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Effects of biomanipulation on
water quality in eutrophic lakes

Biomanipulation in Lake Finjasjön, southern Sweden. Photo: Johan Forssblad.

Decreasing the amounts of roach and bream in
a eutrophic lake can be a way of curbing algal
blooms and similar problems. Mistra EviEM has
assessed how useful the method is.

Intensive ﬁshing the most common
form of biomanipulation
In recent decades, many attempts have been made to
restore eutrophic lakes through biomanipulation, i.e.
removal or stocking of fish or other species.
In most cases, biomanipulation involves intensive fishing
intended to reduce the stocks of zooplankton-feeding or
bottom-feeding fish. In European lakes, this category of
fish is dominated by roach, bream and other cyprinids.
A reduction of the populations of such fish may induce
ecosystem changes that increase water transparency and
decrease the risk of algal blooms and oxygen deficiency.
Attempts have also been made to reduce stocks of
plankton- and bottom-feeding fish indirectly by stocking
of pike, perch or other piscivores (fish-eating fish).
It is not well known how the effects of biomanipulation
on water quality vary across lake types and geographical
regions. Therefore, we have undertaken a systematic review of such effects in temperate eutrophic lakes throughout the world. We found useful data on a total of 128 biomanipulations in 123 different lakes. Of these interventions, 85% had been made in Europe and 15% in North
America.

Clear effects on water transparency
and amounts of algae
Our result show that a clear majority of the biomanipulations had positive effects on water quality. The water transparency (measured as Secchi depth) had in most cases increased, whereas the amounts of planktonic algae (measured as chlorophyll levels in the water) had in most cases decreased. These effects usually appeared both during biomanipulation and in the early post-manipulation phase.
According to our analyses, Secchi depths were 0.11–0.33 m
greater and chlorophyll levels 17–42 μg/l lower during biomanipulation than before manipulation. The mean changes
were 0.22 m and –30 μg/l, respectively. The first three
years after biomanipulation, Secchi depths were 0.23–0.70
m greater and chlorophyll levels 14–52 μg/l lower than before manipulation (or 0.47 m and –33 μg/l on average).
The average effects on Secchi depth and chlorophyll levels
showed no obvious signs of diminishing even up to seven
years after biomanipulation, but four years or more after
treatment they were no longer statistically significant.
Different kinds of biomanipulation had different effects on
water quality. Removal of plankton- and bottom-feeding
fish led to increased Secchi depth and decreased chlorophyll levels, both during and after intervention, and regardless of whether the removal was combined with stocking of piscivores or not. Piscivore stocking alone had no
such effects, neither during nor after the intervention.

We also found the effects of biomanipulation to vary with
lake properties and with the intensity of manipulation:

What is a systematic review?

• Biomanipulation tended to be particularly successful

In this review, we used a systematic approach to synthesise available evidence on how water quality is affected by biomanipulation.

in relatively small lakes with short retention times and
high pre-manipulation phosphorus levels.

• More thorough fish removal increased the efficacy of biomanipulation.

• For chlorophyll, these two relationships also tended to
reinforce each other – increasing the fish removals had
the strongest effect in lakes that were small and/or had
high pre-manipulation phosphorus levels.
To summarise, our results indicate that removal of plankton- and bottom-feeding fish is a useful means of improving water quality in eutrophic lakes.

Free access to full report
A more detailed summary of this review is available at the
EviEM website (www.eviem.se/en/). The full report on
the review can also be downloaded there. The report has
been published in the Environmental Evidence journal
(www.environmentalevidencejournal.org/content/4/1/7).

A systematic review is characterised by meticulous planning, methodical procedures and a transparent, complete documentation of all
assessments carried out in the course of the work. This approach is
designed to avoid bias and increase reliability and repeatability.

How this review was conducted
This systematic review was initiated and ﬁnanced by the Mistra
Council for Evidence-Based Environmental Management (EviEM).
The review was conducted as a project by a specially appointed
team of researchers chaired by Per Larsson, professor of aquatic
ecology at Linnaeus University in Kalmar. The project was managed by Claes Bernes, EviEM.

EviEM
The Mistra Council for Evidence-Based Environmental Management (EviEM) strives to ensure that environmental management
in Sweden is informed by the best possible scientiﬁc evidence.
Through systematic reviews of relevant research, we aim to
improve the basis for decisions in environmental policy. EviEM is
funded by the Swedish Foundation for Strategic Environmental
Research (Mistra) and hosted by the Royal Swedish Academy of
Sciences. It is ﬁnancially and politically independent.

BEFORE BIOMANIPULATION
Eutrophic lakes often contain many
zooplankton-feeding ﬁsh and therefore limited amounts of zooplankton. This beneﬁts planktonic algae,
which otherwise would largely have
been eaten by zooplankton. The
algae can grow so profusely that the
water becomes turbid.
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AFTER BIOMANIPULATION
If stocks of zooplankton-feeding
ﬁsh are reduced, the abundance of
zooplankton can increase, leading
to decreased amounts of algae and
improved water transparency.
In principle, it should also be
possible to achieve such effects
by stocking predatory ﬁsh that eat
plankton-feeding ﬁsh and thereby
limit their numbers. In practice, however, this does not seem to work.
From Anthony Thorpe, Lakes of
Missouri Volunteer Program (image
edited).
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