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a b s t r a c t

The world’s oceans are the clearest example of how the common use of resources has led to an intense
and unknown degradation of large areas. The lack of a clear responsibility for some practices in coastal
and offshore benthic systems, and the difficulty in seeing directly what the direct and indirect impacts
are, has profound repercussions for one of the most fragile, biodiverse and biomass generating group of
ecosystems: the ‘animal forest’. Soft and hard corals, sponges, bryozoans and other animals which are
considered eco-engineering species, make up what is known as the animal forests, which are present in
shallow and deep waters all over the planet. These sessile three-dimensional living structures are
currently under threat from bottom trawling, direct harvesting, pollution and mining, in terms of the
direct effects of human intervention. The lack of clear legal rules in the management of coastal, conti-
nental platform and deep coral communities is one of the principal problems for these complex com-
munities. The possibility of over-simplifying processes in benthic areas due to a common use of the
resources is analysed in this paper, with special emphasis on certain direct impacts all over the world.
The real consequences of this over-simplification of the animal forest due to the destruction of these
complex, long-lived structures and the potential solutions for a sustainable management are discussed.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

The transformation of the oceans due to direct or indirect hu-
man interference is a fact. Over recent decades both the accelera-
tion and expansion of the so-called “ecological footprint” (a
measure of human demand on the Earth’s ecosystems; Rees, 1992)
have increased the need to regulate a complexmanagement system
to confront the synergic problems that affect coastal and ocean
ecosystems. Some of the perturbations are direct actions that can
be regulated, forbidden or transformed into more sustainable
models (e.g. bottom trawling, eutrophication, tourism and urban
expansion, control of alien species, etc.). Others can be considered
“indirect” perturbations that cannot simply bemanaged at the local
and regional level, since they require a global effort to be solved
(e.g. global warming and ocean acidification) (Hoegh-Guldberg
et al., 2007). These impacts may act synergistically (at the same
time) or in an additive way (one after the other), leaving a low
chance for community or population recovery in many cases. Ad-
ditive factors make problematic coastal and ocean management
because is difficult to identify only one cause of the deterioration of
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the habitats (Fig. 1). Among the ocean’s ecosystems, coastal areas
are the most threatened, and these are the ones that, paradoxically,
provide human communities with the most economical, social, and
health services (Rossi, 2011).

We are seeing a profound and worldwide ocean transformation
process that has become so complex and synergic that it is not
perceived as a dramatic occurrence, but as part of our natural
adaptation to the present social and economic needs (Bearzi, 2009).
Probably the first step towards managing the oceans properly is
‘simply’ knowing the composition of its community, the population
structure of the main benthic organisms or their health status
(Sardà et al., 2005, 2012). This first step is completely neglected in
our present plans for the future management of the oceans (Sardà
et al., 2012). Whereas problems in tropical forests have been
identified over the last 100 years, for example, we still lack an
understanding of the real problems faced by the seas (Knowlton
and Jackson, 2008). In fact, there is a lack of clear information
about biodiversity, abundance or even biomass in coastal and
offshore areas. Today habitat loss has been identified as the leading
problem faced by species and ecosystem conservation in the oceans
(Costello et al., 2010), and its poor management is partly due to our
ignorance and common use of large areas that are governed by
different rules than the land areas.



Fig. 1. Synergic effects on the animal forest. The different threats never act alone,
being more or less important depending on the location, direct pressure and degree of
protection of the coral, gorgonian, sponge, bryozoan, etc. populations. Furthermore,
some of them may act in an additive way; arrows indicate consequences of some of
these effects on the magnification of some impacts.
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One of themain problems is that the baseline of how the benthic
ecosystems function is far from being well understood. We lack
knowledge about what the real structure of the community is, and
the interactions between organisms or the biogeochemical cycles of
ancient oceans, and thus it is difficult to evaluate how these sys-
tems will evolve in the future (see a good approach to these pro-
found transformations of the marine ecosystems in Jackson, 1997,
2001). Even more dramatic is the fact that our present poor man-
agement is largely due to the common use of benthic (and pelagic)
resources since ancient times (Knowlton and Jackson, 2008). In
1968, Garrett Hardin made the famous statement that “freedom in
a commons brings ruin to all” e the famous tragedy of the com-
mons concept (Hardin, 1968). Hardin argued that the users of a
commons are caught in a process that eventually leads to the
destruction of the resource upon which they depend, because each
individual continues to use the resource until the expected costs of
use equals the expected benefits. Since each individual does not
consider the costs imposed on others, the accumulated individual
decisions result in the overuse of the commons. The present paper
attempts to understand what the main threats to the diverse
benthic ecosystems are, taking into account a real “tragedy of the
commons” concept that has been applied systematically to man-
aging these and other ocean areas.

2. The animal forest concept

The animal forest is a living three-dimensional structure similar
to a vegetation forest but composed basically of sponges, cnidar-
ians, bryozoans, ascidians and other sessile animal organisms in the
ocean benthos (Rossi et al., 2012). These forests are dominated by
ecosystem engineering species, organisms which directly or indi-
rectly modulate the availability of resources to other species,
causing changes to the physical condition of biotic or abiotic ma-
terials (Jones et al., 1994). These autogenic structuring animals or
plants create and maintain these habitats, while other (allogenic)
animals may take advantage of these structures to create their own
habitats, such as labroid fishes in coral reefs.

These living structures generate and enhance nutrient ex-
change, as well as capturing and retaining carbon, nitrogen
and other elements from plankton in their structures in complex
biogeochemical cycles. The animals may be mainly autotrophic
(e.g. symbiotic corals or sponges) or completely heterotrophic
(e.g. aposymbiotic gorgonians, bryozoans or ascidians). These ani-
mals are called benthic suspension feeders because they intercept
particles from the water column that will be transformed in
biomass and energy (Gili and Coma, 1998). Their self-organising
structures allow them to pass from simple to more complex eco-
systems, thereby increasing the biomass and biodiversity of other
organisms. Themore complex animal forests are the result of a long
successive history of growth and structuring: the more structured
the animal forest, the more capacity to process energy and matter
and to retain particles from the more simply organised (and fast-
growing) plankton (Gili and Coma, 1998). The more mature ani-
mal forests consist of taller and more branched corals, more com-
plex and bigger sponges, etc., structures that can alter major
current flows and particle retention, thus concentrating more
zooplankton, eggs, larvae, juveniles and adults in their surround-
ings (Baillon et al., 2012). In contrast, immature animal forests have
a smaller surface exposed to the major currents, and therefore their
capacity for capturing carbon, nitrogen, phosphorus and other el-
ements (and retaining them) is much lower (Rossi et al., 2012) (as
well as recover through the gonadal output, see the example shown
in Fig. 2). These mature animal forests are also carbon sinks,
retaining part of the ocean productivity in structures that may
sequester during very long periods primary and secondary pro-
ductivity of the oceans (Rossi et al., 2008; Gori et al., 2011).

Communities dominated by heterotrophic benthic suspension
feeders (e.g. deep sea corals) are far more important in terms of
bathymetric distribution and biomass than those based in the
symbiotic relationship with the micro-algae that make up the an-
imal forests (e.g. on coral reefs), because light (the main driver of
photosynthesis) only reaches to a depth of 50e100 m, thereby
leaving hundreds of metres free for heterotrophic organisms (Gili
and Coma, 1998; Miller et al., 2012). These animal forests can be
as diverse as the tropical rainforests even in high latitudes like the
Antarctic Ocean (Gili et al., 2001), with coral reefs being probably
the most well known animal forest all over the world.

Animal forests are also “nursery” places where many vagile
species (e.g. fishes, crustaceans, cephalopods, etc.) spend part or all
of their life cycle in its surroundings. The more complex and more
mature the structures of the animal forest are, the higher the
nursery effect, because the more complex structures provide more
places to hide and feed (Marliave et al., 2009; Orejas et al., 2009;
Baillon et al., 2012; Miller et al., 2012). It is important to stress
that without these complex structures, many species may have not
an adequate place to live, feed and shelter. It has been demon-
strated that sponge gardens for example may have up to one order
of magnitude more species per square metre than the more simple
bioherms (Marliave et al., 2009), and a direct relationship of
benthic macrofauna diversity-abundance and fish concentration
exists in estuarine areas (Wouters and Cabral, 2009).

The animal forest may adapt to changing environmental pa-
rameters, overcoming occasional perturbations (Belwood et al.,
2004; Hoegh-Guldberg et al., 2007; Rossi et al., 2011), but too
frequent or profound perturbations (as a consequence of the direct
or indirect effect of human management of benthic ecosystems)
such as bottom trawling, over-fishing, eutrophication, pollutant
release, excessive tourism, alien species introduction, etc. may be
impossible to be overcame by these complex structures, especially
when such perturbations act synergically (Belwood et al., 2004;
Knowlton and Jackson, 2008; Falkenberg et al., 2010).

3. Indirect impacts on the animal forest

The impacts of climate change exceed the capacity of many or-
ganisms to adapt due to their highly rapid onset: Animals and
plants can adapt to environmental and biological changes, and



Fig. 2. In Cap de Creus (Spain, North Western Mediterranean), the red coral (Corallium rubrum) population is dominated by small colonies (considering the height, on the left). The
smaller the colonies, the lower the number of larvae released because the number of polyps is also lower (on the right). It is important to stress that more than 90% of the population
(between 0 and 4 cm height) is only capable to spawn 47% of the larvae, whilst the rest of the population (from 4.1 to 8 cm height, 10% of the population) accounts for the 53% of the
spawned larvae. Red coral non harvested colonies could reach more than 20 cm height (Rossi et al., 2008), the potential recovery of the species is seriously compromised with the
actual harvesting measures. Data from Tsounis et al., (2006a),b.
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acclimatise to specific situations, but never in the history of our
planet have conditions been changing so fast, and this phenome-
non is also true for the components of the animal forest (Hughes
et al., 2003). Even if these impacts are not the main target of the
present paper, a brief explanation has to be included, because their
additive effects also affect the animal forest health and future
adaptation.

Briefly, there are three main effects of climate change on the
animal forest: warming, ocean acidification and rising sea levels,
with all these impacts acting together. For example, coral bleaching
has been related to a shift in the sea water temperature in coral
reefs all over the world. Over the coming decades coral mortality
may reach up to 60% in the areas where corals are present as a
fundamental part of the benthic structure of the animal forests
(Grottoli et al., 2006). The bleaching phenomena has increased in
frequency and strength, but another phenomenon related to sea
warming is the intensity of hurricanes, which have increased in
strength compared to other decades, affecting the viability of coral
reefs in shallower waters (Veron et al., 2009). The bleaching phe-
nomena and the impact of hurricanes are patchy, due to the wide
biogeographic differences in the response to climate change,
depending on the species composition, the topography and main
current regime, as well as the health status of the environment
(Belwood et al., 2004). Ocean acidification will also affect the or-
ganisms in different ways, with those based on CaCO3 chemistry
being the most affected. The animal forests based on hermatypic
corals (which seem to be the most affected, Hoegh-Guldberg et al.,
2007) are now the most sensitive to the synergic effects of warm-
ing, hurricane destruction and ocean acidification, changing their
abundance and distribution because of the effects of these climate
changes. When we think about the simplification of the animal
forest, these effects have to be added to the main direct threats.

4. Bottom trawling

Fishing practices all over the world are the clearest example of
how common use of resources has been misinterpreted by human
society. The ocean has been considered as an extensive and “never
ending” source of protein in which everyone can take as much as
they can. This is probably the most paradigmatic issue of the
“tragedy of the commons” direct effect. Among fishing practices,
bottom trawling has to be considered as the most devastating for
animal forests all over the world.

Bottom trawling can be compared with a destruction of a land
forest inwhich all the trees, bushes and other plants are eliminated
(and discarded) merely to catch some wild pigs, squirrels, deer or
birds (Walting and Norse, 1998). All these three-dimensional
terrestrial structures can be compared with forests of corals, sea-
weeds, gorgonians, sponges or seagrasses. Over the last three de-
cades it has been demonstrated that bottom trawling has had a
profound impact on the way ecosystems function in several ways
(Thrush and Dayton, 2002). Among these impacts, the destruction
of the more long-lived and fragile species, the compacting of the
sediments, the impoverishment of the near bottom seston, the
simplification of the benthic ecosystems and trophic chains or the
interruption of marine biological corridors and shelters for vagile
species are the most evident (Pilskaln et al., 1998; Thrush and
Dayton, 2002; Coll et al., 2008; Althaus et al., 2009; Clark et al.,
2010; among others). In general, it is estimated that some fishing
grounds are trawled between 100% and 700% a year, with half of the
world’s continental shelves being impacted by bottom trawling
each year (Walting and Norse, 1998). This practice can be partly
responsible for the depletion of at least two thirds of the top
predators, long-lived structures and large animals since the 1950s
in our oceans (Christensen et al., 2003). It is outside the scope of
this paper to review the real damage caused by bottom trawling,
but I would like to demonstrate that this practice has been espe-
cially acute because of a “tragedy of the commons” perception
maintained by those involved in industrial fishing all over the
world.

In 1904 an extended study demonstrated the fragility and the
impoverishment of the British Isles continental shelf systems due
to bottom trawling and over-fishing (Garstang, 1904). This early
report alerted to the dangers in the common use of fishing grounds
on the continental shelf: there were no clear laws, no clear moni-
toring or rules, and a belief that the common space shared by
fishing boats was in principle “impossible to deplete” because
oceans were an infinite source of food and life (Garstang, 1904). The
reality of the situation revealed an opposite trend, and within a few
decades industrial over-fishing with bottom trawling (and other
kinds of fishing) had reduced biodiversity and biomass drastically
in the studied area.

The lessonwas never learnt in other areas of the world. After the
Second World War, bottom trawling experienced its definitive
expansion all over the planet. More advanced technology to detect
the fish shoals, more powerful ships to fish further afield, and fish
kept in cold storage are keys to understanding the success of in-
dustrial fishing in general and bottom trawling in particular (Pauly,
2009; Clark et al., 2010). Better terrestrial infrastructure for
distributing goods and an efficient chain of cold storage from the
fishing boat to the final market helped the product to reach almost
every part of the planet, allowing an increase in the amount of
protein coming from the sea almost everywhere, especially in the
industrialised countries.
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Probably the most paradigmatic account of the over-
exploitation of fishing grounds, the profound transformation of
the animal forest and the collapse of the resource due to misuse
and common use of the continental shelf by bottom trawling is
the story of the cod in the Georges Banks off the eastern coast of
North America (Clover, 2006). This area covers more than 20,000
square kilometres, with a very shallow continental shelf (mostly
30e80 m deep) that is easy to reach by ships from the coast.
Though there was growing alarm by the end of the 19th century
as a result of the rapid decrease in landings (Rose, 2004), spe-
cialists and stakeholders decided to increase the fishing effort of
fleets. Very large cod disappeared, but the cod industry was
expanding and the cod stocks seemed not to be affected by the
numerous fishing vessels. After the great fishing peak of 1929,
several marine biologists and fishery specialists produced an
extensive report (in fact similar to the published one by Garstang,
1904), in which some concerns were voiced about the possibility
of over-fishing in the Georges Banks area (Myers et al., 1996;
Kurlansky, 2008). After a period of “forced” cessation of fishing
all over the world during the war period, industrial fishing rein-
forced its structure and became an essential part of some econ-
omies. In the 1960s, the Great Banks was the preferred area for
bottom trawling for Soviet, Spanish, Portuguese and French fleets.
In 1965 the Soviet Union alone had more than 100 very large ships
working in the area together with another 425 smaller bottom
trawling ships. During this year, the Soviet fleet caught 875,000
tonnes of cod and other fish off the coasts of the US and Canada
(Kurlansky, 2006). In 1977, following intense pressure from the
fishing industry, the United States and Canada unilaterally
established the 200 miles exclusion zone. There was no sense of
conservation behind such a measure, only the aim of substituting
the foreign fleets with their own fleets. In fact, the 825 US and
Canadian ships that worked in the area in 1977 had increased to
more than 1400 by 1982. At that time, cod stocks were already
collapsing (Myers et al., 1996), and by the end of the 1980s cod
landings were only around 20,000 tonnes, almost 10% of the
amount captured in the same area in 1929. In 1992 the area was
closed to any kind of fishing by bottom trawling to allow stocks to
recover, but after almost twenty years cod (as well as other spe-
cies) fishing is still not allowed because the populations have
never recovered from the previous overexploitation (Morissette
et al., 2009). It is now accepted that these destructive fishing
practices wiped out the benthic animal forests, an essential part of
the life cycles of demersal fish such as cod.

This common use and the sensation of impunity fostered by the
lack of effective control or proper roles and laws has now extended
to remote areas such as deep coral grounds or undersea mountains
in international waters, where bottom trawling is being systemat-
ically applied (Miller et al., 2012). At least twomillion tonnes of fish
have been taken from the deep sea since 1960 (Clark et al., 2010),
being the method for managing the resource is still like the “boom
and bust” system practised in the mining industries. It have been
suggested that the direct impact of bottom trawling fish exploita-
tion is probably greater than climate change or other perturbations
in the animal forests (Jackson et al., 2001). Politicians and stake-
holders have always avoided the real problem of bottom trawling
management, i.e. the common use of resources with no control and
the use of an individual species approach, not an ecosystem-based
approach (Pauly, 2009). Even if there has been an increase in the
amount of protein for human consumption coming from the
ocean’s fisheries in the last fifty years (FAO, 2010), the present
collapse of ecosystems due to over-fishing shows a delicate point of
inflexion in which the recovery of the animal forest can only result
from banning bottom trawling and other aggressive fisheries
practices.
5. Harvesting of precious corals

Another clear case of a misinterpreted common use of the
benthic animal forest is the exploitation of the so-called precious
corals. The extraction of colonies by direct harvesting (sponges,
gorgonians, precious corals, etc.) is a strong source of perturbation,
and the method used is always “boom and bust”, depleting entire
populations in a way similar to the processes used in mining
(Tsounis et al., 2010a). Precious corals have been harvested for
centuries because of the value of their hard skeleton, and are used
mainly in jewellery. The market for precious corals has extended
from the Mediterranean countries to other places (e.g. Tibet, North
America, North Africa) for ornamental, religious or spiritual pur-
poses (Tescione, 1976).

Most of the precious corals have been depleted by dredging,
using the benthic substrate as a common place that could be used
by everyone who had a boat. The Saint Andrew’s Cross (a wooden
cross-piece with hanging nets used to pick up coral from the rocky
bottoms) has been used to collect red coral (Corallium rubrum) since
the 4th century B.C., and was only definitively banned in 1994 in
the Mediterranean. This so-called “ingegno” is trawled along the
seabedwhere red coral (and other suspension feeders of the animal
forest) live. It is absolutely non-selective, destroying everything in
the benthic system. Hundreds of boats began to dredge systemat-
ically along the Italian coast with the Saint Andrew’s Cross, with
this practice spreading all over the Mediterranean by the beginning
of the 19th century.

Scuba diving has delivered the “coup de grace” from the 1950s to
the present day, reaching the more sheltered patches of coral
populations (caves, tunnels, overhangs, crevices) where dredging
activities were not capable of reaching the small red “trees”
(Tsounis et al., 2009). In this case the areas harvested were also of
common use, and divers had only to comply with some kind of
rotation discipline in an attempt to avoid the complete collapse of
the resource. The deepest patches are still the most difficult to
reach, and in some places may be safe from harvesting (Rossi et al.,
2008). Sardinia is a typical example of a place where the coral has
completely disappeared in the shallow areas due to the sense of it
being a common resource that could be harvested by anyone who
wanted to dive in its blue waters. In 1956 divers could harvest at a
depth of 37 m in Capo Caccia, but by 1964 they needed to go down
below 72 m in order to have some coral to sell (Tsounis et al.,
2010b). Coral divers from every part of the Mediterranean flocked
to the area to harvest red coral, and the first to arrive had the op-
portunity to collect this long-lived animal with very few legal re-
strictions. The same scenario was repeated in Trapani (Sicily),
Alborán (South of Spain), Cap de Creus (North of Spain) or off the
Oran coast (Algeria) (Tsounis et al., 2010a).

In someways, an evenworse panorama can be seen today in the
Pacific Ocean when other precious corals are considered (e.g. Cor-
allium elatius, Corallium secundum or Corallium sp.). These corals are
also an important part of the deep sea animal forests (150e1500 m
deep), and have been systematically dredged throughout the last
century (Tsounis et al., 2010a). The only way to reach the big col-
onies in a profitable way is by using tools similar to the Saint
Andrew’s Cross. The most obvious case of this common use of the
resource comes from the Emperor Mountains of the Pacific, in the
international waters of the northern part of the Hawaiian archi-
pelago. These undersea mountains had dense populations of coral
species, and over a period of only three years (1965e1967) inten-
sive non-controlled dredging harvested more than 1000 tonnes,
depleting the area. Russian and Taiwanese ships worked the area
intensively, benefiting from the lack of any jurisdiction in interna-
tional waters. Forty years later this area has still not recovered
(Bruckner, 2009; Tsounis et al., 2010a).
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Together with a non-based in the biology and ecology of the
organisms management rules, poaching and irregular harvesting
are probably the most serious problem for the precious coral
populations (Tsounis et al., 2013). Poaching is associated with 60%
of the red coral biomass loss (Linares et al., 2012). There is a lack of
sense of property or good practices in this kind of harvesting, due to
a wide ignorance about the resource, since current restriction
measures are decided not on the basis of the biology and ecology of
the species (the tallest andmore branched colonies are thosewhich
may produce most new organisms), but on the jewellery interest
(the basal diameter of the colonies) (Tsounis et al., 2010a; 2013).
Other threats may cause coral populations to become extinct
locally. Ocean warming and acidification may act synergistically
with harvesting and cause the resource to collapse in several
shallow (and even deep) areas (Santangelo et al., 2007; Bramanti
et al., 2013), but the current work done by professional divers
and ships extracting the coral with no biologically-designed rules in
the harvesting plans are not helping the management of this
essential part of the animal forest for the near future.

6. Aquaculture

Aquaculture has been presented as the opportunity to make a
profound change in the protein resources coming from aquatic
environments. The so called Blue Revolution had a specific target:
providing the opportunity to enhance the aquaculture industry in
less favoured countries in order to provide protein for its own in-
habitants or even to sell part of the product to other countries
(Stonich and Bailey, 2000; Diana, 2009). Again the problems arose
when no respect was shown for the environment and a highly
aggressive policy was applied to ensure a rapidly growing business
(Queiroz et al., 2013).

Aquaculture may have a positive effect on biodiversity by
diminishing bottom trawling and other fishing industrial practices,
however intensive aquaculture practices have a direct effect on the
benthic populations: direct eutrophication and pollution, intro-
duction of invasive species and profound changes in the trophic
chain are some of the consequences. Aquaculture changes the
composition of the animal forest, especially in areas where the
cages are placed over hard substrate, by eutrophication of water or
accumulation of sediments (Borja et al., 2009). This is especially
true in the Norwegian or Chilean fjords, where animal forests are
currently threatened by salmon cultivating: many authors claim for
a better management plans due to the direct impact on the hard
bottom-soft bottom communities of these fragile ecosystems
(Asche et al., 1999; Häussermann and Försterra, 2007; Ellingsen
et al., 2009; Iriarte et al., 2010).

An indirect effect for the animal forest may come when other
systems like mangroves are affected. The systematic destruction of
mangroves because of the shrimp aquaculture (Polidoro et al.,
2010; Queiroz et al., 2013) reduces the possibility of recruiting
vagile fauna and providing a nutrient and organic matter load
needed in coral reef areas (Mumby et al., 2004). Again aquaculture
simplifies the ecosystems and replaces a diverse biomass with a
very simple and accelerated monoculture (Pitcher, 2008), and an
unclear distribution of the aquaculture structures as a result of a
common use of the coastline may be the key to understanding the
deterioration of many animal forests all over the world.

7. Mining

Even if bottom trawling has been identified as the most
destructive activity for the animal forest all over the world, mining
(extraction of fossil fuels or metals) can be also considered a major
perturbation for these ecosystems, especially for deep ones (Clark
et al., 2010). The main mining extractions are petroleum, gas,
magnesium nodules and crusts rich in cobalt and polymetal sul-
fides, with the submarine mountains having enormous concen-
trations of these non-renewable resources. The technology to
ensure a profitable exploitation of such materials already exists
(Sharma, 2007), and the need to look for newplaces to extract these
goods is driving different countries to expand this industry rapidly
all over the world.

Mechanical extraction and re-suspended sediment are the more
evident threats to the deep coral animal forests (Clark et al., 2010),
but there are very few studies dealing with the potential impact of
this kind of resource extraction. It is difficult to reach the places in
which this kind of mining is carried out and environmental studies
are scarce and biased. Another effect is the direct pollution by the
leaking of the extracted oil (see the British Petroleum accident in
the Gulf of México, the Deepwater Horizon oil spill in 2010). The
effect may be more local than bottom trawling, but it is more
intense because of the profound transformation of the substrate.

These deep-sea animal forests are in largely unknown zones
where active mining practices are not regulated. Again the freedom
to reach deep benthic areas, especially in international waters, is
devastating these fragile ecosystems. There is a direct overlapping
of the most prominent known animal forest and the mining targets
all over the world (Clark et al., 2010), with a logical degradation
when mining protocols are applied without previous environ-
mental impact studies.

8. Tourism and urban areas impact

Human pressure related to the urban development of coastal
areas is also a great concern for animal forest preservation. Among
the impacts, those related to the tourism are probably the most
contradictory. Even in damaged areas the monetary income from
tourism is very high, but it is clear that the more healthy the
animal forest, the more tourist will come (White et al., 2000). The
tourist wants to pay to see a healthy animal forest, and thus there
is an important market related to this business (Asafu-Adjaye and
Tapswan, 2008). However, the so-called ecotourism may also
negatively impact the animal forests in coasts all over the world.
Again, one of the main problems is the common use of the
resource and the poor legislation protecting the underwater
ecosystems.

Trampling (Liddle, 1991; Hawkins and Roberts, 1993), boat an-
chors (Ohman et al., 1993; Maynard 2008; Dinsdale and Harriot,
2004) or diving (Sala et al., 1996; Coma et al., 2004) are among
themore direct impacts on the animal forests in those places where
tourism concentrates to enjoy nature. In the case of anchoring,
there is a clear mixture of two types of human behaviour related to
the destruction of the three-dimensional structures: the absence of
guilt, because the boat owner is not seeing the damage directly, and
the lack of an effective ownership of the area where boats can stay.
But among the aforementioned direct impacts, diving is one of the
more controversial impacting activities. In Belize and Cancun,
divers and all the activity related to tourism is damaging the second
most extensive coral reef in the world (Dietrich, 2007). In these
areas, the people have transferred their economic dependence from
fishing to tourism. The people diving is interested in preserving the
animal forests, but they do have a direct impact as a result of the
diving activity (Arin and Kramer, 2002), destroying the fragile
structures of many organisms (Sala et al., 1996; Coma et al., 2004;
Luna et al., 2009). In a routine dive every 10 foot a diver touches
the fauna and flora of the animal forest, including bryozoans, corals
or ascidians, an activity that can collapse sessile animal populations
in less than ten years because of the number of times divers
frequent a single area (Luna et al., 2009). Damage to the sessile



Fig. 3. The animal forest, like the land tree forest, needs time to recover. In this example, different steps after an iceberg (natural) disturbance are considered in one of the more
complex animal forest all over the world: the Weddell sea animal forest). The succession time is unknown, but the high complexity probably takes decades or even centuries to
conform such biodiverse seascape. Bottom trawling effects may be compared with these disturbances in some way, being too much frequent for the animal forest recovery, and the
rising number of icebergs in Antarctica may also impact some zones with an excess of damage to the animal forests in this area of the wolrd. Figure from Gili et al., (2001), with the
permission of Gili & Corbera.
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suspension feeders (by divers’ frequent visits or due to other ac-
tivities such as artisan fisheries) has a direct repercussion on the
capacity of gorgonians to store energy and reproduce, because of
the loss of tissue by abrasion and the growth of epibionts (Tsounis
et al., 2012). Divers are in fact part of the problem, but can also be
part of the solutionwhen they are adequately informed and used as
a source of information and awareness for other divers or other
people (Bramanti et al., 2011).
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Other activities related to the tourism are impacting the animal
forest indirectly, but seek the immediate benefit that this group is
providing for coastal areas. Souvenirs, aquarology, and especially
the practice of blasting with dynamite to provide fish for the hotels
and restaurants are currently destroying the source of monetary
income because of a common use of extensive areas. The practice of
blasting has a direct repercussion on the animal forest, destroying
the coral reef structure. It is very lucrative, with only 20 Vworth of
dynamite the poachers can easily earn up to 500 V selling the fish
(Wells, 2009). The main contradiction in this practice is that it not
only affects the animal forest but also the tourists, who do not want
to stay next to an area where the fishermen are blasting.

Lastly, but also very important, eutrophication and pollution
(i.e. plastic debris, oil spills, heavy metals, etc.) is also directly
impacting very large areas in many different places due to the
concentration of tourism or simply large human populations in
coastal areas. The lack of clear rules, the sensation that the sewage
or plastics is going into the sea but its repercussions are not being
seen directly, the lack of ownership in the underwater coastline and
the rapid (and uncontrolled) growth of tourist or city structures are
profoundly degrading coral reefs (Bell, 1992; Nyström et al., 2000).
This is probably the direct impact related to urban development
that most profoundly affects animal forests in shallow (0e30 m
depth) coastal areas, and could only be avoided with strict legis-
lation related to marine pollution management. Almost nothing is
known in other animal forests like deep coral assemblages or the
coralligene, but Orejas et al. (2009) found up to one debris/fishing
gear each 5 m at z100e300 m depth in the continental platform
and the slope of a submarine canyon, and Sardà et al. (2012)
demonstrated that near the urban areas the concentration of
litter in the bottom between 0 and 70 m depth can be found in
more than the 20% of the surveyed surface.

The loss of diversity and biomass, as well as complexity, may
impair the capacity for animal forests to recover and as a conse-
quence the quality and quantity of the ecological goods and ser-
vices they provide. Conserving the capacity of these ecosystems to
generate essential services requires them to be managed as com-
ponents of a larger seascape-landscape of which human activities
are seen as an integrated part (Moberg and Folke, 1999). Marine
protected areas are part of the solution for all these direct impacts,
but a very well planned extension, dynamic management (i.e.
adapted to new problems) and good and affective surveillance is
needed to be really effective in different parts of the world (Bearzi,
2007).

9. Simplification of the ocean forests and its consequences

As previously explained, suspension feeders are efficient living
machines processing the water column seston. The impact on
mature animal forest will have consequences in the benthice
pelagic coupling processes, as well as in the retention of organic
matter and the capacity to sequester carbon from the plankton
(Rossi et al., 2012). The simpler the animal forests (smaller colonies/
individuals, less branched structures, lower biomass of long-lived
organisms), the less energy they can process and retain. This ef-
fect has a positive feedback inwhich the degradationprocesses lead
to an acceleration of the simplification process towards more
immature and less diverse three-dimensional structures. The eco-
systems based on the animal forest are still not well understood,
especially those questions related to carbon and nitrogen retention
and recycling, being an excess of simplification an advantage for
simpler organisms (Pitt et al., 2009).

In fact, we are destroyers of diversity and complexity, replacing
nature’s complex structures and interactions with our own
complexity, passing from “animal forests” to “grassland” seascapes
(Rossi et al., 2008). We have a poor understanding of the concepts
governing the resilience of the main contributors of these complex
structures, being far from a good understanding of the metabolic,
physiological, reproductive or the simply distributive processes and
patterns. Thus, we need to change both locally and globally per-
ceptions of these ecosystems to avoid the collapse of the animal
forests all over the world. Because we are still far from a real
comprehension of the system functioning in the oceans, especially
with respect to what the animal forests need to survive, there is an
urgent need to cope with a more holistic vision of these systems
everywhere.

Can we identify the limits of degradation in the animal forest?
Can we know when a certain limit is surpassed and there is a point
of no return for recovery on a human timescale? As in the tropical
rainforest, the way to return to similar complex structures prior to
degradation is very difficult and not well understood (Knowlton
and Jackson, 2008) (see a succession example toward a more
complex community of polar seas in Fig. 3). We need thus to pro-
vide solutions in which the final consumer is able to realise the
damage to the animal forests caused by the various direct and in-
direct impacts he is making in different benthic systems. In a land
system people are used to seeing direct cause and effect, while in
the marine system both indirect and direct affects are practically
unperceived. Living in big cities makes the task of understanding
the potential damage to the complexity of the systems more diffi-
cult. We are currently blinded by the neo-liberal policies and eco-
nomic theories based on the idea that progress has to be
continuous, and especially that technology will save us from the
collapse (Garrity, 2012). It is impossible to maintain a first world
economic and social model in its current form, since ecosystems
like the animal forest cannot withstand this accelerated degrada-
tion. We are replacing top predators, highly resilient ecosystems
and complex structures with our own model of complexity but
without a solid base of adaptation (Jackson, 2008). Therefore there
is an urgent need to understand what we are doing, changing the
oceanmanagement if wewish to recover the animal forests all over
the world.
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