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    Chapter 12   
 Jellyfi sh Blooms and Their Impacts on Welfare 
Benefi ts: Recreation in the UK and Fisheries 
in Italy 

             Maria     Giovanna     Palmieri     ,     Marije     Schaafsma    ,     Tiziana     Luisetti    , 
    Alberto     Barausse    ,     Amii     Harwood    ,     Antara     Sen    , and     R.    K.     Turner   

12.1             Introduction 

 Jellyfi sh blooms may be regarded as an ecosystem shock, where the danger lies in 
the sudden outbreaks of jellyfi sh biomass, which may invoke changes and reactions 
in the ecosystem that are non-linear or affect multiple species (Daskalov et al. 
 2007 ). The main problem for a detailed assessment of the impacts of jellyfi sh out-
breaks on ecosystem services provision is the paucity of jellyfi sh population datas-
ets covering large temporal and spatial scales and the limited understanding of the 
role of jellyfi sh in ecosystems, the interaction with fi sh and other species 
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populations, and the infl uence of human activities on the occurrence of blooms 
(Boero et al.  2008 ; Condon et al.  2012 ; Purcell et al.  2007 ). There is insuffi cient 
evidence to say under which conditions jellyfi sh blooms may cause irreversible eco-
system shifts, let alone to what extent these are caused by human pressures, as jel-
lyfi sh also have a natural bloom-and-bust cycle following climatic patterns. The 
range of conditions at which ecosystems stay in a stable state is also unknown (see 
Fig.   2.4    ); shift are usually unpredictable (Scheffer et al.  2001 ). 

 In the absence of scientifi c knowledge about the physical, chemical and biologi-
cal components of the marine ecosystem, economic valuation of the impacts of jel-
lyfi sh blooms can only be based on some simplifying rules and assumptions to 
assess changes in ecosystem services provision, in combination with the exploration 
of different scenarios – alternative stable states of the ecosystem with prior and post 
levels of ecosystem services provision (Crépin et al.  2012 ). 

 This chapter provides a review of the occurrence, causes, and impacts of jellyfi sh 
blooms throughout the world. It then presents two case studies of jellyfi sh impacts 
in Europe and provides estimates of the potential welfare losses stemming from 
impacts of blooms on recreation in the UK and fi sheries in Italy. 

12.2       Jellyfi sh Blooms: Occurrence, Causes, and Impacts 

12.2.1     Is a “Jellifi cation” of Global Seas Taking Place? 

 In the last decades extensive outbreaks of both indigenous and alien jellyfi sh have 
been recorded in several regions worldwide raising concern about a possible “jelli-
fi cation” of global seas (Jackson et al.  2001 ; Lynam et al.  2006 ; Attrill et al.  2007 ; 
Richardson et al.  2009 ). In the East China and Yellow Seas jellyfi sh blooms have 
become an annual event. Outbreaks of the giant jellyfi sh  Nemopilema nomurai  have 
taken place nearly each year since 2000 and blooms of other species, such as  Cyanea 
nozakii  and  Aurelia aurita , have also increased during the same period (Dong et al. 
 2010 ). From Chinese waters jellyfi sh are carried northward into the Sea of Japan, 
where blooms of  Aurelia aurita  and  Nemopilema nomurai  also appear to have 
increased in the last decades (Uye  2008 ,  2010 ; Kawahara et al.  2006 ). In the Bering 
Sea the biomass of jellyfi sh, in particular the cnidarian  Chrysaora melanaster  (see 
Box  12.1 ), increased more than tenfold during the 1990s but declined after 2000 
(Brodeur et al.  1999 ,  2002 ,  2008 ). The Northeast Atlantic has also recently wit-
nessed an increasing trend in jellyfi sh abundance with outbreaks of a number of 
cnidarian species (Lilley et al.  2009 ; Licandro et al.  2010 ; Bastian et al.  2011 ; 
Lynam et al.  2011 ). In the southern North Sea and in Baltic waters the alien cteno-
phore  Mnemiopsis leidyi  has formed blooms along the coasts of the Netherlands, 
Belgium, and Denmark starting from 2006 (Faasse and Bayha  2006 ; Riisgård et al. 
 2012 ; Van Ginderdeuren et al.  2012 ). In the Mediterranean Sea outbreaks of this 
species have occurred in 2009 along the Mediterranean coasts of Italy, Spain, and 
Israel (Boero et al.  2009 ; Fuentes et al.  2010 ), while each summer since the 
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mid- 1980s swarms of another alien, the cnidarian  Rhopilema nomadica , have 
appeared along the Levantine coast (Galil  2008 ). In addition to alien jellyfi sh, record 
abundances of indigenous species, including  Pelagia noctiluca ,  Aurelia aurita , 
 Chrysaora hysoscella ,  Cothyloriza tuberculata , and  Rhizostoma pulmo , have been 
documented in the last decades in Mediterranean waters (CIESM  2001 ; Kogovšek 
et al.  2010 ; Brotz and Pauly  2012 ).  Mnemiopsis leidyi  was accidentally introduced 
in the Black Sea in the early 1980s and from there spread to the adjacent seas of 
Azov, Marmara, the Aegean and the Caspian (Costello et al.  2012 ). By the late 
1980s and for many years the pelagic ecosystem of the Black Sea became a dead-
end gelatinous food- web (Shiganova et al.  2001 ). In the northern Benguela off 
Namibia reports of blooms of  Chrysaora hysoscella  and  Aequorea forskalea  have 
been increasing since the 1990s (Lynam et al.  2006 ). In the Gulf of Mexico  Aurelia 
aurita  and  Chrysaora quinquecirrha  increased both in distribution and abundance 
from the mid-1980s for over 10 years (Graham  2001 ), while the alien  Phyllorhiza 
punctata  formed its fi rst bloom in 2000 (Graham et al.  2003 ). 

 Some scientists argue that not enough information is available yet to confi rm 
increasing trends of jellyfi sh blooms. Condon et al. ( 2012 ) suggest that the percep-
tion that outbreaks are increasing globally is based on reports of increases in a few 
regions and on media reports, while recent blooms may be simply part of long-term 

 Box 12.1. Glossary 
     Jellyfi sh : Free-swimming gelatinous animals belonging to the phyla 

Ctenophora and Cnidaria.  
   Ctenophora : Invertebrate phylum, sometimes called comb jellies or sea 

gooseberries, which propel themselves through the sequential beating of 
their rows of cilia. They have colloblasts, which are cells that discharge a 
glue to ensnare preys. Ctenophores are holoplanktonic, lacking a benthic 
life stage and thus remaining in the plankton their entire life.  

   Cnidaria : Invertebrate phylum that contains animals, which vary in size from 
a few millimetres to a few metres. This phylum includes the “true jelly-
fi sh”, which all produce structures called nematocysts and generally have 
alternating polyp and medusa life stages.  

   Polyp : The benthic stage of cnidarians with a general body plan of a cylindri-
cal body and a ring of tentacles surrounding an oral opening.  

   Medusa : The mobile, bell-shaped stage of cnidarians that actively swim 
through muscular contraction of their bells.  

   Nematocysts : Stinging cells that are concentrated in the tentacles and mouth 
appendages of cnidarians and are used to poison or stun preys.  

   Statoliths : Calcium carbonate structures in the margin of the swimming bell 
of medusae that are used to sense gravity and so help in maintaining 
orientation.    

 (Adapted from Richardson et al.  2009 ) 
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cycles in jellyfi sh populations. Condon et al. ( 2013 ) used all available long-term 
time series of annual jellyfi sh abundances in the global seas to test this latter hypoth-
esis. The authors conclude that, although there has been a weak but signifi cant over-
all increase in jellyfi sh abundance since the 1970s, the perceived global increase in 
jellyfi sh over the past decades coincides with the most recent rising phase of a 
 pattern of decadal oscillations in jellyfi sh populations (i.e. natural bloom-and-bust 
cycles following climatic patterns). However, the results of the study also show that 
some coastal zones are experiencing enhanced jellyfi sh blooms, including the Sea 
of Japan, North Atlantic shelf regions, Barents Sea, Limfjorden (Denmark), and 
parts of the Mediterranean Sea, although jellyfi sh populations in these regions also 
exhibit decadal oscillations.  

12.2.2      Environmental Perturbations Favouring Jellyfi sh 
Blooms 

 Jellyfi sh are provided with a suite of attributes that enable them to survive in dis-
turbed marine ecosystems and to rebound rapidly as conditions improve (Richardson 
et al.  2009 ). These attributes include fast growth rates, the ability to shrink when 
starved, and the capacity to fragment and regenerate (Richardson et al.  2009 ). 
Jellyfi sh are effi cient, gluttonous and non-selective predators (Arai  1997 ). They can 
mature and reproduce quickly, both sexually and a-sexually (Arai  1997 ). Jellyfi sh 
can withstand poor environments more easily than fi sh, and can survive in polluted 
and hypoxic conditions (Purcell et al.  2001 ; Grove and Breitburg  2005 ). 

 Direct evidence linking jellyfi sh blooms to anthropogenic perturbations is lack-
ing in most cases, but correlative evidence suggests the existence of links (Purcell 
 2012 ). Potential causes of abnormal jellyfi sh mass occurrence include overfi shing, 
global warming, eutrophication, chemical pollution, the increase of artifi cial hard 
substrates, and the transport of exotic species (reviewed in Mills  2001 ; Hay  2006 ; 
Purcell et al.  2007 ; Richardson et al.  2009 ; Purcell  2012 ). Often, these causes co- 
occur and are mutually reinforcing (Purcell  2012 ). 

 Due to overfi shing and ocean pollution, the natural predators of jellyfi sh, such as 
tuna, sharks, and sea turtles, are disappearing (Pauly et al.  1998 ). At the same time, 
resources are increasingly available to jellyfi sh as the abundance of zooplanktivo-
rous fi sh, which compete with jellyfi sh for food, decreases (Purcell and Arai  2001 ; 
Daskalov et al.  2007 ). 

 Jellyfi sh outbreaks have been associated with variations in water mass and high 
salinity, as well as warm temperature, which infl uence jellyfi sh life cycles and 
reproductive output (Purcell  2005 ). Climate change may further increase the prob-
abilities of jellyfi sh blooms. It may increase the availability of fl agellates (single 
celled organisms, eaten by small zooplankton, on which jellyfi sh feed), lengthen the 
reproduction and growth season, as well as extend the spatial distribution of jelly-
fi sh poleward due to water temperature increases and shift the population 
 distributions into currently colder areas (Richardson et al.  2009 ; Purcell  2012 ). At 
the same time, decreased oceanic CO 2  levels, leading to sea acidifi cation, could 
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impact on organisms that build shells or skeletons of calcium and thus favour the 
proliferation of gelatinous organisms (Attrill et al.  2007 ). Many jellyfi sh also have 
calcium statoliths for orientation, but it is unknown how acidifi cation may impact 
on statoliths secretion (Purcell et al.  2007 ). 

 Eutrophication is another possible cause of jellyfi sh blooms. The high level of 
nutrients in eutrophied waters favours phytoplankton blooms and generally leads to 
greater biomass at all trophic levels, which implies more food for jellyfi sh polyps 
(Purcell et al.  2007 ). Eutrophication also causes complex changes in the food web, 
which can ultimately favour jellyfi sh outbreaks (Purcell et al.  2007 ). Another effect 
of eutrophication is the lowering of the oxygen levels, which jellyfi sh and polyps 
can sustain more easily than fi sh (Purcell et al.  2001 ; Grove and Breitburg  2005 ). 
Jellyfi sh can also better deal with turbidity and lower water clarity caused by eutro-
phication, as they do not need eyesight to hunt (Eiane et al.  1999 ). 

 Coastal and sea-shore development has created good places for jellyfi sh polyps 
to settle on, such as piers, marinas, aquaculture structures, oil platforms, and wind 
energy constructions (Duarte et al.  2013 ). Finally, alien jellyfi sh have invaded areas 
where they were transported to in ballast water or by hull fouling as polyps (Graham 
and Bayha  2007 ; Costello et al.  2012 ).  

12.2.3     Impacts of Jellyfi sh Blooms on the Provision 
of Ecosystem Services 

 The environmental change process in marine ecosystems may enhance jellyfi sh 
populations and blooms in the future, increasing the likelihood of negative jellyfi sh 
impacts on human activities. Currently, jellyfi sh blooms have negative impacts in a 
number of ways (reviewed in Purcell et al.  2007 ) but only a few economic estimates 
of these impacts are available. 

 Impacts on fi sheries are the most frequently reported. These impacts arise 
because of the biological impacts of jellyfi sh on food webs and because of interfer-
ence with fi shing operations. Biological impacts derive from resource competition 
with fi sh and predation on fi sh eggs and juveniles (reviewed in Purcell and Arai 
 2001 ). This has been the case with the alien ctenophore  Mnemiopsis leidyi , which 
contributed to the collapse of the anchovy fi sheries in the Black Sea because of 
predation of  Mnemiopsis leidyi  on anchovy eggs and competition with anchovy for 
zooplankton (Shiganova et al.  2001 ). The collapse of the fi shery caused signifi cant 
economic losses estimated at hundreds of millions of US dollars over several 
decades (Knowler  2005 ). A decrease in the biomass of commercial fi sh species in 
association with an increase in jellyfi sh populations has also been observed else-
where in the world (Lynam et al.  2005 ,  2006 ; Dong et al.  2010 ) but estimates of 
economic losses are not available. Jellyfi sh have been reported to interfere with 
fi shing operations in a number of ways, including reduction in fi sh catches, clogging 
and bursting nets, requiring more labour to remove jellyfi sh from nets, increasing 
fi sh mortality due to nematocyst venom, causing painful stings to fi shermen, dis-
placing hauls to areas more distant from landing ports, and preventing fi shermen 
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from operating (Purcell et al.  2007  and references therein, Schiariti et al.  2008 ; Uye 
 2008 ; Nagata et al.  2009 ; Dong et al.  2010 ; Quiñones et al.  2013 ; Palmieri et al. 
 2014 ). In 2000 outbreaks of the alien  Phyllorhiza punctata  may have caused losses 
of up to USD 12 million 1  to the shrimp fi shery of the northern Gulf of Mexico 
because of fouled fi shing gear and harvest (Graham et al.  2003 ). In 2003 blooms of 
 Nemopilema nomurai  caused a loss in fi shing revenue of approximately USD 18 
million in just one of the 17 Japanese prefectures, where interferences of jellyfi sh 
with fi shing operations were reported (Kawahara et al.  2006 ). Quiñones et al. ( 2013 ) 
estimated that in the austral summer 2008–2009 by-catch of  Chrysoara plocamia  
caused losses of more than USD 200,000 to the Peruvian purse seiners of Ilo in only 
35 days of fi shing. Palmieri et al. ( 2014 ) estimated that economic losses due to 
reduced fi sh catches could amount to more than EUR eight million per year for the 
Italian Northern Adriatic trawling fl eet if no additional fi shing effort was made to 
mitigate losses. 

 Jellyfi sh blooms can also affect aquaculture. Jellyfi sh may damage shellfi sh and 
decapods (lobster, crab) culture and kill fi sh in cages through haemorrhage and suf-
focation (Purcell et al.  2007 ). A number of fi sh mass killings have taken place in the 
last years in salmon farms in Northern European countries. In 2002 almost one mil-
lion salmon were lost at two farms in the Scottish Western Isles for a combined loss 
of around EUR three million. 2  In 2003 a jellyfi sh outbreak in Norway accounted for 
the death of over 600 t of farmed salmon (Heckmann  2004 ). In 2007 a jellyfi sh 
bloom in Northern Ireland caused a fi nancial loss of a salmon farm stock of over 
EUR one million and a more recent bloom in 2013 caused other substantial losses. 3  

 Jellyfi sh blooms have been reported to interfere with coastal power plant opera-
tions by clogging power plant intakes. In Israel the costs to remove the jellyfi sh 
from two power plants were estimated at almost USD 60,000 in just one summer 
(Galil  2008 ). In July 2008 over 4,000 t of  Aurelia aurita  were removed from the 
clogged intake screens of one power plant in China (Dong et al.  2010 ). In 2011 two 
nuclear reactors had to shut down for a few days at a Scottish power plant after an 
infl ux of jellyfi sh. 4  

 Some jellyfi sh species interfere with recreational activities and have impacts on 
human health. Jellyfi sh stinging is a serious health problem along the coasts of some 
Asian and Indo-Pacifi c countries, where extremely venomous jellyfi sh are common 
and can cause death (Fenner and Williamson  1996 ; Burnett  2001 ). In other regions 
of the world, like the Mediterranean, stings from jellyfi sh are not lethal but may 
cause severe discomfort and pain and sometimes require medical treatment 
(Mariottini and Pane  2010 ; De Donno et al.  2009 ). In regions with popular touristic 
seaside resorts, stinging has sometimes occurred at epidemic levels. During the 

1   The original value, as well as other values in this section, have been corrected for infl ation and 
converted to 2011 prices. 
2   http://news.bbc.co.uk/1/hi/scotland/2178959.stm 
3   http://www.irishtimes.com/news/ireland/irish-news/jellyfi sh-bloom-kills-thousands-of-farmed-
salmon-off-co-mayo-1.1567468 
4   http://www.theguardian.com/environment/2011/jun/30/jellyfish-shut-nuclear-reactors-
torness?guni=Article:in%20body%20link 
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summers 2006–2007, for instance, tens of thousands of bathers were stung by jel-
lyfi sh on Spanish and French beaches (Galil  2008 ). It is unknown to what extent 
beach recreation has declined as a result of jellyfi sh presence but many coastal 
towns have taken remediating actions to protect the tourism industry. Spain has set 
out nets to mark out bathing areas and reduce the number of jellyfi sh to a minimum. 
According to local newspapers, the community near Mar Menor, which experiences 
annual blooms of two jellyfi sh species, spends around EUR 600,000 per year 5  ,  6  to 
this effect. Similar systems have been deployed in Monaco and along the coasts of 
Cannes and Marseille (Galil  2008 ). It must be pointed out that the fi gures presented 
above on the costs of the investments to protect bathers from jellyfi sh are fi nancial 
values and thus do not provide a complete picture of the economic welfare impact 
of jellyfi sh blooms on recreational activities (see Chap.   4    ). In addition to impairing 
swimming/bathing, jellyfi sh outbreaks can also impact on other recreational activi-
ties, like walking, when they lead to mass strandings and bad smell from decompo-
sition on beaches. 7  

 On the positive side, jellyfi sh provide some benefi ts to humans (reviewed in 
Purcell et al.  2007 ). Some species of jellyfi sh potentially enhance fi sheries recruit-
ment by providing shelter under their bells to fi sh juveniles, which feed on the prey 
and parasites of their hosts. Jellyfi sh are on the diet of many vertebrates, including 
commercially valuable fi sh species. Jellyfi sh are also used for human consumption. 
A number of jellyfi sh species have been historically fi shed in several Southeast 
Asian countries (Omori and Nakano  2001 ; Nishikawa et al.  2008 ; Kitamura and 
Omori  2010 ) and jellyfi sh fi sheries have begun to be developed more recently in 
countries such as Australia, India, Turkey, Mexico, and the United States (Hsieh 
et al.  2001 ). 

 Jellyfi sh-derived products are being tested in the production of cosmetics and 
drugs. Jellyfi sh are believed to contain collagen, which moisturise the skin, and to 
cure rheumatoid arthritis and bronchitis (Hay  2006 ; Sugahara et al.  2006 ). They 
provide Aequorin and Obelin, which are green fl uorescent proteins that are for 
instance used as biomarkers in biomedical research. 

 Among the potential benefi ts of jellyfi sh is carbon uptake from the atmosphere. 
According to Condon et al. ( 2011 ), who looked at  Mnemiopsis leidyi , jellyfi sh may 
be net up-takers of oceanic carbon. Evidence, however, is scarce and not conclusive 
(Brotz et al.  2011 ). 

 Finally, jellyfi sh have a recreational and educational value. There is a small niche 
for jellyfi sh recreation, where diving for luminescent jellyfi sh is possible or where 
the species do not sting, as for example in the Jellyfi sh Lake in the Palau Archipelago 
(Dawson et al.  2001 ). Jellyfi sh are also a popular attraction in many marine aquaria 
worldwide.   

5   http://murciatoday.com/300-tons-of-jellyfish-extracted-from-the-mar-menor-in-the-last-
8-days_12646-a.html 
6   http://murciatoday.com/jellyfi sh-nets-ready-and-waiting-in-the-mar-menor_17156-a.html 
7   http://iltirreno.gelocal.it/pisa/cronaca/2012/04/24/news/colpa-delle-meduse-i-cattivi-odori-apparsi-
sul-litorale-1.4416394 
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12.3     Case Study in the UK: Recreation 

12.3.1     Introduction 

 In the fi rst case study, we discuss the potential impacts on tourism of jellyfi sh 
blooms along the English coastline. The abundance of jellyfi sh appears to have 
increased in the last two decades in the seas surrounding the UK due to climate 
variation and possibly to changes in food web structure (Attrill et al.  2007 ; Gibbons 
and Richardson  2009 ; Lynam et al.  2011 ). Climate change is expected to contribute 
to a further increase in jellyfi sh frequency over the next century (Attrill et al.  2007 ) 
and the occurrence of warm water species, such as  Pelagia noctiluca , might become 
more frequent (Licandro et al.  2010 ). Moreover, human activities, such as maritime 
transport, may favour the introduction of alien species. 

 Along the English coast, beach recreation is an important activity for local, 
national and international visitors (Sen et al.  2011 ). Jellyfi sh outbreaks could there-
fore have a wide impact. Little information is available regarding the number of 
tourists that visit beaches along the English coast, and there are no studies that 
estimate the direct effect of jellyfi sh blooms on recreation along the English 
coastline.  

12.3.2     Data and Methodology 

 To approximate the economic damage cost that jellyfi sh blooms may have in the 
future, we use the analysis produced for the UK National Ecosystem Assessment 
(NEA) on recreation (UK-NEA  2011 ). The spatially explicit approach of the 
UK-NEA is described in detail in Sen et al. ( 2014 ), who modelled the non-market 
value of open-air recreation throughout England. The model is based on a large 
survey about recreational behaviour among households in England (Natural England 
 2010 ). The model predicting annual visitor numbers takes into account a wide range 
of spatial characteristics, including habitats, population and accessibility. One of the 
fi ndings of this model is that the number of trips to coastal areas is higher than for 
most other types of land cover, including grasslands, mountains, or woodlands. The 
model is combined with a meta-analysis on the value per recreational trip across 
different types of habitats. By multiplying the estimated number of visits by the 
value per trip, an estimate of the total annual value of visits to sites is obtained. The 
analysis is performed using GIS at a 1 km 2  scale. 

 We focus our analysis on the English part of the ICES fi shing areas: zones VIIf, 
VIIe, VIId and IVc. 8  From the predicted visitor numbers to all 1 km 2  cells in the UK, 

8   ICES areas VIIe and VIIf include Cornwall and Isles of Scilly, Devon, Dorset, Gloucestershire, 
North Somerset, Plymouth, Poole, Somerset, South Gloucester, and Torbay. VIId includes 
Bournemouth, Brighton and Hove, Bristol, East Sussex, Hampshire, Portsmouth, Southampton 
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we select the cells in the 26 counties in our study area (England), which contain 
some coastal land cover or sea according to the NEA defi nition of habitat types, 
within a 10 km distance from the coastline. 

 Figure  12.1  presents a map of the estimated annual number of visits to coastal 
locations. The map shows that Cornwall, Devon, Hampshire, Norfolk, Essex and 
Kent generate high visitor numbers. They will therefore generate higher benefi ts, 
representing the value that English households attach to recreation at coastal loca-

and West Sussex. IVc includes Essex, Kent, Lincolnshire, Medway, Norfolk, Southend-on-Sea, 
Suffolk and Thurrock. 

  Fig. 12.1    Annual number of visits to coastal areas       
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tions. It does not refl ect the fi nancial value of the tourism sector, and excludes any 
values that international visitors may attach to these coastal areas.  

 Next, we adjust the visitor numbers by the percentage of coastal land cover and 
sea in each of the selected 1 km 2  cells. The average percentage of land cover is 
around 20 % and, because the NEA land cover map excludes some coastal areas, 
our estimate may be an underestimate. Finally, we multiply the estimated value per 
trip to a coastal location of EUR 4.67 (Sen et al.  2011 ) 9  by the modifi ed number of 
visits to coastal areas to get an estimate of the total value of recreational trips to 
coastal areas. 

 Since jellyfi sh blooms have a spatial and temporal dimension, we would ideally 
combine the estimates of annual value of coastal visits with spatial and temporal 
information about the probability of jellyfi sh blooms to assess the losses of recre-
ational value due to blooms. In the absence of monitoring data on the temporal and 
spatial distribution of jellyfi sh outbreaks, we use public reports of mass jellyfi sh 
strandings along the UK coastline. These reports suggest that such mass strandings 
occur mostly between May and August, coinciding with warmer weather and higher 
visitor numbers, and last for a period of around 2 weeks. Most reports come from 
West-England (from Dorset all along to Gloucestershire), where long stretches of 
coastline are affected. 

 The MENE dataset (Natural England  2010 ) only includes annual visitor num-
bers, but does not provide information about the distribution of visits across months. 
To take account of the higher number of coastal visitors in the warmer summer 
months, we use the estimates from a study by Coombes et al. ( 2009 ) about visitor 
numbers along the coastline of East Anglia. The monthly percentage of visitors is 
higher for the summer months. We assume that visitors in other areas have a similar 
distribution across the year. 

 To assess the economic loss of jellyfi sh blooms in the absence of a map of the 
probability of the spread and timing of such events, we make the following addi-
tional assumptions:

•    Jellyfi sh blooms affect coastal visits through mass beach strandings;  
•   Mass jellyfi sh strandings create such a stink that the trip creates no net benefi t to 

the visitor, who may also consider health risks, i.e. the value per trip is set equal 
to zero;  

•   A typical mass jellyfi sh stranding lasts 2 weeks;  
•   Mass jellyfi sh strandings affect large areas. Therefore, we combine 26 different 

counties into three areas roughly according to the ICES fi shing areas IVc, VIId, 
and VIIe and VIIf (England only);  

•   All sea and coastal land cover cells are equally and simultaneously affected, i.e. 
within the ICES areas we assume that all beaches are equally affected.     

9   Note that this is a fi xed value per trip and does not account for variation in values due to 
seasonality. 
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12.3.3     Results 

 The recreational benefi ts lost across different ICES areas for different summer 
months based on these assumptions are summarised in Table  12.1 . The table shows 
that, under these assumptions, a jellyfi sh swarm affecting all English coastal waters 
in August would imply a loss of recreational values of over EUR 3.4 million (2011 
prices). However, such large scale swarms have not been registered in the past, 
which needs to be taken into account when interpreting the fi gures in Table  12.1 .

   For a widespread 2-week jellyfi sh outbreak, the loss of recreational values in the 
IVc area, which borders the North Sea, would be highest, varying between EUR 0.8 
and 1.5 million. The VIIe and VIIf areas, bordering the Bristol Channel, Celtic Sea, 
and eastern part of the English Channel, would incur lower value losses, and the 
smallest zone VIId refl ecting the western part of the English Channel would see 
lowest value losses, according to these estimates. Note, however, that we cannot 
account for the probability of jellyfi sh blooms and these estimates do not refl ect 
expected values, but historical records suggest that jellyfi sh are more likely to be 
found in ICES areas VIIe and VIIf than in the other two ICES areas. 

 In summary, this section presents a methodological approach that can be used 
when stated preference surveys are not applicable to get a fi rst order-of-magnitude 
estimate of potential losses in social welfare related to the impacts of jellyfi sh abun-
dance on recreational benefi ts along the English shoreline. It could be improved 
when more spatial information is available about the scale and spatial and temporal 
distribution of jellyfi sh blooms and visitation rates, as well as information to sup-
port and refi ne the assumptions of visitor reactions to these blooms.   

12.4     Case study in Italy: Fisheries 

12.4.1     Introduction 

 The Northern Adriatic (NA) Sea is one of the most exploited Mediterranean fi shing 
grounds (Barausse et al.  2009 ), although the high primary productivity of the eco-
system has clearly decreased since the late 1990s (Mozetic et al.  2010 ). Starting 
from the end of the 1980s, plankton, fi sh and invertebrate communities in the NA 

    Table 12.1    Recreational benefi ts lost to 2-week mass jellyfi sh strandings along the English 
coastline (EUR*1000, 2011 prices)   

 ICES area  May  June  July  August 

 VIIe + VIIf  527  717  965  1,060 
 VIId  414  563  757  832 
 IVc  761  1,036  1,392  1,529 
  Total   1,703  2,317  2,903  3,421 
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underwent abrupt changes, which were collectively identifi ed as a regime shift in 
the ecosystem, probably driven by the interaction of different pressures, such as 
climate change, which caused variations in water temperature and circulation; 
reduced nutrient inputs from river catchments; anoxic phenomena; overexploitation 
of fi shery resources; the crash of the stock of anchovy, a species which plays a key 
role in the food web; and the 10-year long bloom of the jellyfi sh  Pelagia noctiluca  
(Barausse et al.  2011 ). This species competed with small pelagics for zooplankton 
and predated upon fi sh eggs, larvae and even adults, possibly stimulating the afore-
mentioned anchovy population collapse and altering ecosystem functioning (Boero 
and Bonsdorff  2007 ; Conversi et al.  2010 ; Kogovšek et al.  2010 ; Barausse et al. 
 2011 ). Apart from the  Pelagia ’s massive bloom, from the early 1980s the NA has 
experienced blooms of a number of other jellyfi sh species, whose occurrence 
appears to have increased in recent decades (Kogovšek et al.  2010 ). In this case 
study we discuss the links between welfare benefi ts (i.e. fi shery landings), jellyfi sh 
blooms, and anthropogenic pressures in the NA ecosystem.  

12.4.2     Data and Methodology 

 We use the Ecopath with Ecosim (EwE) modelling suite (see Chap.   3    ) to investigate 
the links between fi shery landings, jellyfi sh blooms, and anthropogenic pressures, 
such as nutrient enrichment, in the NA ecosystem. 

 Scenarios of jellyfi sh outbreaks are modeled using an Ecosim simulation 
(Christensen and Walters  2004 ) based on the Ecopath trophic network model of the 
NA Sea described in Barausse et al. ( 2009 ). Ecosim can simulate the variation in the 
biomass of food web compartments over time based on processes such as changes 
in system productivity, fi shing mortality, predator-prey interactions, migration 
fl uxes, and biological invasions. Here, Ecosim (version 5.1) is used to assess how 
the NA ecosystem and particularly fi sheries respond to sudden jellyfi sh blooms or 
invasions triggered by non-trophic causes (e.g. some unknown factor such as cli-
mate), which are simulated by forcing jellyfi sh abundance in the model. The param-
eter values of the Ecosim model, such as vulnerabilities, were previously calibrated 
by fi tting the model to time series over the period 1996–2006 (Alberto Barausse, 
University of Padova, unpublished data). Four scenarios (S1 − 4) are run, all 
 depicting the effects of an abrupt increase in jellyfi sh biomass (which is forced in 
the model to simulate a sudden bloom or invasion, as explained above):

•    S1: 3-year jellyfi sh bloom, constant primary production  
•   S2: 3-year jellyfi sh bloom, 10 % decrease in primary production from 2006 to 

2020  
•   S3: 10-year jellyfi sh bloom, constant primary production  
•   S4: 10-year jellyfi sh bloom, 10 % decrease in primary production from 2006 to 

2020    
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 Blooms are started at the end of the fi tting period, i.e. 2007, and are assumed to 
last 3 years (scenarios S1 and S2), based on what has recently happened in the NA 
Sea for  Pelagia noctiluca  during the 2000s, or, alternatively, 10 years (scenarios S3 
and S4), based on the intense outbreak of the same species which took place in the 
ecosystem in the period 1977–1986 (Kogovsek et al.  2010 ).  Pelagia noctiluca  is one 
of the most ecologically important jellyfi sh species in the ecosystem; it eats zoo-
plankton, fi sh eggs, larvae and juveniles and can even kill adult fi shes (Fernando 
Boero, Università del Salento, pers. comm.). Based on data in Malej and Malej 
( 2004 ), Barausse et al. ( 2009 ) and Kogovsek et al. ( 2010 ), jellyfi sh biomass during 
the bloom is assumed to be twelve times as high as the biomass in the baseline 
Ecopath model; in the fourth (S1, S2) or the eleventh (S3, S4) year after the start of 
the bloom, jellyfi sh biomass is forced back to the baseline Ecopath value to simulate 
the end of the outbreak. Such bloom magnitude is likely to be conservative and to 
underestimate the real impact of gelatinous plankton outbreaks because reported 
estimates of jellyfi sh biomass in the NA Sea mostly refer to bloom conditions and 
the actual increase in jellyfi sh biomass during blooms should be, therefore, much 
higher. 

 To evaluate the ecological impact of the jellyfi sh bloom on fi sh landings, the 
model is run until 2020, the year when a Good Environmental Status should be 
achieved in Europe’s seas according to the Marine Strategy Framework Directive 
(2008/56/EC). In the modelling scenarios S1 and S3, fi shing effort, fi shing mortali-
ties and primary productivity in the ecosystem are kept equal to the 2006 values 
over 2007–2020, while in the scenarios S2 and S4 a 10 % linear decrease in phyto-
planktonic primary productivity from 2006 to 2020 is simulated to mirror the cur-
rent oligotrophication of the system (Mozetic et al.  2010 ), which is expected to 
affect the NA fi sheries (Barausse et al.  2011 ). The impact of jellyfi sh on landings is 
evaluated in each scenario by comparing landings in 2020 with the landings pre-
dicted in that same year by a “reference” scenario which is identical from a model-
ling point of view (e.g. same changes in primary production and fi shing pressure), 
except that no jellyfi sh outbreak is simulated. 

 To assess the welfare impact of the bloom on the NA Italian fi sheries, we esti-
mate the change in revenue based on the variation in landings. As the data in the 
model refer to fi ve Italian fi sheries sorted according to the fi shing gear and one 
pooled Slovenian-Croatian fi shery (as described in Barausse et al.  2009 ), we extract 
the data pertaining to the Italian landings. After collecting data on the 2011 prices 
of landings by fi shing fl eet in the three Italian regions of the NA (Veneto, Emilia 
Romagna, and Friuli Venezia Giulia), we calculate the mean prices of landings 
weighted on the basis of the quantities landed (IREPA  2012 ). The impact of the jel-
lyfi sh bloom in terms of lost revenue is estimated by multiplying the price per kg per 
fi shing fl eet by the variation in landings in relation to the four scenarios.  
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12.4.3     Results 

 Table  12.2  reports the percentage change in landings in 2020 in the different sce-
narios, with respect to reference scenarios where no jellyfi sh bloom takes place. 
Interestingly, the results suggest that jellyfi sh blooms always have overall negative 
impacts on fi sheries, since in all scenarios the blooms cause a decrease in total land-
ings in 2020 with respect to the reference scenarios, a decrease of about 0.5 % in the 
case of the 3-year blooms and of about 2.3 % in the case of the 10-year blooms. 
These fi gures show that the response of fi sheries to jellyfi sh blooms is dispropor-
tionately more negative in the case of the longer-lasting blooms, as such blooms 
(which are 3.3 times longer than the shorter-lasting ones) cause a decrease in land-
ings which is 4.6 times stronger than the one caused by the shorter-lasting blooms. 
The model responses are not particularly sensitive to simulated changes in primary 

      Table 12.2    Changes in fi shery landings (%) in 2020 due to the jellyfi sh bloom, for each model 
scenario. Changes were calculated with respect to the landings simulated in 2020 with the same 
trends in all other forcing functions (fi shing mortality, primary productivity) as the given scenario 
except that no jellyfi sh bloom was simulated. Variations in landings are reported according to the 
fi shed group and to total fi shery landings in the basin   

 Food web group 

 Scenario 

 S1  S2  S3  S4 

 (%)  (%)  (%)  (%) 

 Sharks  0.3  0.3  1.9  1.2 
 Rays  0.0  0.0  1.8  2.0 
 European hake  0.0  0.0  2.0  −0.2 
 Zoobenthivorous fi sh – hard bottom  0.0  0.0  −1.7  −1.3 
 Zoobenthivorous fi sh – soft bottom  0.0  0.0  −0.7  −0.6 
 Mackerel  1.2  1.3  9.6  6.6 
 Horse mackerel  1.0  1.0  7.4  5.3 
 Other small pelagics  0.0  0.0  −0.6  0.5 
 Anchovies  0.5  0.5  1.6  1.2 
 Sardines  −6.4  −6.5  −29.5  −29.7 
 Nectobenthic zooplanktivorous fi sh  −0.1  −0.2  1.8  2.5 
 Omnivorous fi sh  −1.6  −1.6  −7.6  −5.7 
 Benthic piscivorous fi sh  −0.3  −0.3  4.7  2.5 
 Flatfi shes  −0.5  −0.6  −2.5  −1.9 
 Squids  −2.8  −3.0  −7.0  −10.0 
 Benthic cephalopods  −0.2  −0.2  −1.2  −0.5 
 Macro-crustaceans  0.0  0.0  −0.1  0.0 
 Mantis shrimp  0.0  0.0  −0.3  −0.4 
 Commercial bivalves  0.0  0.0  −0.1  0.0 
 Gastropods  0.0  0.0  −0.2  −0.1 
 Filter feeding invertebrates  0.0  0.0  0.7  0.8 
  Total landings    −0.5    −0.5    −2.3    −2.4  

M.G. Palmieri et al.



233

production. Only few differences can be appreciated between total landings in sce-
narios S1 and S2, and in scenarios S3 and S4 (but some exceptions can be observed 
for single groups in S3 and S4), suggesting that in general a reduction in system 
primary productivity does not act synergistically with jellyfi sh outbreaks in reduc-
ing landings.

   For all modelled food web groups, the response to jellyfi sh blooms is (often 
much) weaker in the case of the scenarios simulating the shorter-lasting jellyfi sh 
bloom. However, even a 3-year bloom causes a decrease of about 6.5 % in the land-
ings of sardine, which is a key commercial species in the NA and also plays an 
important trophic role in the ecosystem (Barausse et al.  2009 ). In the case of the 
10-year bloom, sardine fi sheries are impacted heavily with decreases in landings of 
about 30 %. Instead, anchovy, another commercially and ecologically important 
species, gains some benefi ts from the jellyfi sh outbreaks, probably due to reduced 
competition for zooplankton with sardine, and its landings show a slight increase in 
all scenarios. In general, responses to jellyfi sh blooms vary across groups in a com-
plex manner, with landings of medium-low trophic level groups feeding on or a few 
trophic connections away from zooplankton (by far the main food of jellyfi sh) being 
most strongly affected. For example, landings of mackerel and horse mackerel 
increase, since these two groups mostly feed on zooplankton and small pelagic fi sh 
such as anchovy, while squid catches decrease possibly due to food competition for 
small pelagics. Interestingly, landings in benthic piscivorous fi sh decrease slightly 
in the presence of a short jellyfi sh bloom, but increase markedly when a 10-year 
bloom is simulated, and moreover the decrease rate depends clearly on the simu-
lated trend in primary production, suggesting that complex food web interactions 
defi ne their response. 

 Looking at the response of different fl eets to the jellyfi sh bloom, landings from 
all fl eets decrease (data not shown). The Italian fl eets account for around 60–70 % 
of the total reduction in catches landed in the NA region across the four scenarios. 

 Table  12.3  reports the changes in Italian landings and revenues (undiscounted 
and in 2011 prices) due to the jellyfi sh bloom for each model scenario. The stron-
gest response is observed for the mid-water trawling fl eet. The reduction in catches 
by this fl eet accounts for around 90 % of the total reduction in landings across sce-
narios. However, the revenue losses account for only around 50–60 % of the total. 
This is because the mid-water trawling fl eet catches large amounts of a limited 
number of low value species (Gramitto et al.  2010 ), some of which are heavily 
impacted by the jellyfi sh bloom, such as sardine and common mullets (omnivorous 
fi sh group). The other trawling fl eets catch smaller quantities of a higher number of 
species, many of which of high commercial value (Gramitto et al.  2010 ), and the 
different magnitude of their losses may depend on the diversifi cation of their 
catches. While the otter trawling fl eet targets some high value species heavily 
impacted by the bloom, such as squids and soles (fl atfi shes group), the beam trawl-
ing fl eet, in addition to impacted species, also targets some that are marginally 
impacted, such as gastropods and bivalves. The latter is the main target of hydraulic 
dredges, which appear to be impacted negligibly. Heavy losses are registered for the 
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small scale fi sheries, which target heavily impacted species of high value, such as 
soles (Gramitto et al.  2010 ).

   If we look at the overall reduction in the Italian NA landings, we can see that a 
10-year bloom could cause a decrease in landings of around 2 %. This may have 
repercussions at the national level in terms of decreased seafood supply, especially 
in the case of the heavily impacted sardine, as around 40 % of the national produc-
tion of this species originates from the Adriatic basin (Mulazzani    et al.  2012 ), but it 
is also the case for other species, such as soles, which are more abundant in the NA 
region compared to other Mediterranean fi shing grounds (Grati et al.  2013 ). 

 In terms of revenues, a 10-year bloom could entail revenue reductions to the 
Italian NA fi sheries of around EUR two million (undiscounted and in 2011 prices). 
Decreasing revenues, such as those we describe here, could put pressure on the 
fi nancial viability of fi shing enterprises and affect the ability of the fi shing industry 
to support, through employment and incomes, the economy and community cohe-
sion of the small coastal communities of the region.   

12.5     Conclusions 

 The case studies described in this chapter show that jellyfi sh blooms can have 
marked effects on recreation and fi sheries, entailing considerable losses of welfare 
benefi ts. This result confi rms the evidence collected in the literature on the negative 
impacts of jellyfi sh outbreaks, which include not only impacts on recreation and 
fi sheries but also on other benefi ts, such as other production activities (e.g. aquacul-
ture, energy production) and human health. 

 These results warrant a consideration of increased efforts towards the monitoring 
and control of jellyfi sh blooms. To this end, it is necessary to improve the scientifi c 
knowledge about trends in jellyfi sh populations through long-term monitoring pro-
grammes, which could provide indicators of jellyfi sh outbreaks (Condon et al.  2012 ), 
as in the case of the invasion of alien species (Stohlgren and Schnase  2006 ). It will 
be necessary to improve the understanding of the role that jellyfi sh play in ecosys-
tems, as there is a lack of knowledge of the biology and ecology of these organisms 
(Boero et al.  2008 ). Furthermore, it would be good to investigate the infl uence of 
human activities on the occurrence of blooms through the development of models 
including system stressors (e.g. fi shing, eutrophication, global warming) to assess 
their relative importance and explore ecosystem resilience (Richardson et al.  2009 ). 

 Until a higher level of understanding of jellyfi sh blooms is gained, we need to 
deal with their impacts based on current information. As long as there is uncertainty 
about what constitutes ecological threshold points, careful management that keeps 
ecological changes within some safe minimum standards should be advocated 
unless the social costs are unacceptable (Crowards  1998 ; Perrings  2001 ). Harmful 
algal blooms (HABs) may provide a model for the management of jellyfi sh blooms. 
Past controversies on HABs trends have been overcome through pragmatic discus-
sions of the management of their impacts and more resources are now dedicated to 
the monitoring of HABs and to their control (Brotz and Pauly  2012 ).     
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