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___________________________________________________________General introduction 

GENERAL INTRODUCTION 

1. Threat’s oceans: the payment for a 
service 

Although the ocean cover more than 
70% of the Earth’s surface, today we 
know little about three level of 
biodiversity in the sea: genetic, species 
and ecosystem (McAllister, 1996; 
Ormond et al., 1997). However, we 
know that marine biodiversity is 
extremely valuable for the humankind 
since it accounts for over 60% of the 
economic value of the biosphere 
(Constanza et al., 1997). Specifically, 
sea provides five basic services to 
humans (Daily, 1997; Moberg and 
Folke, 1999): 

� Ecosystem services: an example is 
the global “biological pump” that 
sequesters atmospheric carbon dioxide 
and transports carbon to the deep sea. 

� Food: around 20% of the animal 
protein consumed by humans is 
provided from marine fisheries. 

� Minerals and chemicals: examples 
include abiotic resources (fossil fuels, 
manganese nodules, table salt, etc.), as 
well as chemicals derived from 
organisms (such as chitin from 
crustaceans, used in medical and 
technological applications). 

� Medicines: Marine organisms are 
increasingly found to contain 
biomedically active compounds, 
including antitumoral agents. 

� Recreation and ecotourism: marine 
life, especially certain megafauna 

(marine mammals, etc), has 
traditionally inspired humanity. For 
instance, recreational use of corals 
supports many regional economies. 

Despite their immense value, it is not 
sufficiently recognized and marine 
ecosystems are rapidly deteriorating due 
to human activities. During more time 
the ocean plunder has happened out of 
control because it was thought to be so 
vast that it was judged inconceivable 
that human activities might significantly 
alter the structure and functioning of 
marine ecosystems. However, it is now 
obvious that seas reflect the footprint of 
human uses; from industries such as 
tourism and transportation, overfishing, 
waste disposal, excess of nutrients loads 
from agricultural runoff and the 
introduction of exotic species (reviews 
by Norse, 1993; Peterson and Estes, 
2001; Steneck and Carlton, 2001). 
Moreover, it is important to keep in 
mind that anthropogenic threats to 
marine biodiversity are ubiquitous, 
cumulative and synergistic (Hughes, 
1994). The capacity of oceans to 
recover from global perturbations and 
thus, to maintain ecosystem goods and 
services is weakening (Worm et al., 
2006). Additionally, these problems are 
likely to increase in the future due to 
climate change. Consequently, as early 
as the past century, international 
organisms involved in ocean 
conservation and protection declared the 
urgent necessity of implementing new 
and drastic management measures, 
between which the establishment of 
marine protected areas  was suggested 
(IUCN, 1988; Plan Development Team, 
1990)
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2. The Mediterranean Sea: a 
threatened heritage 

The Mediterranean Sea is a biodiversity 
hotspot due to the unique variability of 
life hosted in its waters (Shi et al., 
2005). Compared to others regions of 
the world and considering its small 
dimension (less than 0.8 % of the 
world’s ocean area, Farrugio et al., 
1993), the Mediterranean is regarded as 
one of the world’s priority areas for 
conservations due to its elevated 
number of threatened and endemic 
species; its high biodiversity, that 
greatly changes among numerous 
different ecosystems and also because 
of the escalating human pressure that 
has been going on over centuries 
(Myers et al., 2000; Mittermeier, 2004; 
Shi et al., 2005; Bianchi, 2007; Briand 
and Giuliano, 2007; Abdulla et al., 
2008). In the Mediterranean around 
12.000 species (7% of all known marine 
species) have been recorded of which 
25-30% are endemism (Bianchi, 2007). 
Although species richness is lower 
compared to tropical seas, 
Mediterranean food webs are 
comparable in their complexity (Sala, 
2004). 

The following are cited some examples 
that highlight of the Mediterranean role 
in marine biological diversity. For 
instance, the main spawning grounds of 
the Atlantic bluefin tuna, Thunnus
thynnus, are in the Balearic archipelago, 
southern Tyrrhenian Sea, Levantine Sea 
and south of Turkey (Medina et al., 
2007). Increasingly numbers of 
loggerhead, Caretta caretta, and green 
turtles, Chelonia mydas, annually nest 

in the Mediterranean (Broderick et al., 
2002). Carcharodon carcharias, white 
shark, species classified as endangered 
in the Mediterranean by the IUCN 
Species Survival Commission, has a 
unique breeding zone the Sicilian 
Channel (Tudela, 2004) and the area of 
Corso-Ligurian basin hosts a rich 
cetacean fauna (around 3500 
individuals) of fin whale, Balaenoptera 
physalus (Notarbartolo di Sciara et al., 
2003).  

Specifically, seagrasess are the first 
hotspot habitat of the Mediterranean, 
since it provides habitat for an elevated 
number of vegetal and animal species 
(both vertebrates as invertebrates) 
which live, feed and reproduce closely 
associated to their leaves and rhizomes 
(Harlin, 1975; Den Hartog, 1983; 
Gambi et al., 2006). Consequently, P.
oceanica and other seagrasses are key 
species which provide oxygen and 
nutrients as well as a natural coastal 
protection (Blanc, 1974; McRoy and 
McMillan, 1977; Boudouresque and 
Jeudy De Grissac, 1983; Sánchez 
Lizaso, 1993; Duffy, 2006). In addition, 
one of the most beautiful, diverse and 
productive ecosystem of the 
Mediterranean is the coralligenous 
assemblages, a bioconstruction which 
age may range from 600 to 7000 B.P. 
(Sartoretto at al. 1996).  This highly 
diverse and heterogeneous biocenosis is 
built by an elevated number of species 
of algae, sponges, gorgonians, corals, 
bryozoans and tunicates and host many 
other taxa such as crustaceans, molluscs 
or fishes (Ballesteros, 2006). Other 
bioconstructions like vermetid reefs are 
within the most important of intertidal 
Mediterranean shores and it helds a very 
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diverse community (Molinier and 
Picard, 1953). These biogenic 
formations are built by the sessile 

gastropods Dendropoma petreum and 
Vermetus triquetrus, which are endemic 
of the Mediterranean.

However, there are several threats that 
affect this unique environment., One of the 
most critical is coastal occupation since, 
presently , resident population along the 
Mediterranean coastal region is 143 
million and during the summer months it 
rises up to ca. 320 due to tourist activities 
(Blue Plan, 2005). Consequently, the 
associated human impact has altered 
original landscapes and has produced 
deleterious effects on the marine 
environment (IUCN, 2007). The most 
visible effects of this pressure are the 
physical loss of characteristic habitats like 
Mediterranean. Seagrass meadows, a 
significant habitat used for refuge, 
reproduction and feeding of the 25% of 
Mediterranean flora and fauna species 
(Delbaere, 1998), that has showed an 
important regression due coastal physical 
modifications, pollution and bottom 
trawling. (Pérès and Picard, 1975; Zieman, 
1976; Meinesz and Lefevre, 1978;  
Ardizzone and Pelusi, 1984; Sánchez 
Lizaso et al., 1990; Martín et al., 1997; 
Ruiz, 2000; Gonzalez-Correa et al., 2005). 
In addition, the coralligenous communities 
are highly impacted by pollution, trawling 
and SCUBA diving (Milazzo et al., 2002a; 
Ballesteros, 2006), therefore generating the 
deterioration of this singular biocenosis. 
The natural and characteristics 
environments are being replaced by 
artificial constructions used by tourism, 
coastal urbanizations and other economic 
activities. It has been estimated that if 
actual coastal occupation continues at the 
same rate, 50% of the Mediterranean coast 
may be transformed in a continuous 
metropolis in the next years producing an 

irreversible change of marine costal 
environment (Blue Plan, 2005). 

During the last century, fishing has 
rapidly increased in the 
Mediterranean and nowadays is an 
unsustainable industrial exploitation 
of natural resources (Goñi et al., 
2000). As early as 2006 FAO assured 
that the majority of Mediterranean 
commercial fish stocks are over-
exploited. In 2007, 58% of wild 
stocks were in a situation of full 
exploitation; 19% were 
overexploited, 8% were depleted and 
1% was recovering from depletion 
which sums 86% of traditional stocks 
threatened to different degrees. 
Captures of wild fish have remained 
stable since the 80’s despite technical 
improvements, indicating that fish 
stocks are being exploited at their 
maximum levels (FAO 2009). 
Negative effects of fishing are not 
only limited to targeted species since 
some fishing activities produce 
impacts on the habitat (i.e. trawling 
on seaweeds) (González-Correa et 
al., 2005) and other non-targeted 
species like turtles, sharks and 
cetaceans are threatened by 
incidental by-catch (Tudela et al., 
2005).  

Moreover, the semi-enclosed status 
of the Mediterrenean Sea involves a 
high vulnerability to pollution 
because the total water renewal 
through the Strait of Gibraltar lasts 
around 70 seventy years (Agardy, 
2003). All marine organisms are 
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under the effects of pollution due to 
industrial and agricultural waste, heavy 
metals and persistent organic and solid 
material which are discharged to sea. 
Discharged hydrocarbons (during shipping 
operations or accidents) may reach more 
critical levels since its impact can range 
from genetic alteration to direct poisoning 
of marine organisms (GESAMP, 1993). 

Other important threat to the 
Mediterranean Sea is the introduction of 
non-indigenous species. The main vectors 
of species introduction are the waterways 
of Suez Canal (lessepsian species of Red 
Sea), hull fouling and ballast water 
associated with shipping and aquaculture 
activities (Flagella and Abdulla, 2005). 
Nowadays at least 137 molluscs, 99 fishes, 
63 crustaceans and 9 macrophytes species 
have been recorded as non-native to the 
Mediterranean (Boudouresque and 
Verlaque, 2002; CIESM, 2002, 2004). The 
impacts are mainly ecologic and economic 
when the introduced species displaces 
native species, as has happened with the 
invasion of two species of green algae of 
the genus Caulerpa which compete with 
seagrass species in many Mediterranean 
regions (Galil, 2007). The success of 
native species depends of the healthy status 
of habitat to colonize, so much higher the 
degradation state of habitat will be more 
easily colonized by invasive species (Galil, 
2000). 

Furthermore, climatic change has been 
recognized as one of the greatest threats 
worldwide and their effects are visible now 
on all scales of marine ecosystem 
processes. The expected consequences of 
climate change on the oceans include water 
acidification and warming, rise of sea level 
due to polar thaw and the consequent 

changes of atmospheric circulations 
and oceanic currents. In the 
Mediterranean, from 1980, an 
anomalous increase of surface sea 
temperature (SST) and deep water 
has been recorded (Benthoux et al., 
1998; Lelieveld, 2002; Diaz-Almela, 
et al., 2007). As a consequence, 
species compositions may change in 
space and time because warmer-
water species distributions ranges 
may expand and cold-water species 
ranges may shrink. Mass mortality 
events which have already happened 
in the north-western Mediterranean 
(Garrabou et al., 2001) would be 
more frequents. Increment of CO2 
levels reduces the ocean pH (process 
known as acidification) and 
carbonate ion concentrations (Bates 
et al., 2008). This may affect marine 
organism that present carbonate or 
aragonite dependence, such as corals, 
plankton, coralline algae, etc (Hall-
Spencer et al., 2008). 

3. Marine Protected Areas as 
conservation and management 
tools 

Among other management tools (i.e. 
sustainable exploitation and 
development, pollution control, 
barrier front non-indigenous species), 
Marine Protected Areas (MPAs) 
have been proposed as the one of the 
most effective conservation and 
management tool to face up this 
unprecedented alteration of marine 
ecosystems and mitigate its effects 
(Lubchenco et al, 2003). Positive 
effects of MPAs have proven useful 
even beyond their boundaries (for a 
review of MPA effects see Halpern 
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and Warner, 2002; Halpern, 2003; Gell and 
Roberts, 2003; PSICO, 2007; Claudet et 
al., 2008). MPA supplies refuge for 
threatened species, prevents degradation 
habitat and allows the development of 
natural biological communities. MPA may 
allow the spillover of adults and juveniles 
that can re-colonise adjacent areas, help to 
recover depleted fish stocks or restore 
degraded environments. 

Several definitions of Marine Protected 
Area have been formulated and applied in 
different conservation and management 
contexts. The international definitions that 
have been used are: 

� “Any area of intertidal or subtidal 
terrain, together with its overlying water 
and associated flora, fauna, historical 
and cultural features, which has been 
reserved by law or other effective means 
to protect part or all of the enclosed 
environment”. (Resolution 17.38 of the 
IUCN General Assembly, 1988, 
reaffirmed in Resolution 19.46, 1994). 

� “Any defined area within or adjacent  
to the marine environment, together with 
its overlying waters and associated flora, 
fauna, and historical and cultural 
features, which has been reserved by 
legislation or other effective means, 
including custom, with the effect that its 
marine and/ or coastal biodiversity enjoys 
a higher level of protection than its 
surroundings” (Convention on Biological 
Diversity, 2003). 

� A new IUCN definition was presented 
at the World Conservation Congress, 
Barcelona October 2008 “A clearly 
defined geographical space, recognised, 
dedicated and managed, through legal or 

other effective means, to achieve the 
longterm conservation of nature 
with associated ecosystem services 
and cultural values”. 

There are just over 5,000 marine 
protected areas covering more than 
3.1 million km2 (only 0.7% earth’s 
surface). The world smallest MPA is 
Echo Bay Provincial Park in Canada 
with a documented area of 0.4 ha and 
the largest MPA is the Phoenix 
Islands Protected Area in Kiribati 
with a documented area of 
41,050,000 ha (UNEP-WCMC, 
2009). The oldest designated MPA is 
the San Juan County/Cypress Island 
Marine Biological Reserve in the 
United States which was designated 
in 1923. In the Mediterranean 
context, the protected and managed 
marine area covers 97,410 km², 
approximately 4% of the 
Mediterranean. Excluding the 
Pelagos Sanctuary (87,500 km²), the 
area covered by coastal MPAs 
amount to only 9,910 km², which is 
0.4% of the total surface of the 
Mediterranean Sea. According to the 
criteria defined per UICN, 94 MPAs 
exist at the present in the 
Mediterranean Sea. The 
establishment of the Mljet National 
Park (Croatia) in 1960 and Port-Cros 
National park (France) in 1964 
created the two first MPAs. The rate 
of creation of new MPAs increased 
rapidly in the beginning of 1990s. 

In general, the type of protection 
applied within MPAs in the 
Mediterranean is very diverse and 
reflects the cultural and political 
differences existing among countries 
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(Wood et al., 2008). The majority have 
been classified as multiple-use marine 
areas (Harmelin, 2000; Badalamenti et al., 
2000; Francour et al., 2001). Multiple-use 
marine protected areas seek a balance 
between biodiversity protection and 
continued human use. Historically, also in 
the Mediterranean, designation was 
primarily driven by the presence of 
charismatic species, unique features or 
opportunity more than by a holistic 
ecological approach (Francour et al., 2001; 
Fraschetti et al., 2002, 2005).  

4. Anthropic impacts in multiple-use 
MPAs 

Tourism is now the largest single 
economic sector in the world and its 
impact on coastal environments is 
considerable and extremely difficult to 
manage and limit (Davenport and 
Davenport, 2006). In recent years there has 
been a growth of tourism in coastal areas 
(Boudouresque and Ribera, 1993; Davis 
and Tisdell, 1995; Ribera, 1991), with 
around 70% of European holiday-goers 
choosing the Mediterranean coast as their 
vacations destiny (European Commission, 
2008). 

Mass tourism implies the development of a 
range of leisure activities, such as: 
recreational fishing (Francour et al., 2001; 
Lynch et al., 2004; Pawson et al., 2007), 
diving (Asafu-Adjaye and Tapsuwan, 
2008; Barker and Roberts, 2004; Hawkins 
et al., 2005) or boat anchoring (Creed and 
Amado Filho, 1999; Francour et al. 1999; 
Francour et al., 2001; Milazzo et al., 2004; 
Montefalcone et al., 2006). All these 
activities can damage the natural 
ecosystems, leading to changes in 
communities and biodiversity (Sala et al., 

1996; Zabala, 1996; Brown and 
Taylor, 1999; Martínez et al., 1999), 
in clear conflict with the 
conservation objectives of the MPAs. 
Furthermore, the supposed aesthetic 
value of these marine protected areas 
(MPAs) has led to mass tourism in 
those areas (Ribera, 1991, 1992; 
Richez, 1991, 1992, 1993; Capellà et 
al., 1998; Badalamenti et al., 2000; 
Milazzo et al., 2002a) which may 
results in real “leisure underwater 
parks”, such as Medes Islands 
Reserve (Ribera-Siguan, 1992). 
Increased human presence and 
ancillary infrastructures can exceed 
the environmental carrying capacity, 
producing conflicts difficult to solve 
and non considered effects. In this 
regard, declared MPAs without a 
proper planning and management 
taking into account all stakeholders, 
are likely to be victims of their own 
success because of 
“overfrequentation” (Ramos-Esplà et 
al., 2004). 

On the other hand, the incomes of 
those leisure activities in the 
financial support of MPA had been 
showed (Arin and Kramer, 2002; 
Green and Donnelly, 2003; Depondt 
and Green, 2006; Rocin et al., 2008). 
A lack of financial support for the 
cost of managing MPA is frequently 
cited as the central behind the failure 
of many MPAs globally (Depondt 
and Green, 2006). The growing 
“marine tourism” market has been 
identified as one way in which MPAs 
may be financed (Fabinyi, 2008). 
This phenomenon, besides the 
negative ecological impacts in sensu, 
may generate a cycle in local 
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economic benefits provide by the MPA; 
protection generates more visitors, who in 
turn damage the quality of the marine 
ecosystem, which after a while results in 
the decreased appeal of the area to visitors, 
and hence a diminishing number of visits 
(Dixon et al., 1993; Davis and Tisdell, 
1996). 

The study of human impacts on MPAs has 
interested to a high number of authors and 
the results highlight how substantial these 
effects can be, potentially threatening the 
diversity of marine communities (Brown 
and Taylor, 1999). Most of these effects 
have been studied both tropical and in non-
Mediterranean temperate seas. Probably, 
the relatively young age of Mediterranean 
MPAs is the major reason for the lack of 
these types of studies (Millazzo et al., 
2002a). 

In this thesis, a total of 146 published 
studies were revised in order to address the 
current knowledge about these impacts and 
to localize the gaps concerning 
Mediterranean MPAs. These studies were 
carried out world-wide and focused in the 
effects of anthropic activities on marine 
communities as recreational fishing, 
SCUBA diving, anchoring and trampling. 

4.1. Recreational fishing impact 

Recreational fishing is one of the most 
popular leisure activities in the 
Mediterranean, it involves a large number 
of users and consequently high levels of 
effort (Cowx, 2002; Pitcher and 
Hollingworth, 2002; Westera et al., 2003; 
Cooke and Cowx, 2006), which in some 
cases may equal or exceed the effort and 
catch of commercial fishery (Pollock, 
1980; Dunn et al., 1989; Steffe et al., 1996; 

Beal et al., 1998; Murray-Jones and 
Steffe, 2000). Commercial and 
recreational fishing have similar 
demographic and ecological effects 
on some fish species populations and 
can provoke equally serious 
ecological and economic 
consequences (Post et al., 2002; 
Coleman et al., 2004). For this 
reason, both recreational and 
commercial fishing should be taken 
into account to ensure effective 
fishery management, especially in 
MPAs. However, the impact of 
recreational fishing on fish 
populations has not been 
scientifically discussed to the same 
extent as commercial fishing (Cooke 
and Cowx, 2004, 2006). Biological 
consequences on the target 
populations can include truncation of 
the natural age and size structure, 
drops in fish abundance and biomass 
and changes in fish composition 
(Coll et al., 1999; McPhee et al., 
2002; Westera et al., 2003; Coleman 
et al., 2004; Cooke and Cowx, 2004, 
2006; Lewin et al., 2006).  

Recreational fishing is as an 
important leisure activity which 
involves a high active industry 
mainly based on trade and tourism. 
Pointing at this, of all recreational 
fishing studies revised (72 studies), a 
great proportion (41.6%) is related 
with economics (Glover, 1980; 
Morey et al.,1991; Fisher and Ditton, 
1993; Storey and Allen, 1993; Keith 
et al., 1996; Mike and Cowx, 1996; 
Schoeman, 1996; Baker and Pierce, 
1997; Loomis et al., 1999; Smith, 
1999; Roth et al., 2001; Shrestha et 
al., 2002; Toivonen et al., 2004) and 
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sociological aspects of recreational fishing 
(Hudgins, 1984; Chipman and Helfrich, 
1988; Vigliano and Lippolt, 1991; Bohn 
and Roth, 1997; Vigliano et al., 2000; 
Ferrer Montaño et al., 2005). 

Other studies (15% of recreational fishing 
works revised) are focused on the 
parameters that influence fishing mortality 
due to so-called "catch-and-release" 
(Feathers and Enable, 1983; Muoneke and 
Childress, 1994; Kwak and Henry, 1995; 
Diggles and Ernst, 1997; Broadhurst et al., 
1999; Taylor et al., 2001; Davis et al., 
2001; Ayvaizian et al., 2002; Cooke et al., 
2003; Thorstad et al., 2004; Broadhurst et 
al., 2005). This activity is widespread in 
continental environments in Australia, 
North America and European countries but 
is little employed in Mediterreanean 
marine recreational fisheries. 

Only eight of these recreational fishing 
studies were carried out in MPAs (Bennet 
and Attwood, 1991, 1993; Harmelin et al., 
1995; Coll et al., 1999; Ferrer-Montaño et 
al., 2005; Lockwood et. al., 2001; Westera 
et al, 2003; Lynch, 2006) and only the 
studies of Harmelin et al. (1995) and 
Colleta al (1999), were done in 
Mediterranean MPAs (2.7%). Harmelin et 
al. (1995), showed an evident impact from 
amateur fishery in Port Cross Park, 
utilizing as indicator two fish species, 
Coris julis and Serranus cabrilla. In the 
Cabrera Marine Park, Coll et al., (1999) 
recorded, by means of visual census, a 
recovery of Epinephelus marginatus 
population as consequence of the 
prohibition of recreational fishing. The 
other recreational fishing studies in the 
Mediterranean were not performed in the 
MPAs. Coll et al., (2004) also studied the 
most affected species by spear-fishing 

employing long time series of 
competition dates. Morales-Nin et 
al., (2005) studied all recreational 
fishing modalities by means of 
telephone and in situ surveys, fishing 
logbook and spearfishing 
competition dates around the 
Majorca Island for a long time 
period. On both studies a deleterious 
effect on the fishery resources was 
shown. 

In the Mediterranean, recreational 
fishing also presents economic, 
social and cultural roles, and it can 
be considered by some as a 
competitive sector against 
commercial fishing, which is mainly 
dominated by small-scale fleet 
operating in coastal areas (‘artisanal 
fisheries’). This work has shown 
evidence that additional studies are 
needed, especially in Mediterranean 
MPAs, to reach a better 
understanding of the impact of 
recreational fishing. Sound 
management of fishery resources is 
essential in order to determine which 
are the most affected species, how 
much biomass is extracted from the 
ecosystem, as well as identify the 
profile of recreational fishers, their 
habits and motivations in order to 
clearly recognize the impacts and 
measure the ecological 
consequences. 

4.2. SCUBA diving impact 

SCUBA diving may result in the 
deterioration of benthic communities, 
as divers can easily damage marine 
organisms through physical contact 
with their hands, body, equipment 
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and fins (Talge, 1990, 1992; Rouphael and 
Inglis, 1995, 1997; Tratalos and Austin, 
2001; Zackai and Chadwick-Furman, 
2002; Pulfrich et al., 2003; Uyarra and 
Côté, 2007). Although the damage 
produced by individuals is usually quite 
minor, there is some evidence that the 
cumulative effects of these disturbances 
can cause significant localised destruction 
of sensitive organisms (Garrabou et al., 
1998; Hawkins et al., 1999; Plathong et al., 
2000). There is a bigger problem when the 
diving activity focuses in marine protected 
areas. In some cases, the effects of a 
massive number of divers in a few places 
in a marine protected area can be contrary 
to the main objectives of the creation of the 
MPA (Davis and Tisdell, 1995, 1996; 
Coma et al., 2004; Hawkins et al., 2005). 

Relationship among diver behaviour and 
impacts on marine communities, affected 
species and the extension of injuries has 
been widely studied around the world, 
mainly in coral reef areas such as 
Caribbean Sea, Red Sea or Australian 
Great Barrier Reef. Of a total 33 revised 
diving impact studies, 24 were done in 
MPAs but only 6 (18%) were carried out 
within Mediterranean MPAs. Effects of 
SCUBA diving on coral reefs has been 
extensively studied since 42% of the 
revised works evaluated the damage 
produced on hard and/or soft corals 
(Hawkins and Roberts, 1992; Medio et al., 
1996; Harriot et al., 1997; Rouphael and 
Inglis, 1997; Hawkins et al., 1999; 
Scheleyer and Tomalin, 2000; Rouphael 
and Inglis, 2001; Walters and Samways, 
2001; Rouphael and Inglis, 2002; Zackai 
and Chadwick-Furman, 2002;Wielgus et 
al., 2004; Barker ans Roberts, 2004; 
Hawkins et al., 2005), compared to the 
only two studies that evaluated the effect 

on fish (Shackley, 1998; Milazzo et 
al., 2005). Eight of the revised works 
investigated diver’s underwater 
behaviour by means of directly 
following and diving profile and 
experience (Medio et al., 1996; 
Harriot et al., 1997; Rouphael and 
Inglis, 1997; Schaleyer and Tomalin, 
2000; Walters and Samway, 2001; 
Zackai and Chadwick-Furman, 2002; 
Barker and Roberts, 2004; Dearden 
et al., 2006). 

Regarding the analyzed species, of 
the six Mediterranean studies which 
analysed diving impacts on MPAs, 
two evaluated the diving effect on 
bryozoans (Sala et al., 1996; Calvisi 
et al., 2003), two on gorgonians 
(Garrabou et al., 1998; Linares et al., 
2005), one evaluated the effect of 
feeding on the fish assemblage 
(Milazzo et al., 2005) and the last 
proposed a vulnerability index to 
SCUBA diving impact for some 
Mediterranean species (Lloret et al., 
2006). However, none of these 
studies took into consideration the 
diver behaviour, profile, the type or 
rate of injury, or the effect on other 
species besides of these cited groups. 
The lack of this type of study 
highlights the need for efforts to 
increase present knowledge of 
SCUBA diving effect on 
Mediterraenan, especially in the case 
of MPAs. 

4.3. Boat anchoring impact 

In most cases “overfrequentation” by 
visitors in MPAs implies an increase 
of the number of boats and, in 
consequence, a rise of potential 
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anchoring events. Boat anchoring has been 
proven to be a severe threat to seagrass 
meadow conservation and tropical reef 
health (Davis, 1977; Walker et al., 1989; 
Creed and Amado-Filho, 1999; Dinsdale 
and Harriot, 2004; Saphier and Hoffman, 
2005). The extent of anchor damage that 
has been observed depends on the number 
of boats and their sizes, weather conditions 
and substrate firmness (Walker et al., 
1989; Francour et al., 1999). 

In the Mediterranean Sea, the communities 
which may be affected by damage anchor 
are coralligenous habitats, seagrass 
meadows and, to a lesser extent, the 
infralitoral algal assemblages (Milazzo et 
al., 2002a). Of a total of 20 anchoring 
effect studies revised, eight (40%) were 
carried out in Meditteranean regions. Many 
research efforts assessed the consequences 
of anchoring on P. oceanica meadows, 
showing a direct adverse effect on meadow 
cover and/or shoot density (García-Charton 
et., 1993; Francour, 1994; Poulain, 1996; 
Francour et al., 1999; Ganteanume et al., 
2004; Milazzo et al., 2004; Leriche et al., 
2006; Montefalcone et al., 2006). Two of 
these works applied an experimental 
anchoring to corroborate the cause-effect 
relation between the anchoring and the 
seagrass damaged (Francour et al., 1999; 
Milazzo et al., 2004). Only García-Charton 
et al. (1993) evaluated the anchoring effect 
on the meadow-associated fish assemblage 
and Gauteaume et al. (2004) the possible 
anchoring impact on Pinna nobilis. At the 
present, the effects on other Mediterranean 
assemblages, such as coralligenous, 
remains unknown.  

4.4. Human trampling impact. 

Many marine organism (i.e. sessile 
invertebrates, seagrasses and erect 
macroalgae) have revealed a high 
vulnerability to human trampling 
(people walking over intertidal and 
upper infralittoral areas) in a wide 
array of environmental conditions 
and habitats (Liddle, 1991; Povey 
and Keough, 1991; Brosnan and 
Crumrine, 1994; Keough  and Quinn, 
1998; Milazzo et al., 2002a, 2004; 
Casu et al., 2006). 

Nowadays, few data about the 
trampling effect exist for the 
Mediterranean Sea. Publications’ 
revision revealed that only three out 
of 15 studies (Milazzo et al., 2002b, 
2004; Casu et al., 2006) where 
carried out in this environment. In 
most studies, the trampling effect 
was studied by means of 
experimental trampling and in some 
cases combining this with a 
comparison between natural sites 
with different number of visitors 
(Povey and Quinn, 1991; Brosnan 
and Crumrine, 1994; Keough and 
Quinn, 1998; Brown and Taylor, 
1999; Schiel and Taylor, 1999; 
Eckrich and Holmquist, 2000; 
Milazzo et al, 2002b; Milazzo et al, 
2004; Casu et al., 2006). 

Vulnerability to this type of impact 
seems to mainly depend on the 
nature and morphology of marine 
algae and level use (Povey and 
Keough, 1991; Brosnan and Cumine, 
1994). Erect foliose algae are 
severely damaged by trampling 
(Keough and Quinn, 1998; Schiel 
and Taylor, 1999; Milazzo et al., 
2002a), while algal turfs or low 
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caespitose forms are more resistant 
(Brosnan and Crumrine, 1994; Schiel and 
Taylor, 1999). In other hand, the effects of 
human trampling on invertebrate species 
seems to be very species-dependent and, in 
the case of mobile associated fauna (i.e. 
gasteropods, cryptic fishes, crustaceans), 
lasting in the short term (Povey and 
Keough, 1991; Brosnan and Crumrine, 
1994; Brown and Taylor, 1999; Milazzo et 
al., 2004; Casu et al., 2006). 

As has been evidenced on previous studies, 
human trampling may cause the physical 
removal of a species (or a group of 
species) thus affecting population 
dynamics and indirectly the diversity of the 
entire community (Brosnan and Crumrine, 
1994). These impacts may be inconsistent 
with conservation goals of MPAs, 
therefore more efforts to study the affected 
species, the extension of the impacts as 
well as possible management measures 
should be carried out. 

5. Justification 

Although the basic purpose of MPAs is not 
economic development but ecosystem 
conservation, the incomes of ‘marine 
tourism’ associated to it may be an 
opportunity for finance the management 
cost (Fabinyi, 2008). However, it should be 
taken into account the negative effect that 
an increased number of visitors may 
produce on the marine environment when 
their activities inside the MPA are not 
properly managed (Davis et el., 1995). The 
balance between environmental cost and 
economic benefits is frequently difficult to 
combine but necessary for a successful 
MPA in terms of sustainability and 
conservation.  

Based on the lack of knowledge 
revealed by the revised literature 
about several human impacts on 
Mediterranean MPAs and their 
socio-economic importance, 
recreational fishing (an extractive 
leisure activity) and SCUBA diving 
(a non-extractive leisure activity) 
were the topics chosen as the most 
important to analyze and selected for 
research throughout this study. In 
addition to cited ecological and 
biological impacts, these two effects 
may create complex conflicts 
between users difficult to solve; on 
one hand, the conservationist point of 
view of divers and on the other, the 
supporters of a ‘traditional and 
harmless amateur activity’(Fabinyi, 
2008). In the particular case of 
recreational fishing, these conflicts 
are related with artisanal fishery 
which in most MPAs are not allowed 
and is considered an important 
stakeholder for the effective running 
of MPAs. Moreover, many 
Mediterranean MPAs are also 
Fishery Reserves where the recovery 
of fish stocks and exportation of 
biomass to the adjacent fisheries are 
the main objectives for its 
establishment (Planes, 2005). 
Recreational fishing directly acts on 
the resource to be protected, 
consequently, there is a clear need to 
identify the magnitude of the 
potential impacts in order to properly 
manage fisheries resources.  

SCUBA diving is a leisure activity 
but also an important economic 
resource that can benefit local 
economy and finance the MPA 
management cost (Arin and Kramer, 
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2002; Green and Donnelly, 2003; Depondt 
and Green, 2006). The lack of financial 
support for the cost of managing is 
frequently a cause of failure of many 
MPAs (Depondt and Green, 2006). In this 
sense, SCUBA diving has been identified 
as the main income source in some MPAs, 
where sometimes benefits exceed the 
management cost (Rocin et al., 2008). In 
MPAs where multiple uses are involved, 
one of the main objectives is the adequate 
organization of the different activities in 
order to allow them in a sustainable 
manner. Given the increasing importance 
of travel industry focused on diving, it is 
needed to clearly recognize the effects in 
Mediterranean MPAs, to avoid the 
reported impacts in other regions without 
renouncing to the economical development 
of local communities under sustainable 
management. 

This work is structured in seven parts, the 
first corresponding to this general 
introduction, followed by five chapters 
(two of them dealing with recreational 
fishing and the last three examining 
SCUBA diving impact). Finally, a general 
discussion summarizes all the gathered 
information. 

6. Objectives 

6.1. Recreational fishing 

The study of recreational fishing was 
approached from two dimensions; first, the 
study of recreational fishing from land 
with line (angling) and, in the other hand, 
the impact of recreational fishing boats. 
Each type of impact has been addressed in 
different chapters and for each one of them 
the main objectives are detailed below: 

� Chapter I. To quantify the 
pressure of angling in the Tabarca 
Marine Protected Area as well as 
characterising the profile of anglers. 
In addition, the direct effect on 
coastal fish communities is 
assessed. This is compared to 
artisanal fishing pressure. 
Therefore, the aims of this chapter 
is to contribute to the knowledge of 
the level of exploitation of fish 
resources by recreational fishing 
and to provide essential 
management data needed for 
integrated management strategies in 
coastal zones, particularly in MPAs. 

� Chapter II. The Serra Gelada 
Marine Park is a recent established 
MPA, in where uses (including 
fishing activities) have not been 
regulated yet. It offers a good 
opportunity for study the 
recreational boat fishing impact and 
to recommend sustainable 
management strategies. Therefore, 
the objectives of this study are to 
provide an estimation of 
exploitation of fish resources by 
recreational boat fishing as well as 
useful data about this type of impact 
which help to sustainable manage 
this leisure activity. 

6.2. SCUBA diving 

To study the diving impact activity, 
the first step was to known the in situ 
diver’s underwater behaviour. The 
second step was to detect the 
existence of species that can be used 
as indicators of this impact and 
finally, to corroborate experimentally 
the usefulness of this indicator of 
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SCUBA diving impact. These goals were 
tackled into the following chapters with 
these specifics objectives: 

� Chapter III. This study provides an 
estimate of the damage rate of divers on 
the benthic communities and shows the 
existing relationship between diver 
behaviour and profile, and the immersion 
characteristics. The most important 
damaging factors have been identified in 
order to propose educational tools aimed 
to users to help to reduce these negative 
effects. 

� Chapter IV. The aim of this chapter is to 
assess the suitability of the tunicate 
Halocynthia papillosa as an indicator of 
SCUBA diving impact and its potential 
role as an effective tool in the detection of 
disturbance of the ecological system at 
broader scales. 

� Chapter V. The objective of this section 
is to detect the possible cause-effect 
relationship between SCUBA diving 
impact and H. papillosa response by 
means of manipulative field experiment 
and thus deepen in the potential use of 
this species as SCUBA diving impact 
indicator in Mediterranean MPA 
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Recreational fishing impact on a Mediterranean Marine Protected Area 

Abstract 

A survey of coastal angling was conducted in the Tabarca MPA. We used the reports 
collected by the fishery warden from 1997 to 2004 and intensive access point survey 
from 1 September 2003 to 31 May 2005. An increasing trend of annual effort has been 
observed in recent years. A higher effort during weekends and summer seasons were 
recorded too. A total of 1,376 fish belonging to 28 species were caught. A high 
proportion of catches was carnivorous predator species) and belonged to moderate-very 
high vulnerability group species. The highest value of daily CPUE and BPUE was 
detected in summer and the lowest value in winter. We estimate that angling activity in 
the Tabarca MPA would be capable of extracting annually 4.9 tons of fish. The catch of 
species of great economic importance, such as D. dentex, M. helena, S. umbra, Diplodus
spp and S. aurata, was still of considerable proportions in comparison with the total 
commercial catch. Considering the biological and socioeconomic implications, the 
implementation of a comprehensive management strategy which taken into account the 
recreational fishing is needed. 

Keywords: angling impact, intrinsic vulnerability index, marine protected area, 
management, Mediterranean Sea, multiple-uses. 

1. Introduction 

Tourism is now the largest single 
economic sector in the world, and its 
impact on coastal environments is 
considerable and extremely difficult to 
manage and limit (Davenport and 
Davenport, 2006). In recent years there 
has been a growth of tourism in coastal 
areas (Ribera 1991; Boudouresque and 
Ribera 1993; Davis and Tisdell, 1995), 
with around 70% of European holiday-
goers choosing the Mediterranean coast 
for their vacations (European 
Commission, 2008). In 2008, of the 180 
million tourists that visited Europe, 
about 40 million chose the Spanish 
Mediterranean coast as their destination, 
with leisure activities cited as being the 
main motivation (Spanish Ministry of 
Industry, Tourism and Trade, 2008). 

Mass tourism implies the development 
of a range of leisure activities, such as: 
recreational fishing (Francour et al., 
2001; Lynch et al., 2004; Pawson et al., 
2007), diving (Barker and Roberts, 
2004; Hawkins et al., 2005; Asafu-
Adjaye and Tapsuwan, 2008) or boat 
anchoring (Francour et al. 1999; Creed 
and Amado Filho, 1999; Francour et al., 
2001; Milazzo et al., 2004; 
Montefalcone et al., 2006). 
Furthermore, the supposed aesthetic 
value of marine protected areas (MPAs) 
has led to mass tourism in those areas 
(Ribera, 1991, 1992; Richez 1991, 
1992, 1993; Capellà et al., 1998; 
Badalamenti et al., 2000; Milazzo et al., 
2002). All these activities could damage 
the natural ecosystems, leading to 
changes in communities, and 
biodiversity (Sala et al., 1996; Zabala, 
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1996; Martínez et al., 1999; Brown and 
Taylor, 1999), in clear conflict with the 
conservation objectives of the MPAs.  

Recreational fishing is one of the most 
popular leisure activities, and it involves 
large numbers of people and 
consequently high levels of effort 
(Cowx, 2002; Pitcher and Hollingworth, 
2002; Westera et al., 2003; Cooke and 
Cowx, 2006), which in some cases may 
equal or exceed the effort and catch of 
commercial fishery (Pollock, 1980; 
Dunn et al., 1989; Steffe et al., 1996; 
Beal et al., 1998; Murray-Jones and 
Steffe, 2000). Commercial and 
recreational fishing have similar 
demographic and ecological effects on 
fished populations, and can have 
equally serious ecological and economic 
consequences (Post et al., 2002; 
Coleman et al., 2004). For this reason, 
both recreational and commercial 
fishing need should be taken into 
account to ensure effective fishery 
management, especially in MPAs. 
However, the impact of angling on fish 
populations has not been scientifically 
discussed to the same extent as 
commercial fishing (Cooke and Cowx, 
2004, 2006). 

This leisure activity can have several 
biological consequences on the target 
populations, such as truncation of the 
natural age and size structure, a drop in 
fish abundance and biomass, and 
changes in fish composition (Coll et al., 
1999; McPhee et al., 2002; Westera et
al., 2003; Coleman et al., 2004; Cooke 
and Cowx, 2004, 2006; Lewin et al., 

2006, Rius, 2007). In the 
Mediterranean, recreational fishing also 
has economic, social and cultural roles, 
because commercial fishing is largely 
the domain of small-scale concerns 
operating in coastal areas (‘artisanal 
fisheries’).  

In multiple-use marine protected areas, 
all permitted activities must be managed 
in order to carry out the conservation 
and protection objectives of the 
ecosystem, to minimize conflict and 
allow all users to continue their 
activities in an ecologically suitable 
manner. Additional studies are needed 
to reach a better understanding of the 
impact of recreational fishing, to 
determine which are the most affected 
species and how much biomass is 
extracted from the ecosystem, as well as 
to identify the profile of recreational 
anglers, and their habits and 
motivations.   

The number of licences issued could 
provide a measure of the amount of 
fishing effort, but many anglers not in 
possession of official licenses or fishing 
illegally have been detected and 
consequently reliable data regarding 
effort and yields remain unknown. Very 
few studies exist on this activity in the 
Mediterranean (Coll et al., 2004; 
Morales-Nin et al., 2005; Lloret et al., 
2008). This study is not only a long-
term analysis of fishing activity, but it is 
also the first empirical investigation that 
quantifies in situ the pressure of 
angling, the direct effect on coastal fish 
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Figure 1. Map of the study area showing the boundaries of the marine protected area of Tabarca 
and their different levels of protection. I: integral reserve; II: buffer area; III: transitional area.  

 

 community, comparing this with 
artisanal fishing as well as 
characterising the profile of fishing 
anglers. The aim of this study is to 
contribute to the knowledge of 
exploitation of fished resources by 
recreational fishing and to provide 
essential management data needed for 
integrated management strategies in 
coastal zones, particularly in MPAs. 

2. Material and Methods 

2.1. Study area 

This study was carried out in the 
Tabarca MPA, in the western 
Mediterranean Sea, in southeast Spain 
(Fig 1.). This MPA was created in 1986 
to protect breeding stocks, improve 
recruitment to neighbouring areas and 
restock marine species of commercial 

interest. The Tabarca marine reserve 
lies 4 km off the coast, measures 1,400 
ha and consists mainly of an island and 
other islets and small reefs. It is divided 
into three management zones featuring 
different levels of protection (Ramos 
Esplá, 1985; Fig. 1): 1) the integral 
reserve area (100 ha), where only 
scientific activities are allowed; 2) the 
buffer area (630 ha), where some 
selective fishing methods are allowed; 
and 3) the transitional area (670 ha), 
where a number of leisure activities are 
permitted (angling, SCUBA diving, 
anchoring). Recreational fishing has 
always been allowed in this transitional 
area, but in January 2006 angling was 
forbidden throughout the entire MPA.  

2.2. Data collection 
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Two approaches were adopted for the 
data-collection process: one to obtain 
data over a long timescale (effort data) 
and one to obtain data over a shorter 
timescale (catch and effort data). For 
the long-term effort data, we used the 
reports collected by the fishery warden 
from 1997 to 2004, obtaining long-term 
trends in recreational fishing inside the 
MPA. Intensive surveys were also 
conducted, from 1 September 2003 to 
31 May 2005, (21 months in total). In 
each season, 30 days were randomly 
chosen for sampling and were made up 
of 15 weekend days and 15 week days, 
making for 120 sampled days in total. 
The surveys were conducted during the 
16 most active hours of the day for 
fishing, from 8 a.m. to midnight. All the 
anglers encountered were interviewed to 
obtain specific details of their fishing 
effort, catch and socioeconomic data. 

The direct interview is one of the most 
frequently employed techniques in 
recreational fisheries (Pollock et al. 
1997; Lockwood 1999; Reid and 
Montgomery, 2005), because each catch 
can be assessed objectively by an 
observer, unlike when gathering data 
using telephone, postal or logbook 
surveys (Malvestuto, 1983; Hayne, 
1991; Robson, 1991; Pollock et al., 
1994; Sullivan, 1999). The anglers were 
interviewed at the end of their day 
fishing (“access point survey”), as this 
method has the advantage of providing 
information on both the catch and total 
effort, although it is restricted to 
fisheries with only one access point, or  
imply the need to sample more people 
at the same time. (Imber et al., 1991; 
Lockwood 1997; Reid and 
Montgomery, 2005). In our case, this 

method was chosen because the 
recreational fishery access point for the 
Tabarca MPA is clearly defined in 
restricted to the harbour.  

During the on-site interview, the 
following data were recorded for each 
angler: time spent fishing, number of 
lines and hooks used, species caught, 
catch by number and size (total length) 
of each individual. Information on the 
following topics was also asked for: 
gender, age, place of residence, fishing 
frequency for each season of the year, 
hours spent fishing per day and 
preference for weekend or weekday. 
They were also asked to give their 
annual expenditure on angling 
activities, and whether or not they had a 
fishing licence. 

2.3. Data processing 

The daily fishing effort data was 
derived by calculating the average of 
the total amount of individual effort on 
any given day. Thus, for example, the 
effort in day-k is the total amount of the 
number of lines of angler-j on day-k 
multiplied by the number of hours spent 
fishing (Palermo and Thompson, 2000). 

The biomass was obtained by using the 
proven weight-length relationships for 
this area (Valle et al. 2002; Froese and 
Pauly, 2004). Daily catch per unit of 
effort was calculated in terms of 
biomass (BPUE) and abundance 
(CPUE), expressed as weight or 
abundance of the total catch for each 
species during one day, divided by the 
total effort (lines/hours) on that 
particular day. 
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Intrinsic vulnerability of each species 
was obtained from Cheung et al. (2007), 
which is defined as the risk of local 
extinction associated with the life 
history and ecological characteristics of 
a species (Cheung et al., 2005). When 
species information was not available, 
intrinsic genus vulnerability was used. 
The most vulnerable fish are deemed to 
be long-lived and slow-growing species 
with low reproductive potential and a 
narrow geographic range. The index 
values vary from 1 to 100, with 100 as 
the most vulnerable, and four categories 
of vulnerability: very high (up to 80), 
high (up to 60), moderate (up to 40) and 
low (up to 20) (Cheoung et al., 2005). 
The proportion of the catch for each 
category was then calculated. The 
average intrinsic vulnerability index of 
the catch was also calculated from the 
arithmetic mean of the intrinsic 
vulnerability index of the fishes, 
weighted by their abundance in the 
catch. 

The trophic category (Bell and 
Harmelin, 1983) of the species caught 
was also studied, as well as the catch 
proportions for each level. The trophic 
category has four levels and places each 
species in one category according to 
their position within the food web based 
on the prey items preferred. 

2.4. Analysis of data 

Three univariant analyses were 
conducted. One two-way analysis of 
variance (ANOVA) was used to test 
differences in the effort of fishing 
between seasons over a number of years 
(1997-2004) and study the existence of 

trends in effort over the years 
(Underwood, 1981). For this purpose, 
the experimental design had two 
factors: Year, a fixed factor with eight 
levels; and Season, a fixed factor with 
four levels. A total of 72 reports were 
entered into the analyses as replicates. 
A second two-way variance analysis 
(ANOVA) was used to test the 
existence of differences in effort 
distribution for a particular season or 
type of day. The first factor considered 
in this analysis was Season, a fixed 
factor with four levels. The second 
factor was Type of day, previously 
crossed with two levels 
(weekend/weekday). For each 
combination of factors, 15 replicates 
were recorded, with a total of 120 
replicates. Another one-way analysis of 
variance was used to identify 
differences in the catch for the season 
(four levels). The variables analysed 
were the mean daily CPUE (catch 
abundance per unit of effort) and BPUE 
(catch biomass per unit of effort). Prior 
to ANOVA, homogeneity variance was 
verified using Cochran’s test (Cochran, 
1951), and transformations carried out 
when needed (Underwood, 1997).  

PERMANOVA was conducted to 
determine differences among seasons in 
terms of the specific composition of the 
catches (Anderson, 2001). Species 
composition in each catch (in biomass 
and abundance) was analysed using the 
PRIMER software package, to identify 
which species contributed to the 
differences (SIMPER) (Clarke and 
Warwick, 2001). 
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Table.1 Two-way analyse of the variance (ANOVA) (Y:Year, S:Season) for the effort (lines) df 
: degree of freedom; M.S.: Mean square; F: F real; level of signification: ns, non significant; 
*=P<0.05; **=P<0.01; ***=P<0.001. 

Source of variation df M. S. F F versus 

Year 7 486.31 6.59** Residual 

Season 3 6027.26 81.63** Residual 

Y X S 21 188.92 2.56** Residual 

Residual 2272 73.83   

3. Results 

3.1. Long-term evolution of fishing 
effort (1997-2004). 

In order to obtain the angling effort 
data, 2,920 reports were analysed which 
were grouped by season. The total effort 
measured during this period was 18,321 
lines, with a highest value of 2,956 lines 
during 2004, and a lowest value of 
1,807 lines in 1998. An increasing trend 
of annual effort has been observed in 
recent years. With the exception of the 
warm spring of 2003, effort was always 
greatest during the summer periods, as 
detected statistically by the ANOVA 
(Table 1). 

3.2. Individual angler profiles 

Recreational fishing in the Tabarca 
marine reserve is an overwhelmingly 
male activity, with 263 males (97.8%) 
and 6 women (who were usually 
accompanied a male relative). Ages 
varied between 22 and 74 years old, 
with a mean of 46.8 ± 0.63 (mean ± 
standard error), but anglers between 40 
and 60 years old made up the largest 

segment (66.2% of the total). These 
middle-aged men usually go fishing 
alone (29.2%) or in pairs (49.3%), with 
few groups of three or more 
encountered (3.5%). Although anglers 
who fish all year around were the 
greatest proportion (54.3%), the 
percentage of anglers who prefer fishing 
during the warmest season was also 
high (38.6%). Similarly, many anglers 
choose the weekend as their favourite 
time to go fishing (62.8%), though 
many also go fishing on weekdays 
(37%). Only 8 anglers were residents of 
Tabarca island, with the rest from 
elsewhere, most commonly Alicante 
city (40%). The mean expenditure per 
year per person amounted to €902, on 
goods and services directly related to 
their fishing activities in the Tabarca 
Marine Reserve. 

With regard to compliance with fishing 
regulations, 39.1% of those interviewed 
did not have a fishing licence, and there 
was a large number of anglers who 
refused to respond this question (20%). 
We also observed that 14.5% of anglers 
were fishing illegally, as they had 
exceeded the number of lines allowed.
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Figure 2. Mean diary effort (lines·hour) at 
weekend/weekday for each season at 
Tabarca MPA. Bars indicate the standard 
error. 

3.3. Effort 

The 120 days surveyed amounted to a 
total of 589 lines and 2,622 hours of 
fishing, with a total effort of 5,781 line 
hours. The mean daily effort varied 
widely both between weekends and 
weekdays and between seasons. The 
greatest daily effort was recorded 
during summer weekends (167.24 ± 
209.57 line hours); by contrast, the 
lowest effort was recorded during 
autumn weekdays (1.33 ± 5.15 line 
hours) (Fig 2). Weekend effort was 
always significantly higher than 
weekday effort, in all seasons (F= 
26.82; p<0.001). Differences between 
seasons were detected (F=3.46; p<0.05), 
since summer showed an effort 
significantly greater than the other 
seasons (SNK; Sumer>other seasons 
(p<0.01)). 

3.4. Catch

A total of 1,376 fish were caught during 
the survey period, with a total biomass 

of 1,428 kg. Catches included 28 fish 
species from 12 families, the most 
common being the Sparidae with 13 
species recorded (Table 2). 

In terms of biomass, most of the catch 
was made up of carnivorous predator 
species: 41.6% mesophagous (Diplodus 
spp, Symphodus tinca, Sparus aurata) 
and 50.6% macrophagous 
(Dicentrachus labrax, Dentex dentex, 
Labrus merula) (Fig. 3). 

Average intrinsic vulnerability was 49.2 
(out of 100), representing a moderate-
high level. A high proportion (70.89%) 
of fish caught recorded intrinsic 
vulnerability values ranging from 40 
(moderate vulnerability) to 90 (very 
high vulnerability) and only 28.11% 
found to be low-vulnerability species. 

Figure 3. Percentages of each trophic level. 
CMM: microphagous carnivorous; CMS: 
mesophagous carnivorous; CMC: 
macrophagous carnivorous; HBV: 
herbivorous. 

3.5. Catch per unit of effort

In terms of daily CPUE and BPUE, the 
highest value was detected in summer (a 
CPUE of 5.78 ± 0.89 individuals/line 
hours and BPUE of 420.9 ± 80.84 g/line 
hours) and the lowest value in winter (a 
CPUE of 1.29 ± 0.32 individuals/line 
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Table 2. Abundance (Ab) and biomass (Bio) of each species catching during the study with their 
trophic category (Tr.Cat) and vulnerability (Vul). 

 

Family Species Abun. Tr.Cat Vul. Bio. 

Congridae Conger conger (Linnaeus, 1758) 14 CMC 60 28.52 
Haemulidae Pomadasys incisus (Bowdich, 1825) 28 CMS 40 15.15 
Labridae Labrus merula (Linnaeus, 1758) 105 CMC 37 141.45
 Symphodus tinca (Linnaeus, 1758) 113 CMS 50 121.80
Moronidae Dicentrarchus labrax (Linnaeus, 1758) 54 CMC 42 175.96
Mugilidae Mugil spp 18 CMS 49 22.96 
Mullidae Mullus surmuletus (Linnaeus, 1758) 8 CMS 44 8.92 
Muraenidae Muraena helena (Linnaeus, 1758) 20 CMC 53 71.71 
Pomacentridae Chromis chromis (Linnaeus, 1758) 15 CMM 10 1.87 
Sciaenidae Sciaena umbra (Linnaeus, 1758) 74 CMC 48 73.79 
Scorpaenidae Scorpaena notata (Rafinesqe, 1810) 19 CMC 61 10.49 
 Scorpaena scrofa (Linnaeus, 1758) 8 CMC 61 5.90 
Serranidae Epinephelus marginatus (Lowe, 1834) 2 CMC 62 6.16 
 Serranus cabrilla (Linnaeus, 1758) 3 CMC 32 1.29 
 Serranus scriba (Linnaeus, 1758) 107 CMC 32 63.36 
Sparidae Boops boops (Linnaeus, 1758) 64 CMM 45 8.48 
 Dentex dentex (Linnaeus, 1758) 34 CMC 52 146.21
 Diplodus annularis (Rafinesqe, 1810) 72 CMS 21 19.40 
 Diplodus cervinus (Lowes, 1838) 1 CMS 50 1.28 
 Diplodus sargus (Linnaeus, 1758) 156 CMS 35 148.94
 Diplodus vulgaris (E. Geoffrey Saint-Hilare, 1817) 145 CMS 22 126.17
 Lithognathus mormyrus (Linnaeus, 1758) 17 CMS 53 8.24 
 Oblada melanura (Linnaeus, 1758) 92 CMM 33 61.06 
 Pagellus acarne (Risso, 1826) 24 CMS 45 6.74 
 Pagellus erythrinus (Linnaeus, 1758) 4 CMS 45 1.37 
 Sarpa salpa (Linnaeus, 1758) 79 HBV 50 38.90 
 Sparus aurata (Linnaeus, 1758) 99 CMS 41 111.66
 Spondyliosoma cantharus (Linnaeus, 1758) 1 CMM 63 0.46 

 

 

 

 

 

 

Figure 4. Mean diary CPUE (nºindividuals/lines·hour) and BPUE (grams/lines·hour) for each 
season at Tabarca MPA. Bars indicate the standard error. 
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Table 3. PERMANOVA analysis of variance  among Seasons for CPUE 
(abundance/lines·hours) and BPUE (biomas/lines·hour). df.: degree of freedom; M.S.: mean 
square; F: F real; level of signification: ns, non significant; *=P<0.05; **=P<0.01; 
***=P<0.001. 

  CPUE  BPUE  
Source df M. S. F M. S. F 
Season 3 8375.00 2.852 *** 5454.53 1.657** 

Residual 28 2936.04  3291.35  
Total 31     

 

Table 4. For both variables, CPUE and BPUE there are: Above diagonal: average dissimilarity 
between seasons; below diagonal: the first three species primarily account for the observed 
differences with their respective average dissimilarity within brackets. A:autumn; W:winter; Sp: 
spring; S: summer. 
 

                     CPUE   
 A W Sp S 

A   77.7 79.9 83.0 
W D.sargus(11.3)  79.6 83.9 
 S.tinca(8.3)    
 D.vulgaris(8.2)    
     
Sp B.boops(9.5) S.tinca (8.5)  81.1 
 D.sargus(8.5) D. vulgaris(8.4)   
 D.vulgaris(8.4) B.boops (8.3)   
     
S D.anularis(9.6) D.anularis(9.8) D.anularis(9.0)  
 D.sargus(9.5) D.sargus(8.9) D.vulgaris(7.5)  

D. vulgaris(7.8) S.tinca(7.0) B.boops (7.3)  
 

          
BPUE 

  

 A W Sp S 
A  80.10 80.91 85.2 
W S.tinca(10.5)  79.89 85.3 
 D.sargus(9.8)    
 L.merula(7.6)    
     
Sp D.vulgaris(8.8) S.tinca(10.5)  82.9 
 D.sargus(8.3) D.vulgaris(9.1)   
 S.aurata(7.3) S.aurata(7.3)   
     
S D.sargus(8.0) D.labrax(8.1) D.labrax(9.1)  
 D.labrax(7.4) L.merula(7.7) D.vulgaris(7.0)  

L.merula(7.0) D.sargus(7.5) D.sargus(6.6)  
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hours and BPUE of 90.82 ± 20.55 g/line 
hours) (Fig 4). There were differences 
between seasons (CPUE, F=4.106 
p<0.01 and BPUE, F=3.80 p<0.05), and 
SNK confirmed that these differences 
were the result of high catch rates in 
summer. However, 27 anglers (10%) 
did not catch any fish during their 
outing, with the highest number of 
“zero-fish anglers” per day recorded in 
winter, when BPUE and CPUE were at 
their lowest. 

PERMANOVA analyses found 
statistically significant differences 
between seasons for two variables 
(Table 3), and the subsequent pair-wise 
comparison showed that for CPUE the 
difference was between the warm and 
cold seasons (spring/summer and 
autumn/winter). However, for BPUE 
the difference was only between 
summer and the other seasons. 

SIMPER or analyses of dissimilarity 
between groups confirmed again this 
variability which was detected by the 
previous analysis and detected the 
species that most account for the 
observed differences (Table 4). For the 
CPUE variable, with the exception of 
S.tinca, the other species that showed 
differences between seasons were all 
Sparids. Presence of his species, 
together with D.labrax and L.merula, 
also marked differences between 
seasons for BPUE. The high BPUE of 
D.labrax in summer was responsible for 
the differences between this season and 
the others. For spring, was the high 
BPUE of D.vulgaris the responsible of 
marked these differences. 

3.6. Estimation of total effort and total 
catch

Taking into account the seasonal and 
week effort distribution as well as the 
BPUE per season and species, we 
estimate that angling activity in the 
Tabarca Marine Reserve would be 
capable of extracting 4.9 tons of fish per 
year. The total annual catch estimated 
per species has been compared with 
data from landings in the Santa Pola, the 
nearest commercial harbour to MPA 
(Table 5). 

 
Table 5. Annual landings per species in 
Santa Pola Harbour per the artisanal 
fishery, the catch estimations per specie 
extract for anglers annually calculated by 
the Tabarca marine reserve and the 
proportion between this. 

 

 Sta Pola MPA % 
C. conger 19836.88 74.92 0.37 
D. annularis 8166.00 265.24 3.24 
D. dentex 2610.70 259.34 9.93 
D. labrax 2821.82 929.93 32.95 
D. sargus 7842.94 450.47 5.74 
D. vulgaris 1674.50 396.45 23.67 
L. merula n.d. 352.74  
L. mormyrus 12697.90 91.12 0.71 
M. helena 3003.80 262.19 8.72 
Mugilidae 15747.30 86.64 0.55 
O. melanura 776.40 202.38 26.06 
S. aurata 7895.69 314.89 3.98 
S. salpa 3500.90 261.32 7.46 
S. scriba 120.50 175.95 146.02 
S. scrofa 4177.60 17.11 0.40 
S. tinca 307.00 314.78 102.53 
S. umbra 1536.82 134.11 8.72 
 

The recreational fishing catch of S.
tinca and S. scriba proved to be greater 
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than the artisanal fishing landing, 
considering the low commercial value. 
Regarding other species of greater 
economic importance, such as D.
dentex, M. helena, S. umbra, Diplodus
spp and S. aurata, the angling catch was 
not as great, but was still of 
considerable proportions in comparison 
with the total commercial catch.  

4. Discussion 

The effect that recreational fishing can 
have is often underestimated, as a single 
angler is thought to have a much lower 
impact on fish stocks compared with 
commercial fisheries (a trawler or purse 
seine, for example), but the cumulative 
impacts of thousands or millions of 
anglers should not be taken lightly. The 
European Parliament recently 
recognised (EP, T6-0255/2009) that 
recreational fishing may have a 
significant impact on fish stocks and 
that within two years of the date of the 
new regulation, “the Member States 
may estimate the impact of recreational 
fisheries conducted in their waters”. 

The inherent difficulty of monitoring 
such highly diverse and disperse 
recreational fishing activities may 
contribute to this underestimation of the 
impact (Arlinghaus et al., 2002). In our 
study, we observed quantitative 
differences between our own data and 
information from the fishery guard, 
indicating how difficult it can be to 
obtain accurate data of this type. Some 
objective indicators could be useful, 
such as licence control. However, we 
observed an additional problem in this 
study, as a high proportion of anglers 
(39.1%) did not hold such a licence. 

Therefore, the lack of more accurate 
long-term monitoring programmes, the 
lack of official data on actual activity 
(“angling effort”) and the fact that 
recreational fisheries are so widely 
dispersed make it difficult to obtain an 
accurate picture of the real impacts of 
angling. 

4.1. Anglers’ profile and motivations 

The angling effort has shown an 
increase in recent years. The pattern of 
angling activity, both in the long term 
series and the more thorough study, was 
marked by greater effort during holiday 
periods and at weekends which reflect a 
leisure-based motivation rather than an 
economic interest. This is a common 
pattern for anglers, who predominantly 
practice the recreational fishing for 
multitude of nonconsumptive objectives 
during leisure time, where catching fish 
for consumption is only one of many 
driving forces for practice this activity 
(Fedler and Ditton, 1994; Policansky, 
2002; Cowx, 2002b; Arlinghaus and 
Mehner, 2004). Therefore it can be 
assumed that angling is not motivated 
by the same economic incentives that 
drive commercial fishery to overexploit 
fish stocks (see Myers et al., 1997). 
Nonetheless, the calculated 4.9 tons of 
fish extracted from the protected area 
reflects the fact that catching fish is the 
most important aspect which determine 
the main “product” of the angling 
experience, the satisfaction; hence 
catching fish matters for many anglers 
to a great extent (e.g., Graefe and 
Fedler, 1986; Petering et al., 1995; 
Connelly and Brown, 2000; Arlinghaus, 
2006).   
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4.2. Recreational fishing effects on fish 
assemblages 

The angling target areas coincide with 
areas which provide refuge for fishing 
resources that are not accessible for 
professional fishing. These coastal areas 
are very important for many fish species 
(García-Rubies and McPherson, 1995; 
McPherson, 1998), as crucial processes 
in their life cycle (such as reproduction, 
shelter of larvae or juveniles, and 
feeding) and stock recruitment usually 
occur here, which is why any alteration 
of these processes could lead to harmful 
consequences for the fish population.  

Our study revealed that a large 
proportion of catches were of 
mesophagous and macrophagous 
species, indicating that those species 
high up on the food chain are the most 
impacted by the recreational angling in 
Tabarca. Paine (1996) indicated that 
even a small-scale extraction of these 
high trophic levels from fish 
populations leads to a loss of diversity 
and marked changes in the food webs. 
Depending on role and dominance 
within the ecosystem, the removal of a 
substantial part of a population can 
significantly affect the trophic process 
and community structure (De Roos and 
Persson, 2002; Donald and Anderson, 
2003; Ward and Myers, 2005; Worm et 
al., 2005), especially in aquatic 
ecosystems where the strength of top-
down control is greater than in 
terrestrial ecosystems (Shurin et al., 
2002), and the natural diversity at 
higher trophic levels is low (Petchey et
al., 2004). Therefore, given the high 
trophic level of the species preferences 
of recreational fishers and the high 

harvest rates observed in this study (a 
total of 4.9 tons), it can be considered 
that recreational fishing has the 
potential to affect the trophic structure 
of fish populations. 

The large number of species of high 
intrinsic vulnerability that are caught 
indicates how harmful it may be to fish 
for these species, whose populations are 
at a high risk of collapse due to fishing 
(70% of catches are of species between 
moderate and very high vulnerability). 
The vulnerability index can provide 
valuable information to evaluate the 
robustness or capability of recovery of a 
fish community in view of the impact 
from angling. The fragility of the 
community studied showed the damage 
that fishing can cause and the danger 
that this fish population runs if angling 
continues over time.   

4.3. Socioeconomic conflicts 

In our study, an overlap between 
recreational and commercial fishing has 
been detected in catch composition, a 
fact that may produce tension and 
conflict between the two sectors, as has 
occurred in other areas where 
professional fishing was forbidden but 
recreational fishing was allowed 
(Westera et al., 2005). The ideas of 
protecting breeding stocks, improving 
recruitment to neighbouring areas and 
restocking marine species of 
commercial interest were the most 
important initial goals behind creating 
the Tabarca Marine Reserve in 1986 
(Ramos-Esplá, 1985). Such protection 
was supposed to provide direct benefits 
for the adjacent fisheries by means of a 
spill-over process (Clanahan and 
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Mangi, 2001; Roberts et al., 2001), but 
the view of the local artisanal fishery is 
different. During the study period, we 
recorded opinions of the local artisanal 
sector, which perceives that the 
traditional fishing ground is now 
“private property” for recreational 
fishers. This dissatisfaction between 
users may lead to the rejection and 
failure of the marine protected area 
(Arlinghaus, 2005).  

The economic importance of 
recreational fisheries on local and 
regional economies has been recognised 
in this study and in others (Cowx, 
2002a; Cowx et al., 2004). In this 
regard, we sought the opinion of the 
owners of restaurants (25), hotels and 
guesthouses (12) and supermarkets (6) 
on Tabarca who earn a living mainly 
from tourism. During the period 
studied, fishing anglers spent a total of 
€242,800, mainly on vessel transport 
and accommodation. In the three 
months of summer, Tabarca receives 
around 3,500 visitors per day, many of 
whom come for the sun and beach, but 
for the rest of the year the prospect is 
rather different. Most of the visitors to 
Tabarca were recreational anglers who 
visited the island at the weekend. When 
angling is forbidden, as in the Tabarca 
case, managers must take into account 
those sectors that would be 
economically affected. The promotion 
of ecotourism by the management 
agency based on non-extractive 
activities may provide economic 
benefits for the local economy that 
could be used to compensate the cost 
incurred by restricting recreational 
fishing, as has happened in other MPAs 
(Forgaty et al., 2000; Dixon et al., 

2001). The development of ecotourism 
activities, such as sailing, kayaking and 
snorkelling, for example, could improve 
social acceptability by providing 
sources of income for the local 
population (Dixon et al., 1993; Attwood 
et al., 1997). Designing educational 
environmental and cultural programmes 
may also constitute two ways of 
offering a new appeal for tourists, while 
making the visible proof of the results 
of protection measures and other 
elements of natural and cultural heritage 
known to visitors. 

4.4. Recommendations 

As much in this study as in others 
around the world, the integration of 
psychological, sociological, and 
economic perspectives in recreational 
fisheries management is highly 
important (Cox and Walters, 2002; Post 
et al., 2002; Arlinghaus, 2005; Cury et
al., 2005). To provide a more realistic 
picture of angling activity and to 
identify promising management 
strategies, more research is needed to 
explore the dynamics between anglers, 
their target species and the social and 
economic dimension. 

Long-term monitoring programmes of 
the impact of recreational fishing, with 
standardised and comparable protocols 
using a social, economic and biological 
approach must be established to obtain 
comparable and more accurate data with 
which to understand all aspects of 
angling, so as to produce a coherent 
management plan according with the 
needs of each area. 
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As explained above, recreational fishing 
produces similar negative effects on fish 
populations and other communities or 
habitats as the effects of commercial 
fishing, which must not been 
underestimated. Furthermore, very little 
information exists on the real situation 
of angling, in terms of both the effort 
and catch and the effect on the food 
chain or on other habitats and 
communities. Some studies have shown 
that partial closures of MPAs are 
ineffective as conservation tools for fish 
communities, and that only no-take 
marine protected areas should be 
created (Denny and Baboock, 2004). 
The fact of the matter is, MPA’s that 

have commercial fishing bans in place 
may attract recreational fishers and 
produce a negative effect of attraction 
and increased effort, which will in turn 
lead to greater impact on the fish 
communities that have been protected. 
In view of these and previous 
arguments, the unknown and uncertain 
element nature of angling and specially 
in the MPA cases, management guided 
by precaution may be the most coherent 
solution, together with the prohibition 
of recreational fishing, as there is much 
uncertainty over the possible outcome 
and mistakes could lead to serious or 
irreversible damage. 
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Assessing recreational fishing impact at Serra Gelada Marine Park (SW 
Mediterranean): a baseline study for its future regulation. 

Abstract 

Recreational fishing is an important leisure activity which has similar effects on 
exploited populations than commercial fishing and in some cases, can generate an effort 
and catch equal or higher than it. Nowadays, recreational fishing does not have any 
regulations in the Serra Gelada Marine Park and this study is a good opportunity for 
evaluate the associated impact and design future management strategies. Recreational 
boat fishing was studied employing different methods: aerial surveys, interviews and 
competition data. The relationships of recreational fishers with other users and other 
sociological aspects were studied too. Recreational fishing is an extensive leisure 
activity which is intensively practiced by local residents during the whole year. The 
recreational boat fishing effort is very high, mainly focused on the buffer zone and the 
special protection area.  

In the buffer zone, three important areas were identified due to their highest effort 
density, two of them surrounding aquaculture installations. A total of 33 species were 
recorded as the most frequently caught by fishers in the study area. The competition 
data showed a mean catch per unit effort of 0.465 ± 0.082 kg boat-1 hour-1 and 0.323 ± 
0.054 individuals boat-1 hour-1. The annual total catch of recreational boat fishing in the 
Serra Gelada Marine Park was estimated in 24.90 t. The importance of recreational 
fishing impact on fisheries resources and their sociological implications had been 
evidenced on this study. Recreational boat fishing should be taken into account in the 
management strategies on this and other MPA. 

Keywords: Marine Protected Areas, coastal management, fishing effort, human 
activities, conservation, aerial survey.  
 

1. Introduction 

Recreational fishing is one of the most 
frequent leisure activities in coastal 
areas, and it involves large number of 
people and consequently high levels of 
fishing effort (Cowx, 2002; Pitcher and 
Hollingworth, 2002; Westera et al., 
2003; Cooke and Cowx, 2006), which, 
in some cases, may be translate in an 
effort and catch equal or higher than in 
commercial fisheries (Pollock, 1980; 
Dunn et al., 1989; Steffe et al., 1996; 
Beal et al., 1998; Murray-Jones and  

 

Steffe, 2000). Commercial and 
recreational fishing have similar 
demographic and ecological effects on 
fished populations, such as truncation of 
the natural age and size structure, 
decline of fish abundance and biomass 
and changes in fish assemblage 
composition (Coll et al., 1999; McPhee 
et al., 2002; Westera et al., 2003; 
Coleman et al., 2004; Cooke and Cowx, 
2004, 2006; Lewin et al., 2006; Rius, 
2007). 
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In the Mediterranean Sea, recreational 
fishing is particularly important, 
representing more than 10% of total 
fisheries production in the area (EU, 
2004). Recently, as a sign of this 
importance, the European Parliament 
recognised that recreational fishing may 
have a significant impact on fish stocks 
and that the Member States may 
estimate the impact of recreational 
fisheries conducted in their waters (EP, 
T6-0255/2009). Moreover, particularly 
in the Mediterranean, recreational 
fishing has important economic, social 
and cultural roles, because there is an 
overlap with commercial fishing since it 
is largely domain of small-scale 
concerns operating in coastal areas 
(Gordoa, 2009). Despite the importance 
of the recreational fishing, there are 
very few studies in the Mediterranean 
about the knowledge of this activity 
(Coll et al., 2004; Morales-Nin et al., 
2005; Lloret et al., 2008; Gordoa 2009). 

In the case of multiple use marine 
protected areas, all activities have to be 
managed in order to carry out the 
conservation and protection objectives, 
minimize conflicts and allow all users 
follow with their activities ecologically 
sustainable. The impact of recreational 
fisheries on coastal fauna could be 
particularly sizeable in and around 
marine protected areas (MPAs), where 
an increasing number of visitors fish for 
pleasure (Cooke et al., 2006). 

Serra Gelada Marine Park is a recent 
established MPA, in where uses 
(including fishing activities) have not 
been regulated yet. It offers a good 
opportunity to study the recreational 
boat fishing impact and recommend 

sustainable management strategies. 
Therefore, the objectives of this study 
were to contribute to the knowledge of 
exploitation of fish resources by the 
recreational boat fishing and to provide 
essential data needed for integrated 
management in coastal zones, 
particularly in MPAs. To reach these 
objectives we i) studied the recreational 
fishermen profile, their motivation and 
perceptions, ii) identified the most 
affected fish species, iii) studied the 
spatial and temporal recreational fishing 
effort distribution as well as iv) 
estimated the annual recreational fishing 
capture and effort. 

2. Material and methods 

2.1. Study area 

The study area is located in Serra 
Gelada Marine Park (4 920 ha) 
(southwestern Mediterranean, Spain) 
(Fig.1). The coastal shelf is 
characterized by great environmental 
heterogeneity attributable to the co-
occurrence of Posidonia oceanica and 
Cymodocea nodosa meadows, and 
sandy and rocky seabeds. 

The Serra Gelada Marine Park was 
created in 2005, however the regulation 
of the activities inside the MPA does 
not come into effect yet. It is subdivided 
into three management zones: i) Special 
Protection, which contain three marine 
areas, Benidorm Island, Mitjana Island 
and Mascarat-Morro Toix Barrier; ii) 
Special Use, which contain two 
aquaculture installations; and iii) Buffer 
Area (Generalitat Valenciana, 2005). 
Currently the recreational fishing is 
allowed in all the MPA except in the 
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Figure 1. Location of study area with the protection areas 

 

aquaculture installations. Recreational 
fishing regulations in the area 
(Generalitat Valenciana, 1998) set up a 
maximum daily catch (5 kg of total 
catch plus one piece by fisher) and a 
minimum catch size per species 
(1615/2005 Real Decreto del Ministerio 
de España). Moreover, a license of 
recreational fishing is required, the 
number of gears that can be used 
simultaneously is limited at two per 
license, and all type of nets, traps and 
long lines are forbidden.

.2.2. Recreational fisher interviews 

Studies elsewhere using interview data 
show that this approach can produce a 
lot of information useful for assessing 
fisheries (Neis et al., 1999; Rocha et al., 
2004; Forcada, 2010). Meetings with 
the recreational boat fishers were done 
in June 2007 in the two main harbours 
of the study area (Benidorm and Altea) 
where the total number of recreational 
fishing boats recorded in this year was 

140. During these meetings the fishers 
were informed about the development 
of this project and were urged to take 
part actively with a personal interview. 
A questionnaire of 21 items was used to 
obtain information of their personal 
profile as recreational fisher (gender, 
age, place of residence, years of fishing 
experience, …), their perception of the 
Marine Park, their relationship with 
other Marine Park users and their 
fishing habits (how much time they fish 
per day and year, what seasons and 
hours of the day they prefer, usual 
fishing places and the species most 
frequently captured). In all, 84 
questionnaires were conducted. 

2.3. Aerial surveys 

Aerial surveys have been frequently 
used to assess recreational fishing effort 
(Pollock et al., 1994), because it is an 
efficient method to estimate boats 
distribution over large areas 
(Malvestuto, 1983). Sampling was 
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stratified by Week Period and period 
during the day (Time Day). In each 
Week Period (weekday: Monday to 
Thursday; weekend: Friday to Sunday) 
were surveyed two sampling periods per 
day: morning (9:00-13:00) and 
afternoon (16:00-20-00). Three samples 
were randomly selected for each 
combination of the two factors. Thus, 
we conducted 12 aerial surveys from 
June to September 2007. This sampling 
design allows recognize patters on the 
temporal effort distribution (Tisman and 
Whitmore, 2006). Aerial sampling was 
limited to days with good visibility and 
flying conditions, and survey flights 
were conducted at around 100 m 
altitude. On each survey, we covered all 
the study area in an hour, and the 
geographical position of all boats 
sighted was recorded by means of a 
GPS. A vessel was considered a fishing 
boat actively engaged in fishing if a 
fishing rod o handline in use was 
observed on-board. 

Instantaneous recreational boats fishing 
effort was obtained as number of boats 
fishing in the study area in one hour, 
and it was estimated for each 
combination of the two factors (Week 
Period and Time Day). The data of each 
survey were included in a geographic 
information system to obtain the spatial 
distribution of the recreational fishing 
effort density. The study area was 
divided using a grid of 500 × 500 m cell 
size. Effort density was calculated as 
the sum of the number of recreational 
fishing boats in each cell divided by the 
cell surface, and it was expressed as 
number of boats hour km-2. 

Analysis of variance (ANOVA) was 
used to test for significant differences in 
recreational fishing effort density. The 
experimental design consisted of 3 
factors: Week Period (2 levels: 
weekends and weekdays; fixed), Time 
Day (2 levels: morning and afternoon; 
fixed and orthogonal) and Protection 
Level (3 levels: Special Protection Area, 
Buffer Area and Non-protected Area.; 
fixed and orthogonal). Therefore, with 
n=3 sampling days, there was a total of 
36 samples. When the ANOVA F-test 
was significant, post hoc analyses were 
conducted using Student-Newman-
Keuls (SNK) multiple comparisons 
(Underwood, 1981). Before analysis, 
Cochran’s test (Cochran 1951) was used 
to test for homogeneity of variance. As 
the transformations (�(x + 1) and ln(x + 
1)) did not remove the significant 
heterogeneity, analyse was performed 
on the untransformed data, but with the 
F-test p-value set at 0.01 because 
ANOVA is robust to departures from 
this assumption (Underwood, 1997). 

2.4. Recreational fishing competition 

The competition data used to 
undertaken this study were obtained 
from two recreational fishing clubs, 
which held several competitions in 
Serra Gelada Marine Park during the 
period studied (2007). The competitions 
consisted in catch the maximum number 
of individuals and weight of fishes in a 
period of 10 hours. The recreational 
fishing clubs were reluctant to give the 
detailed competition data; they omitted 
the names of boats, the catch by species, 
and the catch for each participant. A 
total of 25 event competition were used 
to obtain the mean catch per unit effort 
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in the study area expressed in 
abundance (CPUE, individuals boat-1 
hour-1) and biomass (BPUE, kg boat-1 
hour-1), in order to estimate the total 
catch of the recreational fishery from 
boat in Serra Gelada Marine Park. 

2.5. Estimations of total annual fishing 
effort and catch 

Estimates of total annual fishing effort 
and total annual catch of the 
recreational boat fishery in Serra Gelada 
Marine Park were calculated by 
combining the data from the interviews 
(fishing seasonality), aerial surveys 
(instantaneous recreational boats fishing 
effort) and recreational fishing 
competition (CPUE, BPUE). 

3. Results 

3.1. Recreational fisher profile 

Recreational boat fishing in Serra 
Gelada Marine Park is a totally male 
activity. The typical recreational boat 
fisherman is a mean of 58.1 ± 1.6 (± 
standard error) years old (Figure 2a), 
resides in a town located closer that 20 
km from Serra Gelada Marine Park 
(Figure 2b) and has more than 21 years 
of fishing experience (Figure 2c). A 
great proportion of the fishers 
interviewed (57%) are not members of a 
fishing club. 

. 

Figure 2. Percentage of recreational fishers interviewed by (a) age, (b) Residence distance to 
MPA, (c) Fishing experience, (d) Boath length, (e) Number of recreational fishers by boat, (f) 
Influence of MPA existence for their decision of choose this fishing place. 
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The recreational fishing boats have a 
length that average 6.37 ± 0.17 m 
(Figure 2d), are manly taken up by at 
least two fishers (Figure 2e) and most of 
them (57.2%) have GPS and 
echosounder Most of the recreational 
fishers interviewed (69%) know the 
existence of Serra Gelada Marine Park, 
although for the great proportion 
(Figure 2f) the existence of the MPA 
does not have influence on their 
decision of fishing there. 

The great proportion of recreational 
fishers affirms that have good terms 
with other recreational and professional 
fishers (Figure 3). In contrast, a high 
percentage of recreational fishers 
declare bad relationships with spear 
fishers, divers, aquatic sky enthusiasts 
and wind surfers. The most conflictive 
relationship is with the aquaculture and 
others, declared by about 23% of the 
fishers interviewed. 

The recreational fishing activity in the 
Serra Gelada Marine Park is carried out 

during the whole year (Figure 4a) and 
along all the day (Figure 4b). 
Recreational fishers fish an average of 
117.14 ± 12.5 days year-1 and 4.91 ± 
0.16 hours day-1. Altea’s Bay is the 
place most preferred by the recreational 
fishers interviewed to fish inside the 
MPA (Figure 4c). 

According to the interview answers, in 
all, 32 species belonging to 13 families 
(most are fish but are two cephalopods) 
are the species most frequently caught 
by the recreational fishers using diverse 
fishing gears (angling, handlines, 
trolling lines). The species with highest 
frequency of occurrence are: Seriola
dumerili, Trachurus spp., Coryphaena 
hippurus, Pagellus erythrinus, Pagellus 
acarne, Scomber scombrus and
Euthynnus alletteratus (Table 1). 

3.2. Aerial surveys 

During the aerial surveys, a total of 291 
recreational fishing boat positions were 
recorded around the Serra Gelada 
Marine Park. Instantaneous recreational 

 

 

 

 

 

 

 

Figure 3. Percentage of recreational fishers interviewed that have no, conflictive or good 
relationship with other MPA users. 
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Figure 4. Percentage of recreational fishers interviewed by (a) fishing annual habits, (b) 
favourite fishing place and (c) fishing diary habits. 
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Table 1. Frequency of occurrence of the species on the total catch of the recreational fishers 
interviewed. 
 

Class Family Species Frequency 
Cephalopoda Loliginidae Loligo spp. 1.58 
 Octopodidae Octopus vulgaris (Cuvier. 1797) 0.64 
Osteichthyes Phycidae Phycis phycis (Linnaeus 1766) 0.59 
 Serranidae Serranus cabrilla (Linnaeus. 1758) 0.47 
  Serranus scriba (Linnaeus. 1758) 2.93 
 Moronidae Dicentrarchus labrax (Linnaeus. 1758) 0.59 
 Pomatomidae Pomatomus saltatrix (Linnaeus. 1766) a 1.00 
 Carangidae Seriola dumerili (Riso, 1810)a 10.78 
  Trachinotus ovatus (Linnaeus. 1758) a 0.12 
  Trachurus spp. 10.43 
 Corypahenidae Coryphaena hippurus (Linnaeus 1758) a, c 9.67 
 Sparidae Boops boops (Linnaeus. 1758) 0.70 
  Dentex dentex (Linnaeus. 1758) a 4.34 
  Diplodus annularis (Rafinesqe. 1810) 0.70 
  Diplodus puntazzo (Cetti. 1777) 0.47 
  Diplodus sargus (Linnaeus. 1758) 1.99 
  Diplodus vulgaris (E.Geoffrey Saint-Hilare. 1817) 2.17 
  Lithognathus mormyrus (Linnaeus. 1758) a 0.59 
  Oblada melanura (Linnaeus. 1758) 0.47 
  Pagellus acarne (Risso. 1826) 7.56 
  Pagellus bogaraveo (Brünich. 1768) a 2.52 
  Pagellus erythrinus (Linnaeus. 1758) a 9.14 
  Pagrus pagrus (Linnaeus. 1758)a, b 1.46 
  Sparus aurata (Linnaeus. 1758) 1.70 
 Centrachantidae Spicara maena (Linnaeus. 1758) 1.35 
 Labridae Xyrichtys novacula (Linnaeus. 1758) 4.69 
 Sphyraenidae Sphyraena sphyraena (Walbaum. 1792) a 0.94 
 Scombridae Auxis rochei (Riso. 1810) a, c 1.17 
  Euthynnus alletteratus (Rafinesque. 1810) a, c 6.50 
  Sarda sarda (Blonch. 1763) a, c 3.46 
  Scomber scombrus (Linnaeus. 1758) a, c 6.56 
  Thunnus thynnus (Linnaeus. 1758) a, b, c, d, e 1.17 

 

a Species considered vulnerably (Cheung et al., 2007) 
b Species included in the Red List of the IUCN 
c Species included in the Annex I of the UNCLOS 
d Species included in the OSPAR convention 

e Species included in the BARCOM convention 
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Table 2. Mean instantaneous recreational boats fishing effort  standard error (boats hour) 
during each time day and week period. 
 

 Weekday Weekend 
Morning 25.33 ± 3.56 37.33 ± 4.26
Afternoon 11.00 ± 3.24 23.33 ± 3.27

 

Table 3. Mean recreational boat fishing effort density  standard error (boats hour km-2) in 
each management zone and outside Serra Gelada Marine Park during each time day and week 
period. 
 

 Weekday Weekend  
 Morning Afternoon Morning Afternon 

Special protection 0.73 ± 0.39 0.12 ± 0.07 0.55 ± 0.13 0.12 ± 0.15 
Buffer area 0.44 ± 0.10 0.18 ± 0.07 0.65 ± 0.07 0.39 ± 0.02 
No protection 0.03 ± 0.01 0.03 ± 0.00 0.08 ± 0.03 0.07 ± 0.03 

 
Table 4. Three way ANOVA results for the recreational boat fishing effort density. Bold type 
indicates significant differences at the 99% level. d.f: degrees of freedom; M.S.: mean square; F: 
F ratio; P: significance level.  
 

Source of variation Df M.S F P 
Weekend/Weekday (W) 1 0.027 0.75 0.395 
Morning/Afternoon (T) 1 0.606 16.74 0.000 
Protection level (P) 2 0.487 13.45 0.000 
W x T 1 0.007 0.20 0.657 
W x P 2 0.069 1.91 0.170 
T x P 2 0.200 5.52 0.011 
W x T x P  2 0.009 0.25 0.783 
Residual 24 0.036   

 

boats fishing effort was greater during 
weekend days and during the morning 
(Table 2). Effort density was 
significantly higher during the morning 
than in the afternoon (Table 3 and 4). 
Special Protection areas and Buffer area 
recorded a significant greater effort 
density than the Non-protected area on 
any week or diary period. 

In the Buffer area there were three 
zones that concentrated intensively 
fishing effort (Figure5): around the two 
aquaculture installations and in the 
southern cape of the MPA (locally 

know by the fishers as “Punta del 
Cavall”). In the Special Protection areas 
Benidorm and Mitjana Islands, light 
concentrations of fishing effort were 
also observed. 

3.3. Recreational fishing competitions  

The total catch recorded was 1162.5 kg 
(813 individuals) corresponding to 2500 
hours of total fishing effort. The CPUE 
and BPUE estimated were 0.323 ± 
0.054 individuals boat-1 hour-1 and 
0.465 ± 0.082 kg boat-1 hour-1, 
respectively. 
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Figure 5. Spatial distribution of recreational boat fishing effort density in the Serra Gelada 
Marine Park 

3.4. Estimations of total annual fishing 
effort and catch 

Expanding the mean instantaneous 
recreational boats fishing effort (Table 
2) to the four hours considered in each 
period of the day sampled, the total 
diary effort was estimated in 145.32 
boats hour for weekdays and in 242.64 
boats hour for weekend. As a result, 
1309.20 boats hour were estimated as 
the total week effort. Following the 
results of the interviews, the 98.2% of 
the recreational fishers declared that are 
actively fishing in summer, 
consequently the effort of this period 
has been take as the maximum value 
and the total effort in the three summer 
moths has been estimated in 16191.72 
boats hour. The 76.9% of the 
recreational fishers interviewed 

declared that fish during the whole year, 
so taking into account this result, the 
effort for the non-summer period has 
been estimated on 37402.87 boats hour, 
therefore the total annual effort was 
53594.60 boats hour. Considering this 
total annual effort and the CPUE and 
BPUE from the recreational fishing 
competitions, the total annual catch in 
the study area was estimated in 17418.2 
individuals and 24.90 t. 

Discussion 

Serra Gelada Marine Park is used 
extensively as a recreational fishing 
location by the residents and the total 
annual effort estimated is very high, 
reflecting that is a very intense activity. 
Similar values on individual fishing 
diary effort were found in Majorca 
Islands and Cap de Creus MPA, where 
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the mean fishing effort is about 4 and 
4.1 hours day-1 (Morales-Nin et al., 
2005; Lloret et al., 2008). However, the 
annual fishing effort on Serra Gelada 
Marine Park is higher since the 
recreational boat fishing is practised 
almost during the whole year. 

As a consequence of this high fishing 
effort, the total catch extracted annually 
by recreational fishers is relevant and 
should not be trivialized by managers. 
The effects of recreational fishing on 
littoral species of Serra Gelada Marine 
Park could be substantial considering 
the large number of species targeted 
(32), which is coincident with the 
number of species caught by boat 
fishers in other similar areas in the 
north-western Mediterranean (e.g., 33 
species in Cap de Creus; Lloret et al., 
2008). Fifteen of the species frequently 
caught by recreational boat fishers in 
Serra Gelada Marine Park are 
considered vulnerably (Cheoung et al., 
2007) and seven of these are included in 
international conventions for the 
protection as UICN, UNCLOS, OSPAR 
and BARCOM (Table 1), therefore the 
effects of this activity on threatened 
species is rather important. 

As commercial and recreational fishing 
have similar demographic and 
ecological effects on fished population 
(Westera et al., 2003; Coleman et al., 
2004; Cooke and Cowx, 2004, 2006; 
Lewin et al., 2006; Rius, 2007), both 
activities should be taken into account 
in the management of fishing resources. 
Furthermore in the Mediterranean, the 
interaction between commercial fishing 
and recreational boat fishing is really 
important because artisanal fisheries, 

which exploit coastal areas, represent 
80% of the EU Mediterranean fleet 
(COM, 2002). Some similarities have 
been found between the recreational 
boats fishing studied here and the 
artisanal fisheries described by Forcada 
et al. (2010) in a neighbour area. The 
fishing grounds of both fisheries have a 
common bathymetric range (mainly at 
depths <40 m) and the 56.25% of the 
most frequently catch species on this 
study are target species or species that 
represent an important proportion of the 
capture for the artisanal fisheries of the 
region (Forcada et al., 2010). Conflicts 
between both sectors is endemic to all 
development countries (Kearney 2002; 
Cooke and Cowx 2006) and these 
conflicts have increased in areas where 
professional fishing was forbidden but 
recreational fishing was allowed 
(Westera et al., 2005). In fact, some 
studies demonstrated that the 
recreational fishing pressure may be 
sufficient to deplete fished populations 
below that of adjacent protected areas 
(Westera et al., 2003). Denny and 
Babcock (2004) also indicated that the 
partial closures are ineffective as 
conservation tools and that the fishing 
pressure on closed commercial fishing 
areas where the recreational fishing is 
allowed is at least as high as other 
unprotected areas. However, on this 
study the major proportion of the 
recreational boat fishers interviewed 
affirmed that they have a good 
relationship with professional fishers. 
Nevertheless, artisanal fishers excluded 
from MPAs, in where recreational 
fishing is allowed, showed their 
dissatisfaction with this type of 
regulations, which may lead to the 
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rejection and failure of the MPA 
(Arlinghaus, 2005). 

The inherent difficulty of monitoring 
the highly diverse and disperse angling 
activities may contributed to the 
underestimation of angling impacts 
(Arlinghaus et al., 2002). This lack of 
data of a real participation (“angling 
effort”) by the competent 
administrations and the high dispersion 
of the recreational fisheries hinder the 
obtainment of an accurate picture of the 
real impacts of angling which difficult 
the management actions. Although the 
control of license or the membership at 
fishing clubs may be a useful indicator 
of effort, as has been observed on this 
study, a high proportion of anglers did 
not have one or not be member of one 
(57%). The recreational competitions 
data seem be a good source of 
information about the species 
composition and rate of catches, as 
other authors had recognized previously 
(Coll et al., 2004; Morales-Nin et al., 
2005; Gordoa 2009). On this study, 
obtaining of this type of data has been a 
hard work, because the recreational 
fishing clubs which provide the data 
were reluctant to provide the 
competition results. Probably this 
attitude reflects fear or distrust by the 
recreational fishers in front of the make 
decision managers in this case, which 
would indicated the lack of integration 
and cohesion of recreational fishing 
sector and management authorities. 

Aerial surveys has turned out a good 
method for obtain spatial distribution of 
effort, which had been demonstrated 
previously (Malvestuto 1983; Pollock et 
al., 1994; Tisman and Withmore, 2006). 

The spatial effort in the Serra Gelada 
Marine Park indicated the preference of 
the recreational boat fishers by 
concretely zones where probably the 
fishing yield is high or target some very 
appreciate species, which coincide with 
areas with a specific protection status. A 
study carried out in 2007 in the Serra 
Gelada Marine Park (Sanchez-Jerez, et
al., 2007) by means of underwater 
visual census showed a higher 
abundance of fishes in the Mitjana,  
Benidorm Island and Punta del Cavall 
than in the other localities studied, 
which confirm the motivation of 
recreational boat fishers to choose these 
places. Concretely the Punta del Cavall 
zone is a preferred place by the 
recreational fishers because the high 
catches of Xyrichtys novacula, a more 
appreciate species in the zone which is 
caught during the afternoon, explaining 
why the pattern variation among 
protection levels differed over the dairy 
periods. A great effort also had been 
observed around the aquaculture 
installations. Machias et al. (2004 and 
2006) reported an increase of the fishing 
production around the zones where the 
aquaculture installations had been 
located, which probably explain the 
cause of recreational fishers preference 
for these areas and the conflicts that 
recreational fishers declared to have 
with this use. This conflicts must be 
take into account for the effective  
management of coastal uses, mainly in 
MPA. 

Total number of recreational fishing 
boats recorded during the time study in 
the two main harbours was 140, and 84 
recreational boat fishers were 
interviewed, reflecting a high 
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participation. The response rate during 
the interviews was high, reflecting the 
willingness of recreational boat fishers 
to cooperate, and a desire to understand 
the reasons for changes in fished 
resources availability and catch rate at 
different sites and over time. In general, 
recreational fishers have an inherent 
interest in the conservation and 
management of the fisheries resources 
on which their leisure activity depends 
(Arlighnaus, 2006). Allowing fishers to 
participate in developing regulations, 
could lead to increased management 
success (Sullivan, 2003). On a global 
study carried out by Granek et al., 
(2008) the potential for recreational 
fisheries to be an important 
conservation force was evidenced. The 
fishers engagement is more noticeable 
even thought the resources are small 
because fisher are more likely to feel 
responsible for its conservation 
(Arlinghaus 2006) and may perceive 
that there is a great probability that their 
actions will affect change (Ajzen 1991). 
This emphasize the need to involve the 
recreational fishers in the management 
of coastal areas. 

This study through light upon the 
recreational fishermen profile, identifies 
the most affected fish species and 
quantifies the recreational fishing 
pressure in a representative 

mediterranean coastal area. Combining 
three different sources of information 
(interviews, aerial survey and 
competition data) provided a more  
precise data set about the recreational 
fishing activity, resulting more useful 
for the management of the MPA. This is 
the first study in the Mediterranean that 
analysed the spatial and temporal 
recreational fishing effort distribution 
using aerial surveys and GIS 
methodology. The data obtained with 
these approaches led to reach coherent 
management strategies for the 
recreational fishing regulation inside 
MPAs, and could be applied in other 
MPAs of similar characteristics. The 
great potential impact of the 
recreational boat fishing on the 
resources had been demonstrated in 
Serra Gelada Marine Park. Therefore, 
based on the information and the data 
presented, some management strategies 
should be applied to regulate the 
recreational fishing activity in the study 
area in order to acchieve positive results 
from protection. An integrated 
management plan taking into account 
both professional and recreational 
activities is needed, because the 
declaration of a MPA without 
regulation does not guarantee the 
sustainability of the marine 
environment. 

. 
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Benthic impacts of recreational divers in a Mediterranean marine protected area 

Abstract 

The features of many MPAs have increased scuba diving tourism in these areas. 
Impacts caused by recreational scuba activity vary widely among different divers with 
differing underwater behaviour. We studied diver underwater behaviour, the effects on 
the natural environment, and the characteristics that may influence diver behaviour. In 
all, 181 recreational divers were followed, and contacts and the effects produced were 
recorded. Information on diver profile and dive features was recorded. Field sampling 
revealed that 175 of the divers observed (96.7%) made at least one contact with the 
seabed, with a mean contact of 41.20 ± 3.55 (mean ± s.e.) per diver per 10 min. 

Flapping was the most frequent type of contact, and the main damage by this action was 
to raise of sediment. Contact with the seabed was greater for males than for females, 
inexperienced divers than for experienced divers, camera or lantern users than for non-
users, and divers non-accompanied by a dive leader or who had not been briefed about 
avoiding seabed contact before undertaking a dive than for accompanied or briefed 
divers. A greater understanding of the causes of harmful behaviour may be useful for 
stricter management, reducing diving damage and assuring the sustainability of this 
activity in marine protected areas. 

Keywords: diver damage, management of scuba diving, marine protected area, MPA, 
recreational impact.  
 

1. Introduction 

For decades, the creation of marine 
protected areas (MPAs) has been 
considered to be the only way to restore 
natural communities and to protect 
marine ecosystems (Milazzo et al., 
2002). MPAs are now being established 
around the world rapidly (Ballantine, 
1995), and “marine-based” tourism is 
growing even faster (Ribera, 1991; 
Boudouresque and Ribera, 1995; Davis 
and Tisdell, 1995). The aesthetic appeal 
of MPAs and the facilities they provide, 
together with the increased public 
awareness of nature, all contribute to 
creating massive tourism in MPAs 
(Ribera, 1991; Richez, 1991, 1992, 

1993; Capellà et al., 1998; Badalamenti 
et al., 2000). 

In the past 20 years, the number of 
visits to MPAs has increased globally 
(Dixon et al., 1993; Hawkins and 
Roberts, 1994; Kelleher et al., 1995), 
with an associated increase in the rates 
of participation in marine recreational 
activities, such as snorkelling, scuba 
diving, or boating (Tabata, 1989, 1992; 
Dignam, 1990; Marion and Rogers, 
1994; Davis and Tisdell, 1995). New 
technology and the consequent safety 
improvements have greatly increased 
the number of recreational divers (Davis 
and Tisdell, 1995), as well as the extent 
of this activity around the world 
(Hawkins and Roberts, 1992).  
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Scuba diving may result in the 
deterioration of benthic communities, 
because divers can easily damage 
marine organisms through physical 
contact with their hands, body, 
equipment, and fins (Talge, 1992; 
Rouphael and Inglis, 1995, 1997; 
Tratalos and Austin, 2001; Zakai and 
Chadwick-Furman, 2002; Pulfrich et
al., 2003; Uyarra and Côté, 2007). 
Although the damage produced by 
individuals is usually minor, there is 
some evidence that the cumulative 
effects of the disturbances can cause 
significant localized destruction of 
sensitive organisms (Garrabou et al., 
1998; Hawkins et al., 1999; Plathong et
al., 2000). There is a bigger problem 
when the diving activity focuses on 
MPAs. In some cases, the effects of a 
large number of divers in a few places 
in a marine reserve can be contrary to 
the main objectives of the creation of 
the MPA (Davis and Tisdell, 1995, 
1996; Coma et al., 2004; Hawkins et
al., 2005). However, some authors state 
that the impact of divers at a site may be 
influenced more by their experience and 
behaviour than by the number of people 
who frequent the site (Davis and 
Tisdell, 1995; Rouphael and Inglis, 
2001; Barker and Roberts, 2004). 

The relationship between diver 
behaviour and their impact on marine 
communities has been widely studied in 
coral reef areas (Caribbean, Red Sea, 
Australia), but more seldom in 
temperate systems. The main objectives 
of our study were to (i) characterize 
diver behaviour according to a diver 
profile, and (ii) evaluate and quantify 
their effects on the Mediterranean 
benthic community. We provide an 

estimate of the damage rate of divers on 
the benthic communities and 
demonstrate the relationship between 
diver behaviour and profile, and the 
dive characteristics, and illustrate the 
most important damaging factors in 
order to propose educational tools to 
help reduce the negative effects. 

2. Material and methods 

2.1. Study area 

The study was carried out at the Sierra 
Helada Marine Park (SHMP; 4920 ha), 
which is located between Altea and 
Benidorm (Alicante, Spain; Figure 1) 
and includes the Benidorm and Mediana 
Islands, the Galera and Olla reefs, the 
surrounding waters, and the adjacent 
mainland coast. The Posidonia
oceanica seabed in the Sierra Helada 
Marine Park seems to be in an optimum 
state of health, and Cystoseira seabed, 
rocky coralligenous, maërl, and cave 
habitats are also well represented. 

 

 

 

 

 

 

 

 

 
Figure 1. Sampling area location. 
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The physical and biological 
characteristics in and surrounding the 
SHMP are very important for marine 
recreation, and activities there have 
increased in recent years. The number 
of divers increased from 10 775 in 2005 
to >24 000 in 2006 (Coselleria Territori 
i Habitatge), and there was strong 
seasonal and spatial concentration, with 
13 336 divers in summer 2006 (55.4% 
of the annual total) visiting just three 
sites. 

2.2. Sampling diver behaviour 

In all, 181 scuba divers were followed 
at the most popular places in the park 
(Llosa Reef, Benidorm Island, and 
Mitjana Island) between July and 
September 2006. Divers were selected 
randomly from visiting groups and 
discreetly observed for 10 min each. 
The 10 min observation period was 
determined, from pilot studies, to be the 
most cost-effective for observing a large 
number of divers with the available 
resources (Rouphael and Inglis, 1997). 
The monitoring of divers started 10 min 
after their entry into the water, and after 
the divers adjusted their equipment and 
buoyancy. 

On each dive, the number and the 
duration of contacts with the seabed 
were noted, as well as which part of the 
diver (hand, body, or knee) or 
equipment (tank, fins, camera, light, or 
octopus) was involved in the contact. 
The number of times a diver flapped 
fins, collected or handled organisms, 
fed organisms, or turned over rocks was 
also recorded during observation 
periods. For all actions, the 
consequences of this contact (raising 

sediment, contact with fragile species, 
or removal of algae) were reported. 
 
Table 1. Factors influencing diver 
behaviour and assessment level.  

Observers remained in the water behind 
their target divers, with visual contact 
(about 4–5 m away), so as not to 
influence diver behaviour. The 
observations were interrupted when the 
target diver modified his or her 
behaviour as a consequence of the 

Diver factor Level 
Gender Male 
 Female 
Age 1: <31 years old 
 2: 31–35 years 
 3: 36–40 years 
 4: 41–50 years 
 5: >50 years 
Diving qualification 1: Beginner 
 2: Moderately 
 3: Expert 
Years diving 1: <1 year 
 2: 1–2 years 
 3: 3–5 years 
 4: 6–10 years 
 5: >10 years 
Number of dives 1: <6 dives 
 2: 6–12 dives 
 3: 13–24 dives 
 4: 25–50 dives 
 5: 51–100 dives 
 6: 101–200 dives 
 7: >200 dives 
Perception of damage Yes 
 No 
 No answer 
Dive factors Level 
Depth 1: <12 m 
 2: 12–20 m 
 3: >20 m 
Leader Yes or no 
Briefing Yes or no 
Camera Yes or no 
Lantern Yes or no 

53



Anthropic impacts in Mediterranean MPAs_________________________________________________ 

presence of the observers, or when the 
target divers expressed curiosity about 
the observer’s work. We determined the 
influence of diver characteristics on 
their underwater behaviour. After each 
dive, target divers were asked about 
their diving experience, gender, age, 
and perception of the damage of scuba 
diving. Finally, we collected 
information on 11 factors that may 
influence diver behaviour underwater. 

The factors that may influence diver 
behaviour were assessed separately 
(Table 1): (1) gender (male, female); (2) 
age (five age groups); (3) diving 
qualification (three categories); (4) total 
number of dives completed by diver 
(seven levels); (5) number of years 
diving (five levels); (6) whether or not a 
briefing was given; (7) the presence of 
the centre diving guide during a dive; 
(8) the diving depth (three levels of 
depth); (9) use or not of a camera; (10) 
use of a lantern for lighting; and (11) 
perception of the diving damage on the 
marine environment. 

2.3. Statistical analyses 

Differences in the mean frequency of 
contacts for each main factor were 
examined by one-way analysis of 
variance (ANOVA). For each factor, we 
evaluated three independent variables: 
the number of contacts with any part of 
the equipment and the body, and the 
total number of flapping events. 

Prior to ANOVA, heterogeneity of 
variance was tested with Cochran’s C-
test. Data were �x + 1 transformed if 
variances were heterogeneous, followed 
by ln(x + 1) transformation if necessary. 

Where variance remained 
heterogeneous, non-transformed data 
were analysed, because ANOVA is 
robust to heterogeneity of variance, 
particularly for large, balanced 
experiments (Underwood, 1997). In 
those cases, we used a more strict 
significance level (p < 0.01). 

3. Results 

3.1. Divers profile 

Of the 181 divers followed and 
interviewed immediately after diving, 
there were more men (72.9%) than 
women, and the ages ranged from 18 to 
69 years. The mean age group for both 
genders was the same, 30–40 years. The 
percentages of men and women 
sampled within each age category were 
similar. 

Most divers had beginner (44.7%) or 
medium-level dive qualification 
(42.0%); just 13.3% had expert level. 
Of the total number of divers observed, 
20 (11%) were photographers and 44 
(24.3%) used a lantern during their dive. 

3.2. Effects of diver behaviour

Of the 181 divers observed, 175 
(96.7%) made at least one contact with 
the seabed, with a mean of 41.20 ± 3.55 
(mean ± s.e.) contacts per diver per 10 
min. Flapping was the most frequent 
type of contact. On average, each diver 
made 32.56 ± 3.24 flapping contacts per 
10 min (n = 5894 contacts), and the 
main observed consequences or damage 
were the raising of sediment (58.3%) 
and the removal of algae (38.1%). 
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The mean number of contacts with any 
part of the equipment and any part of 
the diver were similar at 4.30 ± 0.35 and 
4.34 ± 0.44, respectively. The type of 
contact varied with equipment part. 
Contact with fins accounted for the 
greatest proportion (78.5% of contacts; 
n = 778), with a mean per dive of 3.37 ± 
0.30 and a duration of 8.90 ± 0.87 s per 
contact with fins. The most common 
consequence was the trampling of 
organisms (27.6% of 611 contacts), 
resuspension of sediment (25.2%), and 
the removal of algae (20.0%). The 
second element causing damage, with a 
total of 127 contacts, was alternative air 
sources (“octopus”) or manometer, with 
a mean per dive of 0.70 ± 0.12, and the 
most frequent effect of this activity was 
the resuspension of sediment (30.0%) 
and the removal of algae (26.8%). 
Contact with other elements, tank, 
camera, or light, were less common 
during the dives, but tank contact time 
was high (11.91 ± 2.55 s per contact). 

For contacts with any part of the body 
(n = 786), the most frequent was contact 
with the hands (3.0 ± 0.32 per diver per 
10 min, with a duration of 9.38 ± 0.85 
s). The total number of contacts with 
hands was 539, and it usually involved 
trampling of organisms (43.2%), contact 
with fragile organisms (22.8%), and the 
raising of sediment (21.7%). The divers 
made 1.20 ± 0.19 contacts per 10 min 
with their knees (n = 218 in all), with a 
mean duration of 14.47 ± 2.10 s. The 
most common effects were trampling 
the organisms and removing the algae 
(51.0% and 5.6%, respectively). 
Although contact with the whole body 
when lying on the bottom was 
infrequent (0.16 ± 0.04 per dive of 10 

min), the contact was longer (23.25 ± 
6.87 s per contact). Trampling of 
organisms (34.5%) and the resuspension 
of sediment (31.2%) were the most 
common results of whole body contact 
(n = 29). 

While divers are taking photos, they 
usually rest another part of their body or 
their equipment on the seabed, so a 
mean of 5.14 ± 0.90 contacts per 10 min 
was recorded, with a mean duration of 
31.84 ± 25.04 s. This action made 
contact with fragile organisms (30.5%), 
and 19.4% caused trampling and 
removal of algae. 

Divers who carried lanterns during their 
dive had similar behaviour to that 
observed for photographers. The divers 
with lanterns made 2.69 ± 0.66 contacts 
per 10 min, with an average time of 
23.98 ± 11.20 s. Contact was made with 
fragile organisms in 54.3% of the total 
number of lantern contacts, and 17.1% 
caused trampling of organisms or 
raising of sediment, in the same 
proportion. 

During the dives sampled, handling for 
organism recognition was observed 17 
times, with an average duration of 30.72 
± 9.50 s. Octopuses were the organisms 
most frequently disturbed by divers, 
followed by snails, sea stars, and crabs. 
Collecting of organisms by divers was 
observed five times, 2.3% of the total 
number of divers. The divers collected 
small snails and one Myriapora
truncata colony. Stone-turning was only 
observed seven times, and was caused 
by inadvertent use of the fins. 
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Figure 2. Mean number of contacts by diver 
gender. Error bars indicate 1 s.e. 

3.3. Diver behaviour according to 
profile

There was a significant gender 
difference (Figure 2) in the number of 
damaging contacts on the seabed. 
Female divers caused proportionally 
fewer contacts than males, but these 
differences were significant only for 
flapping (p < 0.001) and contacts with 
any part of the body (p < 0.05). The age 
of divers did not have a significant 
effect on behaviour, and no trend was 
observed between age and the number 
of contacts (Figure 3a). Diver 
qualification did not have a significant 
effect on the number of contacts (Figure 
3b), but experience (number of 
completed dives; Figure 3c) and years 
diving (Figure 3d) were significant. The 
most experienced divers, who had more 
dives completed or more years of 
diving, made statistically fewer 
contacts. These differences in the two 
factors were significant for flapping (p
< 0.001) and for contact with any part 
of the diving equipment (p < 0.001). 

The divers who did not perceive any 
ecological damage by scuba diving 
(26%) or who did not answer the 

question (9.4%) made more contacts 
with the substratum than divers who 
thought that scuba could cause 
ecological damage (Figure 3e). 
Flapping was the best variable for 
detecting these differences (p < 0.05). 

3.4. Diver behaviour according to dive 
features

When the diving profile was analysed, 
the depth recorded did not show any 
significant differences in diver 
behaviour, although contacts by any 
part of the body were more prevalent in 
deeper dives, as were flapping and 
contact by equipment (Figure 3f). 

The effect of a previous briefing by a 
senior member of the diving club 
significantly reduced (p < 0.01) the 
diver contact rates for flapping and 
contact with any part of the body 
(Figure 3g). Although no significant 
differences were found, contacts by any 
part of the diving equipment were also 
fewer. Similarly, when the dive was 
guided by a diving leader, flapping and 
the number of contacts with any part of 
the body were less (Figure 3h), although 
only the decrease in contacts with any 
part of the body was significant (p < 
0.01). 

Underwater photographers made 
contact with the seabed more frequently 
than non-camera users (Figure 3i), 
mainly through flapping (p < 0.05) and 
contact by parts of the equipment (p < 
0.01). The divers carrying lanterns 
(Figure 3j), were normally closer to the 
seabed, looking for holes, fissures, etc., 
and made more contacts than non- 
lantern users (p < 0.001). 

Type of contact

Flappings

Diver contacts

Equipment contacts

20

40

60

Male 
Female 
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Figure 3. Mean number of contacts according to diver profile and dive features. Error bars 
indicate 1 s.e.. 
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4. Discussion 

Identifying the different factors that 
describe diver behaviour and their 
environmental effects may help 
managers to develop more effective 
training procedures, pre-dive briefings, 
site regulations, etc., in order to prevent 
or reduce the incidence of damaging 
behaviours (Rouphael and Inglis, 2001). 
For this reason, we evaluated the 
relationships between factors that could 
influence underwater behaviour, and 
showed the existence of several intrinsic 
diver and dive factors that may 
influence the effects of scuba diving. 
Contact frequency with the seabed is 
strongly influenced by diver profile and 
immersion characteristics. 

By following divers, we showed that 
96.7% of them made some contact 
during the 10 min immersion, causing 
potentially serious damage to the 
environment. This rate is consistent 
with other works on scuba-diver 
impacts (Rouphael and Inglis, 2001; 
Uyarra and Côté, 2007), most divers 
(90%, 70%, and 75%, respectively) 
making one or more interactions with 
the substratum. We estimate that in a 45 
min immersion, each recreational diver 
may make 100 interactions resulting in 
the raising of sediment, more than 60 
removing algae, eight contacts with 
fragile organisms, and 14 contacts that 
result in the trampling of organisms. 
The other observed effects would be 
less frequent. 

Most contacts were caused by flapping 
and contact with fins, confirming 
similar results from the Red Sea (Prior 

et al., 1995; Zakai and Chadwick-
Furman, 2002), Australia (Roberts and 
Harriot, 1994; Harriot et al., 1997; 
Rouphael and Inglis, 2001), and the 
Caribbean (Barker and Roberts, 2004; 
Uyarra and Côté, 2007) which attribute 
most diver damage to the the effect of 
fins. The hands were the part of body 
that made most impacts, as also 
observed for divers in the Red Sea 
(Zakai and Chadwick-Furman, 2002) 
and the Caribbean (Barker and Roberts, 
2004; Uyarra and Côté, 2007). Most 
contacts appeared to be unintentional 
and caused by poor swimming 
technique, incorrect weighting, and lack 
of warning, factors that, in general, 
indicate a poor diving proficiency. 

There were gender differences in the 
contact frequency for flapping and 
contact with any part of the body, 
women causing fewer impacts than 
men. In general, a male diver is less 
cautious in his underwater behaviour, 
tending to be more adventurous and 
more likely to take more risks than 
women, a relationship also shown by 
other studies of environmental attitudes 
and the behaviour of male and female 
divers (Hudgens and Fatkin, 1985; 
Vredenburgh and Cohen, 1993; 
Rouphael and Inglis, 2001). Another 
explanation for this result is that men 
are more likely to ignore pre-dive 
instructions on safety and 
environmental behaviour advice than 
women, having a more independent 
attitude, an observation made also be 
others (Vredenburgh and Cohen, 1993). 

The effect of diver experience on the 
number of impacts has been 
documented in some areas (Roberts and 
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Harriot, 1994), but not in others (Harriot 
et al., 1997; Rouphael and Inglis, 2001), 
but these differences could be because 
of differences in the definitions. In our 
study, diving experience was measured 
through three variables: level of the 
diving certificate, the total number of 
dives, and the number of years diving. 
Both total number of dives and the 
years of diving were associated with 
environmental impact, less damage 
being caused by the more experienced 
divers. The diving certificate level did 
not show this association, so it does not 
appear to reflect diving experience. A 
diver can obtain a higher certification 
by taking an advanced course, but this 
does not mean that the person becomes 
more proficient. Divers can even 
become diving instructors with fewer 
than 100 immersions. Dive-training 
certificates are lifetime qualifications 
and do not require periodic renewal or 
dive proficiency testing. Therefore, 
diver training level may not be a good 
indicator in determining current diving 
skills, and this factor is not sufficient to 
determine whether a diver is qualified 
for diving at a site. This topic needs to 
be considered when adopting 
management strategies in dive areas. 

Briefings before the dive and 
underwater intervention by a dive leader 
were highly effective at reducing the 
average impact of flapping and contact 
by any part of the body, as found in 
other studies (Medio et al., 1997; 
Barker and Roberts, 2004; Uyarra and 
Côte, 2007). These differences in dive 
behaviour were more obvious for 
intentional contacts by any part of the 
body, confirming that deliberate 
contacts may be reduced by the 

implementation of simple measures by 
the diving centres. Attending a briefing 
emphasizing the importance of 
buoyancy control and careful action 
(educational tools) increases the 
environmental awareness of recreational 
divers and might reduce diver damage 
at dive sites. Moreover, the use of dive 
leaders during dives is a clearly 
effective tool in minimizing scuba 
divers’ physical impact on their 
environment, because dive leaders can 
take measures when they see divers 
behaving inappropriately. For this 
reason, smaller dive groups tend to be 
better, dive leaders being able to  
supervise all members of the group 
adequately (Barker and Roberts, 2004). 
In any case, smaller groups are 
preferred by the divers themselves. 

Control of instruments used at the most 
fragile sites by divers, such as cameras 
or lanterns, may be a good measure for 
controlling damage by scuba diving, 
because carrying any element causes 
divers to have a greater interaction with 
the environment than when divers carry 
nothing. This finding, in terms of 
photographers, has been observed in 
other studies (Medio et al., 1997; 
Rouphael and Inglis, 2001; Barker and 
Roberts, 2004; Uyarra and Côté, 2007), 
but the effect of carrying lanterns has 
not been evaluated before. The 
photographers being observed tended to 
adopt the most comfortable and best 
position to avoid movement and to 
obtain better images. They then cause 
damage by anchoring themselves at the 
bottom, using their knees, fins, elbows, 
etc. When carrying a lantern, divers 
exhibit a particular behaviour, looking 
for small holes, cracks, caves, or 
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animals to illuminate, and they often 
disregard their buoyancy or fail to keep 
their equipment or body off the seabed.

All these impacts have consequences 
for the benthic community at the most 
popular dive sites of the SHMP. The 
area hosts an advanced coralligenous 
community composed of many sessile, 
filter-feeding, long-lived organisms 
with fragile skeletons and slow rates of 
growth (Laborel, 1961; Ros et al., 
1985). The risk of long-term 
degradation should be determined by 
the impact rate and the speed with 
which it is repaired (Rouphael and 
Inglis, 1997). The problem is that 
organisms living in Mediterranean 
coralligenous communities are not 
adapted to severe disturbance, and their 
recovery after moderate pressure might 
be difficult (Garrabou et al., 1998). The 
sustainability of diving activity at 
particular sites depends on both the 
number of divers accessing the sites and 
the capacity of the ecosystem to 
regenerate and recover from any 
damage incurred (Harriot et al., 1997). 
Monitoring programmes need to be 
established in order to detect 
environmental changes at dive sites 
before diving impact levels become 
critical and, perhaps, irreparable. 

4.1. Management of recreational scuba 
diving

Divers who were interviewed and saw 
the negative effects of diving as 
ecologically critical behaved more 
carefully, suggesting that diving 
environmental awareness programmes 
could be considered. In this sense, 
managers need to make an effort to 

teach divers the environmental value 
and the fragility of different species, as 
well as show the potential damage of 
diving activity and how to minimize the 
negative impact of scuba diving. Diver 
education programmes ought to include 
the environmental effects of diving. To 
improve diver skill, a management 
agency could require that diving 
operators attend update courses, pre-
dive briefings, and employ a dive 
leader, to reduce diver impact. Of 
course, this should also apply to 
photographers and lantern-carriers. 

Diving quotas may also be appropriate 
in sensitive areas, because the impact at 
a site is influenced by the number of 
visitors (Barker and Roberts, 2004). The 
idea that there is a limit – a “carrying 
capacity” in terms of human usage – 
needs to be embraced to ensure that 
natural resources are not destroyed 
(Salm et al., 2000). In recent decades, 
there have been attempts to estimate the 
carrying capacity of popular dive sites 
(Davis and Tisdell, 1995), but the 
results of the estimates vary extensively 
between different sites around the 
world, from 5000 to 50 000 divers per 
site per year (Hawkins and Roberts, 
1992; Dixon et al., 1993; Chadwick-
Furman, 1997; Harriot et al., 1997; 
Hawkins et al., 1999; Schleyer and 
Tomalin, 2000; Zakai and Chadwick-
Furman, 2002). The disagreement 
between the various studies shows that 
carrying capacity can depend on a 
combination of many factors, including 
(i) biological characteristics of the dive 
site and the presence of vulnerable 
organisms (Riegl and Cook, 1995; 
Chadwick-Furman, 1997; Harriot et al., 
1997; Rouphael and Inglis, 1997, 2001; 
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Schleyer and Tomalin, 2000; Walters 
and Samways, 2001), (ii) the 
underwater activities pursued (Rouphael 
and Inglis, 1997, 2001; Uyarra and 
Côté, 2007), (iii) the level of 
environmental awareness of the divers 
and their experience or technical 
competence (Davis and Tisdell, 1995; 
Medio et al., 1997; Rouphael and Inglis, 
1997), (iv) the physical conditions 
present during a dive, such as wave or 
current motion (Harriot et al., 1997; 
Rouphael and Inglis, 1997), (v) the 
presence of other anthropogenic 
stressors, such as boat-anchoring 
(Davis, 1977; Halas, 1985) or pollution 
(Hawkins and Roberts, 1997), and (vi) 
the frequency of large-scale natural 
accidents that may cause deleterious 
effects, such as events with massive 

mortality (Nagelkerken et al. 1997; 
Cerrano et al., 2000; Pérez et al., 2000). 
Carrying capacity needs to be 
considered as an elastic factor that 
should be adapted to communities at 
each particular dive site and 
periodically reviewed in order to 
enhance its effect. Managers need to 
note that, although there may be too 
much emphasis on limiting visitor 
numbers, other management strategies 
(e.g. educational programmes) could be 
used to greater effect (Rouphael and 
Hanafy, 2007). Our results suggest that 
there is a need for diving activity 
managers at the most popular dive sites 
to maintain and conserve the aesthetic 
appeal and biological characteristics of 
their site, to achieve sustainable scuba 
diving attraction. 
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Halocynthia papillosa (Linnaeus, 1767) as an indicator of SCUBA diving impact 

Abstract 

The solitary ascidian Halocynthia papillosa (Linnaeus, 1767) is proposed as a good 
indicator of the deleterious effect of SCUBA diving on the Mediterranean coralligenous 
communities. A comparative survey of H. papillosa populations at frequented and 
unfrequented localities was carried out over a two year period (during 2006 and 2007), 
before and after a peak diving season in the Sierra Helada Marine Park (SW Western 
Mediterranean Sea). We observed bigger and more abundant individuals of H. papillosa 
at undived sites than at frequented dived sites during the period of study. Furthermore, 
individuals of H. papillosa in the most frequented localities occupied more cryptic 
positions than in the undived localities. H. papillosa was shown to be very sensitive to 
the adverse effects of SCUBA diving. This species could represent a reliable 
bioindicator of diving activity and as such constitute a useful tool for the quick and easy 
monitoring of impact on coralligenous communities before this damage becomes 
unmitigatable. 

Keywords: SCUBA diving impact; bioindicators; tunicates; Halocynthia papillosa; 
coralligenous; repeated measures design.  
 

1. Introduction 

In the Mediterranean Sea, the deep 
littoral system is dominated by 
calcareous organisms, sessile filter-
feeding animals and dead skeletons, 
generally referred to as “coralligenous” 
(Ballesteros, 2006). The coralligenous 
community is an example of a highly 
diversified and highly structured 
community of suspension feeders, 
which is the richest in terms of both 
species and organization in the 
Mediterranean benthos (Ros et al.,1985; 
Ballesteros and Ros, 1989). This high 
diversity of organisms and 
colourfulness of these habitats make 
them more attractive for divers (Lloret 
et al., 2006) and attracts ever increasing 
numbers of divers to these benthic 
habitats. 

Recreational SCUBA diving is an 
important and growing component of 
the international tourism market 
(Tabata, 1992; Davis and Tisdell, 1995). 
Usually, this activity typically occurs in 
marine locations with impressive 
underwater scenery, high biological 
diversity (Tabata, 1989) or special value 
which in many cases concur with the 
status of protected areas (Davis and 
Tisdell, 1995). However, SCUBA 
diving may result in the deterioration of 
marine parks because divers can easily 
damage marine organisms directly (e.g. 
by physical contact with any part their 
body or equipment) and indirectly (e.g. 
by raising sediment) (Rouphael and 
Inglis, 1997; Tratalos and Austin, 2001; 
Zakai and Chadwick-Furman, 2002; 
Pulfrich et al., 2003; Luna et al., 2009).
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Some studies of diving activity 
monitoring have shown that raising 
sediment was the most frequently effect 
produced by divers, followed by contact 
with fragile organisms such as 
gorgonians, corals and bryozoans 
(Garrabou et al., 1998; Zakai and 
Chadwick-Furnman et al., 2002; Barker 
and Roberts, 2004; Luna et al., 2009).  

Among others, there are three major 
mechanisms of sediment raising that 
may directly affect rocky coastal 
organisms: burial or smothering, scour 
or abrasion by moving sediments and 
changes in the physical characteristics 
of the stability of hard substrate that can 
result in a loss of suitable settlement 
habitat (Airoldi, 1998). Silting up 
clearly influences several species of 
sessile invertebrates; among these the 
ascidian growth and survival of ascidian 
species are adversely affected by 
excessive sediment deposition which 
causes burial and clogging of the 
siphons and the branchial wall. 
Sediment also produces abrasion effects 
and hinders the settlement processes 
(Bakus, 1968; Gabriele et al., 1999). 

On the other hand, divers can easily 
damage marine organisms through 
physical contact with their hands, body, 
equipment and fins (Rouphael and 
Inglis, 1997; Tratalos and Austin, 2001; 
Zakai and Chadwick-Furman, 2002; 
Pulfrich et al., 2003; Uyarra and Côté, 
2007) causing breakage, fragmentation 
or abrasion effect on tissue (Hawkins 
and Roberts, 1992; Garrabou et al.,
1998; Coma et al., 2004). 

The combination of two effects, 
resuspension of sediments and physical 

contact, is the main stressor agent which 
the benthic communities are subjected 
to by diving activity. However, the large 
number of species and the high level of 
species diversity in the coralligenous 
community hinder the assessment of 
diving impact on the community as a 
whole; therefore, the selection of a 
single indicator species would be 
advantageous (Sala et al., 1996). 

Ascidians, as sessile suspension feeders, 
are nutritionally dependent on the 
surrounding water which provides them 
with resources. They are considered as 
non-selective filter feeders (Jørgensen, 
1949, 1955; Stuart and Klumpp, 1984) 
able to capture particles up to 0.1 μm 
(Monniot, 1972), but normally from 0.5 
to 100 μm (Fiala-Médioni, 1987) with 
high retention efficiency for particles 
larger than 0.6 μm (Fiala-Médioni, 
1978; Stuart and Klumpp, 1984). In 
spite of its important structural role in 
benthic communities, as much in 
temperate (Pérès, 1967; Ramos-Esplá, 
1991), tropical (Goodbody, 1995) and 
polar (Gili et al., 2001) waters, little 
effort has been made to acknowledge 
this role in ascidians. Moreover, very 
few species have been subject to 
conservation measures. In this sense, 
and in the Mediterranean Sea, only the 
Microcosmus spp. and H. papillosa 
have been proposed as vulnerable 
species (Pérès, 1991; Ramos-Esplá et 
al., 2008).  

In this work, we hypothesized that an 
increase of resuspended sediment 
produced by SCUBA divers will have a 
negative effect on H. papillosa’s energy 
acquisition and development. In 
addition, the abrasive effect of the 
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sediment on the tissue of ascidians as 
well as direct physical contact by divers 
may produce additive negative effects. 
This species could be a useful indicator 
for assessing and monitoring the diving 
effect on Mediterranean coralligenous 
community. The aim of this study was 
to assess the suitability of H. papillosa 
as a diving impact indicator and its 
potential role as an effective tool in the 
detection of disturbance to the 
ecological system. To achieve this main 
objective, the secondary objectives have 
been: (1) to quantify the abundance of 
H. papillosa between sites frequented 
and unfrequented by divers; (2) to study 
its size distribution between these sites; 
and (3) to study its degree of exposure 
on the substrata. 

2. Material and methods 

2.1. Study area 

The present study was carried out 
during 2006 and 2007 in the Sierra 
Helada Natural Park, on the South-
eastern Mediterranean Spanish coast 
(Fig. 1). This Natural Park occupies a 
total area of 5,665 ha, with 4,920 ha of 
marine zone, and comprises the 
Benidorm and Mitjana Islands, the 
surrounding waters and the adjacent 
mainland coast. The number of annual 
divers has increased from 10,775 in 
2005 to more than 24,000 in 2006, 
mainly concentred from June to 
September. At present, SCUBA diving 
is allowed throughout the park and there 
is no control or restrictions on this 
activity. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Study area with indication of six 
sampled localities. The symbols indicate: � 
unfrequented localities and � frequented 
localities. 

2.2. Studied species 

H. papillosa is an endemic 
Mediterranean species (Pérès, 1964) 
which also occurs in the Eastern 
Atlantic within an area which extends 
from the Canary Islands (Lozano, 1972) 
to the Berlengas Islands in Portugal 
(Ramos-Esplá et al., 2008). It represents 
one of the most common solitary 
species on the rocky littoral of the 
South-western Mediterranean (Ramos-
Esplá, 1991). The individuals show 
bottle form and measure up to 15 cm in 
height (Calvín-Calvo, 2000). H. 
papillosa is a hermaphroditic species 
that reproduces once per year in the late 
summer and achieves a peak of gonadal 
development from March to September 
for ovaries and from July to September 
for testes (Becerro and Turon, 1992). In 
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Table 1. Physical and chemical variables which characterized the sampling localities. 

a: Consellería Territori I Habitatge, 2005 
b: MOPU, 1987 
c: Own data recorded during sampling 

 

contrast to other benthic filter-feeding 
species, H. papillosa does not exhibit 
aestivation (summer dormancy). In fact, 
it is in summer when its level of activity 
and growth rates are highest (Ribes et 
al., 1998). 

2.3. Sampling procedures 

The survey was conduced by SCUBA 
before and after of the peak diving 
activity (June and October) during a two 
year period (2006 and 2007). Six 
sampling localities were established 
inside the marine park limit: three 
impacted localities where diving 
activity is concentrated (Benidorm 

Island, Llosa Reef and Mitjana Island), 
the three localities in unfrequented 
diving areas (Cala Mina, Punta Albir 
and Lighthouse) (Fig. 1). The sampling 
places were chosen in order to be as 
similar as possible among them, taking 
into account both environmental 
conditions and human impacts, except 
for the frequency of diving visitors. 
Two localities (Mitjana and Benidorm) 
are remote and uninhabited islands. 
Other localities (Llosa Reef, Cala Mina, 
Lighthouse, Punta Albir) are 
inaccessible because their emplacement, 
on cliffs or reefs locations. The 
localities had similar community, depth 
(19 to 25 meters), orientation, slope, 

Variables Benidorm 
Island Lighthouse Llosa Reef Mitjana 

Island Punta Albir Cala Mina 

Most frequented wind 
direction a NE and E NE and E NE and E NE and E NE and E NE and E 

Most frequented water 
current direction a SE and NW SE and NW SE and NW SE and NW SE and NW SE and NW 

Water Maximum annual 
Temperature (ºC) a 26.1 26.0 26.0 26.0 26.0 26.1 

Water Minimum annual 
of temperature (ºC) a 13.5 13.3 13.5 13.5 13.4 13.5 

Salinity (‰) c 38.0 38.0 38.0 38.0 38.0 38.0 
Transparency (m) a > 5 > 5 > 5 > 5 > 5 > 5 
O2 dissoult (mg/L) a 8.4-9.4 8.4-9.4 8.4-9.4 8.4-9.4 8.4-9.4 8.4-9.4 
Nitrites( �g/L) a 10 - 2 10 - 2 10 - 2 10 - 2 10 – 2 10 - 2 
Nitrates (�g/L) a 80-40 79-36 80-40 80-40 72-40 80-40 
Fosfates ( �g/L) a < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 
Seston (�g/L) a < 5 < 5 < 5 < 5 < 5 < 5 
Survey stations deep (m) c 19.5-23 21-24 21-25 22-24 21-23.5 20-21 
Slope (%) b 3 to 5 3 to 10 3 to 10 3 to 5 3 to 5 3 to 5 
Mud of sediment (%) b < 20 < 20 < 20 < 20 < 20 < 20 
Sands of sediment (%) b > 75 > 75 > 75 > 75 > 75 > 75 
Graves of sediment (%) b � 1.1 � 1.1 � 1.1 � 1.1 � 1.1 � 1.1 
Organic Matter of 
sediment (%) b 9 - 11 9 - 11 9 - 11 9 - 11 9 – 11 9 - 11 
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and type of substrate, all determining 
factors in the structure of benthic 
communities (Ros et al., 1985) (Table 
1). 

We used permanent plots to remove the 
expected high local variability between 
randomly sampling units for effect of 
the mosaic distribution of H. papillosa 
(Ramos-Esplá, 1991). This high 
variation might obscure effects of our 
treatments thus complicating the 
detection of diving impacts. For this 
reason, we took a permanent biological 
unit to examine and monitor the 
ascidians populations and also to study 
the processes and mechanisms that 
determine the response of damaged 
populations (Quinn and Keough, 2002). 
For this reason, at each locality six 
metal screws marked the centre of six 
permanent circular plots of 4 meters 
radius (covering 50.26 m2). 

During the survey, all relaxed H. 
papillosa individuals within the plots 
were counted and their height measured 
with a plastic rule to the nearest 0.1 cm. 
The height data was divided into five 
size classes, according to the maximum 
size recorded in bibliography (Calvín-
Calvo, 2000): Size 1: 0.1 to 3 cm; Size 
2: 3.1 to 6 cm; Size 3: 6.1 to 9; Size 4: 
9.1 to 12 and Size 5: 12.1 to 15 cm. 
Moreover, for each individual, its 
position in the circular plot and the 
degree of exposure was recorded. This 
degree of exposure was assigned in five 
categories according to their position: 
(1) as epibionts, (2) on convex surfaces, 
(3) on flat surfaces, (4) in concavities, 
and (5) under overhang (Fig. 2). The 
periodical surveys of the permanent 
plots allowed the monitoring of 3 

variables of the population at Sierra 
Helada Marine Park: degree of 
exposure, size class abundance and total 
abundance of individuals. 

 

Figure 2.  Different degree of exposure of 
individuals : (1) as epibionts, (2) on convex 
surfaces, (3) on flat surfaces, (4) in 
concavities and (5) under overhang.  

2.4 Statistical design and analysis  

The use of permanent plots assumes that 
the same sampling units are retested 
over time and that data are not 
independent. Simple analysis of 
variance can not be applied to this 
method of data collection since it does 
not obtain an independent measure of 
residual variation and does not fulfil the 
assumption of no interaction among 
treatments (Kingsford and Battershill, 
1998). Repeated measures (RM) 
ANOVA analysis has been proposed to 
correct the non-independence or 
autocorrelation in the data (Winer, et 
al., 1991; Keough and Quinn, 1998; 
Kingsford and Battershill, 1998). We 
used this method for analyzing our data 
in order to identify changes in the 
community for diving effect over time. 

Four experimental factors were 
considered, and assigned nomenclature 
according to common practice in RM 
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experiments. Diving intensity was the 
first between-subjects, fixed factor, with 
two levels (unfrequented vs. 
frequented); and locality was a second 
between-subjects, random factor, with 
three levels (locality 1, 2 and 3). Plot 
was the subject factor on which, random 
and nested within locality, with six 
levels (the replicates or experimental 
units 1 to 6). There were two blocking 
factors defining fixed periods of time in 
this experiment: year was the first  

within-subject, fixed factor, with two 
levels (1 and 2); and Before vs. After the 
diving season was the second between-
subjects, fixed factor, with two levels 
(before and after). We obtained a total 
of 144 replicates. Response variables 
were the total abundance of H.
papillosa individuals, the percentage of 
size-classes, and the percentage of 
individuals for each degree of exposure. 

For all analyses we examined primarily 
the assumption of normality, by 
examining residuals with the use of 
probability plots. Percentage data 
(degree of exposure and size class), 
were arc-sin square root transformed to 
achieve normality (Winer et al., 1991). 
When repeated-measures analyses were 
used, the more conservative 
Greenhouse-Geiser and Huynh-Feldt 
correct F test were also examined 
because this correction provides some 
protection against violations of 
assumptions of compound symmetry 
(Winer et al., 1991; Yandell, 1997). 
These tests did not produce results 
markedly different from the uncorrected 
ones, and evidence of strong violation 
of these assumptions were not detected 
since epsilon value was close to one, so 
only the standard F tests are presented 
here.

 
Table 2. Summary of results of repeated measures analyses of density and percentage of each 
size class. Tabuled values are F ratios of terms of interest. Significant values are indicated in 
boldface and level of significance as: *: p < 0.05; **: p < 0.01 and ***: p < 0.001.  d.f.: Degree 
of freedom.  

 

Source of variation D.f Density Size 1 Size 2 Size 3 Size 4 Size 5 

A) Between plots effects       
    Unfrequented vs. Frequented (D) 1 22.91*** 3.34 4.62* 9.38** 12.13** 7.15* 
    Locality(D) 4 1.32 4.44** 3.26* 2.23 2.92* 3.70* 
B) Whithin plots       
  Year 1 5.72* 2.02 9.08** 8.02** 0.87 1.57 
       Year x D 1 9.43** 1.51 0.95 0.67 3.78 3.88 
       Year x Locality(D) 4 3.65* 0.72 3.26* 1.61 1.07 0.53 
  Before vs. After (T) 1 3.39 1.38 0.38 1.01 0.05 0.03 
        T x D 1 16.07*** 0.19 3.59 1.19 0.62 2.20 
        T x Locality (D) 4 0.93 0.78 0.21 0.21 0.34 0.56 
  Year x T 1 0.45 2.56 0.54 0.26 0.76 0.36 
        Year x T x D 1 1.23 0.37 0.00 0.01 0.01 0.11 
        Year x T x Locality (D) 4 2.36 0.37 1.23 0.77 0.55 0.83 
Transformation  Square root Arc-sin Arc-sin Arc-sin Arc-sin Arc-sin 
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3. Results 

3.1. Effect of diving on the density 

A total of 109 individuals of H. 
papillosa were found and measured at 
the beginning of the study at the 
permanents plots. Changes in density 
were observed in the sampling time 
since it was significantly lower (p < 
0.001, Table 2) at frequented diving 
sites than at unfrequented sites 
throughout the whole study period (Fig. 
3). Progressive increment in the density 
was observed at undived sites, ranging 
between 4.44 ± 0.85 (mean ± SE) 
individuals/replicate in first time 
sampling at first year and 7.05 ± 1.31 
individuals/replicate after the peak 
diving season of the second year.  

Repeated measure contrast, before and 
after peak diving season, was 
statistically significant for the 
frequented and unfrequented diving 
sites interaction (Table 2). The same 
pattern in density was observed at 
frequented diving sites, founding values 
significantly lower between before and 

after the peak diving season (post-hoc 
Fisher LSD test; Before/After p < 0.01) 

Density of ascidians was higher in the 
second sampling year than the first one, 
and when making a comparison 
between years, it increased at less 
frequented sites after the peak diving 
season (Fig. 3). 

 

 

 

 

 

 

 
Figure 3. Mean density per replicate of 
individuals throughout study period, before 
and after of diving season during two years. 
Bars indicate the standard error and the 
symbols � and � frequented and 
unfrequented localities, respectively.  

. 

 
 
Table 3. Mean density per replicate of H.papillosa individuals at undived and dived localities, 
before and after diving season during two sampling years.  

 

 

  Control                             Impact  

 Before 1 After 1 Before 2 After 2 Before 1 After 1 Before 2 After 2 
Size 1 0.17 ± 0.09 0.22 ± 0.10 0.89 ± 0.26 0.44 ± 0.19 0.06 ± 0.05 0.06 ± 0.05 0.28 ± 0.14 0.11 ± 0.08
Size 2 1.67 ± 0.50 1.72 ± 0.49 1.17 ± 0.38 1.39 ± 0.46 0.67 ± 0.20 0.39 ± 0.17 0.78 ± 0.27 0.61 ± 0.21
Size 3 1.83 ± 0.37 1.67 ± 0.40 1.83 ± 0.39 2.00  ± 0.39 0.72 ± 0.25 0.72 ± 0.25 0.61 ± 0.19 0.39 ± 0.17
Size 4 0.61 ± 0.26 0.63 ± 0.24 1.56 ± 0.34 1.72 ± 0.41 0.11 ± 0.05 0.17 ± 0.09 0.22 ± 0.13 0.16 ± 0.12
Size 5 0.17 ± 0.12 0.28 ± 0.20 1.22 ± 0.52 1.50 ± 0.57 0.06 ± 0.05 0.00 0.00 0.00 

Period
Before 1 After 1 Before 2 After 2
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n 
de

ns
ity

2

4

6

8

71



Anthropic impacts in Mediterranean MPAs_________________________________________________ 

3.2. Changes in the structure of size 
class population 

When comparing size distribution of 
ascidians population in the most 
frequented diving sites with less 
frequented sites (Fig.4), a significantly 
different pattern was observed for all 
sizes, except for the size class 1 (p < 
0.01, Table 2). Population structure was 
characterized for individuals of size 
classes 2 and 3 in all sites but a lower 
proportion of the smallest size and an 
almost absence of individuals of the 
greatest was only recorded at the most 
frequented sites.  

The detection of new individuals in 
permanent survey plots caused temporal 
change in the proportion of individuals 
of class 1 size (Table 3), which 
indicated newly settled individuals in 
the assemblage, thus showing lower 
recruitment at most frequented dive 
sites as compared with less frequented 
sites (Fig. 4).  

Despite the observed changes in the 
structure of the population between 
before and after peak diving season, 
repeated measure analysis did not reveal 
any differences between the two times 
for any sites. High variability was also 
detected between years for size class 2 
and 3 (Table 2), and in this case, 
repeated measure for year factor 
showed a significant change for size 
class 3 and the interaction year x 
locality for size class 2. 

3.3 Changes in the degree of exposure 

When analyzing the proportion of H. 
papillosa individuals at each degree of 

exposure, differences between more and 
less dived sites over the study period 
were detected (Fig. 5). A higher 
proportion of individuals at more 
exposed levels (Levels 1, 2 or 3) was 
observed at unfrequented diving 
localities, although differences in this 
factor were only significant for level 2 
individuals (Table 4). The presence of 
epibionts individuals (level 1) found at 
unfrequented localities was anecdotic 
because only one individual was found 
at one single locality, during the last 
sampling period. In contrast, more 
frequented diving localities showed a 
greater proportion of individuals of 
more cryptic locations (Level 5) (Table 
4). 

Repeated measure factor did not show 
any differences for levels of exposure 
over time, with the exception of the 
most cryptic location (Level 5), for 
which the proportion of individuals 
between before and after peak season 
were significantly different between 
times at the frequented diving sites (post 
hoc Fisher LSD test, p = 0.029).  

Distribution of exposure levels of 
ascidians did not exhibit great 
fluctuations in unfrequented diving sites 
over sampling time. However, the 
repeated measure analyses for year (or 
some interaction of this factor), showed 
significant differences between the two 
years for all degrees of exposure (Table 
4). A high spatial heterogeneity was 
observed in the proportion of 
individuals on degrees of exposure 1, 2 
and 5, since analysis of variances 
detected significant differences between 
localities. 

72



_________________________________________________________Chapter 4 

 

 
Figure 4. Mean percentage of individuals 
for each size throughout study period, 
before and after of diving season during 
two years. Bars indicate the standard error 
and the symbols � and � frequented and 
unfrequented localities, respectively. 
 

Figure 5. Mean percentage of individuals 
for each degree of exposure throughout 
study period, before and after of diving 
season during two years. Bars indicate the 
standard error and the symbols � and � 
frequented and unfrequented localities, 
respectively. 
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Table 4. Summary of results of repeated measures analyses of percentage of each degree of 
exposure. Tabuled values are F ratios of terms of interest. Significant values are indicated in 
boldface and level of significance expressed as: *: p < 0.05; **: p < 0.01 and ***: p < 0.001.  
d.f.: Degree of freedom.  

 

 

4. Discussion 

4.1 Indicator species for detect the 
SCUBA diving effect on coralligenous 
assemblages 

Coralligenous assemblages are 
characterized by richness, biomass and 
high production, with values 
comparable to tropical reef 
assemblages, and as such, can be 
considered one of the most important 
and characteristic assemblages in the 
Mediterranean Sea (Ballesteros, 2006). 
These aesthetic characteristics make 
coralligenous systems one of the most 
attractive landscapes in the 
Mediterranean benthos and are often 
chosen by recreational divers. Despite 

its importance, the coralligenous system 
is considered fragile, because its 
persistence is related to the maintenance 
of peculiar biotic and abiotic factors 
(Hong, 1983) and because it contains 
many sessile, long-living organism with 
fragile skeletons and slow growth rates 
(Ros et al., 1985). 

Other studies have pointed to evidence 
of the impact of recreational SCUBA 
diving on this community of bryozoan 
and seafan species (Sala et al., 1996; 
Garrabou et al., 1998; Coma et al., 
2004). Raising sediment is one of the 
most frequently effect produced by 
recreational SCUBA divers followed by 
contact with fragile organisms (Zakai 
and Chadwick-Furman, 2002; Barker 

Source of variation D.f Exp 1 Exp 2 Exp 3 Exp 4 Exp 5 

A) Between plots effects      
    Unfrequented vs. Frequented (D) 1 2.00 38.55*** 3.44 1.72 0.14 
    Locality(D) 4 3.65* 4.20** 1.97 1.26 4.52** 
B) Whithin plots      
    Year 1 6.84* 0.34 8.34** 8.24** 1.68 
       Year x D 1 0.96 7.87** 1.22 1.01 0.30 
       Year x Locality(D) 4 0.26 0.45 0.53 1.48 2.71* 
       
    Before vs. After (T) 1 0.06 0.07 0.11 0.00 4.57* 
        T x D 1 1.48 0.51 0.85 0.60 5.95* 
        T x Locality (D) 4 0.42 0.85 0.64 0.50 0.65 
       
    Year x T 1 0.22 1.23 1.16 1.34 0.33 
        Year x T x D 1 0.09 0.29 0.05 0.04 0.18 
        Year x T x Locality (D) 4 0.78 0.40 0.60 0.55 0.18 
Transformation  Arc-sin Arc-sin Arc-sin Arc-sin Arc-sin 
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and Roberts, 2004, Luna et al., 2009). 
Sedimentation and abrasion may affect 
benthic organisms, clogging filtering 
apparatus and inhibiting recruitment, 
growth and metabolic processes (Sala et 
al., 1996; Garrabou et al., 1998; Airoldi, 
2003; Balata et al., 2005). These 
coralligenous species have low 
recruitment rates and long turnover-time 
(Mistri and Cecherelli, 1994), 
consequently damage produced by diver 
contact could be more severe and 
difficult to recover from with regard to 
these species. Rapport (1992) 
maintained that the appropriate choice 
of a set of indicators may provide early 
warning of problems and help monitor 
changes over large temporal and spatial 
scales. In this context, the find of an 
indicator coralligenous species which 
detect early the diving activity, before 
that this impact affect at these fragile 
species, would be a goal for the SCUBA 
diving management.    

Indicators species are species whose 
parameters, such as density, 
distribution, population structure, 
presence or absence, are used as proxy 
measures of ecosystem condition 
(Vandermeulen, 1998). There are a 
number of studies published in the 
literature that outline criteria for 
selecting indicator taxa (Ott, 1987, 
Landres et al., 1988; Kremen, 1994). 
We maintain that in order to monitor the 
impact of diving, the most important 
criteria for reliable indicators are that 
they must be sensitive to change, easy 
to recognise, and be supported by 
reliable, readily measurable, as well as 
possessing wide temporal and spatial 
distribution. In addition, it is also 
considered to be important for there to 

exist adequate baseline information and 
that their monitoring program is 
adequate in cost effectiveness. 
Sensitivity to change is an essential 
factor in an effective management tool 
to ensure that early impact detection is 
maximized while minimizing 
unpredictable fluctuations in population 
(Hilty and Merenlender, 2000). 

4.2 Response of Halocynthia papilllosa 
to dive activity 

Tunicates species are benthic active 
filter-feeders which are markedly 
influenced by hydrodynamic conditions 
and organic or inorganic suspended 
particles. While organic particles may 
be consumed as part of the organism’s 
diet, the simultaneous ingestion of 
inorganic particles produces abrasion 
and asphyxiating effects (Ramos-Esplá, 
1991; Naranjo et al., 1996). Indeed, H. 
papillosa only inhabits natural and non-
perturbed rocky areas and can therefore 
be categorized as a very stress-sensitive 
species, as well as a good conditions 
indicator (Naranjo et al., 1996). 

We have observed differences in the H. 
papillosa population between 
frequented and unfrequented diving 
sites as well as changes after the main 
period of diving activity which has not 
been shown in the undived sites. 
Recently, a monitoring of recreational 
SCUBA diving behaviour was carried 
out at this same sampling zone (Luna et 
al., 2009): it was estimated that in a 45 
minute immersion, each diver made 
over 100 interactions with the bottom, 
which resulted in the raising of 
sediment as well 22 organisms-contact. 
In the present study, we observed that 
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these unintentional impacts affect H.
papillosa and produce three main 
consequences: (1) decreasing in density 
of individuals, and probably 
recruitment; (2) reduction of the 
proportion of large individuals and (3) 
displacing the individuals to more 
cryptic positions. 

Density of individuals at control 
localities was higher than at impacted 
localities. Furthermore, at undived 
localities, this parameter increased over 
time while a decrease in the abundance 
after peak diving season was observed 
at the dive sites during both the two 
sampling years. The natural life cycle of 
H. papillosa previously described 
(Becerro and Turon, 1992; Ribes et al., 
1998), is characterised by maximum 
growth rate values being reached in 
spring and summer and a reproductive 
season which spans the period between 
the second half of September and early 
November. Although we observed a 
high spatial and temporal heterogeneity 
in the sizes, the results obtained in our 
study for the control localities agree 
with this pattern in some of the two 
studied years. An increment of size 2 
individuals and a dismissing of size 1 
proportion were recorded from June to 
October in the second year. Whereas, 
size 5 individuals (the biggest size) 
presented a similar pattern; with a 
higher proportion of individuals of this 
size being found in October than in 
June. This tendency of somatic growth 
is more clearly observed at control 
localities than at impact sites. The effect 
of raising sediment and physical contact 
by divers may constitute the causes of 
this minor size increase, because an 
excessive sediment deposition causes 

burial and clogging of the siphons and 
the branchial wall (Bakus, 1968). 
Additionally, a stress state caused by 
physical contacts may impede normal 
development and growth. Furthermore, 
sedimentation may inhibit settlement 
larvae, growth and metabolic processes 
(Airoldi et al., 2003; Balata et al., 
2005). These synergic effects might 
explain the incidence of smaller 
individuals found at impact localities. 

Another effect observed during the 
study is the cryptic position of the 
individuals in the most frequently dived 
localities. In the control localities the 
individuals of H. papillosa preferred 
more exposed locations than the 
individuals in the impacted sites. This 
suggests a preference by these 
suspension feeders for more 
conspicuous sites where water flow is 
more active, despite the degree of 
exposure and susceptibility to diver’s 
mechanical impact. On the contrary, at 
frequented dive sites, these more 
exposed sites might be considered less 
suitable for the development and 
settlement of the individuals and occupy 
more cryptic and less environmentally 
favourable positions. SCUBA diving 
activity might explain this particular 
spatial distribution because further 
evidence of similar effects produced by 
the diving has been shown by other 
filter feeding species (Sala et al., 1996; 
Garrabou et al., 1998). 

4.3 H. papillosa as diving impact 
indicator

The sustainability of diving in particular 
areas depends on both the number and 
the level of training of individuals 
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diving in those areas and on the 
capacity of the ecosystem to regenerate 
and recover from any damage incurred 
(Harriot et al., 1997). Environmental 
monitoring programmes are needed to 
detect environmental changes before the 
levels of damage caused by diving 
become critical because diving impact 
accumulates over time, a factor which 
could produce irreparable damage. 
Impacts are accumulated when the 
interval between successive 
disturbances exceeds the rate at which 
the affected environment is capable of 
recovering, sometimes referred to as 
“time-crowding” (Spaling and Smith, 
1993). Our study shows that the impacts 
of SCUBA diving produced changes in 
H. papillosa population but there was 
no evidence of this damage 
accumulating over time for all the dived 
localities. However, in one of the most 
frequented localities of this study (Llosa 
Reef) the damage in the H. papillosa 
population had been shown to 
accumulate over time because the 
population could not recover after the 
peak diving season, before the start of 
the following peak diving season. 

Benthic suspension feeders account for 
a significant fraction of the biomass and 
production in coastal marine ecosystems 
(Cloern, 1982). Recently, several 
studies have indicated that these benthic 
feeders play a very important role in 
plankton-benthos coupling (Gili and 

Coma, 1998). Because of their efficient 
filtration ability (Vogel, 1994), they 
retain large quantities of plankton, and 
as such are considered to be responsible 
for a large share of the energy flow 
from pelagic to benthic systems (Gili 
and Coma, 1998). Furthermore, they 
capture large amounts of phytoplankton 
and may directly regulate primary 
production and indirectly regulate 
secondary production in littoral food 
chains (Kimmerer et al., 1994). For this 
reason, we believe that if the diving 
impact causes an accumulative effect on 
H. papillosa population, this effect may 
be manifested at other levels of the 
system. To detect this impact would be 
a goal for the monitoring diving activity 
which would allow to the early 
detection of the impact before this affect 
at other critical level of ecosystem  

We maintain that the studied species 
meets the above criteria and we would 
emphasise its most notable 
characteristics as being: its sensitivity in 
the detection of impact, its ease of 
measurement and finally, its excellent 
cost effectiveness. For all the above 
reasons, we propose the use of H.
papillosa as a highly suitable benthic 
coralligenous indicator species in the 
study of SCUBA diving impact in the 
Mediterranean. 
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Halocynthia papillosa as SCUBA diving impact indicator: an in situ experiment 

Abstract 

An in situ manipulative experiment was carried out to study the effect of SCUBA 
diving on the Halocynthia papillosa species and determine its utility as a bioindicator 
for this activity. Five experimental flapping impact intensities were considered: 0 
(control), 3, 90, 270 and 330 flaps. Two experimental units, each with ten individuals, 
were assigned at random for each treatment. On each experimental unit, ten circular 
sediment traps were placed and then collected 24h after the experimental flapping event 
for subsequent analysis. The total abundance and survival of individuals of each size in 
each experimental unit were measured at eight time intervals: before the experiment and 
then 24 hours, 1 week, and 1, 3, 6, 9 and 12 months later. Repeated measures ANOVA 
was used to test the differences between treatments over time.  

In the three most impacted sites, a reduction in the number of individuals was observed, 
with higher lethality rates in smaller individuals. Furthermore, in the two most impacted 
sites, the surviving individuals did not grow. A high negative correlation was observed 
between the abundance of individuals and the number of flaps (R2=0.96). The general 
regression model reflected a high correlation between the abundance of individuals and 
the sediment fractions considered. Our results indicate that the resuspension of 
sediments produced by flapping may explain the decrease of H. papillosa abundance 
that has been observed in areas of high diving intensity. 

Keywords: manipulative experiment, tunicate, SCUBA diving impact, bioindicator, 
sediment resuspension. 
 

1. Introduction 

Coralligenous assemblages are 
characterized by richness, biomass and 
high production, with values 
comparable to tropical reef 
assemblages, and as such is one of the 
most important and characteristic 
assemblages in the Mediterranean Sea 
(Bianchi, 2001; Ballesteros, 2006). 
These aesthetic characteristics make 
coralligenous systems one of the most 
attractive landscapes in the 
Mediterranean benthos and are often 
chosen by recreational divers. Despite 
its importance, the coralligenous system 

is considered fragile, because its 
persistence is related to the maintenance 
of peculiar biotic and abiotic factors 
(Hong, 1983), and because it contains 
many sessile, long-living organisms 
with fragile skeletons and slow growth 
rates (Ros et al., 1985).  

SCUBA diving may result in the 
deterioration of this singular community 
because divers can easily damage 
marine organisms directly (e.g. by 
physical contact) and indirectly (e.g. by 
raised sediment) (Rogers, 1990; 
Rouphael and Inglis, 1995; Rouphael 
and Inglis, 1997; Tratalos and Austin, 
2001; Zakai and Chadwick-Furman,
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2002; Pulfrich et al., 2003; Luna et al., 
2009). 

Some studies on diving impact have 
shown that raising sediment was the 
most frequent effect produced by divers, 
followed by contact with fragile 
organisms such as gorgonians, corals 
and bryozoans, (Garrabou et al., 1998; 
Zackai and Chadwick-Furnman, 2002; 
Barker and Roberts, 2004; Luna et al., 
2009). The combination of these two 
effects (the resuspension of sediments 
and physical contact) is the main 
stressor agent which the benthic 
communities are subjected to by diving 
activity. Little is known about the effect 
of sediment on rocky coralligenous 
assemblages, although it has been 
considered as a factor influencing their 
spatial and temporal variability 
(Morganti et al., 2001; Balata et al., 
2005). 

The large number of species and the 
high level of species diversity in the 
coralligenous community hinder 
assessment of the impact of diving on 
the community as a whole; selecting a 
single indicator species would therefore 
be advantageous (Sala et al., 1996). The 
most important criteria for reliable 
indicators among those considered were 
that they must be sensitive to change, 
easy to recognise and supported by 
reliable, readily measurable, as well as 
broad spatial and temporal distribution. 
Sensitivity to change is an essential 
factor of an effective management tool 
to maximize the detection of early 
impact, while minimizing unpredictable 
fluctuations in population (Hilty and 
Merenlender, 2000).  

H. papillosa has been categorized as a 
stress-sensitive species, as well as a 
good indicator of natural conditions 
(Naranjo et al., 1996). A recent 
monitoring study showed that in sites 
with high SCUBA diving frequency, H. 
papillosa abundance is very low (Luna 
et al, in press). The study evaluated the 
sustainability of H. papillosa and 
proposed the species as an early 
indicator for assessing and monitoring 
the effect of diving on Mediterranean 
coralligenous communities. However, 
no cause-effect was established, and the 
immediate effect and mechanisms by 
which H. papillosa individuals are 
negatively affected by the SCUBA 
diving were not studied. The aim of the 
study was to determine this cause-effect 
by means of a manipulative field 
experiment, in order to shed light on the 
immediate and long-term responses of 
H. papillosa to disturbance caused by 
SCUBA diving. If the suitability of this 
species as a SCUBA diving indicator 
can be confirmed, it could be used in 
other Mediterranean regions. 

2. Material and methods 

2.1. Study area 

The study was carried out in the Sierra 
Helada Natural Park, on the south-
eastern Mediterranean Spanish coast, in 
an unfrequented and isolated diving site 
within a marine park known as Punta 
Albir (Fig.1), with a seabed occupied by 
a coralligenous community in an 
optimum state. 
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Figure 1. Study area location. 

2.2. Studied species 

H. papillosa is an endemic 
Mediterranean species (Pérès, 1964) 
which also occurs in the Eastern 
Atlantic within an area which extends 
from the Canary Islands to the 
Berlengas Islands in Portugal (Ramos-
Esplá et al., 2008). It is one of the most 
common solitary species on the rocky 
littoral zone of the south-western 
Mediterranean (Fiala-Médoni, 1973; 
Ramos-Esplá, 1991). It has a bottle-like 
form and can reach a height of 15 cm 
(Calvín-Calvo, 2000). Based on the 
maximum size recorded in 
bibliography, five size categories were 
used for this study: Size 1: 0.1-3 cm; 
Size 2: 3.1-6 cm; Size 3: 6.1-9 cm; Size 
4: 9.1-12 cm; and Size 5: 12.1-15 cm. 
H. papillosa is a hermaphroditic species 
that reproduces once per year in the late 
summer and achieves a peak of gonadal 
development from March to September 
for ovaries and from July to September 

for testes (Becerro and Turon, 1992). In 
contrast to other benthic filter-feeding 
species, H. papillosa does not exhibit 
aestivation (summer dormancy), and in 
fact it is in summer when activity levels 
and growth rates are highest (Ribes et 
al., 1998). 

2.3. Experiment set-up 

The experiment was run from August 
2008 to August 2009. To test the effects 
of various short-duration flapping 
intensities on H. papillosa, five 
experimental impact intensities were 
considered: 0 (control), 3, 90, 270 and 
330 flaps. These flapping levels were 
assigned on the basis of diver 
frequentation and number of flaps by a 
diver in a square meter in the area (Luna 
et al., 2009). Ten appropriately spaced 
experimental flapping units were chosen 
where ten medium-sized H. papillosa 
individuals were living. Two 
experimental units for each treatment 
were assigned at random, with ten 
sediment traps allocated in each one. 

Prior to the experimental flapping, ten 
individuals of H. papillosa from each 
experimental unit were measured, and 
sediment traps were allocated. 
Experimental flapping consisted of 
performing a previously defined number 
of flaps (Impact 1 through 5) in order to 
raise sediment close to the H. papillosa 
individuals but without touching them 
directly. The 100 sediment traps were 
collected 24 hours after the 
experimental flapping event. The total 
abundance and survival of individuals 
of each size on each experimental unit 
were measured at eight sampling times: 
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before the experiment and 24 hours, 1 
week, and 1, 3, 6, 9 and 12 months later. 

2.4. Assessment of raised sediment

The circular sediment trap, used to 
collect the raised sediment during the 24 
hours following the experimental 
flapping event, measured 86 mm in 
diameter and 96 mm in height. The 
sediment collected was separated by 
grain size using 2.0 and 0.0063 mm 
filters and the remaining solution with 
smaller particulates was used to obtain 
the mud fraction. The two sediment 
fractions obtained (gravel and sand) 
were labelled and dried for 48 hours at 
110ºC to obtain the dry weight of each 
fraction (g/L). The ESS Method 340.2 
(1993) was used on the remaining 
solution to obtain the organic and 
inorganic mud fractions (volatile 
suspended solids and total suspended 
solids). The sediment parameters used 
were total sediment, gravel, sand, mud 
and organic mud matter.  

2.5. Statistical analysis 

Two univariate techniques were used to 
analyse the response in abundance 
during the time of the study, and the 
survival of each size category at the end 
of study. By monitoring changes during 
the sampling time, the same sampling 
units were retested over time and data 
were not independent. Simple analysis 
of variance cannot be applied to this 
method of data collection, as it does not 
obtain an independent measure of 
residual variation, and does not fulfil 
the assumption of no interaction 
between treatments (Kingsford and 
Battershill, 1998). Repeated measures 

(RM) ANOVA analyses correct the 
non-independence or autocorrelation in 
the data (Winer, 1971; Winer et al., 
1991; Lively et al., 1993; Keough and 
Quinn, 1998; Kingsford and Battershill, 
1998), and they were used to analyze 
our data to identify changes in 
abundance due to the effect of flapping 
over time. 

Two experimental factors were 
considered, and the nomenclature was 
assigned according to common practice 
in RM experiments. Impact Level was 
the between-subject fixed factor, with 
five levels. Each experimental unit was 
the subject factor, which was 
randomized and nested within the 
Impact Level, with two levels (the 
replicates or experimental units). One 
blocking factor was used to define the 
time period in this experiment. Time 
was the within-subject fixed factor, with 
eight levels (one sampling before the 
experiment, and then 24 hours, 1 week, 
and 1, 3, 6, 9 and 12 moths later). A 
total of 80 replicates were obtained. The 
abundance of individuals in each 
experimental unit was the response 
variable analysed.  

Before analysis, the assumption of 
normality was tested by examining 
residuals using probability plots (Winer 
et al., 1991). When repeated-measures 
analyses were used, the more 
conservative Greenhouse-Geiser and 
Huynh-Feldt correct F tests were also 
examined, because this correction 
provides some protection against 
violations of assumptions of compound 
symmetry (Winer et al., 1991; Yandell, 
1997). These tests did not produce 
results markedly different from the 
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uncorrected ones, and evidence of 
strong violation of these assumptions 
was not detected, as the epsilon value 
was close to one, so only the standard F 
tests are presented here. When the RM 
ANOVA F-test was significant, post-
hoc analyses were conducted using the 
Bonferroni test for multiple 
comparisons (Winer et al., 1991).  

Two-way ANOVAs were carried out to 
test differences in the sediment 
composition on each impact level, in 
absolute terms (Dry·g L-1) as well as 
percentages. The experimental design 
used contained two factors: Impact 
Level, a fixed factor with five levels; 
and Sites, a fixed factor with two levels. 
For each combination of factors, ten 
replicates were recorded (corresponding 
to each sediment trap), with a total of 
100 replicates. The five variables 
obtained for the sediment analysis were 
tested separately with this design. 
Another two-way ANOVA was carried 
out to test differences in the survival 
percentage per size at the end of the 
experiment at each impact level 
(Underwood, 1981). The experimental 
design had two factors for this purpose: 
Impact Level, a fixed factor with five 
levels; and Size, a fixed factor with 
three levels (Sizes 2, 3 and 4). For each 
combination of factors, two replicates 
were recorded, with a total of 30 
replicates. When the ANOVA F-test 
was significant, post-hoc analyses were 
conducted using Student-Newman-
Keuls (SNK) multiple comparisons 
(Underwood, 1981). Prior to ANOVA, 
homogeneity variance was verified 
using Cochran’s test (Cochran, 1951), 
and arcsine transformations of the 
survival parameter were performed, as it 

was taken as percentage (Underwood, 
1997).  

Two simple correlations were run 
between total sediments vs. number of 
flaps, and H. papillosa abundance vs. 
number of flaps, to quantify the possible 
relationship between them. A 
correlation matrix was calculated for 
sediment fractions in order to detect the 
existence of co-variables. A general 
regression model (GRM) was also 
calculated, with H. papillosa abundance 
as a dependent variable and the 
fractions of sediment as independent 
(predictor) variables. STATISTICA 
v.6.0 software was used for these 
correlations, variance analyses and the 
GRM. 

Non-parametric multivariate techniques 
were used to analyse the response of H. 
papillosa to different impact levels and 
their relationship with the type of raised 
sediment at each impact level. 
Abundance data were not transformed 
before analysis, in order to detect 
minimum changes. Triangular similarity 
matrices were calculated using the 
Bray-Curtis similarity coefficient for 
abundance, and Euclidean distances for 
the raised sediment (Clarke and 
Warwick, 2001). A graphical 
representation of the response of H.
papillosa to the impact level of the 
flapping was obtained using non-metric 
multidimensional scaling (nMDS). A 
bubble plot uses circles to show the 
relationship between abundance 
response and the total sediment raised at 
each level of flapping. 

The Spearman’s correlation between 
abundance data and total sediment 

85



Anthropic impacts in Mediterranean MPAs_________________________________________________ 

fractions was determined using the 
RELATE procedure (Clarke, 1993). The 
BEST routine (BIO-ENV option) was 
performed to determine which sediment 
fraction best explained the response of 
H. papillosa to the impact level. All 
multivariate analyses were performed 
using the PRIMER-E statistical package 
(Clarke and Warwick, 2001). 

3. Results 

3.1. Analysis of the raised sediment 

The percentages of sand and mud 
remained invariable, with no significant 
differences between proportions 
collected from each fraction at the 
different impact levels (F sand= 1.60, F 
mud= 1.44; p: non significant), but a 
difference was detected in the 
proportion of gravel between the two 
least impacted and the three most 
impacted treatments (F=56.1; p<0.01). 
ANOVA showed (Fig. 2) that the total 
sediment content was highest in the 
most impacted treatments (F= 3071.9;  
p<0.001). Post-hoc SNK analysis found 
that total sediment in less impacted 
places (Impact 1 and 2) was similar, and 
lower than in the more impacted places 
(SNK: 1=2<3<4<5). The number of 
instances of flapping was statistically 
correlated with the total sediment in the 
traps (R2=0.93, p<0.001).  

Regarding the four sediment parameters 
obtained, two covariables were found: 
the mud fraction and the gravel fraction, 
the latter of which was removed for the 
following analysis. Differences between 
treatments were found for all sediment 
fraction variables tested with different 
fraction distributions for each impact 
level, as the post-hoc test showed 
(Table 1). Regression between flapping 
intensity and the concentration of each 
sediment fraction indicated a highly 
significant correlation for the four 
fractions, the highest being for the mud 
fraction (Table 1).  

Figure 2. Total raised sediment (g.) of each 
fraction (mud, sans and gravel) at each 
impact level: 1,2,3,4 and 5. 

 

 
Table 1. Summary of one-way ANOVA for each sediment fraction and correlation coefficients 
(R2), and correlation significances (p-value (R2)) of each sediment fraction with flapping 
intensity. D.f.: degree of freedom; M.S.: mean square; F: F ratio; Post hoc: results of SNK test; 
1 to 5: impact levels.    

 

Fraction df MS F p-level (F) Post hoc R2 p-level (R2) 
Mud 4 0.050 52.011 0.000 1=2=3<4<5 0.915 0.000 
M.O. Mud 4 0.001 11.033 0.011 1=2=3=4<5 0.435 0.038 
Sand 4 2.828 154.062 0.000 1=2<3<4<5 0.797 0.001 
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Figure 3. Total mean and per size of H. papillosa abundance in each impact level along time 
study. Bars indicate the standard error. 
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Table 2. Summary of results of repeated measures abundance analysis. D.f.: degree of freedom; 
M.S.: Mean square; F: F ratio; p: p value. 

Source of variation D.f M.S F p-value 

Between effects    
    Impact Level 4 191.500 547.143 0.000 
    Error 5 0.350   
Within effects     
     Time 5 3.737 53.381 0.000 
     Time x Impact Level 20 0.820 11.714 0.000 
     Error 25 0.070   

 

3.2. Effect of flapping on Halocynthia 
papillosa 

H. papillosa abundance decreased after 
the experimental flapping where the 
impact was highest (Impact 3, 4 and 5) 
(Fig. 3). In the experimental units 
subjected to the lowest flapping 
intensities (Impact 1 and 2), the 
abundances remained invariable 
throughout the study period. 
Consequently, repeated measures 
analysis showed significant differences 
between sampling times for some of the 
experimental flapping units (Table 2). 
Post-hoc testing (Bonferroni test) 
showed that the abundance in the most 
impacted experimental units decreased 
one week after the experimental impact 
(time 3) (Bonferroni: 1=2>3>4=5; 
p<0.001). The abundance at impact 
level 3 showed a reduction in the 
sampling at Time 3, but it remained 
steady until the end of the study 
(Bonferroni: Time 1=Time 2 > Time 
3=Time 4= Time 5=Time 6= Time 7= 
Time 8; p< 0.001). Abundance at 
impact levels 4 and 5 decreased from 
sampling Time 3 until Time 5, when it 
stabilized until the end of study 
(Bonferroni: Time 1=Time 2 > Time 3 
> Time 4 > Time 5=Time 6= Time 7= 
Time 8; p< 0.005) (Fig. 3). 

Figure 4. Lineal regression between the H. 
papillosa abundance of each experimental 
unit one year later of experimental flapping 
event and the amount flaps.  

One year later, the abundance on each 
experimental unit showed a statistically 
significant correlation with the flapping 
intensity (Fig 4). The survival of each 
size class was statistically different for 
each level of impact (F=12.08; p<0.001; 
Fig. 3). For Impacts 1 and 2, survival 
was equal for all size categories 
(100%). On the other hand, in 
experimental units of impact levels 3, 4 
and 5, the survival of the smallest sizes 
(Sizes 2 and 3) were statically lower 
(SNK: p<0.05) than the survival for the 
biggest size (Size 4). At impact levels 4 
and 5, all the individuals that survived 
belonged to the largest size class. 
During the sampling time, the growth of 
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some individuals was recorded in the 
experimental units at impact levels 1, 2 
and 3. In these cases, although the total 
abundance was constant, a change of 
proportion of individuals of each size 
category was observed. 

3.3. Effect of raised sediment on 
Halocynthia papillosa 

The H. papillosa MDS abundance plots 
showed a marked ordination of each 
experimental unit with regard to the 
impact level, and a clear relationship 
with the total sediment raised at each 
level (Fig. 5).  

Fig. 5. MDS graph of H. papillosa 
abundance at each impact of the level of 
flapping, with bubble plot representing the 
total raised sediment. 

RELATE testing demonstrated a highly 
significant correlation between 
abundance and total sediment variables 
(rho-Spearman=0.859; p=0.001). The 
BEST routine determined that mud and 

a combination of this variable with the 
organic mater of the sediment were the 
variables that best explained the 
response of H. papillosa to the level of 
impact, with a partial Spearman’s 
correlation of 0.883 and 0.872, 
respectively. Analysis of the general 
regression model reflected a high 
correlation (R2=0.960; p<0.001) 
between H. papillosa abundance and 
each of the sediment fractions (Fig. 6), 
with beta parameters statistically 
significant for mud and OM content of 
sediments (Table 3). The mud and sand 
fractions were inversely correlated with 
abundance (negative values for Beta 
and b), while the OM content showed a 
positive correlation. 

Fig 6. Predicted values vs. observed values 
of abundance of individuals according to 
calculated general regression model. 

 

 

Table 3. Summary of the general regression model between the abundance of individuals and 
sediment fractions. Beta: the standardized regression; E.S. (Beta): standard error of beta; b: the 
raw regression coefficients; E.S.(b) standard error of b; p-level: statistical significance. 
 

Fraction Beta E.S. (Beta) b E.S. (b) p-level 

Mud -1.074 0.201 -29,423 5.518 0.002 
M.O Mud 0.621 0.144 158.004 36.730 0.005 
Sand -0.382 0.194 -1.4039 0.713 0.095 
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4. Discussion 

4.1. Response of H. papillosa to 
SCUBA diving impact 

Flapping produced sediment 
resuspension, which caused the death of 
H. papillosa individuals in the most 
impacted experimental units. The pulse 
of impact did not have an immediate 
lethal response on H. papillosa. 
Twenty-four hours after the flapping 
event, no mortality had been observed, 
although some of the most impacted 
individuals showed mucus covering 
their tunics. Although the flapping 
impact was of the ‘pulse’ type, the 
effect generated remained latent as a 
‘pressure’, even when the sediment 
returned to the seabed. A drop in 
abundance was observed in the three 
most impacted experimental units, from 
three moths after the experiment to the 
end of the study. A higher lethality was 
observed in smaller individuals, as these 
were the first that died. 

In natural conditions, H. papillosa 
concentrates its growth in spring and 
summer (Becerro and Turon, 1992), 
which was recorded during the study 
period (nine months after the flapping 
event), but only for the less impacted 
individuals (Impacts 1, 2, and 3). This 
may indicate that H. papillosa can adapt 
to episodic changes in sediment 
concentration around them up to a 
‘critical concentration’, which is 
difficult to establish.   

The physical characteristics of sediment 
(e.g. grain size, composition, density), 
and the quantity, degree, frequency and 
duration of raised sediment help to 

determine the extent of disturbance by 
sediments, which can range from large-
scale, sub-lethal chronicle stress, to an 
abrupt severe disturbance that locally 
disrupts the population (Airoldi et.al., 
1998; Airoldi, 2003).  

Tunicates species are benthic active 
filter-feeders which are markedly 
influenced by hydrodynamic conditions 
and by both organic and inorganic 
suspended particles. Ascidians are 
mainly characterised as non-selective 
suspension feeders (Jorgensen and 
Goldberg, 1953; Carlisle, 1966; Stuart 
and Klumpp, 1984) that continuously 
remove particles from passing water at a 
constant rate (Randlov and Riisgard, 
1979; Klumpp, 1984). While organic 
particles may be consumed as part of 
the organism’s diet, the simultaneous 
ingestion of inorganic particles 
produces abrasion and asphyxiating 
effects (Ramos-Esplá, 1991; Naranjo et 
al., 1996). Resuspended sediment can 
change the quality of the diet and alter 
the animal’s ability to feed and gain 
energy (Arsworthy, 1993). A high 
inorganic fraction of the seston dilutes 
the nutritional content of the food and 
forces the suspension feeder either to 
use its energy reserves or to expend 
more energy obtaining sufficient 
organic matter (Windows et al., 1979; 
Vahl, 1980). 

In general, ascidians are adapted to 
environments with low concentrations 
of particles and a small fraction of non-
food particles in the water (Petersen, 
2007). Although the filter feeding 
system of ascidians is non-selective 
with regard to particle size, the oral 
tentacles guarding the entrance of the 
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brachial basket act as a coarse filter for 
large particles and sand grains (Godoy, 
1974; Arsmorthy, 1993). H. papillosa is 
able to capture particles between 0.6 
and 70 um (mud fraction) (Ribes et al., 
1998), and the presence of coarser 
sediments has been observed as 
negative for these ascidians. Flapping 
produces the resuspension of both mud 
and larger particles, although only the 
smaller particles enter the brachial 
cavity. However, the synergic effect of 
higher concentrations inside the cavity 
and the stress generated by the constant 
rejection of larger particles may 
produce a deleterious effect on 
individuals. The entry of such particles 
induces siphon diameter constriction as 
well as ‘squirting’, and their subsequent 
ejection from the brachial siphon 
(MacGinite, 1939; Hoyle, 1953; 
Jorgensen and Goldberg, 1953; 
Armsworthy et al., 2001). Squirting is a 
movement of contraction of the mantle, 
which means that ascidians clear the 
brachial basket of waste material or in 
case of overloading (Petersen, 2007). 
During violent squirting, the mucus 
transports the feed particles across the 
brachial basket to the oesophagus 
(MacGinite, 1939; Goodbody, 1974) 
and may be expelled through the 
inhalant siphon (Werner and Werner, 
1954). This response to high sediment 
concentration could explain the 
existence of mucus on some of the 
impacted individuals 24 hours after the 
flapping event. 

Several studies have shown different 
responses by ascidians to an increase in 
suspended particles that affect the 
‘clearance rate’ or ‘ingestion rate’, 
retention efficiency and/or absorption 

efficiency, depending on the species, 
range of sediment concentration and 
particle size (Fiala-Médioni, 1979; 
Robbins, 1983; Petersen and Riisgard, 
1992; Petersen et al., 1995; 1999; 
Armsorthy, 2001; Petersen, 2007). In 
the case of a similar species, H.
pyriformis, it seems that it may 
compensate an episodic increase of 
sediment concentration by increasing 
the squirting frequency and reducing the 
siphon diameter. The absorption rate 
also increased, although a drop in 
absorption efficiency was observed 
(Armsworthy et al., 2001). Our results 
with H. papillosa indicated that this 
species has some physiological or 
behavioural mechanisms that may 
compensate the increase of sediments in 
the water, as no response was observed 
in the least impacted treatment. 
However these mechanisms are not 
sufficient to prevent damage to 
individuals when the impact exceeds a 
certain threshold limit. We remain 
unaware of all the physiological 
mechanisms used to compensate for this 
increased sediment. Other types of 
study would be needed to answer this 
question. 

4.2. Use of H. papillosa as SCUBA 
diving impact indicator 

The large number of species and the 
high level of species diversity in the 
coralligenous community hinder the 
assessment of the impact of diving on 
the community as a whole; selecting a 
single indicator species would therefore 
be advantageous (Sala et al., 1996). H. 
papillosa had previously been 
recognized as a good indicator of 
‘natural conditions’ (Naranjo et al., 
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1996). The impact of diving on H. 
papillosa has been shown (Luna et al., 
in press), but the cause and effect has 
not been recognized. In this study, the 
cause and effect between flapping, 
sediment resuspension and the response 
of H. papillosa is clearly shown. 

The species studied is highly sensitive 
to the detection of impact, is easily 
measurable, and has an excellent cost-
effectiveness, which are basic criteria 

for being chosen as a good indicator. 
For all the above reasons, we propose 
the use of H. papillosa as a highly 
suitable benthic coralligenous indicator 
species in the study of the impact of 
SCUBA diving in the Mediterranean. H. 
papillosa would also be a good 
indicator for other types of impact that 
produce an amount of sediment in 
water, such as dumping or dredging. 
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_______________________________________________________General Discussion 

GENERAL DISCUSSION 

1. Increased of human-uses in MPA 
and associated conflicts 

Tourism is now the largest single 
economic sector in the world, and its 
impact on coastal environments is 
considerable and extremely difficult to 
manage and limit (Davenport and 
Davenport, 2006). In recent years there 
has been a growth of tourism in coastal 
areas (Ribera 1991; Boudouresque and 
Ribera 1993; Davis and Tisdell, 1995), 
with around 70% of European holiday-
goers choosing the Mediterranean coast 
for their vacations (European 
Commission, 2008). In 2008, of the 180 
million tourists that visited Europe, 
about 40 million chose the Spanish 
Mediterranean coast as their destination, 
with leisure activities cited as being the 
main motivation (Spanish Ministry of 
Industry, Tourism and Trade, 2008). 

For decades, the creation of marine 
protected areas (MPAs) has been 
considered to be the best way to restore 
natural communities and to protect 
marine ecosystems (Milazzo et al., 
2002). MPAs are now being established 
around the world rapidly (Ballantine, 
1995), and “marine-based” tourism is 
growing even faster (Ribera, 1991; 
Boudouresque and Ribera, 1995; Davis 
and Tisdell, 1995). 

In the past 20 years, the number of 
visits to MPAs has increased globally 
(Dixon et al., 1993; Hawkins and 
Roberts, 1994; Kelleher et al., 1995), 
with an associated increase in the rates 
of participation in marine recreational 
activities, such as recreational fishing 

(Francour et al., 2001; Lynch et al., 
2004; Pawson et al., 2007), diving 
(Barker and Roberts, 2004; Hawkins et 
al., 2005; Asafu-Adjaye and Tapsuwan, 
2008) or boat anchoring (Francour et al. 
1999; Creed and Amado Filho, 1999; 
Francour et al., 2001; Milazzo et al., 
2004; Montefalcone et al., 2006). 
Furthermore, the aesthetic appeal of 
MPAs and the facilities they provide, 
together with the increased public 
awareness of nature, all contribute to 
creating massive tourism in MPAs 
(Ribera, 1991; Richez, 1991, 1992, 
1993; Capellà et al., 1998; Badalamenti 
et al., 2000; Milazzo et al., 2002). All 
these activities could damage the 
natural ecosystems, leading to changes 
in communities, and biodiversity (Sala 
et al., 1996; Zabala, 1996; Martínez et 
al., 1999; Brown and Taylor, 1999), in 
clear conflict with the conservation 
objectives of the MPAs. In the case of 
multiple use MPAs, all activities have 
to be managed in order to carry out the 
conservation and protection objectives, 
minimize conflicts and allow all users 
follow with their activities ecologically 
sustainable. 

Technical advances in diving 
equipment, in addition to a rising 
interest in nature conservation and 
environmental recreation, have resulted 
in the increasing popularity of scuba 
diving (Zackai and Chadwick-Furman, 
2002; Barker and Roberts, 2004). MPAs 
provide goods and services (i.e. 
attractive underwater flora and fauna, 
biodiversity and seascapes) that attract 
scuba divers to visit these areas 
(Hawkins et al., 2005; Dearden et al., 
2006). This study (chapter 4) and many 
others papers (Hawkins and Roberts, 
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1997; Rouphael and Inglis, 1997, 2001; 
Garrabou et al., 1998; Hawkins et al., 
2005; Luna et al., 2009; di Franco et al., 
2009) have dealt with the impact of 
diving activity within MPAs. In the 
present study, as well as in others, it has 
been shown that scuba divers may affect 
organisms in several ways, both 
intentionally and unintentionally 
(Milazzo et al. 2002; Uyarra and Côtè, 
2007). The follow of divers reflected 
that the damage was mainly due to 
physical contact with organisms (i.e. by 
divers’ fins, body and scuba gear) and 
increased sediment resuspension 
potentially affecting sessile organisms. 
Furthermore studies about the 'feeding' 
had found that the human presence in 
the water leading to changes in animal 
behaviour (Kulbicki, 1998; Milazzo et 
al., 2006). The MPA ‘diving attraction’ 
is a critical issue which has to be 
properly managed, mainly in 
Mediterranean where some habitat are 
highly vulnerably (i.e. coralligenous) 
and the diving activity is heavily 
seasonal and very concentrated in a few 
places, this fact has been clearly shown 
in Serra Gelada Marine Park during this 
work. A quotas system, the 
diversification of diving zones, creation 
of new diving zones (using i.e. artificial 
reefs or ships sunk) and proper zonation 
strategies are some alternatives which 
could help to control the diving 
attraction into MPA. 

This ‘attraction phenomenon’ into MPA 
is valid too for recreational fishing. 
Paradoxically, fishing pressure may be 
even higher within the MPA than 
outside it as there may be a perception 
that, in the absence of commercial 
fishing, fish are larger and more 

plentiful in MPA (Westera et al., 2003; 
Denny and Babcock, 2004). The 
recreational fishers know where are the 
fish, fact that was observed in the Sierra 
Gelada recreational fishing study 
(chapter 2). During the time of study, 
the recreational boat fishing effort was 
concentrated in zones with high 
abundance of target fishes, around to 
aquaculture installations and zones 
where the visual census had showed 
elevated abundances inside of Marine 
Park, according to other study carried 
out on the MPA (Sánchez-Jerez, et al., 
2007). 

Thus, MPA status and fishing gear 
restrictions, in fact, may result in 
exactly the opposite pattern to the 
intended, concentrating the recreational 
fishing effort in MPA which would lead 
to conflicts with the protection 
objectives. In France, Francour (1994) 
found that the density and biomass of 
fish in rocky reefs was lower in partially 
protected areas where the recreational 
fishing is allowed than unprotected 
areas. Similar results were found 
recently in Italy (di Franco et al., 2009) 
with no differences between partial 
protection zones inside of MPA and the 
locations outside the MPA. Due to such 
potential increase of recreational fishing 
pressure in MPA, there is a need to 
better asses the effectiveness of this 
partial fishing closed areas conservation 
tool taking into account the mobility of 
protected species as well as the size of 
total closed fishing areas. In light of the 
results, due to the large amount of 
biomass that recreational fishing is 
capable of extracting (chapter 1 and 2), 
an exhaustive control of this activity 
and their associated impact turns out 
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necessary. In those cases in which the 
effects of recreational fishing are 
confusing (for the dispersion of the 
activity, the nature of the species to be 
protected, etc.) or conflict with the 
objectives of protecting the MPA not 
allowing recreational fishing could be 
the more consistent management option. 

The MPA of Columbretes or Tabarca 
are two clear examples of the ‘tourism 
attraction phenomenon’ of MPAs in the 
Mediterranean that necessarily led to 
change their management. The 30 
nautical miles of distance between 
Columbretes Islands and land coast and 
their characteristics of small islands had 
been a natural protection for the marine 
environment. Since their established as 
MPA in 1990 (BOE 97/9432/1990) the 
number of visitors have increased 
notably, resulting in higher number of 
recreational fishers (78 recreational 
fishers in 1990 and 513 in 2000) and 
SCUBA divers (114 divers in 1990 and 
more than 1547 in 1994) (Jimenez, 
1996; Lampérez, 2001). The increase in 
the amount of diving, induced the 
management authorities to prohibit the 
activity from December 1994 to 
February 1996 (Badalamenti et al., 
2000). Since the reopening of the 
Reserve to diving in 1996, the number 
of divers has still increasing until 2856 
divers in 1997 (Goñi, 1998) despite the 
more restrictive policy. Neither the 
isolation of the MPA or make more 
expensive recreational activities there 
deterred users to travel to Columbretes 
to enjoy their leisure activities. This 
situation of increased human use was 
adversely affecting marine environment 
and could jeopardize the objectives of 
protection for those was created it, with 

the need to rethink the current 
management. In 2009 a new 
demarcation of the reserve was 
developed and expanded its size, with 
new geographical limits of special 
areas, and establishing a new 
management plan, using a more precise 
and exhaustive regulation of the 
activities and permitted uses (BOE 
2/68/2009).  

In Tabarca Marine Reserve, its relative 
proximity to the coast (only 3 nautical 
miles) further accentuated the situation 
of attracting visitors after its declaration 
as MPA in 1986 (BOE 112/1986 and 
DOGV 397/1986). In response to this 
growing recreational use and the marine 
environment impact associated new 
regulations have been implemented: in 
2000 a quota management for diving 
activity was defined (BOE 184/2000 
and DOGV 3868/2000), in 2006 finally 
any form of recreational fishing is 
banned (DOGV 5228/2006) and in 2007 
the protected area was expanded 300 
hectares (pending to publish). These 
two examples show the potential 
conflict that may arise between the 
objectives of protection and recreational 
use of MPAs, highlighting the 
importance of properly managing all 
permitted uses and implement adaptive 
management in line with the needs at all 
times. 

The human element in marine protected 
areas must not be understated. The 
success of any protected area is closely 
related to how well user groups and 
stakeholders are identified and brought 
into the planning and management 
processes (Agardy, 2002). Despite this 
consideration, MPA research and the 
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resultant literature is generally lacking 
detailed accounts of the conflicts uses in 
MPAs, human responses and their final 
implications (Christie et al., 2003). 

The conflicts between uses often stems 
from the marginalization of artisanal 
fisheries by other forms of resource 
utilization such as dive or recreational 
fishing. While this conflict (and its 
reporting) may be disconcerting to some 
environmentalists and scientists 
advocating MPAs, a careful 
consideration of the receptivity of local 
fishing communities to MPAs is 
fundamental for their long-term success 
(Agardy et al., 2003). Although 
enforcement is an important ingredient 
for the success of MPA management 
programs, it is important for long-term 
sustainability that wide stakeholder 
support exists (Peluso, 1992; Brechin et 
al., 2002; Lowe, 2003). 

Some examples of the failure of MPAs 
success as consequence of an 
ineffective uses conflict resolution have 
been showed. In Twin Rocks MPA 
(Philipines) per example, the local 
artisanal fishers were gradually 
excluded of this zone and a great diving 
resort was established little by little 
(Christine et al., 2003; Oracion, 2003). 
Predictably, fishers, who initially 
voluntarily protected the no-take area 
(over a period of 7 years) as part of the 
community-based management regime, 
are either losing interest in the MPA or 
are plotting how to stop diving inside 
the reserve and reassert their influence. 
When asked why they are losing 
interest, informants expressed a general 
sense of mistrust of the dive industry 

and concern that MPA management is 
no longer fair (Christie, 2004). 

From a global perspective, such 
disregard for the community based 
regime represent a failure. This scenario 
of inter-stakeholder tensions, mainly 
between users interested in different 
recreational activities is common and 
has been shown in others MPAs such as 
Soufrière, St Lucia (Trist, 1999; 
Sandersen and Koester, 2000; Roberts 
et al., 2001), Bunaken National Park 
(Salm et al., 2000; Christie et al., 2003; 
Lowe, 2003) or Calamianes MPA 
(Fabinyi, 2008). In the Mediterranean 
context some similar examples have 
been also detected but with their own 
particularities. 

If we look at the Mediterranean MPAs, 
there is great variation in the size of 
protected areas, the levels of protection, 
the activities carried out there, as well 
as between different wealth status, 
industrialization and economic 
development of zones (Badalamenti et 
al., 2000). The competition between 
recreational and artisanal fishermen for 
the natural resources in Mediterranenan 
MPAs is important, as the composition 
recreational catch has reflected in 
Tabarca, Benidorm and others 
Mediterranean regions (Lloret et al., 
2008). Competition for the same 
resource and the exclusion of users can 
generate conflicts difficult to solve 
which may carry to the failure of MPAs 
in the future. In Tabarca MPA where 
only few artisanal boats can fish during 
a certain year period and with a 
particular gear, until the total 
prohibition of the recreational fishing, 
conflicts between those two types of 
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users were obvious. Nowadays, 
commercial fishing in Sierra Gelada 
Marine Park is not very substantial and 
has not any restriction. The conflicts 
between recreational and commercial 
fishing had not been identify still, but 
the clear overlapping both the targeted 
fished species and fishing places 
indicate that a potential conflict may be 
generated if the two activities are not 
properly manage in the future. On the 
other hand, recreational fishermen has 
the perception of to be in conflict with 
the aquaculture installation use of the 
zone, since they manifested that this 
activity contaminates the sea  and their 
right to fish there has been usurped. 
Although the aerial survey data showed 
that the real situation is that the 
aquaculture installation concentrates a 
high recreational fishing effort around, 
probably due at the high catches there 
product of the attraction effect produced 
by the surplus feed of cages. By other 
hand, recreational fishermen have the 
perception that their impact on the 
fishing resources is negligible, nothing 
is further from reality as the estimated 
catches showed in Tabarca, Serra 
Gelada or in other Mediterranean 
regions (Morales-Nin et al., 2004; 
Lloret et al., 2008). In this sense, the 
recreational fishers perceive that 
commercial fishing or scuba diving are 
more harmful activities for the fishes 
communities and marine environment 
than their leisure practice. Giving know 
to users the real impact that recreational 
activities can produce, could help the 
understanding and acceptance of 
management measures adopted. This 
principle is also applicable to 
recreational scuba diving, a more 

popular activity that is growing in the 
Mediterreanean MPA at the present. 

Some conflicts related with scuba 
diving in MPA outside of 
Mediterreanean which have been cited 
previously could also found in MPAs 
here. Scuba diving conflict begin when 
the revenue derivate are not adequately 
shared with the local community. If 
local community is less directly 
involved in the economic life of MPAs, 
they may be less aware of the benefits 
brought by the creation of MPAs and 
are more likely to resent restrictions 
placed on their access. It seems highly 
desirable that local communities involve 
themselves in exploiting the economic 
potential of MPAs. Such potential are a 
lot and include involvement with diving 
centres, diving and snorkel guiding, 
tourist boat trips, hotels and hostels, 
outdoor equipment shops, local natural 
products, handicrafts, books, 
photography, films and restaurants 
offering local cuisine. If they are 
unwilling to do so, outsiders will move 
in and take over the task, causing ties 
between local communities and MPAs 
to be loosened (Badalamenti et al., 
2000). In contrast to Sierra Gelada 
marine Park, diving in the Tabarca 
marine reserve was severely limited 
from the start to 50 divers per day 
(Ramos et al., 1992) and actually 
limited to 30 divers per day as a result 
of opposition from Tabarca fishers to 
divers. Diving is seasonal in both 
protected areas, with a large number of 
divers between April and November. In 
Tabarca the visitors to the island 
constantly increased from the 
establishment of the Reserve. In the 
same period, a doubling in the number 
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of restaurants and souvenir shops was 
observed (RANDOM, 1998). This is a 
clear and near example, where the local 
community took advantage of the 
opportunity created by the attraction of 
visitors to the AMP and economic 
benefits. 

In order to solve the growing conflicts 
in the MPAs, an integrated approach to 
coastal and marine management is 
needed to consider both current and 
future interests. Many people have 
formulated and adapted various versions 
of Coastal Zoning Management Plans 
which can be applied in MPA for 
minimised uses conflicts of recreational 
activities (Wong, 1998; Kohn and 
Gowdy, 1999; Shi et al., 2001). A few 
common and indispensable strategies in 
the framework conflict resolution are 
described below (Lewis, 1996): 

1. Getting Started/ Determining Roles: 
getting the conflict resolution process 
going. 

2. Assessment: a structured attempt to 
assess the nature of the conflict, 
determines who is involved, and obtains 
other information that would be useful 
in designing an effective conflict 
resolution process. 

3. Involving Affected Stakeholders: the 
communication/negotiation phase in 
which an attempt is made to find a 
resolution that addresses the interests of 
the stakeholders. 

4. Implementation and Evaluation: 
solutions are implemented and 
evaluated. 

Then, very often, the process repeats 
itself if more issues are identified, and 
more conflict occurs.  

In the same way, to avoid or reduce the 
conflicts between economic exploitation 
for uses such as tourism, recreation and 
fishing and conservation, several 
strategies have been proposed, which 
are widely discussed below. In this 
sense, it may the useful of education 
programmes to increase environmental 
awareness and reduce the negative 
impact of visitors in popular sites. A 
rational zonation may also be an 
important management tool (Laffoley, 
1995) which takes into consideration 
both traditional and new resource uses 
such as selective small-scale fishing and 
eco-tourism in delimited sub-areas. It is 
also important to define the social and 
biological carrying capacity or use limit 
of MPAs and to formulate suitable 
management responses to prevent 
deterioration and the consequent loss of 
their value (Davis and Tisdell, 1995). 

2. Management strategies for 
recreational uses in MPA 

2.1.Carrying capacity of recreational 
use and limit of acceptable change 

The growing awareness that designation 
of protected areas does not ensure their 
preservation has stimulated an 
enormous level of discussion globally in 
recent years. While the biophysical 
characteristics of many protected areas 
remain the fundamental rationale for 
their initial designation, it has become 
quite clear that the values for which 
these areas were initially protected can 
be threatened by unmanaged or poorly 
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managed recreational use (Wong, 
1998). The application of the carrying
capacity concept to recreational areas 
became popular with the development 
of a methodology for assessing this 
carrying capacity in 1973 (Urban 
Research and Development 
Corporation, 1980). This methodology 
was developed because of concerns 
about “resource overuse and user 
overcrowding” of recreation resources.  

It was quickly recognized, that 
recreational carrying capacity was 
comprised of at least two components: 
(1) a biophysical component concerning 
impacts of visitors and their activities 
upon the resource, and (2) a social 
element dealing with the type and 
quality of experience users received 
during their activity (Stankey and 
McCool, 1984). This recognition had 
the net effect of complicating 
discussions about carrying capacities 
because little was known about visitor 
experiences and the recreation 
production process, their interactions 
with biophysical processes and 
conditions, and how establishing a 
carrying capacity would deal with such 
questions. The literature offers a several 
results of acceptable or suitable carrying 
capacities of recreational activities in 
marine protected areas around the world 
(among others, Hawkins and Roberts, 
1992; Scura and van’t Hoff, 1993). 

The major assumptions of the carrying 
capacity concept are that the amount of 
impact is related to the amount of use, 
that decreasing the amount of use will 
decrease the impacts, and that it is 
possible to calculate the number of 
users of each leisure activity, below 

which impact will be acceptable (Mann, 
2003). The problem is that the 
recreation impacts differ with the type 
of use (SCUBA diving, fishing, 
anchoring or trampling), timing of use, 
distribution of use, environmental 
setting, management actions, and with 
people’s expectations and norms 
(Mann, 2003). 

Decreasing the number of users, may 
not necessarily lessen impacts. In fact, 
much research has shown that many 
impacts of recreational use are a 
function not so much of the number of 
people, but of their behaviour (McCool, 
996). As has been observed on this 
study and others, the SCUBA diving 
impact are influenced for the 
underwater behaviour of divers, the type 
of dive and their intrinsic profile, 
experience (Roberts and Harriot, 1994; 
Medio et al., 1997; Rouphael and Inglis, 
2001; Barker and Roberts, 2004; Uyarra 
and Côte, 2007; Luna et al., 2009). 
During the underwater monitoring 
surveys carried out in Serra Gelada 
MPA (Chapter 4) different behaviours 
with different effects on the habitat 
were observed between different type of 
users regarding their intrinsic and 
diving profile, experience and type of 
dive. Those results support the idea of 
the diving impact will depend both of 
number of people as their behaviour and 
the carrying capacity for a diving 
activity have to take into account this it.  

The extent of anchoring impact is 
related with the type anchor used 
(Walker et al., 1989; Milazzo et al., 
2004), the substrate characteristics 
(Francour et al., 1999; Cecherelli et al., 
2007) and the health status of the 
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habitat impacted (Montefalcone et al., 
2006). 

The recreational fishing effect can be 
influenced by fishing equipment (gear, 
hook type, rood, bait) (Muoneke and 
Childress, 1994; Meyer, 2007; Lloret et 
al., 2008). The catch-and-release 
practice does not have the same impact 
on the community as the extractive 
recreational fishing. The effect of 
trampling is affected by the morphology 
and nature of marine organisms (Liddle, 
1991), the intensity of damage (Milazzo 
et al., 2002) and the characteristics of 
the substrate (Wynberg and Branch, 
1997; Eckrich and Holmquist, 2000). 

This concept of carrying capacity thus 
tends to set specific limit to use, when 
the real goal is to limit adverse impacts 
in whatever way is most appropriate. By 
reformulating the question of “how 
much use is too much” to the related 
question of “how much impact is 
acceptable” it is possible to focus on the 
real issue and to set more flexible and 
realistic leisure activities levels. 

This new viewpoint is known as “Limit 
of Acceptable Change” (LAC). The 
LAC model was development in 1985 
and was first applied in North American 
terrestrial wilderness setting (Stankey et 
al., 1985). The Limits of Acceptable 
Change model better encompasses the 
critical interaction between human and 
natural systems at every level (Howard 
and Potter, 2002). The LAC model is 
considered by McCool and Cole (1997) 
to be the simplest available approach for 
effectively dealing with the complexity 
of the real world. 

In order to define “acceptable change” 
from a scientific perspective, it is first 
necessary to define the scope of the 
system being managed, and to 
determine whether the system should be 
managed from an ecocentric or an 
anthropocentric viewpoint. Taking into 
account the MPA objectives an 
ecocentric viewpoint that is geared 
towards the protection and conservation 
of natural resources would be the most 
coherent option. 

Applying a LAC management model at 
MPA multiple-uses consists for each 
recreational activity of (1) selecting key 
indicators of setting conditions, (2) 
specifying quantitative standards of 
quality for each selected indicator, (3) 
applying different LAC standards 
within different zones (4) implementing 
a range of management actions to 
maintain selected standards of 
environmental quality over time 
(McCool and Cole, 1998). The LAC 
framework is also an iterative, adaptive 
management process that includes 
ongoing monitoring and adjustments 
(Hammitt and Cole, 1998; McCool and 
Cole, 1998).  The utility of the LAC 
concept in marine recreational activities 
planning and monitoring has been 
illustrated by previous research (e.g., 
Shafer and Inglis, 2000; Dinsdale and 
Harriott, 2004; Sorice et al., 2004). 

A good example of the implementation 
of this management tool was 
investigated recently by Leujak and 
Ormond (2008) in a study carry out in 
Red Sea reef to trampling over the reef 
flat and could be applied for other 
recreational activities and other marine 
environments. The first step was 

102



_______________________________________________________General Discussion 

examined the relationship between coral 
cover and intensity of trampling. The 
limit of acceptable change was 
established, deciding what amount of 
coral damage the reef managers could 
permit before limiting the access. This 
same example could be applied to 
establish the limit of acceptable change 
for a Mediterranean diving zone. The 
relation between the abundance of 
Halocynthia papillosa and diving 
activity has been shown in this study 
(Chapter 5; Luna et al., 2010). A 
conservative acceptable limit of change 
could be the one who would ensure a 
constant population of H. papillosa. 
This would mean that starting from an 
initial level of abundance if, during the 
peak seasonal diving there were a 
decrease in population, during the 
period of "rest" of the diving activity 
was given a recovery in this population 
that would restore initial level. This 
recovery is related to the own resilience 
of the population which will depend on 
the intensity of the impact and the 
extent of damage. This threshold of 
acceptable change chosen, would have a 
determinate number of visitor (per 
example) in determinate situation, but if 
this situation changes, with a previous 
briefing (per example), the visitors 
could reduced their environment impact 
and at this same LAC now would 
correspond at higher number of visitors. 

The LAC use as management tool is a 
complicated task since implies to know 
the relationships cause-effect of each 
recreational activity, the possible 
indirect effects derived from it as well 
as choose a proper and early indicator 
of each impact. In most case the direct 
or indirect effect produced by an 

activity may affect to more than one 
species group and those effects have to 
be taken into account in the impact 
assessment and the LAC determination. 
Finding this suitable and early indicator 
for each recreational activity is not an 
easy task and should not been make 
lightly, as has been internationally 
recognized (Vandermeulen, 1998; 
Bustos and Fried, 2003; Rochet and 
Trenkel, 2003; Rogers and Greenaway, 
2005; Cury and Christensen, 2005; 
Methratta and Link, 2006). Some 
studies have shown the deletereous 
effect of diving on certain species of 
bryozoans or seafans (Sala et al., 1996; 
Garrabou at al., 2004) pointing out their 
useful as diving impact indicators. In 
this work, we suggested H. papillosa as 
a possible indicator for monitoring the 
SCUBA diving impact which could be 
used in the LAC implementation for the 
diving activity monitoring. Due to the 
complexity of coralligenous 
community, maybe the best option is 
not to choose a single indicator if not 
the use of an indicator sets to establish 
this LAC. More studies focusing in this 
goal could be making in the future to 
elaborate a monitoring programme to 
manage suitably the SCUBA diving and 
achieve the sustainable use. 

2.2. Zonation as management tool 
for recreational activities 

Zoning is often a key component of 
MPA recreational activities 
management strategies. Zoning plans 
subdivide a managed area into two or 
more sub-areas, define classes of 
activities, and specify which activities 
are permitted and prohibited in each 
zone (Kenchington and Kelleher, 1995). 
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A key challenge is to integrate 
interdisciplinary information when 
formulating and implementing zoning 
plans. In many cases, data are available 
on just one aspect of the MPA, such as 
ecological values (e.g., Done, 1995; 
Riegl and Riegl, 1996; Edinger and 
Risk, 2000; Beger et al., 2003), or 
community perspectives (e.g., Inglis et 
al., 1999; Shafer and Inglis, 2000; 
Williams and Polunin, 2000; Pollnac et 
al., 2001). Relatively few published 
studies have integrated both natural and 
social science perspectives into marine 
tourism planning and management. 

In the case of zoning to manage 
recreational activities as anchoring, 
trampling or SCUBA diving, a key 
ecological criterion to consider is the 
vulnerability of impacted habitats. The 
numerous research of trampling impact 
on the tropical coral reefs, probably the 
most studied recreational impact around 
the world, indicates that branching 
corals are more vulnerable than 
massive, plate-like, digitate, or 
submassive corals (Allison, 1996; 
Plathong et al., 2000; Schleyer and 
Tomalin, 2000; Walters and Samways, 
2001; Zakai and Chadwick-Furman, 
2002). Research also shows that soft 
corals and encrusting corals are least 
vulnerable to trampling (Riegl and 
Riegl, 1996; Plathong et al., 2000; 
Schleyer and Tomalin, 2000; Tratalos 
and Austin, 2001). These findings 
suggest that trampling impacts can be 
reduced by restricting access to reefs 
containing vulnerable hard and 
branching corals, while promoting 
access to less vulnerable reefs. 

In the particular cases of Mediterranean 
habitats most frequented by diving, 
Lloret et al., (2006) evaluated the 
specific vulnerability of those 
communities. Cheoung et al., (2005) 
assigned a intrinsic vulnerability value 
to fishing based in the risk of extinction 
for some fish species. Those studies, 
together with others future similar 
studies, may constitute a useful tool for 
managing and zoning of scuba diving or 
recreational fishing in the 
Mediterranean MPAs. Identify which 
species or communities are most 
vulnerable to each type of impact and 
locate the places where they would be 
the first step in establishing some kind 
of special accord protection and 
restriction of use in these areas. 

In the Mediterranean, the community 
more vulnerable to the diving impact is 
the coralligenous (Sala et al., 1996; 
Garrabou et al., 2004) and so these 
areas should be managed with special 
care and referred to in the zoning plans 
as areas with a high level of protection 
and controlled use. 

In the case of the fish community, given 
their mobility, these special protection 
areas can be areas of concentrated high 
biomass for certain species or areas 
where key processes occur for the 
development of these species (feeding, 
nursery, reproduction, etc). In the study 
of recreational boat fishing in the Serra 
Gelada Marine Park of this work the 
areas around the aquaculture 
installations concentred high levels of 
effort, probably for the high fish 
abundances extracted there. The fish 
assemblage aggregated at these cages is 
composed mainly by pelagic species 
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The 
establishment of some special 
protection status around those zones 
may be a useful tool for protect a great 
amount of these pelagic species that 
feed near the fish farm cages. However 
this protection measure would not have 
any effect on coastal resident species. 
The mobility and home range of species 
objetive of the proection  is a key issue 
to be considered when choosing the size 
and location of the area or areas to be 
protected. 

MPA zoning plans should also consider 
biodiversity values and the most diverse 
habitats have to deserve higher degrees 
of protection within MPA zoning plans. 

A range of social and economic factors 
related to recreational uses and tourism 
must also be incorporated in MPA 
zoning plans. Managers should ensure 
that (1) zoning and related access 
restrictions maintain or enhance the 
capacity of the MPA to provide 
satisfying visitor experiences, and (2) 
degradation of habitat amenity values 
does not occur over time. Meeting these 
objectives requires a good 
understanding of what visitors to MPA 
environments seek within their leisure 
experiences (Shafer and Inglis, 2000). 
Previous research has shown the critical 
importance of biophysical setting 
conditions, including water clarity, 
underwater rock formations, and the 
quality and diversity of the visited 
habitats as well as fish communities 
(Pendleton, 1994; Shafer and Inglis, 
2000; Williams and Polunin, 2000; 
Bennett et al., 2003). Social setting 
conditions are also important, including 
the number of other people, the 

behaviour of others, and the types of 
activities undertaken at a site (Inglis et 
al., 1999; Shafer and Inglis, 2000). 

Judgements of what constitutes a 
‘‘desirable’’ condition in natural areas 
vary widely among users (Manning, 
2003). To accommodate a diversity of 
visitor preferences, park managers 
should provide a range of settings 
within different zones, a spatial visitor 
management strategy known in the 
literature as a ‘‘Recreation Opportunity 
Spectrum’’ (ROS) (Clarke and Stankey, 
1979). A ‘‘Marine Recreation 
Opportunity Spectrum’’ (MROS) has 
also been developed as a more specific 
version of ROS for marine 
environmental applications (Orams 
1999). Separate MROS classes are 
defined based on differences between 
sites in accessibility, degree of social 
interaction, presence of man-made 
physical structures, proximity to the 
shoreline, amount of anthropogenic 
impacts, and the amount and type of 
management regimentation (Clarke and 
Stankey 1979; Orams 1999). Through 
zoning and access restrictions, 
managers can aim to provide a 
sufficient range of recreational 
opportunities that meet the recreational 
aspirations of a diverse range of visitors 
without damage the biological integrity 
of MPA (Knopf 1990; Orams 1999). 

2.3.  Marine education and 
awareness programmes 

Frost and McCool (1988) argue the case 
for education as an effective 
management tool, stating that "If the 
visitor understands the rationale for the 
regulation, there may be more 
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understanding of the regulation and 
consequently, more voluntary 
compliance with it... Thus perceptions 
of the adequacy of information seemed 
to be a factor in the acceptance of 
restrictions. With a good rationale and 
careful explanation of the rationale, 
visitor regulation, at least in some 
places, may enhance recreational 
experiences". In addition, good 
interpretation enhances visitor 
experience and gives greater satisfaction 
at their experience participating in 
recreational activities in the MPA. 

Interpretation should not only comprise 
information on the marine environment 
and marine life found in the area, but 
should also communicate MPA policies 
and management objectives to visitors 
(Wong, 1996). There also needs to be 
an expansion and improvement of the 
interpretation materials used, employing 
a variety of methods. Brochures, posters 
and videos should be multi-lingual, 
taking into consideration the major 
nationalities that visit the MPA.  

Staff of the MPA, as well as tour 
operators, owner of boat tours and dive 
operators should be adequately trained, 
to increase general knowledge and 
conservation awareness of the marine 
environment to the recreational users. In 
addition, training on nature 
interpretation should be provided for a 
qualified personal of the MPA.  
Training should endeavour to improve 
skills, develop understanding, raise 
motivation, and help ensure that limited 
resources for conservation and 
enjoyment of the marine environment 
are used more effectively (WWF, 
2006). 

In the cases of SCUBA diving, per 
example, briefings given by diving 
centres before the dive and underwater 
intervention by a dive leader were 
highly effective at reducing the diving 
impact (Medio et al., 1997; Barker and 
Roberts, 2004; Uyarra and Côte, 2007, 
Luna et al., 2009). These findings 
confirming that deliberate contacts may 
be reduced by the implementation of 
simple measures by the diving centres. 
Attending a briefing emphasizing the 
importance of buoyancy control and 
careful action (educational tools) 
increases the environmental awareness 
of recreational divers and might reduce 
diver damage at dive sites. Moreover, 
the presence of a leader of the diving 
centers during dives is a clearly 
effective tool in minimizing scuba 
divers’ physical impact on their 
environment, because dive leaders can 
take measures when they see divers 
behaving inappropriately.  

The education of local residents on the 
long term benefits of the MPA is crucial 
to ensure acceptance of it, and to avoid 
any conflict or resentment with regards 
to any infringement of rights, especially 
pertaining to fishing. Fishing 
communities should be specifically 
targeted to ensure that they understand 
how the MPA helps to sustain their 
livelihood. 

In addition, a code of good practice 
should be formulated for activities like 
swimming, snorkelling, anchoring, 
diving and recreational fishing, as the 
elaborated by the FAO recently (FAO, 
2008). This must be effectively 
communicated to visitors to ensure that 
they are aware of the negative 
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consequences of their activities and to 
foster more responsibility towards the 
surrounding marine environment. 

2.4.Long term monitoring programmes 

Recreational activities and the tourism 
in temperate MPA has yet to be well-
documented, monitored and evaluated, 
leaving managers with insufficient 
objective information for decision 
making and actions (Wong, 1996). In 
many cases, this has led to ad hoc and 
reactive responses rather than proactive 
and planned decision making. A 
suitable monitoring and evaluation of 
recreational impacts will enable the 
maintenance of a record of marine 
resource and possible conflicts between 
users over time, as well as will help 
managers assess the effectiveness of 
any management actions implemented. 

Recreational users should continue to 
being monitored during the MPA life if 
their long time success is required. 
Social aspects such as users response to 
crowding and visitor satisfaction should 
also be monitored by means of a simple 
questionnaire, per example, a cheap and 
easy measure.  

The monitoring impact of recreational 
activities undoubtedly has to carry out 
periodically. The specification of what 
level of effect should be detectable by 
any monitoring programme implicitly 
involves setting limits of acceptable 
change (LAC), which previously has 
been explained. When the monitoring 
results are obtained, any observed 
changes are compared against the 
chosen critical threshold and the need or 
not to apply some sort of management 

action designed to rectify the situation 
will decide. 
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CONCLUSIONS 

Chapter 1 

1. Long-term evolution of recreational 
fishing effort at Tabarca Marine 
Reserve showed an increasing trend in 
recent years. Usually the highest 
angling effort was recorded during 
summer season. 

2. Typical angler in the Tabarca 
Marine Reserve is a middle-age male, 
resident of near area who go fishing 
alone or in pairs. Many anglers fish all 
year but others only in the warmest 
season, mainly during weekend days. 
The mean expenditure per year per 
angler amounted to €902, on goods and 
services directly related to their fishing 
activities in the Tabarca Marine 
Reserve. 

3. A high proportion of anglers did not 
have a fishing licence and some anglers 
were fishing illegally, as they had 
exceeded the number of lines allowed.   

4. The greatest daily effort was 
recorded during summer weekends; and 
the lowest effort was recorded during 
autumn weekdays, according to in situ 
surveys.  

5. The most abundant catch species 
were: Diplodus spp, Symphodus tinca, 
Sparus aurata and macrophagous as 
Dicentrachus labrax, Dentex dentex, 
Labrus merula. 

6. The highest value of CPUE and 
BPUE was detected in summer and the 
lowest value in winter. 

7. Angling activity in the Tabarca 
Marine Reserve would be capable of 
extracting 4.9 tons of fish per year.  

8. The recreational fishing catch of 
Symphodus tinca and Serranus scriba 
proved to be greater than the artisanal 
fishing landing. For Dentex dentex, 
Muraena helena, Sciaena umbra, 
Diplodus spp and Sparus aurata, the 
angling catch was not greater than it but 
was of considerable proportions. 

Chapter 2 

9. The typical recreational boat 
fishermen is a middle age man, resident 
on the same town council, has an 
experience of more than 21 years and 
great proportion of they are not 
members at fishing club. They fish an 
average of 117.14 ± 12.5 days year-1 
and 4.91 ± 0.16 hours day-1. Most of 
them knew the existence of the Marine 
Park protection figure although it does 
not have influence on their decision of 
fishing there. 

10. Regarding to the relationship 
between recreational boat fisher and 
other users, according to their own 
viewpoint, the most conflictive sector is 
the aquaculture. 

11. Recreational boat fisher identify that 
the species most frequently caught are: 
Seriola dumerili, Trachurus sp, 
Coryphaena hippurus, Pagellus 
erythrinus, Pagellus acarne, Scomber 
scombrus and Euthynnus alletteratus. 

12. The recreational boat fishing effort 
showed is very high, mainly focused on 
the buffer zone and the special 
protection area. In the buffer zone, three 
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important areas were identified due to 
their highest effort density, two of them 
surrounding aquaculture installations. 

13. The annual total catch of 
recreational boat fishing in the Serra 
Gelada Marine Park was estimated in 
24.90 t. 

Chapter 3 

14. Most divers (96.7%) made at least 
one contact with the seabed, with a 
mean contact of 41.20 ± 3.55 (mean ± 
s.e.) per diver per 10 min.  

15. Flapping was the most frequent type 
of contact, and the main damage by this 
action was to raise of sediment.  

16. Contact with the seabed was greater 
for males than for females, 
inexperienced divers than for 
experienced divers, and camera or 
lantern users than for non-users. 

17. Divers accompanied by a dive leader 
or who had been briefed about avoiding 
seabed contact before undertaking a 
dive produced fewer contacts than for 
non-accompanied or non-briefed divers. 

Chapter 4 

18. We observed bigger and more 
abundant individuals of Halocynthia
papillosa at undived sites than at 
frequented dived sites during the period 
of study. 

19. Furthermore, individuals of H. 
papillosa in the most frequented 
localities occupied more cryptic 
positions than in the undived localities.  

Chapter 5 

20. A negative effect of experimental 
flapping on H. papillosa individuals in 
the three most impacted sites was 
observed. In those sites, a reduction in 
the number of individuals was detected, 
with higher lethality rates in smaller 
individuals. Furthermore, in the two 
most impacted sites, the surviving 
individuals did not grow.  

21. A high negative correlation was 
observed between the abundance of 
individuals and the number of flaps. 

22. Our results indicate that the 
resuspension of sediments produced by 
flapping may explain the decrease of H.
papillosa abundance that has been 
observed in areas of high diving 
intensity. 

23. H. papillosa is proposed as a highly 
suitable benthic coralligenous indicator 
species in the study of the impact of 
SCUBA diving in the Mediterranean, 
which would also be a good indicator 
for other types of impact that produce 
an amount of sediment in water, such as 
dumping or dredging. 
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RESUM 

1.Introducció General 

La biodiversitat marina es 
extremadament valuosa per a l’home, ja 
que suposa aproximadament el 60% del 
valor econòmic de la biosfera 
(Constanza et al., 1997)i proporciona 
importants servicis bàsics per a la vida 
humana (Daily, 1997; Moberg i Folke, 
1999). Tot i el seu immens valor, aquest 
no hi ha estat prou reconegut i els 
ecosistemes marins estan en l’actualitat 
deteriorant-se ràpidament degut 
principalment a les activitat humanes. 
Resulta obvi que els oceans es 
ressenteixen actualment del usos 
humans tals com la indústria del 
transport i el turisme, la sobrepesca, les 
descarregues de aigües residuals i la 
introducció d’espècies exòtiques 
(revisat per Norse, 1993; Peterson i 
Estes, 2001; Steneck i Carlton, 2001). 
Cal tindre en compte que aquestes 
amenaces a la biodiversitat marina son 
acumulatives i poden tindre efectes 
sinèrgics (Hughes, 1994). La capacitat 
dels oceans per a recuperar-se de les 
perturbacions globals i mantenir els 
ecosistemes en un estat saludable està 
debilitant-se (Wor, et al., 2006). 
Addicionalment a aquestos problemes 
derivats del ús humà incontrolat, la 
incertidumbre augmenta encara més 
degut al efecte del canvi climàtic. 
Conseqüentment, organismes 
internacionals han estat implicats en 
tasques de conservació i protecció dels 
oceans i han declarat la urgent 
necessitat d’aplicar noves i dràstiques 
mesures de gestió (IUCN, 1998).  

Entre altres, les Àrees Marines 
Protegides (AMPs) han estat proposades 
com una de les mesures de gestió mes 
adequades per a fer front a la 
impredictible alteració a la que es veuen 
sotmesos els ecosistemes marins i 
mitigar els seus efectes (Lubchenco et 
al., 2003). Els efectes positius de les 
AMPs han estat provats al voltant del 
seus límits (per a una revisió consultar 
Halpern i Warner, 2002; Halpern, 2003; 
Gell i Roberts, 2003; PSICO, 2007; 
Claudet et al., 2008). Les AMPs 
proporcionen refugi per a espècies 
amenaçades, prevenen la degradació del 
habitats i possibiliten el 
desenvolupament natural de les 
comunitats marines. El establiment de 
les AMP podria afavorir el “spillover” 
de adults i juvenils que podrien 
recolonitzar les àrees adjacents, ajudar a 
recuperar els stocks de peixos o 
restaurar els ambients degradats. 

Existeixen molt tipus d’AMPs amb 
diferents esquemes de protecció en 
funció dels seus objectius de creació. En 
general, els tipus de protecció aplicats 
en les AMPs de la Mediterrània son 
també molt diversos i posen en 
evidència les grans diferències 
politiques i culturals que existeixen 
entre els diferents països (Wood et al. 
2008). La majoria han estat 
classificades com àrees marines de usos 
múltiples (Harmelin, 2000, Badalamenti 
et al., 2000, Francour et al., 2001). 
Aquestes AMP de usos múltiples 
intenten aconseguir el balanç entre la 
protecció de la biodiversitat i l’ús humà. 

Actualment el turisme es un important 
sector econòmic en el mon i el seu 
impacte sobre els ambients costers es 
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considerable i extremadament difícil de 
gestionar i limitar (Davenport i 
Davenport, 2006). En els últims anys ha 
hagut un important creixement del 
turisme cap a les àrees costeres 
(Boudouresque i Ribera, 1993; Davis i 
Tisdell, 1995; Ribera, 1991), 
especialment en el cas Mediterrani, el 
qual es el principal destí vacacional per 
al 70% del turistes que visiten Europa 
(Comissió Europea, 2008). 

El suposat valor estètic de les AMPs ha 
portat a un turisme massiu a aquestes 
àrees (Ribera, 1991, 1992; Richez, 
1991, 1992, 1993; Capellà et al., 1998; 
Badalamenti et al., 2000; Milazzo et al., 
2002a), puguent arribar a convertir-les 
en verdaders “Parcs submarins”, com es 
el cas de la Reserva de les Illes Medes 
(Ribera-Siguan, 1992). Aquest turisme 
en massa implica el desenvolupament 
d’una sèrie d’activitats d’esplai, com 
son la pesca esportiva (Francour et al., 
2001; Lynch et al., 2004; Pawson et al., 
2007), el busseig (Asafu-Adjaye i 
Tapsuwan, 2008; Barker i Roberts, 
2004; Hawkins et al., 2005) o 
l’ancoratge d’embarcacions (Creed i 
Amado Filho, 1999; Francour et al. 
1999; Francour et al., 2001; Milazzo et 
al., 2004; Montefalcone et al., 2006). 
Totes aquestes activitats poden afectar 
als ecosistemes naturals, produint 
canvis en les comunitats i la 
biodiversitat entrant així en un clar 
conflicte amb els objectius de 
conservació de les AMPs (Sala et al., 
1996; Zabala, 1996; Brown i Taylor, 
1999; Martínez et al., 1999). El 
increment de la presència humana i les 
infraestructures accessòries poden 
superar la capacitat de carrega 
ambiental i produir conflictes difícils de 

resoldre. En aquest sentit, les AMPs 
declarades sense una gestió adequada 
que no tinguen en compte al totes les 
parts implicades, poden arribar a ser 
víctimes del seu propi èxit degut al 
efecte de la “sobrefrequentació” 
(Ramos-Esplà, et al, 2004). 

Els estudis dels impactes humans en 
AMPs han evidenciat l’important efecte 
que poden tindre aquestes activitats i la 
potencial amenaça que suposen per a la 
diversitat de les comunitats marines 
(Brown i Taylor, 1999). La major part 
d’aquestos estudis han estat fets en 
zones tropicals i temperades fora del 
Mediterrani, probablement degut a que 
l’establiment de AMPs com a mesura de 
gestió en el Mediterrani es una practica 
relativament novadora en comparació a 
altres zones del món (Milazzo et al., 
2002a).

Al inici d’aquesta tesi, un total de 146 
estudis publicats varen ser revisats en 
tal de abordar els coneixements actuals 
d’aquestos impactes i localitzar les 
carències existents en les AMPs de la 
Mediterrània. Aquestos estudis havien 
estat fets arreu del món i se centraven 
en el efecte produït per les activitats 
antròpiques tals com la pesca esportiva, 
el busseig, el ancoratge o el pisoteig 
sobre les comunitat marines. Basat en la 
falta de coneixement existent en la 
Mediterrània, revelat per aquesta revisió 
bibliogràfica, i degut a la seva 
importància socioeconòmica, la pesca 
esportiva i el busseig han estat les 
tasques escollides per a ser investigades 
al llarg d’aquesta tesi. 

El estudi de la pesca esportiva s’ha 
abordat des de dues dimensions, 
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corresponent als dos primers capítols, 
primer el estudi de la pesca recreativa 
des de terra i segon el estudi de la pesca 
recreativa des de embarcació. 

Per tal d’estudiar el impacte del busseig, 
el primer pas va ser conèixer el 
comportament in situ dels bussejadors, 
que correspon al capítol tercer. El segon 
pas, que correspon al capítol quart, va 
ser detectar l’existència d’espècies 
sensibles al impacte del busseig i que 
pogueren ser empleades com indicadors 
d’aquest impacte. Finalment, com a 
últim capítol, es va plantejar un estudi 
per tal de corroborar experimentalment 
la utilitat d’aquest possible indicador 
del impacte del busseig. 

Cadascun del capítols han tingut els 
seus propis objectius específics així 
com la seva metodologia pròpia, que es 
detalla capítol per capítol a continuació 
junt amb una breu descripció del 
resultats més rellevants i les conclusions 
més importants obtingudes. 

2. Impacte de la pesca recreativa en 
una Àrea Marina Protegida 
Mediterrània 

La pesca recreativa és una de les 
activitats d'oci més populars i que 
practica un gran nombre de persones 
donant en conseqüència uns alts nivells 
d'esforç (Cowx, 2002; Pitcher i 
Hollingworth, 2002; al Westera et al., 
2003; Cooke i Cowx, 2006), que en 
alguns casos poden arribar a igualar o 
superar l'esforç i la captura de la pesca 
comercial (Pollock, 1980; Dunn et al., 
1989; Steffen et al., 1996; Beal et al., 
1998; Murray-Jones i Steffen, 2000). La 
pesca comercial i esportiva tenen 

similars efectes demogràfics i ecològics 
sobre les poblacions de peixos, i poden 
tenir conseqüències ecològiques i 
econòmiques igualment greus (Post et 
al., 2002; Coleman et al., 2004). 
Aquesta activitat d'oci pot tenir diverses 
conseqüències biològiques sota les 
poblacions objectiu, com ara el 
truncament de l’estructura de talles, una 
disminució de l'abundància i biomassa 
de peixos, així com canvis en la 
composició de les poblacions (Coll et 
al., 1999; McPhee et al. 2002; Westera 
et al., 2003; Coleman et al., 2004; 
Cooke i Cowx, 2004, 2006; Lewin et 
al., 2006, Rius, 2007). Per aquesta raó, 
per tal de garantir una ordenació 
pesquera eficaç, resulta necessari tindre 
en compte per part de la gestió, tant la 
pesca recreativa com la pesca 
comercial, especialment en les zones 
marines protegides. A pesar de la seva 
importància, l'impacte de la pesca 
recreativa sobre les poblacions de 
peixos no ha estat científicament tan 
discutit com el efecte de la pesca 
comercial (Cooke i Cowx, 2004, 
2006).Concrectament, en la 
Mediterrànea existeixen molts pocs 
estudis referents a la pesca recreativa i 
els seus efectes sobre les comunitats 
(Coll et al., 2004; Morales-Nin et al., 
2005; Lloret et al., 2008).  

Aquest estudi no únicament analitza la 
activitat de pesca recreativa a llarg 
temps, sinó també es la primera 
investigació empírica que quantifica in 
situ la pressió de la pesca recreativa des 
de terra, el efecte directe sota les 
comunitats costeres de peixos, 
comparant aquesta amb la exercida per 
la pesca artesanal així com caracteritzar 
el perfil del pescador recreatiu. El 
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principal objectiu d’aquest capítol es 
per tant contribuir al coneixement sobre 
l’explotació dels recursos pesquers per 
part de la pesca recreativa i 
proporcionar dades essencials i 
necessàries per a la elaboració de 
estratègies de gestió integral de zones 
costeres, especialment en AMPs. 

Per tal d’adreçar els objectius plantejats 
es va dur a terme en la Reserva Marina 
de Tabarca l’arreplegada de dades 
referents a la practica de la pesca 
recreativa, emprant una doble 
aproximació. Per una bia, per a tindre 
dades a llarg termini es varen emprar els 
part des de 1997 a 2004, facilitats per el 
servici de guarderia de la Reserva 
Marina. Així mateix, un intensiu 
mostreig del tipus “access point” es va 
dur a terme des de Setembre de 2003 
fins a Maig de 2005. 

L’ evolució a llarg termini de l'esforç de 
pesca recreativa en la Reserva Marina 
de Tabarca reflexa una tendència 
creixent en els darrers anys. En general, 
el major esforç de pesca es va registrar 
durant la temporada d'estiu en quasi tots 
els anys.

El pescador típic a la Reserva marina de 
Tabarca és un home de mitjana edat, 
resident de una àrea propera a la reserva 
que surt a pescar a soles o en parella. 
Molts pescadors desarrotllen la seva 
activitat de pesca durant tot l'any, però 
altres només en les estacions càlides, 
sobretot durant els dies de cap de 
setmana. La despesa mitjana per any i 
per pescador registrada durant el 
mostreig van ascendir a 902 €, 
principalment derivada de béns i serveis 
directament relacionats amb les seves 

activitats pesqueres a la Reserva marina 
de Tabarca. Una alta proporció dels 
pescadors no tenen una llicència de 
pesca i alguns dels pescadors 
entrevistats estaven pescant 
il·legalment, perquè havien superat el 
nombre de línies permeses. 

Segons els mostrejos in situ, el major 
esforç diari es va registrar durant els 
caps de setmana d'estiu, i el mínim 
esforç durant els dies d’entre setmana 
de la tardor, resultat en concordança 
amb les declaracions fetes pels 
pescadors durant les entrevistes. Un 
total de 1,376 peixos, corresponents a 
28 especies es varen capturar durant el 
període de mostreig sent les espècies 
capturades més freqüentment: Diplodus 
spp, Symphodus tinca, Sparus aurata, 
Dicentrarchus labrax, Dentex dentex, i
Labrus merula. El major valor de CPUE 
i BPUE es va detectar a l'estiu i el valor 
més baix a l'hivern. Es va estimar que 
l’activitat de pesca recreativa al AMP de 
Tabarca era capaç d’extreure a l’any 4,9 
tones de peix. Les captures estimades 
d’espècies d’importància econòmica, 
com ara Dentex dentex, Muraena 
helena, Sciaena umbra, Diplodus spp i 
Sparus aurata, eren de proporcions 
considerables en comparació amb la 
captura per part de la pesca artesanal. 

Tenint en compte les implicacions 
biològiques i socioeconòmiqes, resulta 
necessària l’aplicació d’una estratègia 
de gestió global que tinga en compte la 
pesca recreativa. 

3. Evaluant l’impacte de la pesca 
recreativa al Parc Natural de la Serra 
Gelada (SW Mediterrani): un estudi 
de base per a la seva futura regulació 
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La pesca recreativa és una activitat 
d’oci molt important, que té efectes 
sobre les poblacions explotades molt 
similars als de la pesca comercial i que 
en alguns casos, pot arribar a generar 
esforç i captures iguals o superiors. 
Actualment, la pesca recreativa no està 
baix cap tipus de normativa al recent 
creat Parc Marí de la Serra Gelada i per 
tant, aquest estudi és una bona 
oportunitat per avaluar l'impacte 
associat a la pràctica de la pesca 
esportiva i fer el disseny de les futures 
estratègies de gestió a implantar. La 
pesca recreativa amb vaixell va ser 
estudiada utilitzant mitjans diferents de 
mostreig: reconeixements aeris, 
entrevistes directes als pescadors i fent 
ús de les dades disponibles de 
competicions de pesca esportiva. Les 
relacions dels pescadors esportius amb 
altres usuaris i altres aspectes 
sociològics es van estudiar també.  

El pescador recreatiu des de embarcació 
típic del Parc marí de la Serra Gelada és 
un home de mitjana edat, resident local, 
que té una experiència de més de 21 
anys i en la gran majoria no pertanyen a 
cap club de pesca. La pesca recreativa 
és una activitat d’oci intensament 
practicada durant tot l'any, ja que els 
pescadors pesquen una mitjana de 
117,14 ± 12,5 dies any-1 i 4,91 ± 0,16 
hores dia-1. La majoria d'ells coneixia 
l'existència de la figura de protecció del 
Parc Marí, encara que això no va tindre 
cap influència en la seva decisió de 
pescar-hi allà. Pel que fa a la relació 
entre els pescadors des d’embarcacions 
i altres usuaris, d'acord amb el seu propi 
punt de vista, el sector més conflictiu és 
l'aqüicultura. Un total de 33 espècies 
van ser declarades pels pescadors com 

les més freqüentment capturades a l'àrea 
d'estudi, sent Seriola dumerili, 
Trachurus sp, Coryphaena hippurus, 
Pagellus erythrinus, Pagellus acarne, 
Scomber scombrus i Euthynnus 
alletteratus les pescades més a sovint. 

El mostreig d’avioneta va mostrar que 
l’esforç pesquer des de embarcació és 
molt elevat en tot el parc i està centrat 
principalment en la zona d'amortiguació 
i la zona de especial protecció. En la 
zona d’amortiguació, tres àrees 
importants van ser identificades per la 
seva major densitat d'esforç, dos d'elles 
al voltant de les instal·lacions 
d’aqüicultura. Les dades de les 
competicions va mostrar una captura 
mitjana per unitat d'esforç de 0,465 ± 
0,082 kg embarcacions-1 hora-1 i 0.323 ± 
0.054 individus embarcacions-1 hora-1. 
La captura total anual per part de la 
pesca des d’embarcacions al Parc 
Natural de la Serra Gelada va ser 
estimada en 24,90 tones. 

La importància de l'impacte de la pesca 
recreativa en els recursos pesquers i les 
seves implicacions sociològiques s’han 
posat de manifest en aquest estudi. La 
pesca recreativa des d’embarcació ha de 
ser tinguda en compte en l’elaboració de 
les estratègies de gestió, en aquesta i 
altres AMPs. 

4. Impacte sobre el bentos del busseig 
recreatiu en una Àrea Marina 
Protegida Mediterrània 

El suposat valor estètic de les AMPs i 
els avanços tècnics en el equipament de 
busseig han resultat en un increment del 
turisme de busseig cap a estes àrees 
marines protegides, en estos últims 20 
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anys (Hawkins i Roberts, 1992, Davis i 
Tisdell, 1995). El busseig pot resultar en 
el deteriorament de les comunitats 
bentòniques, perquè els bussos poden 
danyar fàcilment els organismes marins 
a través del contacte físic amb les seves 
mans, el cos, l'equip, o les aletes (Talgo, 
1992; Rouphael i Inglis, 1995, 1997; 
Tracta'ls i Austin, 2001; Zakai i 
Chadwick- Furman, 2002; Pulfrich et 
al., 2003; Uyarra i Côté, 2007). Encara 
que els danys produïts per un únic 
bussejador a nivell individual son de 
poca importància, hi han evidències que 
els efectes acumulatius poden arribar a 
causar la destrucció d’organismes 
sensibles (Garrabou et al., 1998; 
Hawkins et al., 1999; Plathong et al., 
2000 ). Hi ha un problema encara més 
greu quan l'activitat de busseig se centra 
en les zones marines protegides. Els 
efectes d'un gran nombre de bussejadors 
en uns pocs llocs d’una reserva marina 
poden ser contraris als objectius 
principals per als que es va crear l’AMP 
(Davis i Tisdell, 1995, 1996; Coma et 
al., 2004; Hawkins et al., 2005). No 
obstant això, alguns autors afirmen que 
l'impacte dels bussos en un lloc pot 
estar més influït per la seva experiència 
i pel seu comportament, més que pel 
nombre de persones que freqüenten el 
lloc (Davis i Tisdell, 1995; Rouphael i 
Inglis, 2001; Barker i Roberts, 2004 ). 

Els objectius abordat en aquest capítol 
varen ser: estudiar el comportament del 
bussejadors sota l’aigua, evaluar els 
seus efectes sobre el medi marí i les 
característiques que poden influir en el 
comportament bussejador. 

El present estudi es va dur a terme en el 
Parc Natural Marí de la Serra Gelada, el 

qual ha vist incrementat el seu nombre 
anual de bussejadors des de la seva 
declaració com AMP. En total, 181 
bussejadors recreatius van ser seguits 
sota l’aigua, i tots els contactes i els 
efectes produïts durant la immersió van 
ser registrats. Tota la informació sobre 
el perfil del bussejador i les 
característiques de la immersió es va 
registrar mitjançant una enquesta 
personal feta després del seguiment . 
Els resultats derivats del mostreig van 
revelar que 175 dels bussos observats 
(96,7%) van cometre almenys un 
contacte amb el fons marí, amb una 
mitjana de contactes de 41,20 ± 3,55 
(mitjana ± es) per bussejador per 10 
min. 

L'aleteig és el tipus de contacte més 
freqüent i el dany principal derivat 
d'aquesta acció era la resuspensió de 
sediments. El nombre de contactes amb 
el fons va ser més elevat per a homes 
que per a les dones, per als bussos 
inexperts que per als bussejadors 
experimentats i per als usuaris de 
càmera de fotos o llanterna que per als 
no usuaris. Així mateix, els bussos no 
acompanyats per un líder de busseig o 
que no havien estat alertats d'evitar el 
contacte del fons marí mitjançant un 
“briefing” previ, ocasionaren més 
contactes amb el fons marí que els que 
anaven acompanyant o havien assistit 
prèviament a la immersió al “briefing”.  

Un major coneixement de les causes 
que determinen una conducta 
perjudicials en el bussejadors, pot ser 
útil alhora de gestionar l’activitat de 
busseig, reduint el dany produït pels 
usuaris i assegurant la sostenibilitat 
d'aquesta activitat en les àrees marines 
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protegides. 

En el Mar Mediterrani, el sistema litoral 
de profunditat en zones rocoses està 
dominat per organismes calcaris, 
animals sèssils filtradors i esquelets 
morts que es coneixen com a 
"coralígen" (Ballesteros, 2006). El 
coralígen és un exemple d'una 
comunitat molt diversificada i altament 
estructurada de suspensivors, una de les 
més riques en termes de nombre de 
especies i organització del bentos de la 
Mediterrània (Ros et al., 1985; 
Ballesteros i Ros, 1989). Aquesta gran 
diversitat d'organismes i vistositat 
d'aquests hàbitats els fan molt atractius 
per als bussejadors (Lloret et al., 2006). 

El busseig recreatiu és un component 
important i creixent del mercat turístic 
internacional (Tabata, 1992; Davis i 
Tisdell, 1995). En general, aquesta 
activitat es produeix normalment en 
llocs marins amb un paisatge subaquàtic 
impressionant, alta diversitat biològica 
(Tabata, 1989) o de especial valor 
biològic, fets que en molts casos 
coincideixen en les àrees protegides 
(Davis i Tisdell, 1995). Tanmateix, el 
busseig pot resultar en la deterioració 
dels parcs marins, perquè els bussos 
poden fer malbé directament els 
organismes marins (per exemple, pel 
contacte físic amb alguna part del seu 
cos o equipament) o indirectament (per 
exemple, augmentant la resuspensió de 
sediments) (Rouphael i Inglis, 1997; 
Tratalols i Austin, 2001; Zakai i 
Chadwick Furman, 2002; Pulfrich et al., 

2003; Luna et al., 2009). 

Alguns estudis de seguiment de 
l'activitat de busseig han demostrat que 
l’augment de sediments va ser el efecte 
més freqüentment produït pels bussos, 
seguit pel contacte amb els organismes 
fràgils, com les gorgònies, coralls i 
briozous (Garrabou et al., 1998; Zakai i 
Chadwick-Furnman, 2002; Barker i 
Roberts, 2004; Luna et al., 2009). 

Entre altres, hi ha tres mecanismes 
principals d'elevar els sediments que 
puguin afectar directament organismes 
de costes rocoses: el soterrament o 
l'asfíxia, erosió o abrasió produïda pel 
movent dels sediments i els canvis en 
les característiques físiques de 
l'estabilitat del substrat dur que pot 
resultar en una pèrdua del hàbitat idoni 
(Airoldi, 1998). La resuspensió de 
sediment influeix clarament en diverses 
espècies d'invertebrats sèssils, afectant 
al creixement i la supervivència de 
espècies d’ ascídies, que es veuen 
afectades per la deposició excessiva de 
sediments que acaba provocant la 
sepultura i l'obstrucció dels sifons i 
l’aparell branquial. Els sediments també 
produeix efectes d'abrasió i dificulta la 
solució dels processos (Bakus, 1968; 
Gabriele et al., 1999). 

D'altra banda, els bussejadors poden 
danyar fàcilment els organismes marins 
a través del contacte físic amb les seves 
mans, el cos, l'equip o les aletes 
(Rouphael i Inglis, 1997; Tractalos i 
Austin, 2001; Zakai i Chadwick 
Furman, 2002; Pulfrich et al., 2003 ; 
Uyarra i Côté, 2007) causant 
trencament, fragmentació o l'abrasió 
dels teixits (Hawkins i Roberts, 1992; 
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Garrabou et al., 1998; Coma et al., 
2004).

La combinació de dos efectes, la 
resuspensió dels sediments i el contacte 
físic, son els principals agents estressant 
als que les comunitats bentòniques es 
veuen sotmeses per part de l'activitat de 
busseig.

El gran nombre d'espècies i l'alt nivell 
de diversitat d'espècies en la comunitat 
de coral·ligen dificulten l'avaluació de 
l'impacte de busseig a la comunitat en 
conjunt, per tant, la selecció d'una 
espècie o grup d’espècies indicadores 
seria una avantatjosa ferramenta (Sala et 
al., 1996 ). 

En aquesta part del treball, plantegem la 
hipòtesi de que un augment del 
sediment resuspès per els bussos tindrà 
un efecte negatiu sobre l'adquisició 
d'energia i el desenvolupament de 
l’ascídia solitaria Halocynthia 
papillosa. Aquesta espècie d’ascídia ja 
ha estat reconeguda com a indicadora de 
ambients poc perturbats (Naranjo et al., 
1996). A més, l'efecte abrasiu del 
sediment en el teixit de ascídies i el 
contacte físic directe produït pels bussos 
poden produir efectes additius negatius. 
Aquesta espècie podria ser un indicador 
útil per avaluar i supervisar l'efecte de 
busseig a la comunitat mediterrània del 
coral·ligen. L'objectiu d'aquest estudi va 
ser avaluar la idoneïtat d’ H. papillosa
com un indicador d'impacte de busseig i 
el seu paper potencial com una eina 
eficaç en la detecció de pertorbacions en 
el sistema ecològic. Per assolir aquest 
objectiu principal, els objectius 
secundaris han estat: (1) quantificar 
l'abundància d' H. papillosa entre els 

llocs freqüentats pels bussejadors i 
aquells poc freqüentats, (2) estudiar la 
seva distribució de talles entre aquestos 
llocs, i (3) estudiar el seu grau 
d'exposició sobre el substrat. 

Un estudi comparatiu de les poblacions 
d'H papillosa es va dur a terme durant 
un període de dos anys (durant 2006 i 
2007), abans i després de la temporada 
alta de busseig al Parc Marí de Serra 
Gelada (SW Mediterrània occidental). 
El disseny emprat per a assolir els 
objectius plantejats va ser un disseny de 
Mesures Repetides amb quatre factors, 
dos “inter-grups” i dos més 
“intra.grups”. Les dades es varen 
arreplegar mitjançat un mostreig in situ 
no destructiu, en el que es varen 
registrar i mesurar tots el individus 
existents en cada parcel·la. 

El resultats obtinguts assenyalen 
individus més gran i més abundant d’H
papillosa en els llocs poc freqüentats 
per bussejadors que en els llocs més 
freqüentats durant el període d'estudi. 
D'altra banda, els individus d'H
papillosa en aquestos llocs més 
freqüentats ocupen posicions més 
críptiques que en les localitats poc 
freqüentades.

H. papillosa ha demostrat ser molt 
sensible als efectes adversos de busseig. 
Aquesta espècie podria constituir un 
bioindicador fiable de l'activitat de 
busseig i com a tal podria ser una eina 
útil per al control ràpid i fàcil de 
l’impacte del busseig sobre les 
comunitats de coral·ligen. 
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H.papillosa ha estat classificada com 
una espècie sensible a l'estrès, així com 
una bona indicadora de condicions 
naturals en el medi marí (Naranjo et al., 
1996). Un recent estudi de 
monitorització va demostrar que en 
llocs amb alta freqüència de busseig, 
l'abundància d'H papillosa és molt baixa 
i es troba restringida a ocupar posicions 
més críptiques que en zones on no es 
busseja (Lluna et al, 2010). Aquest 
estudi que correspon al capítol anterior 
va avaluar la sostenibilitat de H. 
papilosla i va proposar l'espècie com un 
indicador adequat per avaluar i 
supervisar l'efecte de busseig a la 
comunitats de coral·ligen Mediterràni. 
Tanmateix, la causa-efecte no hi es va 
corroborar mitjançat aquest estudi pasat, 
així com tampoc es va estudiar l'efecte 
immediat i els mecanismes pels quals 
els individus H. papillosa es veuen 
afectades negativament pel busseig. 
L'objectiu d’aquesta part de la tesi va 
ser determinar la causa-efecte 
mitjançant un experiment, per tal de 
llançar llum sobre les respostes 
immediates i a llarg termini de H. 
papillosa front la pertorbació causada 
pel busseig. 

Per tal de complir amb aquest objectiu, 
un experiment de manipulació in situ es 
va dur a terme per estudiar durant un 
període d’un any. Es van considerar cinc 
intensitats d'impacte d’aleteig 
experimental: 0 (control), 3, 90, 270 i 
330 aletejos. Dues unitats 
experimentals, cadascuna amb deu 
individus d’H.papillosa, van ser 

assignats a l'atzar per a cada tractament. 
En cada unitat experimental, deu 
trampes de sediment circular es van 
col·locar. 24 h hores després del aleteig 
experimental les trampes es varen 
recol·lectar per al seu posterior anàlisi. 
L'abundància total i la supervivència 
dels individus de cada talla en cada 
unitat experimental es van mesurar 
durant vuit intervals de temps: abans de 
l'experiment i 24 hores, 1 setmana i 1, 3, 
6, 9 i 12 mesos després. El disseny de 
l’experiment corresponia a un disseny 
de mesures repetides que va ser 
analitzat mitjançant un RM-ANOVA, 
per tal de provar les diferències entre els 
tractaments i al llarg del temps que va 
durar l’experiment. 

En els tres llocs més afectats per el 
aleteig experimental es va observar una 
reducció en el nombre d'individus, amb 
taxes de letalitat més altes en aquells 
individus més petits. D'altra banda, en 
els dos llocs més afectats pel aleteig, els 
individus supervivents no van ser 
capaços de créixer. Es va observar una 
elevada correlació negativa entre 
l'abundància d'individus i el nombre 
d'aletejos (R2 = 0,96). El model de 
regressió general reflexa una alta 
correlació entre l'abundància dels 
individus i les fraccions dels sediments 
que es varen estudiar. Aquestos resultats 
indiquen que la resuspensió dels 
sediments produïts per aleteig podria 
explicar la disminució de l'abundància 
d’H. papillosa que s'ha observat en les 
zones on hi ha una alta intensitat de 
busseig. 

A la llum dels resultats, H. papillosa es 
proposa com una espècie betònica del 
coral·ligen molt adequada en l'estudi de 
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l'impacte de busseig a la Mediterrània, 
que també seria un bon indicador per a 
altres tipus d'efectes que produeixen una 
quantitat de sediment a l'aigua, com ara 
el dumping o el dragatge. 
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