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Scope of the talk 

•  Nutrient (P) fluxes in relation to aquaculture in open 
systems in marine and freshwater systems 

•  Management strategies for sustainable aquaculture 
nutrient use 

•  Spatial scale: the Baltic Sea catchment area, from 
mountain tops to deep sea sediments 



The Swedish national strategy 
for aquaculture 

Vision 

•  Swedish aquaculture is a growing, viable and sustainable industry 
with ethical production. 

Some of the goals 

•  Swedish aquaculture is characterised by a small environmental 
impact 

•  Swedish aquaculture contribute to an ecologically, economically and 
socially sustainable food production 

Jordbruksverket (2012) Svenskt vattenbruk – en grön näring på blå åkrar 
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Aquaculture 
in Sweden 

Global production ≈ 60 million tons year-1 

Nutrient load 
from Sweden 
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• drainage of wetlands and chan-
nelization of streams;

• loss of migratory fish popula-
tions because of obstructions
(dams), destruction of fish habi-
tat, and overfishing;

• acidification and liming of lakes,
streams, and soils; and

• longer-term climatic changes, e.g.
global warming affecting both
marine and freshwater nutrient
influxes.

Though some lakes and rivers can
undergo oligotrophication from natural
causes, e.g. volcanoes, earthquakes,
landslides, etc., the natural ontogeny of
most lakes is to become gradually shal-
lower and more productive as they
age, and eutrophication greatly acceler-
ates the process. Some eutrophic lakes
that have been “biomanipulated” have
exhibited a “temporary” oligotrophica-
tion effect induced by alteration of
food-web structure and more efficient
carbon flows (Sanni and Waervaagen
1990), but these effects have been gen-
erally short-term and ephemeral
because annual N and P inputs have
remained unaffected (Kitchell 1992).

This article looks at the current
state of our knowledge of the oligo-

trophication of freshwater ecosystems
against a background of over a centu-
ry of poor nutrient management. We
argue that many early water manage-
ment decisions were of single purpose
and short-sighted, and made without
adequate consideration of the conse-
quences of nutrient reduction/enhance-
ment and N to P (e.g. N:P ratio)
imbalances on the receiving ecosys-
tem’s food web structure, carbon flow
and production cycles. Our discussion
focuses on P dynamics in north tem-
perate ecosystems where some of the
more extensive research efforts have
been made to restore nutrient bal-
ances and production levels to accept-
able levels both in eutrophic and
ultra-oligotrophic ecosystems.

Background
It is important to recognize that

both oligotrophication and eutrophi-
cation processes occur simultaneously
within given landscapes or ecosys-
tems (Figure 1). Both aquatic and ter-
restrial components of higher eleva-
tion (e.g. highland) ecosystems have
always been, and will continue to be,
highly susceptible to oligotrophica-
tion because of low annual inputs of

anthropogenic P, and a greater
susceptibility to P losses from erosion.
Within a drainage basin the forces of
gravity and the hydrological cycle
assure that the net flux of P is from
highland to lower elevation (e.g. low-
land) floodplain or coastal regions.
Thus it is not surprising that some of
the first scientific papers to document
the adverse affects of excessive bio-
genic production in eutrophic lakes
and streams came from studies in
lowland regions of northern Europe
(Naumann 1921; Thienemann 1922),
where many of the most productive
farmlands of Europe are situated,
either on nutrient-rich alluvial or
depositional soils or on ancient lake,
sea or wetland sediments.

Prior to the latter half of the nine-
teenth century, the traditional, family,
small-scale, low productive farming
was based on a complete nutrient
recycle system. In this era, people
considered both human and livestock
waste vital supplements for crop pro-
duction, and organic wastes were
nearly always returned to the soil. As
a consequence, nutrient losses from
these landscapes were small. But dur-
ing the second half of the nineteenth
century, two events occurred that dra-
matically altered the nutrient balances
of terrestrial and aquatic ecosystems.
The first was large-scale land clear-
ance, deforestation and the concurrent
drainage of wetlands and channeliza-
tion and damming of streams—schemes
to create new farmlands required by
over-population and the increased
demand for food and shelter. These
largely forested systems in their pris-
tine state were stable P-recycle sys-
tems, but with intervention, they
gradually shifted to P-export systems,
because of increased soil erosion with
a subsequent ground and surface
water enrichment. This massive
human intervention on the landscape
in both highland and lowland regions
converted what was at the time con-
sidered “unproductive” scrub forest
land into what would become only
marginal farmlands, requiring an
annual application of fertilizer to sus-
tain crop yield. From a crop produc-
tion viewpoint, the ability to purchase
fertilizer (P-import) from mined

Figure 1. A schematic depiction of the impacts of man on phosphorus (P) dynamics in a

north temperate drainage basin. (Width of arrows indicate relative strength of processes on

annual P mass-balances.)

F I S H E R I E S  H A B I TAT –P E R S P EC T I VE

Stockner, Rydin & Hyenstrand (2000) Fisheries 25:7-14 

oligotrophication vs. eutrophication 

Aquaculture 
in the BS 

Aquaculture 
in hydropower 

reservoirs 
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A simple model of P in aquaculture in the Baltic Sea 

Futter, Lindholm, Vrede, Markensten & Abrahamson, unpubl. 



An even simpler model 
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How much does the net P load decrease 
when fish from BS is used in the feed? 

Fish feed component g / kg fish feed %P 
today feasible zero min 

Fish meal from Baltic Sea 0 100 160 200 2.0 
Fish meal from outside BS 200 100 40 0 2.0 
Fish oil 200 200 200 200 0 
Rapeseed oil 96 96 96 96 0 
Soy protein 285 255 237 225 0.68 
Wheat gluten 18 48 67 79 0.14 
Wheat meal 180 180 180 180 0.37 
Vitamin mix 20 20 20 20 0 

Futter, Lindholm, Vrede, Markensten & Abrahamson, unpubl. 



What about hydropower reservoirs? 

Foto: Tobias Vrede 



Large (>10 km2) lakes 
and hydropower 
reservoirs in the 11 
largest river basins in 
Northern Sweden 
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Milbrink, Vrede, Tranvik & Rydin (2011) Can J Fish Aquat Sci  68:2167–2173 

Weight of (wild) Arctic char at age 4+ in 
unregulated and regulated lakes 
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Milbrink, Vrede, Tranvik & Rydin (2011) Can J Fish Aquat Sci  68:2167–2173 

Weight of (wild) Arctic char at age 4+ in 
unregulated and regulated lakes 
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Markensten, Fölster, Vrede & Djodjic (2012) Näringspåverkan av fiskodling i regleringsmagasin. Inst för vatten och 
miljö, SLU, rapport 2012:20.  
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Take home message 
•  To achieve sustainable aquaculture, nutrient fluxes must be 

considered at relevant spatial and temporal scales 

•  Increasing aquaculture in open systems is a challenge for 
eutrophication  

•  P load from aquaculture can be substantially decreased by using fish 
feed made from BS resources 

•  Aquaculture in hydropower reservoirs may be a viable option, but 
more knowledge on local and regional effects of nutrient release is 
needed 

•  To succeed, we must collaborate across scientific disciplines and 
with stakeholders 


