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th: COWDURiITY. -UW & 3imilar Zashicn, parasitism of superior
corpetitors  mey «lso am=2diass phytoplank?on cozxistencs.
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et neds usz?  to dstermine similaraity of phytoplénkton spe-
cie; 2% multivailiate analysis (21lzn and ¥conc=, 1%75; EBar-
“2ll, zi al., 11978), compariscn of net gqIowth rates (Lewis,
17774), or coapeTiscn of the shapes of species frzquency-a-

bundanc: curves (Lewis, 19776) .
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0% the CLi-squacec teCLniyue is presented in Kershaw (1573).
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¢chnos= ths Dest i1ndicator ¢ abundancs, <ithsr standing
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0f a computsr o lartge numoer 0f specizs arnd 3alples can Le

dAnalyz=zd. ThUS a4 very therough picture of COmRLnI*Y Struc-

turs can be seen., The validity of the muthod dlsc incredases

12 th: sample size i3 ialgs Ia rzelation *c  %he organisms

diffzrent. Thls Gilves grzatsT gelerTality *o .conclusions
made abCuT th: species and  Tore pradic W, apilivy. Tie

cult, =his :is siwulated by varcious Banipulations of communi-
tinss fr37 on= lake, iv enclossd water coluans. The use of

in situ =rclosurss Lhas Teczntly bzcome popunlar in investi-

Jatiugy thz effecis of som: physico-chemical or piological
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rnkten cowaunitiss (Lund, 1975; Farsons

2% al., 1578), EHere it is us

é to ;rcvidela Lroad data pase

This chapter descripes tihe season-Qujéccession 0f the
dczinant phytoplackton divisiorns and.species it  Hzazuey Lake
frca June to liovémber 197€, and sxamines tu= species aszsoci-

ations found in the lake anwd in six polyethylene tubes sub-
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K MATIZIZALS AND METHCDS s
R “h2 seampling progrea was urdertaken in  a say 10 m
1225 In Hzpay Laks Frow 23 Juas <¢c z Nevemuer, 1576. Tha
SR

lak= 1= charact=rized oy extramsly low PCy 3= and X} - levels
in 2idsuzmil and  high hardn:zss (scs Briand e+ al., 1%7§).

SEV-L W4T COlukRlS WeIeé Samplizd wsskly throughout ths sza-

Variations in speci2s compositicern were d2nerated by
" . 6——-\.
S£VaTal Treatucrts. WG TULE5 were connzctad  fr:zely with

-h tWwo 2% the sceied containzrs adule crustaczans WEre ce-

movsd w2ikly wiszth o 135 ua zooplatkieon net of 0.75 & diama-

t=D passsd tThiouyh the znClosuras oncz.a. The last sealed

) =

pair of =nclosules was .if+ 1Lnanipulatsd, Fiaally, /3 en-
w1

closurzs, one froa cach tr2ataznt, were 2rrichzscé waskly w2th

% - and Pl 3- tc cencentratioas ofF 100 rg N/1 and 10 pg /1

Zed.

be

Tesp2ctivaly while tone OthiIs waTe left upfertil
rhytoplankten samplss were taken witi a 2 1 Van Dorn

bertle at depzis o2 0, 2, 6, and 9 o in =ach watsr column.

plankton bucker of pesh size 35 pm down to 100 mi. Za each

satpls 5 ml aliquets werez =uumeratsd for phytoplank:ion den-

+

Sity and species composition using “he Utermohl (se2 Z_und =zt
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TiCh techbigue. In all cases atr l2ast

162  ipdividuals wesze  couanted at 320X magrification on a

Zeliss invertzd  phass CoDtIast BRICIOSCOp:. This cecunting

rcanlane de2tects all speciss  prasent at  densities nigher

Ed
S:ntativa prefilis aze preszgssd in Fig. 1, .
For =h: successicLal analysis, chang=s in both spe-

cles and;é:oup abundance, exp:essedras densiny .or voiume;.
wer= fcllowzd throughout *hs sappling s<ascn. First the
four depth-samples <ot a par=itbular datc'Héré avz=raged to
crevile  an es:imat; cf each gépﬁlation deasi+ty (standing
3TtOCK)- In <he laks. Thz voluze oI =ach 3paciss was either

Calculazzi frcz direct measuTensnts ©sing the fo-pulae of

“cvala and lLarzancs (1966) or taken Zrcom the publishzd re-
cord, wheu avallawire (W=tzzl, 1975,
For the Chi-squared association,analysis, data taken

oo za

£ ch of the Iour deptas were compined into a water co-
luwn senmpie for zach date abdé znclosurs. The aburndance data

vaere then converted o Lbipary prese=nrte-abscence data.  %®hile

52 sbeclias were recorded througiout the season, only’ those
j g .

species present iIn et least 25a% of the wataer coluans were

included in <hs analysis. & CLniI-squarzd valus was computed
£or each pai- o: sSpecies uUsing a FLFTEAN Crosstaus progranm
using the Caw Ireguelkcies. The sigr oI thz assocliatlion was

detzrmined by the association cozfficient wgg- as sug-
n

gEStengy Willams and Lambzrt (1367).
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2.2 :Ispizs “
2.2.1 Eé§9;=__i sucesosion
Tﬂe 5UcCesSsSion in the lak~ will b2 dsscribsd first at
the level of ti: taxoncamic division aud thepn at the species

. ratterns L4 akbunda

\J

c: of stanéing swcck and cell vo-

i

lum: oo Lllustra=ed 1n Figurzs 2 and 3. ~'e abundances ze-

CRIySCpLYLisS, CIypieDhytes and cdincflag=llates. Cf these

only the Llve-greens 2né €1atoms ale 3OMiNdaNt Denpers of the
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i¢urs Z: W2ekly variations ir phytoplankton standing
stock.

#2zkly variaticus In phytoplankter standing stock of the major
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“tan =L o035z observzd in standing s%ock. While 2 neazly t=0-
3
fcid renge =2xisiz in cell nuco=rs, only 2 four-iold aiffer-

encd applizs to ¢:ll velubde. | Peaks in celf_volume, such as

thos: on 23 Juue, &% August,t 21 September and 26 NOctebper,
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~gurss 4,5 and €6 sSnow *tns changes ir p=rcant conitri-

=s=ock and c=ll
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volum: throughout the s=ason. Whils the <+we iuniiczs of
2pendéancs do rIt closzly pazaell:zl zach o<hez, sSowz genzral

A Elue-g5reeas :

This Jroup domirae*:d thi phytoplankten ccon 2 July to
37 Zvcust. Feak levals uefe :e;;séa:ad 22 3 hugust In ta2ras
lohal :élc:ive abuudance'(%ﬁ.ﬁx) and cn  zk Augusf in teras of
r=l;tive\agipnef192;65). A stéep 2z2¢linz Ir bpoth icdices

"wads observed frcm this o (ate forward un+til S Cetecper when

bluzwyreens coLstituwed only 25.%7 and 3.2% oI standing

stocrh ald algal volumz, Tesp=ctivzaly. fically, <tuis gzoup

ircreassd 1ts C=lative asucdanc2 un=i 2¢ Cctobsr when taey
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c=1l1l volun=,

.



N B
. b L
b .
~
~ - -
. .
~
-
- - S
\
- ~ T~
a -
- LY -
- \ .
. - .
kS .
.y - ~
.
- . .

5lue-jieén algal contribution o rhytoplankwoh
abundancg. ' ’

.

e
b4
e}
[+
]
1‘
e
(X}

"

ativs centributzcn of plu=-graen

o

Wezhly varciations ir ce

algyae ¢o Totwal payrcplankton abundance (&—— o stand-

iny stock O-=——-—=—-—0 czll voluae).

R



100

3
&
-0 2
=
o
L E:
/ O
d - 0
V4 W
- ..m
a
o &
- .
2 .
2 8y
o o
2 |1_4d
M Ap—
L
o
9 =
2 5
& -
O
2
B[P
) ] t ! I | 1 1 i &
Q @ O- (@] O O @) O o
1) w M~ _ Te) Te] < v oJ , =
" (%) @ouppunqo uopjuojdoihyd [ojo} 0} uoINGLIUOT)

Date



az2kly varieticns Iin zelativa cont

otal

v

[4

- .

Diatom contribu=ion to phytcrilank*en avundance.:

ributicn of diatoms to

shytoplankton asvundancs. (Symiocls as in Fig. 4).

L 7]



-t
Ne
Y
-0
\ /
o.l..r.l. ’ . \.
=0 ol st
n.l-lnll-ll.o . [8
\ .
OA.....I.... /o/
T e——— Te)
..m =0 @"y
L \‘ —
2 _ .0~ ’
- /
m ol _ o =
» M.. ..........0 /\
. — ]
—— e L e
-\\\\ \
° - /
1 e T
.m ..l:l\\..l.\.l\.. e
= \\.\\\\.\ \ im
. g o-~" °
mv n_v l n_uS 1 I | 1 L ] -
O (@ (®] O O Q
o o o ~ 0 < 0 o Q

(%) oocovczno uopjuojdojAyd |pjo} o} co_Sp:.Eou

November

October

August September

July

June

Date



-
A -
PE3 i :
x - . . ~ . - 2 1
L . >
- ~ WY b
- d *
- ~ *
- - I
-2 " tet o
- - - - Y
X . N
: -~
P - - -
N -
— i )
e
_ S = -
- .
- =
‘.h - ~
F - )
-
-
X
. -
- - v " - -~
B
A
. <
- --l
O "
-
-
. » =
-
- ~ ~
- -

- - b ™ <

Paconr - - . ’

Figure €= Co trloution of Gra=g algaes: and other groups to
A | Lys oplank-on aoundanCe. )

- . e J“ I —
) - k l e - 7."- ) *
a wWae v varf&-; N aY el - hogre d S
. vio0s in __‘9h_ve cont-‘tq:‘on of drsen algae
TC total phvtopic aT - o

Hoy
o T “

ton of other groups -

- . : e
onytoPlanktou avvndancz2. (Symbols as ip Fig, &), -

- -y

Ve coniribyt

-

.-



%

Sy = O = G
L
22

S0

- (44
< ﬂu i
4 -8
| - rd []
& oM\ . o\m
m ,.o, —>. /ml..l...
. = aa O\
H\ !
e et ¢ 2 e+t e b e e b et e q Mw
| Y
Mm p _R“ -
m. \\\\\\\Nl \\\\‘
mm / /l / iw
2 ,, .* \
- ) o o
| 1 | 1 , 1 |
t~=
O @]
CHE I T - 5

(%) 8ouopunq uopupidolud 00} OF UOKNGIUOD

7

September  October  November

August

July

June

Date



~eater varia-

L}
e d
18]
[oF
[
w
rt
[o]
B
'_l
I\
P
(T
'._l
[7]
—
n
1Y
ff
[T} ]
'l-
[Ta]
[ ]
un
i\
r
)
o
P,
]

+-nd tn doaluate la-

fzen higher

|
|}
[
LJ
H
ot
o)
n
o
m
fs1]
¥
L[]
[ %]
V]
[]
O
1]
(8]
4
(o B
.
3
a
oD
+—
[
<
0
[ nd =g
[ 2]
3]
a
th
[+
s
T
Q

tribution vso whi coamu-

B

--< b

ni<y is largeér when using Tais paramet=z. . The centribution

0f ‘distons 40 Staindilg stock fluctuates fzom 1.37 on 17.2u-’

Thst tc 73.€7 oun 1. Getobesn, . whilz the relative voluze var-

2%

ies from 6.70%. on 24 Rugust to FT.0L on 1

‘
[
W
v

2vs>- as lar3s a com-

3> =

Ly IS

€

=}

- -5

wWhile g2e<el aelygee {(Fig. 6a) a
-+
d

senznt of the _prytcplanktod a3 the ;:eces@}ng greups, there

ar= vsTiods when they constitute n2arly 2C% of the total

INLEeT sS4 The peaks In

4}
1»
b
[
=
[o]
r.
=
il
o
9
[ o]
O
<
1}
81
-
(&}
z 3
O
th
it
o
‘
(2]
1
'._l
[
©
o

cell volumz occurrzd on. £ Juiy, (1R.5%) and 13 {ctober

(19.27) » The standing stock maximum was rscérded on € Sep-
csmbar when they reacasc lz.2%. - i+ 4ll c+bker <imes jr=zens

«ribut=d lzss that 4% *o-the s+tanding stock ©I phyto-

2.2.1.4 Cthess -

Thz chryscpbytes, ,c:?ytophytes ~apd dinoflagzllatss,
takenfcolleqtivély, are siziliarp +o the gresns ia thziT abuc-

‘teqinning ard &nd of

jance pattserns, exkibiting peaks at the:
. " :
+»: sampling szas3n-~ (Fig. 6b). - Lgain thalz abucdance is

Cctcehez., - -

-

+

' "J.'

oo

’

-



5

PN
.

w

: oo . 2
_/‘ T ' i - .

220 ¢ell velume is -akzn as the ingicater. ~The

3t
' LN
Ve d
n
"
=
o

'lo
H

£op

s
[e]
L& BEP
oF
[
o]
o
Q
th
ot
o]
t
293
’—l
0
a
}_‘
’_‘
<
[§]
| g
[o
=
i
o
g
f
-~
Uy
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16.84 ou Z&€ fNc¥gean. Thz hiyanest parcantage of torael stand-
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Lod (5.7%).  and ZEmained pelow 4% Zor the cduration ¢I the
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Ze2.2 " 3Species SUCCEs3:0D pasterns ]
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Seasonal chapges in tn: densities of the major phyto-
plapnk%crn speciss are_given in Fig. 7,8 and 9 (blve-yreeas),’
= . B A - e s

10 ané 11 (dzatéms), 1z and 13 (sTeens), and ™ (cthers).

. e » : . . b .. -~
-MCst of <he blue-yreeds skoWwad maximavin July and august.
. t - - . - _1:
- * . - . . . . b
The 0Id2r.0I S5pECles populuiion..pzaks Ll a0TTOX relzly Ana-
‘ . -'.‘ o L I - .
bAazna spiroides, shkddgsa 5T., aphaeizonsenon flos-aguae,
L& El ~
Phorpidium sp.” «ud Xicrocystis agrvoincsa.  -Crher specias,
pu. 3 & . kS - . .
howevar, sbel as inepagnd " {lds-agues, lacivlococcopsis. aci-
- - - = .. - . -

‘enlaris, and gscillatoria. limnitica, Lad l€ss obvious. .ssa-
. ] ..,.. ‘ - - o
sonal praference=, Ilucttuating =rraticaelly *hroughcut” the
- S . -y o

- ~DOLJ thi . £1aT0& $p=cls3,. Zgpsllaria fenastrata, fra-
-

3ildriga capucirng, aszerion:zllae Zcrmsesa, Fragilaria crotonen-
Si5 dné -¥elosifa gracuiata ‘succ=ed each cotter during the
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Tke gresn algae wers-.muck pore 5po a; in their po-

pulatici levzls +han the above groups and no. species ever

2xCez2d=d densities of 40,000 cz21is/l. Yost spzcle3 showed

Suwmer populatiou zaxima except fer Sphaerocystis Skroeteri

(S=ptembsr) and Scencdesmus obliguus (Cctobar).
Thke tweo nmajor speciss balonging o other divisions,

C?ld:ochromoggg Eihute and (Ccyptomenas &resa, T ylsterad

th

p2aks In Aygust and otkerwiszs showed irzegular fluctuations

=hroughout the sampling period.

2+2.3 SpECies richness
-psclzss richrness, that i3, Lz number of sp=Ccles re-

cordzd in counts, varied ‘rom a maxipum of 2R spacies on 10
5u4gust to a minimum of 15 on 7 Serterber (sse Table 1). _n
LeIZS OI avirages it wes siightly higher iIn the "mixed" per-

lod thenm ip the precesding stratifiasd perlod (s=22.1 com-

pared with 19.2). In addition, the thres major aivisions
all tad slightiy higher numc=r cf species presens iﬁ the
mixed period. Liatoms ({s=7.4) arnd blue-grzens (a €.1) con-
tribute the most %o total species :ichness.l 3otk reached a
peak 0Z 9 amnd 10 spécieo respectively cu 1C.§ugus£.\ Both
groups had a miniazun o Iour spacies uhic& thz blue-green

algae reached on .20 July and 19 Cctober and the diatoms on €

(B}
l=a
th
=}
[}
B
o
m
31
o
th

July. green algal species varizd from 1 on

7-14 September to 8 on 19 Geiober.
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“otal and qroup species -ichness in Heney lake, 1976.°

Sp=clies richn:ss reprasents ths cimulative number of specics .
found in counts at the four depthks saaplzd in ths lake.
Daz= algal Grecup
3lue-graens Diazons Greens Total

Strazifizd period
23 Gune 6 < o 15
€ July £ 4 3 18
13, J11 5 € 2 19
20 July u =7 5 19
27 July 7 £ 3 21
¥ixad FPzziod
3 3ugust 7 6 € 24
1C August 10 Q 'S 28
17 iugust & € 5 23
24 Zugust 7 - € 5 21
271 Zvgyst 7 8 4 22
7 September 5 7 2 15
16 Septenber 7 8 3 19
271 3eptember 3 5] . 3 22
28 ssprember 7 g 3 23
S Octobsr 5 7 "3 19
12 Cctoper 6 g 3. 20
1% October 4 9 5 26
2€ Cctober £ 9 5 27
2 Xcvembear 5 9 2 20
Mean Ea 7.4 3.7 271.3
Mean-Stretifiszd Pperiod

‘ 5.6 €.4 2.€ 19.2
Mean-Mixsd Period 6.3 7.7 4,1 22.1
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2.2.4 InCclOsSUre tI24tments

% total c¢r 39 species wire r=cercad throughout the
Y#ar In th2 lake and in the enclosuzss, 2asng thass 26 were
cournt:cd In 4%t l2ast 25x oi th: water coluzns. Zhe major
species are listed inm Tanls ; along with their frzguzrncies.
"The blve-greens, diatous aad JI=2en algae were 2ach Cepre-

sented by =ight speciss while choysophytes and cryptozhytes

ro-
had one species eack, -2 tae lake? proper, blue-gr=ens and
diateas jenzrally had rK¥gher trzquencies +han in the enclo-

Sur<s. Most notaile were rphanizom:znon arnd Tabellaria which

S — . . S . '
'

w2Is rzcorded In the lakz throughout +*hLz entir: season.

Zlsvan of thz specles rad higher frequencias in the zrclc~-

sueres than In tke lake. This applied particrlarly o six of
the ¢ight gre=u algas that wzre entarpced by the caclosure
trzetments. \\

/

2e245 Spécies associations
)——~.-—-/

The associdation matrix of ths € spz=ciss is shkown in

Fi3. 1S. Among tke 325 pairs analyzed, 59 significant asso-

& tim=s.th

hil
"w

Clatlions were found, cver thr numoer (17) that

world bLe expected due to chance alcne. Forty-two of the as-

r

sociations weIe positive, oI whichk 18 were at the (. 1i sig=
‘hillcance level, six at the 0.5% level, two at the 1% lével
and 1€ at thz 5% level. CZ the 17 negative associations

tkrze¢ cach were at tk2 0.7%% and 0.5% significance leavels,
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_Figure 15: Chi-squared species associa*ion matrix.

Chi-sguar2d assccia<tion matrix showing the vesitive (+) and

n=gativs (-) assoclaticns 4mofy the 26 210ST COQmMOL phyto-

nlankton specizs. levels n

(4N

significancs are indicatzd as
follows:

4+ or 4- Zor

e}

< 2.001
I ¢or 2- Zor 2P < 0.005
2+ or 2-. for P < 0.01

< C0.C5

+
o]
H

[}
th
8]
(&
¢)

Vacant squares indicate n¢ association,



Anabgana flos-aquas

A. spiroides
+ | Anobaena sp. . :
. Ankistrodesmus folcaus N N
+ Aphanizomenon flos-aquas
3~ Asterionella formosa
+ 2 | Chtamydomonas sp.
_ + Chlorochromonas minuia
+ 44 9%330:3 6rosa
+ 4+|Cyclotella sp.
24 + + |Dactylocaccopsis acicularis
= . Fragilorio copucina *
4+ 34 F. crotonansis
-1 |+ a4+ 44 3+| Melosiro granuliata
L Microcystis aeruginosa
Oocyslis parva
3+ Oscillotoria limnelico
B Phormidium sp.
+ a4 + la+ Matlz+ Rhizosolania tongiseta
4~ a+l24 4- +1 la+ Scenedesmus obliquus .
| 4 - + 3- - 4+|8S. quodricauda
g 44 Schroederia setigero
- |2- - 1 - "| 4 | Sphaerocystis shrasteri
4+ + a3+ 11+ Synadra dalicatissima
34 4 4+ : |+ © {3+ Tabellaria fenestrala
- 3- N [ Tetrosdron minimum
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two at tha 1% level and pine a: tKe S level. In gcneral,
dia*cus > were part of nmore dssociatiéns than the cther
YIoups. AS skown in Téble 3, dlatsms av:iraged 5.8 ussocia-

tions/species while blue-graens and greens averaga2a 1.8 ang

J
[ 3]
.
i
e
10
0O
it
'J
<
L)
—
~
»

£Sterion2lia, Frhizesolenia and ¥elosirca

ciss, rrahbdacna 3uircides and £oh

[+

ZfcCcy3tis Shres*eri zack

Fad Icur nejativ:s asscciations.

'
(6]
iy
0

ZesS tend to Le associatagd mores ofteli witn Loumbers

of thzio Owh taxononmic division than with amembers 0f other

divisions. Conversely, all 17 negative associations in-
volved two species from different divisions. This tizné is

rellsct=d in Tasle 4 where 29.8% of all possible pairs in=-

s

VOolving mamp:3rs 0% th: same divisiorn ares positivaly associ-

10

nterdivisional pairs ace associ-

[

ated whiles only 6a cf the

a+zd, Again dlatcas exhibitsgd

ot

kig trend wmor=z garkzdély,
with €0.7% of 4lil diawcno pairs positivaly associated. This
is much grsater tiaz blue-gzz2ens ané greens which were asso-

clatzd witkh only 10.7% and 117.9% o0f their nexbers, 1:spec-

”
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Sumpber 0f assoclation

2lla formosa
enia longisefa
*slosira granulata
Syr=2dra dslicarissima
CLYpiomonas 2rosu
fragilacia crotonsnsis
Scengdasmus ¢bliguus

Cyclorella sp.
Zabeliaria fspestrata:
lradagna spiroides
Adadazna sp.
Chklagydamonas sp.
Chlorochromonas minputa
Dactylococcopsis acicularis
Anabasna flos-aguae
Qocystis parva .
Scgnz2desmus guagricaunda
Schroeceria sstigera
Ankistrodesmus falcatus
Oscillaetoria limnetica
Trnaerocystis Skreezeri
Zragzlaria capucipa
Yicrocystis asruginegsa
Prormidiuam sp.
Zetraedron minimua

Diatoi& Average
Blua-gooen Averags
Green hverage
Cverall. iveracge

for each species,

associa=icuns
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zatIa- «nc dnterdivisiornal associations.

Comparisons of :tne mumber of Chi-squareé asscc

:
BeEbels of the same division apd Jeobers ¢f dif

[ =]
it
£
.’1.
<

H-

n

}Ju

(¢}

=)

tn

]

Wizhin Civisinns Setwaan tivisions

Total Fuaber oI Pairs g4 241
PCsitive associations 25 17
Percentage of Pairs
Positively issoclatzgd 9.8 7.1
Percantags of Blue-graetrs
Poslitivzly issociated 10,7
Fercentags of Liatoms
Positively issociated £0.7
Percentage o0f Greens
Positively 2ssociated 17.6
Negative issociations 0 17

A -
Percentage of pairs . )
Yegativsly Associated o - 7.1



2.3 DI3CUSSION

: o : . ~
2.3.1 SzasQral sucgessicn

-n: major portlcn of th:z phyvtoplankton standinc stock

oy
i
[+ TR
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W
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¢ ¢ blus-green algaz and
d¥atcas., This is clazaeact2aristic of aos< temperats, haTc-=-wa-
~‘ - . *
ter lak=zs, =specilealy duriag the time period sampled (Sodke
- — .
a2+ al,, 1958; rrescott, - 19 2; Hammer, 18¢L4). lonong tha
L

- . ’ Ll
Other ¢reups prsssnt at thls “ime, gra:n algas ars~aore pre-

cdominantly Zound in srall Zertile lakes or popds (ffutchin-

son, 19€7) while chrysophytes becomz importact in soze lakes

imuediately beiors the onses of surmer stratification (Moss,
' [P - . .

)

) \
1972y.  Dinollagellates oZften become dominant ductirg the

2

s in this

[ )
10

fall aixiny pzrlod but ¢id zot rzach high densit

r

-Zhz total phytopiankion apundarccs showed *wo peaks in
- :)-r‘ ) -

stapding stock (august and Jctoper) ané at least three max-
ima in c=ll volume (June, augus=z, and Cctober). Generally,
lakes of this <type registsr two main p:zaks in  abundance

{usuelly measured.as .biomass O- productivity) ccrrespencéing

to th: vernal and autumnal isothermel mixing periods (Roche
3 . .

et al., 1358; +scund, 1971). These maxima are du

distribution <aroughbutr <th< water coluan of autriznts from

H

.

th

1

s=dipznts. In tiis study, oae peak inm abundanc:z corres-

o

onds 0O the initial breakdown o¢f stratification at the and

-

0f July (see Fi .1) while <+here is no apparen* explanation
1. g : :

Sor the oth=zrs. Cne possible rzason for the other fall
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peaks in apurdance Dey be that, di=spits isotheraal condi-

tions Im August, W@ixXing wWeS DOt &S CO@pléts O CoustaLt as

t

i« was later in tas year. It Las becen reperted that Ip sums
ner, pazriods of cali wazath:z, la3sting up tc several days can

result in small-scale stratification ¢f otherwise Isdthermal

watel cclunns (Teynolds and walsby, 1975
. - . s

which would rcaducs th= inpet of putiiznts Sroz the s2dim

teyaoldés, 1576eaq),

2 ent.
- - - . .
“he scascmal skift™in doaminance from hlne-grzens in

suaper to¢ Jdiatems in aurtumn L3 starndasd for lak=ss cr this
typre (Fodke et al., 1958; Haamer, 19€4; Yoss, 1972; Tey-

nolds, 197€a; Jones, 1577a) although +iming and spzcles cok-

positicn of course vary greatly. The explanations Zor tne

stift place :aphasis exther on cianges In qautriszn: lavels

(Hfuzchinson, 1%44; Lund, 1G€£5), dJifferent temperatUIe pre-

o

ferznces petweed ¢IOUES (Patrick, 1369; Jones, 1977c), and
ctang=s iIn the physical stabilitvy of the watsr columr (Fzy-
nolds, 1373a; 1%76a; Knoechkzl and ¥Xalfi, 1875). *

ferent nutrient

G
(20
Ft

With respect +c¢ prefersrcces for

ninpate when nu-

v

conditions, bluz-3reens aIfz known %o prad
tTient levels are. at theis lowest duzing sumrar stagration
(Feyrolds arnd Walscy, 1975) while diatoms reach thsir pzak

wken inrut of nutrlients from the s=zdipents is  high (Lund,

triant levels has bsen ascrionzd to luxury consumption during
transient high concentrations. {(fevnolds and Walsby, 1%75)

and to jrowth at d

w

pths where nutrients are in greater sup-
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ply folioaed by ascensioL into the pettir—iidumirat+d levals
of the watesr cclimn to photosynthesize (?eynolﬁs,- 127€a) .
The latver cption 1S Lot op=u to Jilatons as Ny can not
contrcl th2ir vertical position iu tre watsr columL. ~1lsc,

the ugniau= diatoa feyguvirement for silicon may ‘he- nmet only

(1]
| 2
'C
10
LA
%
ot
[ =1
L)
i
n

-

than ilatoms Is well known {Patrick, 1%6%) and tiis agrees

.‘.
[
Pl
i
L]

with th: s2ascual occurrence of these groups iIn Hensy L

The Influsnce’ oI teamp

in
O
.
ct
'h

ratuc: is probably tisd %o that ©

rt
>
"
1
=]
fu
P
0
ot
H
o
[a)
je
th
b

cation which will be discussed at greatecs

difficult as it variss greatly Zroam laks *o laks. i3ong th

th

th

i1 1]

blee-go=ens one trend wkick may be explained is that o

ilamen+tous Icrams, such as Jphanizemanon, inabaAna spr. an

i

Drermidium sp., wiich precz2edad the non-filamentous algae
such as Dacrtvyiccoccopsis and Mlcrocvsiis. It Las bzen pos-

trlat=¢é *that filamentcous f0IIS reculre? Jgreater water coluan

stebilizy than cecicnial oazs sich as Micrecvystis because

“tLey can pot Iegulate proyancy 2s =fficisntly dwe to t r

128
i
' ds

sgoll~r siz2., Thus, Micrecvsris weuld tolerate greater tur-
bulence azud occurs 1later in taz vear (feynolds and Walsby,

1¢75) . Conversely, the unicellular Tac:ivlococcopsis is oot

known to rsegulate Luoyakncy, probaebly owing to its - small
size, and vwould thus be limcited <Tc¢ turbulzn:t water colanmes

for a different reason.



diaton pﬁlse, cr Leth, in difsfortan+ lakzs {"2dae et al.,
1858; lavis, 19564; ¥oss, 1969) althotgh scas soscies ay do-
ont the yz2ar (dollard, 1%6vy). 2t is thersfore iifficult +o
bput Zorth a unifying hytothesis for +his SITOUD.

although greer algal species shewzd mOT2 2rratic po-
pulation fluctuations tlan <the OTn=T §Ireups, @est oL then

-& aildsuwmer oS is usual for sipilar lakes {fickmacr,

Cas

C2iak=

[11]

1374} .
fpecies richress <Iiaches its nmaximun following ths=
PLset oI Isothszrzmal coLditions -y angust. This is contrary

to ths  trend In zany  lakes and alsc to whkat would bpe ex-

p2ctad 1 +the 3tratifizd water column providad a mor:s heter--
- -

Cgensous 2nvirenaent, and thus Separation of spacific popu-

lations -(%argalz:f, 183E; iicrerson =x  al., 1370). A

POSSI0le eXxpldLation fnl this increase iu “he nuabzr of spe-
Clzs under 2ix:zd conditions is an irflux of speciss Trow the-

sadimsnts, littcral zcre cr hypolimnion upon circulatisn o€

Water I10G theS: Cejicns, These boider zffects  wculd be
mere dI=zvalent In the bay =han in tie lake propsarz, Such a

diatom Melosira fror botteon sedlu:nts (Lund, 1954), ifor the
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A

diatoms Cvclotalla and Tabsllaria ané dasmids from the lit-

— A | - e—————

3]

' toral zome (iound, 1971),. and for Fragilaria from the hypo-

. ~

limnian (“oss, 197z). In aore open waters, only influx from

ke hypolirmnion would be a significant source 0Ff pew spge-

cizs, Th2 increase in speclies —rTiclness under isotharmal
: '
ceanditions applies te all taxononic groups, and +hls seeding
. : -~
of porulaticns appazently ovzarridss th:z' influsznc:z of in-

L
<. 3.2 The enclosure treatments and species
assoczatiocns
The nmanipulations performeé¢ oI the enclosures had the

desized effzct o varying coamunity compositicn., Cverall,
they creatad couditiors mor: favourable for the gzowtih of

gre=n algaz, atia =zeldic=d ta2 deninance of bluz-greens and

Th2 Chi-squar=d assoclatior analysis indicétes that,)
despite th:s distinct succesion of indivi&ual.species, n0re
associlations weIs present thar would bz expected dus  to
ctence alone=. The low number of pegative asscciations may
be zxplained by the reiatively low freqguencies of soze spe-
cles which oprecludes any signifiqant n2qgative relationship
batwsern thelr distributions (Agnew,1%€1).

Several pacttenns emeZge Irom the associatlion araly-
sis. The £irst is that spacies tend to he associated more

often with other specles in th= =same taxoLomic divisiorn.
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since physiological and =scological
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adaptationé’a:e Teictid to :axono;ic siﬁilarify anoLg algaef
Previous phytcplankton studizs alsc <ound closer similarzity
in p:efg:ences and dietribﬁtion witkin taxa than Lecween
taxa - (Allsn and Kocroce, 1§73; Margalei, 1%74; Briand, 1976;.

lewls, 1977a,0).

Uiatops suowed by Zar the yTRatest cdogres of iptra-

divisicnal associatiowu. 7433 toge*rher with <ha sudden - peak

I most diatoms in the circulating wate: colunn of late Sep=-
t2mbzr would suygsst that mosSt diatoms wxhibis a C=latively
opportunistic s:rdtegy.. Th2ir success appears lipnkad <o a

pacticular set 0f environmental conditions when overall com-

petitlicn may b2 low in tha €onaunity as nu<=rient levsals are

1]

high.
\
Couverssly, wlue-ur:ans and 9L2¢€ns wers lass cleszly
associatzd tran diatoms. T3¢ greater numbsr of morphologi-

cal typzs and sizes withip these groups (=.9. single-celled,
fllamentous and colonial blue-gr=ens; single cslled acd co-
lonial greens) indicat=s a aore varied ecology than trkat ex-
hibitzé by th=z diatoms.

The Chi-squaz:zd analysis isolated pairs cf species
whick are assoClat=zd tzmporally and are +hus potential con-
petitors. Tiese species may Leqguirs means %o avoid @PRpeti-
tion. In  th% next «chaptsr thz deéree o association in
space, as wszll as time, will re investigated in order *o

determine whethar potential coapetition is alleviated by

-5patial segregation of phytoplhnkton.



C¥ IX DEYTORPLLNKIOY SpPrcr

SPATIAL SEGrIeATI T SOPLL IZ€§,
3.1 “BTEODUCTICN
in the previcus chapstar, the phytoplanacoa suzcs33ion

anc sp2cles assoclations of Haney lake ip the supper o 1376
w22 Jescribad.. I the +wo major groups, *<he blusz-grezns
and diazoams, havs distinctly different scasonal apundance

Y

batterbs, they also exhibit broad overlapf in tiams. "4 la

]
o]
1]

‘numher of <temporal associations hetween spsciss witkin an4d
betwaen. the g-oups was also obsarved. This chtaptar #ill ex-
vlore thz asans used by <thzsza strongly sympatrcic séecies te
allsviats potential coﬁpetition. This will ke investigdted
by cdeteraining the degree of association hstwaen species at
diZZerent dopths n the wa=er coluan aud by calculat;;g the
amount ci niche overlap alony time and cepth.

Nichsz theory has not bzen Tigourously applied +c
£iz1d studi=s of prytoplauk*on. aAlthough phytoplanktor uti-
lize largely the same nutrients, spaciles praferences for nu-
triznt conrcantrations vary widsly (Todhe, 19L8; Lund, 19695).
Thzsz differences nust 5& express2¢  in thz niche dimensiofs
©f tin: and space (habizat), 2lthough habitat is the most
important Zfactor se¢parating +the niches of animai taxa

{Schozner, 1374) it is considered Ly some to be unimportant



4e
in separating phytorlarnkton spaciss (Hu ch:naon, 1907; Le-
wis, 1977a). 3=cause the piche o0f a spacizs a+t a point be-

comas incompressinle aleng any oue dimensicn, Levips (19€8)

przdict2d that as nore sSpecizs are vacked in*o a community,
1
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allow cc=xistance in phytcplankzcn, dzspite th2 apparently
Docr ccatrel of spatial gcs;:;on Ly phytoplankzon.
Tk: zff:zcts oz hatitut zeterogen2ity or competitive
interactions are known maianly fronm eoretical studizs. The
Cu=-stion has bezu aprcroached freox the standpoint of isLﬁhd
BL og~og aphy LasSci oL =ith2r diffsrsnt (Horn and Hutchinson,
1872) or similar patches within \ @ habita:_(:evins and Cul=-
vaer, 1971). The latTTer autaors argue that sipca *h< bpalance
of local =xtinctilon and coloaizatirn oZ patches would leave
soms ar=as unoccupied even in the absence o0f coapetitors,
SpzCizs may cosxist evel iI the patches ars +%s sane. Tris
redsoning‘appligs when & patch con*ains a small fracticn of

th

ig

specles abls to live iIn it or when a species occupi=s a
small fraction oI tre hablitable patches. “hese assuaptious
are Ieasonable Zor chytcplankton since scme communities have

bezn shows to be hiIghly patchy (fickherson et al., 1970). In

2 more hLighly saturated envigcnment cosxistsnce or exclusion
d2p=znds cn colonization and 2xtiunciien rates, even if each

spacies has a 'compe.;tive advanrtage on a diffs

H

ot

t

th

=3+

-t

pe o

patch (Horn and-Macirthur, 1972;.



Eichc;séa &t al. (1370 viéa sact oI the
phytoplcnk:oh diversity in lakzs as die to betwasn- :qthe:
than within-tabitds diversisy. The “e:e:ogeneify in phyto-
Plankton ceamuaity structeze can  be generat2d py either
norn-ticlecgical mzans, 5uéh ;swlangmuir circula*ions o other
ﬁate: movements, Or th:éu@h oiological ug=n=s. imdag these

ars zo>oplanktou grazing, whick <'s ccumculy known %o e non-

nnllora (ficherson

12 s

s 1870; Lavi

i

Ty and 3egul, 197¢) or

I
i

Y]
]

modification of putchss 0f wdter Cau ftacts

i

{
W

¢ by foundz:z

hIich can bz iamportant yiven the short doubling tiwe 0 some

Spatial reterogeneity is known to bs greater on the
virtical scals than or the horizontal (Margalef, 19538; Fich-
‘arson et al., 1975), and phytoplank:on 4SS0Clatlons ars Or-
¢anized mors strongly with depth (Ficherson gt al., 19795).

The reason for tils lies undoubtrtediy in  the greater magni-

poe

[o 7]

tuée of physical ané chenical iiffe2rzneces which exist along
this dimension, <=sSpecially wh2n the lake is ;hermdlly stra-
tified, Amony the fac+tors which vary most dras+tically with
depth are light, teaperatur=, andé LULTient CONCEntrdtions.
Vertical denéity prozZiles of phytoplackton aﬁe knhown
also to vary with depth and fromvspecies tcC species (Moss,

1%€5; Baker, 1370 Hickman, 1974; Happey-wood, 137%; Fey-

nolés, 197€ a,b). In comparing species distributions taken
during calm wsatkher, aiatons are often found below the =u-

photic zonz while ©olue~-greens cah be concertrated  sither

‘*\\__f"



deep in the water coluan or closer o tn# sucface, depen

-

.
'.-h
=)
e

on the stage in seasohal successicnal and nutrient status of

tte cC

(1]

1ls (Sﬁynoldé, 197€a; Konorka &t al., 1978). Tlagzl-

latas cab also mazntain 10 3ome degres their vartical posSi=

tion, with gIzz2as in 1!& uppzr <cegioms aend cryptomorads
Jezper im the <yphctic zonz (fanpevy=wood, = 187&; 5ickmaﬁ,
1974 . i .

The quastion is to ¥what d2gTee taese diffecomt pre-

_ feroences allow Zor actual habitat separation among poten-

tially compsting phyﬁoplanktbua‘pecies. This will ue Lnves-
tigatad in  two ways. Firset, t“ose: spedies fcund to bve
positiveiy associated ip time will ke analyzed Sor their de-
.gree of associatlion in depta.

~hrse OUtCOmeS are possible for zach-palr of spscises.
, a pdsitivz association may bes retained with C=pth.

~+ig would indicate <ither wpotantial cozpetition, snzance-

r-.J

ment 0f one speclies oy the othsI, oOT occupation 2L thé Sale

N
habitat without compstliticn. T%?/second outcone 1S a weak-
. i '
. . - - \ . :
ening of thz associatiorn, walch OgQCursS wiel SpecCles ars ITal=

dorly distributed throughout the water column. This would
zot ruls out strong competition but wean that competitive
exclusion 15 mOT occurcing batwesr thke two sSpeci:ss because

of their £z

D

qu

W

nCy OI Ccooccurrence. The most conclusive re=-
sult from +his test would be a seitck Iror an assoclatioln
that 1S positive in time tO0 one that i1s negative wizth depth.

~his would indicate active avoidance of cne specles DYy

another or competitive exclusioan.
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The Chi-squarea é=zpth associaticn analysis is run

L2rs on two tim: periods: the =ntire samplicg szasou from
June to Yovembsr and the stratified period from June o

July. Coly durci the stratified period stould one expect
sicpificart segyresgation to taks vlace, At other tigss the

.

effects 0 water nocvement should overcome the ability

gae Ior maintznanc

(s

0f vert

a

cal pesiticn, and éisperse popu-=
lations (?cynoids, 157¢€ay).

in the secokd analysis, the degres ¢f nicha cverlap
is d=termiced. Nicke overlap is a measurs oF how <he abun-
dance of species a varies with thke abundance of speciles b

and vice vE&Isa alorny a resource gradiemnt (Macirthur and Lev-

ins, 1967; - Pidarka, 1972). J2re the gradisnts are time and
depth, If sSpzclies are s=gregating along on2z or Looth of

these axes to aveic competition, _ niche ovarlap values will

be low.

s
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. 3.2  MATFEIZLS AMD METHODS

3.2.1 Chi-squared association 2Analvsis with Depth

The 2nclosur:s and sampiirg dethods are described in.
<
Chapt2r 2. Thz analysis was applizd toe the 3€ pairs oI spe-

cies ,Zound =0 have positive <+2mporal assocliations (s=2¢ Fig.

16lin Chap+tzr 2. Only thos= ydtef ccluans Eonﬁd:niug both
mambers of a pal weZe considersd and ths presenc2-adseacs
ddta Zrom the four componert depths ratricved. Nsiauy those
data, TWD sepuf4te aunalyszs were performa2d oo the tine Der-
iods of 23 Jume to 2% July (the stratiiied period) and 23

n

Juns to 2 XNovsamber (theé entire sampling seasony.

eZa2 Yicng Cverlap 1a Time and Depth

?o:_ this guantitative adethed several modifications
werz performad on the species aburdance data.  First, only
samples taksn £rca twe o2 the upenrrichad enclesuTes Were
us=a¢, On= enclesuze wds s=al2d at the Lottor ané the other
was conn=2cted with the scediment. . .

3s for the Chi-sqguarsd analysis, only speci=ss present
ip 25% of the water columns wers wused, but this-ti e for a

‘'species to be considersd prasent, feouvr of its individuals

th

were requirsd in 4 count., This tigher cutoff point was dic-

cre individuals

H

tated by counting error: only with four or

is the lower limit of <*he counting confidence irnterval
greater tian one (see Lumd et al.,. 1958). Convers«<ly, this

I

was not required In the association analysis because of the
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Pur=ly gqualitative nrnature of tkhe technigu2 and the larger

nuabar of samples. This reduced ths aumber of species .ana-

lyzad to nine arnd the number of rairs =o 3€.

Mo

Cvarlap ic tiue for thkes <ive-pontk perioca was deter=—

[\1]

Zin=d using preseace and absencs data within each irntegrated
four-sample water cclumn. Th2 choice of a strictly gualita-
tive techuique was diztated uy +h: lack of krowla2dgz of the

density distrinutions to eack Sp2ci2s btetveern the four dis-

crete Cdzpths saamplad. In such conditions, any <xtrapclation
of the four densizies recerdzd would be inaccurate.

For 2ach ol the 3€ pairs, tre amount of ovezlap in

tine was calculatzd as follows:

-

[o?

. v . - . .
wheT2 n; and n; represent Lespectively the number of
occurzences-of sSpecies 1 and j ik all samples and nU repre-
sents their nuaber cf occurrences. -

Cverlap in depth was measure using the spacies abun=

darce data and ths definition of Pianka (1973} adepted fron

Levins (1968).

~ T PP
.d'.. -— P P“
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-thre p; and P; rTeprasent respective&f the relative,
proportion in volume of species i and j ir cach sample.
Bere <h= analysis was :éétricééd tc the period wher the lake
was stratifiag. 4s 1L the Chi-sguared é=pth Qnalysis, only

trose wvate? coluans containing botk members c¢f a pair were

considersd and the four componént cepths were treated sepa-



3.3 2EsGLIs V-
- ” 3.3.1 Chi-squarsd Asscciaticn with depth

“he assocliations along éepth for tenporally associ-

Pairs rstalped taeir positive enscciatien aicug d2pth over
n2 entirz sampling season while five pairs did  s0 for the
5-we2k stratificd persiod. Thir: was Only Cne N&e3ativ:s asso-

clation with deoti (8-) for sha reriod June to November, <he

Palr  Arpabazng Zlos-aguage - Cryptcaonas £10352. NOLE - wWas
fouaud cver the stratified peziod. -

"y
1Y
[ X
rt
ta

oI species beldnging to the sgus division were
moce likely <o retain their associaticn along depth than

paircs froa 1ifferent divisions. C¢ the positive intradivi-

$ional palrs BTE"t5422) _ weze still associatad a* different
cepths, wiils only 8% (2/76) of the interdivisional pairs

.

N
2ld so during th: entire ssason. . All Eﬁgﬁ pairS‘uLicE\gi:hhr

talned their asscciation during +the stratifisd period In-

volved species Zrom thke sane division.
- - 7

] . | /
'/,’ . o
. . - ; s e X - .
3.3.2 bicke~Lvarlap in Time and Depth
o o i -‘_(’ ' . -
The distzitution of the 36‘pai: ol species along -

-4

ard depth is skown In Figures 1§ and 17. The paxiaum

L

o zither.dimension 1s 1060% aui €or converience the
A g - .
L.

is divided Tinto four the S5C% overlap
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TABL

Chi-sguarad depth associations of phvicplankton specices
P I I

4]

»

g

. pairs.

le

Astezionzlla formosa-
fragilaria crotonensis(4+)

A.f.~-M=21lo0sira yranulata (4+)

f.-Synedra deizcatissima(u+)

A.f.-Zabsllaria fenestrata(u+)

CrybtomoLas =rosa -
Cycldzella sSp. (4+)
fragzlaria crotonensis -
Syn2drd dalicatissipa(4+)

Scenziesmus obliguus -
S. guadzicanda(u+) °

Synsdra dalicarissina
Tabellaria €ar td

D Jrt

Ahabacna £19s agquae -
2CIZyptomonas srosa (+f

inabacna spiroides -
Cryptomonas 2I0sd (+)

A. spilcoides -

-

ALADAENd SD. (+)

Chlorochromonas minuta -
CLyDiORORAS €rosa (+)

?hizosole@ga longiseta -
Zabzllaria fa2nestrata(+)

s e
repth 3

June=-Xovenu

L+

4+

S
-
-

£t associations of teémporally associatz2d phkytoplankton
irs {level of teaposal association in brackets).

ociaticn
Jupe-Suly

56
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Figur E: N3

icke overlap In tiame ané depth of spscies
- - pairs.
B ’

(X
(Y

'.\—
iche overlap of species pairs along *ima

ané depth dimen=-
sions ia two unenrichad enclosures.
. palircs invélving speciss from cifferent divisions '
. .

species Iin same division
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Figure 17: Matrix of species overlap gradrants.
g I

¥atDix showinmg the location in overlap guadrants o 3

H,
1]
o
O
v

™ .speci2s palr (quadrant aouiobars t tc U4 as indicat:d in
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: Control

Anabaena flos-aquae

Anabaena sp.

-2 | Aphanizomenon flos-aquae

_ | | Asterionella formosq

2 | Fragilaria crotonensis

2|2 omom__&.o:o limnetica i

2 {Phormidium sp.

m_
2
2
2|22
2122
22|21 |2
3|/2|2]2|2|3|3|Synedra delicatissima
2|22 2

212 3 |Tabellaria fenestrata




5%
Pairs that segregate aloag bothx raxes are includad in qua-

draat 2 wHile gquadrant 7 rIepresents thoss sp=cies tlat do

not separats aiong e€izher dimension. Frox Tig. 17, and Ta-
ble € it iIs clzar zhat acepth is5 <he pajer separating dimen=-

sion. Xost of the pairs exbini+s lesg than 25i overlar along

b

tiis axis. There is little texporcal rartitioning: a.l pairs
registersd at ledast 40» time overlap, and most a4t least €0%.

r was Iounéd ir quadrant 4. There are slicht diffar-

b

Yo pa

edces in se;regdthg. PattsIns beotwesn palrs cf speclss be-

longing to the same division and tlose that do not. Intra=-
divisional pairs arce more Clikely (93%) toc segrégrate In

divisiouns (70%) .,

while intardivisional pairs arz< 3cre likelv to be found &

L}
(¥
[¥9)
{u
tH
[+
&}
ot
oJ
1
-
[ ]
[ %]
[+%
t
Ll
17
e
[l
]
)4
a
4]
[a)
n
O
2 ]
9]
L)
*Hh
Hh
a
H
T
[ 9]
ok

quadrart 3, with low overlap in po:} dimeasiorns, or Juadrant
o

1 (hizh overlap in both axes).
The patterns of overlap exkibited by each species are

summarized in Table 6. Two diffcerent nodes oI segregation

azz rapresented DY the diatoms Fracildria cro*cmnensis and

Synedra delicatissica. The former uses only depth tc sepa-
rate Lrog the Ther speclas (guadrant 2) while the latter

vszs both time and aepth (guadramt 3). The sever other spe-

cles are closac to Fragilaria in %heir bahaviour. isterion=-

ella formosa is noticzable Zor exhibiting Lic¢rn  overlap

(>50%) inp beoth dimcusions with thres other species.



—

Species frsguencies (express2d as a &

Sp=cises

TABLZ 6
frzqu=ncies andé piche

- .

cverlap distriputicns.

=
q

cimal)

cf occurrcencss, in cech nichte cverlap guadrant.

-

Specizs freauency 1

Apabacpa flos- .

aguae 0.91 o
Arabasna spo. J. 31 1

Anhanizonersn

£flos-aguae 1.0 1
Asterionella

Zccposa 0.5¢ | 3

Fzagilaria : '
rotonensis ~C.5¢ ¢

Cscillatoria =

lianetica ~&C.87 J

Phormidium sp. G.54 1
Syrnedra deli-

catissina 0.z v
Zabellaria

fensstrata 0.53 0
Total 3

and number

‘Cverlap Quadrant

£

-1

-4

2

e

1=

[}

€0



61

Th: Chi-squared analysis with d2pth reveals several

responsss o tedpoTally assoclat:d spgecizss. Ay far the pa-

=hs sS=2ason-long dEdlYSiS). I+ is striking that twelve of
tis 36 pairs did rstaln tH:*— pesitive .associaticn consider-

ing that the majority c¢f the watser celumns involved ware
isothermal., This pcints to a4 great simpilarity betweern thesé

pairzs cf spacizs. Indezd most pairs involved speclies fron
- L A
tte =ames division, aFS/mOSt werw dlatonsS. The gensral ex-

rlanazions oI wWwitkin-giotg similarity irn svccessional tI2nés
and scasonal associations can also te invokad hpre.

Tia bluz-greeL ibabaz2na f£los-agugz ané the cryptomodo-

nad CrCyvtomdonas =CgsS4 ars negatively associated along the

g;uti gradiznt. This sugygests active partitioning ¢r s<trong

intibition since within the same water column ths mere pres-

]
a
1]
]
Q
H
o

n2 species at conc:atrations above 300C/1 precludes

¢*- other species Zrom occupyinrg that rabltat. iilelopathy

may explain the relationship as secretlons of tlue-gr:zer al-
~
gac are inhibitory to the growth 9f cther species, particu~
-r

larly some gr2¢ns (Ecmuowha 2t al., 1$7%; and dia*oms (Keat-
ing, 1977. The susceptinpility of crvp»omonads to these
compounds is not KLowd. 5luz-greens and cryptomonads are

commonly found together in lakes and differzntial depth dis-



N ' &2

tributions hav:s osern repertad 1a o numbar o0f studics {¥oss,
. I+

| 1969; ‘Taynolds, 197€a). ¥oss (19€9) studicd the depth dis-

tritution oI alygae in a 3 & desp pond, and found segregation

of (CIyzroaonas and anotier Llus-grsen lactvloccocepsis.

Greater depths might aliow an evan larger deqree of speciss
ss¢regyation. ahile Moss  (19€9) found that Coyptoaonas

tandad to.uJgregats Lear the suzfacs, Feynolds (1976a) found

et uanoth2r spacles, CTCvpiomenas cvata, Was COnCeLtTat<d in

the lewer reglions oI the =suphotic zom: o¢F another nond.

ARabasng circinalis pbegan its growth phase in similar depths

and asceadzd several weeks later. In order to Jdetermine the
causes of *hass distributions, Eeynolds (197€by nlaced, traps

at diffarent deptis and fournd <that Coyptomonas actively

. Cea N . C e
sought thes2 lower deptis waile Anabaena maintained its Qo=
nulation .ibove. ’

Wnil2 4 wmegative depth association was found only
once, thz nich: overlap detz2rminatior indicats +rat 3egrega-
tion is <coaaon, This ciscrepancy is 0o deubt dree to the

hich uses

=
o 4

jr2aTir  sansitivity of th2 niche ovelap tes+
abvndance rather than presence and absencz. ¥ost of the al-

gai peirs that retaipnad their association and wer: included

in thz overlap deteraization sagrégated along tnz d2ptk gra-
1i=pnt with overlaps normally less than 50%.

While SpeCles ssgregated greatly along depth, tiae
was oI oloor ilamportancs ia 3eparating the phkytoplankton po-
oylations. Tke rarity of teaporal partitionming <found in



£

a2

this sctudy exceeds that found by Schoem:r (1874) ip arimal
communiticzs. This would bpe 2xpacted for s:varal rsasons.

In consideriMg only the nin: most common spaci»s, & bias is
N Y

-

'Jo

rtraluced in the estization of tige overlap as ccamonnass
M2dnS d4 niche =xtsnded along the *ime axis, Fer 2xample,

Aphanizomznon was found throughout the eptire sampling sesa-

son, arvd :xhibit2d therefor2 maxipal <impe cverlap with the

Cth?r specizs, Notwithstanding this, a sevarsly iinmited

time axis <for the nicke of a jiven species weould pose the

problex of random lecui extipction given the stochastic na-

o+
o
[}
[}
H

the lake environe

1]

nt. Yapny oI the negative associa-
tions Zound (see Chapter 2), aay be due to the artificially

seéparatadeand exitremely variad conditiosns uetweer The con-

Gilvan thz low incideuncs of temperal separaticos, the
n22d for other zeans of seg-2gation beccom:s pore acute. S5i-
Bilazity of species along one axis should imply dissimilar-

ity aong-ancthsr, hence thz segregdation along dzarih ouserved

L

e,

&

™
-

th parftltloning reJuires some control of Vertical
?

pasition or at least mechanisms suchk as differantial sinking

rates. =Ividernce for +iis abilicty exists for some asmba2rs of
this community. €scillatoria has *he ability +o maintain

porulations in the metalimnior of some lakzs (Klemer, 1976),

o

while Anhanizomenon (Konopka £t .al., 1378) ané Zpabaen

(Cinsdale and Waisby, 1972) are known. to&™ “egulate their

-



buoyaocy in ordér te stdf &% a partlicular depth. Althbugh'
diatoms uer; s=2n to partiiion along) dapth in this study,
they have RO active means of vertical pcsiticning
ctanism allowing Ségregation may be due to diffecrerntial
s5inking :a:es; or ;igher‘g:owth fategs a%v cme\depths than at
others. fe=gregation of diatoms fron luq-éreens has been
observeld 2lsewnore (Moss, 19372; 55;nolds,1§76b) with giatonms
sinking to th: lower strata and blue-greens occubpying upper
layers,

~@Pth Seyrecjatlion app2ars yuite widespread in +this

Fh
-+

comnunity. S uotedé in ths compariscrL o
. .

~

betweer ‘two Cryptomonas Speécles ir the studies of Moss

“depth distribution

’

(19€9) and Ffeynoids (197€b), t=2 actoal przfeTred depth may

vary from lake to lake in closely related spaciss. Thése
differences zay be due tc  local cozmunity Iacters actiry on

the Jevelopment cf the craracteristics of a species in a
particular lake.™ It :is thereforz of intersst to krpow the

enviroermental cues allowing segregation in dif€‘erapt spe-
cies, TwO Dossibple influznces, nutriapt concintrations acd
N\, .

light conditions, will be invastigated ir the naxt chapter.

t -
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cruss and mechanisms for spa

»
. L

i . -

.
-

Chapter IV ~ -

H:Cle:SES GF PHYTZOPLANKION SEGTEGATION

4.1 INTEZCDUCTION

M
Tt was found earliesr that species strongly associated

- .

in time appear to° allevidts pcteantial competition through
-y !
the s=gregation of thel T population along the deptk gra-

diznt. Still, izw fs difzficult to evalu e the actual ext2nt

and action of competition without perturbing the system aand

+
obsarving sp:scies responses. This will also revaal possibl2
. 4

f'

1al sep&raticn. This'chapter
investigates the =ficcts of two parturbaticas: altering pu-.

trient leyels aed light cornditiosns.

Yitrats apd -phosphate are requirsd, by all neabers of
the algal community and acfe the post comaon limiting nu-
«rients in lakes (Schindler, 1971). addition of these nu-

trien%s usually resulets inp an Emmediate increase in standing’

" stock, followed by nutriznt depletion. ~te oprediction,

.

bas=3d on Pianka's niche overzlap hypothesis (Pianka, 1972),

is that+t with the increase *n competition dus to higher popu-

lation densitics the tdlerable niche overlapr in the commu-

nity shofzz\decrease since the potential for competitive ex-
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Llusion is higher. It is supported by the findings cf two
- J ) . .
Ltheorstical stucdies: SFelbesell (1974¢) and 2brams (1977 in-

Ads<pencantiy showed that tha2 znrichzent of compét;tive SYsS- Y
tems may magniiy <the advantage of the superior competitor,

which increases its nichke bhread+kh anpd reduces cor elizmirates -

(R ]

the uickes its poorer coapstitors. lccording 'to the re-
sults of these studies cme would expect twe rasponses o the

cies to takes up and

m

trzatmenat, based ‘'on the apility of sp

-

wtilize the added resourcess. 4hile tae responrse  cf niche
. - .
overlap to enrichment has not Leen measured, sope studies .
- -

have shown varying effects of enrichmect or vhytcplankton

tr

Ll
lao]

H

abundance, imong tie sSpecies incleded in ¢ asent stucy, ,
' ' : T \
tosphate lacregsed.

¥oss {1972) owserved that adad

~

tion

(o]
+h
3

H

the density of Fragfitaria cro

o

onensis i mixed cultures

whick was further enhanced by the additicn of nitrate. -~ A

{3‘
=3
[s%
rj- .

spscies of dsra, also ‘increassd opy phesphddg was no%e

further enharnced by enrichazen%t with pi<rates. F. rotonen-

s¥s acd Synedra filiformAs wsar

ed . by enz¥chment of

7 while Aster=-

depressed
2

similar diver-

gert raponss oIl piche ovZrlap to énrichwﬁ%t in.the-present

br . &

lcng term study. ' . ©

-

(
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DR P P tesponse of Communities to Light Manipulation .

Besides nutrient concentrations, 11931- also varieé
gregily both temporally and ‘spatially. - Imn temﬁérate lati-
tudes the iInteasity and qualify of light reaching ailgal’

* R t =
cells véries with time of year, drte to changes in the sun's
alsitude, ~degree qf cloud cover. (Gates; 1965) , amoun*t and
nature ol pa:tiéulate and dissolvzd material ir the water
(?odﬁe, 1965y, and the qusity of phytoplanktcnnceils above
(Talling, 1960). .

The greatest <difference in illukinatiorn " occurs witk
deéth due to the absorbing properties of water. The depth
of the suphotic zone, that is, +he¢ depth to which approxi-

mately 1% of surface visible pentetrates (Talling, 1%€2),

gﬂries irodz more thap 3C @ in clear mountain lakes tc 1T m Or

less in highkly sutrophic lakes. Ir adédition, because the
absorption is selective with respect +to wavelength, the

spectral characteristics of the light vary greatly with blue

~

and green uavelengths_:QFedominating. at greater depthks
(Clarke, 1939;: Jerlev, 1951). ‘Hhile~phytop1ankton exkibit a
substan*ial amount of pLysioclogical adaptétioﬁ to different
light conditions, <there is variation in the mechanisms em-
ployed depending on the pigment system present (Halldal,
1970y . There <¢xist two types of intensity adaptation
(Stcemann Nielsen andéd Jorgenson, 15€8). Green algae exhibit

the "Chlorella-type" adaptation in which at lower intensi-

+izs +he amount of chlorophyll in tke cell 1s increased, re-
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sultiﬁg in a compensation imn photosynthetic activity. Dia-
tbms and dinoflagellates sho¥w the “Cyclotel‘ -typeﬁ adapta-
tion in whick ths chiorophkyll content igmains th2 same re-

éa:dless of illumination, ‘and lower fllumiuations decrease
f}e photosynéhet;c rate. B;ueigreens and to sol1e e{tent
'cryptophyiés appear less fl;xible in fheir intensity adapta-
tion apility (Brown andlsichardson, 1963) a3 *h=2y can becoms
seve:elj damaged az hiéh ligh+t intensities but can g-ow well
under low 1light conditions. Despite these known differ=-
ances, tué light intensity preferencss of tke mejor frashua-
ter algai groups are not as clzarly delinsated as those pro-

posed bty Pytter and Menzel (1959) for marine phvtoplanktor.

They racognized dinoflagellatzs as "sun" Zorms, gresen algae

Un
QJ
fad
i

as "shade"™ foras ané diatoms as intermediate, In contrast,

frzs

a4

H
D

wvater diatoms have traditionally best *%reated as a high

light group (Lund, 1949; 1965) with the 2xceptlion of scome

]
1

species tha+ caa flourisk ?ndar extrenely turbid,' low light
qonditions {(Chandler, .1§ﬁu). Terther, many freshwater
greens are krown to thflve undéer righ illumination levels
(Whitford, iseo; Happ‘eﬁr-ﬂood, 1976) .

Thedinte:dependence of lighkt and ‘otker _ﬁactors such
as temperature 1s also.recognized. The differant aigal pre~-
ferences for combinations of these two paraxeters have led.
+o the development of a successional classification of win:

<

ter spring, summer, and autumn phytoplapkton representing
s

species preferring low light and low tempsrature, high light
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3 - .- - -
hd % - = - -
. T . . - e s :
L} L - - - t 9
) . . £

~ -

lowﬁlight‘éﬁd~hégh3témperatures(?in&enégg{'19ﬂ3).’ Natrien't

. , . . r

-

concentrat*oa; ate also known to -a‘“ec* ‘the .light resnonses

rt

of soBe -alqae; most noktaply -blue-graens (KOHOSkd €
) . - -~

conoska et al
. | : . L, 'T
1978) . : - o

* - . - - i

L

nffects of’ light"quﬁlitf,cn phytorlank:oh ara khoyn
- . T ] N -
nainly fram p} ys*ologlcal ‘$tudies and FRave been_:eviawad by

L

Haxo (13&0) “and Halldgl (197Q). ‘Whkile cerwaic r spousss, .

Such as an enhancement of growtk veder blue lighit, are s;m;-
lar across taxonomic lines,  tke degree cf ‘enhancerment is

speciaes épecif;c"(ﬁéllen dqﬁ hnén,-ﬁ1971:f' Casin'et &

—— L '
R - LA .
972) .- ilso, -o2twsen divisions, thre pkotocyn.% etic activity.

- . . +

Ui

minimem
sent in éiatoms, dinoflagellates, and tlie-greens (Halldal,
oo . : ;

1670y, <dcue to <the presencs of fdcoxanthin,.._peridinin and

- N - v

prycobilins in these three groups, .respsctively. ° The dif-

th

- -

fering foras of chlozophyll and pigment interactions in ﬁhe

algal groups also result irn dissimilar reactions +o spzctral

gqualizy. Variationm in proportions.of photosynthers€ pig-
] B )4 I pzg

m2nts has . besn observec in many lakes (Dutton - and Juday, .

1eLk4; Talling, 1966] which may b€ linked to siZgregation .of

.

algae élong the light gradient (Giaho;ti, 1966) .

.In this chapter, +two s2parate.2Xxp:iridents will be

described, investigating the effects of manipuvlating nu-

trient levels and light conditiors on-tks phytoplankton com-
“ - -

munity of Heney lake. The first testc compares niche overlap

-

and' lov temperature, kigh~ligkt ' and tigh tezparatufe,._ and

2en <in  greens uvnder gresn and yel;vu light 1s _ab-
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8.2 MATEEIALS AND METHODS . R
e 4:2éﬂ_"_§§gon 2 of Niche Overlap Lo KFutrient "
Co Tnrickment - -

. The enciosures and saapling metkods are described in

\d L V § . . - . r
Chapter 2. The pairwise cverlap determinations wsre calcu-

»

lated for enclostres enviched weekly witth

100 pgs/l and 10 mgr/l respactively

-

oo T kL2202

e nsSs Or REunities o icHe Mapipuolation
“ESBORS= ff,QQ_____?ig_ =0 Ll,a_ danibuiadtaion
. /

" The Zi:=ld experiments took place frweg 30 7 to 1

aptsabsr 1977 i1u the pay whzre the previous studies had

Y
4]

o

22n performed. The tests involved inéﬁbating pchytcplankton

' coumunititss iu.coloured plexiglass cubss con*aining 8 1 of

-+

lake water suspend=d at various depths.

Four diffzrent sets of cubes were used: 7T=2d, blue,

grzen and clear Zor ccotrol. ~Threoe sxperiments ware con=-’
ductad, -lasting six days =aca "The duration of the experi-

‘ment was chosen ufter a prel minafy s{udy had Jdeterained
that a longsr period would lead to the davelopment or a per-
iphyton ccomudity on the surfaca of the plexiglass.

Total irradiance in the visible spectruam (from 420 to
€80 na) - was measursé with & Kaklsico radiometer (Model 2€8
"2 300) in the bpoxes at th2 depth of imcubation. ::radiance
in tka blue (uEG to 420 nm}, green (89C to 570 om), and red
(625 to €80 nm) spsectral bands was alsc detsrmin=d using ac-
cessory filters, The‘values exp;essed in percent of surface
irradiance are given in Table 7 for cach cémbin;tion of col-

ovr and depth. '1 R 4 ' :



~n
The. three sxperiments ware started at  dusk on 30

July, T3 August and 2é& August,‘iﬂ??, respectively. Ptyto-

plankten communities were collectad f;oﬁ their intend=d
depth of incubatiorn usiﬁg]a < 1 Van ., born bottle. Prier to
. N\_their transfeY into the cubses, tke samplss wers filteréd
ihrough 135 po zoop-lanktoL netting. to remove adult. crustace-

ans. This reduced Eouling and prevented extensive grazing

eflects., In addition, +empcrafur~ and oxygen p;ofi’es .Ware
~

taken In the ldke a4t the onset and at the =2nd of €eack =xper-

i

§ 4

m-=nt,

|
o7}
e

n

th

A total of 3€ cubes were use ach experiment, re=

Presantl ag four sers - one per colour - of rnibe cubes.. In

three r=2pli qa“e cubes were incumatad at

-

the depths.of‘1, 5, and S m. ?ha_upper depth was set at one

[+
¢
= o
W
D
~
ot
H
~
g
w
L8

-

meter to aveid possible photoinﬁibition {see: -alli ug, 1966).
The sets of trays were auspendnd from- four buoys -anctorad
"withkin a3 25 m radius ln the bay. ILon proﬁections welded
into thke buoys aund used. for suppo:t‘prevented Qhading by the
buoys of cub2s incubated at 1 m. The ©plaxiglass walls of
the cubes vere 0.32 ca thick. This reduc2d internal turbu-
lence substantialy;'yet there was enough horizontal movement

cf th: trays to pireveut any visible sedimantation from oc-

cuzring in the .containers.



Parcent sucface ifrddianée per .colcer band in cubes at the
.. .tkr2e depths of inculdtion. (N.B. "OM ifdicatss leveis
< 0.05% Io). .t co T .

. coiour - - dolcur+of Container
Deptk - Band ' , ‘ '
Contrel Zed Rlue Green
™ zed 40,0 . 15.6 1.8. 0
. Blue 36.0. " 0.1 7.7 1.1
Green 9.0 02 3.2 18.5
. Total 62.0 ‘B.3. 5.8 1.6
“me zed 3.8 1.2 0o o
- Blue 3.3 c 1.0 o
’ Gresh 9.0 0 - W) 2 3.
T Total 3.5 N.t 0.4 1.3
; _ -
- \ -
oy zed 9.3 0 0 0
‘Blue 0.2 Q - 0. G..
Green 1.7 ¢ 0 3.3
Total 1.5 0 0 0.2
i
. .
H L]
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- Phytoplankton ‘CQunfg -we;e'inada_ ‘frpm unfiltere&
, samples_tékaq from each éon;ainér befb:e‘and after incﬁbaf-
tion. These wers presservad in.Ute:mohl's iodipe solution.
fhe:counts-ﬁefe_done with a Wild M40 inverta2d mic:oscope\on

" 50 ml subsamplas whick had been ssdiimented for a period of

\

24 nrs. .3peciss and algal c=il volumes were calculatad as

Significant differences (T < 0.05) in alagal densities
C J

T,

and ygroup volumes - wers dstarmined by th2 noan-parameiric
Mann-ahizney U test, or, when thz number of samvles in a

treatmsn+s was less tE:F\three, froe 4he .confidence limits of
| u .

'a Poisson distribution (see Lund et al., 19 « TDifferences

‘betwean incubatedicomarnitiss were cdiscardad

rca,the analy~

sis when they were found to alreadv/exdst betwedn the ini-
1

Tial coamunitics.

To distinguish between - taxa prefezring "higk" and

2
[
o]
=

-1
[
Foe

£y
S
o
[
j=
r
m
=]
e
b
t

les, comparisons ware made betwzen cubes

recelving 2ither more or less than 5% surface .ir:adiancq
(T,) - This arbitrarily.chosaa cut off point corresporndsdrte
+ke rzlative ictensity recorded at tha aepthk 02 € ®m in th=
lake. ; -

Tha2-effects of light qu’.ty ware dstermired by com-

paring algal densities and volumes for)each pairvise combi-

X

nation of the four %raatments. Hers, o r<duce possible =2f-
fects bztween colours due to intensity differencses, algal

abundance in a tray was evaluated as a fraction of the total-
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abuandance to! that :axon;recofdéd'inT-;he four trays (one per

colour) incuba ted at eacn uepth.ﬁ DEbp*tt tb-§aman_pnlat on;

.‘ .

.som=s of the ints ns*ty differences rema-ned due to the dis-

similar . total intsnsities :ecorded-ln cubez at'the same
o -

. . o o
. . . .
-
dapth. . . .
. .
»
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4.3 EZSEITS :. ., . IR DR

. T o= - ] ’_' . . oo T ' = - '_ . ‘-

.u.3.i‘ ‘Eespodiss:of Niche Overlan';g g_g ent ~ ¢ ! §
. . :g ichment - - L oo ‘ .
S, :hé'o&erlapfd:str;bution' of the 36.pairs 'of species, = -

. [ .
c . ) . - -

in tiz enriched saclosures is shown . in. Figurfes 18. and 15.

N - - . Co. P . . ' b :
-The Irczcuancias of. occurzence Zorc DOSTt. Species, wer2 lower In

these containsrs, as s—en‘from the rdtios of o>anriched to
control Ireguencies in;Tabls 8.. "This ceduced +he potent al

tiz2.overlay %6  such a degree that several  pairs pqﬁlongez

cc=occurr2d in ' th: short stratifizd nherled, s . a resule’
there are no overlap points Ior these cases. "This applies

: . LN .
particularly to 3sterionells formosa. .

-

55 indicatsd in® Table 9, <+he overall effec: of nu=-

-

tri=pt enrichment oo thz distr ib"t od cﬁ *he 3€ pairs was to

r2duck:  the'degree 0 overlap. The excepticns to this qen-
J ' " :

erai trand were providea by the Giatoams Fragila

s8is . and Sypadra delicdtissimg, which régi_:e:?d .nat lﬁ-
. . f . “

¢r<as2 -n ovarlap, mainly along dep+h, u*th -rag*lazld also
. o . b . »

lucreasing  its fr rzguency ol occurrenca. The zlue-green

-

Lpkanizomspon £los-aguae rzmained largely .unafiactad.pny the

treatment, Sxcept Zor .Fragilag T those specizs that ic-
. . . ]
creas2d their frequency with enrichtment, Phoraidium mnd.Ta-

higher number of overlap decreases

oo
D
[*Y]
r4
I+
[
L]
]
t
L |J-
H
’--
n
2]
o]
o
14
o]
C

than increaases.
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ﬂnClcst.. es, ~ - ‘
—~ e
. ) Niche ovzerlap of Species pairs along time and epta m
’ Sions 1h two enriched enclosures. S
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+ In same division
e In different divisions

4

W

Depth overlap (%)
o
O
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5/

Time .o<mﬁ_o.v_ (%)

N



1

igure 12;  Matrix of specias overlap guadrzants in enriched”’
- . 2nclosurss.

-

-~

‘Matrix showing the location in overlap guadrants of eackh
- - 8
specli2s pair gb enriched enclosuras (quad-ant numbers’i .
'4 i N
tc 4 as Indicated in Fig. 18).

h - ,

—ty



" Enriched

Anabaena. flos-aquae Y,

2 | Anabaend' sp. | | . .

2 | | |Aphanizomenon :om;on.com

— | — | — | Asterionella -formosa .

— |Fragilaria’ crotonensis

— | 2 | Oscillatoria limnetica

aEi

AV I

2 | 2 {Phormidium sp.

SN NI

— 1114 {4 |Synedra delicatissima

Ny

—-l12|12{2]-= ,._.mcm__ozo fenestrata

AVEE NGB I AV I AV I BN
|




- . - N
Response oI species frequeacy to 2nrichament,

Specics frequancids (expressed as a decimal) in enciched
clossres and frequency raties in enriched:control enclo-
sur=s. . -

.

e ' ' frequency -in Frequency fatlo
Spacias - Enzichad {Enriched;
I enclosures control)
Anabasna flos-aguas ‘O.‘EB - .0.69
.Anagaegg Sp. T 0.€9 ' O.TS.
Aphanizomenon i;gg:ggggg' 0.97 L0.87
isterionella formasa 0.38 ; BT
?raé&l;ria crotonensis N.EE . 1,12
Oscillatoria limnetica | 0.81° ’ 0.83 '
Shormidium.sp. . 0. 88 o 1.05
Synedra delic tissima  0.22 0.79
Tabellarja fem@&d¢raza J.5° | 1.11

)
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L.3.2 zesponse of Communities to light Mauipulaticn

While the first experiment vas| perforrsd undar ther-

mal s+tratification, <the second ané third *ests were done in

~

isotkzrmal watsr eolumns (Fig. 20). A greater gumber of

oprererences was Iouad in  th2 Zirst experiment (Table 1C)

“kan in the following two.

ixty tvwo algal specles ware record=d In the counts.

They are 1listed in Table 11 alona with their freguency oOf
. 2 N

occurrence.  Iwo blue-greens, Aphanizomenon and jAnabasna,

L]

had the highest frecuencies, ol;o.cd Ly %he *wo dinoflagel-

o ~ -
®atzes, Ceratium aad Peridinmium.
L
H
£,3.2.1 Species Preferences

Ten spzcies velonging® to various divisions exkibited

a significant prelersnce for the "high™ intansity category

- .
(Table 12). ~ In =nost cases the significant dITIZrence was
obsarved Ip onrly One experiment. Tvo blue-greans, Anabaena

and :phapizopsron, were aore consistept, as they recorded

przferences ir botk the first and thir axperiments. WO

specles were favoursd nunder "low" -llumination: the blue-

green Gomphosphaeria lacustris and the dinoflagellate Peri-

dinium. These -preferences wvere observed in the <third and

£irst experiments, respectivaly.



TABLE 9 -

Zesponse of species niche overlap to =nrichment. -

-

-

Tffact of.:nrichmeat on nich2 overlap quadran+“distribution
and on =2xtant ¢f cverlap. . ' '
T ]
) »
&, N . ; .
Overlap Yuaérant - Chanaes in Cveorlap Quadrant
. with enrichpernt
Sveciss 1 2 3 4  Daeg2asss  Increases “Unaf-
’ . T f2cted
Anapaena a . : j
flos=aqua=z ¢ 5 e 1 B 1 2
ingbaenpa sp. 1 4 ) 0 4 A1 3
Apkanizomenon
flos=-aquae 1 5 1 0 0 1 7
isterionella ;
formosa 0 0 ] 0 £ 1 R
Fragilaria
crotonensis 1 6 G 0. 2 - 3 3
e
Cscillatoria
lipnetica 0 6 0 1 5 0 3
Phormidium :
Sp. 0 6 c 1 2 2 L
Syn2dra
delicatissiman 0 1 3 1 3 4
Tabellaria <
enestrata 0 4 C 0 4 3
.Totral : 29 13 30
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Temperature pro
. experiments.

Teapsrsature profiles at the

‘expariments: )
] Expefiment 1
. Ixperiment 2
L Experiment 3
.”_ )
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filegrat start cf light
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"

the three light

+

(30 July)
(13 August) lhic___l
(26 August) F COP
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. 7 Yumber of ligkt intensity preferences.

-

. ! LA
¥umber of significant prefe
(st2ater or less than 5% I,
nents. ) o

Level of Comparison
Taxonomic Group ¢

Ratio of Taxonomic Groups

Species

motal

s

‘TABL
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1%

.

lighkt intensity

the three experi-
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Experiment

-

(o]

9]

1&

o



Only fouz spaciles, ;h:ee.blue—gréens and one chrysophyte,

.showad ptéférence f£or colour (Table 13):' 211 " wzre influ=-
. . \‘ - . . . . N . ? .
enced Dy eithsr r=d or blue lLight.-

Py
-

84.3.2.2 Group Prafer=nces - @

As shown in Fig. 21,° tke total bhytoplankton volums
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=
a
]
o |
6]
or
n
’.l-
0
]
N
th
[
0
f
=]
Lt
—
LCI:
[+9
o]
T rh
W
.0
+
0
s
o
o
fo
)
rn
rh
[iN
i1
=]
Q
trl
]

. ligh%t in-

N, - -

\, ' _ : : . Ve o= :
respcnses of the groups were guite difisrent:

lgas- ware favoured by bigh-intsnsity com-
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ar:l to dinofiagsllates and flagellates whick increasad
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volume significantly uadsr reduczsd illumination. Zhz
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- .

med this dichetomy. As for spec
nces,, most group differences were found in the "first ex-

8]
}

A,
P

r

grougs ratios con fic pre-

fer

i

per;ﬁent'(Tabie 10) . .

2d liéht‘was the only colour treatment that signifi-

(2}

cantly al*efed_comﬁunity structuré'f?ig. 22) . Thkis manipu-
lation qeneréllx inéreased.the relativs proéortion of blue-
greens, diatoms Shd gre=n . algae against that of
dinoflagellates.: The small group of chrysophytas ané cryp-

tophytes <e=nded to be relativaly enhance=d by blu2 light.
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Species in cubss - frequancy. of occurrancs.

-t - ~
. -

us

- ' ' ..
List of speciss recerded in the cubes ducring the experi-
zents with Irequsncy ©f occurrsace.

Species - - .’ Ereguency
BLUT-GITENE . :
Anabaena flos-agrasz . : oo 0.%8C
inabdena spiroides | . C.007
Anabasna sp. : o 8 €.837
Afaddaena sp. "2 ' ' ' . 0- 204
Aphanizom=non flos-agquae .o 0. 98¢
Ackanothece saxicola ) C.007
Chroococcus limpeticus ' . - 0. 143
Coelosphaerium Naegelianum ‘ e 0.014
Dactvlococconsis acicularis . C.415
D. Smithii ' N . St . 0. 15€
Gloeotrichia =chinulatae S Co B 0.102 .
Gomphosptaeria lacustris ' - 0. 218
Lyngbia birgei : S . -0. 014
Merismopedia punctata i 3 . 0,020
Microcysrtis aeruginesa g i - 0.279
cscillatoria .limneticu ' , 0.837
C. limosa - . .o
Prormidium sp. - : ) , c.E1Z2
Rrabdodzrma sigmoidea RS . 0.238

.7

CEEYSOPHYTZIS e )
Chlorochromenas moinuta 0.531
Chrypsocapsa sp. , 0.034
Dyvnobryon divergens \ - 0.014
Mallomonas producta ) s c.007

CHEYPTOPHYTES c .
Chroomona Nordsted:tii . - C.027

Ccyptomonas 2rosa ¢ ‘ 0.224
C. ovata . -7 0.034

-

DIATOMS -

————

Asterionells formosa 0.224
Cymbella ventricosa - ‘ 0.338
Cyclotel Sp. , ‘ 0.€53
Fragilatia crotonsnsis . 0. 102
Kelosira granulata 0.0¢€8
Xavicula sp. . ' 0.068
Vitzschia sp. C.0€8
Stezphanodiscus niagarde 0.014
Synedra sp. C.129
mabellaria fanestrasa , 0.088

N



Specizs . freguency
DINOFLAGZILLATE -
Coratium hirundipelia : - C. 898
Peridinium sop. -, ) ' 0.898
( Nl ’
GREzFS . :
Ankistrod=asmus Braurnii P ] . C.075
2; falcatus - - t.102
‘3. gelifacrtys- - s - ' c-.g;'e- -
Botrvococcus sp. o _ 0 7 _
"Chlamydomolas Sp. N 128,
Closterium graciie . J.12¢ ///}'
Coelastrum microporum ' C.007
Cosmarium circulage ) 0. 143
Zlakatothrix gelitanosa - 0.C3u
T. viridis . . 041
Golenkinia radiata D.016.
Rirchnerizslla luparis 0.068
© Qocystis parva | . 0.701
O/ pusiila o C.014
Planktngphaeria sp. 0.162
Quadrighla closteroides . 0. 061
Scepnsdeschs bijugq 0.2307
S. dimornhus o . 0.07u -
S. obliguus : 0. 435
Spaerocystis Skrosteri .- C.Qus .
Staurastrur paradoxum . C.533
Tetrasedron miaiaum. 0. 3861
Microflag=sllates : © 0.980

(s
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Symbols are used as follows: !

preferenc: for intsnsity > 5%

€icant preference for intensity
Specias ) t

- o o S

-

inabasna flos=aguas
Aphanizomencon flcs-aguas

T Cyclotella sp.
Dactylococcapsis acicularis
Gloeotrichia eckinulata .
Microcystis aerugirnosa
Prormidivm sp.
tlanktosphaeria sp.

LE T

L]

Tetraedron minimpum

-

Gomphospltasria lacustris
Reridinium sp. *

-

12

spzcies affected by light intensity.

s

indicates a si¢gnificant
- -
- ]

* indicates a sigui-
5% I«

Txperiment

[ ]
4

tun fam A

-

*

37



TABLZ 13 -
list ©of spsclies afifected vy colour mamipulations. .
"List c¢i spzcies significantly affected by the manipulations
of colour rslative to control.
Species Fesponse
Chrysocapsa SP. enhanced under blve light
Dactylococcopsis Smitkhii reduced vnder blue light
Gloeotrichia ecrhinulata ra2duczd under red light
?hahdodarmd ‘ggc €a reduced under blue ligke
o
e
4 b
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Figure -21: " Light intensity and algal group interactions.

S

Téfect of light intensity on pairwise interactions bei:ean

th

algal groups. Significant differences are ipdicated as fcl- S
lows: L denotas relative ddvaniage upd=r "low" iptansity (< 5%
I,)+ i denotes relative advantage uﬁde: "highkn intens&ty (> 5%
I,). Superscripts indicate the experiment (s) wvherc the effect

was obsesrvad and apbly.&g botk halves of thes bdx.

Notation in brackets refers to the significant respoass -

if any - of eacﬁlsingle groupe. :

-

Iy

-

/4!
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Figure 22: Cclcur and algal group interactions.

xr

~ . - . T, ‘
-Zffect of colour oo pairwise interactdns between algal

groups. Significant differsmces are indicated as follows:

.-

~ . T
3 denot=zs relative advantage 1in blue light,

-

G in green light, E Zn red 1light, and C in comtrol.

iy

Superscripts indicate the experiment where tte =ffect

wvas observed.’ ' . R
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f Micke Cwerlac to Xutr

“h2 overall dec¢rease in niche overlap observed aftes

nutrient earichment aid Subs2quett increased competition

supports the niche overlap hypothesis of Pianka 11972) .

"OoT=Q0verI, It provid:s experizental Support to the <heoreti-

-
.

cal studiss of zedpesell (1%74)  and 2brams (1977), as it de-

Donstrates that Ingreased competition magnifies the advan-
>
tage oI soms species at the 2xpense of POCIel competitors.
This ph2nomenon can bhe seen in extremely eutreophic

lakes which have dense dlgal bicoms of low diversity (Levan-

”

duced diversity under bloom conditions is that the euphotic

zone is shallowgr,  and this presents less opportunity for

ning.

[

ae that increas=d their nicke overlap with en-

richmsznt (Zragiiaria and Svn:dra) can b2 viewad as superior
exploiters of <he nutriznt cesources previded, TLe other

speciss which decreased their cvirlap are then rcoorer com-

petitors for these resources. Esterionella, which was the
most adversely afZected by the treatment, is known to re-
guire xigk nutrient {especially silica) concentrations,

which occur during the spring and autumn circulation (Lund

J

g al., 1963). It 1s scnetinmes succeed ad by Fragilaria cro-

torensis when nutrient levels fall {Gardirzr, 1941).
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zphanizomenon remains largely unaffected by the in-

rease in‘competiticn and some evidenc2 suggests that some
blute-greens can take up putrients from deep in the cuphoti

Zone as they'diffusg from the sediment at high terperatures
(tutchinson, 196f, p. #459). This may allow for storage of
these nutrients in the éelléﬂ f¢cllowed Ly ascension into the
nutriznt-poor watsrs closer to th: -suriace (Faynolds and
¥alsby, 1975). ZTiis ability fér luxery consﬁmption is prob-

ably responsible for this species' tolerance cf a wide range

-

of conditions, and Lhencs for its ubiquity.

4.4,2 iasponse of Coamunities tc Liaht Manipulation

Whil2 nutrient concentrations Frad substantial cffzcts

on alyg

s

1l speclies interactions, most of the phy+<opnlankton an-
alyzed Zor ligat iutersity and colour prefzsrsnces were not
significantly <Zavoured by a particular light ccnéition.

“ls0, no taxononic corsistency was observed in the speclies

i+

T
I

enprichkroent

an

that 4id show prefersznces. In tFe context of
study this would iiply that much of the depth segregation of
specises is controlled by Zactors otker than the light gra-
dient, fqr exanple, nutrients or .grazing.

Ten species were, Lowszver, favoured urder the "high"
1ight condition. These will bs at ac obvicus disadvantage
in the dseper layers of lakes and will réquire mechacisms to
maintain thair position in the upper reaches or the suphotic

zone. One doas s=22 adaptations which may allow r=2duction in
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Lazge surface:volume czatios would reduc2 sedizentation in
small specizs such.ds tre gr=en alga Igtrasdcor. Cyclo-
talla, " which p:efers_high illumination has two addptqtious
which might ©result ia r=2ducsd s9diment;tiou from wsll-1it
ZonssS. Despite a‘rtld:ivély “eavy silicon frustuls it Las a

lowar sinking spe=d thaw eilther Synead

o

délicatessima, Fra-

qilaria crotonemnsis (Grim, 1935), asterionslla-formosa, or

‘M2losira agassiz (Filman and ¥ilkam, 1976). Ir addition,

- 3 S

Cvciot2lla does not show naighar sinkipg ratés while in a

stationary growth phase than when it is in an exponential

o -

phasz, 'contrary tc aAsterionalla and Helosira Tilman and

Kiikam, 1976} .

[l 7

The *wo species significantly ethanc=d by lowar light
conditions should be found in the dseper sirata in the water’
colunn, * 2specially 1f they can tolerate the higher nurbers

of grazers at this levei ducing day-time. This is probably

true for Gomphosphaeria, which along with other blus-greens

is allegedly distasteful to herbivores (Arnold, i1971) and

Paridiniug which may be *oo large *o be ingested by grazers
(Gliwicz, 19753). The ability to succezd at such low light

levels may well have evolved in responpse to intense compati-
+ion Trom the *"higk" 1light spacies 1in the upper 2uphotic

zZone,



.- Th2 low npumbsr of specific colour prefereacss indi-
catés tbdt this is but a dinor factor in determining species

istri b“t ons, . That two species, Da ctylococcop is acicu-

S1S
—— — —

lacis and Gloeotriclia showed preferences for poth intensity

anc quality'suggeSts “that wav:l:nqth may play a roele as ac
. + .

added cue for vertical positioningfin theses algae.
-The diffarential uwtilization-oi- +ha light gradiszce

among a Zew species indicatas that the: potential zxists for

-
-

Fa

on

’.l.

[vh

t

g

a

o F1

ng this resource. Thls, aleong with th2 rasults of
‘—-—-__’\— --

ot
@

enrichmant experiments suggasts several strategiss for
the major species. The .two speciss compeititively =nhanced

by =nriciment were ﬁQtﬂfavoureﬁ'bY'a particular light condi-

m

tior. Th2refore 'tk 61r'cueufor_vaztical ssJyregation is prob-

[¢)
ot
(5
V8

ably nutrient lsavels 'as'they'are good competitors £

resourcs. This would place them at zositions in the water

celunn wher2 nutrients are limiting +o other spacies. The
two.speclzs, Fraa:zlazia aad Synedra, ar2 also koown to b2

mOr2 resistant to blus-green algal allelopathic substances

—
‘-'l
('Ir

such as Felos~ra and Ta-

"than are diatogs oI cths=r fami

n o
w [T

laria. This allows coexistesncs with blue-gresmns which,
stated 2arlier, also are favoureé under low nutrient con-
centrations. . ;

Conclusions can be drawn fer several othker specles.
j

Imong the blus-greeas, jnanasna and Phormidium, +hat ars at

a disadvantage in low-wutrient,  high-competition communi-
tizs, do not respend by displacement into the dezper reaches

-
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of tne water column where nutrients ar< mor=2 abundant. In-~

-

stzad they,aré enkancgé by th2 highker ig;ensities Zound in.

"the upper strata and pcssess  gas vac®les for positioning

within thesw regions, Aphanizomenon can tolerate high com-

petition b2ttar thak those two blue-grzens. The competitive

17

Qutcome batw2en these thr2e spacies may dsrand on nitrate

and aamonium concentrations, as- Apkanizomsnon does not fix

atmospharic nitroger (Dugdals and Cugdale, 1962) while Ana-

bagzna does (Gorhaw et al., 139g4).
asterionella and Melposira ar= at a -substantial disaéd-
vantags in high-competition coamurnities. Asterionella re-

quires high levels of botk light and nutrients (Lund gt al.

-

1%¢3), which wouléd 1lizi%t its periods of ircrease to times
when turbulsnce circulates nutriénts from 'sediments  and
keeps it.suspénded_in the water coluan. Its high light en=-
hancem=nt in midsummer 3is thus overriddsn by low nutgients
and sinking. Melosira is especially well adapted +to take
advantage of periodic increases in tu;bulénce as it can re-
main viable ip tk: sediments for long‘periods‘of time (Lund,
1959y .

| Rltkough there was no taxonomic consistercy in thke
specific preferences for light cenditions, tte group prefar-
ences agree well with the publishéd record. The reason for
the lack of correspondence batw2en group and spaciss prefer?
eﬁces may be that the component species within the groups

are limited in most cases by other factors. * species pre-



T

4

ferenc2, although not significart, may add with other non-

significant preferences +to producs a group «<Ifect. Fully

.

76% of the species analyz2d shovwad no preference for intsn-

sity, indicating that whil2 light piays a rolz In the Gross

characteristics ¢f the seasonal succession, there are other

]

“hctors which control spsciss conposition within a succes-

sional stage.

P .

‘

pa

The'éreference of diatogs fer high illcmination is in
abcé:ﬁance with the <£f£indings of Lhnd (1949, Javernicky
{1966) aad Faynolds (1973). Greeus also faveoured high light
aslpr0posed by Whitzord (1969) and Happey-%ood (1%7€). Both’
groups should pe fouvnd in the uoper part of the water column
and in cariods of high light intensity -'although‘exceptioés

-

do exist such as diatoms Zlourishing under ice (lLecewicz €

et

o)
rh

al., 1973; and-personal observation). Tha separatiocn
these two groups appsars to bs femporal and may be baégd on
differences in pucvancy or temparature preferencgsu}Pqtrick,
19€9) . fhe result is.that diatoms predomiﬁaie in spring ard
greens in summexz. ‘ |

Thz low/ ligkt enhancemen+ of the dJdinoflagellate and
total flagellates groups may ;ccount for th2 pra2dominance of
specias Zrom tkhese gyroups at low=r depths in many lakes
(Giamot*i, 196@; Eddhe et ai., 1966). Success under these
conditioné is often attributed to %he well known ability of

soas sp=cies to vartically migrate from dark to 1ight rCe-

gions of the water columa (Berman and todhe, 1971: Tilzer,
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1973; raynolds, 1976b), that is, from light-limited to au-
S *
trient-limited fegimes (Dugdale, 1967). -u marine environ-,

. ments at l=2ast, Zppley g; al. (1569) proposed that large di-
Mo . s .
noflayellates with high half-saturation constants for ni-

trate and ammoniuz de

e

end on vertical migration ketween

these strata to wsst their nuscisnt and light requirements..

1y

This would, Lowever, Le extremely costly enargetically.

.

Since vertical migration was preventad in my <xperiments

Suggest that, Zust2qad of constitutiag a remperarsy csfuge for

dinoflag=llates, the darker zone of lak2s orffsrs optimal

N

conditions €or their growth. Hetetot:ophy, whici has bsen
reported €or a number of spacles of dinoflagellates and
other flagellates (Drecop, 1362; Morgar and Kalfg, 1976), may

bé invokad to =xplain their yrowtn at great depths. Its im-

or

U

rt

anc=2 1s probably a fuaction of the intensity ol coapati-
tion with bacteria. Ugually bacteria would be €avcured he-
cause oI their growtkh kineﬁics bu% En som=2 cases, esgecidlly
in xigh altitude ultraoligotroptic lakes, shcrtruavé'radia-
tion (300-400 nu) zight contribute to the abnormally high

. . ~
proauction of species such as Peridiniua at depths as great
as 40 m (Rodhe et al., 19€6).

Th

10

responses of blue-green algae were inconclusive.

dhile they tendzd to favour higher intensities in the first

th

2xperimanut, they preferr2d th:z darker contaipers in the sec-

ond. This may be due to a2 physiological adantation waich

allevws tham to melilatain their maximum rate ofF photosynthesis
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while reducing the light intensity required <Zor saturation
(Jones, 1378). Blﬁg-greens may have been responcéing to in-

£i

(]
"

£e:mediate rather tkaom high light levels irn th St exper-
imant as th;ir'acc§§sory pigmapts ars susc2ntible to bleacn-~
irg by Zntanse ligh:‘(sroun and TZiIchkardson, 1964d) . This
would caus2 theu to lose thait acility to- maintain thairc
cells at .a particular depth and thoy weuld sink out of the
eupho:ic zone (x=yuclds, 1373b).

The response of bluce-green:diatoa ratio te differing

al interest with respsect to thke

light intensities is of sp=c
succession of botha groups in lakes. Jonmes (1977b) suggestad

. g

thrat i@mperatn:e may be the most Important factor as diatoms

are more severely penalized than blu=-gresens by respiratory

losses at high temperatures. Th: present results stcw that
2ven at the hi

gher umbiznt teamperaturces of the upper 2u-

e

*otic znne, diatoms outcompetzd blue-greens when illumina-
tion was high, This indicatas that sickiag out of the =u-
photic zone during stratified conditiocns, rather than high
tesmperaturs, mayqbe responsible for their midsuniner declipe;
Khen kept Suspended, as was the case in the pfesenp'expe:i-
ments, thef can suécéed, despit= the high t=mperatures,

Tre degrzs of stratification also plays a role in tha
nuaber oI specitic and group praferences observed. This 1is
not surprising, considzsring that wken *he water column is
isoth2rmally mixing a prefzr=ncs would no* bs szlscted for

as th2 algae could not remain in a preferrad 1light regime
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-
-

for any length of time.. Talling (1966; founa'that'ihe de-

gree of physioloyical adaptation with d%pth ic As?ef;onella
was more pronounced during stratifiad conditions. ‘

With regard to colour, the blue—greené, diatoﬁs and
gre2ns. were favouzed over the other groubs,under red light,
and not blu=2 as reported ian pravious étudieé (Haxo ,1960;

Wwallen 'and Ge=n, 1971; Skimurae and f;himura, 1973). They

zay

thezefore b< limited to the upper part qf thE'Hath‘CC-
lumn, whara red wavelenéihs ar2 larg2ly corfin2d, which
woull agree with the?gzgféferenge for high intensity. Dino-
flagellates, which Qefe propertionately depressed py red
lignt would bz Zforced to occupy decper ragions during day-

time. This Is alsc consistent with their low light prefer=-

te

)
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CONCLUSICKS

The alyal commuuizy of Ha2uey Lake is typical of tem-
perate hardwatsr lakes in composition and in seasonal suc-

cession,. Gen

il

rally, the shifts in dominmance from one grour
to anotker ars due mainly to abrup: changes in the degrae of
wat=r circulazion, putrient céncen:rations and liant levels,
which take place during the onset and breakdown of tasramal
stratification (Round, 1971).
<n op=an lake hapitats, the pariod of thermel strati-
“ication Is expected to suppor: a higher number of species
'
tran th2 aixed nperiod because of increased spatial hetzro-
Jenelity of *he water column (Macrgalef, 1958:- Richerson et

al., 1870; 1975). in shallow or near-shore habhitats, how-

@
<

2r, Zimmigration of species from the sediments or shore

area may Iincrease the number of species during the mixed

[11]

periods. aApparen

ct

1]
'-_4

att

10
M

1y th is thz case in thz pay wher=

the present s;udy was undertakén d4S species :ichness<§ggked
in th: unstratified mouthks of Lugust and September., Because
of this immigraetion pi new specleées and inctermictent input of
nutrients ZIrom sediments, coap=titive equilibrium is prob-
ably not achieved during this period of time. A lack of

equilibrium may act to disrupt competitive interactions so

- 190 -

4
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that domirant ccmpstitors are prevented from sxcluding cther
Specicsg (ﬁutchigson, 19€1; Connell, 1918). Turing tée'stra-

tilied period, however, 2quilibrium conditions may be as-

sumed (fulburt, 1977). o

f

n descriving thz competitive intiracticas of-thesa

communities, it was essential that a varizty of difZerent
e . .

h'd -

communities b2 sampled. since the compstitive tactics -o0f a -

species may vary dependirng on -:he'ccmhihation'of_qthe: Spe-

0
[ B0

€S present. The importance of this approach becomgs.ﬁore
Y

clear in light of phenomena suck as alternative stable com-

munities whick can exist for a given species pool. The -pars-

ticular set of species present may dégend on kistorical Zfac-

ters In the develepmen*t of the community (Gilpin and Case,

us

by
th
[}

1974y or from zhe often unpradictébls rasults: oz d&r
corpetition (Ciamond, 1975) . The epélosure treatmants
clesarly p:ovidéd the Qppofﬁunity te study a ‘set of species
ic vary diffarent communitias.

Daspite the rairly distinct suchssiou of phytoplankJ

ton spacl:zs, 4 largs numbsr of algac were-significantly as-

sociat=d In tiame, These species are similar in the gensral
. ‘ e A .- .
enviroamental conditiocns in which +*hey occur, which have

besr term2d the liqking factors of tke ecological niche (Le-
¥andowsky, 1972b). The causes oI these similaritizs nmay
include ga2nszral morpﬁologY: $izz¢ cr taxonomic affipity. 1In
the present study the latter ériterion appears impcrtant as

mOre associations occur between speciss of the same division
1
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thaﬁ.bétween speciag from differant divisious. also, thé\
number of associations withih a particular.division may re-
fiect ;he'gene:al degree of coxzpetition present in the com=-
Dunity at ;ts p&ﬁ} pariod cof abundancs. Spécies which fora

communities in whichk a high numbsr of associations aze found
»”r
may b2 able to aiford strong co=occurrence without risking

axclusion v2cause 9f a low laval of comp:+ition. Factors

pre

reducing the overall level of'fcompetition may incluie envi-

ronmental Instavility, as discussed above, the cropping of

populations by yrazing, or habitat partitioning. Diatoms,

which have the highest number of associations, przdominate
ic ﬁns:able water columns and. are also more susceptible to
grazing than are blue-gresns.
~
With dgpth many pairs of asscciated spocies became

dlsassociated, and mesbers of cone pair sven becoms Lega-

tively correlated. On this physical scales, the =cological
diffzrsncas batween species bhecame apparent. In general,

depth app2ars to play a mejor role in sagrsgatina planktonic

speciss. However, this time there

e

5 no apparent difference
betwesn blue-greens and diatoms with <rCespect te spatial se-
paration, &ven ‘though blue-g:eené possess a greatér éhility
o paintéin’vértical station in tha water column.

Competitive abilities and species preference for

-
light are not «rigZidly linked to taxonomic division. This
suggests that sipilarities within groups account orly for

the large scals patterns of s&asonal abundance, Within each
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group, a variety of competitive strategies have developed,
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which reduce ecological similarity. and aldey cnexistéenca of

its members.
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