
productive  an d  essential task there is a dange r  tha t  it n eed s  is a  far be t te r  u n d e rs ta n d in g  o f  the  basic biology of
leads to  a  fo rm  o f  scientific nihilism where everything is species  that show changes in response  to pollu tion . H ere
reduced  to  a s im ple  testable null hypothesis tha t  if the re  can b e  no  dispute,
rejected leads us  now here .  W ha t pollution research
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Increased inputs o f nutrients to marine coastal areas 
over the last decades have created a basis for eutrophica­
tion o f  the waters surrounding Sweden. In com bination  
with relatively low water exchange in these vertically 
stratified and alm ost non-tidal waters, local and regional 
effects o f increased m acro-algal biom ass, and decreased  
oxygen concentrations in bottom water leading to m or­
talities o f  benthic anim als and decreased fish catches 
have at tim es been  observed. T he effects were first noted  
in the B altic, but are now obvious also in Swedish and 
D anish  coastal areas in the Kattegat and the Belt Sea. 
Similar sym ptom s have recently also been recorded off 
the D anish  North S ea  coast. O ther shallow coastal and 
shelf areas, where stratification occurs, can be regarded 
as potentially eutrophic risk areas.

D uring  th e  pas t  few  dec ad e s  m arine  coasta l areas all 
over th e  w orld  have b e e n  exposed  to  m any env ironm en­
tal hazards. T h e  m ost potentially  threatening have 
probably  been  the  w ide sp read  d isem ination  o f  various 
persis tant and  p o iso n o u s  ch lorinated  c o m p o u n d s  (e.g. 
D DT, PC B , etc), heavy  metals (e.g. Hg, Cd , etc.) and 
residual nuc lea r  wastes. Oil spill accidents ,  a lthough 
their effects are  usually less persis tent ,  are imm ediate ly  
spectacu lar  and  have b e e n  given m uch  publicity.

A lthough  it has fo r  long  b e e n  a recognized p rob lem  in 
fresh w ater  env ironm ents ,  eu t roph ica t ion  o f  m arine  
waters has no t  a t t rac ted  m uch  a tten tion .  E u troph ica tion  
is here  defined as an increase in nu tr ien ts  leading to 
increased growth  o f  algae and  plants.  T h e  consequences 
o f  this p rocess  are  in m o s t  cases an  increased biological 
oxygen d em an d  in the  b o t to m  waters ,  as p lank ton ic  p ro ­
duction sed im en ts  ou t ,  which m ay initially have a 
stimulatory effect o n  ben th ic  com m unities .  Ultimately, 
however, it results in increasing anoxia  of the bo ttom  
w ater  bringing a b o u t  th e  eventual el im ination  o f  aerobic 
organisms.

E u troph ica t ion  m ay  be tr iggered by a variety o f  n a tu ­

ral causes which result in o rgan ic  enrichm ent in isolated 
w a te r  bodies ,  bu t  generally bec o m e s  a w idespread  p h e n ­
o m e n o n  only u n d e r  an th ropogen ic  influences. Thus, 
b e fo re  the cur ta i lm ent o f  indiscriminate flows of 
un trea ted  sewage to local waters ,  m ost fresh w ate r  lakes 
a n d  rivers in heavily p o p u la ted  areas suffered f rom  tem ­
p o ra ry  o r  p e rm a n en t  eu troph ic  effects. It is now  
increasingly ap p a ren t  that nu tr ien t  enrichm ent is about 
to cause , o r  in d e ed  has already brought abou t ,  eu t ro p h i­
ca tion  as an alm ost p e rm a n en t  effect in som e local 
coas ta l  waters  and  even in entire  sea areas (R osenberg  et 
a l ,  1984; Cederw all & E lm gren ,  1980; L a rsso n  et al., 
1985). T h e re  are good  reasons to believe that eu t ro ­
ph ica tion  will, in the n ea r  fu ture becom e a  co m m o n  
h az ard  in m arine  coastal areas in m any par ts  o f  the 
w orld ,  with consequen t  potentially dam aging effects on  
b o th  inshore  fisheries and  recreational facilities. The  
su p p o r t  for this belief has deve loped  from  recent inves­
tigations in m arine  waters su rround ing  Sweden, which 
have  p rov ided  suggestive evidence o f  w ide spread 
nu tr ien t  en r ichm en t  of the Baltic Sea and Kattegat areas 
(Fig. 1) s tem m ing  principally from increased a tm os­
pher ic  depos it ion  an d  river outflow. With an increasing 
t rend  w orld -w ide  in the use of fertilizers, and  the c o n t in ­
ued  venting o f  n itrogen oxides from the burn ing  o f  fossil 
fuels it is m ost  likely that the  general p h e n o m e n a  
o b se rved  in Swedish  w aters are also occurring, o r  will 
a p p e a r  later, in o th e r  regions.

Lim iting nutrients

In fresh w ate r  p h o sp h o ru s  (P) is the limiting nu tr ien t  
for g rowth o f  algae an d  plants. In o rd e r  to  reduce  the 
im p o r t  o f  P  to receiving waters from municipalities and  
industries ,  purifica tion  plants have been  installed in 
m a n y  coun tr ies  du r ing  the last decades .  In so m e  c o u n ­
tries, inc lud ing  Sw eden , similar purification m e thods  
have also been  used  fo r  discharges to  m arine  coasta l
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Fig. 1 A rc a s  affec ted  by  pe riod ica lly  low  oxygen c o n ce n tra tio n s  in  th e  
b o tto m  w a te r  (grey). T h e  K a tteg a t in  1981 (R y d b crg , 1982), the  
Belt a n d  so u th  w estern  B altic  in  1981 (M iljö s ty re lsen , 1984 ; 
E h rh a rd t & W ench . 1984) an d  th e  N o rth  S ea in  1982  (D e th lc f- 
sen  & vo n  W cste rn h ag en , 1983). T h e  co n ce n tra tio n s  w e re  in  the  
K attegat, B elt and  B altic  in  m ost cases  be low  2  m l l_l a n d  in  the  
N o rth  Soa be low  3  ml I“ 1.

waters. T h e re  is now  increasing evidence that nitrogen 
(N) is the critical limiting nu tr ien t  th roughout m ost of the 
year for p h y top lank ton  growth in coastal areas o f  the 
no r th  A m er ic an  east coas t  (Ryther  & D uns tan ,  1971), of 
the Swedish west coas t  (Graneli ,  1981) and  in the  central 
Baltic Sea (L arsson ,  1984). C om para tive  analysis of 
m easurem ents  o f  inorganic P an d  N  in the  surface  waters 
a round  Sweden indicates that N  is the crit ical limiting 
nutrient for algal g rowth in m ost areas, bu t  that P  takes 
the role in b rack ish  w ate rs  o f  the B o thn ian  Bay in the 
nor thern  Baltic (Fonselius, 1978). In L aho lm  Bay (Fig. 1 ), 
a  large and  p roductive  shallow  em baym ent on  the west 
coast of Sweden , where intensive studies of eu t roph ica ­
tion have been  initiated, the surface concen tra t ions  of 
inorganic N d ro p  to a lm ost zero  within 1 - 2  k m  from the 
m outh  o f  a river carry ing  high nu tr ien t  concen tra t ions  
into the bay  (Rydberg, 1982). This  indicates a rapid  
up take of N  by  m arine  p h y to p la n k to n  and  suggests that 
particu lar  a t ten t ion  shou ld  b e  paid  to the  role o f  N  in 
prom oting  o r  limiting p r im ary  p roduction  in m arine 
areas. T h e  co n c en t ra t io n  of inorganic P is o f  particular 
im por tance  fo r  the  growth  of b lu e  green algae, which are 
generally a b u n d a n t  in m ore  hyposaline areas like the 
Baltic.

Eutrophication in waters surrounding Sweden

A t the request o f  the  Swedish National E nv ironm ent 
P ro tec t ion  B oard  a g roup  of 16 scientists com piled  ana­
lytical reports  on eu t roph ica t ion  an d  rela ted  phenom ena  
o b se rv e d  recently in Swedish  coasta l waters. These  
repo r ts  are sum m arized  in a  b o o k  ed ited  by  Rosenberg  
(1984),  which includes sections on  bo th  the  Baltic (Lars­
son , 1984) and  on the  Swedish west coast (Edler ,  1984). 
T h e  results given below  are quo ted  from  tha t  compila­
tion ,  if no t  o therw ise stated.

T h e  effects of eu t roph ica t ion  are usually observed as 
increased  densities of green m acroalgae at the surface, 
d ec reased  transparency  in surface w ate r  a n d /o r  oxygen 
deficiency at the bo t tom  som etim es associated with 
m orta lity  of bo t tom  fauna an d  dem ersa l  fish. Laho lm  
B ay has  provided a typical exam ple  o f  such effects. In 
tha t  area  large accum ulations o f  the m acroalgae Clado­
phora  glomerata  have o ccu rred  dur ing  several sum m ers 
over  the  pas t  10 years, an d  have  created a  nuisance by 
fo rm ing  substantial w ind-driven  deposits  a long recrea­
tional beaches. D uring  the  late su m m er  period ,  from 
1980  onw ards ,  low oxygen levels in the  b o t to m  waters of 
the  b ay  have periodically reduced  bo th  the benthic fauna
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, ;ne catches of dem ersal fish. O th e r  signs o f  a b n o r ­
mes in Laholm Bay were a mass morta lity  in August 

,v i  of the bivalves Mya arenaria  an d  C ardium  edule. 
!,.wimi strong w inds ( 13 m /s )  approx im ate ly  6 7  mil- 

mdividuals of these two species, weighing 2 6 0  live 
¡;cv were w ashed up along a  15 km  shore  line. T hese  
inanis were p robab ly  resident at 2 - 8  m dep th .  In 

■ ■ ¡084 half-dead an d  dead  bivalves (mainly C ardium
were found  at the same dep ths  all over  th e  Bay. 

Vsc kills seem to have been caused  by periodically  low 
,\ccn concentra tions causing the  bivalves to leave their 
.mown in the sediment. It is p ro b ab le  tha t  such expo- 

. ,:c at the sediment surface also increased the p red a t io n  
• -hese organisms by fish. L aho lm  Bay is k n o w n  to be 

important nu rsery  area for several b o t to m  feed ing  flat 
4i species, especially plaice.

More than 6 0 %  o f  the river t ranspo r t  o f  N  to L aho lm  
lt.,\ has been  show n to originate from  agricu ltu ral ac ti­

tes. which occupy  abou t  10% o f  the d ra inage  area 
1 icischer and Rydberg, 1982), an d  the  d ischarge o f  N  

omii the rivers is know n to have increased substantia lly  
.luring the 1970’s. T h e  annual p r im ary  p ro d u c t io n  in the 
niter central pa r t  o f  Laholm  Bay has recently  been  
«und to b e  h igher than in the central Kattegat,  b u t  a 

¡noct causal rela tionship to the increased  fluvial N 
p.puts has yet to  be established.

The major sources  o f  N for the Kattegat as a  w hole  are 
:hrough rivers an d  a tm ospheric  fall ou t  (Table 1). T h e  
:>\\gen concen tra tion  in the bo t tom  waters o f  the K a tte ­
en I below the  halocline varies with season , with the  
lowest values being  found  in late su m m e r  an d  autum n.
1 he halocline is at abou t 15m d ep th  below  which oxygen 
depletion is found  for longer per iods  (weeks to  m onths)  
m some localities,  notably  L ah o lm  Bay an d  ad jacen t 
. i reas (Rydberg, 1982) (Fig. 1). L ow  oxygen concen-  
; rations have also b e e n  recorded o n  the D an ish  s ide  of 
the Kattegat, in the Belt Sea an d  in the sou th  eas te rn  
lialtic in the 1980's, especially in 1981 (Fig. 1). T h e  
effects have b e e n  reduced  b o t to m  fauna  an d  dem ersa l  
lish kills (Weigelt, 1983; E h rh a rd t  and  W enck, 1984; 
Miljöstyrelsen, 1984).

The Kattegat is an im portan t  fishing area  for the 
Norway lobster ( N ephrops norvegicus). In the Swedish 
Xephrops fishery catch per  unit effort rose  gradually  
between 1980 and  1982, bu t  d ro p p e d  dram atically  in 
1783 (Fig. 2) (B ad e n  et al., 1984). T h e se  statistics are 
consistent w ith the hypothesis tha t  N ephrops  is readily

TXBLE !.

Total e stim ated  in p u ts  o f n u tr ie n ts  in t / y r " 1 to  th e  B altic  p ro p e r  
(L arsso n , 19 8 4 ) a n d  to  th e  K attegat (E d le r, 1984).

B altic
T o t-P

p ro p e r
T o t-N

K attegat 
T o t-P  T ot-N

M unicipal ! 1 700 5 3  50 0 2 190 7 6 0 0
In d u stria l 6 0 0 5 700 130 1 2 0 0
R ivers 3 8  20 0 4 4 7  4 0 0 1 150 43 0 0 0
A tm o sp h ere 3  50 0 2 6 0  000* 26 5 26 00 0
N , -fixation — 13 0  0 0 0 - —
T o ta l 5 4  00 0 8 9 6  60 0 3 750 78 00 0

In c lu d es  G u lf o f F in lan d  a n d  th e  S o u n d

available to  the fishery du r ing  per iods  o f  low bo t tom  
w ate r  oxygenation, b ec a u s e  of the ir  tendency  to  em erge 
f rom  their burrow s du r ing  such per iods ,  an d  tha t  pers is ­
tent exposure  o f  this type  has resulted in d im in ished  
stock densities. S imilar o bse rva t ions  an d  conclusions 
were presented  fo r  ad jacen t  areas o f  the K attegat in the 
m id -1 9 7 0 s  (Bagge & M unch-P ete rsen ,  1979).

In the Skagerrak  (Fig. 1) som e sem i-enclosed  Swedish 
fjords have been  affected  by reduced  transparency, 
reduced  vertical d is tr ibu t ion  o f  m acroalgae and, it 
seem s, increased tem pora l  an d  spatial deoxygenat ion  of 
b o t to m  w ater  (e.g. L indah l & H ern ro th ,  1983). T h e  
perm anen tly  eu troph ic  Byfjord  has b e e n  s tud ied  in 
detail an d  so m e results are su m m arized  by R o senberg  et 
al. (1977). In recent years in tense b loom s o f  th e  p o te n ­
tially toxic dinoflagellates ( G yrodin ium  aureolum  and 
Prorocentrum  m in im u m ) have  been  recorded  in b o th  the 
Kattegat and  the  Skagerrak  and  G yrodin ium  has  caused 
massive kills am o n g  free-living fish, caged  fish, cultivated 
b lue  mussels ( M ytilus edulis) an d  b o t to m  an im als  (e.g. 
E d le r  et a l ,  1982; Linahl & H ern ro th ,  1983; Tangen, 
1977). It has b een  suggested that such b loom s cou ld  be  a 
fu rthe r  consequence  of nu tr ien t  en r ichm en t  in these 
waters ,  bu t  again direct evidence o f  a causal re la tionship 
is as yet unavailable. However, in summ ary, it can  be 
conc luded  tha t  there  are now  a n u m b e r  o f  varied  sym p­
tom s suggesting that the Kattegat,  the S o u n d  (betw een 
D en m a rk  an d  Sweden) and  som e Swedish coasta l areas 
in the Skagerrak  are influenced by eutrophication .

T h e  large b o t to m  areas in th e  Baltic p ro p e r  o f  about 
100 0 0 0  k m 2 with m ore  o r  less p e rm a n en t  low oxygen 
concen tra tions  have been  desc r ibed  in m any  public­
at ions (e.g. A n d e rs in  and Sandler,  1983). Various
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Fig. 2 E ffo rt ( to p )  and  c a tch  p e r  un it effo rt (b o tto m ) in  th e  Sw edish 
N ep h ro p s  fishery  sh o w n  m on th ly  in  1 9 7 8 -1 9 8 3  fo r  th e  sou th  
e a s te rn  K a tteg a t n o rth  o f  L ah o lm  Bay (from  B ad en  e t al., 1984).
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reasons  have  been  suggested for the  dev e lo p m e n t  of 
these low er  oxygen concentra tions. T h e re  is no  evidence 
for recen t changes in the water exchanged  betw een  the 
Baltic an d  Kattegat.  However, recently co m piled  figures 
o f  inpu ts  o f  nu tr ien ts  to the Baltic (Table 1 ) su p p o r t  the 
co n ten t io n  that the  effect s tems prim arily  f rom  the 
results o f  eu trophicat ion .  T hus the n ew  es tim ates  are 
m uch  higher than those  repor ted  earlier, a l though  it must 
be em p h as ized  that the overall figures are  still relatively 
c rude .  Again it can  b e  shown that m ost o f  the N  com es 
from  rivers an d  from a tm ospheric  fallout. Total inputs  of 
P have increased  approxim ately  8 times an d  o f  N 4 times 
since the  beginning of the cen tury  and  these increases 
toge ther  with the elevated nutr ient co n cen tra t ions  now  
being  r ec o rd e d  from Baltic surface w ate rs  could suggest 
that the Baltic Sea as a whole is gradually  becom ing  
eu troph ic .  Conclusive  evidence to su p p o r t  this h y p o th e ­
sis is no t yet available however, a l though a n u m b e r  of 
suggestive trends  in different parts  o f  the  Baltic ecosys­
tem have been  reported .  M easu rem en ts  of p rim ary  
p ro d u c t io n  over  t ime in the Baltic as a whole are too  few 
to show  any trends. However, the  b iom ass  o f  benthic 
m acro fauna  has increased in som e areas co m p a re d  with 
a b o u t  5 0  years  ago (Cederwall & E lm gren, 1980). A t the 
sam e t im e the catches of fish have increased  by about 
n ine times. Such changes could be a t tr ibu tab le  to  the 
increasing influence o f  eutrophication ,  bu t  such  a general 
conclus ion  must,  fo r  the  present,  b e  trea ted  with caution,  
as al ternative explanations (e.g. changed  p re d a to r -p re y  
in te ract ions an d  intensified fishing effort) have  been  
advanced .

O n e  w orry ing  consequence  o f  the increased  deoxy ­
genation  o f  the Baltic bo t tom  w aters is worthy  o f  fu rther  
note. T h u s  the  rep roduc t ion  of cod  could  be affected by 
the low oxygen at abou t 7 0 - 8 0  m d ep th  w here  the  salin­
ity is a b o u t  10%o. C o d  eggs float in a salinity o f  no t  less 
than 10%o, an d  sam pling in the central Baltic in 1 9 6 8 -  
6 9  show ed  th a t  the  m ajority  of eggs were then  in the  low 
oxygen zone  (O javeer  et al., 1981). A lthough  the re  is as 
yet no  ev idence from fishery statistics that co d  p o p u ­
la tions have suffered low recruitment,  e i ther from  this o r  
o th e r  causes related to  eu trophic  effects, the 
co n sequences  fo r  the Baltic cod  popula tions ,  o f  any fu r­
the r  up w ard  o r  ou tw ard  extension o f  the deoxygenated  
areas in the  cen tra l  Baltic, could be  serious.

Eutrophication in other marine areas

A p a r t  from  repo r ts  of localized m arine  e u tro p h ica ­
tion, p r incipally  in shallow em baym ents ,  there  is little in 
the  literature a b o u t  this subject. Low  oxygen c o n c e n ­
trations in b o t to m  w a te r  have been  recorded  in areas of 
the  N o rth  S ea off the  G erm a n  and  D anish  west coasts  
(Fig. 1). T h is  o cc u r re d  below  the therm ocline  in those  
areas in the  s u m m e r -a u tu m n  o f  1 9 8 1 -8 3  (Deth lefsen  & 
von W este rnhagen ,  1983; D yer  et a l ,  1983). Extensive  
m orta lity  o f  b o t to m  organism s and  fish were recorded.  
T h e  on ly  exp lana tion  o f  these events advanced  by these 
au tho rs  involved a com bina t ion  of adverse  m e teo ro log i­
cal an d  hyd rog raph ic  conditions and  eutrophication .

In the  M e d i te r r a n e a n  eu troph ica t ion  resulting in high 
densities o f  d inoflagella tes and  mortality  o f  b o t to m

anim als due to anox ic  condit ions in the b o t to m  water 
(C h iaudan i et a l., 1980) has been  reported .  P is sug­
gested  as the l im iting  fac to r  fo r  p r im ary  production  in 
this area. R e c e n t ly  a  m ass-m orta li ty  o f  benthic  animals 
has b een  r e p o r t e d  f rom  several hund red  k m 2 of the 
n o r th  easte rn  p a r t  o f  this sea. T h e  mortality  was 
extremely rap id  a n d  in 2 - 3  days all d o m in a n t  benthic 
anim als were w ip e d  out,  p robab ly  due to low  oxygen 
concen tra tions  (S tachow itsch ,  1984).

In  N orth  A m e r ic a  the nu tr ien t  load in five estuaries of 
the  C h e sap e ak e  B a y  has b e e n  ana lysed in detail , and the 
influence of N / P  ratios and  concen tra t ions  on  eutro­
phic conditions a re  d iscussed  (Jaworski,  1981). San 
F rancisco  Bay receives large inpu ts  o f  nutrients,  but in 
this area  no  las t ing  adverse  effects have yet occurred. It 
has  been  convincingly  argued by C loern  (1982) and 
Officer et al., ( 1 9 8 2 )  that in the  Bay area  phytoplankton 
b iom ass  is co n t ro l led  by the large popu la tions  o f  benthic 
filter feeding bivalves. Should  the ir  hypothesis  be  true, 
then  the  co n seq u e n ces  o f  the  removal o f  such organisms 
following deoxygenat ion  b rough t abou t by to o  intense a 
b loom , o r  by o th e r  causes, w ould b e  to precipitate a 
m o re  intense se q u e n c e  o f  b loom s an d  thus perpe tuate  
eu troph ic  conditions.

Causes and m echanism s

It has been  sh o w n  that the d o m in a n t  nutr ient input 
sources  fo r  N  are f rom  the rivers an d  the  a tm osphere . It 
seem s that a  large p ro p o rt io n  o f  the  N  en ter ing  coastal 
waters  from rivers originates f rom  fertilizers used in 
agriculture. In S w eden  and  D e n m a rk  the use o f  fertiliz­
ers has  greatly increased  since the  1940s, an d  in general 
only a b o u t  half o f  th e  N ad ded  is b o u n d  in the  c rop  at the 
t im e o f  harvesting  (A ndersson ,  1981). It may b e  
assum ed  that a significant pa r t  o f  the  u n b o u n d  fraction 
eventually  finds its way to the  sea. T h e  a tm ospheric  de ­
posit ion of N  occu rs  as n itrogen oxides an d  originates 
f rom  the  co m bus t ion  of fossil fuels, e.g. f rom  ca r  engines 
an d  p o w er  stations. F o r  m ost o f  the  sou the rn  Baltic and 
the  Kattegat the annua l wet depos it ion  o f  nitrate is 
be tw een  3 and  5 kg  N h a-1. T h e  inpu t  o f  am m onium  
with precip ita tion  in these areas is o f  the  sam e magnitude 
(Grennfelt ,  1983).

T h e  reason why effects have been  observed  earlier in 
the  Baltic and  Kattegat than in o th e r  areas is a result of 
restric ted  w ater  exchange in com binat ion  with special 
hydrological conditions. T h e  Baltic is an  enclosed water 
b o d y  and  the K attegat could be  cons idered  as its exten­
sion, also partly enclosed. In bo th  areas the  tidal flow is 
negligible, and  the w ater  is vertically stratified with water 
exchange near  the b o t to m  being reduced . T h e  effects 
rep o r ted  from  the N o rth  Sea in  1 9 8 0 - 8 3  also occurred 
u n d e r  a stratified w ater  column.

A t presen t observa tions of severe environm ental per­
tu rb a t io n s  such as mass mortalities of benthic  organisms 
an d  fish are necessary  to alert co n c e rn  and  speculation 
over  the  occurrence o f  eutrophication  in m arine  areas. It 
would ,  however, be p referab le  to  have  earlier  and  less 
ca ta s troph ic  warnings o f  such large scale ecosytem  dis­
tu rbances.
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U t i o n  p l a n
I,, Sweden s tudies have been  initiated o f  the  reaction  

■ ¡he ecosystem to eu troph ica t ion  in Laho lm  Bay a n d  in 
v. Himmerfjärd in the  Baltic. R esearch  will be concen-  

• it¡a l principally on  the  N cycle and  the possib le links 
-•¡ween nutrient en r ichm en t  an d  su b sequen t  observab le  
:iects of any en h a n ce d  p lank ton ic  p roduc t ion  an d  
Miiom water deoxygenation. A  p r im ary  goal o f  the pro-  
A-t is to be able to  give predic tive advice, b ased  on  
. -und background know ledge , ab o u t  where to  in troduce  
,uinter measures in potentially  eu troph ic  areas. O n e  
Hiportant research a im  is to assess the  extent o f  denitrifi- 
,aiion. i.e. how m uch N  is lost from  m arine  waters u nder  
jilk'ient environm ental conditions. Increased  a t ten tion  
•..is been paid to this ques tion  in recen t years (e.g. Nixon, 
iuxi: Blackburn & H en rik sen ,  1983) as a  result o f  a 
greater awareness o f  the crucial im por tance  o f  this 
process.

It is particularly im p o r ta n t  in eu troph ica t ion  research 
link the biological investigations closely to those  o f  

physical oceanography. A lthough  eu troph ica t ion  is con- 
N k le red  the m ajor  co n tr ib u to ry  fac to r  to the events 
described from wate rs  a ro u n d  Sweden, som e connect ion  
•.villi other large-scale changes can  not be  dismissed.
I herefore, the effect o f  long te rm  climatic changes and  
dic influence o f  changes in fish stock  com pos it ion  on 
benthic com m unities  will be assessed with respect to 
iheir likely effect on  the  eu trophicat ion- l ike  changes 
being recorded.

h seems probab le  tha t  nu tr ien t  inputs , principally  of 
\ .  from terrestrial drainage, a tm o sp h e r ic  deposition  and 
urban discharges, have increased progressively th rough­
out the world dur ing  this century. It is also likely that 
Iurther increases will o cc u r  in the  fu ture as popula tions  
continue to expand  an d  the use o f  fertilizers cont inues to 
escalate as the industria lization  o f  agriculture intensifies 
m the developed w orld  and  sp reads  even m ore  rapidly  in 
some third world countries .  Shallow  coasta l areas and  
shelf seas in m any par ts  of the w orld ,  w here conditions 
prevail which tend to lead  to strat if ica tion  dur ing  high 
temperature conditions,  can thus b e  regarded  as po ten-  
tially eutrophic risk areas. Indeed  eu t roph ica t ion  of 
inshore m arine areas m ay no t be  a  potentia l,  bu t  a p res ­
ent, threat. Should this be true  there  is an  urgent need  to 
understand the risk, an d  assess cause  an d  effect fully, 
as a prelude to  establishing ad e q u a te  contro l  and  p re­
ventative measures.
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