«m ne ﬁ.he .

effects of ac1dificatiom liming ané nutrient ‘en;‘i’chment on both the,

phytoplankton and zooplankmn communiti es, P T

R N
- » [~

The null hypotheses to be testeﬁ in these cxperdments are: -

" 1

. 1) There are no cignificant ‘differences’ in meany abundances of the

plankton groups among euperimental trégftmeni:sa » ﬁ . < .
2) There ar'e nﬂ"si’gmificant differences ill mean abundances of the.
Y . . )
plankton wroups am(mg aamnhng dates. . - "

'
¥

, 3y There .are no significant dlfﬁefenc@s\ m mean abundances of the

1 - N
. ' -
- 4

" w0

plankton gmups among "samplmg &epths‘ L SV ._ . j S .

£) There' dre .no s:ggnif.,icant interﬁctioqs anong' the above three -

. » -
t R ' f . o

- ‘. ’ v . - - N N ? N

Anaiys*s of Variance wil? be ui'sed Lo partltion variance o the daté

B ' L & '

. amofg the ab@ve factors and to' test for mgnificant effects of éach, ' .

- .
- o~ e v
[N o ¥ N

In- addition i:o pl‘an‘kton abundances, ‘zo'o?pl“ankton efgg ra’tios wete

@ I3
. N ~

measured.‘ The egg rat'io (average number of eggsn per female of a

. . ,l 1

uaoplankton spacies) has been found to be a sensxtive measure of sub@le!;hal

u, - J v b
. + x

s

\

v

1
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3 * . « & b i - N
. stress reculting from’ eiposure to "varlous toxmig mati’,rials in both

N

= D [
labomtory and field mesocasn uy dtems (Reeve et al.f 1977; bﬁs:dxwo et al.,

1977; HoraitmnApostolopoulu, 1979; Urech, 1979)» Egg nroduction also-ils

~e ¥ %

regulated by mvail‘aMe food sapply (Checkl».y,, 1980)9 aid reflects -

0o we

'
.
X " s

‘physlol:oﬂlcal state in relation o strese fnou toxicants in dodes beloy

b . \
“hwse causing mortality (Sullivan and Pilaon, 1983“3., : . -

4 Al »
- 3 - é

Zooplanl;i:on egg ratio values are often tsed Lo calculate auoplankton
prodiction xgtes in cnses where it is possible to distmguish between
Fid ’ - N R

cohorts, No -atteupt uwill be "made, to calm‘ﬂiﬁ:g productién ‘rates from the

‘gr&aaer_{t data. E;gg‘r‘atio vdlues a;e éﬁséd ﬁeéeﬁ aé&g meas‘mre,wi_f otress to‘

compare gpecies ;e:sponée ovéx time 'between  the ’éreatments applieda
.. B s - . . a o
Decreasing egg, ai;io for a paxticuléi species;wis:considere’d ¢o vefiect -
» - 1Y b 2 - -~

increasing phfrsioi;gical‘?tress, e‘i‘.?:hez;‘ as'a-difrect e@:ﬁect of chan‘ging pH,

: .
or through changes in as’soéia‘ced water che;niet;ry variables oz food supply
v - \ . ¥ '

at different pH, levels, 3

The Matlonal Research Council of Canada (NRCC, 1981) ;:eported ﬁ:hét,
"Atmospherg traneport yplé.ys a‘kenyz role in the acidification éhe;z‘lomenon in
Eastern Cabada. , « » xl*lari%,ime tropical ai“r; m;ssea w‘hié'h pu{a“l; sl.owiy
northwagd from i.he Gulf of Mexiao afy):l accumulage‘poﬁ lutzmts from the

heamly industnalized reglons which they tranaverse, contri‘bu!.e a major

portion of the acid;ig pfecip,itatiqn oo Which falls.din Eastém Canada.”
» N ' 8

r

The geographical rélationship of the northeastern Uflited States a{‘td the -
experimental location, Bea&erskln Ldke (Kr.jlmku;}ik Natlnnal Park), is

Al T

represented in Flg. 6 Beaverskin Lake\sis a small (41.8 ha surface area),

‘re1'atimly shallow ( 19 m mean depth), clear oligotmphic lake, It was °

v

chosau for exprsmmental work because of its interme&iam size aud depth

i -

(making it suitable for 1imnocorral installation), relatively high pH (5.4)
7 3 * @
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Nlne enclosures of 6--mi,1 transluce'lt polyethylene vere mstalled in

AT el o - 8
f .

Eeavers in Lc,ke, 4n about 5 me"ters of Water uaar the’ deep’ station, The -

« ~ -
P IS

enélosures were Lﬁbulal:g meter in d ameter, ancho:«:‘ed ‘in the ued ments and,. *

o,( N

i

.
R N
.oy P ) '
" + ¢ '

"-\ supputted at the Crmface i)y atyrofoam float Galv’gnize‘d s’téel i‘ing’é gxlt, o

. . .
' s, L - PR . .

Lh€~ aL rfcace and sedlmgnt kept the tub’es exxpawied and ccment weighfs iv'erer

v - [N S

S ;us&ed f‘or olid amchowngo . Lhe tu‘bes W@re open both to the sedlments ’c‘md

s B FRPRE - . ,.'
.

[

»°, the: ‘i Installaiyi@n was completed in one day tQ insure Fhat cach tube -

; N
. PP . . N B -
[ ,n--. . . l AN 4 ,-» e .

l 1

enclosed a oimllar, represem;ai-,ive waLer column md plankton commumty, .-

L } Three oi‘ the limnoc&xrals were left untreatéd a8, contfo'].s (pF,S 4),
L thmeeu n‘yere graclually acidified i,o~ ‘pH 4.,9 by aadition~of very allute ’
R sulfuric acjl_d» (100:1 14120.1:12504), and t.hree were treated wii,h powclered lime,

. (CaC() ) j.n Qﬁ:der\i.o ral.se pE o about 6 Bnr . o N \
,‘ \‘ r‘j\‘vl ’.*14; \_b»" ) ~_:‘~‘..‘\"« '”'.‘u-‘
b YearII Co R veer U0 T e SRS
- T . . '.'o_ . - ;

T Eight tranﬁlucent plasi.ic enclmsmes, mqo meters in dlameters were .

.t ouppomed hy a Wooden raft ’buoyed up by f*i.yroioam Iloats (E'Lgure 7 a.) ‘The»

. .
- . - f . »

‘ faft‘ was anchorad near the deep -staﬂxtﬂi'om (5‘.(}& met‘ers) The 1ower_ enda of the

“« N
. Do e, 3 . L e , - L

'encﬁioaurag ‘were embedded in: and. open to’ the sedimsents wl_aile \i:he uppe'x*"ends
e, ,were xposed‘ to t:‘he at’mosphem‘(ﬁ‘igume 7 b).. Tén~mil polyethylene bags
. ,ﬁ - * \ o .

3

A
v,

Were uspende/d by a c] amp zmd chain .yE‘»F:QE‘T_l ghatt allowed 1@wéring: and’ fz’tiéing’
t [ < . - '
;. of the enclooures fo compensate fmc water lével fluctuations (Fig,‘..? c)

1 - LI Gt‘ 0
Two eﬂcl‘osure were left nﬂtrec.ted cm:i ue’\ved .88 controls. -Two each

, L‘ * R k4 . L} - - N Q . 4
. . . »
. ’ a N . . . R
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_ .Flgure 7. Tie overall design of the experimental enclosures, Béaverskin
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T . A e ~ S - TN P!
of the remainiag six englos'hre‘é ssprved as peplicates for the three

. X - ) . Cee . -
experimental-treatments. Ten grams of Ca003 syspended in one litre of
. v . - \ N

‘ SupérQ distilled water were added to the Iimed ‘enclosures, one Liter of

<

- ~ -

. ' 00%5% ?12594 to

.

the "adidified Enclosures, and a solugion of 94 ug P as HqPO,

- “ - N

v . . ; . v .- - ]
‘@ dnd 2355 mg N-as NHACl to the nutrients enviched ‘enclobures (these afounts

' i - .

1 . . 1
were calculated”to be equal to ambient N and P amounts id the enclosures, !

/

¢ - ~ -~ - \

- with the samé lii:P ratio as ampient.lake igéter). ALl additions were mized

- -

-+ 7 at the surface in éach of the respective enclosures on,the following dates: -

- —
] N L3

' .. August 12, 18, 27; September 1,710, 16, 26; and October 1, 6, 11, 16,
except for Bep;cam‘ber 186, ':26 and Octobér 1, which' were o}hitted from the.
* autrient addirion séhedule. There were Jo‘t\reatmer{ts from the ciate of

- »

» - PN

<) L Y ‘
installation, July 13, until August 12 thus 3llowing ‘for a conditioming
. roy ‘. ’ N - - 7

’ peribd 'pfiof to expéri‘meht;aI manipulgtion, - . ° - i “

»
s K

N
- . 4
. 4 . _ - . ¥ sy
v 2 A . - - . - .
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IT. Sampling . , S co Bt
N i ’ < 1 ? ! * “ v tos - * ) 14 v - 3
- I X . LI - - Y v + W el PR
., o = - SV YT e . .
a. Year 1 ° . A S ST -
P o7 o cel e, T T P )
-
. Daring the coursé of the elsperlment (August IO - Septembcr 25},

P

e

zoeplankton wére ample& approximately every ten days iu e@ch enclosure :md * .

+ b L
4 -

in the lak‘ . Samplés were taken with-a 32 liternghindleruPatalas ..

‘ ¢ s B - * -

planks;on trap at 2-met:er intervals. ‘l‘emnemture, and oxygen ‘He.re measured

.
v 7 - . .o Te o
- -

“in situ at l—metar intervais with\a‘ YSI Model Sls o:gvygen mete‘«". pH was

~w
N 1 » ‘e

N

A ‘0
.
= < ‘

g a,amples Wex:e collected with a 5-—11tre Van Dam bottle n,ear the uur’mce of

3 N g ,1._ -~

.
- * LR 4 - e - 4

z'mal'yéed ’uéing p%evic;u 1y descnibed methods (seqtion 2.1) R

" Egg ratios wére ca:lculated Eor zooplanktou speeief' ffom. Bamples taken

\ -
L .’

‘,W-ii:h net tows made with a 30 cm._conical- rret of 7(l°m1ct'on mesh size. The

-+ - 'l
L N N

*

.

‘o

determined in the field laboratory with & Radi,ometer TMZ‘? pH meter. Wé.ﬁ,er‘

"

aaeh enclosurc for chemicgl .analy‘sisl All sa\mples were pﬁeserved amd :

.\ net was towed verLlcally from a depth of 4 metens to ihe surface J’:n each <

-~ - \ a . N
. N ' t n . b s »

. en.clgsute on each sgmp}.;ng date. -*The. neL vas_ used 1n order t9 take a

LT IS ’ .., - - . n" -2

" larger sample- g

N
. s P e s

Y

give, reliable egg ratio estimdtes, ’

3

® PR R A . M

) .. « sufficient volume were counted to yie“ld at Jeast 30 ovwemus females ~for

Sub~sémpfeé of+

. - 5 . . . . 4
each of the major zooplankton apecies, v 9, Do
. « a ] ] - P . ’ N - '
. N h P N 4 . P , - Ve
- ‘b. Yea;r II . N oo . " coe PR
i ° 3 * . " N
)
- The enclosures' wefe inst:alied July ,g and expanded’ to full Yolumer July

-
N « ¢ .

- A5, w1th a.gag- powered wate?y pump. The éight enclosures‘ and lake were

-
*, B

. sampled at 'depths of 0, 2, and 4 meteps on se\ren dates: July 23, August 7

Yos

“ and 22, Se‘ptember 6 and 21. and October -6 and 21. Temperatu' oxygen aqd

I?H were determined in the field as for Year I. Chle)rophyll a sampl'es were

proceased using a Mlllipore-QOZ. acenone eu:t::action \and :;ubqequently

»

an - .v -

measured on a Tirner fluefgmeter.. t!?otal angi soluble; reactive phosgh@rus,

~ - ] N M . T, v . -~

]

~r

a &

e b ensure that suff:@c.kent numbers Qf ov%gerous,.fgmalee: -

-v

.
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» and’ ggneral analysis (t»otal alkalmuy; total ;ficlditi}’s color, turbidity,

Sy v g o =
v s ‘\

‘and . canductivity} »Wer’e ‘measured by the Cana&mn Wil&lmfe Service ‘methods

* .

'\,
(Kemkea 1‘57 3) sAmmema was, measuted colorimetrically (Stmc:kland et}? aL.

L -

g 1968),. w;itlf i:he'method modified for use with small volumes.* Silicate,

. - -

\ ‘nltﬁate, and nitmte samples were {rosemn and later emalyzed with a
'i‘ ﬁicon Autoanalyser EI (Stricqun& et al. 1968) (

1 .
v

\

? ~

T Planktun were sampled concurrem.ly witﬁ:samples fur water chemistry

. e 3

- ( ¢81llins~ and Lane, 1984} in the enclosures and in Beaverskin Lake at 0, 2,

and 4 meters. Ph’ytoP,lankton and zooplanki.on were sampled and preserved

- -y T e
¢

‘usiug pf:eviously desx*ribed m&thﬁds (Chapter 2. A ’

>
- . ¥ >
N

- Phytoplankton were ermmx,rated ‘using the Utermohl sedimentatwn

% 4 i ¥

technlque, While erustacean zooplankton and romfers were identifled and

=
¢ 3

',couptgd by; c}i:éseg:bigg pim:oscope in replicate sub-samples of safficient

2

°
a» a

volume Ep inglude several hundréd individdals. Plankton abundances are

* «
. .

. . - )
N rep‘or‘tggi as numbérs per 1fter for phytoplankton, and numbérs per ‘cubic

+

5 meter for, zooplankton. Esg ratms were calculated as descri’oegﬁ for year I,
B I3 ¥ 0 ‘3)
: For all data, treatment xjefplfmates have baen combined and mean values

- f’( )
i i
ca“lgulated*. ST < ’ .

. i - . g 3

x

< + - <

¢
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_III. $tatistical Methods. !

AR -

2 &
£ [. @ ;a'ke enclosure data using the pracedures outlined for nhe 1980-81 £ield
& &) LA L.

,5: *"“ &”ata. (See Appendix D for detafls.)

H

, . To test the hy'pathesis that the. treatments: :applied to th

experlments. The expen}nent was a nestLd design with repeated measurements

a

N a4

s, (samples) made -on epach expt.rimental unit (enclesure);' therefore enclosure

- oM Rad <@

replicate.is nest:ed within enclosure treatment and the tepeated meashres
~ ® L

MANOVA algorithm of SPSS was u‘sed for significance tests, They \epeat‘ed

v B LET)

.

. lﬁeasures procedure fof a nested ANOVA design takes ‘into account that the
n ? EJ v A
enclosures remain consisten.t over date"; that is, that samples\\ from a

< f
‘ @’ o
Ve

*partic:l*r enclosure represent repeated measurements& from that em‘iloswre
=
over tlme, and that the variance is partitioned’ accordingly.ﬁ SQparate

.~ "ANOVAs were Tun for each of g:he“ Jnutrient, and .planktcn%tavxonomle group
- 12 B ° ' Qe @ ), o S
Co. variables. - In each' case, the hypothesis tested wds that m.eap abundanees of

°,
.

the varilable in question were -signific’antly affected by the experimental

/* factors: treatment, depth aud date. The null hypotheses for these tests
. . . .
°.  were as previously stated (Hypothesesm-!;)

o "
» i ’ & /
& . . . a - ¥ ot R L3 [

. \\ Page 68

. Data’ transformations for. normality were done on the 19#32 Beaver‘skin :
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. - B, Results - \‘}
» A _

I. Year I - pH and Zooplapkton ‘ :

The enclosures had little apparenf physical effcct on the*interlor -

T

L éﬁ\ater columns., Tenperature and ouygen profiles within the tubes. were

similar to those in Beaverskin Lake (Iable 8), indieatiag that vertieal

mizing 6f the water columns was not impeded.’ Czygen eoncengratioans im‘alln'
tubes-were slightly lower than in the lake. plI values in the gontrol-
enclosures remained similar to these in the laoke throuvghou: the ezperiment,

— 3

while pﬁ’s in the limed enclosures quickly rose to adar meutraliggﬁa and.

u

" .pH's in the acidified colunns dropped more gmdually to below 5 (Fig.d).

. Alkalinity, which was neasured on two dates, wag low or zere im the
» ] . ,:&
ackdified treatmentsy slightly higher (arcund 0.5 mgfl ac GaGly) in the

»
e k4

<&

w controls, and higher with linming (5.5 mg.;,/}. a0 ,GBCOB). . . .
; Lo Stapding Stocks- ot -/ ] ' )
wq v Thg dominant zooplankton speeies in the enclosures were the calanoid
. R - 8 . 1 .
» ' copé'ped D:{:aptomus minutds and its immatiﬁre 'stages, and the clgd@éé'sans
, Biaphanosoma birgel gnd Eubasmina tub:.cetil. . o ’
' /(Q Total- copepod densitiea (numberu per m3) as mean values taken between
-b‘ ? : trea’ément ;.‘c..pllcates were lower "in all enclosures than in LE;e lake (T‘lg.
& 59) :* This was true frmﬁ the beginning of tl*"xe expeiimé;t, perhaps thmugh
3 a . % I

o

& avoldatice a;of the enclasures byx the relativelyn mob}le ecopepods during. the

QYo

~installation procedure. A gradual dﬁage in populaticms was noted over, !
"y “)

- N N

: tnc_ course of the experimenL ln al;l. t’uhes and t:}:»aa lesser exi,em. in the

s
Y pab 3 4

lakes Witlu.n the, ‘tybes, ac1diflc.&tiqn dnd Lliming bouh ‘pfoduced 3 steeper‘

3

@ ' e
o ¢

decline in’ copepod pc)pulatious than in the eantrols. ¢ Numbers. recovered to

[ A.

A
.

- 2w
80me extent in the acldif:icd“contahm{:é,v emdinjng highez: thm the- eém:mls .

- a P

\& (, W 1
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Table 8. Thysical / Ghemleal data.for Beaverskin Toke enclosures,

¢

(Alkalinlty measured for two datos only).

v

1981,

© Key : B - Beaverskin Lake '

a

A A
¢ - Control .enclosur

A ~ Acidiffed enclosures . . L - Limed enclosures

e85

T

ENCLOSURE
) ' B ¢ A L.
AUBUST 8 :
T l t ¥
Temperature ' 219 21.8 21.8 21.8
oxygem S 98 840 9.2 9.1
PH - l 566 - 557 598 5.8
5 & : .
AUGUST 21 L ) .
Temperature , 21.6 21.6 2.4 . 21.5
Crygen . 7.7 74 7.5 7.3
pﬁ‘ . 3 5.;3 Sels " 5.2 6.5 °
Mkalinity . - 0.56 0.0 845
JGEPTEMBER 11° ' ' Lo
Temperature v 19.0 19.0 19.0 19.0
' B - M N j
Oxygen © 8,4 8.2 8.0 8.2
' pll. ‘ ‘ 5.4 5.6 49 6.9
4 . . “ - 5 A £
SEPTEMBER 26 - ) .
’ P ’ ¢ N ' - <} ¢ J
Qemberaturé- , 16.0 16.0 16.0 16.0. §
Dxygen - ; . 9.6 - 9.3 - 8.9 ‘ 9.4,
¢pH v @ ) : 3 5.3. . 5-6 ’ 5!0 ’ 6¢7
Y ‘o, - . . ¢ o 3 R ) t“’\\
Aolkalinity . - oo Dbl 0.2 545
» « R ] - ¢
‘ AN . \ 1

v
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epulaﬁiane ¢f copepods. ln ghe 1ined
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‘enclostres renained eﬂdéibﬁem 1y lower shan auy otherg. e
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v
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decreasing egg raL10 values over &he exweﬁiaent L .
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Jm beth ‘the couLﬁel aﬂd\aeLdlfied enclosurc’s. _Inathe limed,enclnsuxes,

. 4 ’

‘
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“1“24@8 had high egg ratlos

.
- -

on the frrst £wo ' “dates, wae absent on the thlrd

! o - s g
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3
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Table 9. Zooplankton population and egg ratie data for experimental '

o

: enelosuves., Number per liter (average number of eggs per

A

female). (a) \Amgusﬁz 9, 198'1; . ' -

~

K , SPECLES . ) ENCLOS?JRE~ .
< N . ) d B . N/C : A Lr .é
Bubooniza tubicen " 0.98 429 1.65 1.28
E : (0.88), - (0.43)  (0.54)  (0.84)
Dlaphamosena hirpel ' . 0.84 217 413 8.93
. Co T §0.33) (0.23) .. (0,28) ;@0,56)' .
Epicchura norvdenckioldl malas 0 . .0 ~ 0.0} 0 ,
* Epiochura nordemckleldi Lemales 0 0.05 0.06 0
‘ , (0.6 - (0.0) 2
. Ddapteoouws ninutus males . ) 6.7 3613 L.66 ° 2,06 ’
Diaptonus winutus iema}.é's ' © 5.9 - 4.67 3.57 3.3 .
- ., . T (0.4 {0.06) {0.02) {0.05) .
Dlontonus oregenensis males 0.56 034 + 0 0.10
Dlapteinus oreponensis females 0.28 =0.10 0.21 0.10
. T {0.0) €0.0) (0.0) (0.0)
Diaﬁtiomus@spp‘u CIv-v ' 22,0 . 10.4 14,1 13.9 .
- Diaptomus spp. CI=ITI R X 9.93 3.0 10,4
\ . 1
Y .
Mesocyelops ¢dax males v‘ Q.16 » 0 - 0 -G
. ' ‘ a t . P ® A
Mesqeyelops edax females ¥ 4] 1 .19 0.06 0.10 .
- P / . N0 (0.0) 0.0y . (6.0} .
"Copepod nauplii 8.0 . 15,93 9.8 . 633
. o ’ —v i . N I
Holopedium gibBerum . 0 g -~ 0 . 0.05 &/
v N - . ) ” ' Y N (l.(})nu
o ] ~ . ) , - 'él:'
"Rey: B = Beaverskin Lake ' » & = Acidified enclosures
’ 'C = Control encwlosuresor“ " L= limed Enclos.,u’ras 23

-]
B b ? t . . 8
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- - ! g
_ Table 3. . (b} Avgust 28, 1981. ) R
' . ' s N 8
. . SPECIES ENCLOSURE | o
) “ 3 c. A ¢ L..
Dophnia catpwba 0.3t 0 0 .0
Y - D . ‘ . (0.@5), . . -
Eubbsmina tubicdn. C 0t 101 430 0.02°
. oy ” . e * (1160) . (0525) (Q?lﬂ)‘ ~(0-@)“ M
Diaphanosema bitgel , 2.30 - 4.20. - 3.0 2,23
- i T ©o (0.07)  €0.46) ° (0.13)  (0.28)
Epi schura nordenskioldi males 0 .0 6" o
y ; ¢ 9 . . ’ . , «
Epischura nordenkkioldl females’ 0 . 0.10° 0 . 0
- ' .o (0.0)
1% . < . Ny
Diaptomus ningtus wales vl 2.0 . 036 . ..0.08 0.01
Diapt@mus “mintﬂt 0g females d ' 6!. 1 . - ie lg “0 w‘82 « 0. ?8
9 ! s «’ * : (0&8) (0026) (0070) (0;0),
R L 0 ' -
Diaptomus pregoneusis mag,es_ o 0 g Y . O
plaptomis qregonensis females . ' Q15T _ 0 . 0 -  ‘0.03
: 4 v . (000) o, . (DOO)
. e vy ¥ e B ARl
Diaptcar&pg gop. CIV-V . 30.4 Vo687 4.73 + , 4.13
. o b - ‘ 3
Diaptomus. 8pp. CI~III : . 95 2457 . 2.24 0.B4 °
Mesoeyclops edax males - - 0 0 - Q9 0
) { . - ~ 4 - A ¢ % v
Mdsoeyclops edax females 0 0.1 0.03 , 0.03
" . . , T @30 (0.0, (8.0)
Copepod nauplii 3'.7 0310 0.84 - 0.30
Holopedium gibbSrum a / 0, " oML 005 - 0.02
h . {0.06) | (0.17) - (0.0) 7,
[ ;’ . , ' ‘: v, ! .

-~
~

5 ‘ AT . R
Key: * B = Beaverskin Lake' - < A = Acidified-enclosures -

; ! ¢ i " v, i . ’

¢ C = Control eaclosures . L = Limed éaclosures

Fous . < R 3 -
' Q" ' ? ¢ N ® e v > N 3
P » S ’f
A\l - v



Tilbiq. "9, i“ (cf ..Se,ptémbe} lAS: :'1981; T
. SPECIES ' . t . . - - . [ . ENCLOSURE ° |
- : “ " ; . g\‘ - ‘ B‘: - i C “.-«‘ “ ’ A' ‘ L
-Fubosmind tubicen * .+ /7 4 ' 00 i< 0.36 . 438 0 Qb4 -

‘

‘ e R (0009) La(0a26) 008 T
" piaphanosoma, birgei LT 0W6 .09 2,380 027
e S P 20 70 B (20 63 S ( 28 K7 SR (U O R

N ¢

. .t -0 ' -~ .
<3 . 3 R v

Diaptomps difuts xxiai!.e:s',"‘ v

S0.31 7 0.03 0 -0:08, - 0,02

;' Digptomus mimutus emales . . - - L1 - - 0.9 - 0.69. ., 051 ..
' N o ' ' N ¢ M ‘.s R “ .(O-J})‘ .'.' (0-‘0)~ . . '(Q.Zl) ’ (0’-‘06;) . : ‘.

.Diaptomus -oregonensis males® -, -0 :, - .0 ' .-" 0 ... - 0.

) [ N * ¢ N " . . ‘ o ' . . . »
" Diaptomus ‘oregonensis females " . .46, 0.03 .0 . 0

- R CE O TIN5 # R
"Diaptom@;?s spp. £IV-¥ .. .0 o187 o S ‘_.\;’{.37"':." 0.59 . - _
Diap‘tcn'ms ‘Spp;‘(CI«-'IIijI T : .'-' .,li N ?).-23.: . : 0‘.43- - .’o,‘qg

' . . Mésocyclops edax males - - . 0. T 0 L. O .- 0-
L * . P ; * ' v SN ' N e

* Mdsocyclops edax females . . © ~ 0 L+ 0.04.° " 0,020 0.0% .
T T e T a0y (a7 (2400

h N
o~ . N

L \

-~ (20 . PRI

" “Trdpocyclops prasinus males . . R R T

-
B
o

[ - N . a

s

) SOl 003
S 00) e (3

Trcpe‘cyclops -prasinus females

'

. “Copepod  nauplii. . R T RS 7 A X L

EE " .

. Holopedium gibberun L0 Lt s 0,02 0 .
\ O .02y (033 .. -

Polyphemus pediculus - S 0,05 .oQ - ..
™ . . Lo o - . \/ (0-0),‘, Co .""

Camptocercus rectirostris’ ‘W-- 0 - 0o . 0.08 = 0 T
S DN () 1% ) RSN

'

" Chyddrus sp. - . Lo 0 T, 04200 7, 0401
5 ) . ! .o . ::x : ' (0-081 . (0;0)

¥ . Vi N RN st . .
' L T . . .o . o vt . '
N ! ;. ) . " “ - >

. Eey: ¢ B = Beaveiskin Lake | . 7 e A= Acidified em:los\mes0 S

.
¢

*.C = Contrelienclosures .- L = 1{med enclosures = . -
' V! ! B ' . Y = . " >
LR v
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Table' 9.. (d) September 26, 1981.

1 o

-+ spmorEs

ENCLOSURE

Page 81

)

AR 3
C = Control enclosures

™,
\\ L = Limed enclosures’

. © ) . R : -C A L
'_‘. N . // -—-;’é'ﬁ’-‘ ‘ B ‘,‘ “r
Daphnia catawba . 0 .05 0 0
v ., oL {0.0)

" Eubosmind tubicen S B 4/ 0.7 ,0.55 0.48 "
R (6.200  (0.19) © (0.21)  (0.45)- V%
Disphanosoria birgei ’ 0.31 0.5 1.76 0.3 :

I gp-O) . e(0'27) (0.12) .(0'5) 4
‘ .Epischuia nordenskioldi males - - 0 0 o0 05 ’

" Epischura nordenskioldi.females - . 0 0 0. 0

Diaptomus minutus males. ) 1.8 ;0461 0.1 .28 9 o
- — . .
" Diaptomus minutus females T 2.3 1.72° 0.65 .0.67 d&

4 ¢ . o S0127) ’ (0.12) (0005) (0018) . ' *

.. Diaptcmus oregunen31s males . 0 ’,’0 0 ’ b.18‘
re T @ - i
Diaptomus oregouen31s4fema1es 0 "0 0 0 i
._l_)_j_.g_ptamt;s Spp- CIV-Y 24.3 13.9 4.2 5.78.
o f)iaptbmus spp. € 1-111 e . 0.31 \0.38 ¢ 0216 0.09 ,
- 'Mesocyclops eda}, nales’ . 6 C0.08--c 0 .07,
o 'Mesocyclops edax femalq" ﬁf N\\\*‘ . *0.33 0.08* 0.26

- (0.5) (267, (0.0) /.

- ’ K . - . ' 7 N

A Mesocyclops edax 1mmaturé§ . 0 . 0451 0 0
lTropocycloﬁs prasinus males K 0o - 0 0, 0.01

L7 ¢ - ¢ ’,
" Iropocyclops prasinug females 0 0, 0, 0.12
» ) T . U o 'X ° (0-0)
o A ' ‘ y .
Tropocyclops prasinus immatures 0 . 0 0 0.05
' ’ v W '

. 'i .v v * “ . s

Keyr -, B = Beaverskin Lake A = Acidified enclosures
. . . p ] , e
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Table 9. . (d) . (continped) September 26, 1981. d ’ .
. " iEcIEs, ; o *  ENCLOSURE .
C. ... B. . C T L
-~ 'Gopepod nawplii _ b7 053 045 ¢ 021
, Polyphemus ’pediculus - .- 0 0.10 + 0.05 0
- , (0%0) (0.0}

.; Chydorus sp. . 0

»

; ‘ ~ \ ~ ¥ ’
« ' .Eurycercus Bp. | . 0
[ 1 3 . ’ : “ . !
' .Ophryoxus gracilis - I Il
- "‘ N I £ ) “ N . ) )
. Holopedium gibberum . - «;Q’,
. ‘ 4 . 5
3 ¢ ‘
d ' x ! ter . P
- > v ) * fu oyt
Key: . - B = Beaverskin fake -,

' . . .

. - . oo, N v

. . .
C-= Chpntrol enclosures’ e

0.39 " . 0,43 7 O
{0.02) {0.08) .

0.10 0 L0
6.17)

003 0.2 -0
(1,67)  (0.04)

0.08 0. 0
(0 .DA) O ‘

.

»

A = Acidified enclosures

“L. = Limed enclosures
4 «
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. .-
. . . B .

minutus f:Lrst declinaﬂ and 1ater recovar;_&d to wome extcnt:, A pimilar

'patt@m wks geen- 1n the open lake. . s .

Fud
Ed

Mssocyc.lso;m adax wags virtually qéver Been :Lu the lake’ samples, but did
R e x v
occur in ‘the anclosures in low n bmrs. It showed.the high&st egg ratims
@ /7
on moat dates in the acidified environments. : ’

‘o
Hﬁlop&dium gibbsrum,did not oceur 1n the lake samplﬂs, and wa§ rare in

the, qontrols. With 1iming* it»ehOWed a rapid decline to ZeIro,, while,in the

A

- -

A

'gpidified tubﬁs it appeared only on the second andxthird datas, . ]
:‘&. - ’ ~
’ prard the eud of the egpsriment {the last two dates), any sp&ciez of

‘:ﬁladocera dppear&d iu the control and deidified enclosures. These spacies

.

-(Polyphemu-s, chydorus, Camptocercus Eurycercus, Qphryaxus spp ) .do not

~

< .« - ]

'normally accur in thé open 1ake water~columno and‘ware not seen in the

. . 4 v " . N /‘ ¢ ﬁ '. .
,v., . . N . ~ - " - -

Epischnra nordenskioldi and“-Tropocyclops®prasinus: were rare’and

'éoutrols.

»

A - . 9

LN [

sporadic im their eccutrences ir the samples.
d D - " .
.8 o < . s

-« *
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Y ' ~ .o : .
c. ANOVA ngults : “u et c o
N ‘r . . . 7 I )
Analysis of varianbe was used to test for diffarencat' in mean,
. a AR LY
'abundauces of the plauktnn betweén ‘treatments, * - . o

For the 1981 enclosure experinent, the factors treaﬁmeut and date Jare
-
teated for thg variablaa copepuds ani cladocerans. ‘ The- null hypothesis
)

(Hypotheses 1~4) in each case is that th;‘re 1a nn differen’ca igd mean

abundame of the variable ove.x‘ the, diffarent lgvels oﬁ the fae’tpr tgated,

*

"I‘he alternate hypothesie ‘is that the abundancaé are signifiéantly dffﬁerent

fo;r different factqr levels. A réjection level 6f p NOOS wag uséd in all .

(3

*  cases. The probab‘ility level P represents the probabi}@ty that differences
in' mean valwes of a variable conpared betwean d,:l.fﬁe.remt levels of a factqr

yare the result of random variation‘&lon_é‘ rat:her Flhan the effact& of that

- ®
r - - PrOE RN ] . . .
factor.. . L. - . < .
It ) s . ) '

.For capapod mean abumdancea, the mxll hypothesis was accepted

..

«

(p > .05) foﬁ tha factcr treatment (HypobhesLs D, and was rejected

> LN

(p ( «05) f0r the factot date (Hypothesia ). (Table 10),,, showing that
* 5

copapod abundance was the same among treatméuts, but changed gignificantly

over time, Thqse changes ov‘ef i;ime r&flect the natutal seasonal changes in

-

cqrpepod‘ pupulation 1 vels. . The: interaqtirm Eerm between treatment and date

(Hypothasis 4) had a y/e,ry low prdbability (p = 0.054) but was not quite

significant. This inﬂicates some likelihood th@a ch&nges in copepod

¥

\ .

abuﬂdance over time weg:a ot thé same for each of the treatments, although

, | 4
the ;reatment»s did mot_ by chamelves have a signific&nt effect. Similar
A 7 v » "5, f R } .
results wére fuund for the cladoceréns. Treat»ment was not significant; .

’ “a

Y date was &1gnificanta and- the interaction«terwn had a- 1091 but non~

¢t
-

P .

) significant prob&fbilit‘y. . N o *

» 4 -
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Table 10:° ANGVA Rasults, Etavu:sﬂdn Lake enqlomre exp«rmnt, 1981.,’ :

T ' ST D

F =P statiatiﬁ fm&" Wﬁ . . .
p = significance level for 2 - .
SA‘R.IABLE -~ Copepods / . . - ‘
) ’FAC:I’.‘QR . L i ( ) B . *f AR
Trba‘g:m%nt v i.37 . 0.325.‘, o '
et A e..oo?)' S

Treatment ‘x Date ©T o230 0,084 . '

- [ A
. . T | R )
o - ' . . -
- . ‘ . . . ‘ . \ ' -
, iIARDfo.E - Cladocerans Jo ) . C .. . ‘
FACTOR -t - . P, . .-

_* Treatdent - 2.46 0:166. . -
Date L 5.85 ' 0.002 ‘o

Treatmént x ,Da-te’ * . 2:09 . ) 0Q078‘
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. levels .were always close to saturation values, Solubi® reactive phosphorus

1T, Year - - pH, Nutrients and Planktonic Food webs
s ‘ .
a. Wnter meﬁ‘ . ' . . {

x S
¥

- ‘e 7 .
'I;he vari‘iticms of pH in the eiéht enclosures and in Beaverskin Lake |
& ©. .

.

are represented in Fig, 11. The close agreement of pH values during th'e

/B(:e—treatmenc period glemonstrated that initial cohditj.ons were sinilar in

"all ex_p'erimeutal,enclosures priqr to in.itiation of the experfiment. The pH

in Beaverskilh Lake and the conti:ol ehclosures remained éimilar thyoughout

.

the expe;:iment. In the limed (L) enclosure reglic:m:é;tj the pH in L-1 showéd

J.

a gradual increas but in L-2 pH exhibited an unexplained lag and then a

~ + ’ -9 N
concentration with each a;d/zﬁon of H3P04.' When nut.ri*ex% additipns were

enriched- enclosures decreased ag_a result of an incre?sgd _H+ ion

sharp Increase between Sept’e:nber 21 and October 6., The: pH in the nutrieng—"

v

1

st_oi)p_ed- (Se’pt. 21);)3 rap¥d return to control pH was obsgfved without a

v

subsequent decreasé when nutrient additions were resumed (Oct. 6)s Also, a”

. .
. . . \ -

small «upward trend if pH was observed in the acidification’ enclosures ‘pn

“ [y .

the laist two sampling dates. v - M N

. -

stle 11 is a summary of the most pertinent physical and chemical data

- ~_» "9‘1 ~

hl -

collected in thq.,\experiment. For enclosures, all values a;:e rep,orted FY)

+ the mean of treatment replicates. Neither the lake nor the em-losuras welre

¥ a

«

therpally stratified during. the experimental g,erio& The teﬁperature

-

profilfs in the anclosufes and in the lake were identical on each date, and

o

‘mean values per.daEe ranged from 23°¢ a{{ the Btart of the experiment to

10%C at the end.- A sharp decreage of 6°C was observed between September

- » .

21 and October 6. Silicace was measured ‘but values were near or below the

L
-
-

‘limits -of detection. Qxygen profiles were similar to~each other, and

-

values for most observatiqns‘ were near or below the limit of detection.
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£ F.igia’r;;il. Mean pH in haﬂt:ki:}_l,ake anclosure expeviments, 1982,
- ., EEx ' S
S ¢ ‘ o 0 0 Bl.wc'x:sklin Lake K
. ) . Contt Yol E‘uclosuras , +
| === Acldified En;\lo;ures‘ ’
o L. '. Limed Enclosure;
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table 11f Pyslcal/Chemicsl Data for Mverskin Lsks B

-

-

N “ \

]

.
by
o

; Oxygen

- T pm

E
]

»

e

m.m

,Im\\_u

)

» . v
ot - Solubhe
" otal Boactive

‘RWE ., -

-

m,ammwwm

-~ - - - *
g - ~
, T - , PR
: P
r] A] TR ‘ e
. . !'\* -
BEATRRSEIN * - :
N -

820723
820807
820823
820906
820921. -
821(1)6- -

821021

" 5.5
5.66
5.55 .
5.47°
+
5.43
" 549

51

3,0

21,0 -

18.5

97

5.24

%

43

95

T L2

2.18

%

N
1.49
4,52,
2,68

e

4,85

P

fan

Lo

23 a6

28 501

32 Ll T

,
AP
o

_2.08

2,03 °

7 .;” hd
1.00

100

500
‘_ a
1.02
.-

2.03

&

965

.
.
* 360

500 7,
P

970 526

10.6 %

* 9497

¥

146 .

110"

6,96

" 16.8

. o
| 820723
820607
820822
820906

- 820921
- - 821006

*821021

5.63

'5.59_ <t

5‘46

5.33-
5.456
. -
" 5.44

19.0

18.0

120

10.0

-

10.1

11.0

95

1.1

1.7

© 1.3

1.7" -

2.2

"1.6-

1lm
* 5-3)
4.01
[ 4
A d
6'91 M
2.52.

2,74

(4

&

l"lm '

6.28 "

»

8,90 °

e
v

. .

3

0.0 3.47

(3

132 12

481 2.42 940

L

9.10

170 ¢
104 Y
8850 .

v o

"815
500

v
lrm im

791"

o v -

»

, +552

¢

.

2.3
24,5 -

'10.8

> ¥
16.1

158 7 »

7.04

w500 233

“

v

v
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" ’ Vartical profiles of nutrient and chlorophyll lfgoncan-trations for
3
aelected d&ges are repregdented in Rig. 12. Concentrationa wara quite

uniform over depth.. On September 6, five days after an addition of

* > ) 3 Ta
nutrients, an increase in nitrate + nitrite u:as obgserved in the enriched-:.

L}

enclosures, but phosphoris was quickly utilized and ren’aincd..low.
Chlorophyll a concentration incressed substantially between Augs 7 and Aug.
“~ . a -

y *
>

22, during which time nut:;i'.ent‘ additions began, ‘'he nuttient and

chlorophyll a contentrations in Beaverskin Lake and the controls remained
T

Toom

very "low. By Se,pte;ber 21, nitrogen , remained high ia the nutrient

+

enclosures, but chlorophyll a decreased to control levels, possihly chause
’ v

of phosphorus limitatibn. N/P ratios on ‘these two dates were 190 and 86.5

respectively in the dutrient-—enr:‘.ched enclosures.§ \

NEd

» b, Phytoplankton

v Data compiled for all algal spe.c;les together (Fig. 13) showed one

major (August 22) and one minor .(October %) paak in. abundance for all
4 ) w * * [
treatments and the lake, Comparing treatments, there were differences in
3 - . .

";hagﬁiéudes of total algal abundance. The nutrient-enriched enclosures

) -~ [l
.exhibited the highest populations, while, gcidification reduced algal
3 . M

7z X * - . v .
ab&ridances.g‘e:' Numbess 4n the limed enclosures followed a pattern similar to
o , ' <
rthat of. the controls and the lake community. g

.

Thé cyanophytes, or blue-green algae, were by far the most abundant

algal group (Table 12), and so their pattern amo;w.g treatments was similar

‘td that for the total algal community. A major peak occurred on Aug, 22,

-

and a smaller one ‘Qﬂ Oct. 6 (Fig. 14). Highest abundances wére generally

found in the enriclved enclosures and lowest numbetrs in the acidified ones.

[
» 4

The control and limed populations shotﬂed patterus gimilar to each othgr -

throughmlg: the experiment, whilé numbers of cyanophytes in the lake were

]
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Figure 12, Ve'rtic;ﬁl profiles of chlorophyll a, nitrate +,nicr'1té’, and

"soluble reactive ptiospho'rus‘ (all mg./1,) in Beaverskin Lake - ‘
. . . . " -
! enclosure experiment,’' 1982, - Lo N FEE '
s e . LA o« ~
Kay: . ¢
‘ ——— ‘Bé#averskin Lake ‘ s )
.’ 5 - ) ’ . L | - s M
* » + Control Enciosutes’ f . . ) : ‘

~-~'~ Nutrient Enclosures

s - . - . A '.l ¢ -
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0 B 820822
}' ' ﬁ820996‘~
. 82092i~y_
T a ‘ M821~606., .
L "821@2; '
A
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‘ .n

fable 1“2 .

1952. (Nos. parrLiter— phytoplagktdn, nos., PEL Mﬁa zoopl&nﬁ¥0ﬁ5

J nﬁﬁvané

TRﬁATMENI DATE

ACIDIFIED 820723~

§20807
- go0822)

- 820906

821006;

szxqz;

-

"

BEAVERSKIN 82.07 23

820807

MEAN

} 78800.

- “8xmu'?

‘.u

L)

ckﬂgns

136004.
9940

&

-~

-~

.

;s

22600. _

, 129009.

’3@990.

'72?8005

61709 «

»

Y e

. 87500- »'

18300

Lﬁﬁeooo.

-

67700,

: 3890d.

45000.

75000,

‘

18300. -

LY

‘ 19000,

8750.,

»

99900

N . 14309,

I

7160.

‘%

. - 450000,

$,71800+

-

. * 327000, -

3180,

183p0.‘

"

¢
43970 «

2380,

R0,

6020.

-
2380,

I3

*®

7550, . o
o 9120000.;
- 25008.

-

. i
.
N Ly

»n

B
-

- . 7

7
-

- o v

BLUEGREENS
*6630000.
5990000.

1150000

6080(50

\'.

; 113_0000.
£ - “n

. . 3580Q00:.

4

| 6130000. .

1140000
13600090
11300000.
zgzdod@1

4140000,

1400000.

7290000,

»

.
AT

cnxysovnxmas

4

4370., '

9150.' o

25&00.
. 7950.,'
_.3;30’-; .
g?ooo;f'

Rl

_“ 42500..

- 171008

~55§b;
- 21i00,”
103005
. 95t0:
309..
-, " 38600. .
© 62000, |

224200,

»
-

*
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Table 12. Continued, °

TREATMENT DATE  : 'GREENS
CONTROL 820723 86000
820807.  48500.
“ .. 820822 . 148000.
‘ : gzopo@f’ " 57600.
! 820921 ’ 72200.
82100€i ' 48900.
- \BQIOQIi 145000.
"MEAN  83700.
“~ 4 t »
LIMED 820723 . 15100.
o ézqab7 121000.
L Bavsa hklooooo.
'820906 86300,
S 820921, " 45300.
821609 35600,
N ‘_821621 ' '28200;‘
T 'MEAN  61700.
. . v .
pyTRIEﬁT. 820723 9940.
4 . ©,820807 34600,
L 820822 ' 265000, '
820906  153000.
. "820921 - 89600.
- .,821006 40900,
821021 67200. -
o ' MEAN - 94400:

DIATOMS
4370.

* 11100.
16300. -
15900, --

149000,

y
L .73000.

+117000.

55300.

15500. . " 4320000,

I3

13500.
- 9940, -

L

20600.

PR

/33400

14

-~ 33600, -

-

5170.

+17500.

146000.
~ . 83700.
\

, 18300..

15500.

L. 46400,

4

18300.

. N N "
. 20700% ' 5530000.

38800. -

»

_BLUEGREENS = CHRYSOPHYTES

- k

4

2070000, 2380
. 3680000, . 14700.
12600000. 15900.
3650000, 107000.
‘ ;110609.” " 32000
2630000, 17900,
814000, >“318pb.
3940000, ‘BLQQﬁ;:
57800,
8590000, 8750.
‘17200000, 33400."
2000000, * 61300,
2200000, " 15100%,
. 4300000. , '?59356{
93500. . . 25400, _
37400.
) e
653000,  7550.
- v9740000. 9150,
273099§o. - 17900.
"/ 8540000,  14100.
3020000, . * 24300,
+ 7160000, - . 52500.
1200000, © 65200.
" 27200,

9070000
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Table 12. Continued. ,

.
[ *

TREATMENT DATE  XANTHOPHYTES UNIDENTIFIED /-

AGIPIFIED 820723 2780 36200. b ‘ ,
820807  14700. .  7160. -
v, swea ms00..  wseo.t - o
820906  47700. 6760, 1 ‘ :
. e 820921 44800. “1100. - B |
Y. samos. oo, e/ B
(821021 0700, 27400. C |
HEAN' 26100, - 16100, S
. B‘E;AYERSKI'N 820723 - 1590. 30200. L e
' 820807 7950, 18300. ) ) ) - '
o '-szoaz.z.f'f'loggo._ ,'-30260. Lo
S 82990;3 " 18300) . 31000. ‘ (
- “g20921  9540. ' 55600,
B " s21006.  93900. . ~ 86200. J
. 821021 - 23800. -  38100. ~ S :
. MEAN. 23600, - 41300, oo " . .

~ . \
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., Tal;le 12. .Continued. . v

}' TREATMENT  DATE . KANTHOI;HYTES UNIDENTIFIED ‘

" CONTROL §§o7zé . 33809, - ‘ LY )
820807 19800, ° $760. .

‘: ., 820822 j *95300, 19400, i .

:‘_”.. | . 820906  85200. 10300. : ‘

: ‘. 820921 72800, 1590 - ’

o 821006  30200. 10700. ‘ .

821021 30600. - 7950,

. MEAN - 48300. . 12900,  m—e——l - CTo T,

!

s o

LIMED | 820723 f'§f75;v - 30200, .
s 820807 7550.° " oo, IR
‘ 820822 135§o. © “3%00. |- S
r 820906  24600. 20200.
A{‘ 820921 ~_ 7p00. 20600. ‘ .
' '.821006 °  79400.- ©  71700.
| sz1§z1h " 15900, 16700, ‘
-0 MEAN' 31700, ' 29000. . ' - :
NUTRIENT 820723 2380. 48100.
. 820807 . 11900. °  8750. ¢
. 820822 505000, 15500. - 3
820906 °© 489000 . -10700. . .
| - 820921 149000, 16700, . ' , |
v 821006  99800. ‘sélogk%k‘« ‘ S g
. 821021  34200. gjwii\;;;§9. T
g . A N g .

. MEAN  184000., . 28600. -, B 3 ' :
; - . . . T . . .

A
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Tsble 12. Continued = -° _ -

~

TREATMENT DATE - . CLADOCERANS  CALANOID.  CYCLOPOID ROTIFERS - *
] . : . -

r

. CbPEPODS COPEPODS )
_ ACIDIFIED 820723 2310, ° ¢ 13500. ' 20l. 704.-\( ,
" 820807 3570. -  8100. 150. o790, N !
820822 . 18200. 14000, 1710. 6740 .
820906 29700. © 15500. [ 528, " 1300. ‘ I
820021 11300. T 9910 6(13,3‘. T I
O 821006 6260. - s690. 729, 8750. '
821021 . 4560. 9300 352.5  48300. .
MEAN - 10800. 10800. 610. 13100.
. < ’ . . o S .
BEAVERSKIN 820723°  12800. 86200. 905. 720, o
820807 zoago.‘ . .43800. . n;mo.. 1200.% L.
820822 . 5430, ¢ ¥ 623000 0 2210.
820906 2450, ** 61100, 211, 1900,
B 820921 . 4260:-" ' 50100. 0 12600.
| 821006 - 603. - 3100, 5 . 402, T oams00.
821021 2010. .  46000. - ~--2810. '  57900.

* MEAN . 6880. ' 54400. ° . 849, 14700
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Table 12. Contin
TREATMENT DATE
. » ‘

CONTROL 820723
4520807

820822

. 820906
820921

821006

821021

MEAY

1
A

LIMED 820723"

® 4
820807
820822
820906
820021
~ 821006
821021

MEAN

NUTRIENT . 820723
8%6507
. '820822
" 820906
820921
821006

821021

T MEAN .

" 20200.

32500.

21900.

6010.

14400.

- 8950.

2460,

';2660.

8600.
9660
2050.
5280.

7100,

9660.
1550.
'8650.
12900.
15000.
1810.
1250.

"7280.

+

-

CALANOID

/ COPEPODS

~ 51300,

4250,

28900,
2160.
1110..
1150.

4940.,
&

13400. ,

29000.
s ¥

.~ '13600.

-

»

" 38000.
23800.
14800.

v
- #960. -
7390,
19100.
31900
5130,
11600.

" 6640,
8350.

| 6790,
20700.

13000.

ROTIFERS

CYCLOPOID
COPEPODS -
502. 352.
" 368. 2620.,,
5640, 26300,
6330. 11900.
6120, . 854,
4520. 13400,
1110. 24000.
3510, 11300.
0 §750.
402, 4780.
407, ¢ 1300.
01, & 101004
150, ~ ‘ 2560. 2
150.0 - 27700."
150. . 15800.
208, 10100.
301. 4720, "
201. 2560. °
1710, 9250.
2310. 17400.,
3110. 15600.
150. 18600, ~
100. 91100.
1120. 22700.

2

v

4

e
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“ T‘abla 12. Continued ' L 3 O A )
TREATMENT DATE INSECT coﬁzpop ° ARACENIDS
. ©pARvAE g MAUPLII L - _ A
ACIDIFIED 820723 ~ - 0 Dﬁ}m ST .
. ~ = .
© o Jss07  C0 43, o -
. e |
820822 0 8150. 0 .
'820906 ) o“f/ 4120, .0
820921 -+, '0 "m0, 0
) v 821006 , 0 5350. 0 ‘ \ *
821021 0 13000. 0 L "
© MEAN Job o 100, "o
BFAVERSKIN 820723 ' 58500+, 0
820807 -0 2810, o T
820822 = 0 w20, 0 ' L .
820906 o . 6080. "o
820921 o: 4580. 0
821006 ° o, 5230, | 603, ' ‘
‘ 821021 0 14000. . 0O R L -
MEAN 0 13600. 86 L

.
. v
LI \
- . - .
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Table 12. Continded. - L . A i S . Page 103
TREATMENT DAJE. ~ .’ INSECT +- ‘CpPEBOD  ° AEAC}{N113§*
' . . LaRvAt - l:i,fi - : ;'. e C
- - , ,
. CONTROL 82:0723 0 ‘ 34:41:)0. -h;i . | o‘ L .
.~ 820807 50. T 1760, . 0 - ) (
. ' 820822 0 139@b.: 0’ ’
. : {;520;'.: i 0 )
2080. -° * 0 ' 5 )
821006 -~ ‘0 2960. ‘0 ‘
- 821021 0 1670. . 0 )
MEAN 15. " 640" o - - L
. N . . » - “,‘ . s
pIMED 820723 . 0. , 70200, o -~ Tt
+ ..82087 < 0 2510, o o
N - 820822 0 5830.7 - o . -
\> 820906 _ O 6640. " o -
" “g2002f o smo. ) ‘o
ot 821006 T 0 .4 5560, 0 -
. 821021 0" . o -
MEAN .+ O " 14400, ° K .
‘ L
NUTRIENT 8~20'723$ ' o 49000. .0 g
8\29807 v« 0 7 2910, 0 .
820822 o.* 5930. ‘ 0 )
- 820906 # 0 8800. o - T
’ ‘ 1A . - . 4
L. 820921 c 0 . 5630, 0 C
. 821006 o 4620, 0
: 821021 “o .. 10m0. "0 ‘
“ . ’ .
MEAN 0 12480, - 0
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Eigq‘re l4. Cyandphyte abfindance (nos./liter) in Beaverskin Lake:
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4

t
-

generally slightly higher than in these enclosures. . Cyanophyte populations

-

at the end of the experiment were similar in all locatioms. ’

The dominant gyanophyte sﬁecie.s was .Agmenelium thermale (Appendix F), .

a very small (2 micron diameter) colonial species‘whiéh forfm’g small mats of

’ v

cells. This species was most abundant in the eﬁr-iche.d‘ enclosufes, and

leg8t numerous with acidification. The otHer relatively abundant

. ’

cyanophyte, Chroococcus digspersus, was also numerous with nutrient’

addition, however, the lowest mean levels for this specles .were noted’ in

the controls, This. species was not reduced by acidification in the sdme

-

way as Agmenellum thermale. *

¥ ¥
v

W .

¥

Levels of chloroplfytes, or green algae, were very gimilar in the’

. &
enriched-enclosures and in Beaverskin Lake (Table 12), showing a single

‘peak’ on Aug. 22. Populations i’n the acidified and limed tubes' -were
~ M L}
variable over the experimental period, but a trend emerged of increasing

numbers in:the acidified enclosures and decreasing numbers in the limed

enclosyres ovér time (Fig,15). Numbers of chldropﬁytes in’ the controls were

¢

mpre variable, with two abundance peaks occurring on Aug., 22 and Oct. 21.

o -

-"The domidant chlom')phyte, Schroederia 'Betigeré, ‘qhowed its .highes't

mean "abundances over the course of the éexperiment 1n Beaverskin Lake,

w

“although variation was quite high, and this species was not present on all
dates (Appendix.F). Lowxs:at9 mean abundance for this species was seen in the
enrichec_l environments, The-pattern for §. setigera differs from the overall

pattern for chlorophytes. The other dominant chlorophytes, Ulothrix

4

variabilis and Gloeocystis malor were most abundant in the enriched t

"

ubes,

dnd showed their, second highest levels in the controls. Mougeotia sp., a
filamentous .chlorophyte, showed relatively high abundances only in “the

acidified enclosures; apparently it was enhanced by the decrease in pH. It
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Figure 15. Chlorophyte abundance (nos./1 e r) in Beaverskitn ‘Lake, 4 L

¢

L

¥ —— .
enclosures, 1982, . o
" ; * °
Key: .
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. (Fig. 16). Diatoms did &nibit blooms in the enclosures, haowever, with the

) /4 . ‘ " page: 109

b » . " . ' -
T N

was a miegr constituent of the Chlorophyta in the onher environments, ,

’

The chryspphytes-have been divided into ;wo groups -~ the diatoms, and

other non*diatom chrysophytes (Table 12) Populations of diatums were very

L Y

low in Beaverskin Lake throughout the experiment, with’no evident’ pedks

5

e 4
‘e

exceptian of the 1imediones. The highest Ievels occurred.in the aeidified N
o=

enclosures, on Oct. 6, while peaks of intermediate sixgwyccurred in the

control‘and enriched enclosures on Sept. 71 and Sept. 6nrespect1ve1y. By'
the end of the experiment; populations of diatoms returned to low levels’

. . * ~' - « x - N
esimilar to those in the lake, with the exception "of the control,

_— N

populations, which remained relatively’ abundant. *, .’ L :‘-

s

Two of the %&minant diatom species were Tﬁbellaria fenastrata and I.
e

flocculosa (Appendix F). Both thege species,were %ess abundant,in the lake ‘}
than in any enclosures; howevef} thega congeneric speédgs éespénded to the- 1
égeatmeﬁts in markedly differént¥fashions. Tlfenestrata was mote than-ten.
times as abundant in the acidifiedven;ironments as in any others,*while T.

flocculosa was most, numerous: with enrichment. Synedra pulchella, the othera

1 v #

. -
dominant diatom, did best’ tn\i?e cuntrols, and was also abundant in the

3

» . * ' )
acddified tubes. ST - : . R

ad )

The non—diatom chrysophyte~spe?ies were not abundant in any of the

A -
tubes, nor in th \Ifké (Qable 12). PopulatLon patterns during the
experimental period were similar in all locatlons,” with peaks occurring in

.

the controls and limed enclosures on Sept. 6 (Fig. 17). MNumbers tended to

increase in all environmente toward the end of the experiment,’ -

¥

Dinobryon bavaricum and Mallomonas caudata were the most abundant non-

]
¢ - .

diatbp éhrysophyte species (Appendix F). Highest levels of D. bavaricum

occurted in the control and limed enclosures, while M. caudata was mosat

aiun&ant in tﬁe enriphed’and limed environnents:

-~ . i !
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Figure 17. Non~diatom chrysophyte abundance (nos./liter) in Beaverskin Lake

o+ enclosures, 1982.
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t

Xanthophytes, the yellow-green algae, showed one extremely high bloom -

in the enriched enclosures on Aug. 22 and Sept. 6 (Table 12), with minor

[

peaks occurring in late August in the con;:ro_*ls and early October in the

-

lake gnd in the limed enclosures (Fig. 18).
~ -

< The’ dominant xanthophyte, Chlorochromonas minuta, was very abundant. in
-

[

. the enriched- enclosures, although its numbers began to decline towards the

end of the experimental period (Appendix F). Numbers in .these enclosures

u )
- .

were between five and nine times higher than in the other environments.
-

N L . N i

- C Zooplankton ' S
1. 'St;'n}ding Stocks
Total rotife;: densities were higher in the enriched enclosures than in
‘the others, with -a. sharp increasa in abundance at the end vof the
.expe‘ri'mental 'perioéf (Fig. 19). ‘Rotif’e~r densities shovaied a t_‘_endency to
inc‘rease over time in the other environments as well, but not to such high
. g levels, Rotifer populations .were similar to eac'h ogher in" all other

environments, with slightly higher levels, occurring in the control

enclosures (Table i2)-. Tt ,

a/te;

v “The doéminant rotifer gspeciles in all, environments was Conochilus

unicornis-(Appendix F). Thils species accounted for the majority of the

dramatic increase in rotifer numbers q.n the enrichied tubes at the end of

October. The other abundant rotifer, Keratella cochlearis, also tended to

-

increase 1in all environments toward the end of the experiment, especially

hudsonii, was relatively abundant 4in the enriched eAncl'osur'es in early

~ _ September, at about the mid—point of the experiment. This specles was only

a minor component of the rotifer communities in the other tubes.
$

o R .

N

.
" N .

. in the enriched tubes and in.the lake. A.third rotifer species, Ploesoma.

* -

k)



Figure 18, Xanthophyte abundance (nos./liter) in Beaverskin Lake
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Beaverskin Lake

3

.
>

AN

Control“Engiosures

.

Acidified Enclosures

Limed Enclosures
4
Nutrient Enclosures

f -
- \
, N
o P
«
.
¥
o
1
, .
‘., '{
Yo
N
. ..
- .
P
, .
&
N
.
e
n
k)
” .
« v

R g

L}

Page 115

e

SR SRR

-



Page 116

g0l X 7 /0u) wucov::nd. uoyyuojdojhyy

L

. ﬁ..lnll/— .
. ©
| o
. — O
/7
A . _
Jp— ﬁ : .
— - ~ . o
- . 'S T
B : \ / IG,S
m. -
—— — — R /, -.- zxgb
[n'%ol-' r7
—~, . m-
a0 2>
) 03
| 1 | i - T ~ ~ : .
Q o o o g 1
5 ? B S e |
0 T S S S
(



Figure 19. Rotifer abundance (nos./meter3) in Beaverskin Lake

«

enclosqtes, 1982.
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Total cladoceran pobulations peaked at different times during the
experiments in the varfous'environqgnts (Téﬁle izy. Folléwing an early
peak, numbers in the lake declined to levels below those in the enclosures.
-Numbers beakea in mid— and late September respectively in the acidified and
c;ntrol tubes, and to a lesser ;xteht in the enriched tubes.L‘Comparing
within the ‘enclosures, cladoceraq numbers ;ere lower on most dates in tée

[

limed enclosures than in the others (Fig. 20). Populations*in all

-+ _ environments at the end of the '‘experiment were similar to each other.

The domingﬁt cladoceran species ‘were Eubosmina tubicen and Chydorus

SPp. ‘Apbendix . . E. tubicen exhibited its highest levels in the

s

, of pH. 1Its lowest abundances occurred in tHe controls. 1In contrast,

Chydorus sp. was most abundant in the controls, th intermediate levels in

<

the‘eﬁriched enclosures and lowest numbers in Beaverskin Lake. .

Calanoid copepods were less abundant in all enclosures than in the

- . n

“ .

. lake (Table 12, Fig. 21). Within the enclosures, numbers yere higher on
. most dates in the limed set, althohgh an increase was noted at the end of
* 3

the experiment in the enriched treatment.

The dominant calanoid, Diaptomus minutus, was least numerous in the

acidified environments, and mqét‘numerous in the limed enclosures (except

+

that numbers were highest overall in the lake) (Appendix F). Although this

is an acid tolerxant specles, these results suggest that it benefits from

-

* .

increased pH.

Cyclopoid copepods were much less abundant than calanoids (Table 12).,

; Numbers were highest in the control.enclosures, and wére also relatively

»

. D
high in the enriched set,during the middle of the experiment (Fig. 22).

il

Comparing within the enclosures, liming resulted in reduced populations of

cyclopoids on most dates. Numbers were lowest tn two dates in the open

aciéified and -1imed tubes, being apparently able |to tolerate both extremes _

Beihopta



- . - -

"

*  TFigure 20. Cladoceran abwndance (nos./meter>) in”Beaverskin Lake

enclosures, 1982. .

T ——— Beagerskin Lake , -
—— . Control Enclosures
'. * * * Acidified Enclogures "o
- Limed Enclosures '

e o — Nutrient Enclosures

7 - 3
. .
<
S © R
-
.
_ -
.
- .
3
»
. >
' B
~ .
.
B " 3
.
.
[ -
t a
‘
. L]
.
“
h '
v
? -
.
N . .
~
. ’
- . @
| . *

Page 120




page 121

4

T
o
"

~

N

A
N

18

15 -

12 -




2.

4

Figure Z1. Calanold copepod abundance

~

enclosures, 1982.
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lake. sy * N - " L * B .
P t ¥ « & “

w Id I

Numbers of nauplii, the firgt life—cycle stage for copepods, werd

» . remarkably similar in 411 enclosires on all datés (Fig. 235, Abundances

PN - -

.'started very‘high\in all environments at-the initiation of thé eiperiment
r RS . A

(Appendix F), and mapialj ﬂeclined-to loNen,levels which\pemained
’ v t « v

. i
A .

< .o - ‘

experiment., < . . ,
N v ~ L] . » ’ - . - .
oo " 2. Egg Ratlos - T ., T . C.
e “ . N o . N - ~ - N
. N As-for Year I, egg ratio wvalues are presented as-average number of

. eggs‘pef female for" each species (Appendix ). . -
. \- « . RN
Chydorus sp. was. quite rate in the 'pelagic.samples from Beaverskin
———-—-——-———'-

“ "
-

M . Ieke, hut was more cOmmon 1n the enclosures. It wad most, abundant in the
4 ~ . & . ; - S -
; . controls, where its egg ratio values at.first declined and later -recovered

e

‘
n/ . . .. - ~ \ R [ « N
| ' - somewhat,. c. PR . : N .

|

. : Eubosmine tubicen shoned the highest population levels in the

. N
. N * , '

: enriched tubes. prest populations and ratios occurred in the lake and the

. - .

., ’ _controls. Ratios were variable in all. environmen;s but tended to/be’
N N : o /
highest,toward the endaoﬁ_the’expéniment.*‘ i Coe s

x - 5
&

‘Diaphenosoma birgei tended to decline in both population ‘and_egg ratio

{

oL, velues through the experiment in all environmenfs. Only in’the limed
. “ N . ' . “' . ¢
. .- enclosures were any eggs seen by Ihe end of the experiment. < . .

LT ) Daphnia catawba was more "‘abundant 1in year 2 than in the first‘years
A N <.
o . experiient. JIts ‘largest populations occurred in Beaverskin Lake, but the

. - ot . 4 9 - . N 4
largest egg ratio values weré seen in the nutrient enriched enclosures.
g . . ¥ * - v ‘

L . ﬁolopedium gibberum‘wag rare Or absent in all environments in year 2,

* . v “ . N

. X .. in contrast to year 1. .

’ \
- : ¢ (S v '
" -
« 14 -

o 7 . by . . . )

~ s > — - N - 4 - - .
relatively constant in all treatments gnd in the lake for the rest of the_
¢ 3 . *

L3

acidified enclosures, but had its highest egg ratio values in the nutrient

.
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- - '_ Figure 23. Copepod nauplii abundance (nos./meterB) in Bedverskin Lake
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" ]

As in year ., a nnmbﬁr of cladoceran species which do not normally
occur in the open water were foufid in the enclosures. .As" in the previous

year, these speciles occurred most often in the acidified enclosures. Many
7 ¥

a1

of them also appeared in-the enriched enclosures, ) -

A o

Tne dominant copépod, Diaptomus minutus, was least abundant and showed‘

its 1owest egg ratio values (zero on many dates)*in the control enclosures
. A N + F

as compared with the other .environments. In the ‘acidified enclosures, egg

ratfo values for D.. minntne at“first increased and- Tater declined.

r

The population showed a peak which lagged behind the egg ratio peak. D.

minutus egg ratio values in the.llmed encloeures showed a peak later in'the

experiment. Ratiods for. D. minutus in the lake and in the erriched

’ . . . < - ~ LI - 7"

enclosures were low, bug relattvely constant throughout the experiment,

- -

-

+ " Epischura. nordehskiaf&f was'rare and quite spgraéic in the enclosures
: L S ]

<
[l

and the lake, and no’ eggs were noted . . . "y

« - &

Cyclopoid copepods were most abundant in " the control enclosures, ard

»
k] - -~

_rare elsewhere. Mesocyclops e&ax had high egg ratio values in the controls

-

¥

on many dates, but had disappeared by the end of the experiment.‘

. - v - -
t e . A )
o

n. ANOVA Results, 1982, = - s T ’

v -

For the 1982 enclosure experiment, significance tests were donme for

the following factorg: treatment depth date, and the ppssible interaction

* ¥

terms. The null hypotheses«(l-é) were the same as previously described.

Thé depéndant variables examined 1nc1uded pH, chlorophyll %. and the major
L -
zooplankton and phytoplankton, taxonomic groups. Preliminary ANOYA s

o ., N .o

investigations suggested that for many variables, theplake'was

£

. significantly different from the enclosures. For this reason, in order to

' obtaim a more’ sensltive test fqr differences between enclosure treatments,

- - e PRPEEN

the open lake samples are not included in the fdllpwing ANOVAs.. -, -, ot

[ < - . - N »
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~ .
For pH, the factors treatment and date'(Hypotheses 1 and 2) were both
significant (p < .05), as might be expected (Table 13), which confirms Ehet
pH was significantly altered by the additions of acid anq lime to the

different enclosures, and 'that the pH varied significantly over time. The

interaction between treatment and date (Hypothesis 4) was also highly

®

significant. . . S N
r‘ w . -

Chlefophylllg levels were not significantly different among treatments
(Hypothesis 1), but did change significantly over time (Hypothesis 2).

Depth was also a significant factor (Hypothesis 3), indicating that

- +

\ chlorophyll a was not homogeneously distributed in the enclosures even

r

though no thermal stratification occurred, Nome of the.interaction terms
among f@ctors (Hypothesis 4) were significant{ ‘ T

-A11 the algal variebles (chlorophytes, diatgoms, non-diatom
chrysophytes, xanthoéﬁyteb and' cyanophytes) showed significant responses to

the date factor (Hyﬁothesis 2): that is, their abundances changed

-

significantly over time. None of the other.factors was significant for the

algal groups with these two’ exceptions' the non—diatom chrysophytes showed

N

a significant interaction between treatment and depth and the cyanophytes

responded sigrificantly to the trqptmeqts (Hypgthesie 1)« The cyanophytes

were the only algéi group to be s&gnificantly affected by the experimental
" [
) manipglaf;pns imposed.

- . : N - 1

- -
s . » -

. Aﬁong the zpbplankton groubsx a common pattern emerged of significant

a

responses to the factors depth, date, and the interaction between depth and

<

date (Hypotheses 2-4), These results shggest a combine}NQ:;of pOpulaiioh

changes'ovef,time, alang with behavioural preferences for certain. depths

in the enélgsures. None of the zaoplankton groups was significantly

>

“ .

affected by the Ere&tments (Hypothesis 1), although for copepod nauplii the

interaction for. treatment, 'date and‘hepéh'was significdpt‘(Hypothesis'4).

o
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&

Table 13. ANOVA Results, Beaverskin fake enclosure experiment, 1982.
F = F statistic for ANOVA ‘

p = significance level for F _

'VARIABLE - pH Chlorophyll a
FACTOR . <« F  p . F p
Treatment 14,05 0,014 1,15 ¢ 0.431 &
Dep;:h S 3.88 . 0.066 5.37  ° 70.033
‘rreétment x Depth 0.63 01.703 2,67 0.100"
pate ~ 7.4 . 0000 &727  0.005

. Treatment x Date - 7.7 0.000  ° 197, - 0.171
Date x Depth 0.98  0.477 ©1.46 04171
Treatment x Date-x Depth 1.38‘ h ~ 0.149 ‘ : 0.95, . 0.556 )

‘;ARIABLE S - . : .‘Ch]:c.);:obhytes ) " Diatoms

FACTOR ¥ p. R
- Treatment _ SRR 8 0.427° - 0.30 .  0.825
? _Depth . 0.35 : 0713 0.07 0.930
) ‘ Tr‘el.atn‘nent x*Depth -~ - 0.19. 0.917 . 6’.45. .0.830-
"_Dat:e - ‘ ,' . 469 ' 0.003 : 5.51 0.001
'rfe;e;ngnt x Date | 1.72. ° 0,106 " 15'8 0,147,
Date ?:“Dep;:h -1.03 . 0.439 . - 0.84 '0".611
Treatment x Da;te x Deptgf " 1.34 0.171 . 1.15 0,318

3 - : '
\ . ( | .

m&&%"pﬁ [Tl BN
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Table 13. (continued)

e
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VARIABLE - Non-diatom chrysophytes Xanthophytes
FACTOR F P F P
Treatmént 1.44 0.355 1,15 0.431
Depth 0.63 0.559 3,12 0.100
TreXtment x Depth - 4a20 0.033 3.14 0.069
"Date 3.09 0.022 ﬁ 4.12 0.006
Treatment x Date 0.81 0.674 ° 0.67 ( _ 0.811

" Date x Depth " 0.63  0.806 1,23 0.293
Treatment x Date x Depth’  1.07 “0.410 . 0.84 0.704

. :

VARIAﬁLE - Cyanophytes Cladocerans

) FACTOR n F P F P’
Treatmentn ‘ 15.6 0.011 0.54 0.678
‘Depth' o 3.43 0.084 ~ “29.4 0.000
Tregtment x l;epth 0.40 0.859 0.92 0.525
Date’ 161 0.0 7.96 0.000
Treatment x Date ‘0.89 0.596 . 1.19 0.343
Date .x Depth ’ 1.89 0.060 ) 4.13 0.000
Treatment x Date x Depth  1.06 0.424 0.78 0.783

-

P
1 W £ N R B
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-Table 13. (continued) l ‘ e

VARIABLE - Calanoid copepods’ Cyclopoid copepods
FACTOR F p F p
Treatment , 1.22 0.412 . 3.77. 0¢l16
Depth : 6.90 0.018 - 20.7 0.001
Treatment x Depth ] 2.09 0.166 * 1.24 - 0.378
Date . 4,71 0.003 “ T.4h "0.000
Treatment x Di;tte + h 0.97 ° - 0..';14' ' 1.27 0.286
pate x Depth 6.10 0.000 245 0.014
Treatment x Date x Depth = 0.92 0.595 _ 1.21 0.262

. | g .
VARTABLE - ° ‘ . Copepod nadplii ¥ Rotifers . '
" FACTOR ‘ F < p . F. P
Treatment : 1.98 0.259 0.5 0.682
Depth 11.9 *  0.004 4,37 . 0.052
. Treatment x Depth 6.80 0.594 0.72  0.647 °

Date 4.3 0.000 7.63- 0.000
Treatment x Date 1.62 0.133 1.47 0.185
Date x Depth 8,57 0.000 2,44 0.014
Treatment x Date x Depth 2;03‘ 0.011 0.78 " 0.785

)

PR e MR e Ry Aty
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¢

C. Discussion “ .

I. Year T g ‘ l - '

While preliminary in nature, cunsistigg of‘é feasibility study for the
larger scale 1nvestiga£ions in 1982, the 19Bi enclosuré‘experiments in .
Beaverskin Lake suggest some interéééi%g conclu;ioﬁsL,

The‘coﬁepod data showed that ﬁopulétions were lower in the limed

:

enclosures, %uggesting that of the two treatments applied, liming

represented the greater stress to the copepods.
Some of the cladoceran species which occurred in the enclosures were
i ' ot
1ittoral/benth;é species not normally seen'in the pelggip“zone, suggesting

that these individuals were using the enclosure walls as substrates and
were at léast occasionally getting from this habitat into the upper wétgf

!

column, The fresence of these cladecerans would help to explain the higher

numbets %n'the’coﬂtéiners as compared with the open water of the lake. The

Cladocera showed the same overall ﬁétt@rn‘of'aecliﬂe in“the'limed

» *

enciosufes as did the copepods. . L

While the zooplankton were ré¥ati?eiy unaffected by the addi%#ohal

acidification imposed, they were apParentl& adversely affected by-a degree

of limingﬂsufficfent to restore a near neutral pH'value.‘iLiming of acid

.
&

" lakes is becoming common management strategy both in North America and in

_Eugoﬁe, usually with the goal of .restoring conditions .conducive to

Y

‘regeneration ofvfiéh stocks inhacidifieﬂ lakes and river systems (Rosseland.
. and Skdéheim, 1984; White et al., 1984; S;hrieber and Rago, 1984). Fish

" populations are, of sourse, ultimately debendant on eiéher_primér§

>

producfign or, in”the caselﬁﬁ colored, humic, lédkes, on detritus as the food

source for the lake ecosystem, The zooplankton constitute one. of the most
P "" ., .va '] ¢ ’ N . ’ . " .
Ty » ! ° “'~ ‘ ' * . N ) . l “ . -

4
. N »
3 R R . . ¢ TR ) s e
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- ihpoftant pathways for energy flow from primary producers to the higher
trophic levels. If liming should prove detrimental to the zooplankton,
then little would ﬁe gained by creating conditions in which figh may
reproduce, 1if their food source is.substantially reduced by the management~
techniqué which creates those conditions, The study lakes in Keji&kujik
National Park have been acidic a long time because of the influence of acid
bog drainage (Kejimkujik and(Pebblelogg§tch Lakes),;combined with their
poor buffering caﬁacity (particulérly.Beaverskin Lake). This process has
likely been accentuated by the relatively reéent increase in'acid
deposition. The Kejimkujik Park study lakes all have falrly dtverse and
abuﬂdant phytoﬁlanktontagd zooplankton assemblages, Indicating f%%g“these
communities can to some gxtent adapt over time to at least some degre¢ of
acidity. When this occurs, as‘in Beaverskin Lake, liming can appa;entlf

act as a detrimental stress to the zooplankton community, at least on;a

e

short—~term basis: The results from the.acidified enclﬁsureé in 1981

suggest that, having previpusly adapted over time to acidic conditioms, tpe
BN . ; . £ .
zooplankton of Beaverskin Lake were talerant of a moderate degree of

5

increased acidification.

P

B B . B -
i * s ' areiins
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- the sediments or of nutrient uptake by the periphyton growing on the

o ,

' - \

I11. Year II n . o . [ o’ N
In 1982, larger enclosures wereaised ta.test for platikton community

. ~ - .
. responses to”alterations of pH and nutrient availability. An overall goal

h 4 "

was to elucidate causal pathways at the food web level, pH was manipulated
. N : “ .

and subsequent physical and chemical effects were examined. Similar

nutrient trends over time werg observad in the controls, liﬁed, and
. ¢ . ‘ \

LT acidified enclosﬁres. A trend of uniformity at the nutriemt level does not

ﬂecessarily imply that the other trophic'lquls indirectly tied to the

i) > 2 .3
.

pérturbétion will be as consistent. The nutrient-enriched @nclosures
o
Glearly showed incredses in nitrogen, phosphorus, and chlorephyll a.
. . MR} {. ]:
'HighhﬂlP ratios (nitrate + nitrite + ammonia/8oluble reactive

phosphorus) suggest that phosphorus limitation was occurring in the take
" : 0

_ahd most enclosures. Even in the nutrient-enriched enclosurés, after the

a

‘addition of both nitrogen and phosphorus, higher N/P raflos occurred, '

suggéstiug rapid utilization of phospporué. In all enclosﬁres, but to a B
. . L i*
lesser extert’ in the nutrient enriched ones, total phosphorus decreased as

7

the experiment'proceeded. . This decrease was either a result of expoit to

1

" enclosure walls, In Beaverskin, Lake, natural nutrient recycling seemed to
. . . .
. D
“prevent & similar pattern of nutrient depletion. Chlé;ophyll é_values were

‘ variable, with thé highest values in the nutrient-enriched_  enclosures.

, 2

L

. ) . ..
Schindler and Wagemann (1980) reviewed the sources of buffering

available"in. a fresh water system other thpn dissq}ved bicarbonate.
) Appafeptly some type of "auxiliary buffering"” was acting on the acidified

s . . 'y .
enclosures, A possible explanation could have been disturbance of the
sediments during sampling, which may have released bicarbonate into the

water column, Another plausible explanatién,!ight be a blological enclosure



——

=g

«

N R

%
o St

-
SRR s 2 I ARG b o

%

fES = rurreEEYe ertpem te

= . e e e g R e Y e i o et e Yo 5

‘. .
o
il +

effect. At low alkalinities the amount of f:;ee 002 woulfd be low
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(Beavarskin < 1.0 mg €aco, /l), however, as pH decreased, the free CO?“ ’

would increase. Towards the end of the experiment thé periphyton On the .

wal}s of the ,enclosures increased markedly, particularly in the enriched

not be readily’ returned t:o the water column. This lowering Qf C02

E}

concentration would result in an increase -in pH values, - ‘This. could explain

the‘observed‘se in pH in the nutrient—-anr:{ched enclosures after~ additions '

Y -
- e

¢

—containers, and co, taken up during photasynthesis of ttrese plam:s would”

" had been stopped, and the preventibn ef pH decreases eviwhen ‘the addition_

of H3P04 was resumed. Tn the case of the acidified en losuz'es, althcmgh‘

Y

+ . . ' ’ )
'H,S0, was still bei.ng added' towards t end of ehe experiment, renoval of

- €0, by the periphyton on the walls.of these tubes may hava puehed the pH

upwards slightly. Apparently more acid vgould be reqpired to couuter ‘spome

of these non-blcarbonate types of buffering, ) ; ’ ‘

- o Coe 5 ‘ - & .
Although‘ the analyais of variance ehowed few statis’tically nignificant

responses of the algal and zoc:planktozi groupa to the creatments, some

»

interesting patterns did emerge. The cmly sfgnificant response ‘yag shown

>

by the blue-greén algae, which increased with nutrient enrichment and

5

deereaaed with acidification. :rhe green algae and diatome both increased.

| with acidificationland/de,creased' with ~1iﬁing. The xanthophytes bloomed
. o ¥

with nutrient additiom -

Acidificatian has ofl:en been reported to lead to a dominance of the

o1
]

phytoylankton by Pgrrophyta (dinoflagellates) (Almer at al., 1978 Yan #nd
Y

Stokes, 1978' Stokea, 1986 Hendry, 1980) ‘I’he moat common genua reportea

in such studies. has been Peridinium. Pyrr'o‘phytee‘ are quite* rare. 'in

Beaverskin Lake, and their frequency or, abundance did .not increase in the '

&

’cidified enclosures.. Green algae have bee.n reported as dominant in gome

5 LI

o or
2

| v o . e N . . R D e

- acid lakes '{Crisman et al,, 198Q), which‘is in accordance with the ;lncrease K

B

¢

{

i Aapel

& g

F ol g e e
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4

- noted in chlornphyta in the acidified enclosures of Beaverskin take. A

*, A ¢

o similar pattern was also noted during the.experimental acidification of
Lake 223 (Schindler and Thrner, 1982), when chrysophyceans were . gradually

replaced in importance by chlorophytes. Dominance‘hy blue~greens in acidic

M

- .. conditions has been repdrted 1n acid humic lakes by Hnltberg and’ Andersson

LR ot Ay "

(1982)._ In the Kkjimkujik Park study 1akes, blue~greens were rare in the

humic lakes (Kejimkujik and Rebbleloggitch), and were found to decrease \

.o with acidification in, the Beaverskin Lake enclosures. -Hendry et al. (1982}

~

! <o noted reductions in’ cyahophyte diversity in acid lakes in New York state.
- ) Many previous studies (Conroy et alu 1976; Kwiatkawski and Roff 1976,

ﬂultherg and.Andersson, 1982;~Charles, 1982) haye noted reduetions in.
' * PN 4‘ ’ ,‘ * ! ¥ . . ~ ’ ! ‘. .\ . AR J ’

diaton diversity. or abundance Gat ‘reduéed pil. In the présent experimental

stud&l however, Qiatoms wére found to increase with acidification hn@‘“'
decrease with liming.’. x S Lo
) . o . R -
Contradictory observations concerning the~effects of'lake acidity on

plankton communlties are- common, and causal relationships in aquetic
ecosystems ‘are often’ poorly understood HLS.'Environmental Protection

'~ Agency, 1983). 1In an. effort to delineate causal pathways and examine
'changesxin community structure in’ the experimental enclosures, 1oop v
-+ \
analysis_was used to construet foodweh models for each of the egperimental

treatments and Beaverskin Lake (Appendix E, Figure 5) ) e

4 L w

-

Thé models all have in cOmmon three nutrient and four algal*variables,,
(Appendix E, Figure 5). Algal variable 3 1is rarely used as a food resource -

by the zooplankton. The bluegreen algae are grazed on by one zooplankton

-t

group, and are the only algae which utilize the ammonia (NH) nutrient
; variable. Detritus and the rotifer variables ferm a sub-sbstem appended.to .

l » the rest of the community. Three zooplankton variables act as top

AR ‘. ¢
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H

:nutrient and algai variables.\

. ‘are all one-way. -

. primarily depend in‘the model,

ipnutrient additions,

. any of the-taxonomic groups.

- enclosure studiée,l

Canivores in’these spstems, and ate always seif—damped:

The community core network for the acidified environmente had the

i t v

fewest 1inks, the 1owest connectanee, and was the least stable system (Lane

and Blouin, 1984) 1 The . acidified network “had the 1owest degree of‘~

. )1r \'(‘

similarity to the Beaverskin Lake netWork of ‘any of . the experimental o

»

’

eystems. ’: N :

Liming altered ‘the natpre of, many of the interactions between the

'

The iinks'frdm the NP Veriable to the algae
. ST o S U PR . T
NP has no’ positive effect on any algal variable, meaning

_that changes in,NP will not affect the phytoplankton directly. Links to

I< 4

the detritus variable D have been increased, suggesting that detritusl

-assumes greater importance in the limed systems, perhaps ae a result of

' reductions in the algal community. ‘: R 2

Nutrient enrichment results inwtwo—way flows between most nutrient and

%

algal variables, meaning that changes in nutrients can be passed along

- to higher trophic 1evels., NUtrient enrichment in the enclosnngs produced i

increases Ain the cyanophytes and xanthophytes at, the phytoplankton level."

In both cases, ‘the increase took the form'of a large bloom followed by a
decline. - The 1°E,Jﬁbdel for the enriched community shows that th blue-

gteens'ete linhed directly to NH, ammonia, ‘the nutrient on-whic they.

The blueegreen hloom is coincident with a
sharp peak 1n ammonia concentration in late’ August, following initiation of

illustrating the direct effect of the NH-BG

relationship. ’

v

For the zooplankton, acidification did not cause _any majdr changes in

This confirms the findings of the Yeat I
that ,the’ 200p1ankton of Beaverskin Lake are appdrently
adapted to the present 1ev§ls of acidity and able to tolerate the degree of

s
-

e o A okt e (S

N
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additional acie atreseiimﬁosed.

i

- In’many instaneea;‘the dominant, zooplankton specles of-Beanerskin Lake

hY
5

and the enclosures have been reported elsewhere as acid~tolerant,and common

~

) 1in acldic conditions. Keratella cochlearis, the dominant rotifer,’has been

found in acid lakes in Sweden (Almer et al.,1978 Hulberg and Andersaon,

3

1982). Bosminids are common in acid conditions, including the dominant

A . " R : 'n\ ¢ . ) R Page“140

“»

cladoceran in the enclosures, Eubosmina tubicen (Roff and Kwiatkowski,~

1977) Daphniids, which are‘rare in all three Kejimkujik Park study lakes;
are commonly found  to bhe less tolerant of acidic conditions than other

eladocerans (Sprules 1975) ' ) . o . .

-

‘The most abundant calanoid copepod in the Beaverskin Lake’ enclosures,
\ -
Diaptomua minutus and the most abundant cyclopnid copepod, Mesocyclops

edax, have both been noted as acid tolerant in Ontario lakes (Roff and‘

Kwiatkowski, 1977) and in_the nontheastern U S.. (Confer et al., 1983).

Liming of the enclosures pesulted in-reduction of the rotifers and

"ﬁv

cyclopoid copepods, and 1ack of abundance peaks in the cladocera which°wete
noted in other enclosures. Only the calanoid copepods increased with,
1iming, although not by a great amount and not on all dates. Apparently

[y

liming repreSented a greater stress to many of the zooplankters than did

adé!tional acidification- Reduetion of . zooplankton by 1iming has been

reviously reported for 1akes of: low pH (4. 2 45) (Shieder and Dillon,
1976; Dillon et et al., 1979), although liming of a lake of more intermediate
pH (5.7) resulted in little change in the zooplankton (Yan et aln 1977).
Increases in zooplankton populations are often reported following liming in

I

Sweden (Eriksson et. al., 1983' Hasgelrot and Hultberg, 1984).

. Nutrient enrichment resulted indirectly in abundance peaks in most )

‘zooplankton groups -~ for cyclopold copepods in the middle of the



S

1
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experimenf{‘and for, calanoid copepods and rotgfers at the end of the

. experiment. Lack of a positive effect on cladocerans may result frém‘the

- . e -

. . fact that cladocerans are subject t¢ predation by the copepods. Thus,

~ r PR Y

I _ ihcreases 'in nutrientd are pdssed along the foodweb to higher trophic
levels with only the higher piedafors'evidently showing population
increases. . Effects on intermediate trophlc levels would presumably be -

- expresséd in terms of increased growth and turnover rates. The rotifer
‘. groups dre preyed upon in the model only by fmmature Epischura,

¢ nordenskioldi, which were quite rare in the enclosures. Predation pressure

L

was presumably ﬁight, allowing rotifer.populations to increase, Increases

-

. . in rotifers following nutrient additions to enclosures in an acid lake, were

LI

also doted by Decésté et al. (1983), They'found'greatly increasedz

L M 3. . s N

pogulations of Keratella toward the end of a two“month enclosure

; fertilization” experiment, a resultjﬁ}itg‘simirar to the pattern noted here
, . ] . i NN . B .

LN

. "for rotifers. In addition, -they noted increases in the cladocerans

! . i + -
-

. ‘ {(Bosmina and Diaphanosoma), which were not. seen in the présent stud&.

» .

p . In summary, aciﬁificgtidp seemed to affect aspects of commudity
. . 2 ] - N N

» A
structﬁre, :% seen in the loop analysis models, but didinot produce

. { - <
B widespread changes in pf%nkton populations. Liming resulted reductions
.o . _in many plankton groups and ‘an increased impertance’ of dgtritus.in

i ’ ) cdhﬁuﬂify trophic relationships, Nutrient enrichment led to ingreases in
AN : + v « *

'3 . cydnophytes and the'carnivofous'qobplanktpn groups of the upper trophic

N -

"levels. P ) -

. . . . - . .
hd -
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-To‘pfovide a more general approach- to the huestion of plankton

©

community patterns in relation to pH and associated water chemistry
Ed . a

variablés, larger ‘numbers of lakes representing a. broad range nf'acidity'

-~

levels must ba examined, This has.nqt previously. been done in Nova Scotia,

which has 1akes ranging from naturally atidic which have been subject to'°

humin bog drainage for some t{me, to 1ake& which rétain- buffering capduity

and near-neutral pH. _This biogeographtc study will aﬁdress the folloqing—

. > . f -
. . . .
\ . N * f

géneraL_qqéstlon:
What are the larger-scale (Biogéographical)‘patterns of -
i <u Léké plankton cédmuniti cdmpb@ition and abundance in

relation to pH and the range of other physical and chemical = ° -
s U -
characteristics of lakes.in Nova Scotia, and what may be

» )

- 'concludad from such spatial patterns concerning long-term

. ¢

adaptation,of plankton communities to a range of pH levels? .

Speciftc questions to be answered will be: What are the physical and

chemical factors*which are most influential in determining the composition

»

of lake ﬁlanktoh communities?; what are the patterns of distribution of the

) major plankton groups 1n” relation to pH and water chemistry?; and how does

plankton community composition compare between a variety of lakes?. Answers
to these questions-may be found by -use of simple grapﬁical 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 .

P "

of physical-chemical variabLés and to compare'commnnif§ similhrity among a

% N N

set of lakes.

Page 143

G

a T .

.



-

" twice. Afdditional morphometric and éhemi“cal data for these-lakes may be -

) * - » “
‘ » o “ -k ’ v
£ * * + v s,
. P . . , Page 14

- : A. Methods =~ °*

- -

'T. Study -Lakes _ ",

Nl

s

-On the basis of previously dvailable physical and chemical data,

twenty lakes gére selected from across Nova Scotia to provide 4 range of pH
“ - -

Y
&

condit_h{n§ for é‘&tuc‘iy. Ten lakes were: located in Kejimkujik NationalkPark,

v 5

ingluding theighree ortginal study lakes; five were located in Cape Breton

Highland‘; N1tiona1 Park;, four.were located in thd Halifax-Sackville .area;
and one was qituatpd near Am‘herst (Fig. 24). The lakes range in dépth from

2 to 30 meters, and i;n pH value from around 3.5 to 7.6 (Tabie»i_l&). Most

lakes were sampled 'fi\;e times;'(at approximately six week ifitervals)-from

‘May—Novemb‘er 1983, four lakes were s-ampled on *four occasdons (those. in tffe -

. Halifax-Sackville area), and one_lake (Layton’s Lake, Amherst) was sampled

Y
1 -

4

" found in Kerekes (1975 a,bj 1983), Kerekes et al. (1981, .1984), Howell and

Kerekés_(‘1982), Clifi’orcL (1984), and MAPC (1972)." Lake numbers (1-20)

- assigned ih'Fig. 24 are ' used in subsequent ‘tables and .figures for

1 e N

A -

identification .purposes. . -

The lakes of Kejimkujik National Park are located in the $outh;arn

-

Upland Interior.geological reéion of Nova Scotia (Rolgnd, 1982). Figures, .

.24 (A,B,C,D) show the relationships of lake basins to underlying bedrock.’

. M -

Keji‘mkujik, Grafton and McGinty Lakes lie on a sandatone:shale cotgglotpera{:re
bedrock originating in tl—xe late Devonian/early Carboniferous period (370
million years‘ago). .Big Dam East and Big Dam West Lakes occur north of
Rejimkujik Lake on a border,’between the above bedrack and a shale~limestone

!

area originating 500 million yeargg ago in the Cambrian period. The other

Kejimkujik Park lakes (Pebbleloggitch, Beaverskin, Peskawa, Mountain and .

Puzzle) are on or near ‘the border of a Carboniferous-Devonian era (350-400

million year old) granite/diorite bedrock and a Cambrian era (500 milﬁon -
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Figure 24, Twenty study takes for plankton biogéography, Nova Scotia, 1983,
. - - - :

Basin locations and bedrock geology are indicated.

D RE?im&ujik Nhtional,Pargz Ay Latitude Longitude
. 1. Blg Dam Eagt.Lake ) T . 44937 | 65016’ o
2. Big Dam West Lake - 44°27° 650177
3. Kejimkujik La“ke ’ e 44023 65°15”
“ %, Grdfton Lake 44%23° 65°11”
" 5. McGinty Lake - - R L 65°10~
l 6. Puzzle Lake - . : 44°19° 65°14"
7. Mountain Lake ° - " 4020 65016" )
i 8:'Beave§s£}n&pake T 44°18 ) 65°2p' -
i 9, Pebb\leioggit::h Lake S 44°18- 65°21~
10. Peskawa Lake T w1y 65°22° '
oL Halifax—Sa;kville Area: . (C) ‘ _ ‘
. (11, Kearney Lake ‘ - Woar 64
Cfe g, pittle Springfielei Take .0 - 44%48° 63%45”
" 13. Drain Lake., . . . 40487 . | 63%45”
14, Lacey Mill Lake _“ . 469517 6399”7

Amherst Area: (Bi

"= "15. Layton"s Lake 45°48- 65°15~

)

« Cape Breton-Highlands National Park: (D)

. 16, Freshwater Lake s - 46939~ 60°24~
: 17. Cann’s’ Lake Q . 46%40  60°26” .
/ 18. Warren Lake ) . 46430 1 600247
19. French Lak;a 46°44” ' 60°52" ",
.+20. Presquile Lake . 46°41° 60°57~

f



A A}
» . - - Pa 3 e 1 4 b
M P N s . , . T " -
R . .
. 5 . .,' : - b
) N 0. -
. * . Cape Breton |
. \ Highiands Nar{
‘ Pork
»~ ’ PrY -
* ' /
S . e ’ 5 2
- ,’ B -
- s B . . q .
. . Afnherst -
. \ . 15 , -
. - L . A - - .- -~ .
> . e " Y . C, ,A - . . b
s - . Holdax ¢4 - !
A N *
. 4 Ke| imAk'unk( L~ cort ) -
T . e . LA g Gionat . -
N 4 Park : . .
§ 2 s p
. 4 cEAY
. o, . 0
. ANT‘C -
N , ATL v’/
. " “ SANE
- .. - 1SLAND
. ? ' N A W BEReees
- . , SCALE .- .
- . £\ v - .
- u : A
. . * - ¥ . .
. * KEY : Bedrock Type
, : ~ Granitic .
" . 1’(;: _ Goldenville A
T 4 @ ™ grarefGreywacke
) . A ;{5&3; _ Halifax -
. t 3 2 Slate/Schist
di - Pictou
R i Ly Sandstone
) Windsor .
- Sandstone/Limestone
) Riversdale
N : MR Sandstone
. oe . .
N : '
. A ¢~ Gneiss/Scist., .
’ ¢ 8~ Granitic
. ¢ =~ Metamorphic Slate
. X o - Dioritic
: € - Windsor . i .
v . Sandstone/Linestone
» 3 . “




/\ - - - Page ‘147
Table 14. Physical and chemical data.for 20 biogeographic‘study lakes.

(Mean values over dates and depths).

‘Lake =~ ~PH Alk TP SRP TN TDN Doc . ST

1) Big Dam East 5.2 - 0.7 - 12.8 - 0.2  .128 .010 3.4 1,44

..~ .2) Big'Dam West: 5.0 0.3 1l4.6 1.0 .162 010 1l.  1.96°

-8) Beaverskin 5.4 0.3 26.2 1. 100" ﬂo1o: 2,0 . 0.36
17) Canns 6.2 2.2 8.84 0. .16l .00 3.7 1.;0’
13) Drain . 42 0.0 38.5 1.3 280 030 1.5 1.45
19) French © 5.5, L1 9.97 0.8 .156 018 5.9. 0.89
16) Freshwater 6.8 12.. 8.06 0.5 .10 .022 2.4 L.62
4) Grafton . . 5.9 1.3 165 1.3 .02 012 4.2  0.78

11) Kearney - 6.1 13 164 1.0 .24 127 3.3 2.55
3) Rejimkujik 50 0.3 140 1.3 0 .077 .013 6.5 2.18
14) Lacey Midl 46 0.0 15.5 . 0i0 .078. .00 2.7 1.33
15y faytons 'iri, ayz.ﬁ 8. 457 2. 23357 .200 47 0.85
5) MeGlnty 6.2 3.4 214 0 L175 L0100 7.9 2.32
7) Mountain 4.9 0.1 148 -1.0 -+ .01 0L 29 1.6

9) -Pebbleloggitch 4.4 0.0  25.4 0.4  .146 .010 9.6 _1.56°

10) Peskawa 48 0.1 - 229 5.1 116 .012 6.3 2.20
20) Presqu-ile’ . 7.6  52. . 14.7 0.6. ..161 _.010 3.3  1.84
{" 6) PUZZIE 5.2 0.0 ) 16‘01 0|6 0106 0010 . 3.2 0.32

-12) Ltl.Springfield 3.5 0.0 10.4 0,6  .100 .037 1.7  1.90

18) Warren - 5.7 1.6 9.09 " 0.1 133 L0157 7.7 - 2,94

o shvte b bing- wlee 34 B
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Table I4. -Conmtinued.

P v’ - . -

. L&k-.eA - . Al zgnax’ '. z' ‘~ [frea ’ .'
1)-Big Dam East - 094 ha2v, 232 45.5 71649 1, 7.00 )
. 2) Big Dam West'  -.268 -9.5  2.47 105.,° 16,1 ~'108.
oL .."".“'1',‘- N
8) Bu;§Erskiﬁ~ © 0337 637 2197 395 16,5 4.00
17) Canns © - 06 94270 2,00 -10.4 - 13,5  6.67
N . - . L - Vo SN i A .

13)‘nrain IR .543 “éfo ,b d.éi' 1623 13.8 10,8 R
19) Frehich S e 2.0 104 70 108 433 S
16) Freshwater . 023 16,  6.50 42.2 2.4 4,33
o a)]'rgfton U 067 - 9.0- 2.8 20. 162 3.7
‘ 11) géagney ' :.{zs_ 26.,  9.17  63.9 9.9 5.42.
3) Rejimkujll © 162 19, 435" 24400 15,9 80.3 . -

14) Lacey Mi1l .36 5.4 L5 16.0. 12.5 3,75-

I3 R
.. $
15) .Laytons _ C w102 1. 0 2.1 "L.3 0 13.8.0 6.25
" 5) McGinty | 090 4.0  1.39 44 15.1° 79.0
'7) Mountatn - 082 14 4.26 136,  14.6 . 9.50

! ~ ¥

. 9)*éebbleloggitch 212 2.5 1.42 33.4 162 118.

10) Peskawa . .218 9.0 . 3.16 388, 15.5 64.0
,/%O) Presqu’ile 037 3.0, 2,10 4.4 13.8 - 5.0

6) Puzzle  -° ~ W04h 6.1 2.7 . 337 16,5 17,0
12) Ltl.Springfisld 3.62 7.0 4.0 .'13.7 134 3.75 -

18) Warren ©.233 31, 15.9 89.8 9.6 74T
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’ &ear old) shele~1{mestone bedrock southwest of Kejlmkujik Lake. The lakes

o

 promote the formation of peat bogs, whose accumulation of“organic acids

‘ carbonate buffering capacity. .

: of the Halifax area (Kearney, Little Springfield prain and Tacey Mill) are
‘ {?**

s{%oated in the Southern Ubland Coastal geological region on a border zone

ﬂbeﬂheen sandstone shale conglomerate bedrock (Devonian/Carboniferous, 370

L +

million _years: ol&) and Shale-limestone bedrock (Cambrian,“SOO million years

S

old) ; Cape Breton Nationé& Park “s in the Northern Plateau geological

&

,' region of bea Scotia. Freshwater, Canns and Warren Lakes are located on

L

-t

Jarboﬁiferous era (350 million year 0ld) granite/diorite bedrock-

Freshwater Lake is .4n the coast, while Cannvs and Warren Lakes are at

higher altitudes én the plateau.' French Lake is near the maximum altitude

.““_q:ea of the plateao, in an aree of gneilssyschist bedrock of the Helikian

g . .
period (900 million~years old)' Presdu’ile Lake 1s a coastal lake pn’ an
early Carboniferous (360 million.year old) sandstone-shale conglomeréfe

bedrock Layton s Lake, near Amherst in: northern Nova Scotia, ig in a’

sandstone-shale—coal fprmation of the late Carboniferous period (300

. million years old). Thus, a variety qﬁ bedrock types is represented in the

udrainage'basins of the study lakes, providing a range of basic water

- chemistry and buffering cqpaeity_characieristics. Those lakes which gre

'natnrallyracioie.tend'to lie on poorly drained bedrock with pobr buffering

-

capacity_(gtanific, dioritic, shale). Poor drainage and lack of buffering

proviae acid drainage to adjacent lake basinsa Those lakes in areas of

-,

sandstone limestone bedrock receive runoff of- higher pH and retain

.
o e sper ﬁw«aﬂmw
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II. Sampling Methods

A

a4y Physie#]l and Chemical Factors

»

Many of. the lakes afe sﬁallow and are well-mixed throughout: ﬁost .ot"

\

the year, Hetice, water samples for chemical analysis were taken at the

surface (0.5-1,0" meters) ini spring an& fall for shallow, unstratified

B} lakea.' Deeper lakes were sampled at three depths (surface, intermediate :

depth,\md near-bobtom) aon all dates. For thase'shal_low lakes which did

not stratiify in the summér wmonths, water sampling continued at the surface ’

1

Temperature and oxygen were 'measured. in situ at ;hree depths on each
»

sampling trip as previously degcribed (Section 3.A.II). One 1iter of water

e

was collected at each depth sampled for‘nutrient and general analysis, and

500 ml. for metals analysis, using a 2-.111:er Van Dorn bottla., Between 200-"

500 mi replicate éainples- from the.surface were filtered 0/9\.‘45 micron
. . N . " .

Millepore filters ‘for chlorophyll a and p}:aeophytin anélysis (these

4 A ~

samples were not taken on the first sampling date in May). Genera.l analysis

" (pH, conductivity, turbidity, color), chlorophyll and phaeophytin analyses

were performed uging stanﬁard CWS methods. Major ions and’ metals were

analysed by the Canada Center for Inland Wagets }a"b&ratory in Moncton, New '

N I3
- L
»

I‘Sr.unswick. . _ ‘ L ) } .
b,k.Phytoplankton and Zoop}ankto‘n i . '
Phytoplaﬁkton and zooplanicton were sampled at three dept!?s 1n all,

lakes on all dates using a water bottle and Schimdlér-Patalas trap,

¥
reniectively, as previously described (Section 2.1&). ~All sampling was

conducted at the deep station of each 1ake.. .Réplica’té-sub-—samples were

exanined for phytoplankton anp zooplankwn enumeration using methods

previously deséribed (Section 2.A). -

. .
L} i N

[y

!

i

e

.,
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\rm//*\values”from the mean, and all of this variance is initially unexplained.‘~

T

'\“
¢

*

r

more than one predictor Yariable enters tdeeregression equation. Eor'»

l III. Statisticel Analyses

<)
‘In order to ansWer the questione posed concerning patterns of

relationship between plankton variahles and physica1~chemical factors,'

7 i

*

pairwise correletions, regressions, multiple and stepwise mnltiple

.regressions were conducted on the various physical-chemical variables and

: \

MINITAB was used for these qpalyses, MINITAB BCreens data for multiple

regressions and autOmaticalIy rejects predictor variables which are

¢ v

strongly correlated, or- which do not vary sufficiently to ‘e useful as

* ’

predictors. The coefficient of determination» 2*is also presented.for

each regression. R2 is the proportion of unexplained variation in the

T a mean and an assoclated variance produced by departure of each of the -

) N

'

1n 1inear regression, a ling representing the regression equation is

R produced.‘or least gquares regression, the equation selected minimizes

- /

,plankton taxonomic groups, dVer the twenty lakes. All data were 1og~-

)transformed for normality as previously described.’ The statistical package .

‘dependent variable accounted for by the regression. A random variable has

“l

the Sum of the squares of the departuree of the da@a points from the .

regression line. Thus, there ie a residual variance produced by the

L] .

" s

will be less than the variance: about ‘the mean of the dependent variable :

-

(unless the elupe of the equation is zero) Thus, the unexplained Variance

I -

in ‘the dependent variable has been reduced (or explained) by. some factor

’

(Rz) as a result of performing the’ regression analyéis. R2 is equal to the

correlation between the observed and, predicted values of‘the dependent

|
€

variable. The situation is analagOue for multiple regression except that

1
[

" 4 Fl

\

) deperture of_ each of the values from the regteesion line, and this varianee’

.

2
v

<Ay

Ky

Mg et 4’



_- done uﬁjné standardised data, with Euclidean distance and single—linkage

Page 153

ﬁultiple regressions, Rz should be adjﬁsted for degieés of freedom of the

+

'nregression, since the adﬂition of predictor variables can 1ncrease R2 even.

“1f rhe added variables are of .no real predictiva valﬁe.

. ~

Cluster analysis of the twenty lakes was conducted on the basis of

«

taxonomic group sums, using the BMDP statistical package. Clustering was

i

'amélgamhtion. Separate cluster dendrograms were generated uéing

v 4

'phytoplankton and zooplankton data. I

-

*Data plots were generated using the MINITAB package. T-tests of

v

differences bECWeen means were also done using HINITAB.
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B. Results e -

.

&

I. Lake Chemistry

The selected_ lakes represer}ted,a broad range of the 1{mnologicai‘

cond{.tions faund in Nova Scot:fa. :rhe lake‘s of Kejimkujik National Park
(Fig. 24, 1~ 1()} were representative of the many t:ypes of inland waters of
Nova Scotia, ranging from highly colored, acid humic waters to clear lakes

of higher pH (Table 14). All Kejimkujik Park lakes were relatively

undisturbed: The lakes of the Ha\ifabx-—Sa{EIu'rille area ('Fig."zl;' I1-1%) have

" besén subject to wvarying degrees »and types of watershed development and

&~

showed extremes of pH, ‘ranging frem ﬁghly &cidic Little Springfield Lake

(pH 3.6) to Kearney Lake (pH-6.2). Little Springfield Lake has beep .

N N ¥
influenced by construction in its drainage basin, exposing pyrite type

concentrations (3.6 ppm). The Little Springfield Lake outflow 1eads

directly to Drain Lake, which receives an 1npue of raw\ sewage effluent \'grom

a nearby’ trailer park. Drain Lake had higher pH values (niean"==4.2'), much

higher'phoe;phogus and nitrogen levels than Little Springfield Lake, and a -

lower, concentration of aluminum. Layton™s Lake, near Amherst (Fig.24, 15),
v .

is a meromictic, alkaline lake with high nutrient levels. This coastal

' o

lake was strongly 1nfluenced by historical fluxes of seawater from the Bay

4

of Fundy. The lakes of Cape Braton Highlgnds‘ National Park (Fig. 215, 16-”

20) ranged from coastal, near-neutral Freshwater and Presquile Lakes.to’

more acidic lakes at higher altitudes in the highlands., The tweanty lakes

. # , 4
as a group ranged in depth from 2 to 31 meters,- and in area from 4.4 to,
N t N a

24,400 hectares, with cerresponding variations in complexity of basin -’

®

morphometry. . ' -

Alkalinity and aluminum both showed strongly curvilinear relationships

to pH (Fig. 25 a,b). The transformed (Logm{x+1)) data are plotted hera

I §

‘

-

v

bedrock and leading to highly acidic drainage and extremely high aluminum ;

LS

*

.
el
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TI. l.ake Plankton-Water Chemistry Relationships .

"Highest total =zooplankton numbers were noted in Lcyton’a Lake, nhile
highest algal poyulations were found in Beaverskin Lake (consisting mainly
" of the small cyanophyte (__g_menellum thermale) noted dreviously for this

g
~lake), (Tahle 15) Total cell volume for Beaverskin l‘jake was moderate

compared with the overall data set, while Drain Lake and Laytons Lake had = .
\very high alg 1 cell volumes. Laytons Lake was therefore highly ‘
productive 1n terqps of the standing ecrop of the phytoplankton community.
Drain- Lake did not ex bit. high zooplankto/numberq, suggesting either that
much of the algal hio\ 88 was in’ sﬁtc‘f’s -unsuitable as food sources, or
that conditions \)f 1ow\tNd high aluminum" restricted zooplankton

populations in this lake. T e high algal cell volumes of ’Drain and

Laytons Lakes were reflected by high chlorophyll a and phaeophytin levels.

«

Relatively kigh cell volume and photosynthetic piglfént values were also
* noted for Ppe,e_«qu"ile and McGinty Lakes. Both of these lakes had high pH

levels. Thus, Drain Lake was an anomaly with abundant, “producti"ve

1
~

phytoplankton at 'very low pH valué. o o

b
)

, Phytoplanktdn cell volume" and chlorophyll a‘*evels were both

positively related to phytoplan%n a‘bundanc.e, although the relationships

were not strong (Fig. 26 a,b). These plots exclude Beaverskin Lake, whose
N ” e e . L0 . )

unique population of "extremely abunde;nt, smal_l eyanophytt:.s made® this lake

b

an- extreme outlier in these relationships. Betveen-ﬂlake d‘ifferences in
&

algal species composition partially obscured the cell\\dlume abundance

ES

relatlonsh’ip. The relationehip was somewhat strong‘er.ufor chloropyll a and
algal abundance (1{ =O 54). The relationship of chlorophyll a to

phytoplankton cell volume _was quite strong (Fig. 27 a, lﬁ.so,gtl), Thij/
l

suggests that a unit of phytoplankton cell volume COnt)ains a predictable

amount of chlorophyll a, betause the cell volume was able to explain 842 of

'

‘u
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Table 15, Total zooplankton (no./ma) ‘and algal (no./1) abundances, algal

cell volume (mm?/1), chlorophyll a and phaeophytin (mg/1).

Lake

Zooplankton  Algae 20{11:V01.' Chlor.a Phaeo,
1), Big Dam East 74500 - 1630000  ,1.55 0.77 0.89
2) Big Dam West 103000 1200000 _1.50 1.39 2.18
8) Beaverskin 215000 27400000 1.30 1.01 0.93
17) Canns- 117000 1490000, 2.13 0.60 .  0.92
13) .Drain 133000 5060000 15.5 10.3 ., 9.36 )
19} French 96600 589000 1,48 046 1.03
16) Preshwater 155000 624000 2.13 L1l 0.95 ®
4) Grafton 84600 - 1830000 1.08 1.19 2.21
11) Kearney 21200 849000 0.21 0.39 0.52.
" 3) Kejimkujik® 86000 774000" 1.64» 1.00 ’ 1.77
“14) Lacey Mill 72900 543000 0.70 0.23, 0.29
15) Laytons . 1540000 © 2810000 10.1 3.09 10,2
‘ 5) McGinty 290000 768000 3.31° 2.46 5.19
7) Mountatn 53700 2180000 0,81 0.55 .  0.68
9) Pebbleloggitch 198000 364000 . 0.74 1.27 . '.2.01
10) Peskawa 100000 396000 - 0.74 0.80 - 0.90
20) Presqu”ile 335000 5080000 1.87 2.76 ' 2.75 «
6) Puzzle 117000 . 1730000 0.55 0,92  L.54
12) Ltl.Springfield 26000 ° 665000 0.85 0.49 0.71 .
18) Warren .36100 160000 0.20 - “0.85, 1.14
) L
\ o s

ey e D dodet il L e o v
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- Figure 26. a) Phytoplankton cell volume (mm3/1) and b) Chlorophyll a (mg/1)
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Figure 27." a) Chlorophyll a (mg/l) versus phytoplankton cell volu]ue (mm3-/1) :
and b) phytoplankton cell volume (mm3/ 1) versus pH. i '
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'-pH would be of little walue in predicting algal cell volume in a gi

* | lake, ‘-

v . Page 164

the variation in the- chlorophyll data. Phytoplankton cell volume;~however,

ghowed no relationship ‘at all to pH (Fig. 27 b, R%= 0.005{ A knowledge of

Phytoplankton species numbers ranged(from 17 (Kearney Lake) to 43 (Big

Dam East Lake) {Table 16). The low species numbers in Kearney Lake were

‘reﬁlected in low abundances In most algal groups. <Low algal Hiversity in

Plankton Community Composition and pH-

Laytpns Lake was not accompanied by low abundances in any %}oup, althoygh

the true diversity may have been higher than shown, since this lake was

» A i)

sampled less frequently than the others. Lakes of very low pH suchq as *
Drair;“, Mountaiq, Pebbleloggitch and Peskawa Lakes sl;ill 'retaf.ned fair%y
I;igh ‘al'g:al diversit?es and abundances. An extteme case was Little
Springfield' Lake, ‘Fz‘hich at pH 3.6 still retained 26 specles of

phytoplankton\, although abundances were fairly low in all categories.

Lowest alg‘aleapecies numbers appeared in near-neutral lakes (Kearney and,

@ ¥

L Layton s- Laké,,s), although some exceptions were noted (Presgquiile and

Freshwater Lakes) . )

< 3 x -
o f

» 5 A

2

Occeurrances of each gpecies in the 20 ‘Lakes are indlcated by

- .

" appropriate lake numbers in Appendix A.

%

The most frequently occurring phytoplankton species tn the overall
. -~

data set were the diatoms Tabellaria flocculosa (19 lakes), Fragilaria

crotonensis (15 lakes), and Navicula spp. (20 lak‘$); ‘the chlorophytes

G];oeoéystis maior (16 1akea) and, Sphaerocystis gchroeteri (20 lakes); the

chrysophytes Dinabryon bavaricum (19 lakes) and Mallomonas caudafa (19

lakes); the xanthophyte Chlorochromonas minuta (20 lakes); and the

cyanophyte Agmenellum thermale (16 lakes).

. e o5,
i

4y
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%X - 'rable‘ 164 Algal taxonowic group abundances.(nos./l) and diversity (number . o
4 of species), (Ot‘her; - in_éludgs non-diatom chrysoé_hytes, i -
v . - {
w ‘euglenophytes, xanéhophyf:es, and p)\rrrophytes). ' ¢
! - . No. ) J -
_ - Lake . S?p. .+ Greens > Diﬂmls\. Bluegreens ’Others
. — ' - SET
. . - - . . : \
A R . Y .
A " 1) Big Dam Bast (43) 393000 (17) 157000 <1§_* 748000 (5). . ., 336000. (9)

- 2) -Big Dam West (42) 361000 (12) 362000 (15) . 421000 (6) 58900 (9)

. ’ ‘8) Bemverskin  (26) 346000 (9) 14300 (7)‘\ 26700000 (2) 386000 (8)

' 17) canms’ " (34) - 84800 (8) © 19300 (13)| 502000 {5) 885000 (8) " ‘

L L ! -

? ) "l ‘ - * J ; ! \ ¢ ; . * " -

g . 13) Drain . (23) 1610000 (9) 76200 (8) | . 0 (0)" - 3370000 (6)

‘«’V - . ' . - - . R L - * ; s o
: .. 19) French (40) . 166000 (17) 245000 (12) \\, . 25900 (4)~ 153000 (7 .
' 16) Fresfater  (24) 179080 (7) 350000 (7) 61800 (3)  330: (N
: 4) Grafton . (355 404000 (13) -773000 (13) - 567000 (3) 88300-(6) /”

. . - ‘. f 1 : ’ » ‘\V& -
: 11) Kearsey (17) « 56600°(3) " 8150-°(7) 778000 (2)- 6560 (5) | . | g
5 N '. ) . ‘ ’ T
b 3) Kejimkujik  (23) 96760 (8)' ~ 576000 (7) 37100 () . 64100 (6) ~ VA
. 14) Lacey Mill  (28) 7300000 (12, - 44900 (8)3 172000 (2) ° * 26500 (6) %
15) Laytons = ~(18) 918000 (8) 1700000 €4) - | 74600 (2) . 117000 (&) - ‘.
R - N M * a4 . o, * B . M) "»f
.4 5) Meginty (285 . ,231000(8Y. 8810 (8). 243000 (4) 206000 (8) ° .
.. PR - . “ i " . . » "A‘ . . . M . @:
¢ 7) Mountain - (31) 120000 (7)  292000°(14) . 1640000 (4) 126000 (6) 4
1] * \f 3:1
"9) pPebbleloggitch (27) 97900 (8) 128000 (9) 24800 (3) 113000 (7) ¥
- ' i - *
A 10) Peskawa ' (25)- , 40300 ()" 168000°(9) 12900 (3) 175000 (6): 4
.Y 0 20) Presq@ila . (31) 32720000 (11) 2200000 (11).. 52700 (1) 110000 (8)
< ®° "  -6) Puzzle *(25)  318000° (5) 17000 (10) 1340000 (4), - 54400 (6) .5
- L : SN - . -
" 12) Ltl.Springfleld (26) 313000 (7) - 83300 (10) 231000 (4) 37300 (5)
Co. - — N . .o Y
"' & 18) Warren . . *(33) 41000 (9) ;20700 (10)" 49600 (7) ' 48300 (7)
N ) . ‘ . LY 'M:«’ ‘ , . . ! .
e ! , * R ! :‘ ‘u o , 1’ * , ,’
B ‘ ( . . R .
. . N ) ’} A ,‘
. v . 5 F v
’ - £ - . X . o AR
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‘The most freqaently occurring zooplankton species in the overall data

2

set were the cladocerans Eubosmina tubicen (17 lakes),
-
19 lakes), and Holopediun gibberum (17 lakes); the calanuid copepod '

_?gmina ﬁlonéirostris .

Diapt;omua minutus (19 lakes); the cyciopoid copepod Hesocyclops edax (19

[

lakes); and the rotifer Keratella cochlearis (20 lakes). These frequent

1 ¢ . L

phytoplankton and zooplankton species seem to be characteristic of Nova

Scotia lakes in generai”.
2

The majority of the algal species were ubiquitous,
NU

the range of pH.

occurring across

Many were most numerous in the mid-range of pH (5.0-6.5),

a

[} *

J ‘with reduced abundances at extreme pH values. Certain apecj.és shoyed‘

A .
strong preferences in terms of their occurrance for high or low pH. A
t

1

L}
. group of species consisting of the blue~greens Dactylocoecopsis acicularis,

liculina major, Aphanocapsa pulchra, Calothrix abscendeus, the chrysophyte

Chrysosphaerella longispina, the diatoms Synedra ulna and Pinnularia
UL AT

S .
pyrrophyte Peridinium limbatum occurred only in lakes with pH values above

Voo . 5.0, This group is evidently intolerant of very acidic conditions. A

. \ seconfl*g\roup _of species conaist,ing of the blue-greens Anabferxa\ flos-aquae:;

£ and Anabaena variabilis, the diatom Nitzschia dissipata, and the greens

’ ,A; R ?taurastrum connatum and Cr;xcigenia tetrapedia occurred only‘in lakes of pH
A . -

. legs than 6.0} . This gt‘oup ihovu a preference for acidic conditions,

!

. “ . Among t.he zooplankr.on, the rottfers Euchlanis sp., Filinia longista

. aﬂd-GastroEus sp.*?d the cyclopoid’-:fcopepod Tropocyclops prasinus were

' found onlyv above pH 9? while the-vrotife.: Trichocerca el_gata only

*  occurred -below pH 6.0. Most of the otﬁér :ooplankton were' present across a

v *

- - yam .

oregonenais, whi,;.h on‘ly occurred in lqken of 1uternediate pH (5.0-16.0).

~ -'.. ,

' . This is in contrast’ to its congener D. minutus, which occurred in all 1akes
> N Rar R R . ———— ———————————— .4 ”
. ’ ! - . :
L - R
. .
{ N 1 . r »
t .. A i ‘e " ' t.
¥ i N - N . . Ed - N
. x'v‘ . ; - £ . b
& / ) . - A4 -
M - . PR T e T )
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brautlii, the greens Selenastrum minutum and Grc:enbladia neglecta, and ‘the

brohd range of pH*v{lues, except,the calanqid copepod Diagtonus' )

N '

)
Y

L 3N
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) \relationbhips (Fig. 29 a,b), *although an interesting ﬁatteén did emérge for

’ N - . . ) . . :\ ! . - B ) Page 1(’7—‘

~ .
1 . y . +
4

but the most acidic:onp. The cytlopoid copepod Mesocyhlopé edax and the

‘ ¢

¢ladoceran Scabholebgris'ﬁingi were both found to occur only at the more

[y 5

extreme pH values, below 5.0 or above 6.5.

. Pfots‘ofcphytbplankton aéun&énce aﬁq species number versus pﬂ fhowed
'}1tt1e relatioﬁship (Fig. 28 ;,b). Rz was very low in)both caseg,‘wiiﬁ no
?éttefns evident‘ Thq plot of algal abundance versus pH again exéludes
Beaverskin Lake because of its angmaiously high algal numbers.

*None of the . phytoplankton sub-qr&hps showed any relationshlp between
«spec%es number and pH. There was some indication for:diatoms of a
rel;tioﬁship between abundance Qnd pH; with highgst‘populations-;bove bﬂ 7,
although ;onsid;rable variation in abundance existed below‘chis pH level.

) Host.lhkes ﬁad.he;ween 14 and éﬂ zooplankton species, with less
vhntatign‘iﬁ aiversity amgng lakes . than for the phytoplankton (Table 17).
Little Springfield Lak; was notable for very few species in any of the
groups, and loyrabunﬁgnces of all forms except rotifers. Presquiile Lake’
algo had low numgers of species in all\groups, although it did have large
populations of the primarily herbivorousxgroups -~ cladocerans and fofifers;

»>

Layténfs Lake showed '‘extremely abundant cladocerans and cyclopoid copepods.

Prain Lake, near the other extreme of pH, also had abundant cyclopoids, and
tﬁe highest levels of copepod ﬁ§up111. EvidentI¥, the majbrity of nauplii

in Drain Lake do not survive to aduléhoad. - b
LY 4

~

Plots of zooplankton abundance and species number showed very weak ~

.

v

zooplankton specles numﬁeis;lThere was some indication of a curvilinear
relationship, with lowest'speciés numben% ogbufring below pH value 5 or
above pH value 7, Higheét speciés numbers pccurred between pH.valuek 5 and

7, although variation was fairly high within this range.
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© Flgure 28.' a) Phytoplankton-ab&ndance (no.f1) and b) Number of phytoplankton

o

species versus pH.
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L

Table 17. Zooplankton taxonomic group abundances (nos./f) apd  diversity

L1
*

(numbeér of species). T :

»

» L
",

o No. Calanoid Cyclopoid . .
Lake Spp. Cladocera Copepods CI-CV  Nauplii  Rotifers’

\ 0 ‘ “

1) Big Dam East (17)°f 7170(7)  5330(3) 1290(3) 12700 29700 18300(4)

2) Big Dam West (19) 9510(7)  7100(4)" 1630(3) f17oq. 18400  54800(5)

8) Beaverskin - (19)  4500(6) 10900(6)  125(1) 30800 13500 155000(6)

_17) Canns (24)  7830(9) ~ 4150(3) -182p£3) 10200 36700  56700(9)
¢ )
13) Drain {14) . B8470(5) 78(1) 9590(3) 52 87100 27700(5)
§ * A} + .
19) French ° (18) 10500(9) 9870(4) 21(1) 12000 6390 5,7800(4) ,
f 3

16) Freshwater  (19) 5950(7)  2480(4)  354(1) 2890 29900  113000(7)
&) Grafton (20) 8670(7) 7380(5) 920(3) 19500 16100 2910085

11) Kearney. (16) 3730(§  3620(4)  335(2) amﬂiam 4490(4)
3) Kejimkuiik  (16) 3460(6) 10600(4) © 480(3) 28100° 12900  30300(3) .

14) Lacey-Mill (14)  6570(6)  3840(3) 39(1) 4840 - 2300 55300(4)

15) Laytons (16) 1360000(5)  9270(2) 36800(4) 7610 57500  71100¢5)
5) McGinty (22) '1320007) 11900(5)- 13200(4) .11600, 35300  283000¢6)
7) Mountain -  {15) 4930(5)  7800(3) * 1000(3) , 8450 18500  M100(4) °

9) Pebblelogi;itc‘ch (18) 21800(6) i0v00(4) %480(3)° 32000 20600 uzoop(.s") ;
10 Peskava (22) s17o(7)f. 6370(4)  1720(3) 36000  -13200, 34560g§)«' \
20) Presqu-ile (13) €9200(4)  781(2)  292(2) 2240 19900 222000(5)

6) Pumzle  ° (20)  6170(10) 16500(4)*  573(3) . 27800 1?19Q - 48500(3)
*12) Lt1.$pri;gfield (8) 02004, 0(0)  645(§) 0 a1 22900(2)
1) Warren =t (21) 2290(6) j:zobé(é) 646(3) 1910 15700 l35§o§9y
. T R - ) . ‘

.
. * o
£ < N »
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« . +

-
»

A
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a) Zooplankton abundance~(n0e/m3)uaud b) Number of zooplankton
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Two of the zooplankton taxonomic categories showed\patterrfs.;imilar to ' . é "
. the one des'm:)ibed above, ﬁot_h tladocerans and calanoid copepods had ‘low ' .

specles numbers at;the extremes of pH value, and highest diversities

! El

between"pﬂ 5 and 7‘“ Rotifers did show a weak t:endency for ‘greater . .

- <

abundances at higher pH, but, variation was -also high.
Some evi'denc.e was noted ‘of . a relationship bétween zooplankton

abu‘ndancg"and algal cell volume, presumably reflecting trophle
. " ‘relationship§ t.ween ‘primary producers apd cvonsumers. Drain Lake, with /7
highest cell volume but. moderate zooplankton abundance, was an exception to

;-
. .
It , . . wd
.

' the pattem. . . . -
\ . . . .
- Relatio:zships of plankton abundances with pH are partly obscured by@ .
oo ‘ ’ ihe effepts of phosphorus on uplankton abundance. jl‘here is a moderately : h
[ strong relationship of phytoplankton abundance with total phosphorus (Fig. " 4

2

30 a., R2== 0.22), and a stronger relationship of phytoplankton cell-volume . .

» with TP (Fig. 30 b., l}f .0 58). . There is also a relationship between ) }
chlorophyll level and TP (Fig. 31 a., R = 0.42). The present d,ata set falls

B LT somewhat below the OECD chlorophyll!TP relationship, as was noted for humic -

-

1akes by Kerekes (1983) One of- the,1 Lakes with very high 'I‘P 1evela, Drain

Lake,’ has G%ry high phytoplankton abundance and cell volume in spite of its

o ’ low pﬁ values. Several of the '1a'kes with low TP and low algal standing

o crops values had high pH (Canns, ;‘reshwater and Warren Lakes). Thus, the .
. ) x «
o .o relati(ﬁship og algal abundqnc; to pﬂ* is partly conqunded by the effects )
'gi. ’- o o ‘of the TP/alé;i biomass relatlonship. Zooplankton abundg‘nce is also
: . ~
i 3 E ) related to TP (Fig. 31 b.,‘ R - 0.50). Layton”s Lake'\has a\strqng effect qn
" . 4 ¥ “ .,

the relationships of plankton to TP, having “high levels of both phosphorus

C and planktén abundanc’es. This lake is also alﬁs]ﬁ‘ine (pH = 7"‘55) The Lot %
e § : " , ] g
. 'i? effects of the phosphorua are 11kely no’re inportant in dete}minir' the ‘( i

Moo | .productivity of Layton’s Lake than 13 the high pn, ! n; PO -
‘ i, ) . . . "‘ , ) . ‘\". .




.
A}
Ly
¥
B 4
.
Figure 30.
. -
© Ll
H
f
a
- »
.
. .
'
'
. .
[} 1Y
. - )
B
-
B
&
a
.
.
. R . .
2
.
Lo
v - bl
#
P
.
.
.
- .
' .
. .
P
-
A
o
v N ?
> b
A
4v
o
- N .
s P
1 . b
y .
<o g
i
g *
*'gl
ua A . “h
s - '
’:'z . -
i s L 0w
4 LN . \‘.
-
L] * * .

¢ : Page 174

B ¥
»

a) Phytoplankton abundance (no./1) and b) Phytoplankton cell

volume versus total phosphorus (nsln3).
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Figure 31., a) Chloroﬁhy}l a and b) Zooplankton abundance versus Total
phosphorus (mg/m3),
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Stepﬁise multiple regiéssion was employed to determine the best

- predictor variables for the plankton group data from among the phyaical~1

chemical variables measured, The results, with R? and R% adjusted for
. ¢

{ ‘ Y : ‘
degrees of freedom, are shown in Table'18, Predictive capacity of the

physical-chemical data was quite good for most of the plankton group

abundancés, and for qurgll species numbefs. No single‘physical or

chemical variable was impo}tant to all of the phytoplankton, or'all of the

s

zooplankton variables,
Dendrograms were der{ved on the basis of phytoplankton comm“nities
(Fig. 32), and zooplankton communities (Fig. 33). Clustering ?f the lakes

on the basis of these two criteria produced different results,dﬁs might be

expected from the plankton data presented earlier (Tables 16 and 17).

.

. ‘ 3 -
Amalgamation.distances between 1akes as a whole were smaller for the

‘phytoplankton than. the zooplankton, meaning that phytoplankton communities

e

were more similar aecross the twenty lakes than were the zooplankton

communities. .
13

" The phytoplankton comaunities (Fig. 30) formed four ma}n lake groups:

’ \ ¢

- Fregchf'reskéwa, Peébbleloggiteh and McGinty Lakes;

i

- Freshwater, Kejimkujik, Gréfton and Big Dam West Lakes; ;
- Littl® Springfield and Lacey Mill Lakes;

-

- Big Dam East and Warren Lakes.
. .

These twelvé lakes formed a 1ar§3 group at an analganat;oTQQQstance of

1.1,- with the additional lakes joining that cluster at progressively higher

levels. Presqu ile and Layton”s Lakes formed a pair at a distance of 1.4,

-

while Beaverskin Lake and Drain lake were extreme outliers from the rest.

The zooplankton communities ¢Fig. 31) formed fhree;uninﬁinke groups:

-

- nginkujik. Puzzle, Peskawa, Grafton and Big Dam West Lakes;-

--Big Dam East, ﬁounta&n and Canns Lakes; .

» &
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,Stepwise multiple regression results for plankton groups .

Y

b . .
: w -

: - *% |
~

Yu

L

Significint at p=0,01"

. A%k Significant at p=0.001 . |

& NS

v a
.

Not signifiéant
] * . -

’

. , *\‘q ) : versus wat:;_r: chemistry. . . ¢
3 ' 'ﬁ "~ , : ) . . Adjusted
g Plar:kton Variable i}esthr‘:edi'ctgr Yarf.ables - g2 .
g M“.Phytopia‘nkton‘- ) K h Lo 4 ) ‘
- ‘ “Greeps Co Alkalinity, pH, SRP, Zyax? DOC 7{5.1 % ,70.3(2 *xk
‘ : Blue—gréén% SRJ TDN, DOC, Alkalinity . 53,7 % 4L XK
. - ﬁiatc‘ﬁﬁs Alkal.init‘y,-%rea, Temperatﬁure\ -91.4 % 89,7 % xxk
L - Others ‘ Doc, Oo‘lo;:, -2, Te;iperature 30.9 X 12.5 Z NS
l .,. * . Total Phytéplankton SRPj TDN, DOC a 54.5 % » 46.0 7 **
" . Number o.f. Spécies :TDN, poc, Co]“.o\g,' -pH T 76.6°% 70.3 % *,*:‘
- N . e
o Zooplankton ~ cot P )
) .6 -Cladocera ' SRP, TON, Alk., Pliaeon, Chl. s  95. 5% 93.9 % vkt
T ye . :.‘ ) Caiémgigi (iope“pods” “'Temp., Al, Chl. a, 'Phaeo., Alk, 67.5 2 55.8 % %%
' ’ Cyc’lopoi’d copepﬁdgn Phaeo., Chl. a; Phytoplankton 1
o LT ‘°Cgil_YO1ume j 98.2% 97,8 % xk
] - Rotifers N, Zpax> PHs SI, SRE 69.8 % 59.0 % #&
‘:’ : i ‘cTotal Zoqplankﬁoh‘ éRP, Alk,, Pl}aeb’., Ch&f. ‘2, ‘
a - , . Phytoplankton Cell Volume 98.6 % éﬁzl % K&
, ' ' Number of specles AL, Alk., pH, Color, zm;{ 2 7645 % .683‘0 Z k&
E Refer to 'fable 14 for Key for variable“.abbrevi‘at:[.on}s *and units. ' ’ ’N
: %  Significant at p=0.05 o / ,

Py
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A

F
gure 32, Cluster dendrogram of lakes based on phytoplankton communities,
* Lake _I{gge:& ’ Abbreviation
1) ‘ Big Dam East Lak; ' ) B))EA
DZ) Blg D;m West Lake . BDME
3) Kejimkujik Lake -~ KEJI
‘ 4) l}‘raft*o:l Lake “ GRAF
5 . 'chinty Lake _ S MCGI
6. Phugle rake ¢ Puzz
7 Mountatn Lake . ‘ MOUN
. 8) Beavefskin },ake.:‘ " BEAV
9) e Pebb-leloggitc'ﬁ-l',;tke PEBg
10) I;e?kawé*Lake ' : . PESK
“11) Kez;rﬁey Laké .t o KEAR
12) . tcle Sprhiﬁgf'i;alji Lake | .SPRG
13), “Drain Lake‘ S T prat
18« lacey Mill Lake’ "l e
15)  Layton"s Lake a LAY:IE
16) Freshwater Lake o FRWA
17) Cann’s Lake K ’ ' CANN
18) Varfen Lake W
19) U Erench La;ke S N FREN
11) N Pfe@qu; ile Lake, ] PRES
" - . - | )
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Figure 33. Cluster'&endrogra_m of 1a;kes based on zooplankton communities. .
« " , . . . ,. . ‘
_[._:;_lfg. Name Abbrev.’r.ation . . ‘ . .o
1) © Big Dam East Lake * 7 pa oo =
. 2)‘ \Big Dam West Laké ” TIWE . ' . ‘
3) Kejimkujik Lake KEJT | -t .
4) Grafton Lake © GRAF :
5) . McGinty Lake MCGI“ ) ‘ "y
6). Puzzle Lake PUZZ N L
7 Mountain Lake MOUN - . .
N . ..
8) Beaverskin Lake ., BEAY ) ' )
9‘) Pebbleloggiteh Lake / i"g PEBB
- 10) i?eskawa Lake o ; PESK .- 5 -
1D ) Kearney Lake ) ;KEAR" _ ., -
12) Little Springfield Lake . SPRG ‘ b )’ “
].3)S . Drain Lake “ ’ ‘ ' . DRwAI ’ v ‘
14) "acey Mill Lake ’ LACE ’ ,
. " ]
15) Layton”s Lake . LAYT . - "
16) Freshwater Lwak‘e, FRWA Q \
17 Cann”s Take - CANN ) ‘ '
18) : rren Lake ) ‘ WARR T
% 19) ' French Lake * FREN o '
20) Presqu-ile Lake ¥ ?R%:s
b +
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- Lacey.Mill, Warren and Kearney Lakes.
‘ ‘!‘hesie eleven lakﬂes;\ together with 'Frer;ch Lake, formed a 1a;éer g‘roup
at a diatance’of\‘lfﬁ. Pebbleloggitch and Beaverskin Lakes formed a palr at
a dfstar)ce of 31.6, and joined the largér g£roup along with Freshwater fnd

. LI Ld »

Little Springfield Lakes at a distance of 1.8. Presquiile, McGlatv, Dratn

and (especiallyy Layton”s Lakes, were outllers frum:the rest.
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"G Discussion “

.
1

Jhe _lnver"s‘égrglation'ship in the, data Jet o'f alkalinity with pH is to
& . 4
be expected, since alkalinity (expressed in mg per liter as Calir) 1s'a

. % . e
measure of the compounds present which collectlivealy shift pH to the

alkaline end of the scale (Wet'zel, i97°‘3). The relationship of loyg

;

(alkaliniey), versus‘p}i was essentially linear from pH 8 dnw‘l} tc:p}{ 5.
. L . .
Belaw pH 5, no alﬁal\initv was meqsured. ~ f.,

The'e:épo)nentiaL ipcredse in disvsived aluminum concentration with
£

.

decreasing pH has ‘been'a ecommon observation in previous studies (U.S,

*

Enviroamental Pr-\tﬁ'tien Agency, 1983}, The‘pattern may be partially

obscured by the fact that levels of aluminum in many of the lakes were at

or near the limits of detection, implying the possigilit‘y of larger

-relative grror in these meaqurem’entg.» The pattern is nevertheless clear
.

enough. TIncreased ,levels of aluminum and other metals in acidic waters are

) cause for concern insterms of both ecological effects of u}etal toxicity to

aghatic organisms, and h;lman. health effects of metals in drink“ing watar

supplies and in fish ultilized: as a food source.

The strong rtelationship between chigrophyll-a and phytoplankton cell

volume ts of interest, since it offers a way to predict total cell volume

¥

from a simple measure of ehlorophyll level, Estimatlon of a value of X,

~

the predictor varlable, from a measurement of Y, the dependent randonm

»

variable, is §tralghtforward from allinear regression, although calculation
t <

of the confidence limits assoclated with{that estimate requires special

. L

methods (S:Skagl and Rohlf, 1969). Total algal cell volume 18 a bhetter
measure of primavy producer biomass in a planktonic c%mmtm-[ty than algal
cell numbers- (Wetzel, 1975), and so estimation of this variable frdm easily

obtained chlorophyll measurements yould provide valuable informagion on

potantial food resocurces in lake! plankton communities. Phytoplankton.

- v .

T~
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1%
abundanee d(ﬁ;s‘non dccuratelv reflect biomass becansﬂf(fr;er-ﬂp&'tPS ! X

»

.
° . variation in celi size, nor does: chlnmphyll mmentration eorre.spond well
I » », o

. with phytmplankton abundande (Fig, 26 b). C g -

- o
< .

, Total cell volume did not °~;hm’# any rz;latiﬁnshipmith pH'(Fig. 27 b').
rp N : Y

Conflicting observations Wave bf“en obtained on the relationships of »

)

v phytaplankton hiomass, and pmduction with varving pH value. XKwiatkowski
4 ‘
and Roff (12?0), in a study of six Ontarin lakes, found positive. ° £

-

correlations of chlorophyll a with pH, and lowest primary productivity at

- My

-1 west pHs Alnmer et al. (1978) noted higheqt algal biomass ia the most

- N
© ' A

"acid COIlditiORb, and lowest biomass at intermediate pH in a set of 1akes . ,
a l

) " from Sweden. During acidification of )lake 223, Schindler and Turner (1982) %
observed inereasing chlorophyll and algal biomass, There \:as someﬂ
suggestion in the present data oqf .higher dell volume, (reflectiﬂg high;r
bioma-;s) at high pH:value {above 6.0), and one anomalous finding of high‘ ‘ :

B
® &

cell volume at low pH value (Pbrain Lake) (Fig. 27 b). » '

£y

%

ac

. Many investigatom have noted reductlgns in phytoplahkton species ° . .

I3

numbers at lower pH levels, ‘comparing among séts oi; lakes over a pH

" gradient.. The same pattern-has been found in Sweden‘(Almer et’ al., 1978), :
z a ’ 4 " »

southern Norway (leivestad et al., 1976" Raddum et al., 1980), .the Sudbiiry .
region of Ontario. (Yan, 1979; Stokes, 1980), the LaCloche Mountai,n région

of Ontario (Kwiatkowski and Roff, 1976), the Adirqndak region of New York..

y '

(Hendry, 1980), and Florida {(Crisman et al., 1980). In the prese‘nt study,
\- no relationship was found between algal species-number angd pH (Fig. 28 b).
The six lakes with the highest number of Species (>33} did occur in the .o

intermediate range between pH 5.0 and pH 6.3, althou h many lakes in this .
range had Jnuch. lower numbers. As was seen for gpedies number, no, tlear

[y

: pattern was ‘noted for phytcplankton abundance with pH ( ig. 28 a).

k]

y %
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In s¥milar flshion o phyt yplanktdn, manqutudié‘} have noted fewer

L

species of zoupla{ﬁctnn «Ln 1akes of 1ower pH value across a rangp of lake pH

W q

values, 'I“his has, heen t:hf' case in ‘3weden (Almer et al., i‘??g Hultbehrg and

Andersson ;982), Norway (Heandry and Wright, 19763 (Raddun et et al., 1984,

Mmtario (Carter, 1971; Roff and Kwiatkawski 1977; Sprules, 19755 zan and ,

"

A

. Strus, 1980), the northeastern U.S. (fonfer et al,, - 1983y, 'and Great

Britain {Frver, 1980). Cladocerans have”bean mnted as the“ nost, sensitive

"

group (Raddum et al., 1980), particularly the daphnids (Spru‘les, 1925),

>

s - )

although many cladogerans feafairly acid tolerant.

. In the Jbresent study, zowplaakton abundance was not related to p’r'i

L]

e except that the hi‘g{testgabundancep oceurred in one pf the most alkaline

- lakes (Fig. 29 a). Species number showed no Ltneaxr\k:élation to pH values

¢ 's

(Fig. 29 b), but the tgend of lowest abundances at extreme pH's indicates

long-term a@aptation to moderate pH by most spoecles. The trend helow pH

6.0 is approximately lineér with decreasing pH valdes.
4 [ 5] f
) The group of lakes at or, below pH 5.0 (n-7) had an average of 14.7

zooulankton Species, while the group cof 1akes between pH 5.1 and p}g\ﬁ )

(n=10) had an average of 18.6 species. 'I‘hose lakes above pH 6.5 (n=3) had

<

an average of 15 3 s‘peciés; The acidic and mediuym tange group means are

: significantly different (t-test, K 05) but tl&alkaline group mean is not
.2 -
n sign;i;ficantly different from either of the others. Thuq, the present data,
. Ty ', ¥ ) N . » >
° 4'Ic':cnaform in‘general to the previously reported*results for biogeographic

- - v
patterns of reduced 2zdoplankton sSpecies richness at lowel pH value

b €

. !

&

N .mentioned above, - ~ g

s
1 » R

T, ' BSpecileg. numbers: found - in S‘a lake are influenced by sampling regme, as

v

" wae suggested in Chapter 2, and many blogeographic surveys of 1ake plankton

v

. are based on single Samples ‘or multiple samples fram a single date. The

N o

pre@sent study 1s based on multiple depths and%ates from spring to late

<
-
s
-

o

7 N : - £ ® L. . A Pa;;'e ’18? ’
~v 4 @t . -~ - “L * y k .
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fall, wﬂ&chiincreaqeq the likelihood of encountgring most origXK.pelagic

spacfes present in a given.lake. e

® [
‘ . . & *  The stepwise multiple regressions for.this data set showed some

interesting results (Table 18). The diatoms were the phytoplankton graup

with iheeh{ghest R?, Alkalinity and physical factore explained almost 90%
of the dlatom variance, Alkalinity was also important in predicting levels

Y 2

of greeh and blue-green algae. These two groups alsn had soluble reactive
phasphorus and dissolved brgﬁnic carbon as important predictors. The

miscellaneous phyﬁbplankton group “others” didunot have a significant
-
portion of its .variance explained by any combination of npfedictor

variables. This is perhaps hecduse this group contains a numher of
‘e R R kY
unrelated species which may respond to their physical~chemical enwlronments

'
~

¢
-

o ,1n different ways, obscuring any pattern%. Tatal phytoplankton as a) whole

. were well predicted by the dissolved nutrient variableq (SRP, TDN, DOT),

Q9

euggesting the overriding importance .of trophic relationships with

utrlents for‘phytoplankton as opposed to the influence of physical

factorqgi Phgtéplankton species number was well predicted by TDN, DOC,

Color and pH. | ~ ?

.

° 5

v -«

-3

The cla@ocera gﬁd a significant portion of their yariance explained by .

a combination of utrients, alkalinity afd photosynthetic pigments. The
copepods also had photosynthetic pigyents as significant predictor
va;iables, and in the caselaf Falanoidéh temperature, aluminum and
alkhlinitx.lRotifers were significantly related to nutrients, maximq?
depth 4nd pH. Totalfzooplankton wete 'best explained by SRP, alkalinity,

and measures reflecting phytoplankton productivity (photosynthetié plgments

1o . ’ .

and celd volumey.

«

7 The genizji;ﬁatterns discerned suggest chat\the phytoplankton respond
X

el

i

-’

"B

~
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°

. ¥ more directly to the physic.al eavironment and the dissolyed nutrient

* * L ?. -~ N
(ijcentraticns, while the zooplankton respopd more to nutriejt levels’ and’
3 ¢ .

ry
§

thgse variables ag:sociated with algal production.’ Significaat predictors

f0§ the zooplanktofi are oftén: temoved from them by two trophic levels. For

. . » . .
example, the ‘cladocera, largely herbivorous, have SRP and TDN as their most
g " ‘ : .

important-predictors! The cyclopoid copepods, largely carpiverous, have

phytoplankton measures as their best predictors. The rotifers respond tg‘
v ‘f

nufrients, depth and pH. Calanoid copepods Were most strongly related to

temperature, which may be a ref.lgction 3f their seasonal 1li{fe-history:

patterns.,

»

- . PN 3 3
Thé number of zooplankton gpecies pregent is }best .pradicted by

Al
2 “ *

aluminum, alkalinity and pH, water color and maximum de'pth.

°

Tt is interesting to note that while pH does-not constitute one of the

A . . s
significant predictors of abundance for either phytoplankton or
’ ’ N

) . #
zooplankton, it is one of the important predi¢tors of species richness of

s

both zooplankfon and phytopla{nktqvn. r . ; ]
LS s .

.. Prediction and causality require careful interprétat{on in a ccmpiex

8 o
System. While the predictor varlables were usually able, to éxplain highly

significant prgportions of the iplankton variable 'varianées, it is difficult

to make definite conclusions concernir{g causality. In;physics, a forée

’ P

acting on a mass causes acceleration, amd the causality is clear and easily
» ‘4 N -

understood. In a-carefully-conducted laboratory experyxant, force and

acceleration will be,strc;ngly related for a given mass, and force will

- .

prédict acceleration to a high degree of precision. In ecology, it is more

"difficult to assign causal mechanisms, Alkalinity dodsenot “"cause" a

»

certatn population of green algae, even though alwty 13- the best

predictor of chloréphyffe ahundance, Ohviously many varlables in an agquatic

system lntervene betwgen these two in comiﬂex causal pathways. Some of

T
@

- & +

~
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these intervenidg variables will be known and measured, other's may be

o M a

* suspected hut not measured, aﬁa”gsjil'o%hers may not be khown.

Results of~the cluster analyses were diéTérqnt for phytopiankton andw
., zooplankton, although Some similarities did appeaf Kejimkujik Grafton _
and Big.ﬁam West Lakes were grouped closely }n tergf of both their

phytoplafkton and zooplankton coﬁﬁunities. In terms of their physical and
. > \ & . - N

chemical data, these lakes do not(zﬁii; ?ut'as a grqup from the ovenall set
. of lakes. Many of the phyéisgl;céégic 1 measurements are similar for ghese

o g/ . .
three lakes, particularly calciuim, 'color and DOC. Other lakes whick are

~ . r

‘ 3 i .
similar to these lakes-in terms of physicél~chemical factors, 'however, have

di#ferent plankton communities., - o ‘ ) ;‘
Layton’s, Presquile and‘Draiq Lakes were outliers In terms of both”
* their zooplankton dnd phytoplankton communities, Layton’s §nd Presqu”ile’

1

R N
Lakes had phytoplankton' communities’ more similar to each other than to the

i .
v . - e . N

other lakes, and théét"wefé the only 1;kes above pﬂ,7Jb‘ Drain Lake was at

the ether end of the' pH scale. ﬁeaverskin Lake was an outlier in terms of
¥

it’s phytoplankton'community, which has been noted previously as being
unusual in its dominance by a single cyanophyte gpecieg, s

-
.

\ In general, ‘the differences in the phytoplankton and zooplankton

b o

groupings are more'striking than the similarities. ThisRéuggests that the
. Q . *
-phytoplankton and zooplankton do not respond in the same ways-to thelr

physica}, ched'.&l and biological environments, in that two lakes with
. ) 1 - . H

‘similar ﬁ\ytoplaﬁkton communities are not more likely to have similar

-

~ . v

r

&

: zooplankgon communities, and vice-versa. T ' K

“

The lack of a strong effect of PH on the plankton communities of this

C.t P—

{ t"\data set suggests that lake plankton can adapt and continue to be
/ [ » “

ﬁfoduqtive pver. a broad range of:pH. Changes in pH are more likely to

N, - ¥ - N
& . :
‘ -

,*
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affect community’ species composition tham ‘total abundam:es or %Iomaas. s,

N L3

* LAn 1nter‘esting example of tht?igintetacﬂ_tir:g e,f‘fects of acidity and
‘nﬁt'rient' availabilig;' i‘ss.provided; by. ‘Lit&tl’e Spril—‘?field and Drain Lalﬂc&
" Highly acidic Litble Sp;ingfiekd Lake, with high aluminum 1evels and
’ extr‘emeiy czieal: water, supp@fs moderate phytoplanktt)n diversity and
abundance. The outflow from thﬂ-x lake l;ads to Drain Lake. At o:e point

*\ vk -

N along the outflow, an input of raw sewage is added which goes cﬁrectly into

¥ FAS oy

. Drain Lake. Addition of the sewage was\/causes marked changes 1n the

water c.hemisbry and biblogy of Drain Lake ag compated to Little Sbringfial&“

s
-

Lake. Levels of total phosphorua, soiuble xeactive phosphoruﬁ‘,&d total

‘‘nitrogen are two to three times higher in Drain Lake, pH is increased by-

\ -
0.65 units, ‘aluminum 1s subst;émtial‘ly. decreased*and water color is

% ' . . - -t . -
increased, _ ) I , , .
Phytoplankton diversity is approximately equal in the tyo. lakes,‘\ but ,

+ . phytoplanktof abunddnce is 7 times ‘éreater in Drain Lake, cell yolume is-
1 . ~ { 'n " B

‘ T e, " ' Page 191"
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e

. Tt "
18.5 times greater and chlorophyll a is 21 times greater. Zoopﬂl_apkto.n -

diversity 18" increased from 8 to 14wpecies, and zooplankton abund‘anc‘ef is

2.9 times .greater “in Drain Lake. “The major’ increase in the ph¥toplankton

-

occurs in the chlwrophyte and mis¢ellaneous categories, while increases in.

. -

', the_zooplankton are mostly in the copepod group. Increased photosynthette

'activity in Drain Lake ‘may be partly responsible for the increase in pH, .

0 '
' and reductions in aluminum may resylt from redlction. ;ln salubility a’t
higher pH combine_d with lncreased complexing of‘aluninum wii_:h organic

S

material .and transport t& the sediments. Drain Lake has been found to have
* ‘ 4 N .

C , ' .
.~ ~high productivity and a diverse biota, including several macr,ophyte.speci-es‘ '

which do not normally occur at such low p§'(Kerekes et al., 1984).° Drain .

»

* - @

]
Lake, \f;so gupports abundant benthic invertebrates, ducks and muskrats, and

Timi

4 -

d amphibian and fish populations, _These findings are unusual for an
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extremely acidic lake, and suggest that nutrient enrichmént may help to '

v

.overcome the negative effectd of low pH valueé‘ on productivity and

diver¥ity such as.often occur in acidified lakes (Kerékes et al., 1984).

Yanu.et al. {1982) observed that enrichment of an acidie¢ lake in Ontarid (pH

4.6) resu‘lted in a phytoplankton bloom and subseqqen‘t Ancreases in

. herbivore and invertebrate carnivote _(Chaoborus) populations. Resilience
»p——

of this comunity to nutrient addit;ion was reduced compared with a second

fert,ilized, non—acidie lgke. Two years after fertilization, herhi\zorous
’ ) . . CLo v Lo -
populations had been severely reduced by invertebrate predation. This was
[ 8 " b -
A

attributed to a lack of vertebrate predators to control the Invertebiate

populations. - Drain Lake, on the, other hand, supportﬂ a fairly diVerse

predator community, which may halp to stabilize the foodweb so that the

benefits of fertilization appedr at every level. Strugture of a 1ake
LY v * N

ff&odwab is therefore important in considerations of nutrlent enrichment as

a manage‘ment tool to supplement l'immg” of éci:d lakes. ’
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© © Table A.l, - List of, zooplankton species found Ain Kejinmkujik.and

o

B e | Pebbleloggltch {‘akes (1980 _1981) and Beaverskin Lake (1950:
. s * - 128,1, 1982) Nunlbers ‘with each Species reﬁer to those of the
. ’ tx:veritya study 1ak.es in which they occurred. Based on Edmandson
) - T (1959). © SR LTy \:. y"u‘}f T |
; [ S e e o b ‘
b “Table A‘.é. " List of taxonqmic" references used in zooplankton species
. “ - identificatfons. B ’ , - ‘
‘.T;ble 4.3:‘ List of phytoplankton species found in Kejimkujik and \
a . ' xPebbleloggitch Lakes (1980 1981) and Beaverskin Lake (1980
R R ‘ 1981, ,‘1?82). Nun;I;érs with each species refer to those of the*
‘ B k‘ {“‘" \ ‘ . tv;enty‘ study lak-es in, which they occurred. Based loni Smith
'(1950)‘. S . o
3 ' L I B} ' P . . .

Table AJb. List of taxonomic references used in phytoplankton species,

, v 7 identifications, " oy
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Phylum Arthropoda . ’ S - Cat S .
: ! Y, N T * ’ ) ' (‘1 T LN
s Class Crustacea b A SN b
/ﬁ - Order Copepoda -~ - . N S o
- Lo ' . ' \ I ) ! - w o
M ' I RS v - b '
. '~ Suborder Calamoida . L ] L
* ) ‘ 1 " N Jy T ’, Y ‘ ‘ . '
" p - . Family Temoridae ~ ' ( B o
- . 3 N A v ‘ . B 3y
2 ‘ N

S | ¢ - Epischuramordenskioldi.Tilly. - ' -
‘ “ e T 1,2,3,4,5,6,7,8,9,10 11,14 16,17,i8 ,
i Family Diaptomidae R

h 4 ' Y

. ") ‘ ﬂ .Diaptomus minutus Lillj. L §
S 5, ' *1,2,3,4,5,6,7,8,9,10,11,13,14, 15 16;17,18, 19 20
: f’o , ~ o Diaptomus oregonEnsis LiIij ) N "
‘ oL » 2,4,5,6,8,19. S
P Suborder Cyclopoida S o, t‘ .
, ~—~ ‘,* ° Family Cyclopidae , J S ol c
. Conn :nf ' f,-'“ Mesocyclops edax Forbes 7 ' 1
S ’ RETEE \), '.“ 1,2,3,4,5,6,7,8,9;10,11,12,13, 14 15,16, 17 18, 20
. P - Tropoczclogs 8P ~ IR o
C e . ' 1,2,4,5,6,15,18, IR
IERPI o Tropocyclops prasinus Fischer  °, & |
L N 1,2, 4,5,6,15,18 : - .

Vs ! 1 4

e T, )“’n Subqrder Harpacticbida o’ o S we ot

Lo ST " ot L
= _— . ’ Family Metidae I co, T
", ' ¢ .\ﬂ" \ a . ." .
g o - PR Metis jousseaumei Richard T .
[ ’ 'I‘ . R Y \ oo 19 J \ ] .
! ’ P Order Gladocera (‘ o ) >
R .Suborder,Haplopod? B T S, .
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‘ ‘ BT " Family Leptodoridae. . . g
. ! ‘L, 1 f o [ F v ’ ‘ br
- L. s Leptodora kindtii Fqcké
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T o ShpérfamilykSidoidea‘ n : .

e T S Family s1didae ° S oo

S - ‘ "' Diaphanbsoma brachyurum Lieven
' ' T 3,9 .

kc, : . e ‘, S Diaphanosoma birgei Fischer S a‘c
o e o T et 142,3,8,5,6,7,8, 9 10 12,14 15 17,19
- cow .o " ' Latonopsis sp.
K ‘ E , - - . . —9——1—#—-————-—- 3

e S, Latona setifera (O F M.): o U

. Lo o, g I LT
P e . . o
LR e Family ﬂolopediidae o 3 ST 0
. . . ;o R \ f,“ Holopedium ‘gibberum Zaddach '
R - 1,2,3,4,5,6,7,8,9,10,11,13, 14 16, 17 18, 19
R o Superfamily Chydoroidea

/. v ' * * T ‘()ﬁ o ' ! ‘ ° ’ ®
. S R .. " ¥ . RPN : L

Ct s K S Fumily Daphniidae - _— ‘
4 ‘ N ‘ ) '

. ’ NP R B 3 T Daphnia ambigua Scourfield ' '”(z:
M o el e 3y4,11,16,17 .

- . AT "% ° ... Daphnia’ catawba Coker: ‘
T e A ©"71,2,3,4,5,6,758,9,10,11 15¢17 18,19 .
' . L0 7 Scapholeberis 8p. . _ ‘
* ' ’ " ' - 1,12,13,14,15,16, 20

v

A R A - f Ceriodaphnia sp. ~?‘. s
ST s Geriodaphnia affints Lillagborg ‘
' ','““:‘ - :} v : * ‘ 13 ‘ - ..' . N - xi
o L - Family Bosminidae R ‘ o -
t b L0 ; !

" . _ Bosmina 1on§irostris (0. F.M. y
1,2,3;4,5,6,7,8,9,10,11,12,13, 14 16,17, 18 l9 20
) R L . Euboadina lqngispina (Leydig)
- ' Tl , R . o, "1, 2,3,4,5,6,8,9,14,17,18,19, 20 :
S R - Eubosmifa tublcen - (Brehm)

' . 1,2,3,4,5,6,8,9, 10 11,14,15, 16 17, 18319 20
AR Family Chydoridae . o

i ) x Alonella’ excisa (Fischer) \
) P < L o 9 . L '
N ' ¥ - g v M
- . ; . . Alonella pulchella Herride T
t »)y . ; - , " ) . . 9\ " .. *
- s - . : Acroperus sp. ee T S
- e . 9 o RN : R
9 . y h .
) P v Alona intermedia Sars ‘
. [ . e
' T , <;_Alona affinis (Leydig) N T
C o . ) .
! L ' Co - <L, Alona rustica Scott C A :
" 4 “1‘ “ , ' ‘ 9 . . -
A L * " Alpona guttata-Sars
. . PEEE (Y . , 9 1' P » . | ) ) 4"
- ’ “ & ! 23 ~ .
N > Ny - ! ' < DR
) ’ R . ”
. b . . \ : v
, . ' \ s v "y v
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e R . . . Chydorus cf. bieyilabris Frey = . . . :

‘ o ' " 6,8,9,10,15,19 o : L
. y o LT ‘~Chydofus bicornutﬁs;noolittle o }
S S A D - e e
Lo N C,ot LT . Chzdorus iger Sers ' E e
' : L T . ”JChydorus lin guilabris Frey o ‘Al SR

N . ' . ‘ 1.

: s ‘ S e a Chydorus latus Sars e ,

| . '

et " © T749,11,12,13,16,18 -
cor CT SN : . Camptocercus cf.’ rectirostris Schoedler o

R . w oo : ©
e T o ' B ‘ N ) . o
L . : . . : .Eurzcercﬁs spe, - : ‘(.. o *
- -‘l b ) )\ . . , K
: L ; Family Macrothricidae - oL . , L ;
; , _ ‘ A .
g S ) Ophryoxus gracilis Sars. e— . R
L o . ) . 9 ' o ‘_"'.,l.' o X
‘1 . : ,+ Class Insecta - Voot o R o |
B ' ' : h ) . s S ,x . A N *
- \ - 6rder Diptera e . -t W N
o T N o " SR Lo T
o . o ) . Subordar Nematocera R . I ) .
N [ |‘ - [ i . . \ ot . . o . .
‘ oLt e TN Family Culicidae, © , Sl
, N | , ., ':\ . L -

e Co Subfamily Chaoborinae. I L

E ' ! . 1 ; v . i N R S N !
PR AR R I ' i . . . . . .
- L (R \ LT Chaoborus punctipeunis Say v T -

N " b . t . gy (“ , N an ’ - 3 N - l . J ' l‘ ’
. S e e D FamilyaChironemid B : « '
¥ ..:I . M e . . . - oo ‘ ' ‘ ‘\
. er | LA Chironomus sp. . ' T
- ™ ! T s . e ! o N !
AQf'. . o . o N ARy * 3¥ I‘ v s -t ' " N 1 : ” A
: W ... Class Arachnida L . e , . -
A e <A . ' : . ol ro . .
LR [ v Lo oo . o R s .
o . : Order Acarina .. _, ' . i B o Co e e
Iy X y e ' ) x‘ » Water mite,, s \ ‘6 x& ., X
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S . . ; 3 8 L i o , R
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b . “ - . ~ i
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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 -
. . Reratella quadrata Carlin 7
\ : 14,15,16,17,18
: Euchlanis sp.
3,5,20 ° .
\ o Platylas polyacanthus A@lstrom
. . 11,13,18. : :
Lepadella patella Harring
3 ;

Fo

: + Family Synchaetidae T

Polyarthra vulgaris Carlin
' . 1,3,4,5]7,8,9,10,11,15,16,17,18,20
, Ploesoma hudsoni Imhof -
e, 3 hd
sty Family Trichocercidae

"Trichocerca elongata Gosse
8,10,18
) Trichocerca multicrinis Jennings
- 2,5,10,14,17,19 : '
. . Family Asplanchnidae

~

5 \ . 1 . Asplanchna sp. - - }
* N 8,9,40,13,16,18 o
N Family Gastropodidae

Gastxopus.sp.ﬂ
15,16,18 °
Order Flosculariacae . '
» o
» Family Conochilidae , A
Conochilus unicornis Rousselet
1,2,4,6,7,8,9,10,13,16,17,19
Family Testudinellidde

Y

~ " {Filinia longiseta Ehr. '
15,20 E T
' t
Phylum Coelenterata A .
7
' ¥ . f R
' Class Hydrozoa \\\
Order Hydroida - ’

/ Family Hydridae f( . ) : .

. szr; sp.
3
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Cladocera A . :
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A N
) Brooks, J.L. 1957, The systematics of North American Daphnia. Mem.

)
~ Cotin. Acad. Arts and Sei. 13:1-180.

r €

~

~

v Brooks, J.L. 1959. Cladocera p. 587-656. In. W.T. Edmondson (ed.)

-

Fregsh~water Biology. 2nd ed. John Wiley and Sons, Inc., New

¥
1

¢ York. . .

v - '

. { > Deevey, ES. and G.B. Deevey. 1971. The Américan Species of Fubosmina

Seligo (Cru@tacga, Cladocera). Limnol. Oceanogr. 16(2):201~
& »

218.

s
L
@

Cope pozfa . .

b vy

. . Czaika,, 5.C. and A. Robertson. 1868, Identification of ‘the

Y

e o 3

copepodids of‘the Great Lakes .specles 6f Diaptomus (Calanoida,
LI T
: L
Copepodd). Proc. llth Gonf. Great Lakes Res, 3f-60.

4 .
2 Interr}atianal Assoc. Great Lakes Research,

°

Pennak, R.W, 1978. Copépoda p, 388-420, Freshwater Invertebrates of

. . " the United States, 2nd ed. John Wiley and. Sons, Ing,, New

, ‘York. } \ v ‘

'
A ¥

Wilson, .8, and H.C. Yeatman, 1959. Free living Copepoda. In: W.T.' "

Y

Edmondson (ed.) Freshwater Bloldgy. 2nd ed. John Wiley and

Sons, Inc., New York. ) ' .
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Diptera
]

Cook, Edwin F. 1956, The Neartic Chaoborinae (Diptera: Culicidde) o,
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of Minnesota Agricultural Experimental Station Tech. Bull, 218
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- Ruttner-Kolisko A. 1974,
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Obermilier.

1972.
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John Wiley and Sonsy Inc., New

Summary Report No. 46,

J)I C.Ref.No.OQ9?\25 pp. Canadian Oceanographic Identi- .

ficatidn Centre,,National Museum.of‘Natural Sciences, Ottawa.

1974.

Speciél Zooplankton Report.» July 23,.1974;

.

ijim~?

kujik National Park, Nova~Scotia. C O.IJL,Reference Number

32F-

v

Museum of Natural Sciences, Ottawa,10ntario.

Sona,.N,y.

- »
.
LY
.
L
. * 4 }
.
. ,
. 1 & \
.
Pennak,
‘
+ 4
- o |
;
>~ i -
§ b
.
s,
Ad 3 "
,
R !
. . .
.
S Rotifera
o
1 fl ‘
- -
E] | N
At o " t
" h
ﬂaﬁ! ,
o7 ) . « .
,
s * * A3 T u
. *L
o, + N * @ 1
. i, o .
o Miscellaneous
Do o
.
-
- » .
(
- . Anonymous,
! o
- .
v
‘ . L
e -
. .
.
-
) ¢ . vt
-, L
‘; * . -
f { ? . \
» N ' N 1 N v 4 +
4
1 '
- N o .
N . ,
! x s s €
& .
\ _ o
. A
. e nonymousy
. NN
& ” * N s
Q- .
AR ! .
v ’ ul
2 A e
.
PR . ,o A
¥ I P '
s LA P ~
L 1 T
L
. IR PR
Lot . . .
5 t <
' 3 .‘5} N o
* - o ! ,n
‘ .
13 »’r, = T s
L ‘ N . ' o
d .
' \
-
‘
.
. \
.
. R
g L3
1 S
Lo R A
N ¢ A ~ : ks
/s : ‘ L]
v [ 1
v A ' i
" .
x .
R "
v ’ - '
. ‘
, .
M ]
S
. ;
' N / 1 T + N
. Coe . .
v ' Vo t
B oo v o
v, . Cor
- e . I v
" Lo
N A > 1
W “ b o
3 K
Lo ) +
, . - .
v 1 +
v ' . Y -
v v (A
. , & .
1 i
SR .
«' " '
‘ < 3
{ ' _ P
+ Com
N } . )
- ' “
- : ' i [N )
4 ¥
Fa o o
. L
¢ .
R
. Yoy . ' o “
'y . v o
T
i N 1 ‘
Eas L
.
kX . o
Y « - ! -
b r
. \
. . .
A - [ N
B - \ .
A ” -
. - v
3 f ! ~ A
. . ,

S

<

1959,

3
v
f
o
N »
x
.
8
s
“ 1
.
i '
s -
- e

Fresh%Watef Biology:

-
i -
4
.
B
N o
3
. )
- l
v
.
) B
=
N N
1
a
T
f
f
- i
.

10 pp.,, -

.
*
. i -
B
« I
* .
.
¢
3
.
[
8
'
v
' L
43
b B
H
. .
w [
< e
-
‘
ot
'
N '
a
.
'

Canadian Oceanographic Identificatioa Centre, National

fJohn‘Wiiey an&‘



R T
gGloeoqystis major Gerneck €Xa Lemm.

B © . v T1,2,h,5,6,7,9,10,11,12,13,14,16,17,18,20
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v . R Table A.3. L L . e T ° R ) .
‘ s .[ . ‘\ N R .k » . A A -~ ) - N . 73_ . . t r
P LT T . . ‘ ey L B e 2 i ‘
' - - oo >0 T -y
Phylum Chloréphyta - ' . S Ce C :
“ . ' Class Chlorophyceae ’ S ‘ .
' oo " “w - A 2 3 . N
. ° P ¢ . 4 ¥ « -
¢ N . . . , > r
L . . . ! ¢ Y ;
’ > . ' ‘u -
. - ) . - : ~ + N rl
. B . = . A ] . B . .
0. R ' . Chlamydomonas sp. - ' Lo ,
! - »: t s . ! * 1 - 3 ) ) ' ,2 . st v - B
o ] '~ . " - _ - Family Volvogaceae ' - ', - c 5 .
. - I e L -
e R L . Eudorina:elegans Ehr,’ L ’ .
» v . ” - « P L 1 D
ot G . .. y‘ ! 3 . , . T a . - . .
ot Cer e Order TEtrasporales - o T o
. " RIS “a i , ‘ N i a . . 4 \ - . a
+ . R . v; El "
. o o Family Palmellaéeae-l s , N
' * N ‘ -‘_ LA . PRI . ! ! . ’ '
) . - - ) Sphaerocystis Schroeteri Chod. . - '
oo T CC T 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 17 18 19 20
R ; R Gloeocystis gigas (Kutz.) Lagerh. '

'
.

S e Gloegeystis plankfonica’ (We and G.S.. West) Lemm,

L o "' ‘*“v 5 "1 l:’[‘ h ,‘1.“‘ 145819 1.3 16‘ \(. ‘ ~

' a‘:;éfj ' o © Family Coccomyxaceae' S u‘f S e
| . ' - N " . ' Elakatothrix gglatinosa Wille v ’ f
e E 1,244,5,6,8,10,11, 12,13, 16,17, 18,19,20 -
o o Order- Ulotrichales ' “j\ . . Lo o
N , ST ) R
. //‘ Suborder Ulotrichineaa o L . N 5
o . COY Aﬁ, W * 4 ":;‘,‘ . ' ‘ s
P : Family Ulotrichacae e o
; - oo : iy o R T . Co
. ! Ulothrix aequalis Kutz. o i L L
Coe 1,2,3,4,7,9,10,12,14,17,18,19 - . .. . "
. Uiothrix vagiabilis Kutz. '-‘ N oo
e v .§,9,13,14,1 : T T
, . Geminella inte:rupta Turp. e
o o o Order Oedogoniales ‘g‘ T L e .
L P o e 0 n :"' . : N oL . .
oo e . e\ Faumlly Oedogoniaeeaé o ‘;‘ o . ‘
Ji S o " Oedogonium sp{fj’- , A
s ’ ' e T 3 ' i " ‘ P x :
.“’}‘n - 'A ’ b » b“ ’ - Vi + ‘ “ i ' l‘ ¥ , “
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. Ordg;yChlprocoécales LS N T
%Y Family Micractiniaceae C T R "’,'
¥ = P '

N ‘/raaiynkinia radiata (Chod ) Wille .o ‘

. a ) . ~ ‘ «\
e chroederia setigeram(Schroder} Lemm. o
s 1,2,3,4,%,7,8,9 12,13{»'14 1

S Family Oocy.stad.ﬁae e P
e Chlorella vulgaris Beijerinck . o
" o T R 3‘ : ;

e R Echinosphaerella limnetica G Mi, Smlth f 

S WEStella ‘linearis G. M. Smitﬂ ”'('W, 1’ ‘
: 3,19 s ' S

. 3 RN . K e _"'

i ¢ B B

. « .. SeleRastrum minntum (Nag ) Collins W el
T e 1,5,18,20 Co
Coe Kirchneriella lunaris (Kirchngr) Mbhius "
A ) R

.o :3 Quadrigula lacustris (Chod ) GuM, Smlth L
Lo Tetraedron minimum (A. Braun) Hansgirg
P Family Scenedesmaceae TL ot “L“ Lo
oo o - }\‘/,\: A

L saenedesmus bijuga (Trup ) Lagerh.-ﬁ - - J,‘

» o 1,12,15,19,20 . Loy .
.- Scenedesmus quadricauda (Turp Y Brehisson ,
. ' ' 2 .. ,.f!?lu

- Tetradesmus smithii Pi:esd:tt ST
‘ fq, , 3 ; K - LT s oo .
Tetradesmus wisconsinensis 6. M. Smith ,'~ N
e B ' :
T o Cruciggnia tetrapedia (Kirchner) W. and G. Sm Wé
b ' 1 2 . N Al v

, ’ ' Actinastrum sp. ' : - ,_‘ o w
. s N e T (;
3 BN . ] ST e
Order Zygnematales e Ty T Co e
" . T e e et
;o Family Zygnemataceae C S
ugeotia 8p. T - e,
- B , ’ei o R (,!" o
o Yo Spirogrza sp. . ' DI
, } / 5 ) ' ;;} A ‘r)‘," r )"1‘ "‘n'
' i \ 35: ' B .
' ' Ce ‘ %

ol Oocystis lacustris Chod.l I T

Lo R ' o o .
' Oocystis parva W. and G. S ‘West S
‘1234567891014151617181920 R
S R Ankistrodesmus falcatus (Corda) ‘Balfs - " ‘
L D5 IL19,20 0 T S
o o AnkistrodeSmns braunii (Nag ) Collins-\~’:g o
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,Chlorochromonas minuta Lewis

-

p . “Family\Mésotaéniaceaé ' '
C Gonatbzygon brebisonii DeBary ‘ ;
' L o 1,8 s N N -
o Family Desmidiaceae g -
v 3 / ° -
.. ' Closterium leibleinii Kutz. .
Y 19 <I~\ I ) .
< ‘Closteriym parvulum Nag. ‘ R
N «15354,7,8,9,13,15,17,19,20 ;
o . Euastrum insurale Roy t ’
&k . . , Y
. Staurastrum connatum (Lund ) Roy and Biaa' -
o . B304 ‘ :
A ‘ S Staurastrum 5rac11e Ralfs ‘ X .
g ' 4 “‘ ' )
" .. Staurastrum 1acustris G.M, Smith .

- , Staurastrum paradokum‘Meyen X i w
' ’ ' 7,4,10,14,15,16,19,20 . ° .
o ! - Arthrodesmus octocorne Ehr, '/’ v .

. | 3,4,14,19,20 - *
T ) Spondylosium planum (Wblle) W. and G. S. West
: A 2, 14 16, 17,18,19 .. - .
Ph&lum{Euglenophj%h, \ r :i‘ o iy
'¢l§ss Ehglenophycéae:—— ’ i T £ ped
. . Order Euglenales ‘ v I ; ”Jl v
Family Fugledacéae . - ‘ _ .
> '* . Trachelomonas sp, ‘ :
. 15 . . T
Y I - . : ‘ !
' Phylum Cﬁpysophyta . . R > ‘ " .
.Class Xanthophyc#ae ) -
. Order Hecterochloridales ’ o
o oo "Familﬁ Chloromoebgceae' X
-

'

' l 25 3 4 5,6,7,8,9,10,11,12, 13,14 15 16 17, 18 19 20
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”\A‘_, Subordet CoscinodiScineae -

E . LFamilyrRhizosoleniaceae j

L}

Class’Chr&soﬁhyceae S ‘ ~\J“f ) ) .

o

Order Chrysomonadales

Family~Mallomonadaceae
/ o
Maliomonas akrokomos Ruttner

U T2,3,6,5,7,8,9,10,16,17,18,19,20
. ' Mallomonae cavdata Iwanoff

1,2,3,4,556,7,8,9,10,11,12,13,14,16,17; 18 19,20°

Mallomonas producta (Zacharias) ;wanoff
3.

. ° . " Mallomonas urnaformis Prescott -
C -3 ' ~
. - Family Ochrcmonadaceae

.

0

Dinohrypn bavaricum Imhof
L 1,2,3,4,5,6,7,8,9,10,11,12,13, 14,15 16 17,18 19
2 Dinobrzpn‘61Vergen§ Imhof
1)
’ o B Binobrybn pediforme (Lemm.) Steinecke
S o T 1,243,5,7,8,9,13,14,17,19,20

Claes Bacillariothceae ’

Otder Centrales C “. o o o i

N U,

. . " ) h?. . .
e ‘Family Cnscinodiscaceae T L

. Mblosira granulata (Fhr.) Ralfs
19

EN

" Cyclotella mengghiniana Kutz. 7 3
e 7,10,15,16,19 ‘ o a
,t);mf Suborder Rhizosolenineae Y \l‘

[ .o L. .
Rhizosolenia ériensis H.L. Smith
1,213 6 8 9,11,12,14, 17

Ox:der Pennaiea

.‘7‘Subqrder Fragilarideaé " ‘ Lo

. -

Family Tabellarlaceae

Tabellaria fenestrata (Lyngh.) Kutz, '
©1,253,4,5, 7 ,8,9,10,11,12,13,14,17,18,19,20
' Tabellaria flocculosa (Roth) Kutz. . )
»11,12,13,14,16,17,18, 19 20

)Q”’6”
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Family Fragilariaceae "
?l.
Fragilaria capucina Desmatzigrs . -

Ftagi aria crotonensis Kitton
1,2,3,4,5,6,7,8,9,10,12,13,14
. Asterionella formosa Hass
2 b y ’75 »
Synedra pulchella Kutz.
1,2,3,4,5,6,7,%,10,12,15,16,17,18, 19 -
Synedra ulna (Nitz.) Ehr., ?

&

» Family Eung\laceae N

Eunotia arcus Fhr.

2,4,5,6,7,10,11,12,16,17,18,19,20

Eunotia bidentula W. Smith

2 © .

Eunotia lunaris (Ehr,) Grun. °*

3 3
Funotia pectinalis (Kutz.) Rabenhorst )

* 1,2,4,6,8,9,13,14,17,18,20

Suborder Achnanthinede “

Family Achnanthaceae ‘

Coceoneis placentula Ehr. .
3
Suborder Naviculineage . e
e Y
Family Naviculaceae

Navicula sp. L4
1,2,3,4,5,6,7,8, 9 10,11,12,13,14,15,16,17,18,19,20
. Pinnularia major Kntz.
. 3 : *
Pinnularia braunii (Grun.) Cleve R
1,2,4,6,17,19 . v

gigloneis sp. p i

Frustulia rhomboides (Ehr.) DeToni )
3
szosigma 8p. -
32,4,5,6,7,12,16,17,18,19,20
Family Gomphonemataceae

Gbmphonena olivaceum (Lyngb.) Kutz. ,
1,4,5,6,7,9,11,12,13,14, 178,20
Family Cymbellaceae

Cymbella ca;spitosa (¥Xatz,) Schatt

H * LS

"w%ud&»ﬂyw x4
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-, ox A

. o Suborder SurirellinGae . g

Family Nitischiaceae

) A ~ /7 Nitzschia. dissipata (Kutz.,) Grunow - '
: ’13, 14 R r

Nitysthia palea (Kutz.) W. Stiith. L

- - 3,4,8, 9,18 %

; . ' Hant:zschim 8p.

"

Family Surirellaceae ‘ \ [ g
- ! L} . ) «
. ' Surirellaslinearis W. Smithn .
* \‘ . 1,4,7,10,13’19 " '

‘ . #
) Phyluym Pyrrophyta ) - ( T

1 . e

)
Class Dinophycede

Order‘ Peridiniales

' ¢ Family Peridiniacese

R . Peridinivm limbatum (St’okes) Lemm.
1,2,16,19,20

~ Class Cryptophyceae - ) ! - /)
"n '&' - '\ " N "

: Order Cryptomonadales™ *

[y

Familyt -€ryptomonadaceae o ’
o ’ , - . Cryptomonas ovata Ehr. ' '
o : 1,2,34,5,6,7,8,9,10,11,13,14,15,16,17,18,19,20

N . ‘ . , .

. Phylum Cyanophyta
Class Myxophyceae
¢ Oré.er Chroococcales .

Family Chroococeaceae .
’ ! ’

Chroococcus dispersus (Keissl.) Lemm.

'\‘.i“wj\‘)-/\;\)/*j‘ o 8 ’

T \ , . . Chroococcus limneticus Lemm.
o W : ( - T;3,%,6,7,10,15,16,18,19
wt e - . _Po }’xstts (=Microcystis) aeruginosa Kutz.
# ‘ ’ ' ' }!hahdndem irreﬂi&'& (Naumann) Geitler
. ax © . 2,5,6,7,11,12,15,16,18,20 A
. Rhabdoderma lineare Schmidle and Lauterborn
R R N ' '
. - ,’ ” S ‘ g

“ ; ‘ ! ,& N
:i l: R ., . “ :' . .
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P I
H

ST ,. ' Dactylococcopsis acicularis Lemm.
U\ 816,19 S
Aghanothece sp. - SN

s ’ Agmenellum (*MerismoPedia) thermale (Kutz.)
) . Drouet and Daily .
) . - . 1,2,3,4,5, 6 -7,8,9,10,11,12,14,17,18,19,20 -.
N ., { - Coelosphaerium naegelianum Ungr. ,
) Order Oscillatoniales

Y.
Suborder Oscillatorineae -

- . - Family Oscillatorigceae ~ '~ . "

. Phormidium sp.- '> .
3,8,9,12,17 - . -

- - . - -
- - *

Suborder Nbstochineae - . Sl

Family Nostocaceae
-~ . - o Anabaena flos—aquae {Lyngb ) Brebissan . . -
R _J 1,12 S ‘ Lo
\\Nbs Nosgbe sp. o
) s - 1 1,2,4,5,6,9,18, 19
; o - Aphanizomenon flos—aquae (L ) Ralfs
’ : - . 3,8 .

...\
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- L ) T‘APPENDIbB

R o Statistics of Sub~Sampling

-

\Af‘

of encounterihg an individual at a random’ point in space, is very small, the

¥

distribution of individuals in repeated samples will be’ characterized by the

1 '

Poisson distribution, in which ¢ ‘u, that is , the variance equals the

' ,?5 ’ .
, (.. Voo mean. Departure from this raudom distribution is common in plankton samples,

[y R

“ o o (Cassie, 1971), with overdispersion the most common situation, in whlch

o2>u, In this (:8865 in a set of samples, the. relationship between the means

4

and variances of the various sets will be:. o? i--ui+cu 1 where c ‘.i,s a
constant characteristic of the population, and i refers to the ith set. “The
right hand consists of the Poisson variance u, arxising from randOm

. et t

variation, and the over:—dispersion variance cu .’ For plankton popula,tions,

e is often between 0. 1 to 0.2 (Cassie, 1971) For rare species (mean < I~),

R f ot H

cu is small and' the distribution will be approximately Poisson. For larger

means, the coefficient of variation decreases as. the number of individuals

i v
v ; \

o counted increases, up to a 1imitingf value which depends on c’.'. To examine

. A,
M oo '

" the statistics of sub—sampling, the common species Gloeocystis maior was

chosen from Big Dam 'West Lake for examination. Table ‘B. 1 shows statistics

. - -

associated with counts from replicate sub—samples. ’l‘he ‘mean value of ¢ for ‘

o . A

all dates and depths‘ was found to be ’0.174, indicating a, moder‘ate'degree' of

( 7
. ‘ -

! F
- i over~d"ispersion. In such a case, the optimnm number of individuals to. count

per sub—-sample would be 110 30 per species for a coefficient of variation
between 48-.55 (Cassie, 1971) Counting of additional individuals would
yield little improvement in the coefficients of variation.’; Venridc (1978)
has shown that for a total. of about. 100 individuals of a species counted in

'4 sub-gamples, the relative error of the mean will be appr‘oximately??»t)z.

? N
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Tal'aflei‘ B.l. Cell counts im repllcate sub*samples for Gldeocystls maior in Blg Dam West Lake.

o Qate

830524 -

830993 -~ -

- 831104
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" 830817
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oo

S :" L Dept;h (meters) - ) L,
0 3T S 6

28711 50 27.', R RN ) .1 o279 s

Y e e : )
x=29, 5= 16, év=4y55-" ;:x=32 5 s=11: 7, cvs=, 36 - x=14, s=11.2, cv=.8 = -+
- c-¢27 oL " A S e=,10" RV jﬁ . ©=,57 )

- - ¢ " » .
P : s Y s T - PR ~ i ' “ . i
. 1) "

e -
~ s

“¥=9.5, =5, cvz. 53 e x-lS 3, 3—3 95 cv—.21 ‘x=7 3, " §24.3, cv=.59 .
c—-l7 (_ 7‘__ , - ' - N - - "'O . AN ' B \ c=, 21 v ‘_ )

e - -
- - v N T - - - B
- .o . - 3

3§"fs_ s ‘ "°24 15 .16 ST .17 26 —8 29

" x=21, 5=10, 3, cv=. 49 x—15 5, s=7, cv=.45 x=19.5, s=9.1, cv=.47
- e=.19 IS \‘_;j - c-.14 - -, . e=.17 :

z _ AP o - PN .
N - .

L2515 SA7 e T 7 1608, 20," 12 12 15 118 :

F=15. 8, s=1.8, cv=.49 x—15 3, s=5. 7, cv=. 37 S F=14. 3, s=2.9, cv=: 20‘
C"'olg E . o N ! - C—.O? ) 7:‘ . ;_ ¢ _0 ! ’ N

o~

i ) B ) <_;. 7<‘___1h' - _-f . ): . "‘ . ~ )
6 ‘10,,f’7"*19 SR f4 o478 T 3208 16 12

X=10. 5, $=5.9, cv=.56 " %=5.8, s=2.1, cv=:36, %=17, 8=1035, cv=. 62
c=,22 : L T e=0 ' < c=.32 -

B . - e - . . -
» PN .

-, 9.11 15 3 < . 21122, 18 %, e B 413 g'

b

w

ad
R
aQ
[
[
=
o,
¥



" ’ ’ - . !
. E - N
o . © Page 210 :
) .s ‘ ’V * \ ) o
Y Lo " ' 4 ) ' ) T
'Y s o R R . . .
» e N Y, T " . o ' W ' . v . T B N
‘ 4 ., - . " APPENDIX C. Lo e C
: ' s e \("".. . T ‘ e R
: Comparison of Twa Zooplankton Sampling Methods in Kejimkujik Lz‘ake .
. (Schindler-—Patalas plankbon trap and Clarke»—Bumpus net). ST
.t R - M * . » : . - . k| " \g‘ ¥ . - n *” * o V' '
.o ¢ ) vt ) ) ) - N
. . . : a . i ) : 5 . . ) T b - ‘t
. . N ' Table C.l., Comparison of totai densities (no./m ) and relative .
Y ' Bl . N = = >
o N - . ,. ’ r‘ * ' T N i
. T . abundances (Z) for zooplankton by - species in C
’ . . . " » P - v N - 4
- . . ¢, '
. ch : Kegimk&}ik Lake collected with the plankton . trap and; - -
- T the Clarke-—Bumpus sampler. RN
W\ 1 ‘ﬁ A ! ! N " ! L > . ! ' ¢ ' - B ’ - r "
v, il , " ’ "’ : ' 4 r/ E ' 8 e : ' "‘ g ' N ) oo ’ ) - '
Eh . " e oL M ‘ v ‘e * : v - oo’
A Co © Table C.2. . Comparison‘of total 'densitie’s (no./m3) and-relétive o
o : PR N ‘ s
s s ! -
<o o R *abundances (Z) for zooplankton by functional group in .
S . B KeJimkujik Lake collected with the plankton trap and o
- N o - s . ’ N R
) o . ", > the Clarke-Bumpus sampler. S R :
. - - PR ' ) B i ' PN - : A N
: "% {e‘ ‘7 + . L " . 1 B A
. ! R ' ' L ' o K
PN ) N \ . ’ . ‘ ‘ RN
- . - . Y e o . oL , Lo
i r B K ‘ ; A i o ‘ . y yr n. . z o [ ‘ 3
o Ry !, ) I ' . . v . , : o I .
PR Y . » B ’ ;" ! - :'\ ' . : [ - .
I L ’ R M t B - *
< . . a ' . 7 :
. o " . 1 N + N ’ ) "
. N CLo : A ' L -
- h]\ ‘ o o ) , ’ ! ) v B @ 1
v . AT W . . \ N ”
A ‘ ® L0 . o ' , A \ y‘ ( .
: ¢ o . . ) \ . . , b , ‘ :u ) - : - > .
) ‘ * ! ' K/ : ' - K ¥ . ot .
L N y“ o o ’ 1 ' ‘
' ‘. : ' o ' . = - ) 4 * }(
» ”') . ? . » : N < » A .‘ . ,‘ '
g N ’ ' v o ) X N ' u
' ¢ ; - ) . ‘ . e A '
R N ' ' M . -
Lo . FY o o®
. - + . N . i .. . [y



‘Page 211

Comparison of the two sampling methods.

-

3)’ By Species (Table C.l,) o o B

G

Only those environments in which both sampling methods were used g

, simult éﬁhsly are included in this cumparison.

* The results show: o . ‘ . "

1, For most tagonomic categ&vieé, the plankton Erag'captured higher -

numbers of organisms. Eiceptioﬁs 1nc1udédf Diaphahosbma

Cy

birgei Daphnia amhigua, and copepod males (excluding Diaptomus y

oregonensis) n < T,

& ¥

2. For host of the larger organisms, the values for the two methods.:

3
v

jWere similar, ) C o o

e « N

3. >For most of the small organisms, the Schindler—Panalas planktan

trap was the more™ effective sampling device. Nauplii rotife:s

'and small copepodites are poorly collected with a Clarke—BumpusinJ*

i

>

' ongiSpina as the dOminant cladaceran and Keratella coehlearis

[

as the dominant rotifer, 1ike1y because of their small siz?

- 4. " The plankton .trap captured aPProximatély three times _moTe
’<4animals in total than the Clarkeﬂﬂumpus.
. . é . C o S

[

b, 'By Functional Group (Table C 2.)

L

fl.,' CladoCerans were collected in similan numbers hy the two, methodsy?f

a2 Nauplii and rotifers were not trapped efficiently by th& Clarke—
Bumpus.; Do - e ’ . Sw‘ ‘ S

"5.'«5 Oniy SOZ of the macrgzooplankton were collected with the 01arke—

\

Bumpus as compared to the pigﬁkton trap.

H a

sampler, and the Clarke—Bumpus sampler missed Eubosminagh‘

.
I
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! - 4 : ) . e ) \
I - ) ~ ! ! ) :“ “ ' ’l .7\ . '
) . Table GC.1. . . - - - . . y
S . ' PLANKTON TRAP . CLARKE-BUMPDS ..~ = '
* . Abundance . : . L . et
] e - Column Percent - ' : ‘ - Tt e
. SPECIES- . o L S
;“l' . Daphnia ambigua - B 1 0 ) R 33’ C .

.« 7+ Daphnia catawba . © T tueoc 9200 42800 :
. ; ‘. o . . t 1-8 . o Yo \L 3‘.’6“ o Lo

: N B

Bosmina loﬁgirostris . 7m1;; L 4435 o 1160. o *

o . - N ’ .1 R | ’
"’ Eubosmina longispina " s ' L 76400 . . 65900 s
L, eptns S aa e s .
T e . - Eubosmina tubicen K : ©32800 0 . 20300 A
- N < »\ X o, " | i . L ,“ . 1“0 N AR 1.7 ., o

. - .. Holopedium gibbérum : ‘_’- T 5670 . . 4890 . .

" ' oo ' 1 a o .. . o ' ’« Lt ol . ,': w7 . o4 s N
P ) IR S .
Lol e Leptodora kindtii s Ce 12707 Lo - \

. AN . A N o
c o e e U ‘ . ¥ §
. : . . Diaphanosoma hirgei ' .. - . - 87200 ’ :, 91000 7 .
] TS L. : - . . AT et T o YT
e T * Diaphanosoma brachyurum S o, T 2597, RT3 VA Ce
"‘ :L. '« ) # :, N '» . ‘ o . K L 3 ".0 ’ < ‘ . o I-OL“ -
L - tT . P S L oL L T, c
.+ Rirycercus sp.. e T 178 - ; o0, - ’
* JH* . . e \4, T N \ [ D¢ 0 i .0 s N
[ ‘ —y N r N ‘_“x N ‘ , .‘ " i : N ' ’ ’ '
‘ .+, Camptocercus cf. rectirostris - . 74 SRR .
Lo T e - .. : A "' e ) v
o . Alona rectangula = . . . . 377« 0 . Vo
‘ ) - * . ) ' B “ .; + ’ “‘ ’ c~i0’ ' N " “ 0 b -
.+ "o . FEpischura nordenskioldi (female) - 7930 . 6160 . .
I ‘ T .o ) - / N oo * .2 . o5 \ )

. . - T ‘, A ; ., . ) 3 -

L ' Epischura nordenskioldi (male) * 5560 6790

Sl AN N R = .2 - 1 Y .

‘ g W - - . . ' c . v

< { :‘, ‘;11. ‘ b = N ’D, ~ -« ! ) .
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[

”‘Tabie Cil.:, (conginﬁedj

. - u M '
I - R - )

v

N T . o N
S Epischura nordenskioldi (CIV-Cv) 17000 5930 , ,
Co o o , T RS- N

P .
)

I
K]

Epischura nordenskioldi (CI~CIIT): 79600 c 22500
\ . e 2 - 1.9

‘.. " Dpiaptomus minutus (female). . 240000 - - 189000
oL, Dletoms mimtws (female) - 240000 15,8

L

’} Diaptbmﬁs minutds (male) - °~ ' 162000 . ‘165000f o

o - Lo 4.8 ! 13.8 |
. . R DR <.
Diaptomus oregonensis (femalg)”\ v 7620 .. S 5630 -

cLo _ Diaptomus oregonensis- (male), o 3?00 2760
| C : B R CUREI S

Diaptomus spp. (CIV-CV). - 440000 - . 347000 .
Dbiaptomus’ spp,.( _

‘ . . 13,0 . . 29.1
‘ - L. . - N R - . 8 -
| Diaptomus spp. (CI-CIID)- . . - . 454000 . 193000
T 13.4 - - 16.1
Mesocyclops eda& (femalé) SRR '; 7120 : o © 5500 -, .
L ’ - S o < a2 s TR
. . Mesdcyclops edax (male) - - : 3190 C 4920
B o ‘ ' el R -
, ‘Mesocyclops edax (immature) ' l‘ S 13500 o « 7 6970,
R . \ * N ) ' l-llr ‘ Y '6 L7
. ‘79fo6pocyclbps sp. (male) = . - v 770 191 o
| ' . R s ’ o . - ' ' Q- o ) A o0
Trbpot&clOps 8P, (immature)_ : . 1040 - N Y . - 110A0n\1’ Vo
- ‘ ' ~ -I ‘r ‘ ' * " - i ! + ‘;0 o ‘ ‘~ .. .1
' ‘ "Gopepod Nauplii' - - 7 496000, . . - 3190
’ T ‘ ‘ R LY AR .3
Reratella cochlearis : S . 11080000 . c o 337
! " - ‘D~ ) R . : 30&4 . B «‘ . ’ -0 ,
.. Kellicotia bostoniensis LT 0 8
s T : . B 7% SR A 1
: . ) \ S ) i : o
! !
, + ) et i
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Table C.1. {continued)

o

L]

Chonochilus sp. : 1320
‘ .0

Polyarthra vulgaris ) 106000
‘ 3-1

Ploesoma hudsoni 74
* ° " v .0

Trichocera elongata ! 321
0

Euchlanis sp. . . 758
M N '0
Chaoborus punctipennis ) 127
i .0

Chitonomidae sp. i‘ 37
. 0

Water mite 125
.0

¥

“
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Table C.2. x o - . : o 2
L " PLANKTON TRAP' ' CLARKE-BUMPUS .- ROW-TOTAL

o “Abundance . - " o I <

Colimn Percent . , - e e

SPECIES ' : *
" 267000 - 227000 |0 494000

:,Cladoceggné ‘
R N 177:9[_,‘ ) 19&0‘ . o N 10&8”

=N

© ., Calanoid coﬁeﬁqd;j ©TA20000 .. (945000 - 2360000
N s L AL9 T 79,8, - - 5Lu6

" Gyclopoid copepods:” 25000 . . .. 18600 . 43600 .

) Y S £ T s

. Copepod mawplii 496000 © - . ©3190 ' 499000 -
c R L o109

Rotifers | . .~ . 1180000 - & 1630° 1180000 .
e T 348 CLo el e 25

"a

Macro-zooplankton 289 148 437

I,
' ’ ‘.0 3 - v 'O ' -O
' )
. . . oo o
’ : . X P . Co .
T ! .

*° . Column total 3390000 - © 1200000 , . 4580000
' AT Y ' " 73.9 [ ¥ - 100.0°

[ a) !
e - s ..
0 s {
f
- g .
!
» " \
S
*
v w
’ ¢ N
i( ’r
" i
. #
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f ' !
B w
7 o
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1
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Appendix D.  Data Transformations
Generdl experience has shown tHat many“water chemistry parametems and,

) ‘ '

population counts or densities .are not nOrmally distributed but rather are .

skewed to the right, giving a preponderance of smaller numbers. For water

chemistry thls applies most generally to concentrations either in -

V
.

mass/volume units or as propontions jparts\perAmillibn;A“Some‘variables‘mayo

be left~skéwedm This can happen when‘toene is a clear oaximom:value:‘edch~'

as for. percent saturatlon of oxygen.’ ”'2 G ‘ ST

v

Most statistical pmocedures requine that the data be normally

b S

dlstributed and will be biaSed when used on a sk ed variable. The

R

accepthd proaedure in such a case is to apply a non—l near function to all I

Vo 1
~ e i

" the values so that the*relative difference between the larger and smallex

v;values‘changes, If done properly, the distribution of values arOund the !;/
" Y N "oy B
’mean:becomes more’ symmetric. ThlS is called transformlng the variable. It

- 4 N - \

should be noted that linean functlons can also be usad to transform data
. ;a, ‘ S
but these only affect the scalerand range, oﬁ the variaﬁle and :not 1ts
. . N 1 ’ ‘\" . ‘ » v s . , . t ’ [
dlstribution. L e T o ] ! ’

f For right~skewed data, the log function is most often uSed as ar;«

'

transformation. However, there is a practical yroblem in applying thiS"

1 -

function to a variable which has Zero. values, as the log of zero is'

' 1
’ v
t

infinitely negative and causes an error on most computers and calculators.y ,

"Ratio-scale" variables (that is," any variable where if: makes sense to say.:

R I

that one value is twice as large as another) are a1l relative to zero,'

regardless of the scale of the variable.\ This distinction is lost when

taking logs, and 50 a linear transform wae used to ehange each variable ty

, @ consistent: scale and range beginning at one. The median is used- te scale

&
'

the»variable, as it is the measure of central tendency least sensitive to-

i i 1 - v } 1 . . " v q
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-

extremer values., Thus the transforg formula becomes: #

d X~ = LOG { X/MEDIAN + 1) ,

)

<

o »
This wills 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
e ] s

<~ .

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 method the relationship between the untraunsformed variables

i

and zero is kept, although only approximately, in the transformed values,
and it is k;;pt consistently for variables of different scale. TIf the
variable range was changed without re-sc:alin_%, as in X° = log(X+1), then
s the ratio between untransformed values could change quite drastically
depending on the sca\l:e of f'he variable, |
Thus, for the Kejimkujik Park water quality data for 1980 and 1981,
‘ the following transformation for normality was employed:
. . X = In({x/median + 1)*Q where Q = max/ln(max/med'ian + 1
The fagtor Q multiplies the transformed value into the same range of
rv:;ﬂuo;e:s,“thua, x" = x' when ¥ = maximum value. Note: oOne parameter,
dissolved’ oxygen, was skewed to the left so a slight variation of t;his
equation was -used.
Percentages were usually skewed to the left between 0 and 100 and the

.

following arcsin transformation was applied:

x’i = arcsin(x/100)/(PT/2)*100

Since the software package (S8PSS) used in data analysis only has an

arctan function, the following identities were used:

s

arctan ( 1/x2 - D

1

arccos(x)

arctan (1/ 1/x% - 1)

it

aresin(x)

arcsin{x) + arcceos (x) = /2

»

.

he']
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.

’

. The following formulhg were used for the water gquality data: ) .

*
Percent oxygen saturation (aresin transformation)
’ . v

% 0," = [Atan { 1.0/SQRT(1-.0/((%0,/105)%*2) - 1.00)] / (3.1415/2)*100

‘ Dissolved Oxygen (ln transformation) » .
‘ DO” = 9.25~ 3.5 * 1In ((9.254D8) ./ (9.25-7.9) + 1) :
’ © Turbidity (1o traﬁsformation) . ®

TRB” = 1n ( TRB/0.4+1.0°) * 0.798

-

Mineral acidity' (In tgansfox:métion) ' o .

MA" = i:(*mn. acid./*o.34+1",o‘ Y * 1.313 -
Total acidir:y éln transformation) ; &

S TA” = 1n( Tot.'acid./319+1.0 ) * 7,17 .
Chlo%ophyll (n transformation) o

Chl.” = In( Ch1./0.72+1.0 ). * 2.25
. Phaeophytin (in transformation) *

Pha,” = 1n( Pha./1.3+1.0 ) * 3.63

. Dissol;eﬁ“inorganic carbon (ln’transformatian)
" $DIC” = ln( DIE/0.37+18 ) * 0,941

Total organic carbon (ln transformation)

v ]

TOC” = 1n( TOC/8.4+1.0 )} * 17.78
! 4

Dissolved organic carbon (ln transformation) -

€

- © DOC” = 1n( DOC/7.2+1.0 ) x 14.37 -
Total phosphorus (Iln transformation)
J TP” = 1n( TP/8.6+1.0 ) * 15.22 . o o
Total éissolved phosphorus (In transformation)
" TDP” ='Ln( TDP/4.25+1.0 ) * 10.56
-Soluble reactive phosphorus (In transformation)
" SRP” = In( SRP/0.25+¢1.0 ) * 2.693 L

Total nitrogen (ln transformation)

. oa mewd e r o g fagr b

»

AT

)

g5
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e

»
RN

™

S

., ¥itrate (In. transformatien)

TN = La( TN/0.156+1.0 J, * 0.499 ~ . L
Ammonia (ln transformation) . o~

NH, " = 1n( NH,/0.047+1.0 ) * 0.1356 .

] RN o,
“ N03”, = 1n( N05/0.009+1.0. ) * 0.014 ‘

&
)

*

Data transformations for normality were dome on the 1982 Beaverskin

‘Lake enclosure data usingrtﬁe procedufes outlined for the 1980-81 field

. , E 3 T < v "
data. The data were first exaumined for.skewness. A simple measure of
" . . -

i

skewness- is the mean minus the Eedian, divided by the standard deviation

(Spiegel, 1961). This quantity-is positive for right-skewness, negative

. : » w ‘
for left-skéwness, and zero for 'a symmetric (normally distributed)

‘variable. Basiclstdtisticé and skewness measures were generated for the

untransfarmed water quality’ variables in order to examine their

v
L3

distributions (Tahge Del), L As. a guide a varlable with a value for the

£

simple skew statistic outside the range (—,2"2) has a\fairly skewed
g

_distribution; that is, when the difference between the qgan and median is

20Z or more ofatgg standard deviation.A ) L .

Givep these results, only temperature and pH were not right-skewed.

[y

Temperature was aétualiy;skewed left, but it is typically'normal and is
seldom transformed. (The skewness may be a result of an uneven effect from

’

the date factor),

Coﬁductivity, acidity, and a few of the concentrations were only
slightly right-skewed but gifice other variables of the same type ate more
skewed, this is probably an anomaly of the data selection and it will be

safer to transforim.

-
e T eaE Whestal s 48ne S T Gl
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[N
.

Table D.l. _Descriptive statistics %mci skewness fo:r antrapnsformed 1982 °

hd "‘ N } N ‘M f - R &
water quality data,. B‘eaverskin' Lake enclosure experiment.
CODE  FREQ  MIN MAX |, MEAN  STDEV | MEDIAN = SKEW
. . . - : t‘ ‘ Lo ,,f
1) TEMP, 189 10.00  23.00 - 17.37 4,36 . 18.16 +.181
2) OXYGEN . 189 7,20. 11.20  .8.79 ' 1.8 . 851  -.237
3) pH . 189 450 6,70 17 5.48° L4l 5,50 +.049
4) GHLOR.A 189, <\ . .29 - 7.87 .48 LOL 124 -,238
5) ACIDITY 189 . . L.45 . 3,38 2.37 .- .43 2.26  .~.028
6) CONDUCT, 189 19.00 -28,00  22.13-  1.80  -22.02 . . =.06l,
o . . 7)COLOR . 189 5.007 10000 © ¢ 5.32 1,22, 5.03 - . -.238 *
8) TURBID. 189 18 88 . kG . Llh A2 —.143 0
| - R . - R . ‘ v_ ' ‘ - s R ‘
4 9) SILICA 189 '\ 28.00  8[.20  29.36 6.8  28.28°  -.157
e . M) NITRATE 189 |, 1.40  “36.,40 . A0 578 397 -.092
"11) NITRITE 189" - 160  3.22 63 T .20 62 ~.025
——y ” ;' , . .
o N . .
. B Y
&~ ) i‘
» " y
. '
* ' '
- L3 . A



. aoidity and conductivitylwere log transformed as follows:

,which aré left-skewed)
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Thus oxygen, chlorophyll and nutrient conéentrations as well as color,

\

[0y° = 106("0,/8.514 + 1) * 8.514/1L06(2) e
Chlor.a” = LOG( Chlor.a/1.244 + 1) * 1.244/L0G(2)
- Acidity” = LOG( Acid./2.258 + 1) * 2.358/L06(2) N

Conductivity” = L0G(' Cond./22.02 + 1) %22, oz/noo(z) S

Golor”. = LOG( Golor/5.027 +.1) * 5. 027/106(2)
. ‘_Tuabiaity - LOG( Turb./. 422 + 1) *vaazz/noc(z) )
; Silica” = LOG( silica/28. 28 + 1) * 28, 28/LOG(2) ,
e 7. * Nitrate’ ='LOG( Nitrate/3.97 + 1) * 3: 97!LOG(2) )
_— Nitrite = LOG( Nitrite/.615-+ 1) %:.615/LOG(2)

Where X7 indicates the transformed variable. ' T 3 !
Plankton population counts are highly right~skewed most of the time.

t

For population group sumg ‘and other population variables where most of. the

o values are non-zeroy it is st{ongly advisable to use the median formula,

~rather than a Simple log€x+1) transformation. "(The conseguenqes of not

- '

1doing so are possibly ' over—shooting aand having trandformed va?iablés,

o .
) ' "

Thus the plankton population variables were transformed as folloWS.

Greens”., = LOEG ( Greens/28495 + 1) * 28495/LOG(2) ,

Diatoms” ='LOG ( Diatoms/l4199 *. 1) * 14199/Log(2) o

o . Blue-greens” LOG( Blue—gr./3514120 + 1) * 3514120/LOG(2)

. Chrysophytes L0G( Chrysoph. /13708 + 1) * 13708/LOG(2)

Xanthophytes” = LOG( Xanthoph 123180 F 1) 23180/LOG(2)

II

" Unidentified” LOG( Unident./18446 + 1) % 18446/LOG(2)

'

+~ " ¢ladocerans” = LOG( Cladocerans/4231 + 1) * 4231/LOG(2)

1)

Calanoids” = LOG( Calanolds/8448 + 1) * 844&/LOG(2)

‘
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. ' .. Cyclopoids” = LOG( Cyclopoids/228 +.1) * .228/L0OG(2)
. . [4 X , .
. . Rotifers” = L0 otifers/5954b% ) *-5954/1.0G(-2)
' 'Inéect l&rvée = LOG( Larvae/Z + l) * 2/LOG(2) ) o
S Copepod nauplii’ LOG( Nauplii[SZl? 1) * 5217/L06(2)
o o

b

R VArachnids' = 1.0G( Arachnidsls 1) ¥ 6/106(2) L

v

, Again, the multlpllcation factor on the’ right is merely ta scale the

A
transformed vaiues back to a range similan to that of the untransformed.
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APPENDIX E LOOP ANALYSIS “

(Adapted from Lane and Blouin, 1985)

1. Introduction .

.

Loophanalysis is a qualitative netwoék technjque that uses signed
diagraphs Po represent séts of interaction variables. It ;epresents a
marked contrast to the more well-kﬁown computer simulations of system
ﬁ{alysis which utilize massés of data to const!hct quantitative models.
Loop analysis involves integration of feedback‘pathw;ys in ecosystems which
permit calculation of changes in basic production measures (standing crops
and ;urnover rates) a; well as identification of crucial entry points of
ecological stresged into foodwebs, Lane and Levins (1977) have studied
hypothetical- freshwater plankton communities undergoing nutrient enrighment
using this methéﬁnlogy. Briand and HcCauley (1978). eonducted lake
ganapulat{on studies and tﬁfted°loop analysis predictions witﬁ their
results, lane (1982) and Tane and Morison (1981) have applied qualitative
a;alysis to marine field communities in the field and laboratory. Loop
anayls}s has not previously been used for an acid precipitation sfudy.

Whole system understandiné is urgently needed. Thousands of potential
feedback pathways exist in acid-stressed.lakes and 1n§irect eff;cts can

\
swamp direct omes (Lane and Levins, 1977). Not only is better understanding

needed to assess this stress, but also to insure that management strategies
B s .
won’t boomerang in unforeseen ways.,h - .

a , '

2. ‘MEthods .

»The three lakes modelled in this study .are Pebbleloggitch, Beaverskin

" and Rejimkujik Lakés in Kejimkujik National Park, Nova Scotia. Their

-

limnology (Keréﬁes et al., 1982y, and descriptions: of their plankton

+

1
communities and the data collection plan~for this study (Blouin et al.,

»

o~
z 3

[ Al

<
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v

‘v1983) have beeﬁ“giVen prevsously. Only the 1981 data are modelleé here 2

y
&

because nutrient values were not available for 1980. The mathematical
- formalism of loop analysis is also detailed elsewhersw(Levins, 1973, lgTSr

‘Lane, 1982' Lane and Morison, 1981) In this study, the analysis consisted

-

" ‘fof fitting loop models to correlation matrices derived from field dataﬁ
: ,(Blouin eﬁ al" 1983). Because 1oop models predict directed changes(+

or 0 values) for each variablesin the model correlation signs for pairs of

‘ variables can also ba predicted.‘ The following example illustrates how this

n Lt 1 s

‘can be done. ' * . .

o N EE
. +

Figure E.l represents a fcur variable aquatic ecosystem. The large
i §
el eies enclose the variables (N, A H and C). The arrowheads indicate a,

n

poSitive effect on: the variable the arrowhead touches and the circleheads

, indicabe a negative effect on the variable they touchr The signs (+uand -)
Y ' 4

o E represent the qualitative effects of ‘one variable on the rate of change 0?,

n

the second variable. (Thus the signs are the qualitative values-of the

- < )

' partial derivatives _of the functLOns of each variable 's rate of change

- v
. f s

e oL evaluated at equilibrium) For example, herblvores (H) consume algae (A)

Av" n

causing an’ increase (positive) in H and a decrease (negative) in A.
{ f

~
* t

‘ .\i" The following definitions and rules sgﬁmarize 1oop analysis as it is

w'

. used here.,» vf_ ‘%‘— \,f>. T « .
L, , ‘ v

N ' -
‘1. A.loop of 1ength.k is a simple closed path from a variable to itself

+

.

Vo through k steps which visits each variable on the loop only once. The_

\ N ! - \

L value of a loop is the ‘product of the “iJ of its 1inks, and the sign is
l ‘

",the sign of that product. Alpha (o j) is the interaction coafficient
- representing the effect of variable j on variable i. A loop of lengthﬂ

0. is by convention pritive and has the value +1. Feedback is defined"

. Nz
\

E ' . i as the effect of a variable on itself by way of intervening variables.‘

,
| Y
. ' . ;
~ v N .
£ -
Hh . - . T . - o
- 4 ~ - i
. > ' + T
o , . . . f .
L4 ' 1 1 > i Vo
‘ . - - . -
. , » , ~ g , f
. ’ ' -
- 1 . “ : ' " 4
. . o . ,\ .
‘ :
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Figure E,1. Loop diagram of a f

e

‘
»

b

our variable aquatic ecosystem arranged as .

B
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+

a single food chain, Nutrient (N) and carnivore (G#‘variébleé

are self-dampe
Care not. A circleﬁaad iﬁdicatp

. adjacent variable. N-A, A-H and H-C interacti

®

decreased through carnivore ﬁredation.; coe

d whereas algal (A) and herbivore (H

o

N

'

s

il

s'an

“increased . by feeding on hérbivor

[N ,

es  (H)y
o
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‘ » \

.

2. Mathematically, the feedback at level k, (Fk)’ in a system of n
variables is defined by Fk = (—1)m+1L(m,k). Feedback at level k is

summed over all sets of products of m disjunet loops that total k

v

elements. Disjunct loops have no variables in com#on (L. = loops). Y

L '
3. Loops of 1quth 0 have a value of +1 and FO = ~1. /This is an algebraic

t
convenience. n/ ‘*

J
involving k variables, none of which are visﬁted more than once,

b

4, A path Pij(k) isy a product of (k-1) alpha vflues from X; to Xy

* Y Pii = ].v « -

r ]
v ¢
' ’

5. The complement of a path is the set of variables not on the path.

\ €
t

6. Let Cj be dny of s parameters of the system dXi/dt =T (X{,Xgs Kgs eoey

X3 Cl’ CZ’ 03, . Cs)' Then, the effect of a change in Ch on the

equilibrium level of any variable (Xj) in the system is:

[
[

0,/ = & (of;/ 3e) % by X x L foomp By, (FyyE

<

.

|
that is, if Ch is a positive input to Xi» then its effect on Xj will

have the sign of the sum of the ﬁrgducts of each path from X; to Xj,

. each multiplied by:the feedback of its complement, and all divided by

the feedback of the whole. N

- °

a
®

. In Figure E.l, the path from nutrient to carnivore is positive, whereas
| » M " »
* the path from carnivore to nutrient is nhegative. There are three loops of

~ )

length two representing predator-prey interactions and two self-damped loops

3

(length one). . There are no loops of higher length (level), that is,

involving more than two variables., Table E.1 gives the qualitative

4 i “

predictions of changes in standing crops for four parameter.inputs:’ an

.
S

s
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Table 1. A, nPr;zdictions of directed changes in standing crops for
o " variables in Figure,1l, and , ' ‘
-Bk. Predicted'correlation signs be;tweenwpairs of variables
; | respéndihg to i&creases in N and C.. ‘ '
A. Directed ‘Che’mges - | ‘ .
Increase in: . | SN .A ; H. C )Va‘trifablre
) ) ) : . : .
N . + + + o+
A - e+ o+
H o + -+
- C B -i) -+ .
B. Correlation Valﬁeg ) ‘
Variable pair : Increase in:-
. N-A L a . ‘
N-H ‘ T
. CN—C " . -
A-H, - .
A-C' ' ' o «

N
* *a N .
o t i
o
I .
i 3
[
v '
® ;
A .
A
'
«
’ g
f
' \
. -
a
i
°
.
B
i
- ] -
<
’
n ' '
'
v
. S
s |
),
B y i .
. -
N :
- 3
- ' . ' '
s ’

-~
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“field or laboratory data setg, |

sampling date to the next. The core models represenc} those interaetions )

Page 229

ty ' "+ ‘. ' ' ' ‘7>

v
'

,increase in nutrient (N), algae (A), herbivdre (H), and carnivore (C) shown

1

 in the‘left ~hand margin. The ehanges are read across each row. ' For

¢ .

' ‘example, an :anrease in A, perhaps reflecting a better environment for algae

P X

(more, optimal tP.mperature or light re.gime), results in a decrease in N and

increases in A, H and C. ‘ N o .

- f
[ ! 1

These direc‘ted changes can ‘also be used to predict eorrelations between

|

ehanges in pairs of variables (Table E. 1) For example, if N is increaSad'

1

t:hen there wi,ll be positive correlations betWeen the changes ln standing

[

crops of all variable pairs. ' If Cis inereased, only N~—H and A—-C pairs will

be positively correlated and - all other pairs will exhibit negative,

. correlation. Both direc.ted cha,nges in standing crOps and the resultant

-

co‘rrelation vaiues generated by 1oop analysis can, be tested with either N

M . 1
. )
oy )

Figures E 2, B 3y and E 4 show the models for the three study lakes.

L SN

'l’hese models, were, derived by fitting predicted correlation values from model -

predictions to observed correlation patterns from the 1981 field data.

Figure ‘E. 5&"shows composite or core models for the experiinental,

h S b,

enclosures in Beaverskin Lake in 198% A core model is’ a compilation of,
individual models. Each individual model is derived by fitting predicted' ~

:. variable ehanges from the model to observed changes in field data from one- ’

1 )"

. which are most i\mportant in a particular environment.' Solid 1inks are thohe

whieh appeared in more than SOZ of the 1ndividual model,! , while dotted links

) s

‘are those which appeared in between 33Z~50Z of the individual models.,

4 -
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Loop diagram of the plankton comm{mity of i(ejimkujik Lake.,

Parameter input is a positive input to variable NP (nitrogen-

'ph'osphate complex). Symbols associated with loop variables

are _expiained.;n, Table E.2. _ ' Y .

- ' - - .
f . %
!
> -
«
N e N
- 3 .
1
i
N ’
v T LY
B X .
1 N \
. « . M
. . N
s 1 4 d
v ’ Y
A T + *
, ‘ o s " B
N
q v v +
)
i L
\ P
R . - -
N ‘ ' '
- f
’ ' 1
. f .
~ 1 N . . T
v ‘ ¢
-
- .
N ‘ -
, \ h
1 P i3
B 1 '
. ‘
' . . ‘
K} .
- . s
. ~ , '
. d . |
5 .
- " ¥ ¥ f
i3 - * "
a - 5 ' - 4 3
Y
* “
i ‘ & ~ !
) « . Pt .
. . i
. ' v N
- A
f
1 v
\
. . .
- . ¢
) w -
t
N \
. M .
- ' . f '
' ’
« .
t LAY v N & N
B v
i
¢
'
r ,"
f '
b t
) » .
N f .
TG
'
- - € b
t 1l . '
i [, N .
'
v s
P . “ b
.
o* ' s >, N f
' . - v N
N * 4 » I
! r
- ' N
¢ .
. ) . i .
.
.
LA
.
N N v R -
v R \
'
.
A 2
v 1
4 . !
) ) .
v
i - i . '
N f
. - s ~ . t
- ¥ . . '
13 M ’
‘ -~ Wt
v
v . .
- ) , .
. , .
i ‘
-2 ~ B
i . i '
.
» -
.
.
¢ i
4
Y N Y
i ' )
. | s
¢
s B N
- '
< \
L] . ) '
; ,
l ' r [
i ® « s '
¥ 2]
»~ o 0
. s .
(- ’
. N .
‘ .
' 4 N {
: P
*
b L]



' Page 231




: ' Page 232

“

" Loop diagram of the plankton community of Beaverskin Lake.

Parameter input is a positive inputa to variable NP (nitrogen-
phosphate complex). Symboals ‘associa'té‘d)with‘loup variables

are expldined in Table E.2. -
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v
v

Figure R.4. Loop diagram of the planktonm community of Pebbleloggitch Lake. :

' Parameter input is a positive input to variable N (nitrogen
t’ «

’ LN

complex). ’iSymbols associated .with loop variables are

«
. . ’
- explained in Table E.2. ‘
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_Loop diagrams for Beaverskin Lake enclosures, 1982. Symbols

asgociated with loép variables ére.explaineﬁ in Table’E.z.
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- 1Tabie 2. Rey po'Wgriableslused in the‘ioopfdiagrqms of individuoal.lakes.
T X indicates that thé*category'&oesﬂnot apply. "‘_ - '
*'yariable s Pebbleloggiteh/ Lake : Beaizer:skiil Lake A Rejimkujik Lake

N i . AT .,

v K
B . R v , : T ) . g
v - -8 . » h
. .

%

-
-

I. 'Nutrients -

Py osiliea . 7 . T : siiiqé ' silica

P, ‘ - ' Lphésph;pus> ; _@u S _ghoéﬁhorué“v * . phosphorus . -
NP . ‘” X' { . 'T' ‘/':/.\ ééiuab}g iééﬁtise; gcluabie reéctive;

, i "if wo : l’if:{ L ‘/’ *:io£al~dissol§ed and total dissolved and -
’ . ) ‘ t - . s ; total fhosphorué. ’:tqfal phosphorus.

’ - ; :”_“ [N .4'-7 ‘,*,\  }-{‘:tqtal niﬁ;ogén ) - Jtotql’nitrﬁgeﬁ
o ~ - R : ;" - ::, ' ;» » T nitrat;e R ; S ‘ni;trat-ér— ‘

qr—N S ‘hitrogen: L - difrogenr . . ) nitrogen

NH- .~ ammonia .. e ' ammomia - - ~ ammonia -

S - N ‘» . . - T < . .5 . .- : . R . .
T+ D - ' detri;ii;)/f“ S <4gtritus ; *  detritus
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¢ s -~
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+ - - - -
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- h
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‘Table 2. ' Continuwed & . - . e d o . N o -
. . Variable Pebbléeloggitch Lake . - Beaverskin Lake Kejimkujik Lake
/"-r . ‘ e e % TR PR - o
i § 8 Phytoplgnktoni, e o L o : e T
) 'A1 oo -Chlorochromonas minuta  Closterium parvulum Sphaerocystis .
- - P : . oL . * schroeteri S
’ o .. - BGloeocystis gigas ' Sphaerocystis Schroederia setigera’
T . _— T T schroeteTti . ) I
oo N . Dot T, . e . Jocystis lacustris -
. A .. ‘' Cryptomonas ovata, ., " Chlorochromonas minuta . - :
R . L o < T . _Sphaerocystis
N ) o R ' - L = i - schroeteri
A " Ooeystis lacustris Navicula sp.; .~ - .
o . . e L Synedra ulna-
. . Sphaerocystis schroeteri . S - -
o R " | T g - . .- Dinobryon divergens.-
- . . - Eunotia arcus _ - - & .. . . -
- ’ - o Lol . B ‘ Mallomdnas .caudata
PR 2 Frustulia rhomboides ‘ . .
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. L NN S , : ;
s - " >, - # - . - t -
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Table 2.

Variable -

Continued. o © ..

'Pebbleloégitch Lake { 'Beaverskin Lake - . - -

s
S * -~

_Kejimkujik Lake

=

Asterionella formosa Tabellaria fenestrata

4

Gloeoe&stis gigas

-

Eunotia pectinalis

Mougeotia {sp.

Oocystis Tgcustris

A

‘Synedra ulna . .o

Navicula sp. .

Asterionella formosa

Tabeéllaria fenesfrata

Elakatothrix pelatinosa

Tabellaria fenestrata

. . *-
Dinobryoq,bavaricum‘ﬁ

K

Mallomonas caudata

Ciosﬁerium parvulum

,Schroederia setigera

i &
. B

4

Selenattrum ﬁinutum_

¥ - e a

‘Asteriénella formosa

Arthrodesmus octocorne

Motgeotia sp.: .

) - . *
Selenastrum minutum Synedra ulna - -

Dinobryon bavaricum,’ . cT .

3 s .

Dinobrydjfgzszigens i

.4 - - -

. Agmenellum thermale

Navicula sp.

Funotia pectinalis

@

" Frustulia rhomboides

" i

Chroococcus dispersus . Chlorochromonas minuta

-

‘Cryptomonas ovata

Arthrodesmus octocorne
+ Mougeotia sp.

‘Closterium parvulum -

Elakatothrix gelatinbsa

*

Eunotia arcus

X : L

0%z o8eq
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Table-2. Continued. " o o - 7 )
" .Variable. Pebbleloggitch LakeyAiii'iBeavéfskin Lake ~Kejimkujik Lake
T - ] * i e e
. I1I.. Zooplankton - ' A - ”
N - T - o - - L < . 2+ ‘ )
.. -4 Nauplii : e - Nauplii Nauplii . .
- - ) . » - . - *
N " Diaptomus spp. {(CI-ITI) Diaptomus spp. (CI-III)
R y;' R X R X . ’ Rellicottia bostoniensis
. 5 7 ; ~Kéf&tella éochleaiié Keratellé cochlearis Keratella cochlearis
.. 8 - - Diaﬁtbmuq minufﬁéfé&ult&‘ Diaptomus minutus adults Diaptomus minutus adults
- B - ‘ -2; oregonensis adults D. oregonensis adults
N - - . L ’ D. spp. (CLV-V) .
7 ’ i"'Daphnia catawba "ﬁaphnia catawba- Daphnia catawba ’ .
- o ‘ Diaphanosoma birgei . Diaphanosoma birgei .
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-+ Table- 2. -Continued. * AU

.‘ Variable’ ;‘

"Pebbleloggitch Jake - )

3

L]

Beavetskin Lake ~ .. Kejimkujik Lake

-

‘*Eybosmina longispina

Holopedium gibberum

_Diabhanosomakbirgei

‘Bosmina longirostris

Eubosmina lﬁﬁgisbina,

Bosmina longirostris

Eubosmina tubicen

Holopedium gibberum

Hoi&pedium gibberum

Epischura nérdenskioidi

Mesocyclops edax

Diaptomus

spp. (CIV-V)

@

Epischura nordenskioldi Epischurz nordenskioldi

Mesocyclops edax

S

Epischura nordenskioldi

Diaptomus oregonensis

" adults

Leptodora kindtii

. v

copeépodites (CI-V)

Leptodora kindtii

Mesocyclops edax -

Diaptomus spp.:kCI—fII) JXq‘

Leptodora kindtii

Zhe @3ed
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Appendix E. Plankton species data, Beaverskin Lake enclosure experimerits,
1982. ' :

*

e

Table El. A., Phytoplankton ‘s'peéies abundances for Beaverskin Lake enclosures,
1982. (Numbers.ger Liter). :

L O

- E ‘-"ji,‘, ‘L:‘ . s

Table El. B. Zooplankton specie® sbundances and egg ratio data for Beaverskin
' Lake enclosures, }932, (Nombers per M, average numbeér of

. eggs per female)l »- o :

I



Appendix E

Table El. A.

TREATMENT

t
-

ACIDIFIED

[}

b

1982. (Sumbers per Liter),

DATE

820723
820807
820822
820906
820921
821006
821021

BEAVERSKIN

CUNTROL

LIMED

NUTRIENT

820723
820807
820822
820906
820921
821006
821021

820723
820807
820822

820906.

820921
821000
821021

820723

820807,

820822
820906
820921
821006
821021

820723
820807
820822
820906
820921
821006
821021

3

¢

Agmenellum - Chroococcus Anabaena  Aphanizomenon
thermale dispersus flos-aquae flos-—aquae
5380000. 1240000, 0 .0
5580000. 414000, 0 0
8790000. 328000, 0 0
1120000. 33300, 0 ! 0
343000. 47000, 0 9940. .
560000., 48500, 0 0 .
1070000. 53800. 0 0
4680000, 1450000, 0 0
11000000, 366000, 0 0
13408000, 161000. 15100. 0
11100000. 150000. 0 0
2840000. 75400 0 0
3960000. 183000. 0 0
.1290000. 107000. 0 0
1690000. " 377000, 0 -_ 0
3250000, 382000. 0 .- 0
12400000. 194000. 5560. 0
3530000. | 119000, 0 o
1960000, 123000, 0 28200,
2520000, 113000. 0 0
719000. 86200, 7550. 1190,
3400000. 8916000, 0 ;0
8120000. 463000, 0 0
16900000,  “317000. . 0 0
1870000. 122000. 0 3970.
2090000. 113000. 0 1190.
4130000. 167000, 0 0

54200, 39300. 0 0
5210000« 1320000. 0 0

=9160000. 587000, 0 0
26800000. 447000, 1590. 0
8360000. 174000. o 4770, 0
2880000. 140000, 0 0
7000000. 156000, 0 0
1140000. 59200, 0 0

Page 244
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Table El, A. Continued. age 243

e

L3

Asterionella Tabelllaria Tabellaria. Eunotia

TREATMENT DATE

| formosa . fenestrata flocculosa arcus
ACIDIFIED - o .
S 820723 . 397, 1980, "0 0. - *
820807. . 0 R 0 ‘
) 820822 . 0 o 0 0 s
820906 0 ) 9940, 0
820921 0 - 10300. 35000. ' 0
\ 821006 397. . 296000. . 10700. <0 \
\ 821021 0 1190, . 1190. 0, .
i l ) 5, N )
‘BEAVERSKIN R \ : -
o . 820723 . 0 L0 0 0
820807 0 0 0 0
820822 0 0 " 795, 0
820906 0 .0 j 0, 0
820921+ o O ' 1590. 0 0
821006 . ‘ 0 * 795 0 0 )
821021 0 0 R 0 0
CONTROL . \ ‘ — \
B 820723 0’ 0. 0 CQ
820807 o . 397 0 0
820822 1590, i 0 397. 0
820906 0 © o, 2780 2380, . 0 -
"820921 . 397. 1190. 6,2000. : 0
821006 ... 0. .° 7160. £ N36200. -0
821021 - 1190, - 2780, 15900. 0
LIMED ’ :
. 820723 397. . o 795. 0
820807 Q " 397. . 0 0
820822 . 397. 397.° 0 0
820906 © 0 397« 4370, 0
820921 . 0 1190. 14300. 0
821006 . 0 1190. 25400, 0
821021 0 4770, 18300, 0
NUTRIENT . ! : :
- T 820723 . 397, 397., ©397. : 0
820807 0 397, - 0 ) 397.
820822 © 0 : 795, 10300. 0
820906 0 6760. 122000. 0
820921 - . 0 9150. 67800. 0
. 821006 © 795, 2780. 9540. 0 '
0

. 821021 795. 795. 9540.
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Table El. A. Continued.

TREATMENT DATE Synedra Navicula Cyclotella Pinnularia .

pulchella Sp. menenghiana major
ACIDIFIED ¥
~ 820723 5960. 10300, 3978 0
820807 0 7550, q* 0
820822 2780. 5960. 0. 0
820906 . 13100. 1980. G 0
820921 43400, . 11100. 0. 0
821006 16300, - 3580. ¢ 0
821021 11100. 795. 0 0
BEAVERSKIN "
» 820723 3180. 3180. Q 795,
. 820807 795. 2380. 0 0
820822 14300, 2380. 0 795.
820906 0 2380. . 0 0
820921 0 2380. 0 795.
821006 0 3180, , 0 0
. 821021 0 2380, . 0 0
CONTROL
820723 0 4370, 0 0
820807 7950, 2780. 0 0
820822 9540, 4770. 0 0
820906 5960. 4770, 0 0
820921 75800. 9940, 0 0
821006 21300. 8350. 0 0
821021 79300, 18100, 0 "0
]
LIMED
820723 8750, 5560. 0 0
820807 10700. 2380. 0 0
820822 7950, 1190, 0 0
820906 7950. 5560. 0 0
820921 1980. 3180. 0 0 N
821006 2780. 3970. 0 0
821021 3580<:;\_-\ 6980, 0 0 t
NUTRIENT
820723 1190. 2380. 397. 0
820807 2380. 14300. : 0 0
820822 22100. 5560. 0 0
820906 14300. 2380. 0 0
820921 4770. *1980. 0 0
821006 3580, 1590. 0 0
821021 3970, 397. 0 0
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: » ' . Page 247
Table El. A. Continued._ . .

-
~ »

: TREATMENT DATE Arthrodesmus Tetradesmus Mougeotia Selenastrum *
v octocorne. wigconsinensis Spe minutum
ACIDIFIED . . &
820723 0 & 0 0 0
* 820807 0 0 - 0 1590.
820822 0 0 397. 1590, .
820906 0 0 . 9150, - 1590.
820921 397. 0 11900. 795.
821006 0 0 - 73400, 2380.
821021 + 0 0 2380, 2380,
3 (]
‘ D
BEAVERSK INe
a%0723 0 0 0 2380.
820807 o’ 0 0 3970.
820822 0 0 0 2380.
820906 - 0 0 471704 2380. .
82092} 0 0 0 2380. .
821006 0o - 0 20 3970.
821021 0 . 0 795. 6360,
%
’ . ¥ )
*CONTROL . . . i
820723 0 9 g 1980.
820807 0 0 0 ‘3580.
820822 1190. - 0+ 1190, . 5560.
) 820906 0 g 1980. 6360.
* 820921 397. 3970. 0
821006 0 0 8350, 1980.
821021 0 795. 5170. 1980.
LIMED
820723 Q ~ 0 0 0
820807 0 0 0 5960, ¢
820822 0 0 ) 397. 1980,
820906 0 0 397. 793,
820921 0 0 2780. 437@,
821006 0 Q 1190, 1590. -
821021 0 0. 0 2380.
NUTRIENT
820723 0 0 3580, 795.
820807 X 0 0 0 3580.
820822 2780, 0 1190, 2380.
820906- « 397, 0 . 8350, , 795.
820921 397. 0 17500 397,
821006 0 i) 1190. - 170.
0 4370. 60.

821021 Q »
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Table El. A, Continued. Pagf:a 248

w

.

TREATMENT DATE Closterium Spondilosium Staurastrum Staurastrum

parvulug. planum paradoxum. connatum
.ACIDIFIED
‘ 820723 0 5170. 0 0
820807 397, 0 0 0
820822 0 0 0 0
820906 .0 0 0 0
.. 820921 0 0 0 0
. -821006 0 0 0 0
821021 0 0° 0 0
b \
v d ’
BEAVERSKIN \ s
820723 - \g . 0 0 0
‘820807 5. 0- 0 0 €
820822 s 0 0 ‘o, 0
820906 0 .0 a G 0
820921 " 0 0 « 0 0
821006 "0 0 0 0
821021 0 0 0 0
CONTROL . : ‘
820723 397. 0 0 "0
820807 795. 0 0 397.
820822 397. 0 0 0
820906 0 0 0 0
820921 0 0 0 0
821006 -0 0 0 1
821021 0 0 0 0
1 ™
LIMED '
820723 0 7550. o 0
820807 0, a 0 -0
820822 0 0 8 0
820906, 0 0 0 0 ‘
820921 0 0 ‘ 0 0
821006 -0 0 0 0
821021 0 0 0 0
: D
NUTRIENT S, . ' .-
820723 397. 0 0 "0
820807 3  795. "o 0 s i 0 »
820822 0 10700. - 397. 795.
. 820906 Yoo 0 0 0o .
" 820921 0 6360. .0 0o &
T 821006 0. * 0 0 0
821021 0 0 0 0
821021 0 0 0 0

—— gt K

e W A



Table El. A. Continued. . ] Page 249

TREATMENT DATE  Kirchneriella Ulothrix ' Schroederia Gloeocystis

lunaris vaxiaé%;is~ setigera maior
. * l-
ACIDIFIED :
820723 0 " 0 109000, 7950,
820807 ° 0 0 0 2780,
s 820822 0. 16700. 19800. - 37500,
820906 0 4370. 0 . 5170.
820921 0 4370, 22600. 19500,
© 821006 0 6360, " 37700. 5170.
. 821021 0 1590, 62600. . 1190.
BEAVERSKIN . .
, 820723 0 0 77900. 2380, .
i 820807 0 s 0 0 3180,
820822 0 0 247000, 795, . %,
820906 0 0 0 795.
820921 0 0 21500.. 3970.
821006 0’ * 2380, : 0. "1590.
§21021 0 Q 0 ’ 2380,
CONTROL .
© 820723 0 ) 54100, .. 9150,
820807 0 0 33800. . 3580.,
. 820822 0 1590. 65000, - - 67000.
820906 0 1590. 0 46000. €
820921 0 33400, 16100, - 8350,
821006 ° 0 27000. o' +  '8750. )
821021° 0 35400. 91600, 3970, -
" LIMED , . ,
820723 0 0 . 397. 3580,
820807. 0 0 105000, "3180.
820822 0 12300. 75100, 2380.
820906 | 0 10700. °  59600. 6360.
820921 0 13500. 7950, 10300,
» 821006 ) 5960. -8750. 7550,
821021 397. 4370, 8350. . 7160.
NUTRIENT . v
820723 0 0 0 2380,
820807 0 0 25400, 1980,
H 820822 0 - 130000, 26900. 82800,
820906 0 45900, 61600. -30100.
’ , 820921 0 6360. 10300. . 23900,
821006 397.° 2380. 15900. 4370, .
821021 °  1190. 4370, 37300. 2780.
)



Table El. A. Continued. ' » Page 250

\

\ .
TREATMENT DATE Oocystis Qocystis -« Scenedesmus Quadrigula
’ parva lacustris bijuga lacustris
ACIDIFIED . /
820723 0 397, - 3180, Y
820807 U 197, U v
820822 0 0 0 0
820906 1590, 397, 0 i}
820921 0 1190, 0 )
821000 397, 0 1590, 0 :
821021 3580. 5370, 0 1590,
BEAVERSKIN : . )
820723 0 0 0 0
820807 3970. 795, 0 0
820822 795. 0 . 3180, 0
820906 1590. 2380, 0 0
) 820921 0 2380, 0 « 0
: 821006 0 795. 0 0
821021 7160. 9540, 0 5560,
' »
CONTROL
820723 0 q 0 0
820807 397. 0 0 0"
820822 0 0. 0 0
820906 795. 397. 0 T 0
820921 _ 1980. 795. 4770, 0
821006 -  397. 795. 0 0
821021 1980. 1190. 0 0
LIMED
820723 0 1590, ¢ 0, 0
820807 795. 7959 1590. - 0 .
820822 1590. 795. 0 0
820906 Q . 397. . o 0
820921~ 1590. 0 0 0 .
821006 1190. 2380, 1590. 0
821021 397. 397. 1590. 1590.
T * «
. NUTRIENT . . . »
3 820723 0o 397. 0 0
~ 820807 1190, . 0 0 0
820822 0 0 0 0 .
820906 1190. 1190, 0 . “ﬂ' 0
820921 0 397, 1190. - 0
821006 1590. 5170. . 0 0o
821021 1590. 795. 1590 2780,



s . C e
~ Table 1, A. Continned. ' ' , L © Page 251

i

TREAiMENT DATE Gonatozygon Sphaerocystis Tetraedron Euastrum

brebisonii  schroeteri minimum insulare
ACIDIFIED |
. 20723 0 0 ) 0
‘ 820807 0 0 0 (U
‘ 820822 0 0 397. 0
820906 - - 0 0 397, .. 0
820921 0 0 oy 795,
821006 0 0 0 S0
S 821021 . 0 0 397, Vs
»  BEAVERSKIN - . . } : ) : Coa
' 820723 R 0 4 o 0 . K
§20807 0 .0 S o
820822 Q- 0 1590, L0
20906 0 0" » 0
820921 795. 0 0 0-
) 821006 0 .0 0 o. -
R 821021 0 . 0" 0 0 ’
) { ¢ Y i i ;
' CONTROL o o B L
: ' 820723 0 0 0 B .
820807 . 0 ) 0 0
820822 L0, - .0 0 , 397. .
) "820906 .0 Y L0 0 W 0 *
v 820921 0 - 0t 0 0 =
: N 821006 0 " 0 .0 . 0 - '
VIR 821021 0 o0 T 397. 397,
, LIMED : , LT e e
e 820723 0 . 397. 0o 0 -
\ . 820807 0 0 - 0° 0 3
©to. . 820822 0- - 0 0 0.
S . 820906 0 0 - 397. 0
; L 820921 0 S0 - o . 0
< . T 821006 0 ‘ 0 0 N
o T, 821021 0 .0 397. . 397, \
' NUTRIENT L . + :
: ©t, 820723 D S LI 0 0
X . '820807° 0o 0 0 ‘0 .
o, . 820822 . 0 - 0 0 397.
) . ©. 820906 .0 g 0 0 -
Y0 o 820921 0 S0 L. o 0
~ © 821006 0 L0 397. .0 ’
s 1821021, 6 0 0 0’
1



3

[able El. A. ~<oatinued.

TREATMENT DATE

[y

ACIDIFLED
820723
820807
820822
820906
820921
821006
821021

-

BEAVERSKIN
820723
820807
820822
820906
820921
, 821006
821021

\ ;
CONTROL
820723
820807
820822
820906
820921
821006
821021

¢

LIMED
820723
820807
' 820822
820906
820921
821006
821021

NUTRIENT
820723
820807
820822
820906
820921
821006
821021

[

Elakatothrix

gelatinosa

3580,
2380,

795,
795.

795,
1590.
1590.
3970.
2380.
2380.
3180.

397.
3580+
4770,

1190.
795.
1190.

397.
3580.
3970.
1980.
3970.
3180.

795.

2380.
1190.
5170.
397.
0
3970,
3180,

A

Pape 252
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Table El. A. Continued. A o page 253

TREATMENT DATE Dinobryon Dinobryoh'\ Mallomonas \ ‘Mallomonas

bavaricum . divergens caudata - g;akrdkdqps
. ACIDIFIED o - A
- - B20723 0. 1190, 3180. 0 4
820807 °  3180. 397. - 5560, 0
820822 15100. 3180. /7160, Q
. 820906 2780. . 3180. | 1980, g 2
A\ 820921 - 0 1190, 1980. ' |
R . 821006 16300. - o ' 10700. * 0 .
' 821021 17500, 397 24600, ° 0. *
L R s
ERSKIN . ) e
T 820723 0. v 5560 o .
- 820807 0 0 21400, 0.
820822 .0 0 10300. 0.
) .. 820906 1590, 0" . 7950, 0
‘ -+t 820921 7160, 795. - '15900. 0
\\ ~ . 821006 3970. . ' 12700, - 19800, . 0
821021 '33400. 0 28600. 0
"CONTROL o . P 3
C 820723 - L 0 0 - ' -2380, b0
. . 820807 . 7550, .0 - T160. 0’
820822 8750. . - 397, - 6760, 0
'820906 - 101000, - 1190. . 5560, 0 -
820921 . -20100. 437Q. 1590. 0
‘821006 ,} - 8350, . 1980. 7550, 0
§21021  .-17100. 0 14700, L0
LIMED : , | ‘ o ¥ .
‘ 820723 .0 0 . 57800. 0o
$20807 1190, - 0 . 7550, "0
820822 13900. .0y 19400, 0 -
820921 - ' .6360. - 0 8750, . 0 '
821006 .. 31600. - 795. + . 27400, S0
. (82021 H72900. v 0. - TT7BSO0. 0’
"« - NUTRIENT . o S
. 8207230 T 0N L Qe 7550, . 7 0
- '820807' . 795, . .0 - ... 7950.. " 397.
/' s20822-  397. . . 0 0 175004 0
' . 820906 ' - 397. 0. 13700, 0 ‘
.7 U820921 . .00 ¢ 0 . 24300, - 0
- '821006 ° , -Y2700. . '397. o+ 39300, . 0
: -0 821021, . 7800, 1190, " . 36200. 0
v [ - . . e v - A
- lu , ( ) . . ! ) > e - | ’ PN
SO



Table El.

A. Continued.

TREATMENT ~DATE

AGIDIFIED

BEAVERSK

e \

i

© CONTROL |

A3

. 820%23
820847
82082
820906

820921 ~

821006

821021

IN
820723
820807

. 820822

820906
820921

. 821006

821021

820822
820906
‘820921
821006

S 821021

. 820906

NUTRLIENT

’ 820822‘i~
‘. 820906,
© 820921, .
-7 821006,
- 821021

e

820723 .- @ .
820807

820822

820921
821006

821021 . -

820723 .

820807

820723
820807 -

.

Peridinium Cryptomonas Chl&rochromonas annown

limbatum

Soctooo

cocoCoo .
=)

‘ovata

' 0-
- 1590.
795.

. 1980,
1980.

0

0.. . v
0 . . .1980,
0 rﬁxzsmx
0
0
0

E190.

1590.
. 1590..

o 795.°

1590.
. O‘

i

:“ 795..

1190,

1190.

0
o

0 . 1190,
0 . 7 <1590. .
7

0

0

. 6360,

"0
' 1980 . "‘ r

GO aen
2380,

397,

5560 .
397,

' 397\-‘ o "i

33800.°

' minuta
minuta
2780, 36200\
13100.. 7160.
22600, 17500.
44500. 6760.
44400, 1190.

171000 17100.

" 29400. 27400,
1590, 30200,
7950, 18300.
8750. 30200.

16700, 31000.

. 9540. . 55400

% 92300, 86200.

. 23800, 38100.
3970, 33800. _

', 19800, 6760.

. 93300, . 19400.

. 82800. % 10300. -

.. 72800, . 1590.

. 29000, . 107004

298000 M - 79500 ?

", 3580. 30200. .

. 6360, 11100.

12300, 32600.
23000- o /20200- '
'75800. 20600, -
77100, 71700. ',
15900. 16700,
. 2380, 43100.
9940, 8750. v
- 498000. " 15500.

489000, 10700,

149000+ 16700.

.. 94300, . 58100. »

42100

PaééQZSE

\\
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Table El. A. Continued.
TREK&MENT DATE Bambusina Micrasterias Euastrum Cosmarium
® brebissounil arcuata intermedium Spe s
v ACIDRFIED © ' '
820723 0 397. 0 0
820807 1190.. 0 0 o
St Y 820822 0 0 0 (1 RN
. 820906 0 0 0 S0
! ‘ . 820921 0 0 0 -0
v . . 821006 1190. 0 0 s ~ 0
R 821021 . 0 0. -0 v
\ ggv Lo ° *
) BEA{:RSKIN S \ _
820723 3180. 0 0
820807 - 3970. 0 .0
820822 795, .0 /) 795.
820906 1590. @)’ ! 795.
820921 « 34200. | 0 0.
. 821006 - 27800, 0, 0
821021 0. 0 0
CONTROL o .
L, 820723 .0 0 "0 0
- 820807. 1980. " U0 397. o
‘ 820822 0 0 0 ,zys.r;
. 820906 -0 0. 0 397
820921 795. 0 0, 397.
821006 397; 0 0 J-)‘u "397:“
821021 397, 0’ .0t 0
LIMED F Co ‘ T
820723 1150. 0 0 : .
- - 820807 397. 0 0 . K
~ 820822 2380, .0 0 T0.
. 820906 5560, "0 S0 0"
oo . 820921 397. © 0 00 397,
. 821006 ¥590. 0. 0 0
- 821021 0 “0 0 "o .
A ~ - ) i «" ’ 'Y
NUTRIENT " o g X
: 820723 . 0 L0 0 0 \5
820897 * "* 397, 0 0, 0.
820832 ."1190, "0 0. 795.° . %
820906 1980. - 0 0 1190.
-® 820921 22600, 0 a 0
821006 1397, w0 0 0
" - © 8210217 795, S Q4 0 0
L]
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Table El. A. Continued., Page 256

TREATMENT DATE Peridinium
inconspicuum

ACIDIFIED ‘ v
820723
820807 |
820822
820906 119
820921
821006
821021

-

OGO?COC

BEAVERSKIN - ;
820723
820807
820822 \
820906
820921
821006
821021

CToQCoO OO0

GONTROL .
.820723 ~
820807 .
820822
820906
820921 *
v . 821006 .
T 821021

.~

cCoococCcoo

*

LIMED
-820723
820807
820822
820906
820921
821006

v 821021

oo oS

NUTRIENT
820723
820807
820822
820906
* §20921
. 821006
’ 821021

ccoo Qo
&

-
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Table El. B. Zooplankton species abundances ,and egg,ratio data for Beaverskin
Lake enclosures, 1982. (Numbers per M~ , average number of
eggs per-female).

TREATMENT DATE Chydorus Daphnia Bosmina Eubosmina
Sp. catawba longirostris  longispina -
ACIDIFIED
820723 0 251, - 0 0
! 820807 v 0 150. 0 0
820822 3720, ) 0 0
? 820906 3900, U 0 0
% 820921 5180, 100. 50. 0
! 821006 986. 0 0 0
‘ 821021 ,100. 110. 0 0 ,
i 5\
BEAVERSKIN . .
820723 402. . 1200, 0 0
820807 402, 0 0 0"
820822 0 402. 0 603.
.820906 0 412, 0 0
820921 0 1080, 0 1260.
821006 0 201. 0 0
821021 0 0 0 - 201,
CONTROL
. 820723 100. 100. 0 452,
820807 788. 0 0 0
820822 5870. 0 0 0
80906 18600. 50, 0 50,
820921 29900. 0 .0 0
821006 ° 19500. 33, 0 0 w
§21021- »  3684. 100. 0 0
LIMED ~ C
- 820723 70 - 805. 0 0’
820807 100, L0 0 0
§W822 2. 0 0 0
820906 . 895, + 0 0 0
820921 558. 100. 0 0
. 821006 {24, 0 0 0
¢+ 821021 1910, 0 0 0
. e
NUTRIENT _— .
820723 .. O 503. 0 0
82080 .* . O 100, - 0 0
820822 . 2110, 100. 0 0
, 820906 8350.. - 201, 0 0
' 820921 9250. 100. 0 0
821006 . 603. | 0 0 0
821021 251. 100. 0 _ o\_/



Page 258
Table El. B. Continued.

TREATMENT DATIE Bubosmina Holopedium leptodora  Diaphanosoma

tubicen gibberum kindti  leuchtenbergianum
ACIDIFIED
820723 - 1400, 201. 0 452,
820807 2610, 0o f. 0 654.
. 820822 12000. 100. 0 1500.
820906 °  24400. 0 0 110Q.
820921 3620. 0 0 1100.
821006 5050. 0 0 0
821021 4040, 0 0 50.
. Y
BEAVERSKIN
' 820723 4420, Q 0 6640,
820807 16900. 0 0 2810.
820822 402. 0 0 3820,
820906 412, . 0 211. 1410
820921 1240, 0 0 664.
821006 201. 0 0 201.
821021 1810, 0 0 201,
CONTROL . .
. 820723 2610. , 201, 0 1050,
820807 lo7. ) 0 0 1600,
820822 2950. 0 110, 2780.
820906 603. 0 - 0 50.
820921 160. 0 0 100.
821006 50, 0 P00 335,
821021 523. 0 0 134,
LIMED
820723 6230, - 100. 0 1810.
820807 01. 4 100. 0 . 1860.
820822 9560, 0 0 2310.
820906 6730. 0 0 805.
820921 8600. 0 0 201.
© 821006 1170. 0 0 100..,
821021 2960. 0 0 352.
. NUTRIENT
820723 4620. 0 0 4420.
820807 150. 201, a 1100. .
820822 2610. 0 0 2510.
820906 805. 0 0 603.
820921 301. - 0 .0 1610.
821006 1000. 0 0 0
821021 603. 0 0 201.




Table El. B. Continued. e Page 259

TREATMENT DATE Scapholeberis Chironomidae Eurycercus Camptocercus
kingii lamellatus rectirostris
ACIDIFIED
820723 0 0 0 0
820807 150, "~ 0- . 0 0
820822 0 0 0 503.
820906 0 0 0 259, .
820921 0 0 301, 352,
821006 55. 0 0 T 50,
82102t 0- 0 261,
BEAVERSKIN )
820723 0 Q 0 0-
820807 0 0 0 . 0
820822 0 0 0 * 0
820906 0 0 0 0
820921 © 0 Q 0 0
821006 - 0 0 0 0
; 821021 0 0 0 0 .
- \ :
CONTROL .
820723 0 0 0 0
820807 50, 50. 0 - 83.
820822 0 . 110. ' 110. 1060.
820906 0 100. 50. 704.
820921 0 50, 1550. 703.
‘ 821006 0 150. 1280. 600.
. 821021 0 0o 345, 1220.
LIMED . ' .
.- 820723 0 0 0 0 ,
820807 100. 0 © 0 - 0
820822 - 301. 0 0 0 ‘
820906 171, ' 0. . O o ., v,
820921 0 .0 0 201. ‘ '
821006 0 0 0 50'
821021 0 .0 0 50. ,
NUTRIENT
820723 0 0 © 0 100, s
820807 0 0 0 » ‘0 ,
820822 905. 0 0 301.
820906 0 0 201. 2760.
820921 - 0 0 1610. 2210.
821006 0 0 100. 100.
821021 Q 0 0 *100.
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'

TREATMENT DATE Polyphemus  Ophryoxus
. pediculus gracilis

ACIDIFIED
820723 0
820807 0
820822 301,
820906 0
820921 603.
821006 55. 60. ,
82¥m1 0

\ ‘

BEAVERSKIN | .
820723 201., -
820807 201.
820822 201.
820906

. 820921 \
821006
821021  \

cCoOoooQC o

COoOCOCOO

CONTROL
820723
820807
820822
820906
820921

82100
821021
-

LIMED ] - v
820723 ‘
820807
820822 10
820906
820921 .
821006
821021

Soocococo
leBeoNoNeRoN ol e

COOO?OO
oOOooOCoC

NUTRIENT

820723

820807

820822 10
© . 820906

820921

821006

821021

OOO0.000
coocCCoOC

Bl



Table El.-B. Continued,

( Page 761

v

) TREATMENT ‘DATE Epischura Epischura Epischura Epischura
- ' nordenskioldi nordenskioidi nordenskioldi nordenskioldi |
. [FemaTes] Males] [C4-C5] [c1-c3] 7/ .
ACIDIFIED . )
820723 0 0 0 201,
. 820807 0 0 0 100.
820822 0, 0 0 0
#20906 0 0 o | 0
820921 0 0 0 0
821086 160. 50. 0 0 .
821021 221, 0 - 0 0
BEAVERSKIN
820723 0 v 100. ) & )
820807 0 0 201. 201,
820822 01, 0’ 402, Q "
820906 0 0 201. 0
820921 0- 0 0 0 "
821006 402.. 201. . 0. 0 .
) 821021 0 ] 0 , o‘ .
CONTROL ‘ v " .
820723 . 0 0 0 -0
820807 0 0 0 33.
820822 0 ) 0 0 0
820906 0 - 0 0 0
. $20921 0 4. "0 0 0 ,
= 821006 0y & 0 0 0 b
821021 o 0 0 0
LIMED . .- \ N
820723 - ] 0 0 0 s
820807 50‘ O ' 0 - 590
820822 -0 0 0 0 '
v 820906 ] 0 0 .0
. 820921 .0 0 .0 0 '
y  -821006 .- - 50. 0 0 0 L.
821021 . . O 0 0 0 l
NUTRIENT . . .
820723 . 0 0 —-. D 0 °
' . 820807 .. 0 0 0 - 0
s 820822 0 0 0 0 ,
, 820906 0 0 ] 0 i
) 820921 100. 0 0 0.
J 821006 0 50. 0 0 :
821021 . 201. 201. 0 0

b ettt e S+ Dk
M »




TREATMENT DATE Diaptomus Diaptomus Diaptomus Didptomus
minutus minutus oregonensis oregonensis
[Female) [Male] [Female] Male]
ACIDIFIED - \
820723 805. - 150. 0 ; 0
i 3 820807 956. 553. 01, gn 100, ‘
A 820822: 3920. 1200. 503, - \ 0
PR G I A 820906 5070. 875. w110, y 0
P 820921 4020, - 553, 100. 1?0.
821006 2270, 719. 50, 0
821021 . 2040. 2020. 110. o -
N |
BEAVERSKIN . . - .
820723  ° 25300. ., . 28900. 503, 804.
’ 820807 " 9450, © 2810, 0 0
820822 , 13800, 11800. 603. 1400
» 820906 ,  12300. - 9730, 4310, - 2@503
. . 820921 . _ 19400. . 7920. 1730. 664
\ 821006 8850. *6230. * 603, 603
821021 9450. 11800, 402. 201.,
& -~ ! ’ |
CONTROL ’ i . I '
~ : 820723 6130. 3920, 100, 0 -
. . 820807 -318. 167, W, 0
‘ 820822 3930. 3210., 100. 201. i
* 820906 502, 201. 0 0
L . 20921 " 402. . *150. . 503 0 g
' 821006 150. o7, 0, Q
. 821021 1640, 301. « 0 [
1 . "
* - " L]
LIMED . a- . *
’ . " . B20723 - .5430. 35200 ° 0 N :
820807 2960, 1050. - 0 v 100.
820822 12200. 6230." - 201, 0
820906 . 7450, 4160, 301. 0
820921 - 6590. 2660. 503, 100.
/ .~ 821006 3420. 764. "0 © 0 .
- . 821071 3370. 603 . 0 0
. . R ‘ » ¢ ; 3., ‘. ‘ . .
v ' r's
. NUTRIEJT .
) 820723 * 8250. 6230, 201. "0 )
820807 1250, . 251, ) Y
' \J . 820822 . 3520, © .7 1910. . 0 100.
< . - 820906 2760. .« 654, 150.. 2514
' “ ' 921 - 4120, 2210, . ¢ 9 . 0
N - 821006 2660, 754, , * 100, » 50.
. . . 8tz o 7190 ' 5680.. 150. ¢ loo.
+ d . - ' B » ./ A
Ve ' . - ’ o
: 4 I ' v &:‘.( "
* - r f\ " ¥ * | ")
I - t“ - - ™ . L |
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Table El. B.

TREATMENT DATE

R ACIDIFIED
820723.%
820807
820822
820906
82092%
821006
\ o 821021

BEAVERSKIN

. ‘ 820723
. 820807°
) 820822

820906

‘ : 820921

| 821006

821021

‘ _ CONTROL T
ot . 820723

. - 830807 *
. . 820822
S | . 820906
- . 820921
: 821006
~T . - 821021

. 820723
- 820807
820822
20906
820921
™ 821006 °
82102}

. »

-
e

-

1
‘

« NUTRIENT |
* ' 820723
, . T *820807
820822
820906
820921
. .* 821806
' “T 821021

M
mé%'
3o
-

»

. Diaptomus
Spp. [C4-C5]

v

Continued.

Diaptomus

- Mesocyclops

Page 263

Mesocyclops ‘

1760.
1710.
3420.
8270.
4620,

810.
1630,

w
8350.
8650.

24500,

29700,

17200.

10800.

2910.
1140.
16400.
1150.
200.
201.
1200.

503

y 2310,

13500,
9830,
3370.
1380.
1610.

‘905,
1000._

4020.

1400, .

905.
1350«
3820.

Spp. [C1-€3]

10600.
4474,
5030.
1240.

503. °
1680,
* 3280.

LS

22100.
22500,
9450,
2510.
3090.
3420.
3220,

1

38260.
2530.
5040.

301'

3i1.

737.
1780.

. 19600,
7140.
5730.
2090,
t610.

1330. -

1810.

edax [Fem.]

0 100.
0 0
805. 0
21, 0
50‘ 1000
100, 0
0 0
I
402. 42,
805, 0
0 0
0 0
] 0
0 0
0 0
0 0
150. 0
653. 422,
1600, 200.
* 673, 452,
; 885. ,518.
u/ O 67.
0 0
201. 100.
0 0
0 0
0 0
0 )
50. 0
4 ’Q{! U
' 0
603, 0
8Q5. 100.
" 1400 . 803,
50, s 0
\ OZ e v 0

edax [Male]

h

%



Table El. B. Continued.

TKEATMENT DATE

ACIDIFIED
820723
820807
820822
820906
820921
821006
821021

BEAVERSKIN
820723
820807
820822
820906
820921
821006
821021

CONTROL
820723
820807
820822
820900
820921
821006
821021

LIMED
820723
820807
© 820822
820906
820921
821006
B2102r

" NUTRIENT,

. 820723
820807

820822

. . 820906
820921

. 821006

© . 821021

Mesocyclops Tropocyclops Tropocyclops Tropoceyclops

edax [C1-(C5]

100,
150.
905.
216,
251,
311.
U

100.
803.

211,
U
402.

SUZ -
217.
4U60.
3820,
4420.
2500,
5364

100.
402,
201.
150,

50.

301,

» 201,
« 1100,
1400.
1100,
100,
160.

S5p. [Fem.}

Lo}

0
1)
Y

[adi o ol e I ] o CoCcoe

cTooovOoC

-

cooccoco,

Sp. [Male]

0
1o,
201,
317,
352.

S oo oCa

281

3]

100 -
100,
iugo,
382,
402.

COOOOoOOoCO

-

-

Sp. [CL~C5]

S o OC oo

-—

oo oo

402,
402, .
472,
231, 7
105.

)OOOOO

»

QO

CCOOoOOCOCO
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Table El.

« TREATMENT

ACIDIFIED

BEAVERSKI

CONTROL

LIMED

NUTRIENT

B, Continued.

>

DATE

820723
820807
820822
820906
820921
821006
821021

N
82743
820807
820822
820908
g20921
821006
g21021

820723
820807
820822
820906
820921
821006
521021

820723
820807
820822
820906
820921
821006
82102}

820723
820807
820823
820906
820921
821006
821021

Copepod
Nauplii

42200,
4370,
8150,
4120,
4170.
5350,

13000.

58500+
2810,
4620,
6080,
4580
5230,
14000

“34400,
1760.
* 13000,
45200
2080,
2960.
1670

70200,
*25]10.
5830.
6640.
5780,
© 5560.
4370,

49000,
2910.

. 5930.
8800.
5630.
4620.
10200,

Page 265
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Table El.’B. Continued.

v

TREATMENT DATE
/tl
ACIDIFIED
8213723
820807
J 820822
e % 20906

" 820921

421406
821021

BEAVERSKIN |
820723

821021

-

’

CUNIROL' |
820723
’ \ 820807
820822
820906
820921
821006

)

“ . 821021

) 820723
& 820807
820822

. 820906 °
s 820921

) 821006
-# v 821021

“
v

NUTRIENT
820723
. 820807
-+ 820822
. -~ B209%06
"4 820921
54 e 821006
. 82102 .
] h . -
o
-
o '“ .
;" Oy

3
L]
R
3

. Page 266

Keratella ¢honochilus Polyarthra Ploesoma

cochlearis 5p. . vulgaris ‘hudsoni

bu3. ] .U 100,
Jul. .+ 6790, 0 RULR
5630, Y 0 « 1100,
HILIVER 1500, A 1544,
6080, 0 Y 553,
5950. 24140, - ) 216,
L2600, 35100, 0 402,
3020 U 0] 100,
1200, 0 v 7
2010, 0 0 L.
19uu. U 20 0
3030, 9650, , 3] Q
5430. 18100, 0 0
24700, 33200. 0 0
L "
{ . . A
| ;Y
352, l 0 S0 ) v
v 33, 2510, U 43, )
* 7650, 17200, ° .0 1430,
3260. 7540, 0 "854,

* 5.‘)3' 0 * {j 201. M

< 696U, 6030. 0 201.

. 15700, 7540, g 167,

¥ ' ) "

. , . . )
, 7 1200. 7540, o, ¢ 0.
251. 4520, 0 ¢ :
805. 0 0 402, ' . o
6660. 3010. 0 503, . R
1860. 0 0 (o} DO .
12800. 4400, 504 47, 1004 . .
12200. © 3019 . 201 g 50, a
. ¢ ” . .
> & * [

*;. » é . e '
- 201, 4520, & % O« 8 o
25Ty~ 2260, T« .0 . 0 ' .

N HQ3. s .0 3010, w0 5730, S
13007 "= % 1500, o 14400, . P

, 3010, . ™, 3010. * 201, "7 402, {
142004 ° " 3770. 25L, ", 50, r s
19900, . 70100« 855. v 0
4 W T N « " P
. ¥ \‘ o U\
- ) A

1 - i "‘ N -

ﬂ 31 C . - L\\ 1

R . & (\‘1' .

® A ‘4‘. . N . ‘ . € ]

- ®



Table El. B. Continued. Page 267

. re At
TREATMENT DATE Trichocerca Chaoborus  Water ‘mite Asglafnck{na': :
elongata . Sp. . . Spe
ACIDLEIED B “
820723 .0 Y 0 0
820807 v 0 0 C0
, 820822 0 voou 0 0
\ . 820906 0 ] 0 &
) , 820921 0 0 0 .. oy
" B2 100e S i “0  « 120, '
. B21021 100, ] ) 50, .
¢ BEAVERSKIN . "
“ B20723 0 Y0 U ' U
820807 | 0 V) 0 : v
: 820822 » g .U U ) 0
820906 0 4 0 0
820921 ¢ 0 U U -
821006 9 U 603, U .
B2l 0 0 0 0
CONTROL . ’ o -
‘ o 820723 v U . 0 8
. 820807 0y 504 0 , 0
v 820822 )] 9 ' ) . 0 )
820906 50. 5, | 251, )
s 820921 50. 5, 0 50, T,
-+ B2lQ0p ! 0 o 0 284, '
821021 N ) 0 536. .
r " ! Y
i ~ ~ p &
LIMED . N
. 820723 0 0y 0 . 0«
820807 0 0 | v
820822 100. $ 0 "0 3] ~
‘ 820906 9 0 f 0 o )
. 820921 ] o . 0 402, ,
, 821006 0 0 0 261.
. 821021 w0 0 . 0 301.
? . . v
R " NUTRIENT  ~ | .
, : T .. 820723 0. 0 . Q 0
- N ' 820807 ° 0 ,% 8 -« - g’ 50, o
! . .o "820822° ¢ 0. . *: ‘0 0 P .
v . . 820906 -0 C 0 o 201, .o
T ‘ 820921 0 0 e 0 - 9050. .y,
. 821006 0 0N L 0.° , * 30i.. 2
821021 S, O L0 I 150. ;
» hE IR . "' ‘ . “
( O e ) _ s e
. . ko .. i ' 7 o “ -
> L3 T b1
% ‘ ¥
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