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Background  
This document contains information on the role of fish management for mitigating eutrophication effects in 
shallow coastal waters. 

 
Action required 
The Meeting is invited to consider the information and act as appropriate. 
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Background 
Shallow coastal habitats have a high biodiversity and are important as spawning and nursery grounds for 
fish, and produce several valuable ecosystem services to humans (De Grot et al 2012, Seitz et al 2014). 
Coastal habitats are vulnerable to human impact, primarily through fishing, eutrophication and coastal 
development (Lotze et al 2006, Airoldi & Beck, 2007), which reduce the ability to provide ecosystem 
services of coastal habitats (Bryhn et al 2015). The management of the Swedish coastal waters has 
focused mainly on eutrophication. Eutrophication in these environments favours growth of fast-growing 
filamentous algae, which in turn harm perennial, habitat-forming vegetation by shading and by reducing 
oxygen levels (Berger et al 2004). In a global perspective, eutrophication has led to a deterioration of 
eelgrass and large perennial brown algae (Waycott et al 2009), but also in the Baltic and North Seas 
(Baden et al 2003 Rönnberg & Bonsdorff 2004, Jones & Unsworth 2016). 

In recent years, several studies have shown that a decline of predatory fish, as a result of overfishing, 
can cause symptoms similar to the effects of eutrophication in coastal areas. Loss of predators can 
increase the amount of benthos-eating fish and crabs because the predation pressure on them 
decreases. These so-called mesopredators in turn reduce the abundance of algae-eating grazers, 
especially small crustaceans, in the coastal zone, which increases the amount of fouling filamentous 
algae (Eriksson et al 2011, Baden et al 2012). If this is a general effect, it means that management 
measures that reduce the amount of mesopredators and/or increase the amount of predatory fish may 
reduce the problems of filamentous algae in the coastal zone. 

To get more comprehensive knowledge of how changes in fisheries management can counteract the 
negative effects caused by excessive growth of filamentous algae, a problem normally associated with 
eutrophication, we have conducted an analysis of available scientific studies on how fertilization 
(bottom-up) and changes in grazing and predation (top-down) affect the amount of filamentous algae. If 
the effects of predatory fish propagate to lower levels of the food web to affect filamentous algae, then 
fisheries management has the potential to counteract the widespread problem of an excessive 
production of filamentous algae. In addition to assessing the effects on filamentous algae, we have also 
quantified bottom-up and top-down effects on habitat-forming perennial vegetation. 

The standard measure for mitigating eutrophication symptoms in coastal waters has been to reduce 
leaching of nutrients from land-based sources. To get an overview of the extent to which measures in 
the catchment area can actually be expected to produce local effects on nutrient concentrations in 
Swedish coastal waters, we have in a separate study compared nutrient loadings from land, the 
atmosphere and the surrounding sea in all of Sweden's coastal water bodies. We can only expect to get 
local effects in coastal water bodies from a decrease in nutrient leakage in cases where a significant 
share of the total nutrient loading comes from land. By comparing the origins of nutrient loading, we get 
an idea of how often this is the case. 

Eutrophication and top-down regulation of filamentous algae 
In order to do a comprehensive statistical analysis of the available scientific studies on the 
effects of eutrophication and top-down control (the effects of predation and grazing) on the 
abundance of filamentous algae, we did a so-called meta-analysis, which compiles the results 



from many individual studies, to get a general “effect size” (importance) of different variables 
on the abundance of filamentous algae. The results are fully presented in the scientific 
manuscript "Meta-Analysis Reveals top-down processes are as strong as bottom-up effects in 
the North Atlantic coastal food webs" of Östman et al. (In press in Journal of Applied Ecology). 
This meta-analysis was restricted to experimental studies conducted in habitats where 
bladderwrack (Fucus vesiculosus) and eelgrass (Zostera marina) were the dominant habitat-
forming species in the North Atlantic coastal waters. The studies conducted in the Baltic Sea 
have often been conducted in habitats where bladderwrack or eelgrass grow in a mixture with 
other, often freshwater, perennial vegetation, e.g. pondweed and milfoils (Potamogetonaceae, 
Haloragaceae). Bladderwrack and eelgrass are key species in the coastal zone in the North 
Atlantic including the North Sea and the Baltic Sea, and hence we included all studies 
conducted in this region. In total we found 48 publications, but many of them included several 
experiments, why over 100 experiments were included in the analyses. For each experiment we 
noted the fertilizer levels and densities of consumers at different trophic levels in the food web 
(grazers, mesopredators or predator). 

   

Figure 1. Effect size (log response ratio) for bottom-up effects (fertilization) and top-down effects 
(grazers, mesopredators and predatory fish) on the abundance of filamentous algae (left) and  eelgrass 
& bladderwrack (right). Errors bars indicate 95 % confidence intervals and N is the number of 
experiments included in the calculations. 0 indicates no effect, 0.7 a doubling and -0.7 a halving of the 
abundance of primary producers. For example, nutrient additions and increased abundance of 
mesopredators double the abundance of filamentous algae, while grazers and predatory fish halve the 
abundance of filamentous algae, relative to experimental controls. The effects on eelgrass and 
bladderwrack are small, most likely due to the short duration of the experiments compared to the 
growth of these species. Figure from Östman et al., in press. 
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The results of the meta-analysis show that on average the top-down effects are as strong as the 
eutrophication effects of added nutrients on the abundance of filamentous algae (Figure 1). The 
top-down effect was equally strong regardless of which level of the food web that was 
manipulated, that is, grazers, mesopredators or predatory fish. This means that the trophic 
cascade propagates through the food web with a relatively constant strength. Presence or 
increased density of mesopredators (compared to the controls of the experiments) on average 
doubled the amount of filamentous algae, while presence or increased density of predatory fish 
almost halved the amount of filamentous algae compared to controls in the experiments. 
However, fish predators were only manipulated in a few studies, why this estimate is less 
confident than for the other effects. The effects on eelgrass and bladderwrack were small in 
comparison with the effects on filamentous algae. Since the duration of the experiments was 
generally short, usually a few weeks, these studies likely give no reliable information on the 
long-term effect on habitat-forming species. Large-scale field studies, however, do suggest that 
the effect on habitat-forming vegetation through trophic cascades may also be strong (Baden et 
al 2012, Hughes et al 2013). 

Figure 2 summarizes the impacts of fertilizers and various functional consumer groups on 
filamentous algae. The main flow in the food web goes from large predatory fish via benthos-
eating fish (mesopredators) to small crustaceans (amphi- and isopods) that eat filamentous 
algae. According to our meta-analysis snails had a strong effect on filamentous algae, but 
studies estimating the impact of snail-eating species, such as crabs and some fish species, was 
missing. Thus, we lack information about a potentially important part of the food web. The 
general pattern is, however, still clear and shows that a high abundance of mesopredators that 
feed on grazers can result in an increased amount of filamentous algae, and thus indirectly have 
a negative effect on eelgrass and bladderwrack abundance. Predators in turn can drive the 
system toward a reduced abundance of filamentous algae by consuming the mesopredators. 

An important result from the study is that the effects of eutrophication and overfishing (leading 
to fewer predatory fish and more mesopredators) can reinforce each other, so that their 
combined effect is greater than the sum of the single effects separately. In areas that are 
affected by eutrophication, it is particularly important to maintain strong stocks of predatory 
fish and keep down the amount mesopredators to conserve the important habitat-forming 
vegetation (Hughes et al 2013). 

 



Figure 2. Food web interactions in bladderwrack and eelgrass beds identified by the meta-analysis. The 
thickness of the arrows indicate the strength of the interaction. Blue arrows indicate direct effects and 
green arrows show indirect effects. Black dashed arrows indicate interactions where there are no data 
on interaction strength. The sign at the arrows indicate whether the effect is positive or negative on the 
affected group. The figure from Östman et al., in press. 
 

Sources of nutrient inputs into the coastal zone 
The meta-analysis showed that top-down control can have as large effect as fertilization on the 
abundance of fast-growing filamentous algae in the coastal zone, and thus, the biological eutrophication 
status. This, in turn, means that fisheries management may represent a possible tool for combating the 
degradation of coastal habitats that are normally primarily associated with eutrophication. To get an 
idea of the extent to which measures can be expected to reduce nutrient levels on a local level we made 
a summary of how the external nutrient loading is divided between land-based sources, atmospheric 



deposition and exchange with surrounding sea areas. The notion is that for measures in a watershed 
area to provide a noticeable reduction of the nutrient concentrations in the receiving coastal zone, a 
significant part of the total nutrient load has to come from the local land drainage. 

The results of the study are presented in the scientific manuscript "External nutrient loading from land, 
sea and atmosphere to 656 Swedish coastal water bodies" by Bryhn and others. We compiled the data 
generated by the modeling tool Water Web (http://vattenwebb.smhi.se/) produced by the Swedish 
Meteorological and Hydrological Institute. The model calculates water and nutrient flows in soil, 
groundwater, running waters, lakes and coastal waters. The model for the coast is a combination of a 
physical and a biogeochemical model (Sahlberg 2009). In the analysis, we included all the coastal water 
bodies along the Swedish coast, a total of 656 separate water bodies, and compiled information 
regarding nutrient loadings from land, atmosphere, and adjacent water bodies for the years 2002-2011. 

Table 1. Proportion (%) of coastal water bodies where nitrogen and phosphorus from land-based sources 
account for more than 50, 25-50, 10-25 and less than 10% of the total nutrient load, respectively (from 
Bryhn etc. manuscripts). 

% of total deposition  >50 % 25-50 % 10-25 % <10 % 
Terrestrial N  3.5 5.5 6.8 84.2 
Terrestrial P  3.3 4.7 7.5 84.5 

 

In summary, the compilation of the comprehensive model runs that nutrient deposition from terrestrial 
areas accounted for an average of less than 1% of the total nutrient load for both total nitrogen and 
total phosphorus in coastal water bodies. Although the atmospheric deposition was low, the deposition 
from the exchange by currents with the surrounding sea water bodies accounted for an average of 99% 
of the total load of nutrients in each water body. This indicates that the local runoff generally has a small 
effect on nutrient deposition in individual coastal water bodies. The load from the local catchment area 
was substantial (at least 25% of the total load) in only 8-9% of the water bodies on an annual basis 
(Table 1). This means that local measures in the catchment area can be expected to provide significant 
local impact on eutrophication status only in a small proportion of Sweden's coastal water bodies. In 
most of the water bodies, improvements in water quality from nutrient measures are expected to occur 
on the larger scale of  sea basins because of the high exchange of water between water bodies. It is  still 
of central importance to reduce nutrient input to coastal waters to attain a better eutrohication status, 
but these effects should primarily be expected to be seen on a basin scale and in the longer term. To 
reduce the problems caused by an excessive production of filamentous algae in shallow coastal waters, 
and thus to enhance habitat quality, we conclude that it is important to implement measures to restore 
food webs in parallel with working towards decreasing nutrient input. The aim of these food web 
restoration measureswould be to increase the abundance of predatory fish and reduce the abundance 
of mesopredators. 



 
Implication for management 
Overall, the results from the project suggest that fish management aimed to restore food webs, that is 
increase the abundance of predatory fish or, where justified, reduce the amount mesopredators, can be 
an effective measure to combat eutrophication problems in shallow coastal areas. Measures to reduce 
nutrient runoff from land is still significant, but a conclusion of our study is that such measures often 
cannot be expected to produce significant effects at the scale of individual water bodies (Bryhn et al. 
manuscript). Reduced nutrient input may instead be seen as a long-term measure, where positive 
effects can be seen over larger areas rather than locally, and over time scales of decades rather than 
years (Varjopuro et al 2014). 

Previous studies have shown that fisheries management can be significant for eutrophication problems 
in lakes and the open sea. In lakes it has been shown that reduction of planktonic and benthic-feeding 
fish, that is mesopredators, can reduce the production of phytoplankton (Bernes et al 2013). An 
elevated phytoplankton production can have similar effects as filamentous algae on benthic vegetation, 
by impairing the light conditions and by causing oxygen deficiency at the bottoms. Similarly, in the Baltic 
Sea, in the Black Sea and off Nova Scotia where there has been a decline in spawning biomass of large 
predatory fish, the effects have been shown to cascade through the food webs. The loss of large 
predatory fish has led to higher abundances of plankton-eating fish, which in turn has decreased the 
amount of zooplankton and increased the production of phytoplankton, thus accentuating the 
eutrophication status of the systems (Daskalov 2002, Frank et al 2005, Casini et al. 2008). 

In the meta-analysis by Östman and others, we showed that experimental studies generally 
demonstrated strong trophic cascades in North Atlantic coastal systems, where the abundance of 
filamentous algae was to the same degree indirectly affected by predatory fish as directly by 
fertilization. Because excessive growth of filamentous algae harms large perennial vegetation, 
overfishing may be linked to the reductions seen in populations of habitat-forming species such as 
eelgrass and bladderwrack. The meta-analysis also shows that eutrophication and overfishing interact so 
that their combined effect may be greater than the sum of the individual effects. This means that it is 
particularly important to maintain strong stocks of predatory fish in eutrophic areas to counteract the 
negative effects of fast growing filamentous algae (Östman et al in press). 

Since many predators depend on vegetated habitats while growing up, there is a clear risk that the loss 
of these habitats gives rise to a downward spiral with a lower reproduction of predatory fish following a 
decrease in these habitats (Bergström et al 2013, Sundblad et al 2014), while trophic cascades may 
further weaken habitat status. Moreover, it has been shown that some mesopredators, such as 
sticklebacks in the Baltic Sea coastal areas, can be effective predators on the eggs and larvae of 
predatory fish. This is an additional self-reinforcing mechanism that has the potential to lock a system in 
a state with high mesopredator abundance and low abundance of predatory fish (Bergström et al 2015; 
Byström et al 2015). 

The studies included in the meta-analysis were from small-scale and short-term experiments, why there 
is some uncertainty about how well they reflect the natural systems. Field data from the Swedish Baltic 



coast and the west coast, however, support that the decline in predatory fish may lead to to an increase 
in abundance of filamentous algae through a trophic cascade, and a subsequent reduction of habitat-
forming vegetation (Eriksson et al 2009, 2011, Baden et al 2012). To investigate whether it is possible to 
improve eutrophication status in practice by fish or fishery management and conservation, we suggest 
that, in conjunction with measures to locally strengthen populations of predatory fish, monitoring 
programmes to also measure the potential effects on other trophic levels in the food web are also 
initiated. Examples of such measures might be: 1) the establishment of no-take areas, 2) restoration of 
reproduction areas for predatory fish, 3) stocking of hatchery-reared predatory fish, or 4) fishing 
targeting mesopredators.  

Traditional fish management measures can provide a relatively rapid impact on fish stocks, with clear 
improvements within a decade (Cardinale et al 2013). More radical measures, such as establishing no-
take areas, usually provide both faster and greater effects (Halpern & Warner in 2002, Lester Halpern & 
2008 Sciberras et al 2013). Stronger stocks of predatory fish in the coastal zone benefit both recreational 
and commercial fishing, and would thus be able to provide long-term economic benefits in itself. Given 
that available studies indicate that large predatory fish can also promote healthier habitats, an increased 
focus on regaining good status of these populations seems like a natural step towards an ecosystem-
based management. 

 
 
  



References 
Airoldi L & Beck M W 2007. Loss, status and trends for coastal marine habitats of Europe. Oceanography and 
Marine Biology: An Annual Review 45: 345–405.  

Baden S, Emanuelsson A, Pihl L, Svensson C J & Åberg P 2012. Shift in seagrass food web structure over decades is 
linked to overfishing. Marine Ecology Progress Series 451: 61-73. 

Bergström U, Olsson J, Casini M, Eriksson BK, Fredriksson R, Wennhage H, Appelberg M 2015. Stickleback increase 
in the Baltic Sea - a thorny issue for coastal predatory fish. Estuarine and Coastal Shelf Science 163: 134-142 

Bergström U, Sundblad G, Downie A-L, Snickars M, Boström C, Lindegarth M 2013. Evaluating eutrophication 
management scenarios in the Baltic Sea using species distribution modelling. Journal of Applied Ecology 50: 680–
690. 

Bernes C, Carpenter S R, Gårdmark A, Larsson P, Persson L, Skov C & Van Donk E 2013. What is the influence on 
water quality in temperate eutrophic lakes of a reduction of planktivorous and benthivorous fish? A systematic 
review protocol. Environmental Evidence 2(1), 9. 

Bryhn A, Dimberg P, Bergström L, Fredriksson R, Mattila J, Bergström U. External nutrient loading from land, sea 
and atmosphere to 656 Swedish coastal water bodies. Science of the Total Environment, under revision. 

Bryhn A, Lindegarth M, Bergström L, Bergström U 2015. Ekosystemtjänster i svenska hav - status och 
påverkansfaktorer. Havs- och vattenmyndighetens rapport 2015:12 

Byström P, Bergström U, Hjältén A, Ståhl S, Jonsson D, Olsson J 2015. Declining coastal piscivore populations in the 
Baltic Sea - where and when do sticklebacks matter? Ambio 44(3): 462-471. 

Cardinale M, Dörner H, Abella A, Andersen J L, Casey J, Döring R, ... & Stransky C. 2013. Rebuilding EU fish stocks 
and fisheries, a process under way?. Marine Policy 39: 43-52. 

Casini M, Lövgren J, Hjelm J, Cardinale M, Molinero J C, & Kornilovs G 2008. Multi-level trophic cascades in a 
heavily exploited open marine ecosystem. Proceedings of the Royal Society of London B: Biological Sciences 
275(1644): 1793-1801. 

Daskalov G M 2002. Overfishing drives a trophic cascade in the Black Sea. Marine Ecology Progress Series 225: 53-
63. 

De Groot R, Brander L, Van Der Ploeg S, Costanza R, Bernard F, Braat L, ... & Hussain S 2012. Global estimates of the 
value of ecosystems and their services in monetary units. Ecosystem services, 1(1): 50-61. 

Eriksson B K, Ljunggren L, Sandström A, Johansson G, Mattila J, Rubach A, ... & Snickars M 2009. Declines in 
predatory fish promote bloom-forming macroalgae. Ecological Applications 19(8): 1975-1988. 

Eriksson BK, Sieben K, Eklöf J, Ljunggren L, Olsson J, Casini M, Bergström U 2011. Effects of altered offshore food 
webs on coastal ecosystems emphasizes the need for cross-ecosystem management. Ambio 40:786-797. 

Frank K T, Petrie B, Choi J S, & Leggett W C 2005. Trophic cascades in a formerly cod-dominated ecosystem. 
Science, 308: 1621-1623. 

Halpern B S & Warner R R 2002. Marine reserves have rapid and lasting effects. Ecology letters 5(3): 361-366. 



Hughes BB, Eby R, Van Dyke E, Tinker M T, Marks C I, Johnson K S & Wasson K 2013. Recovery of a top predator 
mediates negative eutrophic effects on seagrass. Proceedings of the National Academy of Science 110: 15313-
15318. 

Jones B L, & Unsworth R K 2016. The perilous state of seagrass in the British Isles. Royal Society Open Science 3(1), 
150596. 

Lester S E & Halpern B S 2008. Biological responses in marine no-take reserves versus partially protected areas. 
Marine Ecology Progress Series 367: 49-56. 

Lotze HK, Lenihan H S, Bourque B J, Bradbury R H, Cooke R G, Kay M C, Kidwell S M, Kirby M X, et al. 2006. 
Depletion, degradation, and recovery potential of estuaries and coastal seas. Science 312: 1806–1809. 

Moksnes P-O, Gullström M, Tryman K & Baden S 2008. Trophic cascades in a temperate seagrass community. Oikos 
117(5): 763-777. 

Rönnberg C, & Bonsdorff E 2004. Baltic Sea eutrophication: area-specific ecological consequences. Hydrobiologia, 
514: 227-241. 

Sahlberg J 2009. The Coastal Zone Model. SMHI Report Oceanography 98/2009. Swedish Meteorological and 
Hydrological Institute, Norrköping, 29 p. 

Sciberras M, Jenkins S R, Kaiser M J, Hawkins S J & Pullin A S 2013. Evaluating the biological effectiveness of fully 
and partially protected marine areas. Environmental Evidence 2(4): 1-31. 

Seitz R, Wennhage H, Bergström U, Lipcius R 2014. Ecological value of coastal habitats for commercially and 
ecologically important species. ICES Journal of Marine Science 71: 648-665 

Sundblad G, Bergström U, Sandström A, Eklöv P 2014. Nursery habitat availability limits adult stock sizes of 
predatory coastal fish. ICES Journal of Marine Science 71: 672-680. 

Varjopuro R, Andrulewicz E, Blenckner T, Dolch T, Heiskanen A-S, Pihlajamäki M, Brandt US, Valman M, Gee K, 
Potts T & Psuty I 2014. Coping with persistent environmental problems: systemic delays in reducing eutrophication 
of the Baltic Sea. Ecology and Society 19, 48. 

Östman Ö, Eklöf J, Eriksson K, Moksnes P, Olsson J, Bergström U. Meta-analysis reveals top-down processes are as 
strong as bottom-up effects in coastal food-webs. Journal of Applied Ecology, under revision. 

 


	4-6 Role of fish management for mitigating eutrophication effects in shallow coastal waters
	Background
	Action required
	The Meeting is invited to UconsiderU the information and UactU as appropriate.

	4-6-Att-1_fish_management_eutrophication

