
Thanks to a well-forested catchment, 
Corin Dam's water is relatively clear. 

Australia's 
underwater 

light 
climate 

Australia's native flora and fauna have taken some hard 
knocks over the last couple of hundred years, but some 
species flourish in congenial conditions created by 
European man. The lucky winners include aquatic 
plants. 

Or ig ina l ly restricted to natural lakes 

and r ivers, fresh-water 'weeds ' and algae 

— their variety augmen ted b y in t roduced 

spec i e s f rom overseas — n o w a b o u n d i n 

reservoi rs , farm d a m s , i r r igat ion chan ­

ne l s , and ornamental p o n d s . S o m e t i m e s 

their s u c c e s s threatens m a n ' s : i rr igation 

w a t e r c a n n o t f l o w e f f i c i e n t l y a l o n g 

c h o k e d canals , and an algal b l o o m in a 

me t ropo l i t an reservoir s o o n has c i t izens 

t e l ephon ing their compla in ts that the tap 

water 'tastes bad ' . 

E v e n i f it were prac t icable to kill all 

the plants in conf l i c t wi th m a n , that idea 

h o l d s little appeal. D e a d b o d i e s o f water 

w o u l d be as unattractive for recreation as 

the ' g reen soups ' w e per iod ica l ly exper i ­

e n c e n o w , and wi ld l i fe w o u l d suffer a 

severe setback. 

T h e answer is to m a n a g e these fresh­

water ecosys t ems , m u c h as w e manage 

farmland, parks, and plantat ions. A r m e d 

wi th a t h o r o u g h under s t and ing o f the 

phys ica l , c h e m i c a l , and b i o l o g i c a l pro­

cesses g o i n g o n in water, w e may b e able 

to adjus t the c o n d i t i o n s i n i r r i ga t i on 

d i tches and reservoirs in a way that re­

stricts the g rowth o f u n w a n t e d plants . 

A n d w h e r e w e canno t d o that, w e s h o u l d 

at least b e able to assess what manage ­

m e n t op t ions d o stand a c h a n c e o f b e i n g 

effect ive. 

A g o o d unders tanding o f fresh-water 

e c o s y s t e m s shou ld a lso enab le us to pre­

d ic t , and where necessary forestall , the 

impact o n aquatic plants o f industrial and 

other deve lopmen t s . 

Unfor tunate ly w e lack that t h o r o u g h 

unders tand ing , w h i c h is w h y D r John 

K i r k reso lved i n 1973 to invest igate the 

factors i n f luenc ing the g rowth o f water 

plants . 

G r e e n plants add to their subs tance by 

p h o t o s y n t h e s i s , and the rate at w h i c h 

photosyn thes i s p roceeds under water de­

pends ma in ly u p o n h o w m u c h l ight is 

avai lable . Cer ta in nutrients m a y b e in 

short supply, but Austral ian waters are so 

m u r k y that l ight is general ly the l imit­

i n g f a c t o r . L i m n o l o g y t e x t b o o k s d e ­

s c r i b e the l i m p i d l akes a n d tarns o f 

northern Europe and the northern Uni ted 

States o f A m e r i c a , and D r K i r k had to 

p i o n e e r the s tudy o f l i g h t pene t ra t ion 

t h r o u g h c l o u d y waters o f the k ind so 

c o m m o n o n this cont inen t . 

W h a t gives Australian creeks and lakes 

their characterist ic turbidity and y e l l o w -

b r o w n c o l o u r , anyway? 

N o b o d y k n o w s for certain, but D r K i rk 

suspects so i l e ros ion is the m a i n cause . 

L a k e s w i t h w e l l - f o r e s t e d c a t c h m e n t s 

c o n t a i n clearer water than those drain­

ing graz ing land. It w o u l d be interesting 

to c o m p a r e our mode rn waters with those 

o f 2 0 0 years ago , but o f c o u r s e n o suit­

ab le measurements were m a d e then; in­

d e e d , m a n y o f ou r in land lakes , b e i n g 

m a n - m a d e , d id no t exist at that t ime. 

Usefu l wavelengths 

D r K i r k began by investigating the ' l ight 

c l ima te ' in a n u m b e r o f b o d i e s o f water. 

T h e spec t rum o f l ight that plants use for 
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Burrinjuck Dam during an algal bloom. 

p h o t o s y n t h e s i s m o r e or less c o i n c i d e s 

wi th the range o f wave leng ths that o u r 

eyes detect as v i s ib le l ight , but n o t all 

w a v e l e n g t h s are e q u a l l y ' u s e f u l ' t o a 

plant . 

C h l o r o p h y l l l o o k s g r e e n b e c a u s e it 
does no t absorb wavelengths in the green 

part o f the spect rum. In photosynthes is , 

m o s t plants make best use o f the l ight i n 

the r ed and b l u e r e g i o n s o f the spec ­

trum, because these are the wave leng ths 

that ch lo rophy l l and ca ro teno ids absorb. 

H o w e v e r , water itself, w h i c h is intrinsi­

cal ly b l u e , absorbs red wave leng ths ; and 

s o , w i t h i n c r e a s i n g dep th , s u b m e r g e d 

plants d e p e n d m o r e and m o r e o n b lue 

l ight . 

Australian waters are so 
murky that light is generally 
the factor limiting plant 
growth. 

D r K i r k , assisted by another m e m b e r 

o f the D i v i s i o n , M r C l i v e H u r l s t o n e , 

l o w e r e d a specia l ins t rument in to sev­

eral lakes to find out h o w m u c h l ight was 

penetrat ing to different depths . T h e in­

strument, a quanta meter , measures the 

a m o u n t o f radia t ion i n the ' p h o t o s y n -

thetic band ' — wave lengths i n approxi­

m a t e l y t h e r a n g e 4 0 0 - 7 0 0 n m 

(nanomet res ) ; 1 n m is a thousand-mi l ­

l ion th o f a metre . 

W e particularly n e e d to k n o w man ' s 

impact o n the l ight c l ima te , so D r K i r k 

concent ra ted o n lakes used a great deal 

A closer view of the phytoplankton-rich 
water of Burrinjuck Dam. 

Lake George is so shallow that a light 
wind stirs up sediment and clouds the 
water. 

Lake George's murky water. 

Advanced technology for 
underwater light 
measurement is more 
commonly used here than in 
countries with longer 
limnological traditions. 

for recreat ion and other pu rposes , c o m ­

paring t h e m wi th the o p e n sea and an 

estuary. T h e s e m e a s u r e m e n t s are still 

b e i n g m a d e , p rov id ing an increas ing ly 

detailed p ic ture o f the seasonal changes 

and annual fluctuations in inland waters. 

D r K i r k and M r H u r l s t o n e have also 

used a m o r e sophist icated instrument , a 

spec t ro - r ad iome te r , t o d e t e r m i n e h o w 

m u c h l ight o f each c o l o u r reaches plants 

at v a r i o u s d e p t h s b e l o w t h e su r f ace . 

P rompted by these studies, o ther Austra­

l ian l i m n o l o g i s t s are n o w rout ine ly us­

i n g s u b m e r s i b l e q u a n t a m e t e r s a n d 

spec t ro - r ad iome te r s ; i n d e e d , these ad­

vanced t echno log ies for underwater light 

measurements are m o r e c o m m o n l y used 

in Australia than in countr ies with m u c h 

l o n g e r l i m n o l o g i c a l traditions. 

A photon's fate 

D r K i r k then tack led the q u e s t i o n o f 

what g ives rise to the particular l ight c l i ­

mates that h e found . T o unders tand the 

p rocesses at work , let us f o l l o w a p h o t o n 

( o n e q u a n t u m o f l ight energy) in to the 

water. 

T h e ul t imate fate o f a p h o t o n is to b e 

absorbed b y some th ing that it hits. O u r 

p h o t o n m a y sur render its e n e r g y to a 

m o l e c u l e o f chlorophyl l in a plant, and so 

he lp to dr ive the energy-demanding syn­

thesis o f carbohydrates . 
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Alternat ively it may b e absorbed — for 
e x a m p l e , by the water itself, by a d is ­
so lved substance or a suspended particle 
in the water, or by the b e d o f the lake. 
T h e deeper the water, therefore, and the 
m o r e matter it ho lds in so lu t ion or sus­
p e n s i o n , the less c h a n c e our p h o t o n has 
o f r e a c h i n g the b o t t o m . N a t u r a l l y , a 
b o o k m a k e r w o u l d quo te different odds 
for different wavelengths o f l ight . 

O u r p h o t o n is n o t n e c e s s a r i l y a b ­
so rbed by the first thing it b u m p s in to ; it 
stands a g o o d c h a n c e o f r i c o c h e t i n g o n e 
or m o r e t imes . After all , i f l ight d id n o t 
r e f l ec t o f f o b j e c t s , w e s h o u l d n o t s ee 
t hem. S o m e p h o t o n s may even r e b o u n d 
t h r o u g h the surface o f the water in to the 
a t m o s p h e r e , b u t m a n y m o r e are d e ­
f lec ted th rough o n l y smal l ang les . 

T h e turbid waters so characteris t ic o f 
in l and Austral ia h o l d particularly large 
n u m b e r s o f part icles, w h i c h no t o n l y ab­
so rb s o m e l igh t that w o u l d o t h e r w i s e 
travel deeper but a l so def lec t p h o t o n s , 
c a u s i n g t h e m to spend l o n g e r in the sur­
face layers and therefore increas ing their 
l i k e l i h o o d of be ing absorbed s o m e w h e r e 
i n those layers. 

W h a t absorbs light? 

Apart f rom water, what e lse absorbs l ight 
i n ou r lakes and rivers? 

O n e important ca tegory o f substances 
is a g r o u p o f d i s so lved y e l l o w p igmen t s 
c o l l e c t i v e l y k n o w n in the past as ' y e l l o w 
subs tance ' or ( the G e r m a n equiva lent ) 
' G e l b s t o f f ' . A s D r K i r k has po in t ed ou t , 
the n a m e ' y e l l o w substance ' c o u l d refer 
to ' anyth ing f rom butter to ferric c h l o ­
r ide ' ; h e has therefore p r o p o s e d for these 
p igmen t s a specif ic term 'g i lv in ' , f rom the 
La t i n w o r d gilvus, m e a n i n g pa le y e l l o w . 

G i l v i n apparently occu r s universally i n 
in l and waters , but m o s t Austra l ian lakes 
c o n t a i n so m u c h g i lv in that it absorbs 
even m o r e l ight than does water. B e i n g 
y e l l o w , g i l v i n r e m o v e s m a i n l y b l u e 
w a v e l e n g t h s f r o m l igh t , and thus p re ­
sents a ser ious envi ronmenta l hand icap 

to s u b m e r g e d plants, w h i c h are already 
starved o f red wave leng ths by the water 
itself. 

M u c h Austral ian water l o o k s y e l l o w . 
T h e c o l o u r c o m e s partly f rom the g i lv in , 
w h i c h forms a clear so lu t i on , and partly 
f r o m a variety o f s u s p e n d e d pa r t i c l e s , 
c o m p r i s i n g mos t ly tiny fragments o f de­
c o m p o s e d plant material and so i l . T h i s 
f ract ion, ca l led tripton, bo th scatters and 
absorbs l ight . 

M e a s u r i n g tr ipton's absorp t ion spec ­
t rum (the quantities o f l ight o f different 
c o l o u r s that it a b s o r b s ) p r e s e n t s far 
greater cha l l enges than carrying ou t this 
procedure o n a solut ion, and D r K i r k had 
to d e v e l o p a t e chn ique specia l ly for the 
pu rpose . T h i s enabled h i m to quantify 
t r ipton 's con t r ibu t ion to the underwater 
absorp t ion o f l ight , s o m e t h i n g that had 
never b e e n d o n e before . 

W h e r e the colour c o m e s from 

T h e prec i se o r ig in o f the c o l o u r s o f bo th 
g i lv in and tripton remains a mystery, but 
they p robab ly derive f rom the partial de­
cay o f plant material in so i l . H u m u s , the 
r i ch , b r o w n o rgan ic fract ion in so i l , c o n ­
tains an e n o r m o u s n u m b e r o f c h e m i c a l s ; 
s o m e w i t h r e l a t i v e l y l o w m o l e c u l a r 

y 
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weigh t s d i sso lve in water and probably 
c o n t r i b u t e to g i l v i n , a n d o the r s w i t h 
l a rge r m o l e c u l e s fail t o d i s s o l v e a n d 
therefore j o i n the tripton w h e n e ros ion 
carries so i l into the waterway. 

B e c a u s e the absorpt ion spectra o f gi l ­
v i n a n d t r i p t o n m a t c h o n e a n o t h e r 
c lose ly , s h o w i n g little absorp t ion o f red 
wave leng ths and inc reas ing absorp t ion 
towards the b l u e end o f the pho tosyn-
thetic band, D r K i r k be l ieves that the 
c o l o u r e d c o m p o n e n t s i n t r ipton mus t , 
l ike g i l v in , derive m a i n l y f r o m h u m i c 
matter in so i l . 

S o m e o f the c o l o u r in g i lv in and trip-
ton may w e l l c o m e f rom the d e c o m p o s i ­
t ion o f plants that g r e w i n the water. 
T h e s e i n c l u d e n o t o n l y c o n s p i c u o u s 
macrophytes , the 'water w e e d s ' , but also 
m i c r o s c o p i c algae that b e c o m e apparent 
to our eyes only w h e n a popula t ion ex­
p l o s i o n o f o n e or other o f t h e m creates a 
b l o o m v is ib le k i lometres away. 

Prolonged dry weather, 
heavy rain, or an algal 
bloom can switch some lakes 
from one light-absorbing 
category to another. 

D u r i n g a b l o o m , the p h y t o p l a n k t o n 
popu la t ion may absorb e n o u g h l ight to 
restrict its o w n g rowth , but usual ly the 
l ight c l imate is de termined less by algae 
than by water, g i lv in , and tripton. 

I n order to separate the respect ive op ­
tical ro les played b y these different frac­
t ions , D r K i r k filtered his lake samples. 
H e already k n e w what contr ibut ion water 
m a d e ; that never changes . By compar ing 
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Inland waters studied by Dr Kirk 

Corin Dam, A.C.T. 
Lake Ginninderra, A.C.T. 
Googong Dam, N.S.W. 
Cotter Dam, A.C.T. 
Burrinjuck Dam, N.S.W. 

Lake Burley Griffin, 
A.C.T. 
Lake George, N.S.W. 

catchment 

native eucalypt forest 
urban, cleared pasture 
pasture, native forest 
native forest, pine plantations 
cleared pasture, native forest 

cleared pasture, native forest, 
urban 
cleared pasture, native forest 

use by man 

Canberra's water supply 
ornamental, recreation 
Canberra's water supply 
Canberra's water supply 
storage for Murrumbidgee 
Irrigation Area 
ornamental, recreation 

none (natural impermanent 
lake) 

Inland waters studied by Dr Kirk 



his filtrate w i th pure water h e deter­
m i n e d gi lv in ' s opt ical propert ies , and by 
wash ing the filter h e ob ta ined the partic­
ulate fraction for analysis. 

T h i s p rocedure does no t separate trip-
t o n f r o m p h y t o p l a n k t o n , b u t D r K i r k 
fo rmed a g o o d idea o f the respect ive o p ­
tical in f luences o f these t w o fractions by 
e x a m i n i n g samples f rom lakes conta in­
ing h igh ratios o f algae to tripton and vice 
versa. 

B y ca r ry ing ou t , w i t h the h e l p o f a 
compu te r , separate ca lcu la t ions for each 
10-nm-broad waveband t h roughou t the 
pho tosyn the t i c spec t rum, D r K i r k was 
able to de termine the relative contr ibu­
t ions that the different c o m p o n e n t s o f the 
water b o d y m a d e to the abso rp t i on o f 
photosynthet ica l ly active l ight . 

In addi t ion to his o w n samples , h e has 
e x a m i n e d s o m e f rom other scientists: D r 
Peter T y l e r o f the Un ive r s i ty o f T a s ­
mania , w h o is s tudying b i l l abongs that 
may be affected by the Range r u ran ium 
pro jec t i n the N o r t h e r n Te r r i t o ry ; D r 
D a v i d M i t c h e l l o f the C S I R O D i v i s i o n o f 
Irr igat ion Resea rch , w h o is e x a m i n i n g 

lake date 

The ultimate fate of a 
photon is to be absorbed by 
something it hits. 

than g i l v i n d o e s t h r o u g h o u t the spec ­
trum. 

D r K i r k has not yet f o u n d an Austra­
l ian type W lake — so clear o f algae and 
silt that its pattern o f l ight absorpt ion is 
d o m i n a t e d by water itself. H i s o n l y ex­
ample o f this type o f water has c o m e f rom 
the o p e n sea of f Bateman 's Bay. 

A lake 's ca tegory is la rgely de te rmined 
by its c a t chmen t area. Water runs in to 
C o r i n D a m in the A u s t r a l i a n Capi ta l 
Terr i tory f rom native eucalypt forest, and 
the lake is clear and b r o w n , s h o w i n g the 
characteristics o f type G . By contrast, soi l 
e r o d e s readi ly o f f c l e a r ed agr icu l tura l 
land l ike that in the ca t chmen t o f L a k e 
B u r l e y G r i f f i n ( C a n b e r r a ) ; th is wate r 
therefore b e l o n g s to type T for m u c h o f 
the t ime . 

percentage of light absorbed 

by water by gilvin by tripton and algae 

Corin Dam 8 June 79 
Lake Ginninderra 6 June 

2 1 June 79 
Cotter Dam 8 June 
Burrinjuck D a m 7 June 79 Lake Burley Griffin 6 June 
Lake Georage 79 

canals i n the M u r r u m b i d g e e Irr igation 
Area ; and the Mar ine Studies G r o u p o f 
the V ic to r i an Minis t ry for Conserva t ion , 
w h i c h i s c o n d u c t i n g a su rvey o f the 
G i p p s l a n d Lakes . 

T y p e s of lakes 

F r o m a c o m p a r i s o n o f all his results, D r 
K i rk has c o n c l u d e d that Australian lakes 
fall in to a smal l number o f ca tegor ies . In 
o n e , w h i c h he cal ls type G , wi th clear, 
y e l l o w water, g i lv in plays the dominan t 
ro le in l ight absorpt ion. 

T y p e G A waters con ta in m o r e phyto­
p lank ton ; in these lakes g i lv in is m o r e 
effect ive than other c o m p o n e n t s at ab­
sorbing the shorter wavelengths (the b lue 
end o f the spec t rum) , but a lgae domina te 
the absorp t ion o f red l ight . I n m o r e tur­
b id water — type T — r ich in tripton, the 
par t iculate fract ion absorbs m o r e l ight 

P r o l o n g e d dry weather , heavy rain, or 
an algal b l o o m can swi tch s o m e lakes 
f rom o n e ca tegory to another . 

Other categories exist. F o r example , in 
t h o s e N o r t h e r n T e r r i t o r y b i l l a b o n g 
waters that D r K i r k has examined , g i l ­
v i n a n d t r ip ton a b s o r b r o u g h l y e q u a l 
amoun t s o f l ight t h roughou t the p h o t o -
synthet ic spec t rum, and the b i l l abongs 
may b e designated type G T . H o w e v e r , 
the lakes h e has studied i n the Sou the rn 
T a b l e l a n d s all s e e m to b e l o n g to the 
three c lasses , G , G A , and T . 

N e w angles 

S o far w e have l o o k e d ma in ly at absorp­
t ion; what about light-scattering? T h i s is 
harder to measure . 

Phys ic is t s r e c o g n i z e t w o dist inct p rop­
erties, bo th o f w h i c h mus t be quantified. 
O n e is the scattering coef f ic ien t , a meas ­

ure o f the total scattering o f l ight ; the 
other , ca l led the v o l u m e scattering func­
t ion , is a measure o f the extent to w h i c h 
p h o t o n s are def lec ted t h r o u g h var ious 
ang les f rom their or ig inal path. 

I n the past, scientists n e e d i n g abso­
lute measurements o f these two proper­
ties have buil t equ ipmen t special ly for 
the pu rpose — a major undertaking. D r 
K i r k therefore made a theoret ical study 
o f l i g h t scat ter ing, and f o u n d that h e 
c o u l d arrive at g o o d es t imates o f the 
s c a t t e r i n g c o e f f i c i e n t u s i n g the f i e ld 
measurements n o w be ing rout inely made 
i n Austra l ian waters. 

I n this way h e has no t o n l y d o d g e d the 
p r o b l e m o f cons t ruc t ing elaborate appa­
ratus, but a lso made it pos s ib l e to ca l cu ­
late the scattering coef f ic ien t in any lake 
f o r w h i c h s t andard u n d e r w a t e r l i g h t 
measuremen t s have b e e n m a d e , n o mat­
ter h o w l o n g a g o . 

Eventual ly h e w o u l d l ike to obta in ab­
so lu te va lues for the scat ter ing coe f f i ­
c ien t , i n order to c h e c k the accuracy o f 
h i s theoret ical estimates, bu t m e a n w h i l e 
h e is con f iden t o f their usefulness . T h e y 
ce r ta in ly correlate w e l l w i t h measure ­
men t s o f turbidity m a d e u s i n g the usual 
t e c h n i q u e , w h i c h invo lves c o m p a r i n g a 
water sample against particulate suspen­
s ions o f standard murk iness . 

T h e other light-scattering property, the 
v o l u m e scattering func t ion , is a part icu­
larly t o u g h exper imenta l nut to c rack , 
and f e w measurements o f this func t ion 
have b e e n made anywhere i n the wor ld . 

Suppose that somebody plans 
to build a paper mill beside 
a river. Will aquatic plants 
be affected? 

W h e n a b e a m o f s u n l i g h t p a s s e s 
t h r o u g h a th in layer o f water , o n l y a 
smal l propor t ion o f the p h o t o n s are de­
f l ec t ed , m o s t o f t h e m t h r o u g h o n l y a 
smal l angle , so the scientist is trying to 
measure faint beams at smal l angles to 
the br ight ma in beam. In h i s theoretical 
studies D r K i r k has used pub l i shed val­
ues for the turbid water o f San D i e g o 
Harbour , California. 

Building a model 

A n d so , by measurement, estimation, and 
c o m p u t a t i o n , D r K i r k p u t toge ther a 
picture o f the underwater l ight climate in 
the in land lakes o f south-eastern A u s -
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How light is absorbed 

lake date percentage of light absorbed 

by water by gilvin by tripton and algae 

Corin Dam 8 June 79 34-8 60 0 5-2 
Lake Ginninderra 6 June 79 39 1 50-4 10-5 
Googong Dam 21 June 79 22 0 60-4 17-6 
Cotter Dam 8 June 79 26-2 49-8 24-0 
Burrinjuck Dam 7 June 79 28-2 45-5 26-3 
Lake Burley Griffin 6 June 79 19-4 22-2 58-4 
Lake George 28 Nov. 79 12-4 8-3 79-3 



Two laser beams, one from each side of 
the tank, show how light is weakened 
and scattered as it passes through water. 
This sample came from Canberra's Lake 
Burley Griffin during a turbid phase. 

tralia: no t on ly what it is l ike but w h y it 
is that way. Equ ipped wi th this k n o w ­
ledge , h e then deve loped a mathematical 
m o d e l that wi l l enable p e o p l e to predict 
t he e f f e c t o n u n d e r w a t e r l i g h t , a n d 
therefore o n plant g rowth , o f changes in 
the water. 

S u p p o s e that s o m e b o d y p r o p o s e s to 
b u i l d a paper m i l l b e s i d e a river. W e 
k n o w the mi l l ' s effluent w i l l b e c o l o u r e d 
by substances extracted f rom w o o d dur­
ing paper-making; the effluent wi l l , in 
f a c t , b e s o m e t h i n g l i k e g i l v i n . W i l l 
aquatic plants b e affected? 

T h a n k s to D r Ki rk ' s m o d e l it shou ld 
n o w b e poss ib le to answer that quest ion. 
A l l w e n e e d to k n o w is the optical prop­
erties o f the effluent. 

T o use the m o d e l , w e mus t p rogram a 
compute r to 'consider ' what happens to a 
p h o t o n as it passes th rough the water. 
S ince the photon ' s fate is no t certain, but 
de te rmined by a n u m b e r o f risks o f dif­
ferent probabil i t ies , the c o m p u t e r has to 
' dec ide ' h o w far the p h o t o n travels be­
fore co l l id ing with someth ing , whether it 
is then absorbed or def lec ted, and if de­
f lected through what ang le , and so o n . 

T h e c o m p u t e r arrives at each

 'decision'  wi th the he lp o f f igures suppl ied by 

its p rogrammer , i nc lud ing values for the 
o p t i c a l p rope r t i e s o f the wate r b e i n g 
studied, and r a n d o m number s generated 
to provide the c h a n c e e lement . In a way 
the w h o l e exerc ise r e sembles roulet te , 
w h i c h is w h y this type o f operat ion is 
ca l led a M o n t e Car lo study. 

Eventual ly the postulated p h o t o n may 
b e absorbed by some th ing in the water, 
such as g i lv in or an algal c e l l , it may hit 
the bed o f the lake, or it may even return 
to the a tmosphere . 

N o s ing le p h o t o n w h o s e cour se and 
ultimate fate are 'charted' in this way can 
poss ib ly b e ' typical ' , but after f o l l owing 
the paths o f about a m i l l i on photons , one 
at a t ime, the c o m p u t e r p roduces a rea­
sonably c o m p l e t e and rel iable picture o f 
the l ight f ield that wi l l b e set up in the 
b o d y o f water, real or hypothetical , that is 
under investigation. 

water primary p r o d u c t i o n — that is to 
forecast whether plant g rowth wi l l b e af­
fected by n e w c o n d i t i o n s in the water. 

T h e o n e mi s s ing l ink in the computa ­
t ional c h a i n is the c o n n e c t i o n be tween , 

o n the o n e hand, a p r o p o s e d c h a n g e in 
l and use and, o n the o ther hand , n e w 
va lues for the opt ica l proper t ies o f af­
fec ted water. 

Before w e can assess the l ikely effect o f 
a r iverside factory o n the river's e cosys ­
tem, w e mus t k n o w the absorpt ion spec­
t rum and l ight-scat ter ing proper t ies o f 
that factory 's effluent. L i k e w i s e , to pre­
dict the consequences to aquatic plants o f 
c lear-fe l l ing a ca t chmen t h i l l s ide , or o f 
revegeta t ing land, w e n e e d to quantify 
the re la t ion b e t w e e n different types o f 
plant c o v e r and so i l e ros ion . 

I n short , w e n e e d to k n o w h o w differ­
ent k inds o f land use affect the opt ica l 
proper t ies o f nearby lakes and dams , and 
D r K i r k regards this as the next chal ­
l e n g e in h i s study. G i v e n s u c h informa­
t ion , h e be l ieves that w e shall b e able to 
assess the envi ronmenta l impac t o n in­
land waters o f p roposed deve lopments far 
m o r e satisfactorily than has p rev ious ly 
b e e n poss ib l e . 

John Seymour 

Miss ing link 

D o e s D r K i r k ' s ma thema t i ca l expres ­
s i o n o f l ight 's underwater behaviour give 

the r igh t resul ts? T o f ind ou t , h e in ­
structed a c o m p u t e r to carry ou t a M o n t e 
C a r l o study o n each o f four N e w S o u t h 
W a l e s lakes , and h e then put the computer's

 predic t ions bes ide l igh

ments m a d e in the lakes themselves. T h e 
c o m p u t e r ' s results agreed w e l l w i th the 
field va lues . 

P lant phys io log is t s k n o w a g o o d deal 
about the inf luence o f different types and 
a m o u n t s o f l ight o n pho tosyn thes i s , so 
c o m p u t e r ca lcu la t ions o f this k ind c o u l d 
b e u s e d to p red ic t c h a n g e s i n u n d e r 

M o r e about the topic 

Spectra l absorpt ion propert ies o f natural 
waters: contr ibut ion o f the so luble and 
par t icula te f ract ions to l i gh t absorp­
t ion i n s o m e in land waters o f south­
eastern Austral ia. J . T . O . K i r k . Austra­
lian Journal of Marine and Freshwater Re­
search, 1 9 8 0 , 3 1 , 2 8 7 - 9 6 . 

A M o n t e Car lo study o f the nature o f the 
underwater l ight f ield in , and the rela­
t ionships be tween optical properties of, 
t u r b i d y e l l o w w a t e r s . J . T . O . K i r k . 
Australian Journal of Marine and Fresh­
water Research, 1981 , 32 ( in press) . 

L i g h t i n m u r k y wa te r s . Ecos N o . 1 3 , 
1 9 7 7 , 2 2 - 5 . 
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