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Sea urchin dynamics and community-based

marine protected areas'

The role of herbivores, and sea urchins in particular, in structuring shallow temperate
subtidal reef systems has been documented in different systems and regions around the
world (Shepherd, 1973; Lawrence, 1975; Breen and Mann, 1976; Chapman, 1981;
Andrew and Choat, 1982; Choat and Schiel, 1982; Duggins, 1983; Dean et al., 1984;
Harrold and Reed, 1985; Fletcher, 1987; Vadas et al., 1986; Chapman and Johnson,
1990; Andrew, 1991, 1994). Sea urchins are important members of subtidal reef
communities because some species can overgraze fleshy macroalgae to create barrens
habitat and still persist in high population densities (Johnson and Mann 1982). As a
result, a sharp decrease in primary production is generally associated with this transition
of rocky reef habitats dominated by macroalgal beds to barrens habitat dominated by
crustose coralline algae. Further, such deforestation events can wipe out entire algae
(e.g. Macrocystis pyrifera) populations with concomitant decreases in the abundance of
various associated algae. This generates well documented changes in community
composition and repercussions for rocky-reef ecosystem structure and functioning
(Dayton 1975a,b; Dayton et al 1984; Schmitt and Holbrook 1990; Sala et al., 1998;
Gagnon et al 2004). In California, population explosions of kelp grazers, and sea urchins
in particular, resulted in kelp deforestation and transition to barrens at a variety of scales
(Leighton 1971, Lawrence 1975, Foster and Schiel 1988, Steneck et al 2002 and
references therein).

Possible mechanisms underpinning the creation of barrens relate with either a change in
sea urchin grazing behavior or an increase in their density. A behavioral shift where
cryptic individuals emerge to overgraze attached algae may result from either decreased
predator abundance (Bernstein et al., 1981; but see Vadas et al., 1986; Elner and Vadas,
1990) or decreased availability of drift algae (Harrold and Reed, 1985). Alternatively,
increases in sea urchin population density and subsequent barrens formation can
potentially arise from decreases in predator abundance (Estes and Palmisano, 1974;
Duggins, 1980; Wharton and Mann, 1981; Vadas and Steneck, 1995; Steneck, 1997) or
unusual massive recruitment events (Hart and Scheibling, 1988). The importance of
predators structuring sea urchin populations has been long discussed, with relatively
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little obvious evidence except in the case of the sea otter (Enhydra lutris) as a key
predator of sea urchins at some sites in the northeastern Pacific (Estes and Duggins,
1995; Estes et al., 1998). In addition, abundant evidence support the importance of
teleost fish in the northwestern Atlantic (Vadas and Steneck, 1995; Shears and Babcock,
2002) and rock lobsters in South Africa (Jasus spp; Mayfield and Branch, 2000; Mayfield
et al., 2001) in regulating sea urchin populations, and that the regulatory effect is
influenced by fishing of these predators. In California, lobsters and sheepheads are the
main predators of sea urchins and potentially regulate its populations (Tegner and Levin
1983; Cowen 1983). Pycnopodia have also been shown to be predators of Sea Urchins in
California (Duggins 1983). However, whether predators can be capable of naturally
control sea urchins populations and hence maintain healthy kelp ecosystems depends on
the system and species. Predation upon sea urchins is generally higher where predatory
fish are abundant and large (e.g., within MPAs; Sala and Zabala, 1996; Guidetti, 2006).
However, the patterns observed are not consistent in time, at large spatial scales, or in
different systems around the world (Sala et al. 1998; Guidetti 2006; Guidetti et al. 2005;
Micheli et al. 2005). For example, Andrew and Choat (1982) found no evidence of an
effect of fish predation on densities of sea urchins within a marine reserve in New
Zealand. Further, Shears and Babcock (2004) stated that, while increased predation may
affect sea urchin population structure and density, only under certain environmental
conditions are these changes likely to result in cascading effects on algal communities.
Further, as stated by Sala et al. (1998), other processes (i.e. recruitment, pollution,
disease, large-scale oceanographic events, sea urchin harvesting, food subsidies, and
availability of shelters) may also be important in regulating the structure of algae
assemblages. In summary, natural control of sea urchin population by predators may or
may not occur, depending on the biological, ecological and environmental conditions of
a particular system.

Sea urchins and abalones generally share similar food and habitat preferences in kelp
forest communities around the world (Tegner and Levin 1982; Davis et al. 1992;
Guzman del Proo, 1992) and competition between these two taxa for space and/or food
has been documented worldwide (Shepherd 1973; Tegner and Levin 1982; Andrew and
Underwood 1992 and references therein). Along the California coast, abalone (Haliotis
spp.), red sea urchins (Strongylocentrotus franciscanus) and purple sea urchins (S.
purpuratus) feed primarily on the same species of macroalgae and have been described
as potential competitors for food and space (Tegner and Levin 1982). In addition, sea
urchins capability of overgraze kelp beds with consequent formation of barrens can
deprive other herbivores, such as abalone, from food sources. In this respect, and
motivated by fishermen’s concern that urchin-dominated barren areas were increasing in
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New South Wales, Australia, Andrew et al. (1998) carried out a sea urchin
(Centrostephanus sp.) removal experiment to assess potential benefits in abalone
populations. Thirty replicates of at least 1000 m® were used to compare different
patterns of sea urchin removals. Clearing the echinoids led to a habitat shift from
coralline crusts to a range of foliose algae, accompanied by an order-of magnitude
increase in abalones. They suggest the potential benefits of an incipient sea-urchin
fishery in enhancing abalone populations and they advocate the development of an
experimental approach to co-management of the two species. Moreover, Tomascik and
Holmes (2003) assessed the distribution and abundance of pinto abalones (Haliotis
kamtschatkana) in relation to habitat, competitors and predators in the Broken Group
Islands, BC, Canada. They found a positive correlation between abalone size and the
abundance of benthic macroalgae and an inverse relationship between abalone size and
the abundance of red sea urchins (S. franciscanus). Further, in northern California,
Karpov et al. (2001) explored spatial interactions and apparent competitive effects
among red abalones (H. rufescens), red sea urchins (S. franciscanus), and purple sea
urchins (S. purpuratus) in an area where fishing has large impacts on both taxa, and at
unfished reserve sites in which invertebrate density and food availability differ. They
found an inverse correlation between adult red abalone and red sea urchin abundance
when density of either or both species was high. Their results suggest that differences in
density, depth, and food availability play an important role in the observed spatial
patterns of red abalones and red sea urchins. They suggest that an intense fishery for red
sea urchins appear to have had a positive effect on kelp availability, and abalone growth
and abundance. Ultimately, red sea urchin removal led to an increase in red abalone
abundance even at a site that was heavily fished by recreational abalone fishers, while at
a nearby reserve site where kelp populations are lower, red abalones have declined in
abundance as red sea urchins increased. Finally, preliminary analyses of sea urchin and
abalone data collected by the California Department of Fish and Game (CDFG 2010) in
two different sea urchin closures areas, Caspar and Salt Point, show a similar inverse
relationship between densities of both taxa (Fig. 1a and b).
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Figure 1. Mean densities for sea urchin and abalone inside and outside (a) Caspar closure for the period
1989-2008; and (b) Salt Point closure for 2008.

This analysis should be considered preliminary and exploratory, since the availability and
the temporal coverage and replication of data available so far doesn’t allow the use of
robust statistical methods. However, difference in sea urchins densities inside and
outside the reserve were significant in both cases (p<0.005 and p<0.010 for Caspar and
Salt Point respectively). Abalone densities inside and outside Caspar were significant
(p<0.05) yet not significant in Salt Point (p>0.05). An incomplete time series of sea
urchins and abalone densities inside the Caspar reserve show, although not significant
(p>0.05), some visual trends of increase in sea urchins and decrease in abalones.
Additional data, especially missing years, should be included in order to confirm or reject
such trends (Fig. 2).
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Figure 2. Time series of sea urchin and abalone densities inside the Caspar marine reserve (mean * SE;
Coefficients were positive and negative for sea urchin and abalones respectively, although linear model
fits were not significant in both cases; p>0.05)

In addition, percentage of algae coverage available for sea urchins (i.e. sub-canopy and
canopy) showed a drastic decline after the Caspar/Salt Point reserve was established
(Fig. 3), possible supporting the concept of overgrazing by an increased sea urchin
population
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Figure 3. Percentage of algae coverage by type measured along bottom inside the Caspar closure area,
period 1988 — 2008. After CDFG (2010).
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In contrast with the competitive relationship observed between adult urchins and adult
abalone, adult sea urchins may act as facilitators of juvenile recruitment, either providing
physical protection for juvenile abalone under their large spine canopy (Tegner and
Dayton, 1977; Tegner and Butler, 1989), and/or maintaining coralline algal patches by
intense grazing, which have been shown to result in increased abalone settlement
(McShane, 1992). Day and Branch (2000) showed a strong, positive relationship
between urchins (Parechinus anguwsus) and abalone (Haliotis midae) in the
southwestern Cape, South Africa. Of the juvenile abalone sampled, more than 90% were
found beneath sea urchins. In addition, Rogers-Bennet and Pearse (2000) stated that red
sea urchin may provide an important cryptic microhabitat for juvenile abalone sheltering
beneath urchin spines in shallow waters. They investigated the abundance of juvenile red
abalone (H. rufescens) and flat abalone (H. walallensis) on protected and fished rocky
shores in northern California, finding that one third of the juveniles inside the MPAs
were found under the urchins’ spine canopy. However, the abundance of juvenile red
abalone was not correlated with the abundance of conspecifics adults. Tomascik and
Holmes (2003) implied a similar interaction, but only seven percent of total number of
juvenile abalone (less than or equal to 45 mm) was found under the red sea urchins'
spine canopy. However, given the importance of sea urchins’ spine canopy for juveniles
of their own species, these studies should have evaluated the competition for that
microhabitat under high sea urchin densities. Another important consideration to study
is the survival of juvenile abalone over time under high sea urchin densities and the
likely competition for food.

Despite the variability of ecological conditions affecting sea urchin populations and
consequent overgrazing of kelp communities, and the intra and inter-specific role of sea
urchin in structuring rocky shore communities, the negative impacts of overgrazing and
transition to barrens are quite convincing. Main effects may include losses in productivity
and biodiversity (Tegner and Dayton 1981, 1987; Holbrook et al. 1990; Herrera 1998;
Babcock et al 1999, Graham 2004 and references therein) and loss of habitat suitable for
feeding and breeding fish and invertebrates (Brito et al. 2004). Thus, controlling sea
urchin population by means of calcium oxide (quick-lime; Wilson and North 2009 and
references therein), releasing fishing pressure on its predator (e.g. lobsters and
sheepheads; Tegner & Levin 1983; Tegner & Dayton 2000) or by developing targeted
fisheries (Sala et al 1998; Guidetti et al 2004) has been a common practice in various
systems around the world and in California in particular.

A significant amount of studies show the effectiveness of marine protected areas (MPA),
and marine reserves in particular, as conservation tools when they are placed and
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designed properly. Marine reserves are often established with fisheries enhancement
objectives or biodiversity conservation goals. Recently, studies have begun to address
biodiversity conservation through community wide changes due to marine reserves. In
this respect, community state transitions between barrens and kelp forests due to marine
reserves have been documented in various systems worldwide. This appears to be due to
indirect effects of banning fishing , which cascade down the food chain to produce a
community shift (e.g. more lobsters = fewer urchins = more kelp). Several studies
indicate that releasing fishing pressure on urchin’s predator (e.g. lobsters) may control
sea urchins populations and allow kelp beds recovery (Babcock et al 1999; Steneck et al
2002 and references therein). However, where natural predators aren’t capable of
controlling herbivores populations, overgrazing may cause a decrease in macroalgae
abundance and productivity, with a transition to barrens as an extreme case (Sala 1997;
Davenport and Anderson 2008). Some examples of drastic changes in community
compositions inside no-take marine reserves include (i) two examples in Kenya, one at
the Mombassa National Park where the exclusion of artisanal fishers for several years, in
conjunction with manipulative programs to reduce sea urchin populations demonstrated
that herbivores mediated competition between algae and coral (McClanahan 1997), and
the other at the Watamu National Park where increased herbivory slowed of the recovery
of macrophytes and caused a switch toward dominance of calcareous algae (McClanahan
et al 2002); (ii) a study in northern and central Chile where abundance of limpets inside
human-exclusion ‘no-take’ areas, were coupled with a drastic decline in the abundance of
macroalgae with extensive food-web modifications (Oliva and Castilla 1986); (iii) in
South Africa, selective fishing on mussels and limpets increased species richness and the
substrate showed a significantly greater cover of sessile unexploited species (e.g.
macroalgae; (Hockey 1994); (iv) in Ustica, Italy, the lack of human fishing pressure after
the instauration of a protection regime caused a sharp increase of urchins density with
consequent transformation of algal assemblages into barren areas, dominated by a few
species of encrusting algae (Gianguzza et al 2006). These community and food web
modifications may lead to losses in biodiversity and productivity, undermining the
overarching objectives of MPAs. In this context, the examples mentioned have developed
regulated selective fishing or experimental removals practices in order to control key
dominant species and avoid drastic changes in community composition and structure.

Another important benefit of regulated fishing inside MPAs is the inclusion of fishermen
and stakeholders in the regulatory and enforcement process. Cooperation in MPA
implementation and enforcement and in resource management by local communities of
users has been shown as a critical step in attaining the specific objectives behind these
protected areas worldwide (Africa: South Africa, Kenya; Asia: Philippines, Bangladesh,
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Japan; Oceania: Vanuatu, Samoa, Australia; North America: USA, Canada, Mexico;
South America: Brazil, Chile, Peru; and Europe: Italy, France, Sweden, UK; Gutierrez
and Hilborn in prep.) In addition, community-based MPAs that are periodically harvested
are increasingly being implemented as fisheries management tools. Some examples of
local community involvement in implementing and enforcing MPAs include: (1) coral
reefs in Vanuatu, where a periodical fishing inside the reserve has demonstrated both
ecosystem and fishing benefits (Bartlett et al 2009); (2) cooperative fishing in the Gulf of
California, Mexico, where MPAs are the core component of the management system
(Cudney-Bueno and Basurto 2009); (3) a cod fishery in the Baltic sea, where fishermen
participation in fishery regulations inside a MPA improved rule compliance and led to a
sustainable fishery (Suuronen et al 2010); Further, Pollnac et al. (2010) show in a recent
review of 127 MPAs published in the Proceedings of National Academy of Sciences that
high levels of compliance with reserve rules were more related to complex social
interactions, such as fishermen incentives and community cohesion and leadership, than
simply to enforcement of reserve rules.

Finally, besides the implementation and enforcement benefits, co-management or
community-based management (CBM) of MPAs also allow time and cost efficient
monitoring of resources within the protected area. Data collection on targeted resources,
habitat, and its associated species by fishermen has been used and described for different
fisheries worldwide (Chile, Australia, New Zealand, Spain). In the Australian abalone
fishery, divers gather and process fishery-dependent information in what Prince (2003)
popularized as the “Barefoot Ecologist” program. In California, the San Diego
Watermen’s Association (SDWA), which includes divers that target local red sea urchins
Strongylocentrotus franciscanus, started a CB data collection program in 2001 (Schroeter
et al. 2009). In collaboration with independent scientists and biologists, the SDWA
developed a program to gather, organize, and analyze both fishery-dependent and
fishery-independent data on the local red sea urchin fishery. These CB data collection
programs are of particular importance for sea urchins and other sedentary or low
mobility invertebrates (e.g. lobsters, abalones). Fine-scale spatial heterogeneity in their
life history traits demands a great amount of spatial and temporal information in order
to depict patterns and processes in their population dynamics needed for proper stock
assessments and management plans (Butterworth and Punt 1999; Hobday and Punt
2009). This fine-scale spatial and temporal resolution in data collection and analysis has
been proved extremely difficult to achieve without fishermen involvement.
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