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ABSTRACT: Dam-building across naturally flowing rivers tends to decrease discharge of surplus 
water into the sea, reduce nutrient concentration i n  estuaries and coastal waters, and diminish 
plankton blooms as well as fish landings. Depletion of nutrients and organic matter along with 
reduced mud and silt deposition affect benthic life on the continental shelf. Reduced mud and silt 
deposition leads to coastal retreat. Dams, especially those constructed for hydro-electric purposes, 
hinder migration of fishes and decapods. Discharge from dams can create barriers at high or low 
flows, cause delays, disrupt normal behavioural routine and change the travel speed of migratory 
animals. Where all spawners of a given population are frequently kept away from the breeding site, 
the population faces extinction. 

INTRODUCTION 

The extent  to which  mar ine  life is th rea tened  by dam-bu i ld ing  is unde r  dispute. The 
complet ion of some of the large African dams dur ing  the 1960s had such a marked  effect 
that a n u m b e r  of publ ica t ions  dur ing  "the env i ronmenta l  decade" gave the publ ic  the 
impress ion  that  river deve lopment  anywhere  in  the world would  necessar i ly  be  uncom-  
promis ingly  incompat ib le  with env i ronmenta l  we l l -be ing  (Farvar & Milton, 1972). On  
the other hand,  publ ica t ions  by Shkharev (1979) and  others elaborate  the advantages  
ga ined  through the construction of the h igh dam at Aswan.  Scientists in  far-east 
countries have emphas ised  that the env i ronmenta l  effects of river deve lopment  are not 
always harmful.  

Dur ing  the last two centuries,  the increas ing  d e m a n d  for food has b e e n  the major  
impetus  for expans ion  of irrigation. Today there are about  200 mil l ion ha of l and  unde r  
i rr igat ion (Brown & Finsterbusch,  1972). The benefi ts  of dams in  terms of agricul tural  
expansion,  hydro-electric power generat ion,  industr ial isat ion,  navigat ion,  deve lopment  
of game and  sports and  rehabi l i ta t ion  of populat ions  are apparent .  However,  dam- 
bu i l d ing  across na tura l ly  f lowing rivers poses a possible threat  to normal  activities of 
mar ine  life. This threat  is discussed unde r  the headings:  world cl imatic changes;  
p lank ton  blooms and  fish landings ;  coastal retreat; obstruction of spawning  migrants;  
the Mekong  basin.  

WORLD CLIMATIC CHANGES 

Evaporation, precipitation,  de tent ion  and  t ransportat ion of water  ma in ta in  a stable 
ba lance  on the earth. The oceans receive 112 cm of precipi ta t ion a year  but  lose 135 cm 
in  evaporat ion - a net  loss of 23 cm annual ly .  Precipi tat ion on land  in  excess of evapora- 
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t ion is even tua l ly  car r ied  to the sea  by  rivers. Rivers a re  p r ime  movers  of wa te r  over  the 
g lobe;  by  re tu rn ing  wa te r  to the  sea  they  tend  to ba l a nc e  the evapora t ion  defici t  of the 
oceans  (Budyko, 1963). 

I shal l  br ief ly  discuss here  two e x a m p l e s  of c l imat ic  changes  that  are  p r ed i c t ed  to 
occur w h e n  some of the  con templa t ed  major  dams  are  constructed.  D a m - b u i l d i n g  across 
na tura l ly  f lowing r ivers  tends  to reduce  or p reven t  d i scharge  of surplus  wa te r  into the 
sea. The construct ion of the so-ca l led  century  s torage at the  h igh  d a m  of A s w a n  
impounds  160 b i l l ion  m 3 of wa te r  and  thus prevents  at leas t  a major  par t  of this wa te r  
ever  r each ing  the Med i t e r r anean .  The impose d  wa te r  defici t  may  be  marg ina l  to the  
la rge  open  oceans  but  it is cr i t ical  for l a n d - l o c k e d  aqua t ic  bod ies  l ike  the Ara l  Sea, 
Casp ian  Sea  and  Black Sea. For ins tance,  the  leve l  of the  Ara l  Sea d r o p p e d  near ly  1.75 m 
b e t w e e n  1961 and 1967. Likewise ,  i m p o u n d m e n t  of wa te r  at the g rea t  Volga  Project  is 
one nf the  reasons  for the sh r ink ing  of the Ca sp i a n  Sea, expos ing  la rge  banks  (40 km 
width) in the  south (Teclaff & Teclaff, 1972). 

A poss ib le  solut ion to these  p rob lems  is the  l a rge - sca le  t r ansbas in  d ivers ion  of the  
three  major  S iber ian  rivers now f lowing into the Arct ic  Sea. By dep r iv ing  the Arct ic  of 
f reshwater ,  the c l imat ic  be l t  of the  wor ld  wou ld  be  shif ted nor thward  and poss ib ly  even 
cause  g rea te r  deser ts  in  the  Uni ted  States  (Mauthner ,  1970). Besides,  the spr ing  b reak-  
up of ice in the lower  reaches  of these  nor thward ly  f lowing S iber ian  and  C a n a d i a n  r ivers  
is h a s t e n e d  by  the hydros ta t ic  p ressure  g e n e r a t e d  by  f lood waters  from the more 
southern  par t  of the r ivers  f lowing b e n e a t h  it. Consequent ly ,  a reduc t ion  in the  maxi-  
m u m  flow of the  r iver  wou ld  p robab ly  de l ay  the  b e g i n n i n g  of spr ing  (Vendrov, 1965; 
Gill ,  1971). 

PLANKTON BLOOMS AND FISH LANDINGS 

Hydrograph ica l ly ,  the Ni le  is one of the  bes t -known  rivers in the  wor ld  (Hurst, 
1957). This r iver  is chosen  for the  pu rpose  of exp l a in ing  the  nega t ive  effects of dam-  
b u i l d i n g  on fish l and ings  and  coastal  retreat .  The first dam across the Ni le  was  comple t -  
ed  in 1902; its s torage  capac i ty  was  d o u b l e d  by  the first h e i g h t e n i n g  in 1912, and  was  
mu l t i p l i ed  f ivefold in 1934. Subsequent ly ,  Sennar  Dam in the Blue Ni le  (1925), J e b e l  
Aul i a  Dam in the  Whi te  Ni le  (1937), Khashm e l -G i rba  Dam in the  A lba ra  (1962), and  
Rosieres Dam in the Blue Ni le  (1964) were  constructed.  In addi t ion,  a n u m b e r  of ba r r ages  
- n a m e l y  M o h a m m e d  Ali  in 1900, Asiu t  in 1902, Isna in 1908 and  N a g - H a m a d i  in 1930 - 
were  constructed;  these  ba r r ages  were  also en la rged .  

The f lood season of the  Ni le  usua l ly  commences  in mid-Augus t ,  reaches  its c l imax in 
mid -Sep tember ,  g r adua l l y  fades  away  dur ing  N o v e m b e r  and  ceases  in December .  With  
the construct ion of the old  A s w a n  Dam in 1902, the d i scharge  from the Ni le  into the  
M e d i t e r r a n e a n  Sea  was r e d u c e d  to 1,820 mi l l ion  m 3 wa te r  d -I (Willcocks, 1904, c i ted  in 
Farvar  & Milton,  1972). With  construct ion of a n u m b e r  of dams and  ba r r ages  b e t w e e n  
1902 and 1964, the  d i scharge  of the  Ni le  was  further  r e duc e d  to about  640 mi l l ion  m 3 d -1 
and  even  the r educed  d i scharge  has  comple te ly  s topped  s ince 1965. 

Dur ing  the flood season,  the d i scha rged  Ni le  wa te r  is k n o w n  to carry 4 kg  silt  and  
mud  m -3 as we l l  as 6.4/~g phospha t e  and  340 fig s i l icate  1-1 (Emery & George ,  1963). The 
fer t i l i ty  of the M e d i t e r r a n e a n  Sea  is qui te  low (0.1 #g PO41-1; George ,  1972). Therefore,  
the s ta tement  of Herodotus  that  "Egypt  is the gift of Ni le"  holds  equa l ly  true for the 
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M e d i t e r r a n e a n  Sea.  Soon after  the  Ni le  en t e red  the  sea, mass ive  outburs ts  of phyto-  
p l ank ton  d e v e l o p e d  a long  the de l ta  coast  unt i l  1965~ phy top l a nk ton  counts  i nc r ea sed  
from abou t  0.5 mi l l ion  cel ls  1-1 (Bernard, 1958a, b) to 9-10  mi l l ion  cel ls  1-1 (Aleem, 1972). 
This  was  fo l lowed by  zoop lank ton  blooms.  

Be tween  the  two out lets  of the Nile,  c lupeo ids  (mainly Sardinella aurita and  S. eba) 

const i tute  the  ma jo r  fishery.  The  sa rd ines  concent ra te  in coasta l  waters  from S e p t e m b e r  
to December .  Dur ing  this pe r iod  b e t w e e n  10,000 and  20,000 t of Sardinella are caugh t  by  
gi l l  nets.  The  fact that  the  Sardinella catches  d r o p p e d  to only 554 t in 1966, w h e n  Ni le  
wa te r  was  not  let  into the  sea, r evea l s  that  Sardinella concentra t ions  in coasta l  waters  
were  c losely  l i n k e d  to p l ank ton  blooms,  which  f lour i shed  as a resul t  of huge  amounts  of 
inorgan ic  nut r ients  d i s cha rged  wi th  Ni le  wa te r  (Aleem, 1972). 

Carangids ,  mul l ids  and  the p e n a i e d  shr imps  const i tute  the  major  demer sa l  f i sher ies  
of the  Ni le  del ta .  H igh  concent ra t ions  of detr i tus  and  d i sso lved  organic  matter ,  resu l t ing  
from decompos i t ion  of surface phy top l ank ton  b looms dur ing  the Ni le  flood, also contri-  
bu te  to the  food of d e m e r s a l  organisms.  As a consequence  of the  cessa t ion  of inf luxes  of 
the  Ni le  wa te r  into the  sea, this  "food source"  is not  now r e p l e n i s h e d  annual ly .  Dur ing  
the last  few years ,  the  d e m e r s a l  f ishery d e c l i n e d  to a s igni f icant  level~ for ins tance,  the  
l and ings  of shr imp catches  d r o p p e d  to less  than  half  (Aleem, 1972}. 

COASTAL RETREAT 

W h e n  a d a m  is constructed,  p r even t ing  or r educ ing  wa te r  f low into the  sea, the  
ba l ance  b e t w e e n  forces contro l l ing  sand  depos i t ion  a long  the coast  and  eros ion (coastal  
currents,  waves,  wind) is upset ,  wi th  the resul t  that  eros ion factors work  faster. Erosion 
was  ope ra t ing  at cer ta in  points  of the  Ni le  del ta ,  even  before  the  construct ion of the  H i g h  
Dam in 1965. The shore l ine  at the  wes t e rn  s ide  of the  Rosetta mouth  of the  Ni le  has  
r e t r ea t ed  about  30 m a n n u m  -1 s ince  1898 (Wassing,  unpubl i shed) .  Likewise ,  the  site of 
Ras el  Bar on the wes te rn  s ide of the  mouth  of Damie t t a  d is t r ibutory  has  b e e n  r e c e d i n g  at  
the  ra te  of 31 m a n n u m  -1 s ince 1902. 

The  const ruct ion of the  Sermar  Dam in the  Blue Ni le  in 1925 in S u d a n  and  the old  
A s w a n  Dam in the  Ni le  in 1902 in Egypt  in te r fe red  wi th  s ed imen t  depos i t ion  in  the  sea  
du r ing  the  pe r iod  in which  the  re t rea t  of the  Ni le  de l ta  was  about  30 m a n n u m  -1. The  
Blue Ni le  carr ies  abou t  100-130 mi l l ion  t of sil t  dur ing  the f lood season  (Hammerton,  
1972). The  r iver  car r ied  up  to Wad i  Hal fa  (Sudano-Egyp t i an  bo rde r  ) 110 mi l l ion  t 
sediments~ by  the t ime it r e a c h e d  Cairo,  it  con ta ined  ofily 58 mi l l ion  t sediments .  
Sed imen t  is fur ther  lost from Cairo  to the  sea  (Ball, 1939). This  loss is most ly  due  to 
in te rcep t ion  of the  sed imen t s  th rough  i r r iga t ion  canals  and  the A s w a n  reservoir  (Kassas, 
1972). 

In 1904, two yea r s  after  the  old  A s w a n  d a m  was  constructed,  Wi l lcocks  (1904, c i ted  
in Farvar  & Milton,  1972) ca l cu la t ed  that  out  of the  d i scha rge  of 3040 m 3 s -1, wh ich  
passes  the Aswan,  2100 m 3 s -1 r e a c h e d  the sea. Subsequent ly ,  a n u m b e r  of dams  and  
b a r r a g e s  were  cons t ruc ted  (see prev ious  section). Depos i t ion  of s ed imen t s  unt i l  1902 was  
e n o u g h  to compensa t e  for eros ion loss and  for b u i l d i n g  the  de l ta  shore fur ther  north-  
ward.  Wi th  the  const ruct ion of more  and  more  dams  on the Ni le  and  its t r ibutar ies ,  the  
pro tec t ive  inf luence  of the  r iver  f low has  g r a d u a l l y  and  p rogress ive ly  b e e n  d imin i shed .  
It was  comple t e ly  nu l l i f i ed  on the  comple t ion  of A s w a n  High  Dam, as this  has  b rought  
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the Nile in  Egypt unde r  full control and  reduced water  discharge and  its load of sediment  
into the sea to almost nil. 

Dikes have b e e n  constructed in  several  areas of the North Sea coast. The various 
biological  consequences  of these constructions cannot  be considered here in  detail. 

OBSTRUCTION OF SPAWNING MIGRANTS 

Dams, constructed especial ly for hydro-electric power  generat ion,  obstruct spaw- 
n ing  migrat ions of fishes and  decapods. A large n u m b e r  of studies on spawning  migrants  
have b e e n  made  in  the USA. From these I have  chosen the following examples.  

Catadromous migrants .  Among  the catadromous migrants ,  eels are the most impor- 
tant  in terms of numbers .  However,  elvers can negot iate  obstacles that would be 
impossible  for adult  salmon, and  there is no evidence  that they seek out the stream from 
which their parents  came so that the danger  of deple t ion of eels as a consequence  of 
hydro-electric deve lopment  does not appear  serious (Baxter, 1977). 

Anadromous  migrants.  Between 1927 and  1941, several dams were constructed on 
the Columbia  River in  USA. These dams brought  about  dramatic changes  in  the charac- 
teristics of the river, creat ing temporary barriers to migratory fishes from the uppermost  
Grand Coolie Dam over a distance of 1600 kin. 

Upstream anadromous  migrants.  Pacific sa lmon (Oncorhynchus spp.) and  trout 
(Salmo spp.) do not feed on their way  to the spawning  grounds, and  the reserve energy in  

their  body  is just  little more than  sufficient to br ing  them to their des t ina t ion  (Idler 
& Clemens,  1959). Hence,  the t ime lost in  addi t ional  movement  (in a region of slack 
water  above a dam) could min imize  the chances of reproduction. 

Populat ion counts of adults  at successive dams in  the Columbia  River revealed  a 
cumulat ive  survival  of trout and  sa lmon only up to 60 %. Consequent ly ,  the catch, for 
ins tance of Pacific sa lmon decreased from 22 to 7 mil l ion kg (Trefethen, 1972). Besides, 
there are races of sa lmon perpe tua ted  from specific " spawning  homes".  When  dams 
deprive access to these " spawning  homes",  a g iven race is l iable  to be  destroyed (for 
examples  see Hubbs  & Pigg, 1976). 

Table 1. Effects of impounding the Snake and Columbia rivers on the rate of migration of juvenile 
Oncorhynchus tshaw~scha (after Trefethen, 1972; modified) 

Section of river Distance Elapsed time (days) 
( k m )  Pre-impoundment Post-impoundment 

Salmon River to Ice Harbor Dam 370 
Ice Harbor Dam to McNary Dam 68 
McNary Dam to John Day Dam 122 
Peak of migration John Day Dam 

15 25 
3 9 
5 13 

May 2 June 3 

Downst ream anadromous  migrants .  Successive impoundmen t s  have reduced the 
flow velocity of the Columbia  and affected downst ream migra t ion of sa lmon and  trout. 
Juveni le  migrants  of Oncorhynchus tshawytscha requi red  almost 3 t imes longer  to cover 
a total distance of 560 kin in terspersed by 3 dams (Table 1) Raymond,  1968, 1970). 
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Downs t r eam juven i l e  migran t s  in the  reservoir  m a y  go over  the  sp i l lway  (Geen, 1974) or 
pass  th rough  the tu rb ines  and  suffer 10 to 20 % mor ta l i ty  (Long & Marque t te ,  1972). 

THE MEKONG BASIN 

In contras t  to these  harmful  effects of d a m  construct ion in  Europe,  Afr ica  and  
Amer ica ,  the  env i ronmen ta l  s i tua t ion  in t ropica l  Asia,  e spec ia l ly  in the  M e k o n g  r iver  
system, appea r s  to pose  no po l lu t ion  threat .  Pantu lu  (1975) c la ims that  the  M e k o n g  is a 
r e la t ive ly  "c l ean"  r iver  - ca r ry ing  a smal l  quan t i ty  of a l luv ium (20-500 ppm) - in 
compar i son  to the  Ni le  (1500 ppm),  the  G a n g e s  (1950 ppm) and  the Miss i ss ipp i  (1750 
ppm),  and  hence  may  carry  very  l i t t le  inorgan ic  nut r ients  to the  sea. Sed imen t  depos i t ion  
does  not  m e a s u r a b l y  inc rease  soil  fer t i l i ty  in the M e k o n g  del ta .  

Pantulu  (1973) further c la ims that  in the  M e k o n g  there  are  only 7 spec ies  of carps 
and  catf ishes  which  are  commerc ia l ly  impor tan t  anadromes .  Pangasianodon gigas, 
which  spawns  above  the Pa Mong  d a m  site, w o u l d  be  kep t  from its b r e e d i n g  si te 
(Bardach, 1972). A m o n g  the  o ther  migrants ,  most  u n d e r t a k e  l a te ra l  migra t ions  to the  r ice 
f ields and  other  low- ly ing  a reas  s u b m e r g e d  wi th  the  onset  of floods. A d e c a p o d  migran t  
to the  es tuary  is the  g ian t  f reshwater  p r a w n  Macrobrachium rosenbergii. The poss ib i l i ty  
of i nduc ing  s p a w n i n g  in these  migran t s  m a y  solve the  p r o b l e m  of s p a w n i n g - m i g r a n t  
obs t ruct ion  w h e n  a d a m  is bui l t .  This sugges t ion  m a y  be  g iven  due  cons idera t ion  even  in 
the  case  of sa lmon  in v i ew of the  fact that  it  has  b e e n  poss ib le  to induce  s p a w n i n g  in 
carps  in len t ic  envi ronments .  It has  also b e e n  poss ib le  to ar t i f ic ia l ly  incuba te  the eggs  of 
M. nobilii and  ha tch  t hem wi th  98 % success  (Pandian  & Ba lasundaram,  1980). Stray 
reports  on i n d u c e d  s p a w n i n g  th rough  ab la t ion  of eye  s tock are  not u n c o m m o n  (e. g. 
Wickins ,  1976). Anguilla japonica and  A. mauritiana are  the  two ca tad romes  in the  lower  
M e k o n g  basin,  but  Pantu lu  (1973) s tates  that  they  are  of l i t t le  commerc ia l  value .  

Clear ly ,  no two r iver  sys tems are a l ike,  e spec ia l ly  if they  are  loca ted  in different  
eco log ica l  zones  and  hence  ex t rapo la t ion  of informat ion  from one r iver  sys tem to ano ther  
is not  necessa r i ly  val id .  Through  a d e q u a t e  p repa ra to ry  s tudies  and  i m p l e m e n t a t i o n  of 
effective p recau t iona ry  measures ,  it  m a y  be  poss ib le  to a l l ev ia te  or offset the  adverse  
effects of d a m  construction,  at leas t  in t ropica l  Asia.  

The const ruct ion of l a rge  dams  and  o ther  wa te r  d e v e l o p m e n t  projects  wi l l  cont inue  
in the  fo reseeab le  future. There  is now more  of an  awareness  of the  n e e d  to assess  the  
eco log ica l  impac t  of wa te r  d e v e l o p m e n t  projects  than  ever  before.  Many  governments  
r equ i re  such assessments  before  construction.  Assessment  s tudies  should  be  conduc ted  
in advance  of p l a n n i n g  the phys ica l  fea tures  of the  pro jec t  (see also Fraser ,  1972). 
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