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    Abstract     Jellyfi sh are often considered as stressors on marine ecosystems or as 
indicators of highly perturbed systems. Far less attention is given to the potential of 
such species to provide benefi cial ecosystem services in their own right. In an 
attempt to redress this imbalance, we take the liberty of portraying jellyfi sh in a 
positive light and suggest that the story is not entirely one of doom and gloom. 
More specifi cally, we outline how gelatinous marine species contribute to the four 
categories of ecosystem services (regulating, supporting, provisioning and cultural) 
defi ned by the Millennium Ecosystem Assessment. This discussion ranges from the 
role of jellyfi sh in carbon capture and advection to the deep ocean through to the 
creation of microhabitat for developing fi shes and the advancement of citizen 
science programmes. Attention is paid also to incorporation of gelatinous species 
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into fi sheries or ecosystem-level models and the mechanisms by which we can improve 
the transfer of information between jellyfi sh researchers and the wider non- specialist 
community.  

  Keywords     Jellyfi sh blooms   •   Ecosystem services   •   Jelly-falls   •   Carbon sequestra-
tion   •   Jellyfi sh fi sheries   •   Green fl uorescent proteins   •   Nutrient cycling   •   Predator- 
prey interactions   •   Pelagic refugia   •   Eco-tourism  

5.1         Introduction 

 In the public eye, jellyfish are largely synonymous with one thing – stinging. 
Of course, many jellyfi sh do give very nasty stings (particularly cubozoans,  Cyanea 
capillata  and  Physalia physalis ) and some species can cause fatalities (many cubo-
zoans), but the reality is that in the majority of cases (and for most people), jellyfi sh 
produce a sting that is very mild and forgotten about in 20 min. Many of the jellyfi sh 
names conjure up images of something deadly or dangerous: the Portuguese man 
o’war ( Physalia physalis ), the sea nettle ( Chrysaora  sp.) and the lion’s mane 
( Cyanea capillata ). The latter species was made infamous by Sir Author Conon 
Doyle’s story where an unidentifi ed creature caused the death of a victim. The killer 
is found to be a lion’s mane, ‘…with poor Mr Fitzroy McPherson suffering an 
agonising death after being brutally scourged with a most vicious lashing weapon’ 
(Curtis  2001 ). Such vivid storytelling typical of a classic detective story of Sherlock 
Holmes certainly contributed to the branding of jellyfi sh. 

 Too often, this is the only story told about jellyfi sh. As a group of over 1,200 
species (Fenaux  1998 ; Godeaux  1998 ; Costello et al.  2008 ), surely there must be a 
positive side as well? Typical questions that are often posed by the media and 
general public include ‘what are jellyfi sh?’, ‘what do they do?’ and ‘if there were no 
jellyfi sh would it really matter?’ Conversely, fi sh provide sustenance, jobs and 
recreation, all of which come under the umbrella of human demand for ecosystem 
services (Costanza et al.  1997 ; Holmlund and Hammer  1999 ). This anthropocentric 
line of argument is innate in human society, and all of the Earth’s natural resources 
are constantly redefi ned according to it. However, the benefi ts of particular species 
for society are often more cryptic and emerge from research rather than commerce. 
For example, until the isolation of penicillin from microorganisms, or quinine from 
 Cinchona  spp., one might easily have asked questions as to the importance of mould 
or bark. 

 An interesting question is whether other harmful species receive as bad a press 
as jellyfi sh? Perhaps the most comparable taxa are spiders and snakes: both are 
venomous and conjure up images of being bitten (stung). Yet arguably more people 
value or accept spiders and snakes as having a positive role in ecosystems, e.g. spi-
ders control pest species (Marc et al.  1999 ), so are good, and snakes too can control 
rodent populations (Kotler et al.  1993 ) but also are wonderfully diverse/colourful/
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large/terrestrial and are thus conspicuous and intriguing. Conversely, jellyfi sh are 
largely hidden from sight, transparent and appear somewhat sinister without recog-
nisable body parts such as eyes. In this context, it is not surprising that jellyfi sh are 
misunderstood and receive a lot of bad press. However, as a scientifi c community 
we cannot simply shirk all blame onto the media, as we are equally adept at high-
lighting the negative aspects of jellyfi sh blooms. To add some numbers to this claim, 
we analysed a range of jellyfi sh papers published in 2010 following the methods of 
Bonnet et al. ( 2002 ). Of the 48 articles considered (Web of Science, search term 
‘jellyfi sh’), 35.4 % had a predominantly negative interpretation (mentioning nega-
tive impacts within the fi rst 10 % of lines), and 20.8 % had distinctly negative con-
tent (> 10 % of lines had negative meaning with respect to jellyfi sh). Naturally, 
jellyfi sh blooms can bring about disastrous socio-economic impacts (Purcell et al. 
 2007 ), and we are certainly not challenging this fact. Yet, the corollary of a negative 
spin is the overwhelming perception of jellyfi sh by the non-jellyfi sh scientifi c 
community, funding organisations and general public that such species are unnat-
ural and unwanted constituents of our oceans. From an ecological viewpoint, this 
is dangerous ground, as the commercial viability of jellyfi sh fi sheries is an 
extremely hot topic. Of great concern is the fl ippant manner in which wholesale 
removal of jellyfi sh from marine systems is discussed (i.e. ‘no one likes them, 
they do not serve any real purpose and so no one will miss them’). Certainly, it is 
hard to envisage thorough environmental impact assessments underpinning future 
commercial jellyfi sh operations, yet the consequences of removing what Pauly 
et al. ( 2009 ) described as ‘arguably the most important predators of the sea’ are 
unlikely to be negligible. 

 This trend towards negativity is understandable nonetheless among academics 
where publically funded science must be increasingly justifi ed in a broader eco-
nomic context (Smith et al.  2011 ). Indeed, given that jellyfi sh have long been 
considered by many as transient or peripheral components within marine food 
webs, it is diffi cult to secure resources on ecosystem functioning grounds alone. 
Within this conundrum lies what Fanelli ( 2010 ) referred to as ‘the publication 
bias’ where the pressure to publish can confl ict with the objectivity and integrity 
of research given that scientists are required to generate publishable results at all 
costs. Within the media, ‘bad news’ is generally ‘good news’, and scientists look-
ing for funding for research often aim to be solving large problems that are rele-
vant to wider society. Here, we take the liberty of portraying jellyfi sh in a more 
positive light. From trophic complexity through to enhanced biodiversity and eco-
system services, we put forward the argument that there is far more to jellyfi sh 
than bad news. 

 In the context of this chapter, the word ‘jellyfi sh’ refers to all cnidarian scyphome-
dusae, hydromedusae, siphonophores and cubozoans, as well as the ctenophores. 
In some sections we also briefl y mention other gelatinous zooplankton from the phy-
lum Chordata, namely, the salps, doliolids, pyrosomes and appendicularians. While 
we acknowledge they are non-related, as Haddock ( 2004 ) stated, many of these 
groups share convergent features of transparency, fragility and planktonic existence.  

5 Ecological and Societal Benefi ts of Jellyfi sh
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5.2     Ecosystem Services of Jellyfi sh 

 Ecosystem services are generally described as the ‘benefi ts people obtain from 
ecosystems’ (Anonymous  2005 ). Considering the overwhelmingly negative 
perception of jellyfi sh, it is not surprising that such species are considered 
almost exclusively as stressors that impinge on the viability of ecosystem services 
(e.g. competition with commercial fi sh stock or reduction in bathing water quality). 
These are valid arguments but there is more to the story. Here, we revisit their role 
as service ‘providers’ under the umbrella of regulating, supporting, provisioning 
and cultural services (see Fig.  5.1 ).

5.2.1       Regulating Services 

 Perhaps one of the most important services provided by jellyfi sh is climate regula-
tion through the process of carbon sequestration (becoming a source or sink for 
greenhouse gases) and transport through the water column. Jellyfi sh-falls or the 
accumulation of jellyfi sh carcasses at the seabed can also play an important role in 
the transfer of carbon from surface waters to the seabed (Lebrato et al.  2012 ) through 
an exaggerated process of pelagic-benthic coupling. For example, mass deposition 
events of dead jellyfi sh have now been documented globally (Billett et al.  2006 ; 
Lebrato et al.  2012 ). At times the amount of carbon that can be deposited from a 
single jellyfi sh-fall event may be ca. four times the annual carbon input to the sea-
bed (Lebrato and Jones  2009 ). Indeed, it is possible that jellyfi sh-falls could 
mitigate some of the losses of carbon from the classic phytoplanktonic carbon fl ux, 
which may decrease in the future (Lebrato et al.  2012 ). For example, Buesseler 
et al. ( 2007 ) suggested that smaller phytoplankton communities (which have lower 
export effi ciency) may be favoured instead of large diatom dominate communities. 

 It is not just jellyfi sh-falls that are important for carbon sequestration. Mass 
occurrences of salps that feed primarily on small phytoplankton can serve as vec-
tors of carbon from the surface waters to the ocean depths through the production 
of faecal pellets, which have high organic content and fast sinking rates (Madin 
 1982 ; Turner  2002 ; Madin and Deibel  1998 ). Indeed, the sinking rates of salp fae-
cal pellets (43–2,700 m d −1 ) can be considerably faster than the sinking rates for 
euphausiid pellets (126–862 m d −1 ) and an order of magnitude faster than copepod 
pellets (12–225 m d −1 ) (   Andersen  1998 ). As such, their faecal pellets can form a 
large proportion of the matter in sediment traps (Andersen  1998 ). Doliolids also 
produce pellets, and appendicularians produce both faecal pellets and discarded 
houses, which also contribute to the downward fl ux of particles (Turner  2002 ), 
albeit with the loss of some carbon through recycling, predation and release of dis-
solved organic carbon (DOC). 

 Disease and pest regulation might not immediately seem an obvious benefi t from 
animals that themselves are often classifi ed as pests. Yet, some jellyfi sh species have 
played a clear role in pest regulation. The introduction (by ballast water) of 
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  Fig. 5.1    The ecosystem services provided by jellyfi sh. Regulating services: ( 1 ) salps consume 
phytoplankton and transport carbon to the benthos via faecal pellets ( 2 ). ( 3 ) Accumulation of jel-
lyfi sh carcasses (pyrosomes) on the seabed plays an important role in the transfer of carbon from 
surface waters to the benthos. Provisioning services: ( 4 ) jellyfi sh harvested for food and other uses. 
Supporting services: ( 5 ) sloppy feeding provide nutrients to support primary production, ( 6 ) swim-
ming jellyfi sh contribute to oceanic mixing due to displacement of water as they move through it, 
( 7 ) jellyfi sh provide a prey source for hundreds of different animals, ( 8 ) jellyfi sh are important 
predators in pelagic marine systems, and ( 9 ) jellyfi sh provide habitats and refugia for a large vari-
ety of taxa. Cultural services: ( 10 ) citizen science programmes encourage the public to count and 
identify jellyfi sh stranded on beaches, and jellyfi sh in aquaria capture the imagination of children 
(Scientifi c illustration by William Helps)       
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 Mnemiopsis  sp. into the Black Sea in 1980s had catastrophic consequences for the 
pelagic fi sh populations which led to large economic losses to the Turkish fi shing 
industry (Kideys  2002 ). The introduction of another invasive species  Beroe  sp. in 
1997, a predator of  Mnemiopsis , has helped the ecosystem to recover further. It is 
thought that  Beroe  controlled the  Mnemiopsis  population as its abundance declined 
precipitously once  Beroe  sp. arrived (Kideys  2002 ). Given that  Beroe  feeds almost 
exclusively on  Mnemiopsis  (which almost disappeared entirely from water column 
itself after the  Mnemiopsis  decline), this jellyfi sh did not replace one problem with 
another (Kideys  2002 ). In a similar vein, jellyfi sh also have a role in biodiversity 
regulation, which may strongly infl uence the provision of ecosystem services (Díaz 
et al.  2005 ). For example, at low densities jellyfi sh may act as keystone species 
(Piraino et al.  2002 ; Pauly et al.  2009 ) that act as the main predator of commercially 
important or numerically abundant fi sh populations (Purcell  1989 ; Purcell and 
Grover  1990 ). By controlling such fi sh populations (by predation of fi sh eggs and 
larvae), jellyfi sh indirectly free up resources for less well-established fi sh species 
and thus may enhance local biodiversity (Boero et al.  2008 ).  

5.2.2     Provisioning Services 

 Provisioning services include those ecosystem resources that provide food, fi bre 
and fuel (Anonymous  2005 ). Historically, jellyfi sh have been consumed in China 
for over 1,700 years (Omori and Nakano  2001 ), but they are also a traditional food 
in many other Asian countries. In China, it is a tradition to have a jellyfi sh salad 
during a wedding or formal banquet; in Japan, jellyfi sh are served as an appetiser 
(Hsieh et al.  2001 ; Omori and Nakano  2001 ). With the burgeoning Chinese popula-
tion, the demand for jellyfi sh is now rising. Indeed, some jellyfi sh fi sheries in China 
are now fully exploited with stock enhancement being carried out in some areas 
(Dong et al.  2009 ). At least 10 species of jellyfi sh (all Rhizostomeae) are commer-
cially harvested mainly from China, Japan and other parts of South East Asia 
(e.g. Indonesia, Malaysia, the Philippines, Thailand, Singapore), with one species 
 Rhopilema esculentum  being the most important species. Emerging fi sheries are 
also developing in the Gulf of Mexico (the USA and Mexico) using  Stomolophus 
meleagris , Australia ( Catostylus mosaicus ), India ( Crambionella orsini ) and Turkey 
( Rhizostoma pulmo ). Although jellyfi sh have a low nutritional value (Doyle et al. 
 2007 ), their consumption is thought to have health benefi ts. For example, jellyfi sh 
are considered a cure for arthritis, hypertension, indigestion, fatigue and back pain 
(You et al.  2007 ) but are also consumed as a natural diet food or beauty enhance-
ment drink (Hsieh et al.  2001 ). Indeed, jellyfi sh collagen has been used experimen-
tally to treat patients with rheumatoid arthritis and may also have a signifi cant 
medicinal potential for rebuilding muscle, cartilage and bone (collagen scaffolds 
used in tissue engineering) (Addad et al.  2011 ) as bovine and other animal sources 
of collagen become less available and more regulated. 
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 The fi rst records of harvested edible jellyfi sh date from 1950. Annual catches 
remained <5,000 Mt until 1970, but with increasing demand from the Japanese 
market, the jellyfi sh industry became more commercial in the 1970s with young 
medusae bred artifi cially in ponds or released into the sea to enhance the natural 
stock (You et al.  2007 ). Since 1992, catches of between 200,000 and 500,000 Mt 
year −1  have been consistently taken (Kingsford et al.  2000 ). While the wet tonnage 
of jellyfi sh harvested is broadly similar to other commercial fi sheries, in monetary 
terms it is relatively minor compared with bony fi sh and cephalopods. Japan is the 
main consumer of jellyfi sh, importing 5,400–10,000 tonnes year −1  of semi-dried 
jellyfi sh products between 1988 and 1999, at a value of ~ US$25.5 million (Omori 
and Nakano  2001 , Tables 3 and 4). Other consumers include South Korea (US$17 
million), Singapore, Taiwan (US$20 million), Hong Kong and the USA (US$6 million) 
(values for 1995, see Kingsford et al.  2000 ). 

 Processing jellyfi sh is a low-cost but labour-intensive operation in Asia, involving 
Jellyfi sh Masters who oversee the whole process. The umbrella (‘head’) and oral 
arms (‘legs’) are separated and cleaned immediately after capture. There follows a 
stepwise reduction of the water content of both parts using a salt and alum mixture, 
a 3–4-day period of soaking in brine, followed by several transfers to another con-
tainer of salt with a lower alum concentration. The salted jellyfi sh are dried on 
draining racks at room temperature. The whole process takes 20–40 days, resulting 
in a cured jellyfi sh containing 60–70 % water and 16–25 % salt that has a shelf life 
of 1 year at room temperature. The colour should be creamy white and have a crispy 
but tender texture (Hsieh et al.  2001 ). Prior to consumption, the jellyfi sh need to be 
desalted and rehydrated overnight. The jellyfi sh can be made into a number of 
dishes, either cooked or uncooked. To cater for the busy modern lifestyle, shredded, 
desalted ready-to-use products are now becoming available, packaged with a variety 
of condiments and sauces. 

 Jellyfi sh are also the source of novel compounds; indeed, one of the greatest 
benefi ts that jellyfi sh have had to society has been the discovery and subsequent 
development of the green fl uorescent protein (GFP) (reviewed by Tsien  1998 ; 
Chalfi e and Kain  2006 ; Zimmer  2009 ). Following the initial discovery of fl uores-
cent proteins (FP) in jellyfi sh and other marine fauna, cloning techniques have 
produced FPs that are available across almost the whole visible colour spectrum, 
ranging from violet (emission peak 424 nm) through to far red (emission peak 
650 nm) (Chudakov et al.  2010 ). Because of their range of colours and non-invasive 
characteristics, GFP and GF-like proteins have been described as ‘living light 
microscopes’ that have revolutionised studies of cell biology and physiology by 
allowing scientists and doctors to image and monitor cellular and molecular events 
taking place inside living cells and organisms. Applications can be broadly divided 
into structural (e.g. labelling and imaging of whole organisms, cells, organelles, 
nucleic acids and proteins) and functional (e.g. protein interactions, promoter 
activity, sensory activities, drug screening) (reviewed by Chudakov et al.  2010 ). 
Protein labelling is one of the most popular and widespread applications of FPs, as 
it allows us to observe protein expression localisation, translocation, interactions 
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and degradation in living systems in real time. FPs also can help visualise particu-
lar cell types in whole animals, organs, tissues and cell cultures, which is particu-
larly important in such fi elds as immunology, neurobiology and carcinogenesis, as 
it is helping us to understand how diseases such as cancer, Alzheimer’s and 
Parkinson’s develop. Multiple FPs can also be combined to visualise locations of 
different cell types in living systems, most notably demonstrated by the Brainbow 
application whereby many individual neurons can be visualised by more than 100 
colours of FP. Whole animals can now be labelled with FPs to discriminate between 
transgenic and wild-type forms and for human entertainment, the creation of 
unusually coloured aquarium fi sh and other pets. 

 More recently there has been much research effort in extracting other com-
pounds. A mucin (a glycoprotein that has lubrication and protective functions) 
called ‘qniumucin’ was found in all six jellyfi sh species examined. This mucin has 
signifi cant potential as there are no methods to produce large quantities of mucins 
artificially for therapeutic use (Ohta et al.  2009 ) whereas jellyfish could be 
harvested in suffi cient quantities to meet this demand. Applications include ‘carriers 
for drug delivery, components of artifi cial extracellular matrices, antibiotic reagents, 
moisture retainers for cosmetic materials, and food additives’ (Masuda et al.  2007 ). 
Venoms from different jellyfi sh species also have biological functions including 
profound cardiovascular activity, but research into the medical utility of these ven-
oms is still its infancy, especially compared with terrestrial venoms (Hodgson and 
Isbister  2009 ).  

5.2.3     Supporting Services 

5.2.3.1     Nutrient Cycling 

 All ecosystem services are underpinned by supporting services, such as nutrient 
cycling and provisioning of habitats, to which jellyfi sh and other gelatinous 
zooplankton contribute signifi cantly. For example, the remarkable fi ltration houses 
of the appendicularians play a hugely important and often underestimated role in 
nutrient cycling. The appendicularian fi lter house sieves and concentrates a wide 
range of particle sizes from 0.2 to 30 μm, thus capturing organisms from bacteria to 
microplankton (Gorsky and Fenaux  1998 ; Berline et al.  2011 ), much of which is 
unavailable to competing zooplankton (e.g. copepods). As they can directly obtain 
energy from the microbial loop, rather than the classic ‘diatom-copepod-fi sh’ food 
chain (Gorsky and Fenaux  1998 ), appendicularians play an important role in the 
nutrient cycling of plankton by providing an alternative energy pathway. Indeed, 
many adult and larval fi sh prey directly on appendicularians, especially the pleuro-
nectids (Last  1978 ). 

 Jellyfi sh may also contribute signifi cant but small amounts of nutrients to sup-
port primary production (Pitt et al.  2009 ). The products (inorganic nutrients C, N 
and P) regenerated by jellyfi sh excretion, mucus production and ‘sloppy feeding’ 
can be signifi cant. For example, Pitt et al. ( 2005 ) showed that jellyfi sh blooms in 
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Lake Illawarra, Australia, produced up to 8 % of the phytoplankton N requirements. 
An elegant mesocosm study in a similar lake using two different species of jellyfi sh 
(one zooxanthellate jellyfi sh and one non-zooxanthellate jellyfi sh) revealed that 
excretion of nutrients (phosphate in this study) by non-zooxanthellate jellyfi sh can 
greatly increase phytoplankton production (West et al.  2009 ). In the same way, 
jellyfi sh- regenerated products released to the water are available to bacteria, i.e. for 
respiration rather than for production, and can create a ‘jelly loop’ involving the 
cycling of carbon between jellyfi sh, bacteria, heterotrophic nanofl agellates and cili-
ates (Condon et al.  2011 ). 

 Similar recycling and movements of nutrients occur for other jellyfi sh taxa, 
most notably salps, doliolids and appendicularians which produce faecal pellets 
and appendicularian houses (as discussed above in terms of carbon sequestration). 
For example, the discarded houses of appendicularians (often many a day) are 
used as a source of food by many organisms including copepods and leptocephali 
larvae (Alldredge  1976 ; Steinberg et al.  1994 ; Mochioka and Iwamizu  1996 ; Sato 
et al.  2001 ). 

 Jellyfi sh may also contribute indirectly to nutrient recycling by a process known 
as biogenic mixing: here, swimming animals contribute to oceanic mixing due to 
the displacement of water as they move through it (Katija and Dabiri  2009 ). As 
jellyfi sh swim between different layers in the water column, they facilitate the 
transport of nutrients and other dissolved matter across physiochemical boundaries. 
Considering the abundance of jellyfi sh and the scale of the diel vertical migrations 
that many oceanic jellyfi sh (e.g. pyrosomes, salps and siphonophores) undergo each 
day – up to 800 m (Wiebe et al.  1979 ) – such mixing can be signifi cant and can have 
impacts on ecosystem function, e.g. via the resupply of nutrients to depleted surface 
waters which may enhance surface primary productivity. 

 The presence of jellyfi sh within marine systems can also enhance the delivery of 
carbon from phytoplankton to higher trophic levels. For example, there is an inher-
ent ineffi ciency in the transfer of energy from phytoplankton through to herbivorous 
zooplankton through poor trophic phasing (Boero et al.  2008 ). However, because 
some jellyfi sh taxa (e.g. appendicularians and salps) can exploit this available 
resource, they can limit the amount of energy that would ordinarily enter the ben-
thos as phytoplankton detritus (Boero et al.  2008 ).  

5.2.3.2     Jellyfi sh as Prey 

 Predation upon jellyfi sh has been thoroughly summarised by Arai ( 1988 ,  2005 ), 
Ates ( 1988 ), Purcell ( 1997 ) and Pauly et al. ( 2009 ) and as such, does not require 
detailed replication here. However, in brief, it is well documented that a wide range 
of taxa including other jellyfi sh, molluscs, arthropods, fi sh, reptiles and birds rou-
tinely or episodically prey upon gelatinous organisms. Some examples of intraguild 
predation include the scyphomedusae  Cyanea capillata  feeding on  Aurelia aurita  
(Purcell  1991 ), the siphonophore  Apolemia uvaria  consuming salps (11.3 % of diet) 
(Purcell  1981 ) and the hydromedusae  Aequorea victoria  having up to ten jellyfi sh 
species in its diet (mostly hydromedusae), totalling 10.5 % of the total number of 
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prey items (Purcell  1991 ). There are very few examples of jellyfi sh that feed exclu-
sively on other jellyfi sh; however, the ctenophore  Beroe cucumis  is known to feed 
heavily upon the ctenophore  Bolinopsis infundibulum    . In terms of other taxa that 
feed on jellyfi sh, fi sh are well represented. Arai ( 1988 ,  2005 ) compiled a detailed 
list of fi sh species that are known to have jellyfi sh in their stomach contents (at least 
10 % of stomachs examined or to consume at least 5 % of the volume, weight or 
prey items eaten). The list now includes 69 species of fi sh in 34 families and is certain 
to expand with time (Arai  2005 ). Indeed, Pauly et al. ( 2009 ) using information 
extracted from FishBase (  www.fi shbase.org    ), data published by Arai ( 1988 ,  2005 ) 
and other sources found a total of 124 species of fi sh which are reported as feeding 
occasionally or predominately on jellyfi sh. Importantly, many species that feed on 
jellyfi sh are common and commercially valuable. For example, chum salmon 
( Oncorhynchus keta ) can have a diet composed mostly of jellyfi sh ( Pleurobrachia  
spp.) depending on location and time of year (Arai et al.  2003 ). Link and Ford 
( 2006 ) examined the gut content of ca. 45,000 spiny dogfi sh ( Squalus acanthias ) 
between 1981 and 2000 and found that ctenophores constituted between 5 % and 
15 % of total prey ingested, with the overall inference of an increase in abundance 
over the study period. Laboratory studies have shown that mackerel ( Scomber 
scombrus ) will feed on the hydromedusae ( Aglantha digitale ) when offered alone or 
with a mixture of copepod prey (Runge et al.  1987 ). Appendicularians, which are 
often one of the most abundant groups in the plankton, are a particularly important 
prey item for many larval fi sh (Gorsky and Fenaux  1998 ). Indeed, the appendicular-
ians  Oikopleura dioica  and  Fritillaria borealis  can form between 40 % and 75 % of 
the prey of pleuronectiform (fl atfi sh) larvae highlighting how some fi sh species may 
be almost dependent upon jellyfi sh during this early life history stage (Gorsky and 
Fenaux  1998 ). Clearly, jellyfi sh are important components of the diet of many fi sh 
species. 

 The most recognisable and observed predator of jellyfi sh is without doubt the 
leatherback sea turtle  Dermochelys coriacea . However, it was only recently that our 
understanding of how such large animals (~ 450 kg) can survive on a diet of jellyfi sh 
has been considerably advanced. For example, Houghton et al. ( 2006 ) demonstrated 
how the distribution of the large jellyfi sh  Rhizostoma octopus  (in the Irish Sea) 
explained almost a quarter of the variance in leatherback sightings over a period of 
>50 years. By attaching a video camera system to the carapace of leatherbacks 
(n = 19), Heaslip et al. ( 2012 ) demonstrated that an adult leatherback can consume 
on average 261 jellyfi sh d −1 , (or 330 kg jellyfi sh wet mass d −1 ), which is equivalent 
to 73 % of its body mass d −1 . Even though jellyfi sh have a low calorifi c value com-
pared to other prey items (Doyle et al.  2007 ), consumption of suffi cient quantities 
can sustain large predators such as leatherbacks. This is made possible by the high 
digestion rates of jellyfi sh which can be considerably faster than other prey items 
(e.g. 20 × faster than shrimp; Arai et al.  2003 ). From the above, it is clear that jel-
lyfi sh offer a potential prey source for many different animals, with leatherback sea 
turtles at one end of the spectrum (specialised jellyvore) and a large number (hun-
dreds) of other animals that opportunistically or regularly include jellyfi sh in their 
diets (Arai  2005 ).  
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5.2.3.3     Jellyfi sh as Predators 

 As a group, jellyfi sh are hugely important predators in pelagic marine systems 
(Pauly et al.  2009 ). Considering their longevity and evolutionary head start on other 
taxa (evolved 500 to 540 MYA, Richardson et al.  2009 ), they have arguably shaped 
pelagic marine ecosystems with their diverse array of armature and prey-capture 
mechanisms. Such feeding mechanisms will be discussed in more detail below 
under the ecological role of jellyfi sh, but briefl y, the diversity of feeding mecha-
nisms and body sizes ensures that jellyfi sh are capable of feeding on a large range 
of prey types and sizes (from microheterotrophs, zooplankton, other jellyfi sh and 
fi sh). Furthermore, most jellyfi sh are characterised by some sort of selectivity 
(Purcell  1997 ). The variety of feeding mechanisms, nematocyst and colloblast 
structures, toxicity of nematocysts, life cycle and life history, prey behaviour and 
escape ability (Purcell  1997 ; Boero et al.  2008 ) are all thought to contribute to 
different diets observed. Most scyphomedusae, hydromedusae and siphonophores 
are carnivorous and feed on a variety of zooplankton taxa from copepods, veliger 
larvae, fi sh eggs/larvae and other jellyfi sh. Most have broad diets; however, there are 
some specialists such as the siphonophore  Hippopodius hippopus  feeding only on 
ostracods (Purcell  1981 ). 

 Understandably, consideration of jellyfi sh as predators centres typically on 
their capacity to deplete resources available to commercially valuable fi sh stocks 
(Brodeur et al.  2002 ; Lynam et al.  2005 ; Hong et al.  2008 ). Indeed, when jellyfi sh 
occur in high numbers, their collective prey-consumption rate can be so high that 
this predation directly or indirectly controls the population size of other zooplank-
ton organisms including larval fi sh (Purcell  1989 ). More specifi cally, intense pre-
dation by jellyfi sh on certain prey can cause a shift in the trophic structure of 
marine communities as a result of trophic cascades. There is some evidence that 
in many systems in the world jellyfi sh biomass can exceed that of fi nfi sh stocks 
(e.g. Lynam et al.  2006 ), although consideration must be given to the ratio of wet 
to dry body mass in these different faunal assemblages. This is certainly an issue 
of grave concern, but care should be taken not to consider jellyfi sh as the sole 
causative factor, as the dramatic depletion of global fi nfi sh stocks is more closely 
linked to human demand and the impacts of climatic variation (Graham and 
Harrod  2009 ). Nonetheless, there is genuine concern that jellyfi sh may capitalise 
on the niche left by the removal of fi sh preventing the re-establishment of stocks 
over time leading to an ecological phase shift (Knowlton  2004 ). This issue warrants 
closer attention however, as this scenario requires prey (i.e. crustacean zooplankton) 
to be a limiting factor as predation on the same food source does not necessarily 
lead to competitive exclusion. Put another way, the co-occurrence of jellyfi sh and 
fi sh within a particular system is not a recent phenomenon, yet until human inter-
vention fi sh stocks did not face imminent collapse. As before, we are not challeng-
ing the assertion that jellyfi sh pose a threat to the sustainability of remaining 
fi sheries; rather that their negative portrayal can mask the need to consider them 
as natural components of marine systems, rather than a mere threat to human 
enterprise.  
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5.2.3.4     Provision of Space: Jellyfi sh as Habitats and Nurseries 

 Jellyfi sh are relatively large compared to other planktonic organisms but are com-
paratively slow swimmers when compared with nektonic animals of a similar size 
or mass. In an environment that is remarkably devoid of physical habitat, these 
attributes combined with the intricate morphology of jellyfi sh create a structurally 
complex mosaic of surfaces and constantly changing ‘nooks and crannies’ for other 
marine organisms to exploit. In much the same way as coral reefs and oyster beds 
create a three-dimensional habitat for a great diversity of benthic organisms, jelly-
fi sh provide this three-dimensional structure in pelagic habitats (biological engi-
neers) (Breitburg et al.  2010 ). For many taxa, clearly their relationship with jellyfi sh 
has laid the ‘foundation’ for the successful invasion of the pelagic zone (e.g. amphi-
pods and pycnogonids) (Laval 1980 in Bishop and Geiger  2006 ) and subsequently 
for the evolutionary diversification and evolution of new taxa (Pagès  2000 ). 
The relationships and use of jellyfi sh are so varied and often so bizarre and intricate 
that the symbiotic relationship between jellyfi sh and other marine organisms is at 
times more akin to those typically described for tropical rainforests. For simplifi ca-
tion here we describe three types of relationships between jellyfi sh and symbionts 
based on how they use and exploit this largely transparent but solid substrate. 
Jellyfi sh can provide (1) pelagic refugia or shelter, (2) pelagic substratum and (3) a 
host for algal symbiotic associations. 

 Pelagic refugia: One of the best documented biological interactions between jel-
lyfi sh and a marine organism is the interactions between jellyfi sh and juvenile fi sh. 
The association is generally considered to be a facultative symbiotic relationship, 
whereby a jellyfi sh may be the only available refuge in a pelagic environment for 
juvenile fi sh. Indeed, fi sh from over 333 families are known to show aggregative 
behaviour beneath fl oating objects, 9 of which are known to associate with jellyfi sh 
(Castro et al.  2001 ). Four of these families are pelagic, three are demersal and two 
are deep-sea inhabitants (Mansueti  1963 ). For demersal species, jellyfi sh may act as 
a substitute for their eventual benthic habitat until they are of suffi cient size to 
recruit into these benthic habitats (Kingsford and Choat  1989 ). It is also possible 
that the juvenile fi sh obtain food from the association via a range of different path-
ways, i.e. by feeding directly on (i) the jellyfi sh itself, (ii) zooplankton taken from 
the host, (iii) prey encountered by the fi sh as the jellyfi sh moves through the water 
column and (iv) predation upon amphipod parasites present on the jellyfi sh host 
(Mansueti  1963 ; Purcell and Arai  2001 ). Together, the provision of shelter and food 
may increase the survival of juveniles to adulthood (Brodeur  1998 ; Lynam and 
Brierley  2007 ). These benefi cial interactions are vastly overshadowed in the litera-
ture by introductory paragraphs (often on subjects completely unrelated to fi sheries) 
that make reference to negative interactions such as predation or competition for 
resources between juvenile fi sh and jellyfi sh. We are not claiming that competition 
or predation are negligible, rather that jellyfi sh-fi sh interactions are complex and not 
always detrimental to fi sh. 
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 A pelagic substratum: While jellyfi sh provide shelter for developing fi sh, they 
provide a substratum (habitat) for a range of taxa from microbes through to inverte-
brates including crustaceans (including barnacles, copepods, amphipods, brachyuran 
crabs, shrimp) (Perissinotto and Pakhomov  1997 ; Pagès  2000 ), pycnogonids (Pagès 
et al.  2007 ), digeneans (Martorelli  2001 ) and protists (Moss et al.  2001 ). For the 
majority of these ‘hitch-hikers’, the exact relationship between the jellyfi sh host and 
symbiont (whether facultative, commensal or parasitic) may be unknown (Gasca and 
Haddock  2004 ; Towanda and Thuesen  2006 ). The most well- known ectosymbiont is 
the amphipod  Hyperia medusarum . In a recent study Towanda and Thuesen ( 2006 ) 
demonstrated clearly that  H. medusarum  parasitises  Phacellophora camtschatica  by 
directly consuming tentacles and other tissues, with 100 % infestation rates at times 
and as high as 446 individuals on a single jellyfi sh. This amphipod probably over-
winters as juveniles on holoplanktonic jellyfi sh (Towanda and Thuesen  2006 ). These 
overwintering jellyfi sh therefore act as intermediate hosts until the defi nitive host 
 P. camtschatica  appears in spring and the hyperiids jump ship (Towanda and Thuesen 
 2006 ). This same study also highlighted the symbiosis between brachyuran crabs and 
jellyfi sh. At least eight species of brachyuran crabs have now been found on jellyfi sh 
(Towanda and Thuesen  2006 ). On the Pacifi c coast of North America, megalopae and 
instars of  Cancer gracilis  can be found ‘riding’  P. camtschatica  jellyfi sh from early 
May until October and are never found in the plankton. This symbiotic relationship 
is unusual as initially the megalopae feed on the jellyfi sh, but as they develop and 
grow as instars, they feed more on the parasitic  H. medusarum  and therefore have a 
benefi cial relationship with the host (Towanda and Thuesen  2006 ). Some parasites 
use jellyfi sh as intermediate hosts en route to their defi nitive host that is normally a 
fi sh. For example, the prevalence of metacercaria (resting) stage of digeneans in 
three jellyfi sh species off Argentina varied between 1.4 % and 30 %, highlighting the 
importance of jellyfi sh in the distribution of metacercaria (Martorelli  2001 ).  

5.2.3.5    Jellyfi sh as Hosts for Algal Symbiotic Associations 

 Normally reserved for discussions on reef building corals, many jellyfi sh taxa also 
have algal symbiotic zooxanthellae (photosynthetic dinofl agellates). The golden 
jellyfi sh ( Mastigias papua ) conduct daily horizontal migrations and avoid shadows 
in landlocked marine lakes in Palau in order to maintain their zooxanthellae in direct 
sunlight (Dawson and Hamner  2003 ). Even more unusual is the behaviour of the 
upside-down jellyfi sh  Cassiopea  sp., which spends the majority of their time upside 
down resting on the seabed. They do so to maximise photosynthesis as they contain 
zooxanthellae in their oral arms, and their activities can increase benthic oxygen 
production almost 100-fold (Welsh et al.  2009 ). Another algal host is the pleustonic 
jellyfi sh  Velella velella . This species is found in surface waters circumglobally in 
tropical and temperate open ocean waters (Purcell et al.  2012 ), where its symbiotic 
zooxanthellae are able to photosynthesise and subsidise the host’s energy budget.   
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5.2.4     Cultural Services 

 There is no doubt that marine organisms contribute to widespread human curiosity 
(Greene  2005 ), particularly as most are never seen, only sparingly at the surface or 
rarely stranded on our shores. Indeed, Hardy ( 1956 ) eloquently wrote that ‘how 
much more curious many of us might be if the sea were in fact separated from us by 
a vertical screen instead of lying beneath us under a watery fl oor’. With the explo-
sion of jellyfi sh aquaria throughout the world, jellyfi sh are now at the fore of Hardy’s 
proverbial sea wall, as ambassadors of the marine environment, enthralling people 
with their ‘unfamiliar forms, like fl oating parachutes with trailing tentacles’ (Hardy 
 1956 ). 

 For 20 years, the Monterey Bay Aquarium in California has been associated with 
stunning displays of jellyfi sh, most notably the Pacifi c Sea Nettle ( Chrysaora fusce-
scens ). Between 2002 and 2008, the aquarium ran the award-winning ‘Jellies: 
Living Art’ special exhibition, which combined displays of 25 species of jellyfi sh 
with works of art depicting jellyfi sh. While many of the jellyfi sh species were local 
to the area, several were rare and had never been maintained in captivity or seen in 
the USA before. The concept of this innovative exhibition was to celebrate the 
beauty of these gelatinous organisms and show how contemporary and classical 
artwork draws inspiration from the sea. The galleries of art and jellyfi sh exhibited 
together highlighted visual themes from nature and art: shape and size, rhythm and 
movement and colour and pattern. To date, this has been the most popular display in 
the aquarium’s history attracting over 10 million visitors. Many people have enjoyed 
the aesthetic aspects of the display and used words like relaxing, peaceful, colourful 
and beautiful to describe many of the experiences (Monterey Bay Aquarium  2004 ). 
The display won several awards including the prestigious Curator’s Choice Award 
from the American Association of Museums and the Exhibit Award from the 
Association of Zoos and Aquariums. The Monterey Bay Aquarium is not unique in 
displaying jellyfi sh as a visitor attraction. Many public aquaria around the world 
now maintain their own jellyfi sh for year-round displays, with more than 50 in the 
USA alone. 

 Several ecosystems are able to utilise jellyfi sh populations as ecotourist attrac-
tions. The most famous is Jellyfi sh Lake (formerly Ongeim’l Tketau) in Palau, a 
landlocked marine lake on Eil Malk Island   , home to year-round populations of 
 several million golden jellyfi sh,  Mastigias  sp., and common jellyfi sh,  Aurelia  sp. 
Since the marine lakes of Palau were brought to the attention of the general public 
in the early 1980s, many articles have appeared in print, radio and fi lm media, and 
Jellyfi sh Lake has become one of the most popular snorkelling sites in the tropical 
Pacifi c (Dawson et al.  2001 ). Palau’s main industry is adventure and ecotourism 
(accounting for >40 % of gross domestic product) as visitors are attracted to the 
coral reefs and tropical rainforests of this highly biodiverse region. Between 1986 
(when Jellyfi sh Lake was fi rst incorporated into dive tours) and 1997, tourism in 
Palau increased by 500 % (Dawson et al.  2001 ). It is estimated that, on average, 
30,000 tourists visit Jellyfi sh Lake each year, providing a valuable source of revenue 
for the country. 
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 Many jellyfi sh have attributes that can astonish, none more so that the ‘immortal 
jellyfi sh’  Turritopsis nutricula  that can escape death by transferring back from a 
fully mature adult individual medusae into a polyp (Piraino et al.  1996 ). Such attri-
butes also make jellyfi sh conceptually interesting animals for experimental biology 
(Boero  2002 ; Mackie  2002 ). Within this context it is important that we re-shift our 
focus so that jellyfi sh do not become the Trojan horse for ‘doom and gloom’. 
Recruiting volunteers to count jellyfi sh beach strandings is an excellent means of 
encouraging public participation in science, known as citizen science, and enhanc-
ing the cultural appreciation of the marine environment. Indeed, as Silvertown 
( 2009 ) stated ‘the best way for the public to understand and appreciate science is to 
participate in it’.   

5.3     Spreading the Word: Highlighting the Ecological 
Role of Jellyfi sh to the Non-specialist Community 

 In most cases where jellyfi sh have been included in marine fi sheries or ecosystem 
models, all species are considered either a single functional group or an ‘average’ 
group of gelata (see Haddock  2004 ) feeding on the same prey throughout their life 
history (Boero et al.  2008 ; Pauly et al.  2009 ). Indeed, the trophodynamics of mul-
tiple gelatinous species within a ‘jellyweb’ (Robison  2004 ) or changes in trophic 
position in space and time are rarely taken into account (Boero et al.  2008 ). The 
view that jellyfi sh are an amorphous component in ecosystem models can now be 
challenged with further evidence emerging that jellyfi sh might be as varied in their 
trophodynamics as other marine organisms (Fleming et al.  2011 ). For example, con-
comitant with studies showing distinct size-based shifts in prey in fi shes (Olson 
 1996 ; Harrod et al.  2005 ), dietary and sized-based trophic shifts in the moon jelly-
fi sh  Aurelia aurita  (Graham and Kroutil  2001 ; Fleming et al.  2011 ) suggest jellyfi sh 
could exhibit similar trophic complexities to fi sh. 

 As is often the case, jellyfi sh researchers and fi sheries scientists often operate in 
different academic spheres. Pauly et al. ( 2009 ) highlighted this problem and provided 
clear guidance to jellyfi sh researchers on how to generate data that might help 
bridge this gap. An important point is that we cannot expect the ecological modelling 
community to fully take account of the trophic complexity of jellyfi sh if we are 
providing them with little evidence to go on. For example, given that jellyfi sh consti-
tute a polyphyletic assemblage that exceeds 1,200 species, the classifi cation of clear 
functional groups would greatly simplify and improve how the non-specialist com-
munity engages with jellyfi sh research. Indeed, as an example of how this might be 
achieved, Haddock ( 2007 ) classifi ed ctenophores in terms of feeding mechanisms, 
e.g. tentacles for feeding, lobes for feeding, engulfers and trophic specialists. 
Riisgård and Larsen ( 2010 ) also wrote an excellent review of suspension-feeding 
invertebrates, which included several jellyfi sh taxa listing them as mucus-net 
fi lter feeding (salps), cnidae prey-capture mechanisms and colloblast prey-capture 
mechanisms. If we take one of these groups – tentaculate feeders (Fig.  5.2 ) – as an 
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  Fig. 5.2    The diversity and relative size of jellyfi sh within one functional group – the tentaculate 
predators. Figure illustrates the great variation in jellyfi sh morphology (e.g. bell shape, colonial 
structure) and tentacle length, number and type (i.e. nematocyst or colloblast bearing). (1) 
 Chrysaora hysoscella  has 24 tentacles (up to 4 m in length when fully extended) and well- 
developed oral arms. It swims continuously and fl uid motion is responsible for prey entrainment 
and capture along tentacles and oral arms. (2)  Aurelia aurita  (aggregation). Each  A. aurita  has 
hundreds of very short tentacles typically not longer than one bell diameter.  A. aurita  uses the fl ow 
of water during bell pulsation and especially contraction (i.e. recovery stroke) to capture prey 
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example to illustrate the diversity of jellyfi sh morphology and trophodynamics 
within one ‘functional group’, we fi nd gelatinous species capable of feeding on the 
smallest of particles including protistan prey (e.g. hydromedusae; Colin et al.  2005 ) 
through to those that are capable of feeding on fi sh (e.g.  P. physalis  and  Cyanea  
spp.). Saliently, within most jellyfi sh taxa (especially scyphomedusae and hydrome-
dusae), much of the foraging activity is related to bell size and shape and ultimately 
how they use their bell and its tentacles to capture prey (Costello et al.  2008 ). For 
example, in a seminal study, Costello et al. ( 2008 ) described two basic propulsion/
foraging modes for scyphomedusae and hydromedusae: typically small ‘ambush 
predators’ and larger ‘cruising predators’ (>200 mm) (with some exceptions; e.g. 
see Sørnes et al.  2008 ). This difference in strategy emerges from an architectural 
constraint imposed by having weak subumbrellar muscles (one cell thick) and there-
fore limited bell shape for large jellyfi sh. For example, large medusae (>200 mm) 
are typically fl attened (oblate) and therefore not capable of jet propulsion, whereas 
small medusae can have a spectrum of bell shapes from fl attened to prolate. Such 
foraging modes have profound consequences for prey selection, as the large jelly-
fi sh are dependent on ‘rowing’ through the water to create vortices to entrain prey 
(Costello and Colin  2002 ). Smaller prolate jellyfi sh typically swim via jet propul-
sion (to exploit new areas quickly) but feed by drifting with outstretched tentacles. 
These two modes result in interspecifi c dietary differences with cruising predators 
feeding mostly on soft-bodied prey (other jellies, and fi sh eggs and larvae), whereas 
ambush predators can impact on crustacean zooplankton (Costello and Colin 2002). 
Central to this variation in tentaculate foraging strategy and morphology is the 

Fig. 5.2 (continued) (Costello and Colin  1994 ) during continuous swimming. (3)  Chironex fl eck-
eri  has a box-like appearance with groups of tentacles located at each corner. They are unusual 
among tentaculate predators as they have well-developed eyes (including image forming optics) 
that enable it to use terrestrial visual cues for navigation and ultimately increase chances of prey 
capture (Garm et al.  2011 ). (4)  Physalia physalis  has a gas-fi lled fl oat that keeps it at the surface 
with tentacles trailing below. Unwary prey, especially fi sh larvae (Purcell  1984 ) simply drift into 
the tentacles. (5)  Cyanea capillata  is a large and highly venomous jellyfi sh with hundreds of long 
tentacles.  C. capillata  can capture prey by dragging its long tentacles through both the power 
(contraction) and recovery (relaxation) stroke vortices. It may also ambush cruising prey as many 
long tentacles lie outside the vortices (Costello and Colin  1995 ). (6)  Aequorea victoria  has a fl at-
tened bell (oblate) and has a fl ow-based feeding mechanism, i.e. continuously swims and entrains 
soft-bodied prey in its hundreds of tentacles (Costello and Colin 2002). (7)  Muggiaea atlantica  
swims in an arc to spread out its tentacles and remains virtually motionless for several minutes 
(Mackie et al.  1987 ). (8)  Leuckartiara octona  is a streamlined or prolate jellyfi sh that swims by jet 
propulsion. It is an ambush predator that feeds by drifting and waiting for prey to encounter its 
outstretched tentacles. (9)  Pleurobrachia pileus  has two tentacles armoured with colloblast cells 
(special adhesive cells rather than nematocyst bearing). It swims in a semicircle, and once its ten-
tacles are fully extended, it stops and waits for a prey item to become ensnared in the sticky ten-
tacles (Haddock  2007 ). (10)  Apolemia      uvaria  can be 20 m in length and has repeating units called 
cormidium which has numerous highly extensible tentacles (Mackie et al.  1987 ; Mapstone  2003 ). 
(11)  Periphylla periphylla  is a mesopelagic jellyfi sh that swims with its tentacles in aboral position 
(forward, unlike most other jellyfi sh) forcing (ramming) water and entrained prey past the tenta-
cles (Sørnes et al.  2008 ). For scale,  Cyanea capillata  is typically 0.6 m in diameter (Scientifi c 
illustration by William Helps)       
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concomitant evolution of nematocysts, one of the most complex secretion products 
of any cells found in the animal world (Mackie  2002 ). They have been described as 
a ‘secret weapon’ (Mackie  2002 ; Fautin  2009 ) that has ‘enabled the group to achieve 
enormous success as predators with little of the investment in elaborate sensory and 
morphological specialization that characterizes most predators’ (Mackie  2002 ). 
Indeed, tentaculate jellyfi sh are tactile rather than visual predators feeding effi ciently 
in turbid water and during the hours of darkness (Hays et al.  2012 ). The remarkable 
exception to this rule is the cubozoans which have well-developed eyes and actively 
hunt their prey (Garm et al.  2011 ).

   Returning to our original goal of showcasing jellyfi sh in a more positive light, 
we propose that functional groups can improve the transfer of information between 
jellyfi sh researchers and the wider non-specialist community. By using an existing 
ecological framework, we may encourage jellyfi sh researchers to view the group 
more as a collective rather than individual species. As studies on the trophic com-
plexity of jellyfi sh continue to emerge, the conceptual approach detailed here may 
help with the broader dissemination of key fi ndings.     
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