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Anthropogenic impacts on the Baltic Sea
-  problems and solutions

By Brian MacKenzie

Abstract
The Baltic Sea is a semi-enclosed estuarine ecosystem in northern Europe and is subjected to m ultiple hum an impacts. Overfishing/hunting, eutrophication, 
contamination and species introductions have all occurred in the past century and are still continuing. These impacts are affecting both the biodiversity and 
the functioning of the ecosystem. The international response in  the Baltic region to these impacts has been to develop and implement m onitoring systems and 
to produce new science-based guidelines and regulations to encourage positive changes in societal behaviours that affect the Baltic ecosystem. These activities 
have originated in organisations such as HELCOM (www.helcom.fi) and ICES (www.ices.dk).

period  (Enghoff 1999; MacKenzie et al. 
2002). Large m arine and estuarine fauna 
such  as stu rgeon , seals an d  h a rb o u r 
porpoises have been hu n ted  or exploited 
to near extinction (Elmgren 1989; Helcom  
2002; M acKenzie et al. 2002). Fish 
land ings have increased  substan tia lly  
during  the  20th century (Fig. 2), prim arily 
due to increases in fishing effort and 
technology  (Bagge et al. 1994). H igh 
exploitation has reduced biom ass of some 
species an d  p o p u la tio n s (e.g., eastern  
Baltic cod, salmon) to levels w hich may 
no t be sustainable (ICES 2004).

(ii) Sp ecies in trod u ction s
A pproxim ately  100 species have been 
intentionally  or accidentally in troduced  
into the  Baltic, particularly during the last 
3 0 -4 0  years. T hese in tro d u c tio n s  are 
m ainly  due  to increased  sh ip  traffic 
(Eeppäkoski et al. 2002) and can affect 
ecosystem  stru c tu re  and function. For 
example, the in troduction  of M. cf. viridis 
has changed  so ft-b o tto m  co m m unity  
structure  in coastal areas (Daunys et al. 
2000; Eeppäkoski e ta 1. 2002).

(iii) E utroph ication
E u tro p h ica tio n  was one of th e  m ajor 
im pacts on the  Baltic Sea during  the 20th
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Fig 1. C om parison of biodiversity (species richness) of th e  fish (left panel) and phytobenthos (right panel) com m unities in th ree  m arine ecosystem s 
of com parable area. Data source: EEA 2002.
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The Baltic Sea is a sem i-enclosed sea in northern  
Europe. Its w atershed contains nine countries and 
is hom e to over 80 m illion people. The presence of 
a large population  in a relatively small area has 
resulted in several hum an im pacts on the Baltic 
ecosystem. These include (over) exploitation of 
living resources, eu troph ica tion , p o llu tio n  by 
hazardous substances, extensive m arine m am m al 
hunting, shipping, and  in troduction  of non-native 
species (H elcom  2002). T his review  briefly 
sum m arises the m ain effects of these im pacts on 
the Baltic ecosystem, its biodiversity and how 
society and the scientific com m unity are taking 
steps to im prove the Baltic ecosystem.

Hydrographic
considerations
H um an im pacts on the Baltic Sea are am plified by 
its hydrographic situation. Salinity is low because 
of large freshwater inpu ts and infrequent major 
inflow s of saline w ater from  th e  N o rth  Sea 
(Schinke and M atthäus 1998; H elcom  2002). 
Tides are negligible. N utrients and contam inants 
in tro d u ced  to the  Baltic therefore have long 
residence times. Moreover, oxygen concentrations 
in  the deep parts of the Baltic decrease betw een 
m ajor seawater inflows and they frequently reach 
anoxic levels (M atthäus 1995; Schinke & M atthäus 
1998; H elcom  2002). Seasonal hypoxia occurs in 
shallow  areas due  to h igh  tem p era tu re  and  
eutrophication  (Æ rtebjerg et al. 2003).

Biodiversity
The biodiversity of the  Baltic Sea is m uch 
lower in  term s of species richness than  other 
m arine areas of com parable size (e.g. N orth 
Sea, Black Sea; Figs. 1,2) .  The m ain reason for 
the decrease in species’ num bers is low salinity 
This im poses a physiological stress on marine 
organism s an d  on freshw ater species 
inhabiting  coastal areas (Voipio 1981; Helcom  
2 0 0 2 ) .

Some species have physiological and genetic 
adaptations to the  low salinity in the Baltic 
(cod Gadus morhua: Vallinn eta!. 1999; Nielsen 
et al. 2001; the polychaete Marenzelleria cf. 
viridis; Schiedek 1997). However, in  some 
years even these adaptations are insufficient to 
ensure reproductive success (e.g., cod: Köster 
e ta 1. 2001; MacKenzie et aJ. 2002).

Human impacts on 
biodiversity and the 
ecosystem of the Baltic

(i) E xp lo ita tion  o f  liv ing resources
Fishing and hunting  probably have the longest 
h isto ry  of h u m an  im pact on th e  Baltic 
biodiversity and ecosystem. Fish populations 
in coastal areas and rivers have been exploited 
by local fisherm en since at least the m edieval
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Fig 2. Landings of th e  th ree  comm erically m ost im portan t fish species (cod, herring, sprat) in the  
Baltic Sea during th e  20th century. Triangles: cod; circles: sprat; diam onds: herring. Data sources: 
(Sparholt 1994; ICES 2004).

century  (Helcom 2002; Figs. 3, 4). Increased 
rates of organic m atter p roduction  have led to 
m ore frequent and  m ore extensive anoxia 
events in the deeper parts of the Baltic Sea 
(Helcom 2002). These events kill benthic life, 
w hich is only renew ed following m ajor inflows 
of saline, oxygen-rich w ater from the N orth  
Sea (H elcom  2002). As a consequence, 
eutrophication  has had som e negative effects 
on Baltic biodiversity over restricted tim e and 
space scales.

In addition, eutrophication  probably reduces 
reproductive success in the cod population  
because of the m ore extensive and frequent 
anoxia conditions in  deep w aters w here cod 
spaw n. H ence eu tro p h ica tio n  m ay have 
accen tua ted  the  effects of reduced  inflow 
frequency in recent decades on cod spaw ning 
habitat and  reproduction  (Koster et ai. 2001; 
MacKenzie et ai. 2002).

Eutrophication  may have contributed, along 
w ith a large increase in fishing effort and 
im proved technology, to the  overall increase in 
fish landings during  the 20th century  (Thurow 
1997). How ever, th is lin k  has no t been 
conclusively  d em o n stra ted  (H ansson & 
R udstam  1990; MacKenzie et ai. 2002).

(iv) C on tam in ation  by hazardous  
su b stan ces
The Baltic has received large in pu ts of toxic 
com pounds (e.g. persistent organic pollutants, 
heavy metals) since the m id-1900s (Helcom 
2002), bu t effects on biota rem ain poorly 
docum ented  (Lehtonen & Schiedek 2004). 
N evertheless, p o p u la tio n s o f som e higher 
trophic  level species (e.g. seals, fish-eating 
eagles) have declined  p a rtly  due  to 
contam inant-induced  reproductive problem s 
(Helcom 2002).

Fortunately, loading rates and  concentrations 
in biota of m any of these com pounds (e.g. 
PCBs, DDTs, m ercury and cadm ium) have 
fallen during  the last 20-30 years (Helcom 
2002; MacKenzie et ai. 2004; Fig. 4) due to 
in te rn a tio n a l bans on  th e ir use  and 
production. However, concentrations of some 
su bstances are still h igh an d  new toxic 
substances are being developed and produced 
by society  (H elcom  2002). For exam ple, 
dioxin concentrations in herring  and salm on 
in the sou thern  Baltic were above m axim um  
acceptable levels in 2003 and 2004 (DVFA 
2004). As a result, som e authorities closed 
fisheries for these species in 2004 (DVFA 
2004).

It seem s un likely  th a t con tam inan ts have 
totally eradicated any species from the Baltic, 
a lthough contam inants have affected relative 
abundances of species either directly  (via 
im paired reproduction) or indirectly (e.g. via 
bans on exploitation of som e species).
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Fig 3. C hange in w a te r transparency  (m) of 
th e  Baltic Sea during th e  early and late 20th 
cen tu ry  (EEA 2002).
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(v) C lim ate change and  sp ec ies  
com p o sitio n
There is increasing evidence th a t society is 
altering global climate (IPCC 2001). Some of 
these changes appear to be affecting conditions 
in th e  Baltic. Spring /early -sum m er 
tem peratures in the Baltic Sea in the last 10-15 
years have been above average (MacKenzie & 
Köster 2004) and m ost w inters in the same 
tim e period have been m ild (FIMR 2004). 
W arm er tem peratures (Fig. 5) benefit some 
Baltic herring and sprat populations (Axenrot 
& H ansson 2003; MacKenzie & Köster 2004) 
and change the  species com position of the 
Baltic Zooplankton com m unity (D ippner et ai. 
2000; M öllm ann et ai. 2002).

Increases in precipitation are another expected 
consequence of clim ate change (IPCC 2001). 
H igh p recip ita tion  reduces Baltic salinities 
(H änninen et al. 2000), w hich in tu rn  lead to 
changes in the species com position of the 
Zooplankton com m unity (Viitasalo et al. 1995; 
Vuorinen et al. 1998). Future climate change 
will have a m ajor im pact on biodiversity of the 
Baltic ecosystem.

(vi) In teraction s betw een  anth ropogen ic  
im pacts
A nthropogenic im pacts can interact w ith each 
o ther and can amplify the  effects of single 
im pacts operating individually. For example, 
the com bination of high fishing rates since the 
1980s an d  eu tro p h ica tio n  has p robab ly  
reduced the cod stock faster than  w ould  have 
been the case if one of these factors was not 
occurring.

Solutions to 
anthropogenic impacts
A nthropogenic im pacts on the biodiversity and 
ecosystem  of the Baltic Sea have occurred over 
decades and centuries. Some of these im pacts 
are potentially reversible bu t will take a long 
tim e to reverse. Prerequisites for reducing the 
negative im pacts of society  on Baltic 
biodiversity are a recognition that problem s 
exist an d  th e  iden tification  of ways to 
overcom e them . In the  Baltic, m any of the 
problem s first becam e evident only w hen they 
becam e severe enough to directly im pact the 
public  (e.g., appearance of algal bloom s on 
seashores, reductions in  catches and sightings 
of certain  species). The p u b lic  in te res t 
stim ulated authorities, including the scientific 
com m unity, to develop m o n ito rin g  and  
scientific program m es to identify causes of 
changes. In situations w here causes have been 
identified, and w here rem edial actions can be 
taken, new  national an d  in te rn a tio n al 
regu la tions have been  developed  and  
im plem ented to prevent or reduce further 
impacts.

As a result, the com bination of m onitoring, 
scientific investigation, im plem entation of new
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environm ental policies and governance has led 
to som e substantial im provem ents in the Baltic 
Sea ecosystem . Scientific discussions have 
taken place, particularly  w ith in  ICES, and  the 
d ev elopm en t of gu idelines and  
im plem entation  fram ew orks have occurred  
w ith the  su p p o rt of the H elcom  agreement, 
and  increasing ly  th e  EU an d  E uropean  
E nvironm ental Agency. Successful im plem ­
entation  has requ ired  strong political and 
public  support, and recognition that a safe, 
clean and  p ro p erly  fu n c tio n in g  Baltic 
ecosystem  has significant ecological, cultural, 
social and econom ic value. This socio-cultural 
context appears to be p resent am ong countries 
bordering the Baltic Sea, and will need to 
persist and  be strengthened in order to prevent 
further degradation of its biodiversity and 
ecosystem.
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Fig 4. PCB concen tra tions in tissues of Baltic fish species during th e  past 30 years (top panel: 
herring, sprat, salmon; b o tto m  panel: cod). See MacKenzie e t al. (2004) fo r data sources.
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Fig 5. May tem p era tu re  a t 45-65m  depth  in th e  Bornholm  Basin, Baltic Sea from  
1955-2003 (MacKenzie & K oster 2004, w ith data fo r 2000-2003 provided by Dr 
H-H Hinrichsen, GEOMAR, Kiel).
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