
O n e of t he remarkable th ings abou t 
Austra l ia is t ha t it has so few na tu ra l 
lakes. A n d , except in T a s m a n i a a n d t h e 
Aust ra l ian Alps , mos t of t hose t h a t we 
do have are salty and no t p e r m a n e n t . O u r 
generally low and errat ic rainfall is par t ly 
to b l ame , so water is very impor t an t to 
u s . W e have therefore invested heavily 
in creat ing artificial f resh-water storages 
— b o t h large reservoirs a n d fa rm d a m s . 

I n spi te of our dependence o n these 
man-made ; lakes a n d p o n d s , we k n o w 
extraordinar i ly little about t h e processes 
going on wi th in t hem. O n e tha t has 
worr ied t h e c o m m u n i t y a n d its water 
author i t ies for some years is eu t roph i -
cat ion. 

Opinions differ on qui te wha t this is. 
F o r t h e purposes of this article i t ' s t h e 
process in wh ich water , becoming rapidly 
enr i ched wi th nu t r i en t s , suppor t s ex
cessive p lan t g rowth . T h i s m a y b e b o t h 
to M a n ' s advantage a n d to his d i s 
advantage , b u t t he word ' eu t rophica t ion ' 
usual ly conjures u p unp leasan t p ic tures 
of s c u m m y algal b looms , de ter iora t ion of 
fisheries, a n d a general lowering of t h e 
qual i ty of t he water . 

P lan t nu t r ien ts may come f rom a 
n u m b e r of sources—both na tura l and 
m a n - m a d e . T h e waters of t he lower 
M u r r a y , for example , wou ld p robab ly 
natural ly contain enough to p r o m o t e t he 
g rowth of plants mere ly as a resul t of 
their be ing washed ou t of t he soils along 
the M u r r a y - D a r l i n g sys tem. T h i s is in 
spi te of t he fact t ha t mos t of t he soils 
t h r o u g h wh ich the river sys tem passes 
are very poor . M a n y lakes also slowly 
accumula te nu t r ien ts as they age, b u t t he 
na tura l process takes thousands of years . 

We don't know how widespread 
eutrophication is in our inland 
waters. 

D r J o h n Kirk . 

Nowadays n i t rogen and phospho rus 
fertilizers used on farmland, a n d sewage 
from count ry t owns , speed the process 
u p greatly. Nu t r i en t s f rom sources such 
as these wash into our creeks and r ivers , 
and hence into our lakes a n d reservoirs . 

E u t r o p h i c a t i o n s u r v e y e d 

W e d o n ' t know h o w widespread eu t ro 
phica t ion is in our in land waters . T h i s 
was t he conclusion of a nat ional survey 
carr ied ou t in 1975 b y M r Gav in W o o d 
of t he t h e n D e p a r t m e n t of E n v i r o n m e n t 
for t he Austra l ian Wate r Resources 
Counci l . W e d o n o w have some infor
ma t ion on the nu t r i en t levels in several 
of our lakes a n d reservoirs as a resul t 
of recent studies b y scientists in govern
m e n t and univers i ty depa r tmen t s , b u t 
we have practically n o older background 
measuremen t s to compare t h e m against . 

I n addi t ion , it looks as t h o u g h our 
lakes m a y be so different from those more 

extensively s tudied in t h e U n i t e d States , 
E u r o p e , and to a lesser extent Africa 
tha t m u c h of t h a t accumula ted knowledge 
m a y no t b e applicable he re . 

F r o m t h e h u m a n po in t of view, eu t ro 
phicat ion adversely affects us in th ree 
w a y s : 

• it s t imulates excessive g rowth of algae 
a n d o ther p lants t h a t make the water 
s c u m m y and somet imes smelly, which 
detracts f rom the ameni ty value of a 
lake for recreat ion 

• it makes t he water expensive to treat 
for dr inking 

• it reduces its value for agricul tural and 
indus t r ia l p u r p o s e s , 

Cer ta inly , as in o the r countr ies , A u s 
tralia experiences water -qual i ty p rob lems 
in its reservoirs a n d farm dams . T h e s e 
a re usually a t t r ibu ted to t h e process of 
eu t rophica t ion , b u t m o r e often t h a n no t 
t h e case is no t scientifically proved. 

Ecos 3 men t ioned the case of Burrinjuck 
D a m on t h e M u r r u m b i d g e e , downs t ream 
from Canber ra . T h e r e ' s no d o u b t that 
t he algal b looms tha t occur mos t summers 
on this reservoir are caused by nu t r i en t s 
coming from Canber ra ' s effluent, and 
from agr icul tural land ups t r eam. 

P r o b l e m w i l l r e m a i n . . . 

H i g h nu t r i en t levels in our reservoirs 
create a p r o b l e m t h a t i sn ' t likely to go 
away. I n the case of Burr injuck D a m , 
t he si tuat ion will improve—since Can
ber ra ' s n e w soon- to-be-comple ted sewage 
works will r emove a lmost all t he ni t rogen 
a n d phospho rus in t he city 's effluent. 

F o r reasons of cost, mos t reservoirs are 

High nutrient levels in our 
reservoirs create a problem 
that isn't likely to go away. 
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located as close as possible to where their 
water will be needed , so their ca tchments 
are usually in d e m a n d for o ther purposes 
too . Cities like Sydney are suppl ied from 
reservoirs located fairly close by , a n d 
their ca tchments t e n d to be well popu la ted 
and used for agricul ture . T h i s city's next 
water supply ca t chmen t—the Shoalhaveh 
River—is heavily used for forestry and 
agr icul ture , which are b o t h activities tha t 
may affect water qual i ty. 

T o da te , M e l b o u r n e has been able to 
close off its ca tchments from other uses , 
b u t it m a y no t be able to do so indefinitely. 

. . . b u t c a n b e m i n i m i z e d 

I f we can ' t s top nu t r ien ts get t ing into 
lakes and d a m s , it should at least b e 
possible to manage our artificial im
p o u n d m e n t s in such a way tha t t he 
p rob l em is minimized . Bu t being able to 
do this will r equ i re m u c h m o r e k n o w 
ledge. (Even so, some techniques for 
ameliorat ing eut rophica t ion ' s unp leasan t 
effects have been in use for qu i t e some 
years.) 

N u t r i e n t s are only one i t em tha t p lants 
need for g rowth . Ano the r is l ight. 
W i t h o u t t h a t n o life will exist in a lake 
regardless of h o w r ich its waters m a y be . 
Yet despi te t h e impor tance of l ight , the re 
is m u c h we don ' t yet know about h o w 
it behaves in water , or how aquat ic plants 
use it. 

D u r i n g the last few years , D r J o h n 
Ki rk of t h e C S I R O Divis ion of P lan t 
I n d u s t r y has gone some way to rectifying 
th i s . H e has m a d e b o t h theoret ical a n d 
pract ical s tudies of wha t happens to l ight 
after it enters Austra l ian lakes. 

C o m p a r e d wi th lakes s tudied elsewhere 
in t he wor ld , Aust ra l ian ones seem to b e 
part icular ly m u r k y . M u c h of this m u r k i -
ness is fine sed iment and colloidal clay, 
b u t o ther debris and dissolved substances 
derived f rom plants also cont r ibute . 

As m a y b e expected, the murkiness of 
these lakes reduces g rowth of algae, since 
t he l ight on which these plants depend 
for photosynthes is cannot pene t ra te far 
in to t h e water . D r George G a n f of t he 
Univers i ty of Adelaide has s tud ied a 
n u m b e r of Sou th Austra l ian lakes, all of 
wh ich were very m u r k y . I n theory , S o u t h 
Aust ra l ian t empera tu res and light con
dit ions should allow algal b looms to occur 
on these lakes du r ing 10 mon ths each 
year. W h a t surpr ised h i m was tha t in 
pract ice they occur only be tween 
N o v e m b e r and M a r c h , a per iod of b e 
tween 5 a n d 6 m o n t h s . 

H e concluded tha t t he suspended in 
organic ma t t e r mak ing u p m u c h of t he 

murkiness m u s t be cut t ing down the l ight 
in tensi ty so m u c h tha t t he growing season 
was becoming shor tened by 4 or 5 
m o n t h s . So , he remarks , ins tead of 
bemoan ing the turb id i ty of Adelaide 's 
water , t he burghers of t ha t city should 
b e thankful , since t h e murkiness helps 
to counteract t he effects of eut rophicat ion. 

T h i s slightly tongue- in-cheek c o m m e n t 
points to how greater knowledge may let 
us manage lakes a n d reservoirs to keep 
the effects of eu t rophica t ion to a 
m i n i m u m . 

Instead of bemoaning the 
turbidity of Adelaide's water, 
the burghers of that city 
should be thankful. 

D r Ki rk began his studies in 1973. A t 
tha t t i m e ins t ruments h a d just become 
available to make it possible to measure 
t h e l ight energy pene t ra t ing to any d e p t h 
in a body of water . H e was therefore able 
to make large n u m b e r s of accurate 
measuremen t s at m a n y dep ths in a 
n u m b e r of lakes and reservoirs. 

F i v e l a k e s s t u d i e d 

W i t h the assistance of M r Clive H u r l e 
s tone , also of the Divis ion of P lan t 
I ndus t ry , D r Ki rk s tudied five in land 
lakes of variable degrees of murk iness . 
T h e s e were Lake G inn inde r r a (a b r a n d 
n e w ornamenta l lake in Canber ra ) , Lake 
Burley Griffin ( the city's ma in o rna
men ta l lake, which has now been filled 
for 10 years) , Burr injuck and Cot ter 
D a m s (which are b o t h reservoirs) , and 
Lake George (a shallow na tura l lake tha t 
is always very tu rb id ) . Fo r compar ison, 
h e also sampled the Clyde River estuary 
on the N e w South Wales sou th coast, and 
the extremely clear ocean waters off 
nea rby Batemans Bay. At t he same t ime 

D r Ki rk m a d e a theoret ical analysis of 
w h a t will h a p p e n to quan ta of l ight 
energy in such waters , and compared the 
resul ts . 

T w o things h a p p e n to l ight coming 
in to water . I t ' s scat tered and -abso rbed . 
Scat ter ing results from some of t he light 
bounc ing off t he particles tha t cause the 
tu rb id i ty . T h u s a p ropor t ion of t he light 
can be regarded as following a zig-zag 
course t h r o u g h the water , bounc ing from 
part icle to part icle. 

T h e scat tered light has to travel a m u c h 
greater dis tance to reach a given d e p t h 
t h a n unsca t te red l ight, which travels in a 
s traight l ine. Consequen t ly t he l ight 
cannot pene t ra te far into t u rb id water , 
since it becomes absorbed at shallow 
levels as it passes along its zig-zag course. 
I n Lake Burley Griffin, for example , on 
average du r ing a 2-year per iod 9 9 % of 
t h e surface sunl ight was absorbed in t he 
t o p 11/2 met res of the lake. 

I n fresh-water lakes, four separate 
componen t s absorb l ight—water itself, 
suspended silt and p lan t debr is , t he 
chlorophyl l and o ther p igments in algal 
cells, a n d dissolved colouring mat te r in 
t he water . I n in land waters , D r K i r k has 
found tha t t he last i tem is t he mos t 
impor t an t . 

Ocean water of t he T a s m a n Sea is 
another mat te r . T h i s usually contains 
nex t to n o algae or dissolved substances 
tha t absorb light. Clean sea-water in fact 
has very similar l ight -absorbing p r o 
pert ies to distilled water , since its 
dissolved salts have no effect on l ight. 

R e d l i g h t a b s o r b e d 

Wate r itself, of course , is no t really a 
colourless l iquid. I t ' s pale b lue . T h i s 
means tha t it absorbs l ight from t h e red 
end of t he spec t rum of visible light. 

L igh t visible to t h e h u m a n eye is in 
the waveband be tween 400 and 700 
nanomet res—400 n m being violet and 
700 n m red . As it happens , t he process of 
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M o s t A u s t r a l i a n i n l a n d w a t e r s a r e v e r y 
y e l l o w . C o m p a r e t h e c o l o u r s o f t h e w a t e r 
i n t h e s e t a n k s — t h e o n e o n t h e l e f t 
c o n t a i n s d i s t i l l e d w a t e r a n d t h e o t h e r 
c o n t a i n s filtered w a t e r f r o m C a n b e r r a ' s 
L a k e B u r l e y G r i f f i n . 

photosynthes is uses l ight energy of very 
similar wavelengths—between 350 and 
700 n m . Plants contain various p h o t o -
synthe t ic p igments — such as ch loro-
phyl l -a , fucoxanthin and other carote-
noidSj and phycocyan in—which enable 
t h e m to t r ap and use t h e l ight energy. 
Each of these p igments makes mos t 
effective use of a different p a r t of t he 
spec t rum, and different types of plants 
contain different combinat ions of these 
p igment s . 

Wa te r ' s blueness is un fo r tuna te for 
green algae. T h e chlorophyl l of algae 
makes part icularly efficient use of 625 -
to 7 0 0 - n m r e d l igh t—the wavelengths 
absorbed by water . Five met res d o w n in 
even the pures t water , 9 0 % of t he r ed 
680 -nm l igh t—the wavelength ch loro
phyl l uses best of all—has already been 
filtered out. So even i n very clean water 
conta in ing p len ty of nu t r i en t s , g rowth of 
green algae falls off rapidly as t he d e p t h 
increases. 

I n in land waters i t 's no t only t h e 
blueness of the water itself tha t absorbs 
l ight. Practically always, dissolved s u b 
stances der ived from b r o k e n - d o w n p lan t 
mater ia l give these waters a yellowish 
t inge. Coastal waters contain these d i s 
solved substances too , a l though their 
chemical composi t ion seems to b e differ
en t the re . T h e y absorb l ight f rom u l t ra 
violet wavelengths u p to abou t 500 n m in 
t he b lue par t of t h e spec t rum, which 
explains w h y they colour t h e water 
yellow. Specialists know t h e m by the 
unedifying G e r m a n n a m e of 'gelbstoff' , 
or by t he direct t rans la t ion, 'yellow 
subs tance ' . D r Ki rk is push ing the n a m e 
'gi lvin ' , a n a m e he has der ived from the 
latin word gilvus, mean ing pale yellow. 

T h e s e yellow substances are no t 
u n i q u e to Austral ia , in fact they were first 

descr ibed in G e r m a n y , wh ich explains 
h o w they got t he n a m e ' g e l b s t o f f ' . H o w 
ever, D r Ki rk ' s s tudies are for t he first 
t ime giving us some idea about h o w 
impor t an t they are in Austra l ian waters . 

C o l o u r s r e d u c e g r o w t h 

H e has found tha t our in land waters are 
par t icular ly yellow, and this colourat ion 
is even m o r e impor t an t t h a n the blueness 
of water for reduc ing p lan t g rowth . I n 
p u r e water , 5 1 % of all l ight available for 
photosynthes is will reach 5 met res d e p t h 
w h e n the s u n is at 45°. I n filtered water 
f rom the Cot ter D a m , t he cleanest in land 

D r K i r k a n d M r H u r l e s t o n e u s i n g a 
q u a n t a m e t e r t o t a k e m e a s u r e m e n t s o f 
l i g h t p e n e t r a t i o n i n L a k e B u r l e y 
G r i f f i n . 

C l o u d s r e f l e c t c l e a r l y i n L a k e G e o r g e . 

Anabaena—a c o m m o n b l o o m - f o r m i n g 
b l u e - g r e e n a l g a e . 

lake tha t D r K i r k - s a m p l e d , 6 % of this 
l ight reaches tha t d e p t h , while in filtered 
water f rom Lake Ginn inde r ra , t he dirt iest 
lake sampled , only 0 . 5 % does so. Since 
all these samples were filtered, this 
difference has n o t h i n g to do wi th t he 
lake's m u d d i n e s s . T h e yellowness of t h e 
waters accounts for it. 

I n four of t he five lakes tha t he sampled , 
D r Ki rk found tha t t h e yellow colour
a t ion would absorb practically all b lue 
l ight wi th wavelengths u p to 500 n m 
only 2 met res below the surface. Even 
in t he Cot ter D a m ha rd ly any of this 
b lue l ight reached 5 met res dep th , and 
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Our inland waters are 
particularly yellow, and this 
colouration is even more 
important than blueness for 
reducing plant growth. 

measuremen t s m a d e on apparen t ly clean 
water f rom the Clyde River es tuary o n 
the N e w Sou th Wales sou th coast gave 
a similar resul t . 

T h i s aboli t ion of b lue l ight n o t far 
f rom the surface is even m o r e unfor tuna te 
for green algae t h a n r ed l ight absorp t ion 
by water itself. As well as mak ing use of 
r ed l ight at a peak of be tween 625 a n d 
700 n m , t h e p igments of green algae 
make even more use of 350- to 500 -nm 
b lue l ight—just those wavelengths el imi
na ted by t h e yellow colourat ion. 

I n fact, D r Ki rk ' s s tudies showed, in a 
lake of 'average ' yellowness, 7 0 % of t he 
l ight energy available at 2 met res d e p t h 
ranges in wavelength be tween 500 a n d 
630 nm—jus t whe re green algae can ' t 
make m u c h use of it . 

L i m i t a t i o n o v e r c o m e 

Dia toms a n d b lue-green algae, two o the r 
types of algae commonly found in lakes, 
have to some extent got r o u n d this 
p rob lem. A l though they too conta in 
chlorophyl l and t h e o ther p igments tha t 
make efficient use of red a n d b lue l ight, 
t hey also conta in others able to use l ight 
energy of in te rmedia te wavelengths . M o s t 
efficient at this are t he b lue-green algae, 
wh ich wi th the i r phycobi l iprote in pig-
men t s can use 500- to 650 -nm l igh t—the 
whole p a r t of t h e s p e c t r u m no t affected 
b y ei ther water ' s blueness or its yel low
ness . B rown fucoxanthin in d ia toms 
makes use of 500- to 550 -nm light. 

I n water containing p len ty of nu t r i en t s , 
even these effects of blueness a n d yellow
ness can become dwarfed by surface 

A s e c l u d e d i n l e t o n C a n b e r r a ' s L a k e B u r l e y Gr i f f in . 

algae in t h e u p p e r layers shading ou t 
those fur ther down. D r K i r k has found 
tha t t he size of this overshadowing for a 
given mass of algae depends very m u c h 
on the size and shape of t h e p lan t cells 
in t he water . W h e n blooms occur , cells 
near t he surface greatly inhib i t g rowth 
of those fur ther down. However , t he 
n u m b e r s of p lan t cells m u s t b e such tha t 
t h e a m o u n t of chlorophyl l -a they contain 
exceeds 10 m g per cubic m e t r e of water 
before they have any major effect. 

I n s u m m a r y : t h e p ic tu re tha t has 
emerged f rom D r Ki rk ' s work is t h a t 
algae in lakes rarely grow at their full 
po ten t ia l—even w h e n they have w a r m 
condi t ions , un l imi ted nu t r i en t s , a n d 
b r igh t sunl ight . Absorp t ion of l ight by 
t h e water itself, absorpt ion by dissolved 
yellow substances , and self-shading by 
t h e algae themselves all help to inhibi t 
cell p roduc t ion . F i n e particles of silt a n d 
p lan t mater ial tha t abound in t he tu rb id 
condi t ions of mos t of our in land lakes also 
r educe t he l ight reaching lower dep th s , 
b o t h by absorb ing some of t he l ight 
directly and by scat ter ing t he l ight rays 
so tha t they become absorbed in t he 
surface layers of t h e water . 

K n o w l e d g e like this a n d information 
on h o w nu t r i en t s get into our lakes and 
reservoirs will be essential if we are ever 
going to learn how to manage these water 
bodies and their ca tchments so tha t they 
will cont inue to p roduce valuable water 
in heavily used areas. 

M o r e a b o u t t h e t o p i c 
At tenua t ion of l ight in na tura l waters . 

J. T . O. Ki rk . Australian Journal of 
Marine and Freshwater Research, 1977, 
28 (in press) . 

A theoret ical analysis of t h e cont r ibu t ion 
of algal cells to t he a t tenuat ion of l ight 
w i th in na tura l waters . I . Genera l 
t r ea tmen t of suspension of p igmen ted 
cells. I I . Spherical cells. I I I . Cyl indr i 
cal a n d spheroidal cells. J . T . O. Ki rk . 
New Phytologist, 1975, 75, 11-20 , 
2 1 - 3 6 ; 1977, 77, 341 -58 . 

U s e of a quan ta mete r to measure a t t enua
t ion and unde rwa te r reflectance of 
photosynthet ical ly active radiat ion in 
some inland and coastal south-eas tern 
Aust ra l ian waters . J. T . O . Kirk . 
Australian Journal of Marine and 
Freshwater Research, 1977, 28 , 9 - 2 1 . 

Yellow substance (gelbstoff) and its 
cont r ibu t ion to t he a t tenuat ion of 
photosynthet ical ly active radiat ion in 
some in land and coastal south-eas te rn 
Austra l ian waters . J. T . O. Kirk . 
Australian Journal of Marine and 
Freshwater Research, 1976, 27, 6 1 - 7 1 . 

' P r imary Produc t ion . ' G. Ganf. P roceed
ings of A W R C Sympos ium on E u t r o 
phicat ion 5-6 Feb rua ry 1976, Canberra . 
( D e p a r t m e n t of Nat iona l Resources : 
Canber ra 1976.) 

A n assessment of eu t rophica t ion in A u s 
tral ian in land waters . G . W o o d . Aus
tralian Water Resources Council Tech
nical Paper N o . 15, 1975. 

25 


