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Fishes

A lthough nearly  always h idden from  
view, the fish  o f ou r lakes and 
rivers are none the less im p o rtan t 

fo r that, if on ly  as in d ica to rs  o f the 
healthy con d ition  of the  waters where 
they are to  be found . O ver-fish ing , de 
s truc tion  of b io topes and po llu tion  have 
been the  im m ed ia te  causes o f the  perils  
facing species w hose finest specim ens 
once graced  the  tab les of the crow ned 
heads of Europe.

Fish have always a ttrac ted  man, as m uch 
because of the ir "se c re t" life  beneath 
the w a te r’s su rface  as because o f the ir 
sough t-a fte r flesh.

O nce m any peop le  m ade a liv ing  fish ing  
m ounta in  s tream s fo r trou t, lakes fo r 
ca rp  and rivers fo r sa lm on and sturgeon . 
S uch fish ing has dec lined  con s id e r
ab ly, but m illions of ang lers have taken 
over from  the pro fessiona ls.

As the last of th ree issues o f N aturopa  
on the “ W ate r’s Edge”  cam pa ign , th is 
one is concerned w ith  E u rope ’s fre sh 
w a te r fish.

This yea r’s fina l issue w ill be devoted 
to “ N ature and the c o m p u te r” , a fie ld  
o f g row ing  im portance  to the  Council 
o f Europe. H.H.H.

(Photo G. Kraczkowski)

S c h u b e rt’s “ T rou t”  m ust be one o f 
the m ost w ide ly  know n a n d  loved  
them es in E uropean m usic. The 

t ro u t— fish  a n d  m u s ic — c o n ju re s  up  
though ts o f b rilliance , p u r ity  an d  free 
dom : the spa rk le  o f a m ounta in  s tream  
an d  the w ildness o f a leap ing fish.

Those o f us who have fo llow ed  rivers  
to the ir sources, o r spe n t p e ace fu l days 
fish ing, boa ting  o r sw im m ing  know  the  
value o f w ater— o r be lieve we do. The 
in d u s tria lis t whose fac to ry  needs m any  
tonnes o f w ater every day an d  the fa rm er 
whose c rops  face d isas te r in  tim es o f 
d ro ug h t a lso be lieve in the m irac le  o f 
water. Yet, we com p la in  when the ra in  
fa lls ; too o ften the in d u s tr ia lis t takes  
the w ater a n d  rende rs  it  unusab le  fo r 
the res t o f the com m u n ity ; fa rm ers beg  
the ir governm ents  to d ra in  aw ay su rp lus  
water.

These c o n tra d ic to ry  views o f the bene fits  
o f w a te r m ake it  d iff ic u lt fo r  us to co m 
p re h e n d  its value. Those who active ly  
w ork to p rese rve  it  a re  re la tive ly  few  
an d  a re  reg a rd ed  by  m any as be long ing  
to the luna tic  fringe  o f conserva tion is ts . 
S om ew here there  m ust be  a p o in t o f 
ba lance  between the ex trem is ts  on the  
one h a nd  who say "O u r waters are too  
p re c io us  to a llow  anyone to in te rfe re  
with th e m " a n d  those on the o ther 
who a rgue  “ O ur business b rin g s  so m uch  
em p lo ym e n t tha t we a re  e n title d  to do  
w hat we wish w ith the w a te r” .

The ea rlies t E uropeans had  an espec ia lly  
close a ffin ity  w ith water. They were  
hun te r-g a the re rs  who ha d  le a rn ed  the  
sk ills  o f the fisherm an. Fish such as 
the salm on, easily  caugh t in w in te r when  
o th e r foo d  was scarce, sus ta ined  o u r  
forefa thers. M odern  E uropeans can live  
w ithou t fish b u t do  n o t w ant to. The 
n um bers  who fish fo r a liv ing  have  
d e c lin ed  as eas ie r ways o f ra is ing  an 
in com e have increased ; in  th e ir p lace  
a re  m illions  o f rec re a tio na l fishe rfo lk  
who fo llow  the ir s p o rt w ith fervour.

C oncern ove r the qu a lity  o f w ater has 
in  a g re a t m any cases been spe a r
head ed  by  the s p o rt fish ing  com m unity . 
It is  obvious tha t fish need  water, bu t 
the chem ica l an d  p h ys ica l na tu re  o f 
the w ater is o f equa l im p o rta n ce  to the ir  
w ell-be ing. F ishery sc ien tis ts  have shown  
how  the tro u t needs w ater o f the h ighest 
qu a lity  i f  i t  is to surv ive  a t all. The 
leve l o f d isso lved  oxygen m us t be close  
to its  m ax im um  value a n d  the w ater 
m ust be free from  excessive quan tities  o f 
s ilt in  suspension. O ther fish, such as 
carp, b ream  an d  eels, a re  to le ran t o f 
less oxygen an d  m ore  d ir t  b u t even they  
can no t surv ive  serious po llu tion .

If the d isappea rance  o f fish from  lakes  
a n d  rive rs  were the on ly  il l  e ffec t o f 
w ater po llu tion , it m ig h t be poss ib le  
to igno re  the com p la in ts  o f fishe rm en ; 
b u t the we lfare o f fish is o f in fin ite ly  
g re a te r im p o rtan ce  to the com m u n ity  
than a t f irs t appears.

The oxygen in w ater does m uch m ore  
fo r  the b e ne fit o f hu m an ity  than keep

fish alive. The bacteria  w h ich  recyc le  
ou r waste p roduc ts , tu rn ing  them  back  
again to water, ca rbon  d iôx id e  an d  
s im p le  chem ica ls, a lso req u ire  oxygen. 
Here there  is tw o-w ay tra ffic : w ater 
with the he lp  o f its oxygen p u rifie s  the  
sew age b u t the sewage uses up the  
oxygen. If the re  is too m uch waste, a ll 
the oxygen is used  and  the waste can  
no lo n g e r be m ade safe. In tha t event 
the w a te r becom es un fit to r use by man, 
beast o r industry . Long be fo re  th is o c 
curs, the fish die and  the fishe rm en  
com pla in . Their com p la in ts  m ust be  
given the m ost u rgen t con s id e ra tio n  
because the death o f fish is the p re 
c u rso r o f the death o f the w ate r itself.

Today, a fte r cen turies  o f s tu d y  o f w a te r 
and o f every c rea tu re  tha t lives in it, 
ou r sc ien tis ts  can te ll us w hat we need  
in the fo rm  o f water quality. W hat is 
m ore, they know  n o t on ly  how  to m a in 
tain o u r w ater supp lies  in th e ir id ea l 
state b u t how  to res to re  w ate rcourses  
which have been spo ile d  by  in d iffe re nce  
in  the past.

B u t know ing  w hat to do is n o t enough. 
The p u b lic  m ust be p re p a re d  to p a y  the  
cost o f m a in ta in ing  w ater sup p lies  in  a 
clean a n d  un p o llu te d  state. The dem ands  
fo r im m e d ia te  cheap energy, fo o d  an d  
con sum e r goods co n flic t w ith the lo n g 
term  needs o f m ain tenance  o f c lean  
w ater supply. The costs o f dea ling  with 
the causes o f a c id  ra in  an d  o th e r fo rm s  
o f w ater con tam ina tion  w ill un d o u b te d ly  
be h igh b u t o u r fa ilu re  to a c t m ay p rove  
m ore  costly.

The fu tu re  can be brigh t. In th is issue  
o f N a tu ropa  one a rtic le  te lls the success  
s to ry  o f the res to ra tion  o f two o f ou r 
g re a t rivers, the Rhine a n d  the Thames. 
There have been m any less spe c tacu la r 
b u t e q ua lly  successfu l undertak ings.

Today we re jo ice  in the certa in  kn o w 
ledge tha t po llu tio n  can be conquered . 
W hat we need  is the w ill to  do it.

Paddy O’Toole
Minister for Fisheries
and Forestry
Ireland



A very special environment
Ignacio Claver Farias

Fishing, an indispensable source of subsistence 
(Photo J. C. Chantelat)

Spa in ’s deep ly roo ted and tra d i
tiona l invo lvem ent in fish ing  is 
well known. This is due both to the 

grea t length of its coas tline  and its 
m any rivers, as well as to the  con s id e r
ab le  surface area covered by still, natural 
w a te r (lagoons, lakes, etc.) and by 
reservo irs . The ex is tence of o ther un 
usual expanses of w a te r shou ld  no t be 
fo rgo tte n  either; these in c lud e  the  “ ria s ” 
o f G alic ia  and the A sturias, the  A nda- 
lucian estuaries, the  Valencian A lbuféra , 
the  M ar M enor in M urc ia  and the 
Ebre delta.

M oreover, the geograph ica l s itua tion , 
re lie f and c lim ate  of ou r pen insu la  have 
always allow ed reasonab le  exp lo ita tion  
of va rious species o f fish, som e m ore 
sough t-a fte r than others. This is why 
the  local popu la tion  has always been 
very involved in every k ind  o f fish ing .

W here  in land fish ing is concerned , it 
shou ld  be noted tha t o u r leg is la tion 
cons iders  in land w aters as inc lud ing  
all springs, lagoons, lakes, stream s, 
reservo irs , a rtific ia l lakes, canals, a lbu - 
fé ras and rivers, w he the r the ir water 
is fresh, brack ish  o r salty, un til it 
en ters the sea.

Fishing as a source of employment 
and livelihood

Since m an ’s appearance  on Earth, fis h 
ing, like  hunting, has been one of his 
ind ispensab le  sources o f subsistence. 
Today it reta ins th is  basic func tion  of 
p ro v id ing  food in the less developed 
coun tries  w here  it a lways has been, 
and w ill con tinue  to be, the  on ly  ava il
ab le  sou rce  of an im al pro te in .

In Spain, as in m any o th e r countries, 
th is  func tion  of p rov id ing  food  is a lm ost

(Drawing NCC)

to ta lly  fu lfilled  by p ro fessiona l sea fis h 
ing, and in land fish ing  survives on ly  in 
certa in  areas. A t the  sam e tim e, the re  
has been a rap id  increase in fish ing 
fo r spo rt, w h ich is very popu la r in our 
country, given tha t one in every 45 S pan i
ards is an angler.

However, a w ho le  range of fac to rs  leads 
us to be lieve tha t th is s itua tion  w ill 
change again. W orld  po litics  and the 
p ressure  w h ich is be ing pu t on fish ing 
at the m om ent have caused a real 
p rob lem . The nu m be r of fish  caugh t 
th rou gh ou t the  w o rld  at p resen t exceeds 
the natura l rep rod uc tive  capac ity  and, 
in add ition , the extension o f legal 
waters to 200 nautica l m iles has g reatly  
a ffected our fish ing  in dus try  by p reven t
ing Spanish vessels from  fish ing  in m ost 
of the ir tra d itio n a l m aritim e fish ing 
g rounds.

This is why the  past 20 years have 
seen a renaissance, w ith even g rea te r 
energy, o f in land fish ing , w h ich  can 
prov ide  very good , cheap food by the 
in tro du c tion  and deve lopm ent of m odern  
in tensive fish -fa rm in g  to satis fy  co n 
sum er dem and.

Fish fa rm s in Spa in can be d iv ided  into 
two d iffe re n t types, pub lic -se rv ice  and 
com m erc ia l. The firs t, w h ich be long to 
the State, are bas ica lly  to p ro v id e  fish 
fo r spo rting  and conserva tion  needs. 
The m ost com m o n ly  bred fish  inc lude: 
A tlan tic  salm on, rive r trou t, ra inbow  
trou t, b rook trou t, p ike, carp , la rge- 
m outh b lack bass and tench.

The p resen t level of p ro du c tion  in 
com m erc ia l fish fa rm s is m ore  than
15,000 t w ith  a tu rno ve r in excess of 
13 m illia rds  pesetas; m ore than 5,000 
jobs  have been crea ted. These c o m m e r
cia l fa rm s concen tra te  m ain ly  on b re ed 
ing and m arke ting  ra inbow  tro u t and, to a 
lesser degree, rive r trou t, b rook trou t, 
tench and eel.

Inland ichthyological fauna

In Spain, the rive r ne tw ork  is 72,000 km 
long and the surface area o f still w ater 
is m ore  than 250,000 hectares. Twenty 
fam ilies  and fifty -n in e  d iffe re n t species 
of fish live in them . From  th is  in fo rm a
tion  alone, it m ay be seen tha t the w ild 
life  is som ew hat lim ited . The num ber of 
fish ing  species in our in land waters is, 
in fact, less than tha t of o th e r European 
coun tries , m ain ly  fo r c lim a tic  and ge o 
g raph ica l reasons.

However, because we are p ractica lly  
iso lated from  the rest o f Europe by the 
Pyrenees, we have a h igh ly  ch a ra c te r
istic fish popu la tion , w ith  fish  as he te ro 
genous as the  A tlan tic  sa lm on— king of 
the rive r— and the  flo u n d e r Flesus flesus  
a fla t asym m etric  fish.

Z oogeograph ica lly , our w ild life  is s itua t
ed between tha t of cen tra l Europe, w h ich 
is em inen tly  pa learc tic , and tha t of 
A frica , w h ich is tro p ica l o r e th iop ic . 
This is why Spa in is qu ite  o ften the 
m ost no rthern  lim it of the  geograph ica l 
d is tr ibu tion  of typ ica lly  e th iop ic  species 
o r the  sou thern  lim it of ce rta in  typ ica lly  
pa learc tic  species; m oreover, o ften the 
sub -spec ies of the  e th iop ic  o r pa learc tic  
species represented in S pa in  are not 
those typ ica l o f the  species.

The development of fish farming

Fish fa rm ing  in Spa in can be traced 
back th rough  the cen turies, but it may 
be said tha t sa lm on id  fa rm in g  began 
in the 12th cen tury, in the m onastery 
known today as Santa M aria  de Conxo, 
in the  p rov ince  of Coruna.

The incuba tion  of tro u t eggs in the 
14th cen tury, a lthough it is not known 
w hethe r th is  inc luded  a rtific ia l fe rtilis a 
tion , and the  d iscove ry  o f the la tte r in 
the  18th cen tury, led to  the es tab lish 
m ent of specia l fish  b reed ing  centres.

As early  as 1866, the  firs t ich thyo- 
genica l labo ra to ry  was bu ilt in Spain

at La G ran ja  de San llde fo nso  (Segovia). 
The sam e year saw the firs t w ork  of 
the p isc icu ltu ra l es tab lishm en t o f the  
M onaste rio  de P iedra de A lham a de 
A ragön (Saragosse).

The S panish revo lu tion  in 1868 pu t a 
stop to  w ork  on fish fa rm ing , w h ich  was 
not resum ed until 14 years later. By 
abou t 1950 the re  were 12 state fish 
fa rm s in Spain. Today we have som e 
200, both sta te- and p riva te ly -ow ned .

Its na tura l con d itions  m ake Spain ideal 
fo r fish  fa rm ing , espec ia lly  the te m 
pe ra tu re  of the  w ater w h ich  m ay be 
e ither coo l o r warm .

Cold w ate r has been used on ly fo r 
b reed ing  sa lm on ids, espec ia lly  ra inbow  
trou t. It s till has g reat po tentia l fo r 
b reed ing  o ther types of fish. However, 
m uch of ou r w ater is w ith in  the  te m 
perate range. This, in theory, is the best, 
because it favours m ore rap id  g row th .

One of the  num erous w arm  w ate r species 
is the  eel, fo r w h ich the re  is a m arke t 
of m any m illions of k ilog ra m m es in 
cen tra l Europe and, as ide from  the very 
im p o rtan t fac t tha t the  na tura l e n v iro n 
m ent is su itab le , we are a lso ab le  to 
ob ta in  la rge quan tities  o f e lvers as 
seedstock.

To c lose on a note of op tim ism , Spa in 
can look fo rw a rd  to varied  and p ro s 
perous deve lopm en t of its fish  resources 
fo r conserva tion , fo r spo rt, and fo r 
in tensive fa rm ing . I.C.F.



Wilhelm Harder

Of all vertebra tes, fish fo rm  
the g ro u p  w ith  the la rgest num be r 
o f species: one in two ve rteb ra te  

species is a fish. Of the at least
20,000 species, well over 19,000 are 
bony fish; som e 600 are sha rks o r rays. 
The rem a ind e r is accoun ted fo r by 
cyclostones: lam preys, hagfish and a 
num ber o f “ re lic ts ” such as lung fish, 
lobefins, gars, m ud fish  and s turgeon . 
Of these on ly  lam preys and stu rgeon  
are found  in European waters. A ll the 
rest are bony fish: som e 130 species 
— a tiny  nu m be r in com parison  w ith 
the rest of the  w o rld ’s fish fauna. 
E urope ’s seas accoun t fo r som e 650 
m ore species; all in all, ou r fish  fauna 
are not exactly  very varied.

Nor are European w aters pa rticu la rly  
varied in b io topes. M oreover, a large 
p ro po rtion  of them  have been co lon ised 
on ly recently  (in geo log ica l term s), i.e. 
since the  ice age. Th is app lies  especia lly  
to ou r m ounta in  reg ions, w here no s tr ik 
ing exam ples of adap ted  species, such 
as occu r in the  m ounta in  s tream s of 
the Ahdes o r the H im alayas, are to be 
found.

Life in the water

The typ ica l f is h ’s body is pe rfectly  
adap ted to its m ode of m ovem ent. Fish 
are very hyd rodynam ica lly  shaped, so 
tha t energy con sum p tion  is kep t to a 
m in im um . This app lies  espec ia lly  to 
pe lag ic species, i.e. those w hich swim 
v irtua lly  non-s top , such as salm on, trou t, 
w h ite fish  and m ost carp . The less active 
species tha t keep to the  bo ttom  and 
swim  on ly in te rm itte n tly  have less 
hyd rodynam ic  shapes: flounder, ruffle , 
m ille r ’s thum b , ca tfish  and the like.

W ater is w here life  o r ig in a te d — w hich is 
not to say tha t it is a pa rticu la rly  
hosp itab le  env ironm en t. It is in d isp en s
ab le fo r all the  b iochem ica l reactions 
tha t take place in the  body, bu t it 
is also very con s tric ting . For exam ple, 
it con ta ins on ly very lim ited  am ounts of 
the oxygen necessary to all h igher 
fo rm s o f life. It a ffo rds a high degree

of buoyancy because of the  sm all d if
fe rence  in density  between it and o rg a n 
ism s, but by com parison  w ith  a ir it has 
a very  high density  and viscosity  
(1,000 tim es m ore) and o ffe rs  m uch 
g rea te r res is tance to m ovem ent. This 
is pa rticu la rly  im p o rtan t in runn ing  water, 
w here  cu rre n t and bod ily  m ovem ent 
m ay oppose  each other. This d e te r
m ines the  lim its  w ith in  w h ich  the  fis h ’s 
body m ust be adap ted in te rm s  o f shape, 
anatom y and, not least, physio logy.

Its body m ust be ab le to  ove rcom e the 
curren t, wh ich exerts  its fo rce  especia lly  
on the head reg ion. To pu t it crude ly, 
the  cu rre n t presses aga inst the head 
from  the fron t, the b o d y ’s m uscu la r 
pow er from  the rear. The s truc tu re  
of the  sku ll takes th is  in to  account. 
But the head is not on ly a cu rre n t- 
d iv ide r. In abstrac t te rm s, it is not 
on ly  a “ po le  of m ovem en t” ; it is also, 
in o rd e r to be ab le to d ire c t m ovem ent, 
a “ sensory po le ” : it accom m oda tes  all 
the  m a jo r sensory system s. In add ition , 
it is the  “ nu tritiona l p o le ” , the po in t 
o f en try  fo r food and fo r the oxygen 
tha t supp lies  energy. The con tro l of 
m ovem ent, d irec tion , feed ing , b rea th 
ing and specia l, e.g. rep roduc tive , be
haviour ne cess ita te s 'a ccom m o da tio n  of 
the main bu lk of the cen tra l nervous 
system , the bra in , in the head.

W here food is concerned , ou r fish fauna 
is very varied : the spec trum  ranges from

p lankton -ea te rs  to  consum ers of fresh 
o r dead p lan t m atte r and low er fo rm s 
of an im al life, w h ils t som e fish species 
prey on others. Jaws have to be 
adap ted acco rd ing ly . Food is chewed 
sm all on ly by ca rp  species, w h ich  have 
gu lle t tee th next to the rea rm ost g ill 
arch. Jaw  teeth, w here  they occur, serve 
only to ho ld p rey fast.

The sensory organs

The sensory organs resem ble  those of 
te rres tria l an im als. However, the eyes 
have to have a spherica l lens in o rd e r 
to deve lop su ffic ie n t re fracting  power. 
The cornea w h ich  m ost land an im als 
use to p ro je c t an im age on the re tina  
canno t w ork  fo r w a te r an im als because 
the re fractive  index of w a te r and cornea  
is too s im ila r. As the  eyes are located 
on the  s ide  of the  head, b inocu la r 
s igh ting  of p rey is not possib le ; all 
ob jec ts  have firs t to be perce ived para l- 
lac tica lly  against the  ba ckg round  before 
they en ter the usua lly  very na rrow  fie ld  
of b inocu la r v is ion.

The sense of sm ell is located in the 
nose, bu t the nasal cavity  is not in 
volved in the b rea th ing  func tion  and is 
separa ted from  the resp ira to ry  tract. 
The sense of taste w o rks  th rough  sensors 
in the m outh  cavity, bu t wh ich are often 
also d is tr ibu te d  all over the body. The 
sense of ba lance so im p o rtan t fo r 
o rgan ism s tha t m ove in th ree  planes is 
high ly deve loped. S ta to liths  p rov ide  in 
fo rm a tion  abou t o rien ta tion  in space. 
Three sem ic ircu la r canals can de tect 
angu lar acce le ra tion . Sense of touch 
and of te m pe ra tu re  are a lso present. 
W hether fish  can fee l pain is a m atter 
of con troversy, though  th is  o f cou rse  
does not g ive a licence  to  do as one 
pleases w ith them . Fish also have a 
fu rth e r sensory system  denied to te r
restria l species; it is d e v e lo p m e n ta l^  
re lated c lose ly to the sense o f hearing, 
w h ich they also possess. The sensors 
of the  “ la teral line sys tem ” respond to 
the b u ild -u p  of p ressu re  in the  w ater 
due to the  fis h ’s own m ovem ent, the 
m ovem ent of o th e r fish or obstac le  
res is tance to  cu rre n t flow . It is not a 
sense of flow : a fish  can de tect a 
change in its pos ition  in re la tion  to 
the bo ttom  only by eye. The sensors 
of the la tera l line  system  are located 
in channels a round the  head and along 
the body and can be seen from  ou ts ide  
th rough  pores.

The gills

The head also accom m odates the re s p ir
a to ry organs: the  g ills . There are usually 
fou r g ill arches, each w ith a do ub le  row  
of g ill-filam en ts . These filam en ts  are 
covered w ith  lam ellae  th rough  which

gas exchange takes place. W ater js , as 
we have said, a poor resp ira to ry  m ed ium ; 
at best, i.e. at 0 °C, it con ta ins  10 ml 
of oxygen per litre , bare ly  1 /20 th  o f the 
am oun t ava ilab le  to a land anim al. To 
ob ta in  the sam e quan tity  o f oxygen, a 
fish acco rd ing ly  requ ires  m uch m ore  
of its resp ira to ry  m ed ium  and m ust be 
m uch be tte r ab le  to e x trac t the ava il
ab le oxygen from  it than a ir-b rea th in g  
an im als. Land an im als live in con d itions  
of a ffluence  w here  oxygen is concerned 
and can a ffo rd  to  b rea the  ou t 80 % of 
the ir oxygen supp ly  unused. That w ou ld  
be im poss ib le  fo r a fish. A fish is 
ab le  to ex tract at best 60-80 % of the 
ava ilab le  oxygen, du ring  fas t breath ing  
on ly 20 %. Furthe rm ore , w a te r has h igher 
dens ity  than a ir and is hence heavier 
and m ore  “ s ticky ” due  to its high 
v iscosity. This m eans tha t it takes a 
g reat deal of energy to m ove it. C on
sequently, a fish has to  use up to 
1 /6 th  of its energy resources fo r 
b reath ing.

D isposing of the  b y -p ro d u c t ca rbon  
d iox id e  poses less of a prob lem . It is 
m uch m ore read ily  so lub le  in w ater 
than is oxygen and is easily taken up 
by the am b ien t water. The sam e a p 
plies to  another, m ore dangerous m eta
bo lic  p roduct, am m onia , w h ich  resu lts 
from  the breakdow n o f p ro te in . It too 
is excre ted via the  gills . The g ills  are 
very good exchangers, w o rk ing  on the 
cou n te rcu rre n t p rinc ip le . W ater w ith  a 
high oxygen con ten t flow s in the o p 
posite  d irec tio n  to the  low -oxygen- 
con ten t b lood in the g ill lam ellae. This 
p roduces a constan t d iffe re nce  in co n 
cen tra tion  wh ich guaran tees op tim um  
exchange. C arbon d iox id e  and am m on ia  
are d ischa rged  acco rd ing  to the sam e 
princ ip le , and so is m e tabo lic  heat. 
(Very few  fish, e.g. som e shark and 
tuna, are “ w a rm -b lo o d e d ” . By m eans 
of cou n te rcu rren t heat exchangers in 
the ir m uscles and liver they are ab le 
to re ta in  m etabo lic  heat in th e ir bodies.)

A fu rth e r e ffect of the  g ills ’ exchange 
capac ity  is tha t w a te r can a lso pene tra te  
free ly  th rough  the  necessarily  th in
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ep ithe lium  of the  gills. Th is has c o n 
s ide rab le  consequences fo r the f is h ’s 
w a te r and m inera l husband ry  and in tu rn  
causes high energy expend itu re . F resh
w ate r fish, w hose blood and tissue flu id  
con ta in  la rge r quan tities  of d isso lved 
pa rtic les , m ain ly  salt ions, than the 
su rro un d in g  water, co n tinu ou s ly— pa s
s ive ly— absorb  w ate r via the  gills. T he ir 
k idneys acco rd ing ly  have to  excre te  
la rge quan tities  of w ater in o rd e r to 
keep the ir bo dy-flu id  con cen tra tion  
constant. S ince vita l ions are lost in 
the process, these have to  be rep laced. 
This is done  by specia l cells, ionocytes, 
located on the  gills . Seafish, on the 
o ther hand, have to com pensa te  fo r 
cons tan t w ater loss via the  gills , because 
the ir body flu ids  con ta in  few er d isso lved 
substances than the su rro un d in g  sea
water. To do so they have to d rink , i.e. 
ab so rb  a strong  salt so lu tion . The ions 
w h ich are inev itab ly  abso rbed  in the  p ro 
cess are excre ted via the g ills . Bony sea 
fish have sha rp ly  reduced active w ate r 
excre tion  via the  k idneys and hence 
the nu m be r of k idney corpusc les . Fish 
ab le to  change env ironm en ts  such as 
sa lm on, flou nd e r and eels, have to 
g radua lly  adap t in estuaries.

These pe cu lia rities  of w a te r and m inera l 
husbandry  show  why the  g ills  canno t 
be b igge r in o rd e r to m ake be tte r use 
of p rec ious  oxygen. Owing to the m any 
func tions  o f the g ills , w a te r po llu tion  
affects them  pa rticu la rly , fo r  it is th rou gh  
the g ills  tha t harm fu l substances can 
m ost easily pene tra te  the  body. Then, 
of course, not on ly the gills , but the 
w ho le  body is dam aged.

S pace does not pe rm it dea ling  w ith  the 
anatom y of the in te rna l o rgans here, 
but it is w orth  m en tion ing  tha t research 
has shown on ly recently  tha t fish have 
a dual a rte ry  system  and no lym pha tic  
system .

The locomotive system

Fishes’ locom otive  system  is also d e te r
m ined by the ir env ironm en t. C o rre 
spond ing  to the  fo re  and h ind legs of 
te rres tria l ve rteb ra tes are the  pecto ra l 
and ven tra l fins. However, the fins  are 
rare ly  used fo r actual m ovem ent, but 
ra the r fo r pos itiona l s tab ilisa tion , fo r 
ad jus ting  he ight and fo r b rak ing . M ost 
free -sw im m in g  fish have a sw im  b la d 
der, though  it is not used fo r upw ard 
or dow nw ard  m ovem ent, because it can 
not be qu ick ly  expanded o r con trac ted  
at w ill. It is a hyd ros ta tic  organ to  
p reven t s ink ing , the fis h ’s body be ing 
heavier than water. The b lad de r co m 
pensates fo r th is  d iffe rence . It pe rm its  
rap id  d iv ing , in the  cou rse  of w h ich 
it is com pressed  by the w ate r p ressure  
and loses buoyancy. This process then 
has to be reversed by “ p u m p in g " back 
gas from  the b lood. Th is expends



energy, but p ro b a b ly  less than w ou ld  
be needed to p rov ide  hyd rodynam ic  
buoyancy by cons tan t sw im m ing . On the 
o ther hand, it m akes rap id  upw ard 
m ovem ent d ifficu lt, because the  gas 
expands m ore  qu ick ly  as the  p ressure  
fa lls than it can be reabsorbed  from  
the b ladder. Fish acco rd ing ly  avoid 
ris ing qu ick ly  because of the con s id e r
ab le  stra in  it p laces on the  organ ism .

In add ition  to  th e ir pa ired fins, v irtua lly  
all fish have a num be r of others, viz 
between one and th ree  dorsa l and one 
o r two anal fins suppo rted  by fin  rays 
w h ich are s tiff and po in ted, o r flex ib le  
and b ranch ing . S om etim es these un 
pa ired fins fo rm  a con tinuous  row. 
Dorsal and anal fins serve m a in ly  fo r 
sideways steering  but usually a lso as 
d isp lay organs w ith w h ich bony fish 
show the ir m oods: aggressiveness, fear, 
readiness fo r m ating. The m ain p ro 
puls ive organ is the ta il fin  w h ich  
helps transm it the  m echan ica l fo rces  
deve loped by the  body m uscles. The fin 
is usually se lf-ca m be ring  to  p roduce  
the best hyd rod ynam ic  e ffec t.-

The locom otive  appara tus a lso includes, 
in add ition  to  the  m o to r— the m us
cu la tu re— the  skeleton, i.e. the  ve rteb ra  
and the skin . The m uscles are a ttached 
to both, so tha t the w ave-like  c o n tra c 
tions of the  m uscles are converted  
into undu la ting  m ovem ents of the body.

Fish m uscle  is not d irec tly  com p ara b le  
to tha t of land an im als. Its w e ll-know n 
pale co lou r is due  to the  absence of 
m yog lob in . Its b lood irriga tio n , and 
hence its oxygen supply, is low. The 
grea te r pa rt of the  fis h ’s m uscle  w o rks  
w ithou t consum ing  oxygen, bu t on ly fo r a 
sho rt tim e. Energy is generated by co n 
verting  g lucose  in to  lactic acid, a fe rm e n 

ta tion process in w h ich  no oxygen is 
necessary. The lactic  acid can be c o n 
verted back again later, using oxygen, 
but m ust not be p ro du ced  in too  large 
quan tities, s ince it w ou ld  d is tu rb  the 
w hole m etabo lism , in pa rticu la r re sp ira 
tion.

W hite m uscle can acco rd ing ly  on ly be 
used when the re  is specia l need: 
escape, defence, cap tu re  o f prey. An 
extrem e exam ple  is the  pike. In spo rts  
term s, the p ike  is a sp rin te r. C onstant 
sw im m ing at a s teady speed requ ires 
“ staying po w e r” and re lies on a sm all 
p ro po rtion  of “ re d ” m uscle. This m uscle 
is genera lly  found  ju s t beneath the  skin, 
as can be seen from  any fish fille t. This 
m uscle is well irriga ted , because it needs 
a constan t supp ly  of oxygen and n u tri
ents, m ain ly  fat. It a lso con ta ins m yo
g lob in , w h ich  he lps rem ove oxygen 
from  haem og lob in  in the  b lood. It is th is 
red m uscle w h ich  enab les the trout, 
fo r exam ple, to w iths tand  the cu rre n t 
of a m ounta in  stream  or sa lm on to m ake 
the ir way upstream  from  the sea. To 
su rm oun t obstac les, they have to rely 
on the ir w h ite  m uscle. But even m ore  
slugg ish fish  like  ca rp  have s trong red 
m uscle. T he ir lo w -ca lo rie  d ie t ob liges 
them  to be constan tly  search ing fo r food. 
The g rea te r bu lk o f th e ir m uscles, if they 
needed oxygen, w ou ld  be o f no use to 
them , s ince such g rea t quan tities  of 
oxygen cou ld  not be extracted  from  
the water.

Colouring

Fishes’ co lou ring  e ither cam ouflages 
the fish in its su rro un d in gs  o r serves 
to g ive signals, in e ithe r te rr ito r ia l or 
m ating  behaviour. The banks of E uro 
pean w aters are not exactly  co lou rfu l 
if com pared , fo r exam ple , w ith  cora l 
reefs. O ur fish are a cco rd ing ly  also 
ra the r du ll in co lou ring . E xcep tions are 
the w edd ing  dress of the  th ree -sp ined  
s tick leback  and m innow  bu t they are 
d isp layed  fo r on ly a sho rt pe riod  of the. 
year. O ur fish m ostly  have dark backs 
and silvery flanks. T he ir back c o lo u r
ing renders  them  in v is ib le  against the 
da rk  backg round  of deep waters. O ver 
the  ligh te r-co lo u red  bo ttom  o f a stream  
the co lou r ce lls o f the  sk in  can co n 
cen tra te  the ir p igm ent in sm all areas 
and so m ake the ir overa ll co lou ring  
paler.

The s ilvery g lin t of fish sk in  is p ro d u c 
ed by com p le te  re flec tion  of ligh t from  
very th in  flakes of guan ine . These 
crysta ls  are them selves co lou rless, but 
they a lte rna te  in the  sk in  ce lls w ith 
th in  layers of cy top lasm . The th ickness 
o f the guan ine and cytop lasm  layers is 
such tha t all w ave leng ths o f ligh t are 
un ifo rm ly  re flected, p ro du c ing  a s ilvery 
m eta llic  shine. The guan ine  stack is so 
angled as to re flec t the sam e am ount 
o f ligh t as if the re  w ere no fish  there. 
To an observe r from  the s ide  o r fo rm  
below , the fish is v irtua lly  invis ib le .

F ish— like  the  o the r w a te r c rea tu res— 
have m ade the best of th e ir liv ing 
cond itions . W ater is not a pa rticu la rly  
hosp itab le  m ed ium ; its inhab itan ts  have 
m anaged to adap t to it on ly  over an 
un im ag inab ly  long tim e. The natural 
fac to rs  to w h ich  the  organ ism s have 
had to  adap t inc lude: oxygen supply, 
density , v iscosity, ac id ity , m inera l con 
ten t and tem pe ra tu re , to  nam e bu t a 
few. Hum an action  is chang ing  several 
of these fac to rs  and po llu tion  from  
sewage, tox ins and waste o f all k inds 
canno t but have a ha rm fu l effect. It is 
in c red ib ly  naïve to assum e tha t liv ing 
crea tu res can adap t q u ick ly  to  such 
new cond itions. And tha t does not on ly 
app ly to w ater crea tu res. W.H.Such scenes should disappear forever (Photo Verney)
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Multiple
threats

It is ra the r easy task to lis t th rea tened 
te rres tria l te trap ods , insects and plants, 
as they can be seen and coun ted  alive. 

W ith fish, eve ryth ing  is m ore  c o m p lic a t
ed because they can rare ly  be seen and 
counted be fore they have been caught. 
They have s ince tim e  im m e m oria l been 
one of the m ost im p o rtan t sou rces of 
food fo r m ankind . Nowadays spo rt- 
fishe rm en en joy them  in the ir fash ion, 
but se ldom  w ithou t ca tch ing them .

A lis t o f the  “ T hrea tened Fish Species 
of the W o rld ” easily becom es bizarre. 
It m igh t happen tha t the Ice land ic 
herring , once very im p o rtan t as no u rish 
m ent and now severe ly th rea tened  or 
extinct, is not m entioned, w h ile  m ore  
o r less obscure  co regon ids  o r cyp rin id s  
m ay be listed.

Geographical isolation

A ccord in g  to M ayr and o the r experts  
in spéc ia tion  geog raph ica l iso la tion  
plays the  m ain ro le  in the  o rig in  of 
species. No ve rteb ra tes  o ther than fre sh 
w ater fish  cou ld  be be tte r exam ples 
of the s ig n ificance  o f geograph ica l 
iso la tion, enclosed as they have been 
in lakes o r rive r system s fo r thousands 
of years. In fact, every iso la ted po pu la 
tion  is un ique  because of its adap ta tion  
to the b io tope  of its o rig in .

Nils-Arvid Nilsson

This has m eant a lot of pa instak ing  th in k 
ing by taxonom ists . M ost im p o rtan t has 
been the experience  of “ s ib ling  spec ies” . 
These are species tha t are very c losely 
re la ted , so tha t they are m ore  o r less 
im poss ib le  to d is tingu ish  m o rp h o lo g i
cally, except, fo r instance, by phys ico 
chem ica l m eans, such as the  e lec tro 
phoresis  of enzym es, etc. However, 
they are d iffe re n t in genera l eco log ica l 
pa tte rns, and thus d iffe re n t in the ir 
response to changes in the ir en v iro n 
m ent. In Europe, w h ite fish  (C oregonus) 
and A rc tic  cha rr (Salve linus) in pa rticu la r 
have been the sub jec t of ca re fu l analysis 
both regard ing  physica l and eco log ica l 
d iffe rences.

Salmon
(Drawing Christiane Daske)



A Salmon on its way to spawn... 
(Photo Hjalmar R. Bardarson)

S till m ore  c ruc ia l is the  phenom enon 
of “ sub po p u la tio n s ” , “ s to c k s ” , “ races" 
or “ subspec ies” of species tha t are ab le 
to  in te rb reed , but still rem a in  separa ted 
because of geograph ica l iso la tion , hom 
ing behaviour, etc.

For instance, hom ing is a very  im p o rtan t 
fac to r in keeping sub po pu la tio ns  of 
A tlan tic  sa lm on (Salm o sa la r) and brow n 
tro u t (S alm o tru tta ) apart. It is a w e ll- 
know n fact tha t salm on re tu rn  from  the 
B a ltic  to the rivers w here  they were 
once born  o r re leased as sm olt. Brown 
tro u t o ften appear to re ta in  ou tle t- and 
in le t-spaw n ing  popu la tions  tha t p robab ly  
never in te rb reed . One of the m ost 
in te resting  exam ples in E urope is tha t 
o f the  land -locked  sa lm on o f Lake 
V änern , Sweden. This sa lm on appears 
now adays as two d is tinc t popu la tions, 
one o rig ina ting  from  the m ain inlet, the 
R iver K larälven, the o ther from  the R iver 
G ullspängsä lven. Both popu la tions  are 
severe ly th rea tened  by hyd roe lec tric  
deve lopm en t and po llu tion . They d iffe r 
in m any ways, having d iffe re n t feeding 
areas and above all, ve ry  d iffe re n t 
g row th  rates. The surv iva l o f the G u ll
spängsälven sa lm on is now sub jec t 
to in tense conserva tion  e ffo rts , in pa r
ticu la r by preserv ing  its spaw n ing sites, 
as well as securing spaw n ing produc ts  
fo r a rtific ia l breed ing , fo llow ed by the 
re lease of sm olt.

In a s im ila r way m ost sa lm on po pu la 
tions  o f Sweden are be ing pro tected 
by a rtific ia l means.

The aim s of na ture conserva tion  have 
fo r long basica lly  been as fo llow s:
1. To conserve p lan t and an im al po p u la 
tions as und is tu rbed  as possib le , to 
enab le  fu tu re  sc ientis ts  to  com p are  them  
to fu tu re  popu la tions  (e.g. those  affected 
by hum an activ ities).
2. To conserve popu la tions  tha t cou ld 
be of fu tu re  value, as food  o r fo r 
recreation , and
3. To ensure  tha t the en v ironm en t w ill 
be to le rab le  to surv iv ing species, hum an 
be ings included.

M any species o f fish are th rea tened 
ju s t on the  b o rde rlin e  o f th e ir ge o 
g raph ica l d is tr ibu tion . For instance, in 
a recen t lis t of th rea tened  freshw ater 
fish in Sweden, the  fo llow ing  species 
were m en tioned: Leucasp ius delineatus, 
G udgeon (G obio g o b io ), Pelecus cu ltra - 
tus, A sp ius aspius, S tone Loach (Nem a- 
ch ilus  ba rba tu lus) and S ilu rus gtanis. A ll 
of these species have an eastern d is tr i
bu tion  and are not th rea tened  at all 
excep t in sou th -easte rn  S candinavia .

A pp a re n tly  we have to reco ns ide r the 
con cep t of “ th rea tened  spec ies" in th is 
con text. W hich species o r subspec ies is 
m ore  w o rth  o f p ro tection : the rare 
sa lm on popu la tion  in the  R iver G u ll
spängsälven in Sweden, the  va luab le  
D anube sa lm on (H ucho hucho), the

in te resting  Y ugoslavian S a lm o thym u s , 
or all M ed ite rran ian  endem ic cyprin ids . 
A pparen tly  they are all w o rthy  of p ro 
tection, at least fro m  a sc ien tific  po in t 
of view, but pe rsona lly  I p re fe r to 
stress po in t 2 above, espec ia lly  as fish 
w ill becom e m ore and m ore im p o rtan t 
in the  fu tu re  as food  fo r the ever
g row ing  popu la tion  o f the  Earth.

What threatens our freshwater 
fish populations?

It was m entioned ea rlie r tha t the  co n 
s truc tion  of hyd roe lec tric  pow er p lan ts 
often severe ly dam ages anad rom ous 
fish species, in pa rticu la r, by d is tu rb ing  
m ig ra tion  o r m aking it im poss ib le . The 
dam s not on ly h inde r upstream  m ig ra 
tion, but are a lso often bu ilt in spots 
w h ich w ere fo rm e rly  im p o rtan t spaw ning 
sites fo r the fish.

The in te rfe rence  w ith  upstream  m ig ra 
tion  is som etim es pa rtly  com pensa ted  
fo r by the  con s tru c tion  of fish ladders, 
but the m ain m eans of com pensa tion

sub jec t to heavy w ate r-leve l fluc tua tions. 
This m eans tha t the  so ft sed im ent, 
plants, an im als, etc. are e lim inated 
w ith in  the  regu la ted zone, w h ich  in tu rn  
m eans an im p o rtan t loss o f nourishm en t 
and spaw n ing sites w ith in  th is  area. 
An a ttem p t was m ade to com pensate  
fo r the  loss of food organ ism s by 
transp lan ting  g lac ia l re lic ts  M ysis re lic ta  
in to the dam aged areas. They are as a 
ru le  not dependen t on the  m ore  shallow , 
regu la ted areas of the rese rvo irs , qu ick ly  
fo rm  very dense popu la tions  and p rov ide  
an exce llen t sou rce  of food  fo r som e s pe 
c ies of fish tha t su ffe r from  the loss of 
food  caused by the w a te r-leve l f lu c tu a 
tions.

P o llu tion  is a very com p le x  concep t 
tha t rea lly  requ ires a cha p te r o f its own. 
S im p ly  speaking, po llu tion  is an adverse 
e ffect consis ting  of m any d iffe re n t fa c 
tors, such as re leasing excess nu trien ts  
(phosphorous, su lphate, n itrogen , ch lo 
ride, etc.) in to a rec ip ie n t lake. Som e 
of these, such as su lphate, are po isonous 
in la rge am ounts. In add ition , m ore  o r 
less a lien tox ic  substances have po l-
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The m ost ca tas troph ic  e ffec t on not 
on ly freshw ater fish, bu t na ture  in 
genera l, is the increasing ac id ifica tion  
of land and w ater due to the  em iss ions 
of su lp h u r from  urban areas and heavy 
industry . This m eans tha t indus tria l 
sm oke, con ta in ing  large qu an titie s  of 
su lph u r d iox id e  (S 0 2) is spread all 
over Europe. Because o f p reva iling  
sou thw este rn  w inds S cand inav ia  has 
been espec ia lly  dam aged by the  d e p o s i
tion o f su lphu r in the fo rm  o f su lp h u ric  
ac id  (H 2S 0 4).

C haracte ris tica lly , d iffe re n t species of 
fish d ie  at spec ific  pH -values:

C ritica l
S pecies pH -value

R utilus ru tilus 5.5
P hoxim us phox im us 5.5
S alm o g a ird n e ri 5.5
S alve linus a lp inus 5.2
S alm o tru tta 5.0
C o reg onu sa lbu la 5.0
S alve linus fon tina lis 4.5-5.0
Esox iuc ius 4.4-4.9
Perea fluv ia tilis 4.4-4.9
A ng u illa  angu illa 4.0-4.4

A pparen tly , roach (Rutilus ru tilus) are 
the firs t fish to die, w h ile  perch (Perea  
fluv ia tilis ) and eel (A ng u illa  angu illa ) 
are m ore  resistant. C rayfish  (A stacus  
fluv ia tilis ) are pa rticu la rly  sensitive , w ith 
a c ritica l pH -va lue of 6.0.

The effects of acid  rain, w ith  consequent 
decreases in pH, are p ro b lem s tha t still 
need m uch fu rth e r research. A c id if ic a 
tion of ca tchm ent areas resu lts in in 
creased leaching of heavy m etals to 
surface waters. High con cen tra tion s  of 
cadm ium  (Cd), m ercu ry  (Hg) and a lu 
m inum  (AI) have, fo r instance, been 
observed in ac id ified  lakes.
Thus, I w ou ld  con c lu de  by saying tha t 
freshw ater fish are g rea tly  th rea tened.

N.A.N.

...sometimes with man’s help (Photo Mario Broggi)

is fish cu ltu re , in w h ich the fish are 
ra ised from  eggs to a stage of do w n
stream  m ig ra tion  (the “ s m o lt” stage). 
It has, fo r instance, been ca lcu la ted 
tha t every fifth  sa lm on caugh t in the 
Baltic has been hatched and bred 
a rtific ia lly  in ha tcheries and re leased 
in the  m outh  of the  rive r to  w h ich 
it is m eant to  re tu rn  a fte r 2-3 years in 
the sea.

In con tras t to the  low er reaches of the 
rivers, the up pe rm os t rese rvo irs  are

lu ted ou r waters, fo r ins tance  DDT and 
su lph u ric  acid o rig in a tin g  from  western 
E uropean industries.

The add ition  o f excesses o f nu trien ts  
is very m uch a m atter of eq u ilib rium : 
w aters poor in nu trien ts  (o ligo tro ph ic ) 
som etim es bene fit from  the  ad d ition  of 
nu trien ts, w h ile  nu trie n t-r ich  lakes (eu- 
troph ic ), m ay easily d ie  because of an 
ove rp ro duc tio n  of p lants, oxygen d e fi
cits, and the p ro du c tion  of tox ic  h yd ro 
gen su lph ide  (H2S).



The Thames is alive
Derek Gren

The River Tham es once sup po rte d  
com m e rc ia l fishe ries  of c o n s id e r
ab le  eco no m ic  im portance . S m elts 

from  the Tham es w ere p len tifu l at 
B illingsgate  fish  m arket; 30 o r 40 boats 
w ork ing  between W andsw orth  and H am 
m ersm ith  on ly  a few  m iles upstream  
from  W estm inste r m igh t catch 50,000 
in a day. Tham es shads, flounders , 
eels and w h iteba it were caugh t fo r 
food and over one m illion  lam perns 
w ere sold annua lly  to Dutch fishe rm en 
fo r use as bait. Even the occasiona l 
s tu rgeon was taken in the tideway.

1810 - The fisheries destroyed

At the beg inn ing  of the n ineteenth 
cen tu ry  several fac to rs  com b in ed  to 
destroy these fisheries.

From abou t 1810 w ate r c losets becam e 
increas ing ly  used in London, causing 
cessp its to ove rflow  in to tow n dra ins  
w hich resu lted  in con s id e rab le  p o llu 
tion  of the  London Tham es and m any 
of its tribu ta ries .

The g row ing  nu m ber o f indus tria l p re 
m ises in London inc lud ing  s laugh te r 
houses, brew  houses, coal w harfs, cow  
houses, tan pits, gun sp inners  and fish 
m arkets, all pu t the ir po llu ting  w astes 
in to the river.

A no ther im p o rtan t fac to r w h ich  a ffected 
species such as lam perns, shads, sa l
m on and sea -tro u t was the cons truc tion  
of weirs at and above T edd ing ton  p re 
ven ting  these fish from  easily reach ing 
the ir spaw n ing g rounds up river. P o l
lu tion in the  rive r becam e so severe 
tha t it was im passab le  to m ig ra to ry  
fish. New m ethods of trea ting  L o nd on ’s 
sewage rpade an im p rovem e n t to the 
qua lity  of the  rive r w ater du rin g  the late 
n ine teenth cen tu ry  but sad ly th is  im 
provem ent was sho rt-lived . From  abou t 
1920 the rive r becam e so po llu ted  tha t 
fish and m arine  life  cou ld  not surv ive  in 
the m e trop o litan  rive r from  G ravesend to 
W e s tm in s te r. For the  ne x t 40 yea rs  
or so no fish  were reco rded  in the 
London Tham es.

1953 - The clean-up began

Realising the unsa tis fac to ry  con d ition  of 
the c o u n try ’s m ost fam ous river, in 1953 
the London C oun ty  C ounc il em barked  
on a m am m oth  schem e to rebu ild  and 
extend Lond on ’s m a jo r sewage tre a t
m ent w orks, the ch ie f po llu te rs  of the 
Tham es.

The schem e was to  take  over 20 years 
to com p le te , du ring  w h ich  tim e  the 
G reater London C ounc il, and since 
1974, Tham es W ater ca rried  th rough  
the p ro je c t wh ich, at p resen t day prices 
cost som e £200 m illion .

This w ork has resu lted  in a greatly  
im proved  rive r and is recogn ised as the 
m ost successfu l cam pa ign  in the w orld  
to com ba t w ater po llu tion .

The river today

The success of th is  c lean -up  cam paign 
was dem onstra ted  in itia lly  by a g radua l 
re tu rn  of fishes and o the r m arine  life. 
The com m u n ity  as a w ho le  has since

stab ilised  in to a com p le x  ne tw ork of 
in te rde pen de n t species.

Of the  104 fishes reco rded , all bu t six 
have been found  by Tham es W ater 
b io log is ts  s ince 1974 d u rin g  rou tine  
surveys o f rive r life. Five species p lus 
the  roach -b ream  hyb rid  w ere d iscovered 
by ea rlie r w o rkers  a round 1970.

D uring the peak periods, ca tches on a 
pow er s ta tio n ’s in take screens a sho rt 
d is tance  be low  Lond on ’s m a jo r sewage 
w o rks  ou tfa lls  can to ta l 10,000 fishes 
in a m orn ing 's  sam p le  and inc lude  over 
30 d iffe re n t species. W here  possib le , 
these fish are re tu rned  live to the rive r 
to jo in  the o ther m illions  o f liv ing 
crea tu res in a stre tch  of rive r w here less 
than 20 years ago no fish  o r la rge 
inve rteb ra te  an im als cou ld  survive.

Tham es W ate r’s ro le  is now one of 
po llu tion  con tro l. On board  a floa ting  
labo ra to ry , team s of sc ien tis ts  and 
b io lo g is ts  m ake  re g u la r s o rtie s  to 
sam ple , analyse and reco rd  the  c o n d i
tion  of the rive r w ater and rive r life.

It is now Tham es W ater's  task to m a in 
ta in the  tida l Tham es as the  c leanest 
m e tropo litan  estuary in the  w o rld . D.G.

Sewage treatment works at Beckton, East London 
(Photo A. Handford)

Can we succeed, at least partly, in making good the damage we have done? Salmo salar, the Atlantic salmon, which disappeared from  
the Rhine some decades ago, may be poised for a come-back. Experts near Basle in Switzerland have started a 5-year scheme to release 
some 20,000 marked young salmon a year from fertilised Swedish eggs. After descending the Rhine to the sea, these salmon might, in 
two or three years’ time, return to spawn (Photo W. Hermann)

New life for the Rhine

Helga Inden The Rhine is one of m ain land 
E urope ’s busiest waterways. It is 
also a liv ing en v iro nm en t whose 

once rich  and varied  flo ra  and fauna 
have, alas, g rea tly  d im in ishe d  since 
the  tu rn  of the century.

It flow s th rough  a pa rt o f G erm any 
w here both econom ic  activ ity  and 
popu la tion  density  are above average.

To the  po llu tion  w h ich  th is  causes (d is 
cha rge  of sewage, heavy m etals and 
chem ica ls, res idue heat from  power 
sta tions), eng inee ring  w o rks  designed 
to im p rove  nav igab ility  by s tra igh ten ing  
the r ive r’s cou rse  and regu la ting  its flow  
have added fu rth e r harm fu l effects.

A n im a l species, espec ia lly  fish, have 
suffe red bad ly from  th is  degrada tion  
of the ir environm ent.

The on ly  species tha t surv ive  in re la 
tive ly  la rge quan tities  are those of the 
“ w h ite  fis h ”  varie ties little  prized fo r 
food (roach) and a few  m odera te ly -ra ted  
species (bream , perch, beaked carp ). 
The m ore sough t-a fte r species, eel, 
trou t, pike, g ray ling , ca rp  and tench, 
are no longer found in com m erc ia l 
quan tities , except in a few  stre tches 
of the  river. Yet, as com m e rc ia l fish ing  
has dec lined , so recrea tiona l angling 
has constan tly  grown.

In o rd e r to halt the g radua l des truc tion  
of the  Rhine ecosystem  and restore  
con d itions  in w h ich a d ive rs ifie d  fauna 
can thrive , a num ber of laws and regu la 
tions have been enacted conce rn ing  
sew age d ischarge, the use of de tergents, 
n o n -b iod eg rada b le  effluent. These laws 
exist, it rem a ins to en fo rce  them  firm ly  
and consis ten tly . H.l.



Biotopes

It is com m on know ledge tha t fish 
canno t live ou t of water. Books in tended 
fo r the genera l pu b lic  usually show  

b righ tly  co lou red  fish sw im m ing  in 
c rys ta l-c lea r water. Such p ic tu res  are 
genera lly  very  s trik ing , bu t g ive the 
reader the im press ion  tha t a fish has 
to be big, co lou rfu l, healthy and lively. 
M any pu b lica tions  a im ed at peop le  w ith 
a specia l in te rest in f ish— fishe rm en , 
n a tu re - lo v e rs , a q u a r iu m -k e e p e rs , o r 
fish -e a te rs— set the  p ic tu re  of the fish 
against a fo reg rou nd  or backg round : 
the p ike in a pond w ith w ate r lilies 
floa ting  on the  surface, the  brow n tro u t 
in the rush ing w a te r of a stream , etc. 
A lthough  these p ic tu res are often la rge ly  
accurate, they show  only a tiny  frac tion  
of the en v ironm en t in w h ich a fish m ust 
rem ain from  the beg inn ing of its life  to 
its death. An egg m easuring  abou t 
1-5 mm p ro du ces  a larva som e 15 m m  
long w hich can deve lop in to an adu lt 
fish of som e cons ide rab le  size. To 
guarantee th is  deve lopm en t at every 
stage of the  fis h ’s life a w ide  varie ty  
of aqua tic  b io topes is essentia l. R ivers ’ 
seasonal changes are pa rticu la rly  im 
portant. They have a specia l appeal: 
rom antic  poets and com posers  were 
early  observe rs  of the d ive rs ity  o f a 
rive r in its va rious fo rm s, w h ich  they 
described  in th e ir own in im itab le  fash ion.

In extrem e ly  s im p lifie d  te rm s, a rive r 
s tarts  as a tiny  stream  w hose source 
lies som ew here  in the m ounta ins. S w o l
len w ith ra inw a te r and m elted snow, it 
m erges w ith o the r s tream s and even
tua lly  becom es a sm all river, usually 
running th rou gh  a fa irly  na rrow  valley. 
F ina lly it becom es a fu ll-s ized  river, 
reduc ing  its speed of flow  acco rd ing  to 
the vo lum e of w a te r and the te rra in  and 
m eandering  s low ly tow ards the sea 
th rough  a fla t landscape w ith  w ide  flo o d - 
p lains. From  both the hyd ro log ica l and 
the lim no log ica l po in t of view, the  uppe r 
and low er reaches of a rive r are two 
qu ite  d iffe re n t w orlds , a lthough the re  is 
a trans itiona l zone in w h ich  they ove r
lap. The d iffe rences  inc lude  the am oun t 
of w a te r ca rried , the speed of the c u r
rent, the chem ica l m ake-up  of the water, 
its tem pe ra tu re , the rive r p ro file , and 
the shape of the  rive r bo ttom  or bed. 
S im ila rly , changes are to be observed 
in the banks o f a river, in c lud ing  the 
vegetation and, not least, the  s u rro u n d 
ing coun trys ide . An add itiona l fac to r 
is the varia tion  of the  w ater level ac 
co rd ing  to ra in fa ll and the season. The 
crea tu res liv ing in a river, in c lud ing  
fish, have adap ted  to these various

(Photos G. Kraczkwoski)

Anton Lelek

env ironm en ta l cond itions. W hat th is  
de sc rip tion  of the chang ing  face o f a 
river fa ils  to po in t out, however, is tha t 
here in Europe a ske le ton is all tha t 
rem a ins o f w hat on ly decades ago was 
a fu lly  func tiona l ecosystem .

What is known about 
the environment of fish?

A lthough a g reat deal is a lready know n 
abou t the  env ironm en t of fish, it is not 
enough to  enab le us to p reserve all the  
fish in ou r lakes and rive rs  re liab ly  
and lasting ly . The m ost im p o rta n t pa ra 
m eters of w ater are now m easurab le  
to the  po in t o f pe rfec tion ; bu t the ir 
e ffects in eco log ica l te rm s are not 
fu lly  unders tood , and the sam e app lies  
to the  in fluence  of som e ha rm fu l s u b 
stances on the  health of fish.

A w ho le  series of m ethods have been 
deve loped fo r b reed ing pa rticu la r fish 
species, e.g. ra inbow  trou t, ca rp  and 
sa lm on. In m any cases, re p ro d u c tio n  
in ha tcheries  has p rogressed  to  the 
po in t tha t fry  o r la rge r fish  are used 
fo r s tock ing  free -flow ing  s tre tches of 
rivers and lakes, e.g. p ike, brow n trou t, 
p ike -p e rch , catfish , tench and som e 
w h ite fish . These practica l resu lts  are 
very im p o rtan t from  the po in t of view  of 
fishery. If we look at fish life  as a w hole, 
however, such b reed ing and s tock ing  
m easures have in m ost cases been on ly 
m arg ina lly  useful and, un fo rtuna te ly , all 
too o ften harm fu l.

It is know n that m ost fish can live and 
g row  in m odera te ly  po llu ted  w ater. The 
to le rance  lim its  have been iden tified  in 
m any cases. The lasting ex is tence of 
m any fish  species is not guaranteed, 
however, if one concen tra tes  exc lus ive ly  
on the  qua lity  o f the water. The d if
ficu lty  is tha t the fish at each stage 
of its deve lopm en t requ ires  d iffe re n t 
aqua tic  and env ironm en ta l cond itions , 
and these can often d iffe r cons ide rab ly . 
To g ive an idea of the  m any d iffe re n t 
requ irem en ts  of the  various species, 
an a ttem p t w ill be m ade be low  to des
c rib e  the  life  cyc le  of fish. The find in gs  
of fundam en ta l research have m ade a 
m a jo r co n trib u tio n  to this. It has been 
d iscove red  tha t pa rticu la r m o rp ho log ica l 
s truc tu res  reveal them se lves th ro u g h 
out the deve lopm en t o f every fish  species 
and enab le  fish to surv ive  in the ir 
respective  b io topes. For exam ple , fine  
s truc tu res  on the surface  o f fish eggs 
and th e ir b iochem ica l com p os ition  have



They need



been described , and the m orp ho log y  of 
the resp ira to ry  organs o f fish la rvae has 
been stud ied  and exp la ined. In m any 
species, the process w hereby the  larva 
becom es a young fish has been ob se rv 
ed. It has em erged tha t every stage 
requ ires a d iffe re n t env ironm en t; th is 
m ight be an aqua tic  p lan t o r gravel bed, 
or it m igh t be a question  of w ater 
depth, w ater tem pe ra tu re , cu rre n t o r the 
am ount of oxygen in the  water. The 
hab ita t o r eco tope  of fish species is 
com posed of a m u ltitu de  of physica l 
(p rope rties  of the w a te r and fo rm  of 
the substra tum ) and b io log ica l (su it
ab le  food ) param eters, w hose s ig n ific 
ance can change acco rd ing  to the 
pe riod  o f life.

The life  cyc le  of fishes can be d iv ided  
in to five  periods: em bryon ic , larval, 
juven ile , adu lt and senescent. The em 
bryonic pe riod  begins w ith  the  fe rtilis a 
tion of the  egg; its cha rac te ris tic  fea tu re  
is endogenous feed ing  from  the  ovum . 
The larval pe riod  is typ ified  by the 
trans ition  from  endogenous to  exo 
genous feed ing. This pe riod  lasts until 
the m etam orphos is  in to  a fish. The firs t 
bone tissue fo rm s du ring  th is  tim e. The 
con tinuous fin  d isappea rs  and is rep la c 
ed by actual fins. S im ila rly , the  la rva ’s 
tem po ra ry  resp ira to ry  organs (e.g. b lood 
vessels in the con tinuous  fin) recede 
when g ill deve lopm en t m akes them  
superfluous. The ju ven ile  pe riod  is m a rk 
ed by the  fac t tha t fu lly  deve loped fins  are 
present and all te m p o ra ry  organs have 
been rep laced by pe rm anent ones. It lasts 
until gonad m aturity . The cha rac te ris tic  
fea tu res are rap id  g row th  and o ften a 
juven ile  co lou ring . The adu lt pe riod 
begins w ith the a tta inm en t of sexual 
m aturity . The o ften com p le x  behav iou r 
in th is  stage of life  is usua lly  in fluenced 
by the h igh ly com p le x  rep rod uc tive  
instinct. Body g row th  now slows down. 
In the senescent pe riod , body ce lls are 
renewed on ly to a m odera te  extent, 
gam ete deve lopm en t com es slow ly to  a 
ha lt and grow th  is m in im al.

As re p rod uc tion  m arks  the  beg inn ing 
of a new genera tion  of fish, a su itab le  
spawning g round  m ust at the sam e tim e 
o ffe r favou rab le  con d itio n s  fo r the  firs t 
pe riod  of life. S tud ies  of the cond itions  
govern ing successfu l re p rod uc tion  have 
shown tha t m any fish species requ ire  
a series o f very s im ila r param eters, on 
the  basis of w h ich they can be d iv ided  
up in to spec ific  re p rod uc tive  g roups. 
Here are som e exam ples: the alosa 
species are pe lag ic  spawners, s tu rgeons 
and som e co regon idae  rock and gravel 
spaw ners, ca rps p lan t spaw ners, g u d 
geons sand spaw ners, and p ike -pe rches  
and s tick le ba cks  nest spawners.

For th is  reason, the  spaw n ing g round 
shou ld  be regarded  as a p rim a ry  co n 
d ition  fo r na tura l rep rod uc tion . Let us 
not fo rge t tha t the  k inds  o f lake and

rive r beds exis ting today are on ly a 
frac tion  of w hat used to  be available; 
m any habita ts have d isappea red  a lto 
gether. The tu rn ing  of s tre tches of rive r 
in to  d ra inage  channels shou ld  be re g a rd 
ed as the p rim a ry  cause o f the dec line  
and g radua l d isappea rance  of m any 
fish species. Efforts to im p rove  w ater 
qua lity  are by them se lves insu ffic ien t 
to ach ieve fa r-reach ing  success in such 
cases.

What can be done?

Fish w ere  a lready regarded  as useful 
p roduc ts  of na ture in anc ien t tim es. 
In p ractica l fishe ry  today they rep resen t 
a resou rce  tha t is cons tan tly  renewed. 
W hen the very ex is tence of the fre sh 
w a te r fish ing  indus try  becam e increas
ing ly  th rea tened  by po llu ted  and con 
tam ina ted  bod ies of water, it endeavour
ed to  preserve som e usefu l species. 
The eel seem ed to be best su ited fo r 
th is  purpose, and its w idesp read  in tro 
duc tion  proved very successfu l. A fte r 
the  last few years, in w h ich  e ffo rts  to 
im p rove  w ate r qua lity  have, loca lly  at 
least, p roduced  the ir f irs t positive 
resu lts, the  in tensive in tro du c tion  of 
eels sudden ly  appears in qu ite  a d iffe r
ent light; in som e b io topes w here rem 
nants of the orig ina l fauna  have been 
ab le to  con tinue  re p rod uc in g  naturally, 
the eel popu la tion  has becom e so dense 
tha t a la rge p ro po rtion  o f the  fish 
y ie ld  is dec im ated by them . This ap 
p lies not on ly to the few  rem a in ing 
backw ate rs, bu t also to  the  upper 
reaches of sm allish rivers, the  hab ita t 
of g ray lings and trou t. T here  it has been 
found  tha t eels accoun t fo r 20 % to 
40 % of the to ta l fish popu la tion . They 
not on ly  com pete  w ith m any fish species 
fo r food, but also m ake a substantia l 
co n trib u tio n  to the de p re da tio n  of the 
"sm a lle r" species (loaches, bu llheads, 
m innow s and, to som e extent, lam preys) 
and the young of the  brow n trou t. One 
so lu tion  w ou ld  be to change conserva 
tion  m ethods, w h ich have so fa r co n 
cen tra ted  too heavily on fish  stocks. The 
eel was m entioned here on ly as an 
exam ple.

If we w ant to change the, in many 
cases, h igh ly  un favou rab le  con d itions  
a ffecting  fauna com p os ition  in ind iv idua l 
bod ies of water, env ironm en ta l eng inee r
ing is the p ro pe r approach . The firs t 
req u ire m en t is tha t w a te r qua lity  in 
po llu ted  rivers should be im proved . 
U n like  th is  pe rfec tly  a tta inab le  goal, 
the  idea of re tu rn ing  all rive rs to the ir 
o rig ina l s tate is un rea lis tic . It has been 
shown in practice  tha t it is possib le  
to res to re  ind iv idua l hab ita ts and even 
increase the range of species present. 
The in tensity  w ith wh ich w o rk  is p ro 
ceed ing in th is  fie ld  is ap pa ren t from  
a lis t of pub lica tions  (800 papers, US

At every stage in the fish’s life a wide variety of aquatic biotopes is essential 
(Photo G. Kraczkowski)

D epartm ent of A g ricu ltu re , 1982) d e 
scrib ing  poss ib le  ways o f im p rov ing  or 
reorgan is ing  hab ita ts in tro u t waters. 
O nce again we are concerned  here 
w ith fish species tha t are a ttrac tive  to 
peop le as ob jec ts  of spo rt o r sources 
of food.

Habita ts can a lm ost ce rta in ly  a lso be 
created fo r those species wh ich are 
less w e ll-know n and una ttrac tive  from  
the po in t of view  of fishery. The firs t 
step in th is d irec tio n  should be to  ca rry  
out an extensive survey of endangered  
fish species and de scribe  the ir hab ita ts  
in the  ligh t o f the  needs o f the  ind iv idua l 
species in its life  cycle. A universa l 
m odel fo r all the  various k inds  of 
habita ts  is not to  be recom m ended . It 
seem s m ore useful f irs t to fill in the 
gaps s till rem a in ing  in our know ledge  
of the life  h is to ry  o f certa in  fish species 
(e.g. the  zinge l o r the  g ro un d ling ). The 
a p p ro p ria te  species shou ld  be in tro 
duced in to  hab ita ts  w h ich  seem  su it
ab le fo r pe rm anent settlem ent. In the

m a jo rity  of cases they have a lready lived 
in these b io topes, and so it is usually 
a question  of ré in trod uc tion  in the 
cou rse  of env ironm en ta l eng ineering  
p ro jec ts  com b ined  w ith  im p rovem ents  
to w a te r quality. The p rov is ion  o f new, 
sem i-na tu ra l hab ita ts  is a fu rth e r re 
qu irem ent.

It w ou ld  seem tha t th is  p rob lem  cou ld 
be solved m ost easily in fas t-flow ing  
stre tches of rivers (up pe r reaches or 
tro u t reg ion). In the way o f illus tra tive  
m ateria l, the re  is still an abundance  of 
na tura l b io topes in the  m ounta ins  of 
Europe w hich cou ld  be used as m odels 
fo r the  rehab ilita tion  of sp o ilt s tre tches 
of rivers. In the  m id d le  s tre tches of 
rivers, known as the  gray ling  and barbe l 
reg ion, the re  are o ften a lready lim ited  
op po rtu n itie s  fo r favou rab ly  in fluenc ing  
o r trans fo rm ing  the con d ition  b rough t 
abou t by hum an activ ity. R ivers were 
usually dam m ed up here in the  past to 
p roduce  energy. The re lics, e.g. w ater 
m ills  and saw m ills, now lie abandoned in

m any cases. The w e irs have been p re 
served, however, and fo r reasons of 
hyd ro logy  and w ater m anagem en t the ir 
d e m o lition  is v irtua lly  inconce ivab le . In 
these cases, in o rd ina te ly  long s lack- 
w a te r hab ita ts shou ld  be in te rrup te d  by 
stre tches w ith a s tronger cu rre n t, e.g. 
th rough  the crea tion  o f m ore gently  
s lop ing  rive r beds (rock fills ). The lower 
reaches of rivers are o ften navigable 
and fr ing ed  w ith hum an settlem ents; 
hence they canno t be re tu rned  to the ir 
fo rm e r state. Neverthe less, even here 
the re  are num erous po ss ib ilities  fo r 
p reserv ing habita ts o r c rea ting  new 
ones, e.g. by reconnecting  a rtific ia lly  
separa ted backw aters and ponds to  the 
river.

In the last analysis, it shou ld  be left 
to fishe ry  b io log is ts  to d raw  up en v iro n 
m enta l eng ineering  p ro jec ts  and take 
resp on s ib ility  fo r m anag ing g ro up s  of 
species in the ir p rope r b io topes. A.L.



All is not lost

Henri Hoestlandt

T hat the  liv ing w o rld  o f w h ich  we 
are part has evolved w ith  the pas
sage o f tim e  is an accepted fac t 

and one w hich sc ientis ts  have c learly  
proved. That b io log ica l evo lu tion  is c o n 
tinu ing  is a lso accepted in theory, 
a lthough in p rac tice  we th ink  we live in 
a b io log ica l w o rld  w h ich is s tab le  and 
fixed , in o ther w ords, changeless. It is 
true  tha t na tura l evo lu tion  is slow  and 
that it is d iff ic u lt to observe spec ific  
exam ples of evo lu tion  du rin g  a hum an 
life tim e o r even over a few  hundred  
years. F urthe rm ore , the evo lu tion  caus
ed d irec tly  o r in d ire c tly  by m ankind

Sturgeon (Photo Jean-Louis Duzert)

is p ractica lly  on a hum an scale; th is  is 
pa rticu la rly  the case as regards a 
num ber o f van ish ing  species in m any 
b io topes.

A m ong the th rea tened  species o f fre sh 
w ater fish  in Europe, a d is tinc tio n  m ay 
be draw n between those o f little  or no 
value as food and the  rest. The fo rm e r 
are of in te rest on ly  to ich thyo log is ts , 
w h ile  the  la tte r are o f in te rest to the 
consum ers we all are.

We shall m ention very b rie fly  the spe
cies in the firs t g ro u p  and go in to 
g rea te r deta il on those  in the  second, 
beg inn ing w ith genera l b io log ica l as
pects, then po in ting  to  the causes fo r 
the reduc tion  in th e ir num bers, and 
fina lly  m en tion ing  ways of try ing  to  co n 
serve them .

Fish declining in numbers

W e shall g ive two exam ples of fishes 
w ith no va lue as food.

The firs t is the b ittle ring  (Rhodeus  
am arus), found in cen tra l and western 
Europe. A pa rticu la r cha rac te ris tic  of 
th is  sm all fish (6-7 cm long) is tha t 
it depos its  its eggs in freshw ater m us
sels (Unio  and A nodonta ), were the 
fry  rem a in  fo r th ree  to fou r weeks 
before sw im m ing  away. These large 
m ussels are dec lin ing  in num bers  as 
a resu lt of the d e te rio ra tion  in the 
natural env ironm en t, po llu tion  and, in 
pa rticu la r, p reda tion  by the  coypu and 
m usk rat. This is the re fo re  lead ing 
ind irec tly  to  the slow  d isappea rance  of 
the  b itte rling .

The second exam ple  is the rive r b lenny 
(B lenn ius flu v ia tilis ), w h ich is d is 
tribu te d  th ro u g h o u t the  pe rip he ry  of the 
w estern M ed ite rranean. Th is fish, 10 cm 
long, needs pu re  w ate r on a s tony or 
rocky bed. Because of its eco log ica l 
dem ands and the vu lne ra b ility  of its 
spawn, th is  species is van ish ing.

Am ong the species o f in te rest to us as 
food we shall g ive th ree  m ain exam ples 
— the sturgeon , the  sa lm on and the shad. 
A ll th ree  are anad rom ous m ig ra ting  
species, in o ther w o rds  they rep rod uce  
in fresh w ater bu t spend m ost of the ir 
g row ing tim e  at sea.

There  are seven species of European 
s turgeon , but six are all bu t con fined  
to the USSR; on ly one (A c ip en se r  
s tu rio )  lives in the A tlan tic , the M e d ite r
ranean and the B lack Sea. This s turgeon 
ascends freshw ater rive rs  in sp ring  to 
spawn; the eggs (know n as caviar) are 
depos ited  on g rave lly  rive rbeds  at a 
depth  o f 6 to 8 m and attach them selves 
to stones or aqua tic  p lan ts. The young 
fish live in freshw ater rive rs  o r estuaries 
un til the age of th ree  years, be fore 
go ing dow nstream  to the  sea. G row th 
at sea, in w ater 20 to 50 m deep, 
is rap id ; the  s turgeon reaches a length 
of 2.5 m in abou t 40 years. M ales are 
m atu re  at abou t 14 years, fem ales at 
abou t 18. A fte r spaw ning, the adu lt fish 
re tu rn  to  the sea.

This s tu rgeon  has becom e rare, if not 
ex trem e ly  rare. It is s till found  in the 
G ironde  estuary, the G uada lqu iv ir, Lake 
Ladoga and the  B lack Sea. Its ra rity  
is illus tra ted  by the  fac t tha t 250 s turgeon 
were caugh t in the  G iron de  estuary in 
1953 and on ly  4 in 1983; it is u n d e r
s tandab le  tha t fish ing  fo r s tu rgeon  is 
fo rb id d e n  in F rance at present.

The A tlan tic  sa lm on (S alm o s a la r) en ters 
fresh w ater in Europe and N orth  A m erica  
to  spawn, usually in w in te r. The fem ale  
ho llow s ou t a "n es t" in the  gravel bed 
and the m ale fe rtilises  the  eggs shed by 
the fem ale. Few adu lt fish  (ap p rox im a te ly  
5 %) re turn  to the sea to begin a second 
o r th ird  spaw ning cycle.

The da rk -co lo u re d  young sa lm on, called 
parr, spend one to e igh t years in fresh 
water, depend ing  on la titude ; they then 
go down to the  sea in sp ring , tak ing 
on a s ilver live ry— they are now called 
sm o lts  and are 12-16 cm  long. It has 
been known fo r a nu m ber of years that 
sa lm on g row  at sea fo r a pe riod  of one 
or two years in spec ia l "fa tten ing  
a reas” , th ree  o f wh ich are well known 
and accoun t fo r 80 % o f all salm on. 
They are located o ff the  west coast 
of G reen land, in the  N orw eg ian Sea, 
and near the Faeroe Islands. W hen go ing 
upstream  to spawn, the  sa lm on use 
the ir keen sense of sm ell to re tu rn  to 
the freshw ater area w here  they were 
hatched (“ ho m in g ” ); the  m em ory of the 
sm ell is “ reg is te re d ” du rin g  the  sm o lt 
stage. N avigational e rro rs  are very  rare.

In the  past sa lm on w ere  abundant 
around the coast of Europe. The fo l
low ing fact is always quo ted  in th is 
respect: in B rittany, ag ricu ltu ra l w o rke rs ’ 
con trac ts  used to s tipu la te  tha t sa lm on 
cou ld  not be served at m eals m ore  than 
two o r th ree tim es a week. That was 
qu ite  unders tandab le  in the  18th cen 
tury, when 4,000 tonnes o f sa lm on were 
caugh t o ff B rittany, bu t in 1970 the to ta l 
F rench catch was less than 30 tonnes; 
it is true  tha t F rench fresh w ate r now

Sturgeon are protected in France since 1982. When accidentally caught, they are either 
released or transferred to fishponds in the hope that they reproduce 
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has one of the low est sa lm on stock in 
Europe; the to ta l European catch is of 
the o rd e r of 13,300 tonnes.

There  are ten species o f shad in Europe, 
but e igh t of them  are on ly found  in 
the in te rna l w a te rs of the USSR. Of the 
two species found  in the A tlan tic  and 
M ed ite rranean, we sha ll m en tion  on ly 
the m ost im p ortan t, the A llis  shad 
(A losa alosa).

This shad en ters fresh  w ate r in spring  
to de po s it eggs in the  c lear w a te r of 
g rave l-bo ttom ed  stream s. M ost kelts 
die  a fte r spaw ning. The young fish g row  
rap id ly  (9-13 cm  in one year) and go 
down to the sea at the age o f one 
o r two years. G row th  con tinues  at sea 
(at depths of 200-300 m) over a pe riod  
of 3-5 years and som etim es m ore.

This shad has becom e rare in the 
rivers of no rthe rn  and northw este rn  
Europe and a round  the M ed ite rranean. 
It is s till fa irly  com m on in the west 
and sou th -w est of E urope— in the Loire, 
D o rd o g n e , G a ron ne , G u a d a lq u iv ir , 
M inho, Douro and Tagus rivers. For 
exam ple, 500 tonnes of shad were 
caught in the D o rdogne and G aronne 
rivers in 1978.

Of the  species w h ich  are still abundant 
but d im in ish ing  in num bers, m ention 
m ay be m ade o f the  com m on eel 
w h ich lives in fresh w ate r and rep roduces  
at sea (20,000 tonnes caugh t in 1963, 
and 13,000 tonnes in 1981). O ther 
exam ples are the com m on p ike  and the 
European brow n tro u t (S alm o tru tta ), 
which are still found  in our freshw ater 
rivers thanks on ly  to fish fa rm ing .

Causes of diminishing numbers

These app ly m a in ly  to  the th ree ana
drom ous species described  bu t to a 
la rge extent to the  o the r dw ind ling  
species too.

The firs t cause re la tes to the spaw ning 
g rounds in g rave lly  o r rocky rive rbeds 
in w e ll-oxygenated  c lear water. There 
are few er and few er such areas; they 
tend to becom e choked  because of the 
num erous dam s w h ich  slow  down the 
cu rre n t fu rth e r upstream  and cause 
s ilting, because of the  m any gravel 
w o rk ings  w h ich  g ive rise to the  fo rm a 
tion of s ilty  or m uddy rive rbeds, and 
because of the e u tro ph ica tio n  o f the 
w ater w h ich increases o rgan ic  and algal 
deposits. The consequence  is the death 
of m any eggs, w h ich  becom e coated 
w ith silt, m ud o r o rgan ic  depos its  and 
are the re fo re  starved o f the oxygen 
necessary fo r the ir deve lopm ent.

The second cause is a s low ing down 
in grow th  caused by the im p ove rish 
m ent of the  benthos. This is due to 
the g row ing  sca rc ity  of rocky o r stony 
rive rbeds and t< physica l and chem ica l

po llu tion . The benthos p rov ides  a co n 
s ide rab le  p ro po rtion  of the  food  of young 
m ig ra ting  fish.

M ention  should also be m ade of the 
cons ide rab le  obstac les to m ig ra tion  
caused by the  m any dam s w hose effects 
are on ly seen at a la te r stage. W hile  
fish ladders are o ften p rov ided , even 
the best of them  do not a llow  all 
spaw ning fish to pass; the  resu lt is 
the  m ore o r less rap id  decrease in 
num bers  of anadrom ous species.

Lastly, m ention shou ld  be m ade of ove r
fish ing on both an in d iv idu a l and m ore  
pa rticu la rly  an indus tria l basis; in c reas
ingly soph is tica ted  eq u ip m e n t is used 
fo r the  la tte r— fo r exam ple , Danish 
fishe rm en catch sa lm on in the  fa tte n 
ing area off G reen land w ith  ex trem e ly 
e ffective  nets m ade of s ing le -s trand  
nylon w h ich are a lm ost inv is ib le  to  the 
fish.

Hopes for recovery

O ur hopes m ay be p inned on hum an 
activ ity  in th ree  m ain d irec tions : fish 
fa rm ing , w a te r pu rifica tion , and national 
and E uropean regu la tions.

F irstly we m ust be ab le to rep roduce  
th rea tened  species a rtific ia lly  and often 
m ust m ake prov is ion  fo r th e e a r ly d e v e lo p  
m ent o f the young fish; th is  can be done 
by p lacing the  fe rtilised  eggs or young 
fish in a su itab le  aqua tic  m ed ium . This 
m ethod has a lready been used fo r tro u t 
(using V ibe rt boxes, fo r exam ple), sa l
m on and pike, but shou ld  be deve loped 
fu rthe r. Im proved techn iques  should 
m ake th is possib le  fo r the shad and 
even the sturgeon.

Second ly, w ater pu rifica tion  techn iques 
m ust be in tens ified  th rou gh  m ore e f
fec tive  a n ti-po llu tion  m easures. It is 
essentia l to reduce  urban and industria l

po llu tion  by m ore  s tringen t w a te r tre a t
m ent. Care m ust also be taken to preven t 
ag ricu ltu ra l fe rtilise rs , pestic ides and 
he rb ic ides  from  seeping in to  ou r fresh 
water. As a conso la tion , we m ay m en
tion the  exam ple  of the Tham es w here 
no sa lm on had been caugh t fo r 160 years 
but where, in 1973, one was taken 
16 m iles upstream  from  London Bridge.

F ishing regu la tions are ca lled  fo r at 
both national and European level and 
should take accoun t of recent b io log ica l 
know ledge  of the species in question . 
To take jus t one exam ple , the sa lm on: 
we know  tha t its ra rity  in F rance is 
la rge ly due to the inadequacy  of 
regu la tions in the re la tive ly  recent past, 
but tha t p resen t regu la tions augur a 
b righ te r fu ture . On a European scale, 
it is g ra tify ing  tha t the  Danes have 
agreed to reduce  the ir fish ing  in the 
sa lm on fa tten ing  area o ff G reen land 
(1,191 tonnes at present); th is  w ill 
ensure the sa lm on ’s con tinu ing  presence 
in the rivers of Europe and hence in 
the fa tten ing  areas.

It is ex trem e ly  fo rtuna te  tha t at p resen t 
the European C om m unity  is aw are of 
the p rob lem  of reconstitu ting  fish stocks. 
W hile  it is not poss ib le  to hope fo r a 
com p le te  re tu rn  to the past (evo lu tion  
is not a backw ards m ovem ent), we may 
neverthe less achieve a new b io log ica l 
ba lance as a resu lt of the  w o rk  of 
various sc ien tific  and ad m in is tra tive  
bodies in o rd e r to satisfy hum an re q u ire 
m ents both in te rm s of food and le isure.

H.H.
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The galaxy of ecosystem s m aking 
up ou r p lanet is am azing ly w e ll- 
equ ipped , w ith  its b io log ica l chain, 

a tm osphe ric  agents and tra n s fo rm a 
tion  and regenera tion  cycles, to  cope 
w ith all po llu tion  processes of na tura l 
o rig in . The m echan ism s essentia l to 
its b io log ica l e q u ilib riu m  are now under 
serious th rea t, however, from  a fo rm  
of chem ica l and b io log ica l w arfa re  
tha t is an in iqu itous  b y -p ro d u c t of p ro 
gress.

One of the  m ost harm fu l p ractices is 
the use of la rge quan tities  of de te rgen ts  
con ta in ing  a high concen tra tion  of 
phosphates, not so m uch fo r w ashing 
purposes as to cou n te ra c t the  salts 
in hard w ate r and soften it fo r house
hold use.

A dm itted ly , im m e d ia te  resu lts are as
sured, but the  consequences are m uch 
m ore  d ras tic  than the  in itia l p rob lem : 
the excessive level of ph osp ho ru s - 
con ta in ing  com p ou nds  causes algae to 
p ro life ra te , g iv ing  rise to a state of e u tro 
ph ica tion  w h ich  k ills  o ff liv ing o rgan ism s 
in lakes and seas. The dam age de fin ite ly  
ou tw eighs the benefits, as is all too  
often the  case w ith  p ro du c tion  processes 
(there are w e ll-know n  exam ples). Such 
processes are accepted w ith a la rm ing  
sho rt-s igh tedness  fo r the sake of p ro 
gress and w hat is taken fo r w e ll
being, w h ile  the  high price  tha t m an 
will pay fo r the  dam age to the en v iro n 
m ent is ove rlooked .

The need for political awareness

The tox ic  e ffects of env ironm en ta l p o l
lu tion , w h ich  has now spread to all pa rts  
of the b iosphere , have been known fo r 
som e tim e  and are being w ide ly  in 
vestigated. T he ir s tudy has given b irth  
to the  new sc ience of eco tox ico logy, 
one of the  a im s of w h ich is to fu rth e r 
our as yet in com p le te  know ledge  abou t 
the extrem e ly  com p le x  opera tion  o f eco 

system s and the ir in te rde pen de nce— for 
they are obv ious ly  in te rre la ted . On the 
o the r hand, we have yet to see the 
em ergence of a po litica l aw areness of 
the p rob lem , w h ich  has inhe ren t socia l 
and hence po litica l im p lica tions , and 
the resources ava ilab le  fo r the  de ve lop 
m ent of th is  sc ience and fo r e n v iro n 
m enta l p ro tec tion  are a lm ost always 
m odest and invariab ly  inadequate  and 
badly d is tribu te d . Yet the  usefulness 
of such research and the  u rgen t need 
to expand and co -o rd in a te  it and tra n s 
late its f ind in gs  in to  p ractica l p ro jec ts  
are undeniab le .

The toxic effects of pollution

As we have b rie fly  seen, m any extrem e ly  
com p lex fac to rs  and num erous sub 
stances are respons ib le  fo r w a te r po l
lu tion , w ith  vary ing  effects on the 
env ironm en t. They inc lude  oxygen co n 
cen tra tion , pH (which I shall m ention 
b rie fly  s ince the  im p o rtan ce  of acid 
rain canno t be ove rlooked ), ca rbon  
d iox ide , surface tension , osm o tic  p re s 
sure, tox ic  substances, o rg an ic  waste, 
and so fo rth , not to m en tion  a fac to r 
of vita l im portance  to f is h — tem pera tu re .

O nce th is  has been unders tood , we can 
boil down the assessm ent o f the  capac ity  
of w ater to sup po rt life  to  the  eva luation 
of th ree  fundam en ta l fac to rs , fo r it is 
not poss ib le  to analyse them  all here:
- the quan tity  of d isso lved oxygen;
- tem pe ra tu re  and its fluc tua tions ;
- the presence of to x ic  substances of 

various k inds.

We shall the re fo re  exam ine  the  tox ic  
effects of po llu tion  on fish, tak ing  
accoun t of two pa ram ete rs  c ruc ia l to 
the surviva l of aqua tic  organ ism s: tem 
pera tu re  and the  d isso lved oxygen co n 
cen tra tion . These pa ram e te rs  are, m o re 
over, c lose ly  in te rre la ted  since, as the 
tem pe ra tu re  rises, the  qu an tity  of oxygen 
which can no rm a lly  d isso lve  in the  w ater 
decreases. That is why coo l w a te r is 
m ore  h igh ly oxygenated than w arm er 
water.

The w ater tem pe ra tu re , w h ich  has a 
de fin ite  e ffect on the  oxygen co n cen tra 
tion, is o f c ruc ia l im p o rtan ce  to the 
m etabo lism  of the  various species of 
fish, fo r fish are c o ld -b lo o d e d — tha t is,

the ir body tem pe ra tu re  varies  w ith tha t 
of the  water. C onsequently , it is on ly 
w ith in  spec ific  tem pe ra tu re  ranges tha t 
th e ir enzym atic  processes can fu n c 
tion  e ffic ien tly , and th e ir m etabo lism  
and very surv iva l th e re fo re  depend 
heavily on the te m pe ra tu re  of the 
en v ironm en t in w h ich they live.

A d is tinc tio n  can be draw n here between 
eu ry the rm a l species, w h ich  read ily  adap t 
to tem pe ra tu re  fluc tua tions , a lbe it w ith in  
lim its , and the  m ore  num erous  s teno 
the rm a l species, w h ich can surv ive  on ly 
w ith in  a very restric ted  tem pe ra tu re  
range.

As fa r as resp ira tion  is concerned , it 
shou ld  be po in ted out tha t oxygen d if
fuses very slow ly in w ater and tha t the 
oxygen con ten t of sa tu ra ted w ate r is 
abou t 20 tim es lower than tha t o f air. 
In o rd e r to ex trac t and use the  oxygen, 
fish the re fo re  have to take in a m uch 
g rea te r vo lum e of w ater th rou gh  the ir 
g ills  than the  vo lum e o f a ir requ ired  
by land vertebra tes. F urthe rm ore , s ince 
the dens ity  and v iscosity  of w a te r are 
in fin ite ly  g rea te r than those o f air, fish 
have to m ake an eno rm ous e ffo rt to 
ex trac t oxygen from  w ate r fo r resp ira 
tion.

In fact, resp ira tion  accoun ts  fo r abou t 
20 % of the to ta l oxygen consum ed fo r 
the  v ita l processes: abou t 10 tim es as 
m uch as in the case o f land m am 
mals, fo r instance.

If we con tinue  to bear ou r basic pa ra 
m eters in m ind, it becom es obv ious  tha t 
a p ro trac ted  tem pe ra tu re  rise  w ill, s ince 
less oxygen can d isso lve  in the  water, 
fo rce  the fish to speed up its resp ira to ry  
process at p recise ly  the tim e  when the 
oxygen level is decreasing .

The acce le ra tion  of the resp ira to ry  p ro 
cess increases the in take of any tox ic  
substances presen t in the water. The 
very presence o f these substances can 
a ffect the  m echan ism s of resp ira tion . In 
fish the exchange o f gases takes place 
m a in ly  at the m em branes of the  g ills  
by the  o rd in a ry  m echan ism  o f re sp ira 
tion , w h ich  can be sum m ed up as the 
pe rm ea tion  of b io log ica l m em branes by 
gases.

A ll su rfac tan ts , e.g. de te rgen ts , affect 
the pe rm eab ility  of these m em branes.

The resu lt is a faster in take of such 
substances as pestic ides and heavy 
metal salts, w h ich  becom e life -th re a te n 
ing even at concen tra tions  not c o n 
sidered c ritica l under norm al cond itions .

The concen tra tion  of o rgan ic  waste can 
thus reach levels dam ag ing  to the 
de lica te  oxygen req u ire m en t e q u ilib riu m  
and the  strenuous resp ira to ry  process, 
and can becom e lethal.

By v irtue  of the natural ox ida tion  and 
ox ida tio n -re d u c tio n  processes p e rfo rm 
ed by the  m ic ro -o rga n ism s w hich break 
down o rgan ic  m atter, o rg an ic  waste 
dep le tes the w ate r of the  oxygen es
sential to the survival o f fish, w h ile  
at the  sam e tim e  the exo the rm ic  reac
tions of the  ox ida tion  processes actua lly  
raise the  tem pe ra tu re  of the water. As 
the concen tra tion  of o rgan ic  waste rises, 
it becom es d ifficu lt, if not o u trig h t 
im poss ib le , fo r the fish to  survive: 
asphyxia  occurs.

In connection  w ith  resp ira to ry  processes, 
we m ust not fo rg e t tha t tox ic  substances 
in te rfe re  w ith the tra n sp o rt of oxygen 

(Photo F. Bibal, Unesco) t0 tissues s ince they d ire c tly  a ffect

The hiqh price that man will have to pay for damage done to the environment is often overlooked the b lood  p igm ents, ju s t as n itrites
affect haem oglob in .

(Photo G. Kraczkowski)
F luctua tions in pH, even if they rem a in  
w ith in  lim its  accep tab le  to fish (no rm a lly  
between 5 and 9), a ffect the tox ic ity  
of certa in  po llu tan ts  by acce le ra ting
the ir d isso lu tion . This is true  in the 
case of am m on ium  salts, the  tox ic ity  
of w h ich  increases as the  pH rises, 
and cyan ides, w h ich are m ore to x ic  at 
low pH values.

Damage to fish and the fishing 
industry

This b rie f review  cannot be con c lu ded  
w ithou t a re ference to the dam age to 
the fish ing  industry . Fish w h ich have 
com e in to  con tact w ith acids, suspended 
m atter, caustic  substances, etc., m ay 
su ffe r sk in  lesions and abras ions w hich, 
lacking a p ro tective  layer o f m ucus, 
are rap id ly  invaded by fung i and bacte ria  
w h ich irre ve rs ib ly  dam age the ir v iab ility  
and appearance.

Dam age is also caused by m inera l oils, 
phenols, ethers, su lph ides, m ercaptans, 
etc., w h ich  a lthough they do not, at low 
concen tra tions, threa ten the surv iva l of 
the fish, g ive it such an unp leasan t sm ell 
and taste tha t it is ce rta in ly  not to  be 
recom m ended  as food. M oreover, the 
fish keeps less well and, be ing qu ick ly  
perishab le , loses still m ore  o f its c o m 
m erc ia l values.

These assertions are fu lly  bo rne  ou t by 
one cu rre n t exam ple  of dam age to fish in 
the na tura l env ironm en t, in Lake Nemi.



This fisherman still has a nice catch but for how long? 
(Photo Alain Kayser)

Lake Nemi

Lake Nem i is a sm all vo lcan ic  lake in 
the g roup  of c ra te rs  in the A lban h ills  
near Rome.

It is su rro un ded  by w oods and fa rm 
land. It has no tribu ta ries : all its w a te r 
com es from  the  ca tchm en t basin and 
from  unde rw a te r springs, w h ich  are 
not always active.

At the beg inn ing of the cen tu ry  the lake 
was c lass ified  as o ligo troph ic ; the oxygen 
concen tra tion  was at sa tu ra tion  po in t 
v irtua lly  th ro u g h o u t the  mass of water, 
the levels o f nu trien t n itrogenous and 
phospho ru s -con ta in ing  salts w ere  w ith in  
norm al lim its  and the re  was little  
p lankton.

The fish p resen t in the lake inc luded  
m any tem pe ra te -w a te r cyp rin ids , eels, 
pike, perch and a s teno therm a l N ord ic  
species of w h ite fish  (C oregonus) in tro 
duced in 1925, w h ich th rived  in the 
lake, s ince in sum m er it was ab le to find  
coo ler, adequa te ly  oxygenated deep 
water w h ich su ited  its liv ing re q u ire 
ments.

Between 1928 and 1932 the w ate r level 
was lowered by abou t 20 m etres in 
o rd e r to salvage two ancient Roman 
ships. It was then g radua lly  a llow ed to 
rise again. The new physica l and 
chem ica l con d itions  resu lting from  the 
d ra inage  o f the  lake m ade it m ore  
eu tro ph ic  than before.

In 1969 the Rom e Ich thyogen ic  Estab
lishm ent (S tab ilim e n to  Ittiogen ico  di 
Roma), em b a rk in g  on a series of 
stud ies of the  fish in the lake, found 
tha t con d itions  in genera l were still 
w ith in  norm al lim its  and tha t con d itions  
in sum m er w ere still su itab le  fo r w h ite - 
fish, w h ich cou ld  find  cool, su ffic ien tly  
o xyg en a ted  w a te r at a d e p th  o f 
15 m etres.

The p ro du c tiv ity  of the  lake, w h ich  was 
fished to the  fu ll, was the  h ighest 
in Italy fo r na tura l waters: abou t 200 kg 
of fish per hectare per year, 80 % of it 
accounted fo r by w h ite fish  alone. This 
exce llen t yie ld  qu ick ly  fe ll off, however, 
as a resu lt of the  eve r-increas ing  inpu t 
of o rgan ic  waste from  the sew ers of 
Nemi and G enzano and sewage from  a 
1,200-bed ge ria tr ic  hospita l. This proved 
de fin ite ly  too  m uch fo r the sm all lake, 
wh ich was also rece iv ing w ater tha t had 
leached fe rtilise rs  and pestic ides out 
of the su rro u n d in g  fa rm land .

The firs t v is ib le  sign tha t the hyd ro - 
b io log ica l ba lance had been destroyed  
appeared in 1974, when the surface  of 
the lake began to tu rn  red as a resu lt 
of a phenom enon known as “ w a te r 
b loo m ” , caused by the p ro life ra tion  of 
the b lue -g reen  alga “ O sc illa to ria  ru - 
bescens". The s itua tion  w orsened the 
fo llow ing  year: the re  was a m assive

p ro life ra tion  of algae, w hose d e co m p o s i
tion  and fe rm en ta tion  had v irtua lly  de 
p leted the  w ate r of oxygen be low  a depth  
of a few  m etres by sum m er 1975. As a 
result, v irtua lly  all the  fish were k illed 
off. A ll the w h ite fish  d ied and only 
a few fish o f the m ore  res is tan t species 
survived in a w eakened state which 
m ade them  prone to a ttack by fungi 
and bacteria , p resen t in abundance  in 
the severely dam aged env ironm en t.

In the  years tha t fo llow ed the re  were 
pe riod ica l im p rovem en ts  as a resu lt 
of the in tro du c tion  of res tr ic tio ns  on 
po llu ting  d ischa rges, but o rgan ic  po llu 
tion  is now a cons tan t fea tu re  of Lake 
Nemi, the  oxygen dep le tion  in sum m er 
being such tha t w h ite fish  can no longer 
survive. Am ong o the r th ings, th is  has 
seriously  a ffected the  fish ing  industry.

The Ich thyogen ic E stab lishm ent is ex 
pe rim en ting  w ith the  in tro du c tion  of a 
South A m erican  species of fish, O don- 
testhes bonariens is , w ith  a view  to 
repa iring  the  dam age, at least in part.

This fish, w h ich  be longs to  the A the ri- 
nidae fam ily, is au ry therm a l and ex 
trem e ly  res is tant to change in en 
v ironm en t, and has good o rg an o le p tic  
p roperties . The resu lts have been en
cou rag ing , bu t the d e te rio ra tion  of the 
env ironm en t last year caused the loss 
of a la rge p ro po rtion  of the  lake ’s stock 
of th is  species. Neverthe less, the  m odest 
num ber o f surv ivo rs  w ill breed and it 
w ill be poss ib le  to repopu la te  the lake 
and fo llow  up the resu lts  of the  ex
pe rim en t, w h ich w ere  encourag ing .

E.G.
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Life-giving rain?

William Dickson

ro u n d  and in la n d  w a te rs  in 
Sweden have been exposed to 
rap id ly  increas ing supp lies  of acid 

fo r at least tw en ty  years. This is 
p rim arily  due to the  increased burn ing 
of foss il fuels. The grea test a tm o
spheric  acid fa llou t takes p lace in the 
south-w est. Here the  p re c ip ita tion  is at 
least ten tim es m ore acid than it is 
assum ed to have been be fore  in d u s tria l
isation.

The bedrock in the  g rea te r pa rt of 
Sweden o ffe rs po o r p ro tec tion  against 
acid fa llou t, so m any lakes and rivers 
have becom e ac id ified .

A c id ifica tion  can be d iv ided  in to th ree  
phases. During the  firs t phase, the pH 
value is fa irly  high and stab le. The 
hydrogen ions in the  p re c ip ita tion  are 
absorbed by the  b ica rbona te  bu ffe r 
system . The second phase begins when 
th is  bu ffe r system  no longer functions 
all the tim e  and the  pH values fall 
be low  5.5. O rgan ism s liv ing  in the 
w aters are now a ffected and ep isod ic  
deaths occu r in fish  popu la tions. During 
phase th ree  the  pH value s tab ilise  at 
abou t 4.5 even if the  p re c ip ita tion  is 
m ore acid. A lu m in ium  and hum us in 
the soil and w ate r act as a bu ffe r 
system  at th is stage. W ith the decreas
ing pH values, the re  is an increase in 
the con ten t of m any m etals in the 
waters, espec ia lly  the  a lum in ium  con 
tent. These in d ire c t chem ica l changes 
in the ac id ified  w aters m ay cause m ore 
severe b io log ica l e ffects than the  in 
crease of the hyd rogen ion itself.

Acidified areas

The m a jo rity  of the  acid lakes (pH 
value less than 5) are s itua ted in the 
sou th-w este rn  part o f the country . W ith 
few exceptions, these m ust be regarded  
as ac id ified . In the  west coast area, 
abou t 75 % of the  lakes have pH values 
lower than 5.5 d u rin g  at least som e part 
of the year and 33 % have reached the 
th ird  phase (pH va lue less than 5 du ring  
sum m er). In o the r sensitive parts  of 
sou thern  Sweden, abou t 50 % of the 
lakes are ac id ified .

In the no rthern  pa rt of the  country , the

pe rcen tage o f acid lakes is lower. The 
extent of the ac id ifica tion , however, is 
m ore  d ifficu lt to estim ate  here, p rim a rily  
because pH fluc tua tions  in sm a lle r lakes 
and runn ing w ate r can be very large. 
During pe riods of m elting  snow, fa ta lly  
low pH values can occu r fo r  a sho rt 
tim e even in no rm a lly  w e ll-b u ffe red  
waters.

The to ta l num ber of acid  lakes in 
Sweden is at least 14,000 in phase 2, 
and abou t 4,000 in phase 3.
The m ost sensitive lakes in southern  
Sweden p ro ba b ly  becam e acid du ring  
the  period  1950-1970, i.e. when the 
a tm osphe ric  depos its  of su lph u r in 
creased m ost. The pH values have in 
m ost cases decreased in the  sensitive 
lakes, even du ring  the  seventies, but 
the rate of ac id ifica tion  seem s to have 
been som ew hat reduced.

Biological effects

A c id ifica tion  leads to a decreas ing  num 
ber of species of o rgan ism s at all 
tro p h ic  levels in the ecosystem .

Typica l e ffects are a m assive invasion 
of species of sphagnum , and an inc reas
ing accum ula tion  of o rg an ic  debris  
reduces m inera lisa tion , espec ia lly  in 
the litto ra l areas.

The m ost sensitive species in fish in 
Sweden are roach and m innow  (P hoxi- 
nus phox inus), fo r w h ich  pH values 
around 5.5 seem c ritica l to  re p ro d u c 
tion . Som ew hat less sensitive  are m any 
species of sa lm on ids. P ike, perch and 
above all eel seem to  be the m ost 
resistant.

Effects of ac id ifica tion  m ay be o b 
served at pH values w h ich  are not 
tox ic  to m ost freshw ater organ ism s. 
A lum in ium , however, has been proved 
to cause fish m orta lity  even in ra ther 
low concen tra tions  and to  have m ax i
m um  tox ic ity  at pH levels s ligh tly  above 
5.0.

If certa in  key o rgan ism s are w iped out 
by a lum in ium  po ison ing, or by som e 
o ther agent, th is  w ill have an e ffect 
on the w ho le  ecosystem . T he re fo re  m any 
effects of ac id ifica tion  a re  be lieved to

be secondary  effects, caused by ch a n g 
ing nu trien t, com petitive  and p reda to ry  
cond itions.

A cco rd in g  to local consu ltan ts, a c id if ic a 
tion has caused the Sw edish crayfish  
(Astacus astacus) to dec line  in as m any 
as 20 % to 30 % of the to ta l nu m be r 
of lakes in sou th -w este rn  and cen tra l 
Sweden. The to ta l lake area w h ich  is 
known to be affected has been c a lcu la t
ed at abou t 115,000 hectares, p lus 
abou t 150,000 hectares w h ich are as
sum ed to be affected.

In the  south-w est, the  sensitive and 
fo rm e rly  very com m on roach has d e c lin 
ed in abou t 2,000 lakes la rge r than one 
hectare, w h ich  m eans in abou t 5 % of 
all the  lakes in tha t area.

In sou thern  and cen tra l Sweden, fish 
stocks in abou t 2,500 lakes have been 
dam aged by ac id ifica tion  and in a fu rth e r 
6,500 the  stocks are assum ed to have 
dec lined . This num ber (9,000) c o r
responds to abou t 10 % of all the lakes 
in Sweden and 10 % o f the  to ta l lake 
area o f the  country.

A tho ro ug h  know ledge o f the e ffects 
of ac id ifica tion  in la ke -rich  no rthern  
Sweden is still lacking. We know, how 
ever, tha t m any sm all and no rm a lly  
w e ll-b u ffe red  stream s in tha t area may 
have very low pH values and high 
concen tra tions  of a lum in ium  du ring  the 
pe riod  o f m elting snow.

Liming against acidification

In an a ttem p t to com b a t ac id ifica tion , 
a la rge -sca le  lim ing p ro g ra m m e  has 
been started . A bo u t 3,000 lakes have 
been lim ed over the  last few  years. 
M uch of the cost is m et by the State: 
th is  year 70 m illion  Swedish k rone r 
(8.5 m illion  US do lla rs) is be ing spent. 
A lthough  the b io log ica l e ffects are 
positive, th is  chem ica l trea tm e n t can 
on ly be regarded  as a te m p o ra ry  so lu 
tion. The p rob lem  can on ly be fina lly  
solved by a sharp  reduc tion  in acid 
em iss ions to the a tm osphere . The 
depos its  o f su lph u r m ust be reduced 
to less than 0.5 g per square  m e tre / 
year. W.D.
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Bernard Büttiker

Lake G eneva is the la rgest m ass of 
w ater in cen tra l Europe. It is up to 
300 m deep, w ith a surface  area of 

582 km 2 and it con ta ins 89 km 3 of 
water. However, the  varie ty  of fish in 
its waters, 25 species, is very low 
com pared  to o ther reg ions of Europe, 
especia lly  the  Danube basin o r the 
Iberian peninsula. M any species w h ich  
inhab ited  cen tra l Europe be fore  the 
last ice age, when the re  was a m ucn 
g rea te r varie ty  of fish than the re  is 
today, d isappea red  when the con tinen t 
was invaded by g lac ie rs. Then ge o 
graph ica l ba rrie rs  h indered the re s to ck 
ing of the reg ion. The Lake G eneva 
basin was espec ia lly  iso lated because 
several m ig ra to ry  species were not ab le 
to swim  up the Rhone to  the  lake.

On the  o ther hand, 11 species have 
been in troduced  in to the Lake G eneva 
basin over the  last few  hundred  years. 
Two ind igenous species (or races) of 
co regonus of s ig n ifica n t econom ic  value, 
the "fe ra " and the “ g ravenche” d is 
appeared because of ove r-fish ing  at the 
beg inn ing of the cen tury. These were 
rep laced by the  powan (C oregonus  
lavare tus) from  Lake N euchâtel.

Two sa lm on ids, the lake tro u t and the 
char are surv iv ing  well at the  m om ent. 
However, the  natura l spaw n ing g rounds 
of these two species, both of wh ich are 
very va luab le  as w ild life  and fo r fish ing , 
are under threat: those  o f  the  cha r are 
like ly  to be buried  unde r m ud as a con 
sequence of eu troph ica tion , w h ils t the

tro u t ’s m ig ra tion  rou te th rou gh  affluents 
to its b reed ing areas m ay be cu t o ff by 
the con s tru c tion  of dam s and o ther 
deve lopm ents.

Trends in fishing

The perch is the  species m ost sough t- 
a fte r by fisherm en, espec ia lly  in S w itze r
land. The powan, the lake trou t, the  p ike 
and the cha r are also caugh t regu larly . 
Because o f eu troph ica tion  (the e n rich 
m ent of the lake w ate r by dom estic  
and ag ricu ltu ra l fe rtilise rs ) and c o n 
s id e ra b le  im p rovem ents  in fish ing  m e th 
ods, the yie ld  from  pro fess iona l fish ing  
increased regu la rly  fo r decades to  reach 
som e 1,500 tm  in the years 1971 to 
1975 (23.7 kg /ha ). This progress ion , 
due  m ain ly  to  a d ra m a tic  increase in 
p e rch -fish ing , was b ro ug h t to a sudden 
halt in 1977. The fish y ie ld , especia lly  
tha t of p ro fess iona l fishe rm en , p lum 
m eted. The perch popu la tion  on ly re 
estab lished itself in 1983 and m ore so 
in 1984.

Franco-Swiss co-operation

B efore the Franco-Sw iss A greem en t on 
fish ing  in Lake Geneva en tered in to 
fo rce  in 1983, the au tho ritie s  in the 
two coun tries  agreed on co -o rd in a ted  
action  to con tro l fish ing in Lake Geneva. 
M easures especia lly  des igned  to res tric t 
perch fish ing  were dec ided  upon. These 
w ill com e in to e ffect in 1985. A w o rk 
ing g ro up  of sc ien tis ts  from  both c o u n 
tr ies  was also fo rm ed . Its b rie f is to 
estab lish  be tte r co -o rd in a tio n  in re 
search in to the  fish of Lake Geneva, and 
to p rov ide  the necessary sc ie n tific  basis 
fo r  fish ing  m anagem ent.

Prospects for the future

A be tte r know ledge of the  b io logy of 
these fish m ust be ga ined, so tha t the ir 
num bers m ay be con tro lled , to ensure  a 
good  lo ng -te rm  yie ld. Th is w ill p revent 
the lake from  being ove r-fished . But 
how is the  consum er to be conv inced  
tha t fish o the r than perch, all equa lly  
tasty, live in Lake Geneva? In the past, 
such a ttem pts  to  in fo rm  the pub lic  have 
often m et w ith fa ilure .

The au tho rities  are a lso concerned  w ith 
pro tecting  the  lake ’s env ironm en t. De
te rio ra tio n  in the qua lity  of the  w ater 
has reached a c ritica l stage, and the 
state of the  lake m ust be im proved 
im m ed ia te ly , be fore  a po in t of no re turn  
is reached. F inally, the rem nan ts  o f the 
natura l sho re -line  m ust be saved, and 
the fishe s ’ spaw ning g ro un ds  preserved.

B.B.

Stocking 
and 
re-stocking

M. P. Grimm

Stock ing  natura l w a te rs w ith hat
che ry -rea red  ind iv idua ls  of au toch 
thonous species has rocke ted  in 

po pu la rity  s ince W orld  W ar II. The 
m a in tenance and enhancem ent of f is h 
ery y ie lds is the  goal a im ed at in general. 
O r in o ther w ords: to  m ain ta in  the 
popu la tion  dens ity  at a m axim um  c a r
ry ing capac ity  of a w a te r system  or at 
least to preven t th is  dens ity  decreas
ing be low  a certa in  lim it o ften set 
acco rd ing  to econom ic  c rite ria .

A t f irs t s tock ing  was practised  to 
cou n te ra c t the  negative im p ac t caused 
by hab ita t m od ifica tions  due  to hum an 
in fluence. M ore  recently, the fish ing  
p ressure  being such tha t popu la tions  
can be overfished, to  p reven t dep le tion . 
In genera l the  lowest c o s t/b e n e fit ra tio  
is a im ed at; thus, ind iv idu a ls  s tocked 
are o f the  sm allest eco log ica lly  acce p t
ab le  size and the na tura l p ro du c tiv ity  
o f a w a te r system  is used to  achieve, 
by grow th, the a fo rem en tioned  carry ing  
capacity.

Recently we know  of s tock in gs  where 
these c o s t/b e n e fit ra tios are cons idered  
less im portan t, e.g. the  s tock ing  of 
a rtif ic ia lly  p ropagated in d iv idu a ls  to 
conserve  a th rea tened species, the  re 
popu la tion  o f w a te r system s a fte r en 
v ironm en ta l d isasters, such as the s p il
ling o f tox ic  substances.

Salmon fry in the Rhine

The re lease of sa lm on fry  in the  rive r 
Rhine tr ibu ta rie s  was one o f the firs t 
la rge -sca le  s tock ings  in natura l w ater 
system s in Europe. These s tock ings  
took p lace from  the second half of the 
last cen tury, bu t w ithou t ach iev ing the ir 
ob jec tive  w h ich was to s top  the d e c lin 
ing num bers of adu lt sa lm on re tu rn ing  
in the hom e-run  to  the ir rive rs o f o rig in .

A fte r W orld  W ar II the p rac tice  of s to c k 
ing m ig ra to ry  young +  2 year old sa lm on 
("sm o lts ") near the  m outh  of the rive r 
proved h igh ly  successfu l. S tock ing  w ith 
“ sm o lts ” is now practised  w orldw ide . 
O ther repu ted ly  successfu l s tock in gs  are 
those o f elvers, com m on ca rp  and, in 
som e countries , coregonus. These suc 
cesses, m ost of w h ich concern  species 
w h ich no longer rep rod uce  success
fu lly  unde r p reva iling  natura l cond itions, 
poss ib ly  led to the  fee ling  tha t s tock ing  
in genera l is a successfu l too l in fishe ry  
m anagem ent.

W hatever the reason, now adays p ra c 
tica lly  all European coun tries  practise  
s tock ing  w ith a w ide varie ty  of species. 
Evaluations however a re  few  and the 
assessm ent o f success o r fa ilu re  is o ften 
con trovers ia l.

The introduction of allochthonous 
species

The o ldest la rge -sca le  in tro d u c tio n  in 
Europe concerns the d is tr ib u tio n  o f the 
com m on carp . M ost in tro d u c tio n s  of 
a lloch thonous species have been m uch 
m ore recent, occu rring  m ain ly  over the 
last tw o o r th ree  decades. The m anage
m ent goal is to im prove  fishe ry  revenues. 
O ften it is supposed tha t an eco 
system , w hethe r o r not changed by m an- 
m ade factors, ha rbours  vacant niches 
and the re fo re  is not fu lly  exp lo ited  by 
the fish  popu la tion  present. The in tro 
duction  of sa lm on id  species in A rc tic  
lakes in Sweden, w here no p re da to r 
fish species was present, and the 
in tro du c tion  of s ilver ca rp  (a ph y to 
phagous species) in the  heavily eu tro - 
ph ica ted Lake Balaton a re  instances 
of such a ttem pted  n iche -filling  in tro 
ductions.

Fish-breeding facilitates the re-stocking of lakes and watercourses 
(Photo 0. V. B.-Foto)



Unintended in tro du c tions  also occur. 
The pene tra tions of the two m arine 
species sea la m prey  and a lew ife  in the  
G reat Lakes (US) is a no to rious  acc i
dental in tro du c tion . In trod uc tion s  by 
neg ligence estab lished  abundant roach 
popu la tions in Ire land (con tinen ta l p ike 
anglers re leased the rem ains of the ir 
im ported  live -ba it stock). The re lease 
of o rnam enta l fishes estab lished local 
popu la tions of such fish as gupp ies  and 
pum pkinseed  (E upom otis  g ibbosus). An 
in tentiona l, illegal in tro du c tion  es tab 
lished a p ike -p e rch  popu la tion  in East 
A ng lia  (UK).

The effects of introductions 
or stocking

As w ith in tro du c tions  of a lloch thonous 
species in genera l, those of fish spe 
cies a lso vary in the ir effect from  c o m 
plete d isaste r (as was the case w ith 
the pene tra tion  of sea lam prey and 
alew ife in to  the  G reat Lakes) to o c 
casional co m p le te  success. In troduced  
a lloch thones unab le  to  rep rod uce  in 
the ir new en v iro nm en t (the w h ite  am ur 
in no rth -w est Europe) be long to  the 
fo rm e r category.

O ften the bene fic ia l a n d /o r de trim en ta l 
e ffects are d isp u ta b le  but it appears 
tha t de le te rious  e ffects on native fish 
com m un itie s  can all too  often be 
observed.

A c k n o w le d g in g  the se  d is a d v a n ta g e s  
m em ber coun tries  of the European 
In land F isheries A dv isory  C om m ittee  
a d o p te d — in c lose co -o pe ra tion  w ith 
the In ternationa l C ouncil fo r the Ex
p lo ra tion  of the  Sea— a code of p rac tice  
by w h ich  the  risk o f adverse effects 
of in tro du c tions  can be reduced to 
to le rab le  levels.

H istory proves tha t once a species has 
passed a bo rd e r it shou ld  be cons idered  
as having been in troduced  in a country. 
In th is  respect the  la rge-sca le  u n co n tro l
led trans fe r of o rnam enta l fishes wh ich 
is com m on p rac tice  in m ost coun tries  
is of g reat concern .

As m entioned before, the effects o f in tro 
ductions are o ften uncerta in  and de ba t
able. The sam e ho lds fo r s tock ing  w ith 
au toch thonous species. Due to our lack 
of know ledge  of the  popu la tion  dyn am 
ics of v irtua lly  all fish species, the 
am p litu de  of the num erica l yea rc lass- 
streng th  in tim e  is unpred ic tab le . Thus 
the effects o f s tock ing  canno t be q u a n 
tified . The im p o rtan ce  of th is b io log ica l 
in fo rm a tion  is illus tra ted  by an eva lua
tion  of the s tock ing  of a rtif ic ia lly  p ro 
pagated N orthern  p ike  fing e rling s  by 
the O rgan isa tion  fo r the Im provem en t 
of Inland F isheries in the Netherlands.

M easured as the frequ en cy  of occu r- The b iom ass o f p ike sm a lle r than
rence o f m arked m ature  ind iv idua ls , 40 cm , tha t of one -su m m er-o ld  ind i-
o rig ina lly  stocked as finge rlings , the  v idua ls  (15-35 cm ) especia lly , is h igh ly
s tock ing of p ike was cons ide red  sue- nega tive ly  co rre la ted  w ith the  b iom ass
cessfu l by European and A m erican  fish - of o lde r and la rge r ones. This quan-
ery m anagers. tita tive  re la tionsh ip  dem onstra tes  tha t

the s tock ing  of p ike was useless. The 
high a fo rem en tioned  frequ en cy  of o c 
cu rre nce  of ind iv idua ls  s tocked  as 
fing e rling s  tu rned  out to be a d isp la ce 
m en t of na tura l recru ited  p ike  by s tocked 
ind iv idua ls . A d isp la cem e n t— no co n 
tribu tion .

The resu lts of th is lo ng -te rm  research 
showed that the  bo ttleneck in the re c ru it
m ent of young p ike is the  surface 
vegetated a rea— the g ro w in g -u p  habita t. 
Thus the  dec line  in p ike  popu la tions 
can be s topped by p ro te c tion  of the 
aqua tic  vege ta tion— im m ersed  plants, 
especia lly.

The h ighest dens ity  of p ike  often wanted 
in fishe ry  m anagem ent is like ly  to be 
reached in sha llow  w aters w ith  a surface 
vegeta ted area spread over 25 % o f the 
to ta l surface. Thus e ffic ien t p ike  m anage
m ent entails e ffective  p ro te c tion  of 
aqua tic  vegetation.

As m entioned ea rlie r the  effects of 
s tock ing  are in genera l not quan tifiab le , 
not on ly on the  au teco log ica l, but 
espec ia lly  on the syneco log ica l level. 
It shou ld  be rea lised tha t, g iven the 
econom ic  in te rest p reva iling  in m ost 
fishe ries , m anagers w ill o ften stock a 
species reason ing tha t it is usefu l unless 
proved otherw ise.

Both from  the  po in t of view  o f e ffective  
na ture conserva tion  and of e ffic ien t 
m anagem ent o f fish s tocks  th is  s tan d 
po in t is questionab le . Realising this, 
the m em ber coun tries  o f the  European 
In land F isheries O rgan isa tion  es ta b lish 
ed a W ork ing  Party on S tock ing. The 
te rm s of re ference inc lude  “ en cou rag 
ing co -o pe ra tion  in research ” . H opefu lly  

(Photo o. V. B.-Foto) the  need fo r th is  research w ill a lso be
unde rs tood  by o the r in te rested  parties 
and to  such an extent tha t funds can 

The num erica l dec line  of the Dutch be m ade ava ilable. M.P.G.
p ike popu la tion  and the  sh rink in g  of 
its d is tr ibu tion  area w ere a ttribu ted  to 
a m arked reduc tion  of the  p re fe rred  
spaw ning habita t, the  fresh ly  inundated 
vegeta tion  of grasslands, due m ainly 
to the s tr ic t regu la tion  of the  w ater 
level preven ting  spring  floods.

By m on ito ring  num bers  per age-and- 
length c lasses over an 8-year period 
and by de te rm in ing  the ir hab ita t p re 
ference, ano the r p ic tu re  of the  p ike 
was bu ilt up. W ith in  na tura l popu la tions  
p ike  up to 40-60 cm  are associa ted 
w ith the aqua tic  vegeta tion  to  such a 
degree tha t at the  end of each sum m er 
a constan t b iom ass of 80-150 kg /h a  
vegetated area o f these p ike  is present.

Man-made lakes
Jan Kleinert W ater is, undoub ted ly , one of the 

essentia ls to life  on the E arth ’s 
surface. A pond , o r fo r tha t 

m atte r any body of s till w a te r is, or 
cou ld  be, an exam ple  o f a se lf-su f
fic ie n t c lim ax ecosystem , occup ied  by a 
w ide scale of p ro du cers  and consum ers. 
It is o ften the on ly p lace le ft fo r 
w ild life , an oasis of stillness.

Nevertheless, th is  fun c tion  of w ater 
bod ies m ay be com p rom ise d  if they 
are located in subu rban  areas, in easily 
accessib le , frequ en tly  v is ited  sites, o r 
in the  v ic in ity  of sou rces o f po llu tion , 
eu tro ph ica tio n  and o ther k inds  of d is 
tu rbance . The coastal zone often shows 
s igns of the  in d iffe re nce  o f v is ito rs, 
in c lud ing  fisherm en, w ho care less ly  leave 
the ir rubb ish  about, o r even use the 
w ate r to wash the ir cars. The im portance  
of env ironm en ta l educa tion , or ra ther 
the lack of it, is ev ident here, though  
a few ponds, lakes and w a te rcou rses 
are a lready equ ipped  w ith  na ture tra ils, 
fac ilities  fo r b ird -w a tch ing  and so on...

The importance of fishing

Fishing fo r food  in runn ing  as well as 
in still waters has been p ractised  s ince

p re h is to ric  tim es. The h is to ry  o f stew 
ponds o r fish  fa rm ing  in Europe ap 
pa ren tly  began in the 13th cen tury , 
when fish ing  becam e com m e rc ia l and 
fish becam e som eth ing tha t cou ld  be 
exchanged o r sold in the  m arke t. This 
encouraged  the  bu ild ing  of a rtific ia l 
ponds w here  larger, fas te r-g ro w ing , 
p ro du c tive  fish species, w h ich also 
tasted good , cou ld  be se lected, s tud ied  
and bred. Nevertheless, con sum p tion  is 
expected  to at least do ub le  in C zecho
slovakia , w here at p resen t it is 0.7 kg per 
inhab itan t and the annual yie ld  reaches
10,000 tonnes.

Fish fa rm ing  is deve loped in exp lo ited  
gravel pits, old rive r beds and o ther 
ho llow s filled  by surface o r g round  
w ater. As an exam ple, S lovakia  has 
now a lm ost 30,000 hectares and Bo
hem ia m ore than 50,000 hectares of 
a rtific ia l still w ater reservo irs . (They 
are m ostly  under the con tro l and m an
agem ent of fish ing  associa tions, though  
som e are sta te-ow ned.) In tensive and 
c on tro lled  fa rm ing  allows the p ro du c tion  
of 460 kg of fish per hectare per year.

To increase the  p ro du c tiv ity  o f the  pond 
ecosystem  and the fish stock, w a te r is 
som etim es fe rtilised  w ith  m anure , or 
im p roved  by lim e. This is usua lly  done

Artificial ponds often become sites of great natural value
(Photo Jan Baltus)



in the spring  to p rom ote  the grow th  
of phy top lank ton  and to ad ju s t the  pH 
and chem ica l ba lance.

Fishing as a hobby is a llow ed fo r those 
who hold a pe rm it, w h ich  can be bought; 
tha t is, m em bers of the fish ing  assoc ia 
tion. There  are lim its  on the m onths 
in wh ich fish ing  is a llow ed, depend ing  
on the type of w aters (between M ay and 
D ecem ber in rese rvo irs , fo r exam ple), 
and on the species, num ber and m in i
m um  w e igh t o r length of the cap tu red  
fish.

A cco rd ing  to  the  Nature C onservation  
Act, 14 species of fresh -w a te r fish are 
fu lly  p ro tected , inc lud ing  several species 
of lam prey, the  Sterlett and the D anubian 
sa lm on (H ucho hucho).

O nly one, the  last, is a rtif ic ia lly  bred 
and re in trod uced  to po llu tion -fre e  flo w 
ing waters. A ll the  others, pa rticu la rly

those tha t live in rivers, face an un 
certa in  fate because of pe rm anent 
w ater po llu tion : ap p ro x im a te ly  5,000 km 
o f w a te rcou rses are com p le te ly  denuded 
o f any fish. The fish ing  associa tion  (a 
private o rgan isa tion ) is deep ly  in te rested 
in p reserv ing  fresh w ate rs aga inst p o l
lu tion . There  are in tensive tra in ing  
courses fo r inspecto rs  w ho ensure  the 
m on ito ring  of w a te r qu a lity  and ascerta in  
sources and consequences of po llu tion . 
Regional au thorities , po lice  and the 
cou rts  are expected to  be he lp fu l in the 
preven tion  and res tric tion  o f po llu tion  
accidents, wh ich here  num ber abou t 
300 a year.

It w ould be adv isab le  to bu ild  m ore 
(sm all) reservo irs  in su itab le  sites. They 
w ou ld  a lso be, though  not perfect, 
rep lacem en ts  fo r w e tlands tha t have 
been dra ined , o r destroyed  by the 
expans ion o f our c iv ilisa tion . J.K.

1. Salmo salar 
50-120 cm, Salmon

2. Rhodeus sericeus amarus 
10 cm, Bitterling

3. Cobitis taenia 
7-10 cm, Loach

4. Tinea tinea 
30-50 cm, Tench

5. Anguilla anguilla 
40-90 cm, Eel

6. Salvelinus alpinus 
25-40 cm, Charr

7. Silurus glanis 
1-2 m,

8. Leuciscus souffia 
15 cm,

9. Abramis brama 
40-60 cm, Bream

10. Gobio gobio
15 cm, Gudgeon

11. Lampetra planeri 
15 cm, Sand-piper

The illustrations on the back cover are 
taken from the poster “ Fish of Swiss 
waters" published by WWF Switzerland, 
CH-8037 Ziirich, Panda magazine 
No. i/83
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