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Loss of functional diversity offish due to intense fishing
causing ecosystem-wide effects in Mediterranean sublittoral rocky reefs
By Paolo Guidetti

MARINE ECOSYSTEMS MAY undergo 
dram atic  changes (for exam ple, shifts 
betw een alternative com m unity  states, 
changes in ecosystem  function ing  and 
food-w eb d isruption) because of the 
w ide array of an th ropogen ic  im pacts 
they  are usually  subjected  to (Pauly et 
al, 1998; Jackson et al, 2001).

The sea bream Diplodus sargus sargus, 
predator of adult and juvenile sea urchins 
in Mediterranean sublittoral rocky reefs.

This is especially true in  regions like the 
Mediterranean basin where hum an populations 
tend to concentrate in coastal areas and where 
extractive activities (especially fishing) are 
historical and intense. Assessing direct and 
indirect impacts of fishing on natural communities 
(and the spatial and temporal scales at which they 
act) is one of the m ajor challenges marine 
ecologists have to tackle worldwide in order to 
refine appropriate policies for an ecosystem-based 
management of fishery (Pikitch et al, 2004).

As in many other temperate regions, there is 
increasing evidence that sublittoral rocky reefs in 
m any sectors of the Mediterranean Sea are shifting 
from macroalgal beds to barrens or areas without 
vegetation, usually caused by excessive grazing. 
This transition has often been attributed  to 
changes in the rate herbivores (especially sea 
urchins) feed upon erect macroalgae as an indirect 
consequence of hum an activities (Sala et al, 1998; 
Guidetti et al, 2003). In coastal waters, erect 
macroalgae (together w ith seagrasses) exert 
param ount ecological roles: they are among the 
most important primary producers, contribute to 
the availability of detritus (which can also be 
exported into deep seas) and provide sizeable 
structure where many fish and invertebrate species 
(both as juveniles and adults) find shelter and 
food. Biodiversity in macroalgal beds, in  addition, 
is far higher than in coralline barrens, as observed 
in other temperate regions (Graham 2004).

Sea urchins overgraze erect macroalgae especially 
when at high density, a condition that depends on 
several factors such as recruitm ent and the 
occurrence of mass m ortalities, bu t there is 
increasing evidence that predators can be capable 
of controlling sea urchin population density (Sala 
& Zabala 1996; Guidetti 2004a; Hereu et al, 
2004). The most effective sea urchin predators in 
the Mediterranean Sea are a few species of fish, 
mainly represented by sea breams (preying upon 
juvenile and adult urchins; e.g. Diplodus sargus 
sargus, pictured), and, secondarily, by wrasses 
(that feed only upon juvenile urchins; e.g. Coris 

julis) (Sala 1997; Guidetti 2004b). Density and 
size of sea breams, in particular, can be drastically 
reduced by fishing (to their functional extinction), 
which may be reflected as lower predation impact 
on sea urchins (Guidetti 2004a). W hen released 
from predator control, sea urchins increase in 
abundance and overgraze erect macroalgae, thus 
causing the transition to barrens. Fishing, by 
strongly and selectively impacting sea breams 
(Harmelin et al, 1995; Guidetti & Sala, 
unpublished data), may thus decrease the 
functional diversity of the fish predator 
assemblage in subtidal rocky reefs. This, 
consequently, may have cascading effects on the 
entire community and ecosystem functioning, as 
macroalgal beds and coralline barrens are 
structurally and functionally very different.

Scientific evidence of the trophic cascade 
involving fish, sea urchins and macroalgae 
triggered by fishing is restricted to a few areas of 
the Mediterranean basin. Trophic interactions, 
however, may change depending on the species 
(or trophic groups) involved, and may be context- 
dependent (O’Connor & Crowe, 2005). Both 
assemblage diversity and environmental contexts, 
from this perspective, may change in space (e.g. 
w ith latitude) and time (e.g. seasonally or on a 
m ulti-annual basis).

Further experiments, correlative and/or historical 
analyses, therefore, are more than welcome with 
the aims (1) to depict scenarios that may help 
understand possible thresholds in the density of 
strongly interactive species (e.g. keystone 
predators) that may push ecosystems to the brink, 
and (2) to plan appropriate m anagem ent of 
fisheries based on the perception that ecosystem 
functioning and community structure may depend 
on the intensity of exploitation of high-level fish 
predators. The MarBEF RMP “Causes and 
consequences of changing marine biodiversity: a 
fish and fisheries perspective,” led by Brian 
MacKenzie and Pascal Lorance, will provide an 
opportunity to deepen existing knowledge in 
some of these key areas and also to compare and 
contrast different results and experiences from 
areas outside of the Mediterranean, thus helping 
to refine management decisions, for example the 
management of coastal fisheries.
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Biodiversity Conservation

Europe's role in conserving biodiversity
through a sustainable marine aquarium trade

C o llectors '  gear, Bohol,  T h e  Philippines.

By Paul Holthus

EUROPE IS THE seco n d  m ajo r 
im porter of coral reef organism s for 
h om e aq uarium s. M arine o rn 
am en ta ls  com e p rim arily  from  
developing countries w ith  high m arine 
biodiversity. In ternational certification 
now  enables im porting  countries to 
transform  their ecological foo tp rin t in 
the aquarium  trade from  one tha t 
p o ten tia lly  su p p o rts  destructive  
fisheries to  one th a t conserves 
b iod iv ersity  reduces p o verty  and  
creates su sta in ab le  livelihoods 
thereby im plem enting the C onvention 
on Biological Diversity. Several 
E u ropean  m arine  o rn am en ta ls  
im p o rte rs  are M A C -certified, w ith  
m any retailers soon to follow.

D espite  th e  im p o rtan ce  of coral reefs in  
sustaining hum an life and livelihoods and as 
one of th e  w o rld ’s m ost diverse m arine  
systems, the  m ajority of the w orlds reefs are 
threatened by hum an  activity. A responsible 
m arine ornam entals trade has great potential 
to provide an incentive to  coastal com m unities 
to protect their coral reefs from  these threats 
and to thus ensure that they can continue to 
su p p o rt biodiversity and econom ic benefits.

A pproxim ately 45 countries, m ostly in the 
developing world, supply  m arine ornam entals, 
w ith the Philippines and  Indonesia as the 
largest exporters, w ith an estim ated 7,000 
m arine aquarium  collectors in  the Philippines 
alone. A quarium  anim als are the highest value 
p roducts possible to harvest sustainably from 
coral reefs. A quarium  fish sell for about EUR 
90 .0 0 /k g  com pared  to food fish a t EUR 
1.00/kg. On average, live coral is w orth  EUR 
1.30/kg, while crushed coral for lime sells for 
EUR 0.01/kg. An environm entally responsible 
high-value aquarium  fishery can alleviate the 
poverty that drives people to use destructive 
fishing practices, su ch  as b lasting  w ith  
dynam ite to gather food.

Marine Aquarium Council 
(MAC) certification
Many aquarium -fish collectors and industry  
m em bers use practices that prove it is possible

to harvest m arine  o rn am en ta ls  in  a 
responsible, environm entally-sound manner. 
However, in som e areas collection m ethods are 
used that destroy coral reefs. For example, 
som e collectors use sodium  cyanide to stun  
fish for easy capture, at the  sam e tim e harm ing 
target and non-target species, including the 
reef-bu ild ing  corals them selves. Som e 
collectors, exporters, im porters and retailers 
also use  p o o r p o st-h a rv est han d lin g  and  
transport practices resulting in unnecessary 
m ortality of harvested animals.

The M arine A quarium  Council (MAC) is an 
in ternational not-for-profit organisation that 
brings together the m arine aquarium  industry  
a n d  hobbyists, p u b lic  aq u ariu m s and  
conservation groups as well as governm ent 
agencies and in ternational organisations to 
su p p o rt reef conservation and a sustainable 
m arine aquarium  trade. MAC certification was 
launched in late 2001, following years of inpu t 
and review th rough  an international, m ulti
stakeholder process to develop standards of 
best practice for quality and environm ental 
sustainability. The certification provides third- 
party  verification and labelling to identify 
responsible operators and their p roducts that 
com ply  w ith  MAC standards, allow ing 
consum ers to choose and su p p o rt responsible 
operators and sustainable products.

MAC certification is designed to transform  the 
existing m arine ornam entals trade and does

no t prom ote the trade w here it does no t exist. 
For example, only non-destructive m ethods 
are allowed, and catch levels m ust rem ain 
w ith in  the lim its of sustainability as proved by 
in d ep e n d en t scientific  assessm en t and 
m onitoring. MAC certification also requires a 
reef m anagem ent p lan  developed th rough  
m u lti-s tak eh o ld er invo lvem en t at the 
com m unity  level, includ ing  establishing a 
m arine protected  area, such as a ‘no-take 
sanctuary’ for reef fish.

Reef, fish and fisheries 
m onitoring/m anagem ent
It is critical to have a so u n d  scientific 
u n d e rs tan d in g  of the  s ta tu s  of m arine 
aquarium  organism s and  their coral reefs so 
that an inform ed decision can be m ade about 
sustainable-use levels and reef m anagem ent. 
MAC req u ested  th e  G lobal C oral Reef 
M onitoring N etw ork (GCRMN) to develop 
m ethods to assess the status and condition of 
reefs and  fish stocks in collection areas and 
evaluate the effectiveness of m anagem ent by 
m onitoring coral reefs and  populations of 
exploited organism s and  ‘control areas’ to 
determ ine if m arine ornam entals collection has 
ecologically significant effects on overall reef 
ecosystem  h ealth  or targe t species’ 
populations.

Reef C heck (a GCRMN m em ber) developed 
th e  M arine A q uarium  Trade C oral Reef
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M onitoring Protocol (MAQTRAC) m ethod to 
assess coral-reef health and fish populations 
and then  m onitor these over tim e to m easure 
and im prove m anagem ent. An independent 
survey of reefs using MAQTRAC, and regular 
follow-up m onitoring, is required  to obtain 
an d  m ain ta in  MAC certification . The 
frequency of m onitoring is 1 -2 tim es per year. 
Also, in the absence of sufficient fisheries data 
for aq u ariu m  fishing in  m ost developing 
countries, all M A C-certified collectors are 
required  to keep logbooks to docum ent their 
catch to m onitor catch-per-unit-effort (CPUE) 
w ith in  the  fram ew ork of the m anagem ent 
plan. Having rural, village-based fisherm en 
keep a logbook is a significant step forward in 
m anaging these m ulti-species fisheries and a 
step that has not been w idely attem pted.

The inform ation on the  abundance of target 
species, fishing effort, reef h ealth  and  
m anagem ent effectiveness is shared w ith the 
collectors, com m unity and stakeholders. This 
results in m anagem ent recom m endations on 
harvest volum e and species levels to prevent 
over-fishing, the  location and size of no-take 
zones, harvest rotation patterns and other 
su s ta in ab ility  m easures th a t form  the 
collection area m anagem ent p lan  (CAMP) 
required  by MAC certification.

Certification in action
MAC certification has been well-received by 
the  m arine aquarium  industry, public  and 
private  aquaris ts  an d  conserva tion  
organisations. MAC certification was launched 
in  late 2001, and w ith in  several m onths over 
70 com panies m ade public  “statem ents of 
com m itm ent" to seek to achieve certification. 
By the end of 2004, the  num ber of com panies 
th a t had publicly com m itted to becom ing 
certified had increased to over 120 in 20 
countries. MAC certification has been achieved 
in  the  Philippines and Ffji by several collection 
areas, collectors’ associations and exporters, 
and by several im porters and retailers in the 
US, Canada, the N etherlands, France, the UK 
and Singapore.

MAC-certified m arine ornam entals are now 
m oving from  ‘reef to retail’ at a pilot scale, 
engaging m arket forces in realising the win- 
w in of linking conservation and  sustainable 
use  w ith  responsib le  in d u stry  practices. 
How ever, th e  n u m b er of M A C-certified 
organism s available is still less than  1% of the 
trade. M uch of MAC’s efforts are focused on 
fieldwork in  Indonesia and o ther developing 
countries th a t export m arine ornam entals, to 
assist th em  in  cap acity -bu ild ing  for 
com m unity -based  reef m anagem ent plans, 
train ing  of collectors and  other efforts to 
ensure their aquarium  trade is sustainable and 
can be certified. The need now is to build  on 
the successful start-up  efforts and ram p up to 
a critical m ass o f certified  su p p ly  and 
participants in order to fully realise the  benefits

C ollect ing with n e t  a t  Marcilla in th e  
Philippines.

of MAC certification. To do this, MAC has 
focused on local efforts, w orking w ith  m arine 
ornam entals collectors and  their com m unities 
in im portan t source countries such as the 
Philippines, Indonesia and Ffji. MAC is also 
‘acting locally’ w ith the rest of the  industry  by 
w orking w ith those exporters, im porters and 
retailers th a t are m aking active efforts to 
becom e certified.

Conservation in Europe 
through sustainable trade
MAC-certified m arine ornam entals are now 
m oving th rough  certified chains of custody, 
‘from  reef to retail,’ enabling consum ers to 
identify and rew ard responsible businesses 
th ro u g h  th e ir pu rch ase  o f M A C-certified 
m arine aquarium  organisms, i.e., those that 
were collected, handled  and transported  in a 
sustainable manner. Europe is a key player in 
th is tran sfo rm ation . For exam ple, the 
N etherlands is a m ajor im porter of o rnam ental

reef fish and corals for hom e aquarium s, w ith 
several large wholesalers, approx-im ately 40 
re ta ilers and  12,000  to 17 ,000  m arine  
aquarium  hobbyists. Studies supp o rted  by 
W W F the global conservation organisation, 
have show n th a t D utch m arine aquarium  
hobbyists have an exceptionally high rate of 
w illingness to do so m eth in g  to  su p p o rt 
certification (e.g., buying ‘eco-fish’) and are 
willing to pay an extra 10 per cent to 25 per 
cent for certified fish.

E urope cou ld  be a w o rld  leader in  
transform ing the ecological footprin t of the 
m arine aquarium  trade from  a negative one to 
a positive one that helps conserve m arine 
biodiversity, red u ce  pov erty  an d  achieve 
susta inab le  develo p m en t in  h u n d re d s  of 
coastal villages in high biodiversity developing 
countries such as Indonesia.

MAC certif ication  label

P aul H olth us
Executive Director 
M arine A quarium  Council 
Email: ww w .aquarium council.org

C o llectors  p rep a re  for w ork , Marcilla, T h e  Philippines
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Aquatic Invasions

Phantom aliens in Mediterranean waters
By Ferdinando Boero, Cristina Di Camillo Cinzia Gravili

ALIEN SPECIES ARE detected for two main reasons: they suddenly become very abundant and obvious, or there 
is somebody able to detect their presence.

Sometimes, very abundant and obvious species 
are not recognised as aliens, simply because the 
scientific com m unity fails to realise what they are 
or the history of their presence. Here, we present 
two cases of possible invasions of the 
M editerranean by species of great (presumed) 
ecological importance. One has been overlooked 
(as an alien) for half a century, whereas the other 
was first recorded (and immediately recognised 
as an alien) less than ten years ago but was not of 
m uch concern as its potential impact is not that 
obvious. Both records regard hydrozoans of the

genus Clytia, family Campanulariidae. Species of 
this genus are represented by a benthic polyp 
stage and a planktonic medusa stage.

The story of Clytia linearis
At present, Clytia linearis is one of the most 
com m on M editerranean hydroid species in rocky 
shallow waters (Bouillon et al, 2004). The first 
record of this species from “near" the 
Mediterranean is that of Billard, in 1938, from 
the Suez Canal! Billard called it Clytia gravieri,

considering it new to science, but then this 
nom inal species was recognised as being 
identical to Clytia linearis, described by Thornely 
from the Indo-Pacific in  1899. Clytia linearis is 
different from all other Clytia species from the 
M editerranean because, instead of being stolonal, 
it is branched. Stolonal species have a single 
polyp on each stem, whereas branched species 
have more than  one polyp on each stem, a 
character too obvious to perm it mis- 
identification!

The M editerranean is one of the most studied 
seas in the world: it is highly improbable that C. 
linearis had been present but passed unnoticed. 
Clytia linearis is possibly the first successful 
Lessepsian migrant. And, if so, it is possibly the 
most successful of them all. Picard (1951) found 
it for the second time in  the M editerranean and, 
since then, the species has been recorded 
invariably as abundant at alm ost every 
investigated M editerranean location, from 
shallow waters to shaded rocky bottoms.

The species is so successful that it is now going 
north. Altuna Prados (1995) recorded it along the 
Atlantic coast of Spain and remarked that his was 
the northernm ost record of the species from the 
Atlantic coast of Europe, stressing that it was very 
abundant at his study site, whereas it had been 
left uncited by all authors who previously studied 
hydroids in the area. At present, Clytia linearis is a 
circum tropical species that is expanding its 
distribution along the Atlantic coast of the Iberian 
peninsula. It is probable that it has arrived at 
other areas, such as the Atlantic coast of France 
and the British Isles. Unfortunately, these 
countries have no more hydroid specialists (the 
last French hydroid specialist works at La 
Reunion) and it is very probable that its presence 
is passing unnoticed (even if the species is 
abundant). The species is unreported from the 
Atlantic coast of Northern Africa (but this proves 
nothing, since the fauna of that region is poorly 
know n). The Spanish Atlantic record, then, might 
represent the expansion of a species from the 
M editerranean to the Atlantic! Clytia linearis 
probably colonised the Mediterranean from the 
Suez Canal (the first “Mediterranean" record, 
being from the Suez Canal, is very suggestive of 
this pattern of colonisation), and, then, from 
Gibraltar, expanded its distribution to the Atlantic 
coast of Spain. Gibraltar, thus, is not only a way 
for Atlantic species to come into the 
Mediterranean, it is also a way for Mediterranean 
species to go into the Atlantic !
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Clytia linearis. A: colony. B: hydrotheca. C: diaphragm. D: gonotheca with two  
m edusa buds. E: newly-released m edusa . F: e ight-tentacles  s tag e ,  with mature 
gonad. G: 15 -ten tac les  s tag e  with mature gonad. H: detail o f  cruciform manubrium.  
I: detail of tentacular bulb with sta tocysts  and radial canal with gonads.
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