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CHAPTER 2
LITERATURE REVIEW ON THE HARMFUL ALGAL BLOOMS

Water column stratification

Margalef’s
red tide sequence

Algal biomass

Figure 2.1. An adaptation of “Margalef’s Phytoplankton Mandala”, modified from
Hallegraeff (1998), showing the preference of certain algal genera or species to
different nutrient and turbulence conditions (square), which is superimposed on the
plane defined by the coordinates production potential (algal biomass) and water
column stratification. Margalef’s original “red tide sequence” is marked with the
horizontal arrow. K represents species that display K-strategic features, and r

represents r-strategic species. Alex = Alexandrium, Chatt = Chattonella, Chrys =
Chrysocromulina, Cyan = Cyanobacteria, Din = Dinophysis, Gbrev = Gymnodinium breve, Geat =
Gymnodinium catenatum, Gmik = Gymnodinium mikimotoi, Het = Heterosigma, Phaco = Phaeocystis,
Prym = Prymnesium, Noct = Noctiluca, PsN = Pseudo-nitzschia, Pyr = Pyrodinium.




Ammonium Nitrate

Nutrient
excess

Figure 2.2. Ecological clusters as suggested by Riegman (1998), describing species clusters
of dinoflagellates (Dino), diatoms (Diat), haptophyceae (Prym), cyanobacteria (Cyan) and
mixotrophic algae (Mixo) based on their preference to differing light and nutrient
conditions. The center of the circle indicates light limiting conditions, the border of the
circle light saturating levels and nutrient limitation or nutrient excess.




External nitrogen

NH,*

Transport / diffusion

NO;
N,
Organic-N

i

CELL MEMBRANE

Internal nitrogen

ﬂ Reduction

NH,*

ﬂ Assimilation via GS/GOGAT

Glutamate

i

Biosynthesis

Carbon metabolism

i

Internal nitrogen

-Protein
-RNA
-Other organic-N

Figure 2.3. Major steps in phototrophic nitrogen uptake, assimilation and biosynthesis

(according to Vincent 1992).
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Figure 2.4. Compartmentation
of the flow of compounds
during the assimilation of
nitrate and ammonium in
Chlamydomonas reinhardtii,
according to Fischer and Klein
(1988).

1. Nitrate reductase, 2. Plastidic
and cytoplasmic nitrite
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cytoplasmic glutamine
synthetase (GS), 4. GOGAT.




CHAPTER 3
GROWTH, PHOSPHATASE ACTIVITY AND PHOTOSYNTHETIC VITALITY OF TWO
CYANOBACTERIA UNDER DIFFERENT NUTRIENT CONDITIONS
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Figure 3.1. Growth of Microcystis aeruginosa (A) and Oscillatoria simplicissima (B) throughout the
experiment (means and standard error of chlorophyll-a concentrations). The dilutions were started
on day 11 and 8 respectively. The experiment was finished on day 18 and 17 respectively.
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Figure 3.2. Chlorophyll-a concentration (mean and standard error for six samples) for
Microcystis aeruginosa and Oscillatoria simplicissima initially (B = before treatment) and
after (A = after treatment) being exposed to varying N:P ratios (External control = EM
medium).
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Figure 3.3. Chlorophyll-a concentrations of Microcystis aeruginosa (A) and Oscillatoria
simplicissima (B) at the end of the experiment in the three experimental treatments.
Averages marked by rectangle, boxes include standard error and whiskers mark standard
deviation, n = 6 in each treatment.
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Figure 3.4. Number of cells / filaments of Microcystis aeruginosa (A) and Oscillatoria
simplicissima (B) at the end of the experiment in the three experimental treatments.
Averages marked by rectangle, boxes include standard error and whiskers mark standard
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Figure 3.5. Variation in the size classes of Oscillatoria simplicissima grown under
varying nutrient regimes. The uppermost figure presents the percentage distribution of
filaments in four size classes in all treatments including the external control (EM
medium). The box and whisker plot below presents the mean (middle point), standard
error (box value) and standard deviation (whisker value) of weighed number of
filaments to indicate biomass in the samples.
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Figure 3.6. Gradual change in the phosphate concentrations (mean and standard error for
six samples) in the culture medium of Microcystis aeruginosa and Oscillatoria
simplicissima throughout the experiment (External control = EM medium). Samples are
taken every second - third day after the start of dilutions.
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Figure 3.7. Alkaline phosphatase activity (mean and standard error for six samples) for
Microcystis aeruginosa and Oscillatoria simplicissima initially (B = before treatment) and
after (A = after treatment) being exposed to varying N:P ratios (External control = EM
medium).
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Figure 3.8. Specific alkaline phosphatase activity of Microcystis aeruginosa and
Oscillatoria simplicissima at the end of the experiment in the three experimental
treatments. Averages marked by rectangle, boxes include standard error and whiskers mark
standard deviation, n = 6 in each treatment.

16




307 Microcystis aeruginosa

251

20

Total APA pmol T min'!
o

05F
00 ) )
N-limited Internal control P-limited
Treatment
3.0f Oscillatoria simplicissima
25} 1

201 1

Total APA pmol T min'!
o

05 1
0.0 L 1 1 1 1
N-limited Internal control P-limited
Treatment

Figure 3.9. Total alkaline phosphatase activity of Microcystis aeruginosa and Oscillatoria
simplicissima at the end of the experiment in the three experimental treatments. Averages
marked by rectangle, boxes include standard error and whiskers mark standard deviation, n
= 6 in each treatment.
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Figure 3.10. Acid phosphatase activity (mean and standard error for six samples) for
Microcystis aeruginosa and Oscillatoria simplicissima initially (B = before treatment) and
after (A = after treatment) being exposed to varying N:P ratios (External control = EM
medium).
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Figure 3.11. Specific acid phosphatase activity of Microcystis aeruginosa and Oscillatoria
simplicissima at the end of the experiment in the three experimental treatments. Averages
marked by rectangle, boxes include standard error and whiskers mark standard deviation, n
= 6 in each treatment.
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Figure 3.12. Total acid phosphatase activity of Microcystis aeruginosa and Oscillatoria
simplicissima at the end of the experiment in the three experimental treatments. Averages
marked by rectangle, boxes include standard error and whiskers mark standard deviation, n
= 6 in each treatment.
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Figure 3.13. Alkaline (APA, figure above) and acid (AcPA, figure below)
phosphatase activity (mean and standard error, n = 6) in Oscillatoria simplicissima
before the dilutions started (before), halfway through the experiments (Middle)
and when steady state was reached (after).
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Figure 3.14. Specific and total ectoenzymatic phosphatase activity (middle point indicates
mean, box value standard error and whisker value standard deviation, n = 6 in each

treatment) of Oscillatoria simplicissima at the end of the experiment in the three different
experimental treatments.
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Figure 3.15. Specific nitrate reductase (mean and standard error for six samples) in
Oscillatoria simplicissima initially (B = before treatment) and after (A = after
treatment) being exposed to varying N:P ratios (External control = EM medium).
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Figure 3.16. Specific and total nitrate reductase (middle point indicates mean, box value
standard error and whisker value standard deviation, n = 6 in each treatment) of
Oscillatoria simplicissima at the end of the experiment in the three different experimental
treatments.
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Figure 3.17 and Table 3.5. Presence and absence of correlation between the measured
enzyme activities and chemical variables in the three experimental treatments in
Microcystis aeruginosa sp. at the end of the experiment. Scatterplots present the
variables shown (as histograms presenting the distribution of the data) on top and to the
right of each plot. Spearman correlation coefficients (R, n = 18) are given in the table,

statistically significant (p < 0.05) values are indicated with bold italic numbers.
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Figure 3.18 and Table 3.6. Presence and absence of correlation between the measured
enzyme activities and chemical variables in the three experimental treatments in
Oscillatoria simplicissima at the end of the experiment. Scatterplots present the
variables shown (as histograms presenting the distribution of the data) on top and to the
right of each plot. Spearman correlation coefficients (R, n = 18) are given in the table,
statistically significant (p < 0.05) values are indicated with bold italic numbers.
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Figure 3.19. Percentage distribution of total enzyme activity (APA, AcPA and
ectoenzymatic phosphatase activity (Oscillatoria simplicissima only)) in the
different treatments, and percentage distribution of enzyme type in each
treatment in Microcystis aeruginosa (above) and Oscillatoria simplicissima
(below).
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Figure 3.20. Flux ratios, specific energy fluxes and vitality of PSII functions in
Microcystis aeruginosa and Oscillatoria simplicissima grown in different N:P
ratios. Red line = N-limited treatment, blue line = P-limited treatment and
green line = Internal control.
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Figure 3.21. Normalised fluorescence rise curves (N (red dots) and P-limited (blue
dots) treatments as compared to the internal control, deviation from internal control
(Black dots) on y-axis) demonstrating the presence of a J and K-peak in Oscillatoria
simplicissima, whereas no such peaks were present in Microcystis aeruginosa.

29




0¢

[:091 diN -,.8" wrjowrz “Q,z¢ dwo (LT “1:91 diN .8 wrjown (g ©D,z¢ dwd ], (9T 1:1 diN .87, wrjowrgg
o€ dwo], (ST “1:091 diN .S wrpowngy D,z¢ dwoy, ($T “1:91 diN .S wjowng) D,z¢ dwd ], (€7 111 diN .S wrpowngy Doz¢ dwoy, (7T “1:091 diN .8, wrjowrg ©9,z¢
dwd [, (1T 1:91 diN .S wrowng “9ze dwd, (0T *1:1 diN .S wrjowng 9ze dwd ] (61 ‘1:091 diN .5 wownog ‘0,67 dwo (81 ‘[:91 diN .8" wrjowrog ‘0,67 dwd [, (L1
T dIN S oz 0067 dwd L, (91 “T:091 diN .87, W jownG 967 dwd L (ST [:91 diN -8, W oWnS o6 dWwd ], (H1 “T:1 diN .87, Wrowng 0,67 dwd L, (€1 1:091 d:N
G Spurpowns 9,67 dwo L (T1 ‘1:91 diN -8 wrjowng 967 dwd L, (11 “[:1 diN .87 wrjowns 9,67 dwof (01 ‘1:091 diN .8 wrjownog ‘D81 dwd [ (6 ‘1:91 d:N -.8", wrjowriog
o8l dwd ], (8 “I:1 diN .8 wrjownoz De81 dwo (£ ‘[:091 diN .8 wjowng] 981 dwd ] (9 “:9T diN .8 wrjowngy 981 dway, (S [:1 diN .8 wrjowngy ‘.81 dwag,
(¥ ‘1:091 dIN S, wrjowng 9,81 dwd ] (€ “1:91 diN . S wrowng D8] dway (T 1:] diN .S, wowrs D81 dwa[ (] :SUONIPUOD SULIMIND SUIMO[[0) Ay} JudsdIdax
SIOQUINU SJUQUIBAL], ‘DSOULSNADD S1PSAD0.101p\ JO SIUUNBIL) JUAIJJIP Ay JO v-[[Aydoro[yd ay) pue Aep 1od sajer ypmoi3 dy} Jo uosuedwo)) [ 4 2In3iq

[IAydololy) —p— Aep Jad ymo.b mmmm

sjuawijeal |
1292S2+2€22212026L8LLLOLSLYLELZLLLOL 6 8 L 9 G v € C L
0 - -0
00S + 1 720
(o]
> 000l @
5 + 0 m
S 0051 + =
eml T @O ko]
= 0002 | 2
+80 &
& 005z + <
000¢ + T
00S€ Al
SOILLVY

d°‘N ANV SAILISNAINI LHOIT ‘STINLVIAdWAL INTITAAIA LV (2861) INOWOD VIWISSIDITIWIS VINOLVTTIDSO ANV (9¢81)
NDINHTHA ANAWH ONIZLAN VSONIONAAY SILSADO0YIIN VINALIOVIAONVAI AHL AO SOINWVNAA HIMOYD AHL A0 NOSTIVIdINOI
Yy HdLdVHD



3

"DSOUI3NA2D S1SA20.491p JO JOIUOD [BUIANXI Y} JO v-[[Aydoro[yd oy} pue Aep 1od sajel yimoi3 ayp Jo uosuredwo)) 174 9In31j

l1Aydolojyn —¥— Aep Jad ywoit

0Z1ZEL S1zeL gzel 0215z 17521 g5zl 0Z18LL S1I8LL gI8LL
0 0
005 + L 20

0001 -+
nu.d T V0 @
5 5
g 0051 - | :
< ooy
» 0002 + :
B -

005z -+

000€ - T!

00s¢ 'l



43

[:091 diN -,.8" wrjowrz “,z¢ dwoy (LT “1:91 diN .8 wrjown (g ©D,z¢ dwd ], (9T 1:1 diN .87, wrjowrgg
DoC€ dwo], (ST “1:091 diN .S wrpowngy Doz¢ dwoy, ($T “1:91 diN .S wjowng] D,z¢ dwd ], (€7 111 diN .S wrpowngy Doze dwoy, (7T “1:091 diN .8, wrjowrg ©9,7¢
dwo[, (17 “1:91 d:N .S wrjowng 9,z dway, (0T 1:1 diN .8, wrjowng “D,ze dwof, (61 “1:091 diN .S, wrjownog 0,67 dwo, (81 “1:91 diN .8, wrjownog ‘067 dwd ], (L1
T dIN S oz 0067 dwd L (91 “T:091 diN .87, wrjownG <967 dwd L (ST [:91 diN -8, W oWng o6 dwd ], (1 “T:1 diN .87, Wrowng 0,67 dwd L, (€1 1:091 d:N
G Spurpouwns 9,67 dwo L (T1 ‘1:91 diN -8 wrjowng 96z dwd L, (11 “[:1 diN 8" wrjowns 9,67 dwop (01 ‘1:091 diN .8 wrjownog ‘081 dwd [ (6 ‘1:91 diN -8  wrjowrig
D081 dwd [, (8 “I:1 dIN .8 wrpownoz 0,81 dwo L (£ ‘[:091 diN .S wjowng] “98T1 dwd ] (9 “1:9T diN .S wrowngy D81 dwd, (S [:1 diN .8, wrjowngy ‘.81 dway,
(F ‘1:091 &N S, wrjowng .81 dwd ] (€ “1:91 diN - S wrowng D8] dway (T 1:1 diN .S wowrs 981 dwa[ (] :SUORIPUOd SULIMINI SUIMO[[0) Ay} Judsardax
SIoqUINU SJUSWRIL], ‘Dui1sS121]duils n1.403p]1125() JO SHUWILAI) JUIJIP Ay} Jo p-[[Aydoro[yd ayj pue Aep 1od sdjer yimois ayj jJo uosuedwo)) ¢ 4 2Ingrg

[IAydoiojy) —— Aep Jad ymolt mmmm
sjuawieal |
l¢ 9¢ S¢ v¢ €¢ ¢¢ Lc OCc 61 8L ZL 9L SL vL €L ¢L LWL OL 6 8 L 9 S v € ¢ |1
0 - —t —— -0
00S + 120
2 000l +
= .~ @
5 T¥0 3
m. 0051 + 3
.M T @ O -W
o 000C | n
] + 80 Y
< oosz | <
000€ | T
00s¢ A"




129

"pul1ss121]dui1s v1.10jp]J19s() JO [0UOI [BUINXI Y} JO p-[[AydoIo[yd oy} pue Aep 1od sajer yamoi3 a3 Jo uostredwo)) 4 2In31,|

167 e j1Aydoiolyo

000€ -

0cleel

Gl1ceL

GleelL

[1Aydosojyn —e— Aep Jad ymwolit

0c1scL

Gi1acL

G161

0c18Ll

°.

G181l

GI18LL

ag

" g

- ¢0

-0

- 90

- 80

00s€

A

Kep 1ad ymoub



143

[:091 diN 8" wrjownog “0,z¢ dwd L, (LT “T1:91 diN .87 wrjowng ‘0,z¢ dwa (97 “1:1 d:N .8 wrjowng “,z¢ dway, (§7 *1:091 diN 8", wrjowng|
Dot dwo[ (YT ‘1:91 dIN .S wrjowngy Q.ze dwo (€7 “1:1 diN .S wrjowngy Doze dway, (7T ‘1:091 diN .8 wrjowrnig ‘9.z¢ dwo (17 “1:91 diN .8 wrjowng D,z¢
dwd], (0T *1:1 diN .8 wrjowng 9ze dway, (61 “1:091 diN (.8 wrjownog ‘0,67 dwof, (81 ‘1:91 diN .8 wrjown(g o6 dwd L, (LT “T:1 diN (8" wrjown(g ‘.6 dwd ], (91
T:091 diN (.S wowng .67 dway, (61 “1:91 diN .S wrjown gy 9o67 dwa, ($1 “T:1 diN .S wrjowngy ©Do6z dwa, (€1 “1:091 diN .8 wrjowns 9,6z dway, (Z1 ‘1:91 d:N
G Srjowns 9,6z dway (11 “I:1 diN .8 urjowng 9,67 dwd [, (01 “1:091 d:iN (.8, wjown(z 0,81 dwd [, (6 “1:91 d:iN .8 ;. wjown(gz .81 dwd, (8 “I:1 d:N .,.8" wrjowrg
D081 dwdy, (£ ‘1:091 diN .8 wrjowngy 9,81 dwd[, (9 [:97 diN .S wrjowngy D81 dwd[, (§ [:1 diN .. wrjowngy 9,81 dwd], (f ‘1:091 diN ..8" . wrjowng 5,81 dwag,
(€ ‘1:91 dIN .87 wrjowrig 9,81 dwoy, (T 1:1 diN .8, wrjowng 9,87 dwo, (I :SUONIPUOD Sunmynd urmor[oy ay Judsaxdar sioqunu  SJUdUBAL], ‘Dul1ss101]duls
D1I0JD]]10S() PUB DSOUISNIOD SSA20421p7 JO SJUSWILAI JUAIRIIP oY) Jo (VdV) Ananoe asejeydsoyd ourpeye oy jo uosuedwo) :[°¢ am3rq

BLI0JEJII9SO W SHSA20.J01N (™

sjuswieal |
lZ 92 SZ ¥Z €2 22 L2 0Z 6L 8L ZL 9L SL ¥L €L 2L LL OL 6 8 L 9 S ¥ € T L
L L L L L L L L L L L L L o
N N m N N &
N N B \ \
N N N N -
3 N go U
N N N 2
\ \ \ 5
M y Z
N N F 5
% \ N 3
N ; 5
N ‘o
M =4
o
rc 3
=}
ge
SOILVY dN ANV

SALLISNALINI LHOIT ‘STINLVYAdWAL INAYTAAIA LV (€861) INOWOD VIWISSIDITIWIS VINOLVTTIODSO ANV (9781) NDINATA
ANAWH ONIZLN VSONIONYAY SILSADO0HIIN VINALIVIONVAI HHL A0 ALIALLOV ASVIVHdISOHd HHL A0 NOSTdVdWOD

SUHALAVHO



93

"DUISS101]dud1s DLIOID][19SO)
pue psourdn.Lov s1sA20.01py JO SJOJU0D [eUIANX A JO (VJV) Aanoe asejeydsoyd surfeye ay3 Jo uosuedwo)) :7°¢ 231

eLojel(iosQ M s)sAo0sopy B
0c1cel GlLicelL glcelL 0Z1S¢L GlL6eL G1G6elL 0C¢18LL GLI8LL GI8LL
=N NN N N % & |0

S0

Gl

uiwy e-|yo B jowrAinnoe gy

G¢



9¢

[:091 diN .S wrjownog “0,z¢ dwd L (LT “T1:91 diN .8 wrjownz D,z¢ dwo (9T “1:1 diN .8 wrjowng “0,z¢ dwd ], (ST “1:091 diN -.S",
wrowngy ©9,z¢ dwd L, ($T “1:91 diN (.8 Wjowng 0,z¢ dwd[, (€T *1:1 diN .S urjowngy 9oze dwa], (T “1:091 diN .S wrjowns D,z¢ dwd ], (17 “1:91 d:N .8, wrjowrig
Dot dwol (0T 1:1 dIN .S wrjownds D,ze dway, (61 1:091 diN .8 Wrownoz 9o6g dwo (81 ‘1:91 diN .8 wrjowrz 0,67 dwal (L1 ‘11 diN .8 wrjownoz ©0,6T
dwd], (91 1:091 diN .8 wrjowngy ‘0,67 dwdy, (ST [:91 diN «(.8 7, WoWnG D67 dwdl, (H1 “I:1 diN .S wrjowngy 9,67 dway (€1 ‘1:091 diN .8 wrjowng ‘9,67 dwag,
(T1 ‘191 d&IN .87 wrjownlg D6z dwd [, (11 “T:1 diN (8" wrjowrnds 067 dway (01 “1:091 diN .8 wrjownoz D81 dway, (6 ‘1:91 d:N .S wrjownog D.81 dwa, (8 I:1 d:N
(S arowrz ‘0,871 dwd L, (£ “1:09T diN (.8 wjowngy ©D,81 dway, (9 “1:91 d:N .8 wrjowngy ‘D81 dwo[, (S 11 d:N .8, wrjowng] 9,81 dwd ], (¢ ‘1:091 d:N .8, wrjowrig
Do81 duwRL (€ “1:9] diN S wjowng D8] dwoy (7 :] diN s wrowng ‘.81 dwdl (] :SUOHIPUOD FULININO SUIMO[[0) Y JudsaIdal SIOqUINU SJUSUNBIL],
"put1ss121]dudls v1L0IV]J10S() PUR DSOULSNLID SPSAI0491p JO SJUIUBAL JUIIHJIP Y} JO (VJOV) Ananoe asereydsoyd proe ayi jo uosuredwo)) :¢'¢ 2in3r|

eLoje|1osO @ siysAsoiopy O

sjuswiyess|

L 9C¢ GC v¢ €¢ ¢¢ L¢c 0c 6L 8L LL 9L SL v €L CL LL OL 6 8 L 9 G v € ¢ |

S N VI R ™ R E—  m~ — ()
v _ ¥

S0

uiwy/ e-1y9 B1jowrikianoe qoy

§'c



LE

[:091 diN .8 wrjown(g “0oze dwd [, (LT “T1:91 diN .S wrjowrz ©D,z¢ dwof, (9T 1:1 d:N .8 wrjownog ‘,z¢ dway, (ST “1:091 diN .S";
wrpowngy D,z dwoy (4T 11:91 diN S wrowng] D,z dwoy (€7 *1:1 diN -8 wrjowng] ‘0,z¢ dwd [ (7T 1:091 diN -8 ;. wrjowns ‘9,ze dwd [, (1T 1:91 diN ..S", wrjowrig
Do dwa], (0T ‘11 diN .S wrjownris 9,z¢ dwof, (61 1:091 diN .S wjownz 0,67 dwdl (81 ‘1:91 diN .S wriownoz 0,67 dwof (L1 ‘111 dIN .S wrownog ©,5¢
dwio, (91 ‘1:091 diN .S wowngy 67 dwd, (ST “1:91 diN .S wowng] ‘9,67 dwo ] (p1 [:1 diN .S Wrjowmg] 9,6 dwal, (€1 “1:091 diN .8 wrjowng 9,67 dud ],
(T1 ‘191 dIN .87 wrjowrnis 9,67 dwld L (11 “T:1 diN (8" wrjowrds ‘967 dway, (01 “1:091 diN .8 wrjownog D81 dwd L, (6 ‘[:91 d:N .S wrjownoz .81 dwd L (8 I:T d:N
G Sarowroz ‘0,871 dwd L (£ “T:09T diN -8 W owng 9,81 dwdl, (9 “1:91 dN .8 wrjowngy ‘981 dwo [, (S [1 diN .87, Wwrjownig 9,81 dwdL (4 ‘1:091 d:N .., wrjowrig
‘9081 dwrdl (¢ ‘1:91 &N ;.m.N.E._oEim ‘981 dwd], (7 1:1 &N ;.m.N.E.ﬁoaim D081 dway, (1 :suonIpuod wEﬁESO wEBo:o.« N juasaxdar sloqunu Sjusueal],
"Dul1sS101]d1s v1LI0ID]]198() PUR DSOULSNLIY S1ISAD0.401p JO S[ONUOD [RUINXD A} JO (VIV) Anande asejeydsoyd proe ayp jo uosuedwo)) :4°¢ 2Ingrg

eLojel(ioso M sisAsoiop

0ceel Gleel Gleel 0c1selL Gl1sel G1gel 0c18LL GLa8llL G181l

flﬂk R .Wz AN NN o=y = mSY =1 0

uiw/e-1yo 61 jjownAyanoe Joy

Gg¢c



8¢

09T &N (.S W Jown (g ‘0oz€ dwdL (LT “T:9T diN . N.a.sezom Dot dwd], (97 111
dIN .8 wrjowrog “0.ze dwog, (6T “1:091 diN « . 5 Jowngy “Doz¢ dwoy ($T *1:91 diN .8 wrjowng D,z¢ dwoy (€7 1:1 diN - 87 Jownig] “D,z¢ dwoy, (TT “1:091 diN -
s wrjowndg ©9,ze dway, (12 “1:91 d:N- oS W Jowrlg “D,z¢ dwd ], (0T “T:1 diN - s Jownlg “D,z¢ dwa L, (61 “1:091 diN - s Jownoz ‘0,67 dwo L (81 ‘1:91 d'N -, N.E._oeiom
DoSTAWRL (LT ‘11T diN - 57 fownz ‘0067 dwo L, (91 “1:091 diN .S wowng 967 dwo, (ST “1:97 diN .8 ;. wrjown gy 9,67 dwol, (1 “[:1 dIN .S, wrjowng] ‘0,67 dwag,
(€1 ‘1:091 N - 58 jowng 0,67 dwd L, (T “1:91 diN .8 wrjowns 0,67 dwd, (1T “I:1 diN - oS W Jowng 9,6z dwa ] (0T “1:091 d:N - o8 W Jowrrg D081 dwaf, (6 ‘1:91 d:N
1S jownz D81 dwd L (8 “I:T diN - s fown(z D81 dwd L, (£ ‘1:091 diN 8" wjowngy D81 dwd ], (9 [:9T diN - 4 S W [owngy D81 dwd ], (§ 1:1 diN .87, wrjowrigy
Do81 dwal (F ‘1:091 d:N S wrjowng D8] dwdl (¢ ‘1:91 &N S wowng 9,81 dwal (T 1:1 diN .S wjowrs D.8] dwal (I :SuonIpuod JuLmnd uIMoj[oy

o Judsaxdar sroquinu SJUSWIIRAL], ‘DSOuUIINAdp s1sA00.001py JO el ImoI3 pue (VdVv) Ananoe asejeydsoyd aurpeye ay3 jo uosuedwo)) :6°¢ 2Ingrg

dy —— Aep Jad ymoip —a—

sjuawjead]

e 9¢ G¢ v¢ € ¢¢ ¢ 0Cc 6L 8L ZL 9L G ¥L €L ¢ L O 6 8 L 9

P

Gg¢c



6¢

[:091 diN .S wrjow(g “0oge dwd [, (LT “1:91 diN .8 wrjowrz ‘D,z¢ dway, (97 “1:1
d:N s wrowngz ©D.z¢ dwog, (ST 1:091 diN .8 wrjowngy “0,z¢ dwd L ($T “1:91 diN .S wriowngy ‘Oze dwd [ (€7 “1:1 diN .S wjowngy ©D,z¢ dwoy, (7T 1:091 diN -,
s wrpowng ©9,ze dwoy (1T 1:91 diN .S wrjowns ©9,z¢ dwoy (0T *1:1 diN .8 wrjowng “9.z¢ dway, (61 (1:091 diN .S wrownz 0,57 dwd L, (81 ‘1:91 d:N .8, wrjowrgg
DoSTAWL (LT ‘111 dIN - S wrownog ‘0067 dwog, (91 “1:091 diN .S, W oW ‘0,67 dwal, (ST “1:9T1 diN (.87, Wjowng D,67 dwd L, ($1 “1:1 diN .8, wrjowngy 9,67 durd
(€1 “T:091 dN - .8"wrjowrdg 0,67 dwdl, (T “1:91 diN (.S wrjows 0,67 dwd, (1T “I:1 diN .87 wrjowns 9,6z dwof, (01 “1:091 diN -8 wrjownog D81 dwa[, (6 ‘1:91 d:N
G Spurpowrroz ‘081 dwo, (8 “I:1 diN .8, wrjowrz ‘D81 dwo L (L ‘1:091 diN .87, wrjownig ‘981 dwo[ (9 {1:91 diN .8, wrjowngy 9,81 dwd L, (S [ diN .8 wrjowngy
Do81 dwal (F ‘1:091 d:N S wrjowng D8] dwdl (¢ ‘1:91 &N S wowng 9,81 dwal (T 1:1 diN .S wjowrs D.8] dwal (I :SuonIpuod JuLmnd uIMoj[oy
o Judsaxdar sIquINU SJUSWIRAL], ‘DSOULSNAID SPSA20491p7 JO el YIMoI3 pue (VdoV) Aanoe asejeydsoyd proe ayp jo uosuedwo)) :9°¢ 2Ingig

doy —e— Aep Jad ymoib —a—

sjuswieal]
l¢ 9¢ G¢ v¢ €¢ ¢¢ L¢c 0¢c 6L 8L LL 9L GL vL €L ¢ LL OL 6 8 L 9 6§ v ¢ ¢ 1|1

gl

G¢



0y

1:091 d:N .S wrjownz “,z¢ dwo (LT “1:91 diN .8 ;. wrjownog “D,z¢ dway, (97 <1:1
dIN 8 wrowrog “0,ze dwoy (67 S1:091 diN (.8 wrjowngy ©D,z¢ dwo L ($T 1:91 diN .S, wrjowngy 9,z dwo[ (€7 T1:1 diN .S wrjowngy Doze dwdl, (2T “1:091 diN
s wrjowndg 9,z dwdl, (17 1:91 diN..S . wrjowns “9,z¢ dwd ], (07 1:1 diN .8 wrjowns 9ze dway, (61 “1:091 diN .8 . wjownrog 0,67 dwd [, (81 1:91 d:N .,.8" . wrjowripg
DoSTAWAL (LT ‘1T diN (.S wrjowr(g ‘067 dwd, (91 “T:091 diN .8 wrown gy ‘0,67 dwd [, (ST “1:91 diN .8 Wjowng| 0,67 dwd ], (H1 “1:1 d:N .8 wrjowngy 9,67 dwag,
(€1 T:091 d:N . .s"wrjowdg 0,67 dwd ], (T “1:91 diN .8 wrjownds 9,6z dwdl, (1T “[:1 diN .87 wrjowns 9,6z dwaf, (01 “1:091 d:iN -8, wrjownog D81 dwaf, (6 ‘1:91 d:N
G Spurpowroz ‘981 dwof, (8 “I:1 diN .8 wrjowrz ‘D81 dwo [ (£ ‘1:091 d:iN .87, wrjowng ‘981 dwo[, (9 (1:91 dN .8, wrjowngy 9,81 dwd [, (S [:] d:N .,.8" wrjowngy
D81 dwd L (§ T:091 diN .8 wrjowrdg 9,81 dwdy (¢ ‘[:91 diN .8 wrjowndg 9,81 dway (g (I:[ diN 8" wrjowng 9,81 dwoy (I :SUOHIPUOD JULININO SUIMO[[O]
oy juasaxdar szoquunu syudwIedl ], pusss1onduils vLiogp]1osO) Jo el pmoi3 pue (VJV) Ananoe asejeydsoyd aurpeye oy jo uostredwo)) /G 93

dy —— Aep Jad ymolib —a—

suswjeal|

LZ 9¢ G¢ v¢ €¢ ¢¢ V¢ 0C 6L 8L ZLL 9L GL vL €L ¢L LLOL 6 8 L 9 G ¥ € ¢ |

uiw; e-1yo 6ffiowfj Ananoe qv

Gg¢c




Iy

1:091 d:N (.8 wrjowrnog Doz dwo L, (LT ‘T:91 diN .8 urjowrog Doze dwor, (97 <111
dIN 8 wrowrog “00ze dwoy (67 S1:091 diN (.8 wrjown gy ©D,z¢ dwo L ($T 1:91 diN .S wrjowngy 9,z dwo[ (€ T1:1 diN .S wrjowngy Doze dway, (2T “1:091 diN
s wrjowndg 9,z dwdl, (1T 1:91 diN..S . wrjowng “9.ze dwd ], (07 1:1 diN .8 wrjowns Oze dway, (61 “1:091 diN .8, wownr(g 0,67 dwd [, (81 1:91 d:N .,.8" . wrjowripg
DoSTAWAL (LT “T:T diN (.S wr o (g ‘0067 dwd L, (91 “T1:091 diN (.8 wrjown gy ‘9,67 dwd [, (ST 1:91 diN .8 Wjowng[ 0,67 dwd ], (H1 “1:1 d:N .8 wrjowngy 9,67 dwag,
(€1 “T:091 &N . .s" wrjowdg 0,67 dwdl, (T “1:91 diN .8 wrjowds 9,6z dwdl, (1T “I:1 diN .8 wrjowns 9,6z dwaf, (01 “1:091 d:iN -8 wrjownog D81 dwaf, (6 ‘1:91 d:N
G Surpownroz ‘081 dwof, (8 “I:1 diN .8 wrjowrz ‘D81 dwo L (£ ‘1:091 diN .8, wrjowng ‘981 dwo[, (9 “1:91 dN .8, wrjowngy 9,81 dwd ], (S [:] d:N .,.8" wrjowrngy
D81 dwd L (§ T:091 diN .8 wrjowrdg 9,81 dwdy (¢ ‘[:91 diN .8 wrjowrndg 9,81 dway (g (I:[ diN 8" wrjowng 9,81 dwoy (I :SUONIPUOD JULINI[NO FUIMO[[O]
oy Judsaxdar sroquuinu SJUSWIIBAL], Puilss1o1jduils vLioip]j1asO Jo dye1 umoli3 pue (VJoy) Ananoe asejeydsoyd proe oy jo uvosuedwo)) :8°¢ a3

doy —e— Aep Jad ymmoip —a—

sjuaweal]

L 9¢ S¢ v¢ € ¢¢ ¢ 0¢ 6L 8L ZL 9L GL vIL €L ¢ LWL OL 6 8 L 9 G v € ¢ |

G'¢



(4%

1:091 d:N .S wrjownz “,z¢ dwo (LT “1:91 diN .8 ;. wrjownog Doz¢ dway, (97 <1:1
dIN 8 wrowrog “00ze dwoy (67 S1:091 diN (.8 wrjown gy ©D,z¢ dwo L ($T 1:91 diN .S wrjowngy 9,z dwo[ (€ T1:1 diN .S wrjowngy Doze dway, (2T “1:091 diN
s wrjowndg 9,z dwdl, (1T 1:91 diN..S . wrjowng “9.ze dwd ], (07 1:1 diN .8 wrjowns Oze dway, (61 “1:091 diN .8, wownr(g 0,67 dwd [, (81 1:91 d:N .,.8" . wrjowripg
DoSTAWAL (LT “T:T diN (.S wr o (g ‘0067 dwd L, (91 “T1:091 diN (.8 wrjown gy ‘9,67 dwd [, (ST 1:91 diN .8 Wjowng[ 0,67 dwd ], (H1 “1:1 d:N .8 wrjowngy 9,67 dwag,
(€1 “T:091 &N . .s" wrjowdg 0,67 dwdl, (T “1:91 diN .8 wrjowds 9,6z dwdl, (1T “I:1 diN .8 wrjowns 9,6z dwaf, (01 “1:091 d:iN -8 wrjownog D81 dwaf, (6 ‘1:91 d:N
G Spurpowrz ‘081 dwof, (8 “I:1 diN .8 wrjowrz ‘D81 dwo [ (£ ‘1:091 diN .87, wrjowng ‘o871 dwo[, (9 (1:91 dN .8, wrjowngy 9,81 dwd [, (S [:] d:N .8 wrjowrngy
D681 dWdL, (¥ T:091 diN .. wrjowng D81 dwo, (€ “1:9T diN ..8" wrjowrig ‘9,81 dwdf, (7 11T d:N .8 wrjowng D81 dwoy, (I :SUONIPUOd SULININO JUIMO[[0J dY)
1uasa1dar s1oquInu SJUSWIBAL], ‘DSOUIZNA2D S1ISA20.401py JO xapul douewiojrad pue (vdv) Ananoe asereydsoyd aurpesye a3 jo vosuedwo)) :6'¢ 2131

(sqe)|d —=— dy——

sjuawjeal]

LZ 9¢ GC ¥C € ¢¢ V¢ 0¢ 6L 8L ZL 9L GL ¥L €L ¢ LWL OL 6 8 L 9 G v € ¢ |

T T T T O

>

v

TG0 o

:
3 g
5 v
o 3
S 5
2 =
8 fov@
w. (2]
) >
x =
)

A4 N w

=




3%

1:091 d:N .S wrjownz “,z¢ dwo (LT “1:91 diN .8 ;. wrjownog Doz¢ dway, (97 <1:1
dIN 8 wrowrog “00ze dwoy (67 S1:091 diN (.8 wrjown gy ©D,z¢ dwo L ($T 1:91 diN .S wrjowngy 9,z dwo[ (€ T1:1 diN .S wrjowngy Doze dway, (2T “1:091 diN
s wrjowndg 9,z dwdl, (1T 1:91 diN..S . wrjowng “9.ze dwd ], (07 1:1 diN .8 wrjowns Oze dway, (61 “1:091 diN .8, wownr(g 0,67 dwd [, (81 1:91 d:N .,.8" . wrjowripg
DoSTAWAL (LT “T:T diN (.S wr o (g ‘0067 dwd L, (91 “T1:091 diN (.8 wrjown gy ‘9,67 dwd [, (ST 1:91 diN .8 Wjowng[ 0,67 dwd ], (H1 “1:1 d:N .8 wrjowngy 9,67 dwag,
(€1 “T:091 &N . .s" wrjowdg 0,67 dwdl, (T “1:91 diN .8 wrjowds 9,6z dwdl, (1T “I:1 diN .8 wrjowns 9,6z dwaf, (01 “1:091 d:iN -8 wrjownog D81 dwaf, (6 ‘1:91 d:N
G Surpownroz ‘081 dwof, (8 “I:1 diN .8 wrjowrz ‘D81 dwo L (£ ‘1:091 diN .8, wrjowng ‘981 dwo[, (9 “1:91 dN .8, wrjowngy 9,81 dwd ], (S [:] d:N .,.8" wrjowrngy
D681 dwd L (§ T:091 diN .8 wrjowrdg 9,81 dwdy (¢ ‘[:91 diN .8 wrjowrndg 9,81 dway (g (I:[ diN 8" wrjowng 9,81 dwoy (I :SUONIPUOD JULINI[NO FUIMO[[0]
o3 JuosaIdar sIoquINU SJUIUNBIL], ‘DSOULSNLD S17SA00.101p JO Xopul douewojiad pue (VJov) Lanoe asejeydsoyd proe ayp Jo uosuredwo)) ('S 931

(sqe)|d —=— doy——

sjuswyeal ]

L2 9¢ GevceccclcoOcoel8LLLIOLGLyYLELCLLLOLG 8 L 9 G v € ¢ )

O T T T T T T T T T W W W W O
L0 T
>
0T T G0 [2)
o
% €0 + Q
) 2
3 v0 Tl <
w 2 e
3607 3t
L 5 3
5 90 TG oH
o .| =
) L0 mn..v
80 T T =
60 T

-
©
o



144

1:091 diN .8 urpownig 0oz dwo, (LT “1:91 diN .S wrjowrog “00z¢ dwof, (9 *1:1 d:N .8, wrjowriog
o€ duRL, (ST 1:091 diN (.8 wrjowng “Qoze dwdy, ($T 1:91 diN .S Wowng) Doze dwd (€7 “T:1 diN .8 wrjowng “Qoze dwdl, (T 1:091 diN .8 . wrjowns D,z¢
dwa, (1T *1:91 d:N .S wrjowng ‘9.z¢ dwoy (07 “1:1 diN .8 wrjowng “9,z¢ dwof, (61 (1:091 d:N .8 wrjownog ‘9,67 dwo[, (81 ‘[:91 diN .8 wrjown(g ‘.57 dwd ], (L1
TN S oz 0067 dwa L, (91 “T:091 diN .87 W oW 967 dwd [, (ST [:91 diN (.8 W [oWng Do67 dwd ], (1 “[:1 diN .8 wrjowng 9,67 dwd [, (€1 1:091 d:N
QS 9,6z dwa [, (Z1 ‘1:91 diN .S wrjowns 96z dwd, (1T “[:1 diN .8 wrjowns 9,67 dwo[, (01 ‘1:091 d:N .8 wrjownog ‘081 dwd [, (6 ‘1:91 d:N -.8", wrjowrg
D081 dwrd], (8 “I:1 d:N .S wrpownoz 9,81 dwo[, (£ ‘[:091 diN .S wrjowngy “981 dway (9 “1:9T diN .S wrjowngy ‘981 dway, (S 1:1 diN .8 wrjowngy ‘.81 dway,
( “T:091 diN ..8" urjouwrng 0,81 dwdy (¢ “1:91 d:N .87 wrpowns De8T dwd[, (7 11 diN ..8" wrjowrig ‘9,81 dwoy, (I :SUONIPUOd FULININO SUIMO[[OF 9y} Judsardar
SIoquINU SJUSWIBAL], ‘pud1ss1o1duils p140ipj1os() JO xapul douewiopad pue (vdy) Ananoe asejeydsoyd ourpeye ay) jo uosuedwo) :[11°¢ 2Imn3rq

(sqe)|d —e— qy—o—

sjuswjeal]
12 92SZv2€ 22120268 LLOLGLYLELZLLLOLG 8 L 9 G ¥ € T 1

0 i i i i i i i i i i i i i i i i i i i i i i i i i i 0
10+ . >
Z0+ +60 2
3 2
€0 + <
g . F
w 70 1 Tl =
o 3
m G0+ Mn
5 90 + T34l @
Q. (@)
g L07 =
g0 te 3
3,
60 + 5




9%

1:091 d:N (.8 wrjowrnog Doz dwo L, (LT ‘T:91 diN .8 urjowrog Doze dwor, (97 <111
dIN 8 wrowrog “00ze dwoy (67 S1:091 diN (.8 wrjown gy ©D,z¢ dwo L ($T 1:91 diN .S wrjowngy 9,z dwo[ (€ T1:1 diN .S wrjowngy Doze dway, (2T “1:091 diN
s wrjowndg 9,z dwdl, (1T 1:91 diN..S . wrjowng “9.ze dwd ], (07 1:1 diN .8 wrjowns Oze dway, (61 “1:091 diN .8, wownr(g 0,67 dwd [, (81 1:91 d:N .,.8" . wrjowripg
DoSTAWAL (LT “T:T diN (.S wr o (g ‘0067 dwd L, (91 “T1:091 diN (.8 wrjown gy ‘9,67 dwd [, (ST 1:91 diN .8 Wjowng[ 0,67 dwd ], (H1 “1:1 d:N .8 wrjowngy 9,67 dwag,
(€1 “T:091 &N . .s" wrjowdg 0,67 dwdl, (T “1:91 diN .8 wrjowds 9,6z dwdl, (1T “I:1 diN .8 wrjowns 9,6z dwaf, (01 “1:091 d:iN -8 wrjownog D81 dwaf, (6 ‘1:91 d:N
G Spurpowrz ‘081 dwof, (8 “I:1 diN .8 wrjowrz ‘D81 dwo [ (£ ‘1:091 diN .87, wrjowng ‘o871 dwo[, (9 (1:91 dN .8, wrjowngy 9,81 dwd [, (S [:] d:N .8 wrjowrngy
D681 dWdL, (¥ T:091 diN .. wrjowng D81 dwo, (€ “1:9T diN ..8" wrjowrig ‘9,81 dwdf, (7 11T d:N .8 wrjowng D81 dwoy, (I :SUONIPUOd SULININO JUIMO[[0J dY)
1u0sa1dar s1oquINU SJUSWIIBAL], ‘Dud1SS1o1]duils 140311950 JO xapul douewiojad pue (vVJoV) Aanoe asejeydsoyd proe oy Jo uostredwo)) :71°S 2131

(sqe)ld —e— doy —=—

sjuaswyeal ]
lC 9C GC ¥ €C ¢c Llc 0c 6L 8L LZL 9L Sl vL €L ¢l LLOLB6G 8 L 9 @ ¥ € ¢ |
0 i i i i i i i i i i i i i i i i i i i i i i i i i i 0

L0 T

20+ tso B
av) o
m mo T ] m
S o0 L 1 <
3 70 u l o .M.
e -~
2607 3=
o . 53
5 90 | TS~ 8
o . =
m 20T nan.wu

80 | tz =

60 T

-
w0
o



9

[:091 d:N .S wrjownog “0,z¢ dwdl, (LT “T:91 diN .8 wrjownz *D,z¢ dway (9T “1:1 d:N .8 wrjowng ‘0,z¢
dwa [, (ST *1:091 d:N .8, wrpowngy ©9,z¢ dwo [, ($T 1:91 diN .S wowng ‘0,ze dwol, (€7 (1:1 diN 8" wrjowng *,z¢ dwog, (TT (1:091 diN .,.S"wrjowris D,z¢ dwd [, (1¢
19T &N S ol ),z dwd L (0T 101 diN .87 wrjowns “.z¢ dwag, (61 1:091 diN (.8 wriowog ‘0,67 dwag, (81 “1:91 diN .8 wrjownz D67 dwo L, (LT ‘11 diN .87,
wrpownog ‘0,67 dwa L, (91 “1:091 diN .8, Wrjowng] 9,67 dwd ], (ST “[:91 diN .S wrowng| ‘D6z dwop (H1 “T:1 diN .8 Wrjowng *9,67 dwof (€1 ‘1:091 diN .,.S",. wrjowrig
Do§T dwo L (TT ‘1:91 diN .S wrjowng 9,6z dwoy (11 ‘i1 diIN .S wrjowns 9,67 dwd (01 ‘1:091 diN .S wrpownoz ‘0,81 dwo[ (6 ‘1:91 d:N .8 wrjownog Oe81
dwd], (8 “T:1 d:N .8 wrpownog ‘081 dwo[, (£ “1:091 diN (.8, W oW g 9,81 dwd L, (9 [:91 diN .8, wrownig 9,81 dwd [ (S [ d:N .S wrjowrigy ‘D81 dwo[, (¥ ‘1:091
dIN s wrpownlg D8 dwa (€ “1:91 diN .S wrjowns ‘9,81 dwd ] (T ([:] diN S wrowng D8 dway (1 :suonipuod JuLmnd Jurmooy ay) yudsardar sroqunu
SJUOUNRAL], ‘DuL1SS101]duils D140ID]]10S() PUR DSOUISNAID SPSAD0.401) JO SHUIWILAI) JUIIYIP Ay} soxapur dduewojrdd oy jJo uvosuredwo) :1°9 angig

BLIOJE[[I9SO JO (Sqe)|d M shsAoool 4o (sqe)id E

[o)]
~

l¢ 9¢ SC v¢ € ¢¢ ¢ 0¢ 6L 8L Ll 9L §

r o

r¢o

FNSSSNNNARRNNNNN
BASSSNNNNNNNNY
BSSNARANNNRNNN]

r€0

¥0

G0

90

Xapul aduewlopad

rl0

r 80

r 60

SOILVY d°N ANV SHILISNAINI
LHOIT ‘STINLVIAIWAL INFIAAAIA LV (2861) INOWOD VIISSIDITIWIS VINOLVTTIDSO ANV (9¢81) NDINATA ANAWA
ONIZLN VSONIONYAV SILSADOIIDIN VINALIVIONVAID AHL A0 AINVIWHOAYAd DILAHINASOLOHd AHL A0 NOSTIVdINOD

9 HdLdVHO



Ly

[:091 diN 8" wrjownz ‘D.z¢ dwo (LT ‘1:91 dIN .S wrownog ‘Doz¢ dway (97 1:1 diN .8, wrjownog Do
dwa [, (ST ‘1:091 d:N -8, wriowng D,z¢ dwd L ($T 1:91 diN S wrjowrig] ‘Dze dwdl (€7 (1:1 diN 8" wrjownig “D.ze dwoy (77 (1:091 diN .. S"wrjowric D,z¢ dwd L, (1
191 &N S wrpowds ),z dwa (0T (141 diN -8 wrjowng ©D,z¢ dway, (61 “1:091 d:iN .S wrjown(g 0,67 dway, (81 ‘1:91 diN .8 wrjown(g 0,67 dwo L (L1 “I:1 diN .87,
wrown(g 0067 dwo, (91 “1:091 diN .8 ;. wrjowng 0,6z dwo, (ST 1:91 diN .S wrjowng] ‘067 dwd [, (1 ‘11 diN (.S, wrown gy 9,67 dwa [, (€1 1:091 d:N .8, wrjowrig
DoST dwa[, (TT “1:91 dIN .S wrjowns 9,67 dwoy (11 ‘i1 diN .S wrjowng 9,67 dwdl, (01 ‘1:091 d:N .S wrpowngz ‘D81 dwof, (6 ‘1:91 d:N .8 wrjownog D.81
dwd ], (8 “T:1 d:N .87 wrpownoz ‘081 dwa[, (£ “1:091 d:N .8 wrjown gy 9,81 dwdy, (9 “[:91 d:iN .8, wrowng 9,81 dwd [, (S [:1 d:N .S wrjowrgy ‘981 dwa[, (¥ ‘1:091
dIN s urpownig D8 dwo (¢ “1:91 diN .87 wrjowns ‘9,81 dwd ], (T 1] diN .S wrjowrg )81 dwoy (1 :suonIpuod JuLmino Jurmo[[oy 3y} Judsardar sroqunu
syjuounedl], ‘vussionduils piLIOIV]JIOS() PUR DSOUISNAD S1PSAD0.401p) JO S[ONUOD [BUINX Y} SoxIpur dduewofdd oy jo uosuedwo)) :7'9 dmngrg

[0J}UOD BLIO)E||10SO @ [043U0D SSAD0IIN A

0c1eeL GlcelL G1eceL 0c¢16¢L GL1G6eL G16cL 0c18LL GL8LlL G811

7 0
4 27

- L0

NN

-0

- €0

¥0

- G0

- 90

X8pul 8ouBwWIOLd

A

- 80

- 60




8y

[:091 diN -,.8" wrjowrz “,z¢ dwoy (LT “1:91 diN .8 wrjown (g ©D,z¢ dwd ], (9T 1:1 diN .87, wrjowrgg
o€ dwo], (ST “1:091 diN .S wrpowngy Doz¢ dwoy, ($T “1:91 diN .S wjowng) D,z¢ dwd ], (€7 “1:1 diN .S wrpowngy Doze dwoy, (7T “1:091 diN .8, wrjowrg ©9,z¢
dwo[, (17 “1:91 d:N .S wrjowng 9,z dway, (0T 1:1 diN .8, wrjowng “D,ze dwo ], (61 “1:091 diN .S, wrjownog 0,67 dwoL, (81 “1:91 diN .8, wrjownog ‘D67 dwd ], (L1
T dIN S oz 0067 dwd L (91 “T:091 diN .87, wrjownG <967 dwd L (ST [:91 diN -8, W oWng[ o6 dwd ], (1 ‘[T diN .87, Wrowng 0,67 dwd L, (€1 1:091 d:N
(S urjowns 96z dway, (T1 “1:91 diN .8 wrjowns D6z dwdy (11 “I:1 diN 8" urjownis 9,6z dwop (01 ‘1:091 d:N .87 wrjowng ‘9,81 dwa[, (6 ‘1:91 d:N .8 wrjowrog
D081 dwd L, (8 “I:1 dIN .S wrpownog 0,81 dwoL (£ ‘[:091 diN .8 wjowngy *981 dwd ] (9 “1:9T diN .S wrjowngy ‘981 dwd ], (S [:1 diN .8, wrjowngy ‘.81 dway,
(F ‘1:091 &N S wrjowng 9,81 dwd ] (€ “1:91 diN - S wrowng D8] dway (T 1:1 &N .S wowrs e8] dwal (] :SUORIPUOd SULIMINI SUIMO[[0] Ay} Judsardax
SIdQUINU SJUdUNBAL], ‘Dul1SS101]duils v1L0p]]108() Pue vSOUIdn.Lon S1sA20.401p) JO SHUUWIBAL JUILJIP Y} JO DY/SHV 2y Jo uosuedwio)) :¢'9 aIngiq

ewissiolduwis euoje|iiosQ —l— esouibnise sijSAsouolyy —e—

Sjuswieal)

NN@NvaNmNNN_‘Nomm_‘wrtorm_‘imFNFrro_\mwm@mvmN_\
I [ S N O

1/;/\% ad g

iy

- 001

od/sav

- 0cl

ovlL



61

1:09T diN 8" wrpownioz “0oze dwa, (LT “T:9T diN .S wrjownog ‘00z¢ dwo (92 *1:1 d:N -8, wrjowriog
Vo€ duRL, (ST 1:091 diN .8 wrjowng| “Doze dway, ($T 1:91 diN .S Wowng) Doze dwd[, (€7 “T:1 diN .8 wrjowng “Doge dwdy, (T 1:091 diN .8 . wrjowns D,z¢
dway, (1T *1:91 d:N .S wrjowrg ‘9.z¢ dwoy (07 “1:1 diN .8 wrjowng *9,z¢ dwof, (61 “1:091 d:N .8 wrjownog ‘9,67 dwa[, (81 ‘[:91 diN .S wrjowurog .5 dwd ], (L1
TN S oz 0067 dway, (91 “T:091 diN .87, wrjownG 9,67 dwd ], (ST [:91 diN .8, W oW g ©D,67 dwa, (1 “T:1 diN .8, wrowng] 9,67 dwd ], (€1 1:091 d:N
(S urmowns 9,6z dwd (T “1:91 diN -8, wrjowng 6z dwoy (11 °I:1 diN .8 wrjowng 9,6z dwoy (0T 1:091 diN .8 wriownoz .81 dwo L (6 ‘1:91 diN .5, wjowriog
Do81 dwd ], (8 “I:1 d:N .87 wrpownoz o871 dwo[ (£ ‘1:091 diN .S wrjowngy 981 dway (9 “1:9T diN .. wrjowngy 981 dway, (S 1:1 diN .8 wrjowngy ‘.81 dwag,
(¥ ‘1:091 dIN .8 wrjowric 9,87 dwd ] (€ “1:91 diN S wrpowng D81 dwo (T 1:1 diN .S wrjowrs ‘981 dwo[ ([ :SUONIPUOD SULININD SUIMO[[0) 3y} JudsAIdax
SIOqUINU SJUSUWBAL], ‘DuilsS101]duils viLop]J19S() PUC DSOUIZNID SPSA20491p7 JO SIUUWIBII} JUIIPIP Y} JO DY/YL oy Jo uosuedwo)) 49 amngrg

ewssiondwis eLojeliosQ —m— esouibnioe SijsASoioly) —e—

Sjuswieal|

ve € ¢ ¢ 0c 6L 8L ZL 9L S ¥ € ¢ L 0L 6 8 L 9 ¢ ¥ € ¢ |

l¢ 9¢ G
| | | | | | | | | | | | | | | | | | | | O

©
/L

o<
Fod
[e0)

¢l



0S

[:091 d:N .S wrjowng “0,z¢ dwdl, (LT “T:91 diN .8 . wrjowrg D,z¢ dwaf, (9T 1:1 diN -8  wrjowripg
Vo€ duRL, (ST 1:091 diN .8 wrjowng “Doze dway, ($T 1:91 diN .S Wowng) Doze dwd[, (€7 “1:1 diN .8 wrjowng “Doge dwdy, (7T 1:091 diN .8 . wrjowns D,z¢
dwy, (1T *1:91 d:N .S wrjowng ‘9.z¢ dwoy (07 “1:1 diN .8 wrjowng *9,z¢ dwap (61 (1:091 d:N .8 wrjownog ‘9,67 dwa[, (81 ‘[:91 diN .S wrjowrog ‘.5 dwd ], (L1
T dEN S wrownog “006T dwd L (91 “1:091 diN (.8, wrjown gy 9,67 dwo L, (ST “1:91 diN .S, W oWNG ] “Do6T dwd [, (1 “T:1 diN .S W owng] 9,67 dwd L (€1 “1:091 d:N
(S urpownis 9,6z dwd L, (T “1:91 diN -8, wrjowng 6z dwoy (11 °1:1 diN .8 wrjowng 9,6z dwoy (0T 1:091 diN .8 wriownoz .81 dwo (6 ‘1:91 dN .5, wjowtig
Do81 dwd ], (8 “I:1 d:N .S wrpownoz o871 dwo [ (£ ‘1:091 diN .S wrjowngy *9e81 dway (9 “1:9T diN .. wrjowngy ‘981 dway, (S 1:1 diN .8 wrjowngy ‘.81 dway,
(v ‘1:091 dIN .8 wrjownig 9,87 dwd ], (€ “1:91 diN S wrpowng D81 dwo (T 1:1 diN .S wrjowrs ‘981 dwo[ ([ :SUOHIPUOD SULININD SUIMO[[0) 3y} JudsAIdax
SIOqUINU SJUSUBAL], ‘DuilsS101]duils viLop]j10s() PUe DSOUISNIID SISA20.401p) JO SJUSUNRAI} JUIIILIP 9} JO DYW/LH Yy} Jo uosuredwo)) :G'9 amgrg

ewssiondwis eLojel1osQ —m— esouibnioe SijsAsoioly) —e—

sjuawieal|
l¢ 9¢ G¢ V¢ € ¢ L¢ 0¢ o6l 8L ZL 9L <G ¥IL €L ¢L LI 0L 6 8 A 9 q 74 € c l
| | | | | | | | | | | | | | | | | | | | | | | | o
A F
- C
- €
m
# 0
v Py
@]
-G
9
i K 1
-/l




IS

[:091 diN -,.8" wrjowrz “,z¢ dwoy (LT “1:91 diN .8 wrjown (g ©D,z¢ dwd ], (9T 1:1 diN .87, wrjowrgg
o€ dwo], (ST “1:091 diN .S wrpowngy Doz¢ dwoy, ($T “1:91 diN .S wjowng) D,z¢ dwd ], (€7 “1:1 diN .S wrpowngy Doze dwoy, (7T “1:091 diN .8, wrjowrg ©9,z¢
dwo[, (17 “1:91 d:N .S wrjowng 9,z dway, (0T 1:1 diN .8, wrjowng “D,ze dwo ], (61 “1:091 diN .S, wrjownog 0,67 dwoL, (81 “1:91 diN .8, wrjownog ‘D67 dwd ], (L1
T dIN S oz 0067 dwd L (91 “T:091 diN .87, wrjownG <967 dwd L (ST [:91 diN -8, W oWng[ o6 dwd ], (1 ‘[T diN .87, Wrowng 0,67 dwd L, (€1 1:091 d:N
G Spurpouwns 9,67 dwo L (T1 ‘1:91 diN -8 wrjowng 96z dwd L, (11 “[:1 diN .87 wrjowns 9,67 dwof (01 ‘1:091 diN .8 wrjownog ‘081 dwd [ (6 ‘1:91 d:N -8  wrjowrig
D081 dwd L, (8 “I:1 dIN .S wrpownog 0,81 dwoL (£ ‘[:091 diN .8 wjowngy *981 dwd ] (9 “1:9T diN .S wrjowngy ‘981 dwd ], (S [:1 diN .8, wrjowngy ‘.81 dway,
(F ‘1:091 &N S wrjowng 9,81 dwd ] (€ “1:91 diN - S wrowng D8] dway (T 1:1 &N .S wowrs e8] dwa[ (] :SUORIPUOd SuLMINd SUIMO[[0) Ay} JudsaIdax
SIQUNU SUSWBAL], ‘DuiIsS101]dulls D140JD]]19S() PUR DSOULSNLID S1SAD0.01p JO SIUIWIBAL JUAIJIP Y} JO SD/OY Ay Jo uosuedwo)) :9°9 aIngiq

ewnssioydwis euoje|1osQ —l— esouibnise s1jsAsouolyy —e—

Sjuswieal]

L v € ¢ W oL 6 8 L 9 G ¥ € ¢ |

L 9¢ G V¥¢ € ¢ ¢ 0¢ 6L 8L LI 9l
| | | | | | | | | | | | | | | O

- 0¢

- OF

- 09

- 08

SO/0d

- 001

- 0Cl

- Obl

091



(43

[:091 diN -,.S" wrowrz “oz¢ dwoy (LT “1:91 diN .8 wrjown (g ©D,z¢ dwd ], (9T 1:1 diN .87, wrjowrgg
0o7€ dwa[, (§T 1:091 d:N .S urpowngy Doz dwd L, (T (1:91 diN .S Wowng “D,z¢ dwo[, (€7 11T diN .S wrjowrng| “9oze dwdy, (T 1:091 diN .8 urjowrs “9,z¢
dw, (1T *1:91 d:N .S wrjowns ‘9.z¢ dwoy (07 “1:1 diN ..8" wrjowng “9.z¢ dwof, (61 (1:091 d:N .8 wrjownog ‘967 dwo[ (81 ‘[:91 diN .8 wrjownog ‘.5 dwd [ (L1
T dIN S oz 0067 dwd L (91 ‘12091 diN .87, wrjownG <967 dwd L (ST [:91 diN -8, W oWnS Do67 dwd ], (1 ‘[T diN .87, Wrowng 0,67 dwd L, (€1 ‘1:091 d:N
G Spurpouwns 9,67 dwo [ (T1 “1:91 diN .8 wrjowng 96z dwd, (11 ‘11 diN .8 wrjowns 9,67 dwo L (01 ‘1:091 d:N .8 wrjownog ‘081 dwd [, (6 ‘1:91 d:N -.8" wrjowrg
o8l dwd L, (8 “I:1 diN .87 wrjownoz De81 dwo (£ ‘[:091 diN .S wjowng] 981 dwd ] (9 “1:9T diN .S wrjowngy ‘981 dway, (S [:1 diN .8 wrjowngy ‘981 dwag,
(¥ ‘1:091 dIN S, wrjowng 9,81 dwd ] (€ “1:91 diN S wrowng D8] dway (T 1:] diN .S wjowrs 981 dwa[ (] :SUONIPUOd SULMIND SUIMO[[0) Ay} JudsdIdax
SIoqUINU SJUdUWNRAL], ‘DuISSIo1]duils D1LOID]JIOS() PUR DSOULSNLID SISAD0AD1) JO SIUAWILBAL JUAIIJIP Y} JO SO/YL 2yl Jo uosuredwo) /9 2Ingig

ewissIoldwis eLojeljiosQ —m— esouibnioe SijSAS0Ioly\ —o—

sjuswjeal|

¢ 9¢ G¢ Vv¢ € ¢ ¢ 0c 6L 8L ZIL 9L GL vL € ¢ L O 6 8 L 9 6 ¥ € ¢ |

/\ - 001
- 002
- 00€

0oy

SO/l

' 00S

009



€S

[:091 diN -,.S" wrowrz “oz¢ dwoy (LT “1:91 diN .8 wrjown (g ©D,z¢ dwd ], (9T 1:1 diN .87, wrjowrgg
0o7€ dwa[, (§T 1:091 d:N .S urpowngy Doz dwd L, (T (1:91 diN .S Wowng “D,z¢ dwo[, (€7 11T diN .S wrjowrng| “9oze dwdy, (T 1:091 diN .8 urjowrs “9,z¢
dw, (1T *1:91 d:N .S wrjowns ‘9.z¢ dwoy (07 “1:1 diN ..8" wrjowng “9.z¢ dwof, (61 (1:091 d:N .8 wrjownog ‘967 dwo[ (81 ‘[:91 diN .8 wrjownog ‘.5 dwd [ (L1
T dIN S oz 0067 dwd L (91 ‘12091 diN .87, wrjownG <967 dwd L (ST [:91 diN -8, W oWnS Do67 dwd ], (1 ‘[T diN .87, Wrowng 0,67 dwd L, (€1 ‘1:091 d:N
G Spurpouwns 9,67 dwo [ (T1 “1:91 diN .8 wrjowng 96z dwd, (11 ‘11 diN .8 wrjowns 9,67 dwo L (01 ‘1:091 d:N .8 wrjownog ‘081 dwd [, (6 ‘1:91 d:N -.8" wrjowrg
o8l dwd L, (8 “I:1 diN .8 wrjownoz De81 dwo (£ ‘[:091 diN .S wjowng] 981 dwd ] (9 “1:9T diN .S wrjowngy ‘981 dwd, (S [:1 diN .8 wrjowngy ‘981 dwag,
(¥ ‘1:091 dIN S wrjowng 9,81 dwd ] (€ “1:91 diN S wrowng D8] dway (T 1: diN .S, wjowrs 981 dwa[ (] :SUONIPUOd SULIMIND SUIMO[[0) Ay} JudsdIdax
sIoquINu SJUAWRIL], ‘Dul1ss101]duuls p140]]10S() pUR DSOULSNLID S1SAD0.01p JO SIUdWIBAI) JULIJIP A} JOo SD/LH 2y} Jo uosuredwo) :8°9 2Ingig

ewssioldwis eLojellosQ —m— esouibnioe SijSAS0Ioly\ —e—

sjuswieal]

lc 9¢ G¢ Vv¢ € ¢ ¢ 0c 6L 8L ZL 9L SsL ¥L € ¢ LW oL 6 8 L 9 § ¥ € ¢ 1
| | | | | | | | | | | | | | | | | | | | | | | | | | o

- 0S

- 00l

SO/13

- 0§l

- 00¢

0S¢



125

[:091 dN .S wrpowrg Doge dwdy (LT T:9T diN 8" wrjownog “D.z¢ dwaf, (9 :1:1
dIN s wrjowroz “00ze dwaf, (67 “1:091 diN -8 wrjowng] ©D,z¢ dwo L ($T 1:91 diN .8 wrown gy 9,z dwo[, (€7 T1:1 diN .8 wrjowngy Doze dwady, (2T “1:091 diN -
s urjowndg 9,z dwdy, (1 1:91 diN..Swrjowns *9,z¢ dwd ], (07 1:1 diN -8 wrjownis 9ze dwaf, (61 “1:091 diN .8, wjownog “9,67 dwd ], (81 “1:91 d:N .,.8" wrjowripg
DoSTAWAL, (LT “T:T diN S wr oz ‘067 dwd [, (91 “T:091 diN .S wrjown gy ‘0,67 dwd [, (ST “1:91 diN .8 Wjowng| 0,6 dway, (H1 “1:1 d:N .8 wrjowngy 9,6z dwag,
(€1 ‘T:091 &N .8, wrpowng ‘967 dwoy, (T1 ‘1:91 diN .S, wrjowng ¢z dwop (1T °[:] diN .8 wrjowndg ‘9,67 dway, (01 ‘1:091 diN -8 wrjowrz ‘0,81 dway, (6 ‘1:91 d:N
(Surownoz ‘0081 dwid, (8 “1:1 diN .8 wrpownog ‘D81 dwa L, (£ ‘1:091 diN .8, wrpowngy 81 dway, (9 {1:97 diN .S, wrjowng] 9,81 dwo, (¢ 1:1 diN .8, wrjowrgy
.81 dwo (f T:091 d:N .8 wrjowrg D8 dwoy (¢ “[:91 diN 8" wrjowng 9,81 dwoy (g 1:1 diN .8 wrjowrg D81 dwoy, ([ :SUONIPUOD FULININO FUIMO[[OF
o Juasaxdar sIoquINu SJUSWBAL], ‘DuUiISS101]dui1s D1LOID]J19S() PUB DSOULSNID S1ISAD0.001p JO SIUIWBII) JUIILJIP Y} JO Oddh Jo uosuedwo)) 169 2131

BLUISSIONAWIS BLIOJE/[IOSO —fli— BSOUIBNISE SISASOIOI) et

sjuswijeal |

¢ 9¢ S¢ ¥¢ € ¢ ¢ 0¢c 6L 8L ZL 9L SL vL €L ¢ LW O 6 8 L 9 G v € ¢ I
| | | | | | | | | | | | | | | | | | O

/)\ i
[\ H

- G0

(0d)IHd

90



¢S

[:091 diN .S wrjown(g “Ooze dwd [, (LT “1:91 diN .87 wrjowrz ©D,z¢ dway, (97 “1:1
dIN s wrjowroz ‘00ze dwaf, (67 S1:091 diN (.8 wrjown gy ©D,z¢ dwo L ($T 1:91 diN .S wrjown gy 9,z dwo[, (€ T1:1 diN .S wrjowngy Doze dwdy, (zZ “1:091 diN -
s urjowndg 9,z dwdy, (1 1:91 diN..Swrjowns “9,ze dwd ], (07 1:1 diN -8 wrjowns 9,ze dwaf, (61 “1:091 diN .8, wjownoz 9,67 dwd ], (81 “1:91 d:N .,.8" wrjowripg
DoSTAWL (LT ‘111 dIN S wrownog ‘0067 dwog, (91 “1:091 diN .S, W oW ‘0,67 dwa L, (ST “1:91 diN (.87, W{owng o6 dwd L, (1 “1:1 diN .8, wrjowngy 9,67 durd ],
(€1 ‘T:091 &N .8, wrpowng 967 dwoy, (T1 ‘1:91 diN .S, wrown ¢z dwop (1T “[:1 diN -8 wrjowndg ‘9,67 dway, (01 ‘1:091 diN -.8" wjowrz ‘0,81 dway, (6 ‘1:91 d:N
(Surownz ‘0081 dwid, (8 “1:1 diN (.8 wrpownog ‘D81 dwa L, (£ ‘1:091 diN .8, wrpowngy 81 dway, (9 {1:97 diN .S wrjowng] 9,81 dwo, (¢ 1:1 diN .8, wrjowrgy
‘9081 dwol (% “1:091 &N ;.m.N.E._oEim ‘Y081 dwd ], (¢ ‘1:9T &N ;.m.N.E.ﬁoEim ‘9081 dway (7 ‘1:1 %Z;.m.m.e._o&im D081 dwd [ (1 :SUONIPUOd wEﬁESQ wEBo:om Myl
Ju9sao1dol SIOqUINU SIUSWIIBAL], ‘DUdISSIONAULLS DII0IDJ10S() PUR DSOUISNAID S1ISAD0.401p) JO SIUSWILALY JUIHJIP 9y} Jo Oddh Jo uosuedwo)) 19 2131

ewssioldwis eLojel1osQ —m— esouibnioe SijsAsoioly) —e—

sluswieal|

lc 9¢ G¢ V¢ € ¢¢ Le 0c 6L 8L ZL 9L S ¥L €L ¢ LW oL 6 8 L 9 ¢ ¥ € ¢ 1
| | | | | | | | | | | | | | | | o

< 0
10
- SL0

-0

(0INH4

Ggc'o




9¢

1:09T diN «.8" urpowrg 00z dwo L, (LT “1:91 diN .8 wrjown (g “D,z¢ dwoy (97 1:1
dIN s wrpownog Doze dwof, (§T f1:091 diN .S wrjowng] Doge dwoy ($T *1:91 diN (.S wrjowngy Doze dwof, (€7 11 diN .S wrjown gy Doge dwol (7T “1:091 diN
s urjowndg ©9,ze dwdl, (1T 1:91 diN..Swrjowns “9,ze dwd [, (07 1:1 diN .8 wrjownis 9ze dwof, (61 “1:091 diN -8, wownog 0,67 dwd [, (81 1:91 diN .,.8" wrjowrog
DoSTAWAL (LT “T:T diN (.S wr oz ‘0067 dwd [, (91 “T1:091 diN (.8 wrjown gy ‘067 dwd [, (ST 1:91 diN .87, WIowng[ 9,67 dwd ], (H1 “1:1 d:N .8 wrjowngy 9,67 dwag,
(€1 °1:091 &N - .8"wrjowdg 0,67 dwd [, (T “1:91 diN .S wrjownds o6z dwd, (1T “[:[ diN .8 wrjowns 9,6z dwaf, (01 “1:091 diN .8 . wrjowroz D81 dwal (6 ‘1:91 d:N
G Spurpowroz ‘081 dwo[, (8 “I:1 diN .8 wrjowr(z “De8T dwo L (L ‘1:091 diN .8, wrjowng “9e81 dwo[ (9 {1:91 diN .8 wrjowngy 9,81 dwd L, (S [:] diN .8 wrjowngy
D81 dudL (f T:091 diN .8 wrjowrdg 9,81 dwdy (¢ ‘[:91 diN .8 urjowrndg ‘9,81 dwdy, (g TI:T diN 8" wrjowng 9,81 dwoy (I :SUONIPUOD JULIMI[NO FUIMO[[O]
oy} Juasadal sIoquInu SJUSWIBAL], “Dus1sS101]duils vLIOID][19S() PUC DSOULSNLID S1ISAD0.401p JO STUWIBAI]} JUSIJIP Y} JO 0 F, JO uostredwo)) :11°9 931

ewisSsIol|dwis LI0Je[[IOSO == ES0UIBNIoE S1ISASOIDI amgpmm

sjusweal |

¢ 9¢ S¢ v¢ € ¢ ¢ oc 6L 8L ZL 9L SL vL €L ¢ LW O 6 8 L 9 G v € ¢ I
| | | | | | | | | | | | | | | | | | o

- L0

- ¢0

- €0

-0

(o)isd

90

Ay

80



CHAPTER 7
RE-IDENTIFICATION OF OSCILLATORIA SIMPLICISSIMA ISOLATED FROM THE
VAAL RIVER, SOUTH AFRICA, AS PLANKTOTHRIX PSEUDAGARDHII

— Gloeobacter violaceus AF132790

99 Synechococcus sp. AF330251
Synechococcus sp. AY172832

100 — Microcystis sp. (UV027)

— — Microcystis sp. (UV027)
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—— Synechococcus sp. AY151251

—— Microcystis sp. (Loch Vaal)

100 Oscillatoria sp. AJ133106

100] . .
78 Spirulina sp. (G)
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Tree Statistics:
RI=91; Cl=61;
Steps = 608
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Figure 7.1: Cladogram based on partial 16S rRNA gene sequences. Gloeobacter
violaceus (PCC 7421) sequence was used as an outgroup. Bootstrap
values are indicated at the nodes. Abbreviations: Table 7.1
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Figure 7.2: Light micrograph of 1) “O. simplicissima” and 2) P. pseudagardhii, grown at
25°C with a light intensity of 20umol.m-2s-1. Scalebar = 10um.

Figure 7.3: Confocal Micrograph of 1) “O. simplicissma” and 2) P. pseudagardhii grown at 25°C
with a light intensity of 20pmol.m™s™". Scalebar = 5pm.
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CHAPTER 8

CONCULSIONS
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Figure 8.1: RDA ordination biplot showing the three environmental variables (light, temperature
and N:P ratio) and physiological parameters (growth rate, chlorophyll a, APA and AcPA, and PI)
measured for M. aeruginosa and O. simplicissima. Abreviations used: M- M. aeruginosa. O- O.
simplicissima,; L- light intensity, A- nitrogen limited, B- no limitation and C- phosphate limited
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Figure 8.2: PCA ordination biplot showing the different treatment regimes and physiological
parameters (growth rate, chlorophyll a, APA and AcPA, and PI) measured for M. aeruginosa and O.
simplicissima. Abreviations used: M- M. aeruginosa. O- O. simplicissima; L- light intensity, A-
nitrogen limited, B- no limitation and C- phosphate limited
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