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Abstract

The population of theCatarinascallop, a high value species for artisanal fishers in Baja California Sur,
collapsed in 1978 in the Ensenada de La Paz and has never recovered. Habitat theyrackt
overfishing are some of issues preventing scallop recovery. Noroeste Sustentable (NOS}, a non
governmental organization focused on community development, is working with the EI Manglito fishing
community in La Paz to repopulate the Ensenada W@#tarina scallops, and eventually reopen the
fishery. Our team developed different scenarios for the restoration effort, focusing on major population
bottlenecks for recovery, including the lack of lagoon habitat, illegal fishing, and population
enhancementthrough aquaculture. We tested the cesenefits of each scenario using a bioeconomic
model that we created to simulate conditions influencing scallops in the lagoon. To better parameterize
the model, we conducted a field experiment to assess the surkatalof the scallops on the Ensenada
seafloor in different habitat types. We compared a total of 15 restoration scenarios, each a unique
combination of different levels of habitat restoration, aquaculture intensity, surveillance, and seeding.
The resultsridicate that habitat and its restoration has the greatest influence on the population biomass
of scallops. The results also suggest that aquaculture is not economically feasible. We thus recommend
that NOS focus their efforts on carrying out a pilot habistoration project in the historical fishing
grounds. Restoration efforts would also benefit from continued surveillance to discourage illegal fishing
and scallop seeding from aquaculture production for a minimun8 gkars, preferably at a higher
quantity of scallops per year than 340,000. Future research should evaluate the current level of the
suitable habitat, and the feasibility of different habitat restoration methodologies.
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Executive Summary

Our project focuses on the Catarina scall®pgopeten ventricosusa species with high cultural and
commercial value in Baja California Sur, Mexico. The importance of this species is reflected by its
presence in the Baja California Sur flag. Historically abundant in the wild, the fishery today is nearly
depleted. The restoration of the Catarina fishery in the Ensenada is expected to strengthen the property
rights of local fishers, to restore this native species to its historical range, to support the recovery of
other species, such as the pen shell clamg & generate jobs. In this way, fishermen and the local
community stand to gain from a restored native fishery and a sustainable aquaculture industry in the
Ensenada.

The objective of this project is to identify restoration strategies to restore thear@at scallop
population to a sustainable level in the Ensenada de La Paz, which could ultimate contribute to bringing
economic benefits to the community of EI Manglito. In order to achieve these objectives, we must take a
look at the life cycle and histgiof the Catarina scallop in Baja California Sur.

The Catarina scallogdrgopecten ventricosyss a bay scallop found in near shore shallow lagoons.
Reaching sexual maturity around 6 months, each scallop produces up millon eggs and ultimately

settles on shell hash, seagrass, and algal turf. The scallop reaches an adult size of 56 mm in
approximately 1 year. The life span of the Catarina scallofBigears and can reach a height of 80mm.
Sensitive to sedimentation, water quality, and illegalifigh the Catarina is vulnerable to environmental
perturbations. Ranging from Northern Peru to Northern Mexico, the Catarina scallop is heavily fished,
which over time has led to local extinctions in Panama and several locations in Baja California Sur. Our
research focuses on the Catarina scallop in the Ensenada de La Paz, in Baja California Sur, Mexico. The
Ensenada was once the main fishing ground for the Catarina scallop in Baja California Sur, until the
population collapsed in 1979. Habitat degradatiomaverfishing are some of issues preventing scallop
recovery.

Noroeste Sustentable (NOS), a Agmvernmental organization focused on community development, is
located in the fishing community of ElI Manglito, just outside the city center of La Paz. idiOH a
Manglito fishermen are working together to restore and repopulate the lagoon with Catarina scallops to
levels high enough to reopen the fishery. Together they have developed a repopulation model in which
the fishermen receive Catarina scallop seedd aaise the seed in a nursery until they reach a size of
roughly 10 mm. The juveniles are transferred into corrals until they reach a size of 30 mm. when they
are collected and released in the Ensenada. The goal is to seed enough mature scallops tacesprod
and repopulate the Ensenada with Catarina scallops. Some of the challenges to the restoration effort are
community engagement and illegal fishing. It is estimated that illegal fishing makes up for 40% for
scallops fisheries. This event, along with tilegal fishing of the Pen Shell scallop, led to the
development of a surveillance team of local fishermen.

Since our study aims to identify restoration strategies that would repopulate the Ensenada to a
sustainable level, we identified major populatidottlenecks that may inhibit recovery and also
mechanisms that may enhance the recovery. The lack of settlement habitat in the Ensenada may pose a
threat to recovery by not providing enough substrate for Catarina recruits to settle. lllegal fishing
continues to occur, despite enforcement, resulting in the poaching of seeded scallops. We would also
like to investigate increasing the length and quantitysoéllopsseededinto the wild as a manner in
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which to speed up the restoration. Finally, we would likeetxplore the idea that aquaculture could
generate a source of income for the fishermen during the restoration effort.

In order to analyze these effects, we created a bioeconomic model to simulate conditions influencing
the Catarina scallop population ithe lagoon We used lifecycle parameters and relationships to
develop an agstructured population model. This population model builds upon the Von Bertalanffy
growth function, the BevertoiHolt stockrecruitment relationship, lengtweight relationship,
fecundity, maturity, natural mortality, fishing mortality, and illegal fishing mortality. We assume that the
starting population is zero and use a total of 4 age class8&syfars). Each time interval in the model
represents 1 year, and the population sveimulated through 100 years.

Within the model we tested 15 restoration scenarios, each a unique combination of different levels of
habitat restoration, aquaculture intensity, surveillance and seeding. The costs and benefits were
analyzed for each restation scenario. Since illegal harvest continues to occur in the Ensenada, we can
expect that illegal fishing will occur at every stage of the project and continue to occur when the fishery
opens. We assume that the intensity of illegal fishing would depanthe level of surveillance and its
effectiveness and thus we modeled 3 levels of illegal fishing: 40%, 20% and 5%. We use recruitment as a
proxy for habitat availability. Since there is a lack of historical landing data, we used the estimated
qguantity o scallops during the final year the fishery was open as a reference for historical abundance.
We consider this baseline to be conservative. For our analysis, we assume that current available habitat
represents 30% of the habitat available in the finalryree fishery was open. We varied the habitat
availability at 30%, 60% and 100% to represent current levels of habitat. To model the intensity of
aquaculture operation in the bioeconomic model we designed three levels of aquaculture intensity at O,
580,000 and 2,320,000. In both these aquaculture levels, the scallops would be matured in the cages to
the 56 mm legal size and then harvested for sale. To model the effect of seeding on the Catarina
population recovery in the bioeconomic model we designed feuels of seeding. Level 1 assumes an
annual quantity of 340,000 for one year, level 2 assumes 340,000 scallops per year, for three years, level
3 assumes 680,000 scallops per year, for three years, and Level 4 assin0e€ 88allops per year, for

6 years.

The 15 scenarios produced outputs of population biomass (B/B0), average catch value, fishery net
present value (NPVw), aquaculture net present value (NPVaq), restoration investment, fishery net
present value (NPVw)/fishery NPVmax, Years to carryipgeis (K), and years to 25% population
biomass (B/B0). A sensitivity analysis was used to test the sensitivity of our model to changes in input
values known to have high uncertainty and in order to incorporate the effect of environmental
stochasticity inb the population biomass, we conducted a Monte Carlo simulation to reflect this
stochasticity through natural mortality in the model.

According to our model, the scallop population is expected to recover from depletion, but at different
rates and achieviy different population sizes depending on the restoration strategy used. The biomass
varies between 0.19 and 0.96. The highest population biomass (>90%) is reached by only 5 scenarios, all
of which have in common that scallop habitat is restored up to 1Qf%he historical levels.
Alternatively, lowperforming scenarios have usually lower levels of suitable habitat, relative to
historical levels. We found that the strategies that achieve smaller population sizes reach a stable level
faster, and bigger onetake more time to reach their carrying capacity, however, with significant
variability. The fishery was modeled to open after the population grows over a threshold of 25% of
theoretical virgin conditions. Our analysis shows that when the fishery opéssealarioghat openare

able to maintain a population size above the threshold, with the exception of one scenario. However,
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five restoration strategies are never able to reach a population size above the threshold, which have in
common low levels of stsble habitat. Not surprisingly, restoration strategies that attain a higher
biomass while the fishery remains closed are able to maintain a bigger population that is subject of both
legal and illegal fishing. How soon the fishery opens can affect howdpelation recovers. However,
eventually in all cases the population stabilizes at around 20 years assuming a legal fishing rate of 60%.

With an average local market price of US$0.63/K of whole scallops with shell, and a legal fishing level of
60% of thescallops over the legal size limit (56 mm), fishermen would obtain in average between
US$39,801 and US$124,333 per year from selling the scallop harvest. Fishery NPV ranges from
6,747,399.4% to $175,291.54 and fishery income NPV ranges f(e$242,30257) to $1,769,984.47.
Scenarios with a negative fishery income are scenarios in which the fishery never opens and do not
invest in habitat restoration. The scenarios with the highest fishery income NPV have high restoration
investments, restoring the halait to either 60% or 100%. NPV Ratios over 0.5 involve habitat
restoration of 100%. Aquaculture NPV ranged frig$11,340,280.1pto $0.00. The Aquaculture NPV is
directly correlated with the quantity of scallops produced in aquaculture. The scenarios wihative

NPV fail to reach a B¢Bf 0.25, thus, the fisheries in these scenarios do not open, resulting in an
investment in restoration, with no returns on investment. In contrast, the scenarios with the highest
NPV maintain a high B§Beven after thefishery opens. Habitat restoration investment values range
from $0 to $7,584,351.93 while mean catch value per yaages from $0 to $207,221.68. Lastly, our
analysis showa relationship between mean catch value and habitat restoration investment.

Our results indicate that habitat area appears to be the most important factor in restoring the scallop
population across the different strategies. However, we assume that the current suitable higlztat

30% of the 100% historical pomllapse level. This ian assumption with high uncertainty given that we
currently have no evidence to back our assumption that habitat is indeed at 30%. We also find that
lllegal fishing has more of an observed effect on population recovery than seeding and aquaculture, but
its effects on either population size or rate of recovery seems to be moderatasthiey restoration
variables and by habitat. We found that seeding of juveniles into the wild is extremely important for the
recovery of the scallop population in the Ensena@ace past the initial seeding, our results indicate
that after 3 years, seeding has less of an observed effect on population recovery than habitat and
surveillance, and a similar effect to that of aquaculture. The negative values of Aquaculture NPV
demorstrate that, under the current costs of productioaguaculturedoes not provide a profit for the
fishermen. Doubling the density or doubling the percentage of aquaculture area may allow fishermen to
make a profit, however, the complexities of transitiogilivelihoods from fishing to aquaculture farming
should also be considered.

Our study concludes that habitat restoration is necessary for the fishery to generate profit. According to
our client, the fishery must generate at least $443,077 in revenueygar to sustain the livelihood of

the El Manglito fishing community. Among our scenarios, the maximum mean catch value per year is
$207,221.68, which is less than half the target value. Although the Catarina fishery can potentially
generate profits, it is10t sufficient enough for the fishermen to depend only on Catarina scallops. The
limitations of our analysis are that we assume that biomass is limited to that of the final year when the
fishery was open. The scenarios with negative NPVs are also linyitke lssumptiorthat in our model

the fishery will open when the biomass arrives at 0.25. Additionally, our sensitivity analysis reveals that
reductions in price per kilogram are expected to have a larger impact on the NPV of the fishery.
Ultimately, theCatarina fishery has the potential to become economically feasible, especially if restored
simultaneously with the Pen Shell clam. According to our results, the biggest obstacle in achieving
economic feasibility is the capital to complete habitat restarati
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We recommend restoringhe Catarina habitat in the historical fishing grounds émaconduct further
researchto assess the best strategy to restore habitat. This can be done through the partnerships that
NOS has developed with the Bren School, thesséchusetts Institute of Technology, or the Universidad
Autonoma de Baja California Sur. Additionally we recommend that the fishermen continue the
surveillance program in the Ensenada. Additionally, the efforts by NOS and some of the local fishers to
raise awareness among the community about the restoration of the Ensenada should continue as they
help support the surveillance program. Since our sensitivity analysis shows that natural mortality is more
important than illegal fishing, we recommend continuithg seeding effort and increasing the quantity
seeded by more than 340,000. Continuing to plant scallops at a size of 30 mm will contribute to lower
mortality. In addition, maturing the scallops inside cages over restonbdtsate may help decrease
predadion, andincrease survival as more larvae are able to recruit to the next generation. Lastly, we
recommend that NOS continue to establish or further develop partnerships with the private sector and
with the academic sector. Community engagement, in thgowi of restoring the Ensenada and the
Catarina population, is paramount in making restoration efforts successful in the long term.
Nevertheless, we must also continue to recognize that working with community members to create new
job sources through the idersification of the use of marine resources is essential in ensuring a
successful and long lasting restoration.

Restoration of Catarina Scallop in the Ensenada de La Paz 11
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Project significance

This project focuses on the recovery of a collapsed marine resource and associated artisanal fishery.
Although focusd on the population of one marine species, the Catarina scalogopecten
circularis/ventricosusits recovery has larger implications for the coastal lagoon ecosystem and the
fishing community who have lived around and depended on it for generationsul&mns of this
species have collapsed in the Las Perlas Archipelago in Pgihedina et al., 2007)and in the
Ensenada de La Paz, in Baja California Sur, M@aceiro et al., 1981)n the case of the Ensenada

the population has not yet recovered. As a result, the Catarina fishery and the socioeconomic benefits
derived from it disappeared as the community observed the deterioration ofEheenada marine
ecosystemand local fishermen migrated to other areas to fish. During the last few years some of these
fishermen and their families have formed alliances with the local -g@rernment organization
Noroeste Sustentable (NOS), and havetsthan aquaculture project to repopulate the Ensenada with
Catarina scallops. Quantitatively analyzing the outcomes of recovery, under different circumstances and
using different strategies, will assist these stakeholders in optimizing the recovery dCdteina

population.

This analysis is of particular significance to fishermen and businesses whose income depends on the
commercialization of benthic resources such as the Catarina scallop, and to the federal and state
fisheries agenciethat seek to balane the conservation of marine resources with job generation. This
analysis is also of particular significance to 4poofit organizationghat seek to partner with fishermen

and local communities to rebuild collapsed or depleted benthic species of conahienpiortanceusing

aquaculture

Our evaluation of different restoration strategies through a bioeconomic model will help optimize
current and future efforts to recover the Catarina population. The recovery of the Catarina scallop will
be a significant &ip in increasing social capital and collaboration, and in getting closer to achieving the
goal of restoring the marine ecosystem of the Ensenada de La Paz. As an organization focused on
enhancing ecosystem health and social cohesion, NOS is responsilgatdtyzing the restoration

efforts by engaging the local community in aquaculture and surveillance efforts, and by encouraging
communication among fishermen who were previously adversaries. By identifying the optimal
combination of restoration strategiesur project deliverables will allow NOS to generate results sooner
and thus increase the willingness of the local community to continue their efforts to restore the
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Ensenada as a whole. As one of many locations in Northwestern Mexaracterized by dwitling
marine resourcesthe Ensenada will serve as a source of inspiration for other communitiesseek to

bring these resources back
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Objectives

The goal of this project is tdevelop and evaluate alternative restoration straeg)iand provide
recommendationsthat: 1) optimize the recovery of th&atarina scallopopulation and2) maximize
economic benefits tahe local communitybrought about by the expected recoverylhis assessment
will provide our client with a tool to pridtize restoration initiatives andesources More specifically we

focus on the following objectives:

1 Identify the existindgiological, economic and social bottleneektecting the restoration and
aquaculture ofArgopecterventricosus

1 Determine indicator®f biological and economic feasibility for the restoration of the scallop
population.

9 Evaluate the current conditions of different habitat types in the Ensenada to support the growth
and survival of the scallop.

1 Simulate the dynamics of a Catarina scapopulation using lifecycle parameters for the
species.

9 Develop and evaluatdifferent restoration scenarios or strategies that reflect the array of
possibilities for the restoration project.

1 Identify and provide recommendations on the most important fastor actions for the

successful recovery and sustainable management of its fishery.
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Background

Small-scale fisheries
The ocean provides us with a variety of goods and services, some of which include employment and
food. Seafood is the mairosrce of protein for more than one billion people and accounts for 20%
global protein consumptiofGaines, 2014)To date, roughly 300 million people fish for an income, 90%
of which fish insmaltscale fisheriegKalikoski, 2012)As the human population steadily rises, global
demand for fish protein will only arease, leaving fisheries vulnerable to depletion. Ssle fisheries
are especially susceptible due to lack of resources for effective management, leading to fishery failures,
which can have a strong social and economic impact on fishermen livelihoods.
Fisheries managse attempt to mitigate decline by maintaining target species abundance, establishing
guotas, employing territorial use rights fisheries (TURFs), and implementing Marine Protected Areas
(MPAs). However, these methods may not be sufficientecover a collapsed population. In these
cases, restoration may be necessary. When considering restoration, some questions may include:

1 Has the ecosystem changed so much that the population cannot recover?

1 What cultural or institutional obstacles migéxist?

1 Do we know enough about the life cycle of the species?

1

Is there funding and support for a recovery effort?

About the Species

TheCatarinascallop, Argopecten ventricosus, is a bay
scallop that is found in near shore shallow lagoons
(Figure 1B) Reaching sexual maturity aund 6
months, eactscallop produces up to-2 million eggs
during each spaw(Blue Ocean Institute, 2012Jhe
Catarinascallop has a larval duration in the water

column for 1230 days until it ultimately settles on

shell hash, seagrass, and algal tiMaedaMartinez

et al., 1993) The scallop reaches a recruitment size | s : B—___
. ) Figure B. Juvenile Catarina scallops. Photo Credit
of 30 mm in 6875 days and ultimately reaches an nicole Corpuz

adult size of 56nm in 1 year. The life span of the

Catarinascallop is 2 years and careach a height of 8&hm (FelixPico, 1994)
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Sensitive to sedimentation, water quality, and illegal fishing, the Catarina is vulnerable to environmental
perturbations (FelisPico, 1994). Ranging from Northern Peru to Northern Mexico, the Catarina scallop is
heavily fished, which over time has led ozl extinctions in Panama and several locations in Baja
California Sur (Lee@arballo et al., 1991). Our research focuses on the Catarina scallop in the Ensenada
de La Paz, located with the Bay of La Paz, in Baja California Sur, Mexico. The Ensenaciathas o

main fishing ground for the Catarina scallop in Baja California Sur, until the population collapsed in 1979

(Baqueiro et al., 1981).

The Catarina Scallop Fishery
The Catarinascallop fishery in Baja California Sur runs drmasinspecific total owable catchsystem
(TACwith a minimum catch size in the Ensenada de La Paz of6When the fishery is opemhe
RegionaFisherieResearch Centerdlow 60% of the totaCatarinabiomass at or above the commercial
size to be fished in a given area
(SAGARPATYhe Catarinascallop

is hand caught by divers,
resulting in  minimal to no
bycatch and negligible
environmental impact to the
seafloor given the type of
substrate on which it is generally
found (Blue Ocean Institute,
2012) The Catarinascallop was

one of the most important fished

Baqueiro, 1981
Yoshida, 1977

species of mollusk for the
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fishermen of El Manglito, a small

. . . Figure B2Historical Catarina Fishing grounds according to Baqueiral.
community of fishermen in La  (1931) and voshida (1977).

Paz, from & LIS ] AYS UKD MEpPJw

until its ultimate depletion in 1978, when the density declined to zero organismssgasire meter
(Baqueiro et al., 1981After the fishery closed in 1979 in the Ensenada dedza the fishery migrated
to other parts of Baja California Sur and continued to depleéarinaresources in Bahia Concepcion,
Ojo de LibreLagoon San Ignacio Lagoon, and Bahia Magdalena. TodayCdkarinascallop fishery

remainsclosed in the Ensenadie La Paz.
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Causes of Collapse

Hurricane Liza

Hurricane Liza, rated as a Category 4
passed near the town of La Paz in Octobe
1976. News sources report that hurricane
Liza produced an -Bhot storm surge,
flooding the city and causing the dike of the
El Cajoncito creek to overflow and burst
(Figure 2B) 20,000 people were left

homeless, mudslides killed hundreds of

people and lots of sediment was dumped %

into the Ensenada (Yates, 197®&ccording ?ﬁl*’“ e
Pl =7 Ead W > > /
to local fishermen, this sudden deposit of ~Figure B3Hurricane Liza broke the EI Cajoncito dam, causing

. e widespread flooding throughout La Paz. Photo courtesy of Ha
sediment would hve severely modified the,q icx

8

habitat for scallops, making it not hospitable for

the population anymoréMendez, 2013).

Overfishing

Although atotal allowable catch (TA®@jas implemented and permission was required to fish for
the Catarina scallop, records shdhat reported landing data was not accurdte estimating exactly
how much Catarina was extracted from fishing grounds. The scallop was fished without permission,
lacked accurate reports on the actual amount of Catarina landed, and fished while they fisioéosed.
Many academics and government officials believe this is the reason for the depletion in, and inability of

the Catarina scallop to repopulate the Ensenada de La Paz. (Baqueird, 913!

Pollution
There is a lack of published literature tmis topic, but it isworth noting that many fishermen
and other stakeholders mentiothat historically, raw sewage from the local sanitation plant was
released directly into the Ensenada. Today, a wastewater treatment plasts;however the fishermen
we interviewed believe that during seasons of high rainfall, the wastewater storage facility overflows

and untreated water runoff flows into the Ensenada.
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It is possible that a combination of Hurricane Liza, overfishing and water pollution ultimately
caued the local extinction of the Catarina Scallop in the Ensenada. With a combination of abrupt
changes in the substrate, changes in water temperature, and poorly regulated fishing, it is easy to see
how the substrate could have changed to become an inhabfgt environment for the settlement of
/' FGFNRYF NBONMzZA Gad 2A0K GKS KIZNNROFYS S@Syid Ay

likely that the scallop was not able to successfully reproduce before the adult population died.
The Restoration of the Ensenada de La Paz
Stakeholders

Noroeste Sustentable (NOS)

Noroeste Sustentable is a ngovernmental organization focused on sustainable community
development for fishing communities in the northwestern part of Mexico. Located in the fishing
community of El Manglito, NOS has been working in the Ensenada for the past ten years. NOS and
fishermen are working together to restore and repopulate the lagoon not only @éttarinascallops but

also other benthic resources to levels high enough to reaperfishery.

The restoration of theCatarinascallop in the Ensenada is an initiative of high importance to NOS, and
was conceived through participative and collective reflections with fishermen. These stakeholders see
the restoration as an interventiothat can create systemic change in the fishery system of Bay of La Paz.
NOS aims to ensure that fishermen proposals, such as the restoration Gatheinafishery, materialize

and improve through collective learning. As this process moves forward thenoaity is expected to

develop a greater ownership over their resources.

NOS staff includes managers, scientists and fishermen who hold fishing concessions in the Ensenada.
The staff collectively has deep environmental, socioeconomic, and legal knowldund Bcal
conditions. In addition, NOS has close ties to Mexican government institutions, such as the Center for
Biological Investigatiorin the Northwest (CIBNOR), tHaterdisciplinary Center for Marine Science
(CICIMAR) and the Universidad Autonoma Riga California Sur (UABCS). These institutions have
resources dedicated to aquaculture and fisheries research and continue to contribute valuable

information and skills to this project.
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El Mangle Center

Other stakeholders include ElI Mangle Center, a rdgeastablishedcampus dedicated to
providing space and resources to engage civil society in restoring nagmatonmens to promote
economic and civilvellbeing Funded by the Walton Foundation, El Mangle partnered in 2012 with NOS

and 80 local fishernteon a largescale project to clean the Ensenada.

El Manglito Fishermen

With over 100 fishermen with close family ties, EI Manglito is a small community located just
outside the city center of La Paz. While one hundred and seven of these fishermen aleraehone
of the twelve cooperatives of El Mglito, many others are no{NoroesteSustentable, 2014)The
restoration of theCatarinafishery in the Ensenada is expected to strengthen the ertyprights of local
fishers, to support the recovery of other species, such as the pen shell clam, and to generate jobs. In this
way, fishermen and the local community stand to gain from a restored native fishery and a sustainable
aquaculture industry ithe Ensenada. Th@atarinascallop fishery has therefore been an important part
of the regional economy for more than halfcantury and part of the local cultural heritage for much

longer.

How does the restoration work?

NOS and the fishermen use a specexploratory aquaculture permit (EAP) issued by
CONAPESCA to restore the native fishery. Aquaculture can be used as a legal tool to enforce property
rights and reduce illegal harvest Gfatarinascallop. An EAP allows the fishermen to rasarina
scalbps in an aquaculture environment for the end goal of repopulatidfthough his permit also
allows the fishermen to sell the scallgp€ONAPESCA collects 5% of the profit to invest in the
development of researchctivates(FAO, 2014)

The purpose of the restoration of th@atarinascallop is twefold: to bring community engagement to
the EI Manglito fishingommunity,and to restore the population so that th@atarinacanhelp reduce
fishing pressure on the pen shell scallophere are several species of Pen Shell scalldprgsna maura
Pinna rugos, Pinna tuberculosaand fornone of which aquaculture methods are available. With a
higher commercial value than th@atarinascallop, the Pen Shell scallops also have declininglabpns

in the EnsenadéNoroesteSustentable, 2014)
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The Cooperative Mangle Cenizo resexploratory aquaculture permit valid from December 2011 to
December 2016 for aquaculture within the Ensenada. Of the fisher members of the Mangle Cenizo, NOS
was able to gairthe support of community leaders Guillermo Mendez Camacho and Hubbert Mendez
Camacho. In collaboration with NOS and the El Mangle Center, Hubbert and Guillermo piloted the first
attempt to restore theCatarinascallop in 2012Catarinascallops were growin the Robles Aquaculture

facility to juvenile size and were donated to the restoratioro#if

Since that time, NOS and the fishermen have developed a different repopulation model. The fishermen
now receiveCatarinascallop seeds from Robles Aquacuitufhese scallop seeds are raised in a nursery

in the El Mangle Center, where the seeds are grown in mesh bags inside Nestier trays until they reach a
size of roughly 1@m. The juveniles are transferred into corrals until they reach a size ofr30The

scallops are then collected and released in the Ensenada. The goal is to seed enough mature scallops to

reproduce and repopulate the Ensenada w@htarinascallops.
Challenges to the effort

Community Engagement

Running the nursery is an intensive effortdamany knowledgeable hands are needed. One of
the greatest challenges to the restoration effort is community engagement. NOS, Hubbert and Guillermo
were able to engagé?2 additional fishermen from El Manglito to join the effort. These fishermen design,
build and clean cages, manage scallop densities within the nursery and corrate)eask scallops into
the wild.

Surveillance and lllegal fishing

One of the biggest threats to the success of the repopulation effort is illegal fishing. In Mexico, it
is estmated that illegal fishing makes up for 20% of the catch in commercial fisheries. The nismber
higher for scallops at 40%gnew et al., 2009)lllegal activity has directly impacted th€atarina
restoration effort. In 2012, during the first attempt at repopulation, the nursery corral located in the
Mangle Cenizo development aquaculture concession was broken into and all the scallops were taken.
This event, along with the illegal fishing of the Pen Shell scallop, led to the development of a surveillance
team of local fishermen. These fishermen patrol the Ensenada for illegal fishermen, locally known as
patitos. Patitos typically swim from shore wi snorkel, mask, fins, and extraction tools and collect

scallops and clams from the Ensenada.
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The controversy witlpatitosis delicategiven that the definition ofllegalis not very clearSomepatitos
belong to a cooperative, however, they are fishsmgesource for which the fishery is closed, or for
which they do not havea fishingpermit. Otherpatitosdo not belong to a cooperative and are fishing for
sustenance or for a small profit. To add to the complication, spatiéos are relatives of the §hermen
involved in the restoration effort. Thas why it is important that the patrolman approach the illegal

fishermen in a no#threatening way.

Mitigation

NOS and the fishermen collaborate to come up with mitigation techniques against these factors.
After the first nursery robbery, the nursery was moved to a beachfront concession constantly under 24
hour surveillance. A®f 2014, the scallop growut corrals were also placed in this beachfront
concession in order to reduce fuel costs. In order to nmmihe effectiveness of the patrolmen, each

patrolmen is equipped with a GPS and has check in times and locations throughout the day.
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Methods

Bioeconomic model

In order to test the impacts of

different restorationstrategies we identfied 5 360 days Adult scallop

56 - 68 mm

major population bottlenecks that would

inhibit recovery. These bottlenecks (Figure

M1) include the lack of settlement habitat,

i Planktonic
Recruitment
ill | fishi d lati 30mm B“Q‘ttle_n8CkS larvae
lniega ISNing pressure, an popu ation ) ",{‘_:'

»

enhancement through seeding. We tested the ; )

costs and benefits of each restoration ;
. Larval Settlement
60 — 75 days 18 um 15 - 17 days

scenario by creating a bioeconomic model to

simulate conditions influencing the Catarina

Figure M1. Life cycle ahlimited larval supply, lack of
settlement habitat, and illegal fishing pressure may be factors
limiting the success of recovery.

scallop population in the lagoon. We tested
15 restoration scenarios, each a unique
combination of different levels of habitat

restoration, aquaculture intensity, sugillance and seeding.

Hydrological Isolation

We assume that the Catarina scallop population in the Ensenadalislogicallyisolated from
other populations in the Gulf of California. Although the fishery closed in the Ensenada after the
collapse, the Qarina pgoulation has failed to recoveThe larval duration of the Catarina scallop, which
lasts from 12 to 30 daygMaedaMartinez et al., 1993)and the oceanographic conditions of the
Ensenadamay have isolated this population from others in the Gulf of California. Simultaneously,
overfishing in the Ensenada and in the adjacent Bay of La Paz may have eliminated any possibility of
local selfrepopulation. Studies in Florida indicate that thevirtransport of the bay scallofrgopecten
irradiansfrom source sites is unlikely, given a larval duration of 20 ¢ag®ld et al., 1998)n addition,
the molluskLittoria litorea, which like Catarina has a veliger larval stage and period of about 30 days,
has a realized (mean) dispersal distance efi2@m (Shanks et al., 2003)he area of the Ensenada is 42

km?.
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Life Cycle

In order to reflect the dynamics of a Cataiscallop population we used litycle parameters
and relationships to develop an ag&uctured population model. This population model builds upon
individual growth and stockecruitment relationships, and other life history parameters. The population
is modeled as a single entity, with no interaction with external populations. We assume that the starting
population is zero, given the persistent absence of individuals of the species in the Ensenada after the
collapse of thdishery in 1979Baqueiro et al., 1981)We used a total of 4ge classes {B years), given
that this species has an average lifespan -8f yargFelixPico, 1994)Each time interval in the model

representsl year, and the population was simulated thrdug00 years.

Von Bertalanffy Growth Function

The Von Bertalanffy growth function (VB®B}¥ been widely used to model individual growth in
exploited fish populationgVonBertalanffy, 1957) Moreover, the VBGF has been reported to be an
accurate dscriptor of growth in scallop@dMacDonald and Thompson, 19883 well as other ivalves
(Bachelet, 1980; Ceccherelli and Rossi, 1984; Griffiths, 198&)average length at each age class was
calculated as follows:

0 0 Jp ™

Where 0 is the length at age, L. is the asymptotic lengthk is the growth coefficient andytis the
theoretical age at size zero. Input parametersfofventricosusvere taken frongFelixPico, 1994)with
the exception of ¢, which was found to proviunrealistic growth projections. Thus, this parameter was

calculated using the equation developed by Pauly (1979), which uses VBGF parameters:

aéd ™ we gy XukTC p8todP 1°Q
Length-weight
Weight (kg) at any given age class)(was calculated from the length parameter using a simple

exponential relationship and the mean length estimated by the VBGFThe coefficients 4, b) for the

lengthrweight equation were taken from FelBicoet al. (1997)(FelixPico et al., 1997)
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Fecundity

The average number of eggs generated by individual scallops at each agé(lasaq also
estimated through an exponential relationship. Fecundity parameter&feentricosudVillalejeFuerte
and OchoaBaez, 2006)vere used for the coefficient and exponent inpugsandb, as well as the mean

length at each age class )

Maturity

We used the following legrowth equation to calculate maturitgt-length ¢ ), which is used
to estimate the reproductive output of the population. Parameters for the size at which 50% and 95% of
individuak are mature, gy and mys, were obtained fromVillalejoFuerte and Ocha Baez(Villalejo
Fuerte and Ocho8aez, 2006)

Total egg production (eggs/yr) for each ye&)(was calculated as the multiplication between the

number of individuals at each age class in that y&an) (with its agespecific fecundity Q and maturity

(@ ):

Stock-recruitment

To understand how a population reproduces and grows in time, it is fundamental to identify
how the mature individuals of the population (i.e. spawgistock) and their reproductive output (i.e.
eggs), translate into new young that will be added to the population. This represents nature's regulation
of a population size, independent of whether or not thepplations are being exploite(Sparre and
Venema, 1998)This is important, assuming that the scallop populatexpected to suffer from illegal
and legal fishing once the fishery opens. We modeled recruitment with the function developed by
(Beverton and HoJL957):

Y

|1 00
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Where'Y is the numbers of recruits in yeayO is the number of eggs from yeadl> | ¥R B NB
parameters of the relationship. The&parameters were estimated as follows:
o 32 Y
L 935wy
vOY p
T IYOY

Where O is maximum egg productiony is maximum reruitment and"Yis steepness. Since virgin
recruitment ard egg production parameters are novailable for this species, we estimated maximum
egg production@) and recruitment Y ) by using historical landings reported for the final year the
fishery was open in the Ensena@@aqueiro et al., 1981We used conservative value of steepness of
0.7, which along with ouiO and 'Y estimates, would reduce the likelihood that our population

projections would be overestimated.

Natural mortality

The survival of the population from each year to the next was determined by natural mortality
(M) as well as legal (uL) arltegal fishing mortalities (ul) to each cohort of the current population.
Since natural mortality was not available in the literature for this species, we estimated this parameter
using the equation developed by Froese and Pauly (2(R@ese and Pauly, 2008hd the ks and K

parameters from the VBGF:

Where T is the mean annual water temperature (24.65°C). Although this equation was developed for
marine fishes, we found our estimate ©f to be similar to the mortaly of other species of scallops in

the wild (Bricelj et al., 1987; Gwyther and McShane, 1988; Summerson and Peterson, 1990; Wolff et al.,
2007)
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Fishing
One of the main gda of the restoration project is to reopen the fishery of the Catarina scallop,
which is expected to significantly contribute to the livelihoods of the local fishing community. We

approached this aspect of the system by including legal and illegal fishielg into the model.

lllegal fishing

According to our interviews with fishermen and stakeholders, illegal harvest continues to occur
in the Ensenada, even while fishing has been banned for many resources. With this knowledge, we can
expect that illegafishing will occur at every stage of the project and continue to occur when the fishery
opens. However, the intensity of illegal fishing would depend on the level of surveillance and its
effectiveness. We modele8llevels of illegal fishing: 40%, 20% afd.5Ne assume that in the absence
of surveillance, illegal fishing would have a high impact by removing 40% of the vulnerable population
(NoroesteSustentable, 2014 )which is still below recentstimates for Mexico. If the surveillance veer
partial (e.g. 6 hours a day,days a week), then illegal fishing would be controlled to a level of 20% of
the vulnerable population, which is close to global estimates of illegal fishing for s¢Aljpesv et al.,
2009) If the surveillance were highly effective and with high levels of fisher engagement (e.g. twelve
hours of surveillance, every dayhen we expect that illegal fishing would lveducedto 5%. Even
though these estimates are rough, recent evidence has shown that even low surveillance can have as

significant impact in decreagirillegal fishing and poachiriDavis et al.2004)

Fishing mortality (u)

The number of scallops removed every year by legal and illegal fis@lowas determined by
multiplying the number of scallops at each age class with size selectivity of fishiran€ the level of
legal fidiing © ). The same relationship was used to calculate the removal of individuals by illegal
fishing, but instead using illegal selectivity) (@nd illegal fishing leveb (). Both fishing mortalities were
calculated in the following equain:

O 5 0Rp06 3 20064

Finally, when all sources of mortality are accounted, the number of individuals for all cohorts surviving

to the nextyear§y f is:

0 OrOp O Op i X OJp i X
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Fishery Economics

Fishery profits are expected only during the years when the fishery is open. Since the decision to
open a fishery is heavily influenced by political factors, we made the assumption that the Catarina
scallop ishery would open when the population reached 25% of virgin biomagsafgich is a common
reference imit used in the US and Canafldillbarn et al., 2003) According to a recent report by the
Centro Regional de Investigacion Pesquera (CRIP), the current regulation for the Catarina scallop fishery
allows for a total quota of 60% of the individuals at and above the minimum legal size mfr56

available for harvest in a fishing bank in thesenada de La PdzonCarballo et al., 1991)

Fishing revenues eve calculated by using the local market price estimate (see Market Price) and the
given catch at the selected fishing mortality. lllegal fishing revenues were not included in this model. In
order to estimate the projected monetary value of fishing, weiraated the Net Present Value of the
fishery () 0 &) by summing discounted fishery profifs | after 20 years, and usir&discount rates: one

at 3%, assuming that the restoration would be performed by the-piariit organization NO§.ibecap,
2013) and one at 14%, which is a discount rate typically applied to-priiit business. Thé 0 cwas

calculated as follows:

00w B—

Market price

We used a price of US$ 0.63 per kg of whedallops (with shell), based on local estimates of
US$5.38 per kilogram of scallop meat (no shell) and a ratio of 0.12 of scallop meat over total scallop
weight. This ratio used our lengtheight relationship for a scallop of 56 mm, and mean scallop meat
weight for the specie@Baqueiro et al., 1981; FelBico et al., 1989)

Habitat

Through an extensive déitature review, we found that both settlement and adult survival rely on
appropriate habitat for many similar scallop species. Catarina larvae seek out shell for settlement and
adults require more complex algal or seagrass refuges from predgionsld, 1995; Brumbaugh et al.,
2006; Eckman, 1987; Thayer and Stuart, 19Fistorically, Catarina scallops were found in muddy
portions of the Ensenada that contained a lay# shell hash as well as various species of algal turf,
suggesting that this species follows the same trends defined for the similar scapkbges in the

reported studiegBaqueiro et al., 1981; Yoshida and Alva, 19Vfiough informal interviews, fishermen
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suggest that habitat quality in the Ensenada has declined. In order to account for this factor in our
model, we used hatat availability as a proxy for recruitment. Since Catarina scallops are aggregate
settlers, we assume recruitment is limited by leeel of suitablehabitat. To quantify this in our model,

we look at historical landing records to estimate past poputasize and level of recruitment.

Habitat Parameters

Since landings data is limited for Catarina scallops in the Ensenada, we used the estimated
guantity of scallops landed in 1978, the final year the fishery was open, as a reference for historical
abundarce (H). We consider this baseline to be conservative since the population in 1978 was heavily
exploited. According to Baqueiret al. (1981), the population of Catarinaver thelegal catch size in
1978 wasof approximately 19,000,008callops In order b produce thisguantity of adult scallopsour
model estimated recruitment to be 24,000,000. Thusur value for Virgin Recruitment {Ris
24,000,000which amounted to a population sizé 41,847,000 scallops. We transformed this value to
Biomass usingw lengthweight relationship and obtainedestimate a proxyfor Virgin Biomass (B
equal to 760,011 KgUsing these values, we calculdteurrent recruitment by reducing virgin
recruitment (R) by the relative availability of habitat. For our analysis,agsume that currerguitable
habitat (H) represents 30% of the habitat available in the final year the fishery was open, thereby

reducing recruitment from 24,000,000 to 7,200,000.

For our model we varied the habitat availability at 30%, 60% and 100%ptesent current levels of
habitat, and potential availability with moderate and intense habitat restoration, respectively. We
O2y&aARSNI WKFoAGIFGQ G2 AyOfdzRS 020K akKSftf KIak
habitat that supports recrils may also provide refuge for adults, resulting in a constant natural

mortality for scallops that settle in both existing and restored habitats.

Costs

In order to estimate habitat restoration costs, we assume that habitat restoration would require
enhandng the substrate with shell hash to which algal turf would colonize naturally. Based on reported
values for oyster restration, which requiresimilar practices, sources cited costs for restoration at

roughly $2,500USD péectare(Environmental Law Institute, 2011)
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It is possible that other factors, such as changes in water quality, could result in recruitment limitation,
however, due to the lack of data and literature on this topic weeuwenable to include such elements in

the model.

Aquaculture

Aquaculture involves the cultivation and harvest of marine species under controlled conditions.
In scallop aguaculture, the scallops are confined in cages, thus, reducing the mortality rate/ioyngr
protection from scallop predators.HE government has granted exploratory aquaculture concessions to
fishermen who are irdrested in repopulating the Ensenada coastal lagoon with CataFima.type of
aquaculture has the potential to provide greatproperty rights to exploratory aquaculture concession
permit holders. This is especially beneficial in the Ensenada, where illegal fishing poses a significant

threat to marine species of commercial value, such as the Catarina scallop.

In addition, ourclient NOS is currently conducting basic aquaculture operations, such as growing
Catarina from seed to juvenile size in a nursery, and growing scallops to a mature size in aquaculture
cages. Aquaculture offers the potential to generate revenue independtttte wild scallop fishery. This
revenuecould be used as an alternative source of income while wild population recovers. Scallops in
aquaculture also have the potential to reproduce and release larvae outside the cages to the rest of the

Ensenada. Becaa of these benefits, we chose to evaluate the benefits of scaling up aquaculture.

Aquaculture Parameters

The aquacultureoperation involves Xtages the nursery stage and the aquaculture stage.
Within the nursery, scallops are grown from seed of appnaxely 5 mm in size to juveniles of 30 mm
(length of the longest rib). The nursery operation is set up in an exploratory aguaculture concession
close to shore, where fishermen can easily access with snorkeling gear. In the nursery, the scallops are
contaired inside mesh bags stored in floating plastic trays, called Nestier cages. These Nestier cages are
stacked and covered with mesh. A buoy and weight are attached to allow the setup to remain in the

water column.

Once the scallops reach a size of appro%@tya30 mm they are transferred to exploratory aquaculture
concessions where they are placed directly on the ocean seafloor, covered with a cage, and grown to or

above the legal adult size of 56 mm. The cages have a PVC frame and mesh walls attach&drethe

Restoration of Catarina Scallop in the Ensenada de La Paz 29
MESMGroup Project 2014



with fishing rope. The size and shape of these cages are variable. Although few, some fishers g as far
building in a mesh bottom, lifting the cages off the seafloor, and supporting them with wooden
structures. Wien modeling the scenarios wesedthe lowest mortality rate equal to 0.175, which we

derived from our summer experiment, to calculate scallop mlist in the aquaculture cages.

The local fishermemave been granted 16,000 m of exploratory aquaculture concessions. Following
other exampes of aquaculture in Chile, we assume that only 10% of this area would be covered with
cagesand called this situation igph intensity aquacultureThe remaining space would be used as
corridors where divers can access the cadgesuming an optimal aquaure density of 200 scallops

per nt, the maximum number of scallops that can be grown in the current aquaculture area is 2,320,000

scallops

To model the intensity of aquaculture operation in the bioeconomic model we desigredels of
aquaculture inénsity.

1 The noeaquaculture level represents a situation in which all scallops produced in the nursery
would be used to seed the wild population. The costs of operating the nursery would therefore
be internalized by the wild fishery operation since it ditg benefits from seeding.

1 The lowintensity aquaculture level represents a situation where 580,000 scallops, 25% of the
maximum number of 2.32 million, would be matured in cages to the 56 mm legal size and then
harvesedfor sale.

1 The high intensity acqaculture scenario represents a situation where 2,320,000 scallops would
be matured in the cages to the 56 mm legal size and then harvested for sale. For both the low
and high aquaculture intensity scenarios, the nursery would be expected to produce the
corresponding number of scallops, and the cost of production would be assumed by the

aquaculture operation.

Aquaculture Assumptions

One important aquaculture assumption of our bioeconomic model is that scallop in aguaculture
cages would reproduce before hast. A percentage of the larvae would recruit to the wild scallop
population, while a portion of the larvae would settle within the aguaculture cage or settle in seed

collection bags in the water column. We also assumed that the cages would contain ddn@ty of
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200 scallops/rhat any given time; the optimal stocking density according to Maddatinez et al.
(2000)(MaedaMartinez et al., 2000)

Aquaculture Costs

Labor for the aquaculture operation is prdeid by 14 fishermen who work 6 hours a d&days
a week. The salary per day is USD$ 26.53. In 2013, the first year of the nursery, the fishermen produced
340,000 scallops to a size of 8n. We used this value as the baseline productivity for the aquaculture
operation. We assumed that the associated costs of producing the 340,000 scallops would increase
linearly with aquaculture size (see Scenarios section). The cost to produce 340,000 scallops at a size of
30 mm is USD$91,51Plascencia, 2014)n order to account for aquaculture production cost for the
low or high intensity number of scallops, we created a correction factor dividing the desired aguaculture

scallop quatity, by the base production scallop quantity.
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We accountedor labor costs on an annual basis, while material replacement was incurred &aay
10years. Revenues were calculated by multiplying the quantity of scallops at harvest size by the market
price, which fluctuated betwee®5.38 and$7.69 USD per kilogram of adductor muscle. Profits were
calculated by subtracting nursery costs and labad enaterials from the revenud@henet present value

per year was also calculated (see NPV sections). Detailed baseline productionredstied in Table

M1.
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Table M1. Costsf scallop aquaculture operation in 2013

Aquaculture Cost (US$) Frequency (yr)
Nursery

Material and gear $2,346.15 5
Salaries $89,169.23 1
Deadweights $61.54 10
Farming

Materials and gear $4,153.85 5
Maintenance $32,500.00 1

Fuel $492.31 1

Seeding

Since theCatarina scallop population in the Ensenada de LavBald be hydrologicallisolated
from other populations in Baja California Sur, we conclude that populatt@ancement is necessary to
restart the local reproduction and recruitment processes. In addition, our client NOS has been
conducting seeding operations when we started working on the restoration project. For this reason, we

varied seeding lengths in years as welfjaantities of scatlps seeded.

Seeding Parameters

The seeding operation involves growing scallops
from a spat size of 5 mm to juveniles at 30 mm in
length inside Nestier cages and corr@iSgure
M2). The nursery operation is set up in an
exploratory aquaculture concessiatose to the
shore, which fishermen can easily access with
snorkeling gear. At the nursery the scallops are

contained inside floating\Nestier cagesstacks,

and cages made with mesh and PVC tubes, both

Figure M2. Fishermen holding Nestier tray
containing juvenile scallops, which are grown in the

dead\/\eights to the bottom, and to buoys at the nurseryup to 30 mm. Photo credits: Daniella Rojas.

of which are fixed with nylon ropes and concrete

surface. Once the scallops reach a size of
approximately 30 mm they are transferred to different areas of the Ensenada, and placed directly on the

Restoration of Catarina Scallop in the Ensenada de La Paz 32
MESMGroup Project 2014



ocean seafloor. The areas where the 30 mm scallops are seeded b@ulthsidered open access once

the fishery reopens.

To model the effect of seeding on the Catarina population recovery in thecbhomic model we
designed 4evels of seeding.

1 Level 1: The Ensenada seafloor is seeded 34000 scallops for gear. Snce NOS has already
seeded 340,000 scallops, this would be the equivalent of NOS discontinuing seeding the seafloor
with additional scallops.

1 Level 2: The Ensenada seafloor is seeded 340000 scallops per year, for @ears Since NOS
has already seextl 340,000 scallops this would be the equivalent of NOS seeding the seafloor
for 2 more yearswith 340,000 scallops per year

1 Level 3: The Ensenada seafloor rece888000 scallops per year, for gears Since NOS has
already seeded 340,000 scallopsstiwould be the equivalent of NOS seeding the seafloo® for
more yearswith 680,000 scallops per year

1 Level 4: The Ensenada seafloor reces3,000 scallops per year, for gears Since NOS has
already seeded 340,000 scallops this would be the equivaleNOS seeding the seaflofar 5

more yearswith 680,000 scallops per year

One important assumption is that NOS and the fishers can only obtain furfidingeeding for a

maximum of 6years. Threfore, we limit seeding to 6 years.

Seeding Costs

Labor § provided by 14 fishermenwho work 6hours a day for five days a week. The salary per day is
USDS$ 26.53. In 2013, the first year of the nursery, the fishermen produced 340,000 scallops to a size of
30mm. We used this value as the baseline productivitytiie seedingoperation. We assumed that the
associated costs of producing the 340,000 scallops would increase linearlyheiideeding quantity

(see Scenarios section). Thestdo produce and seed 340,0080 mm scallops in the nursery is
$108,073 (NOS8nancial report). To account for the nursery cost of producing each of the four seeding
levels we created a correction factor dividing the desired seeding scallop quantity, by the base
production scallop quantity. For thé"and 2 and for the & and4™ seeding levels the only things that

varies is the number of years, and the cost of seeding is assigned per year.
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We accountedor labor cets on an annual basis, while material legement was incurred every 5 and
10 years. These costs were assumed by the wild fishery since it would receive the reostdnefit

from seeding (see Wd Fishery section). Detailed baseline production costslmtedin Table M2.

Table M2. Costs of scallop seeding operation in 2013

Seeding Cost (US$) Frequency (yr)
Nursery

Material and gear $2,346.15 5

Salaries $89,169.23 1
Deadweights $61.54 10

Transport, nursery to seafloor
Fuel & oil $246.15 1

Recovery Scenarios

Of all possible scenario cdmmations we

P e —
lllegal fishing
(Surveillance

pressure)

selected 15 as the most realistic onasd

——
Habitat restoration

- 100%

- 60%

- 30%

—_—
- 340,000 ——————

- 640,000

most likely to occur. We then modeled the ‘ oulentes || o

recovery of the population under each of

\ 4 ) N —

—

these 15 scenarios over 100 years. {—ommg — 7~ O\ {—Awm \

f \
f \ - No Aquaculture
- 580,000

+ 2,320,000

(years) {
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\ Model l
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T | Bioeconomic '[l
/
\ /
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Scenario 1 During the 100 yegperiod, all of — ~——" :
Run model through 100 cycles >

the scallops grown in the nursery are matured
. Figure M3 Recovery variables and their corresponding values
in an aquaculture system that supports
2,320,000 scallops per year. The base number of 340,000 scallops is seeded during the first year, and
larval input during the next 99 years comes from toal®ps inside the aquaculture cages and from the
seeded scallops. The surveillance level is high resulting in 5% illegal feshnioging scallopsrom the
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wild population, not from aquaculture. Catarina habitat is not restored and remains at its clB08mt

level.

Scenario 2During the 100 year period there is no aquaculture. The base number of 340,000 scallops is
seeded during the first year, and larval input during the next 99 years comestimseeded scallops.
The surveillance level is high regudf in 5%illegal fishing removing scallops from the wild population

Catarina habitat is restored to the historical level of 100%.

Scenario 3During the 100 year period there is no aquaculture. The base number of 340,000 scallops is
seeded during the ffst year, and larval input during the next 99 years comes from the seeded scallops.
The surveillance level is medium resulting in illegal fishing ofik@gal fishing removing scallops from

the wild population Catarina habitat is not restored and remgiat its current 30% level.

Scenario 4 During the 100 year period there is no aquaculture. The base number of 340,000 scallops is
seeded during the first year, and larval input during the next 99 years comes from the seeded scallops.
The surveillance l&l is medium resulting in illegal fishing of 2@Bgal fishing removing scallops from

the wild population Catarina habitat is restored to the historical level of 100%.

Scenario 5During the 100 year periothe base number of 340,000 scallops is sekdaring the first
year, after thatall of the scallops grown in the nursery are matured in an aquaculture system that
supports 580,000 scallops per yekarval input during the next 99 years comes from the scallops inside
the aquaculture cages and frorhd seeded scallops. The surveillance level is low resulting inllég%d
fishing removing scallops from the wild populatiamot from aquaculture. Catarina habitat is not

restored and remains at its current 30% level.

Scenario 6During the 100 year pa&d, the base number of 340,000 scallops is seeded during the first
year, after that allscallops grown in the nursery are matured in an aquaculture system that supports
2,320,000 scallops per yedarval input during the next 99 years comes from the chgeallops and
from the seeded scallops in the first year. The surveillance level is low resulting inleg®bofishing
removing scallops from the wild populationot from aquaculture. Catarina habitat is not restored and

remains at its current 30% lele
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Scenario 7 During the 100 year period there is no aquaculture, and 340,000 scallops are grown in the
nursery and seededvery year for a maximum of y&ears. Laral input during the next 9years comes

from the scallps seeded during the first gears.The surveillance level is high resulting in Hggal
fishing removing scallops from the wild populati@@atarina habitat is restored to the intermediate level

of 60%.

Scenario 8 During the 100 year period, there is no aquaculture and 340,000 arengirowhe nursery
and seeded at 30 mm every year for a maximur3 géars. Larval input during the next 97 years comes
from the scallps seeded during the firstyg&ars. The surveillance level is medium resulting in egal
fishing removing scallops o the wild population Catarina habitat is not restored and remains at its

current 30% level.

Scenario 9 During the 100 year period, 340,000 scallops are grown every year in the nursery and
seeded at 30 mm\ery year for a maximum ofyg&ars. The nurserglso provides 30 mm scallops which
are later matured in an aquaculture system that supports 580,000 scallops per year. Larval input during
the next 97 years comes from the scaboseeded during the first @ears and from the scallops inside
the aquacultwe cages. The surveillance level is medium resulting ini@&§al fishing removing scallops

from the wild population Catarina habitat is restored to the intermediate level of 60%.

Scenario 10During the 100 year period there is no aquaculture, and @8D scallops are grown every
year in the nursery and seeded at 30 mregy year for a maximum of ygears. Larval input during the
next 97 years comes from the scallops seededngduthe first 3years. The surveillance level is high
resulting in 5%llegalfishing removing scallops from the wild populatidbatarina habitat is restored to

the historical level of 100%.

Scenario 11 During the 100 year period, 680,000 scallops are grown every year in the nursery and
seeded at 30 mm\ery year for a maximumf@ years. The nursery also provides 30 mm scallops which
are later matured in an aquaculture system that supports 2,320,000 scallops per year. Larval input
during the next 97 years comes from the sgaficseeded during the first Bears and from the scalbs

inside the aquaculture cages. The surveillance level is high resulting ile§&b fishing removing

scallops from the wild populatiorCatarina habitat is restored to the historical level of 100%.
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Scenario 12 During the 100 year period, 680,000 lémps are grown every year in the nursery and
seeded at 30 mm\ery year for a maximum ofyg&ars. The nursery also provides 30 mm scallops which
are later matured in an aquaculture system that supports 580,000 scallops per year. Larval input during
the next 97 years comes from the scallops seeded during the3iygars and from the scallops inside

the aquaculture cages. The surveillance level is medium resulting inll2g&b fishing removing scallops

from the wild population Catarina habitat is rested to the intermediate level of 60%.

Scenario 13During the 100 year period there is no aquaculture, and 680,000 scallops are grown every
year in the nursery and seeded at 30 mm every yeaafaraximum of 6/ears. Larval input during the

next 97 years ames from the scédps seeded during the first gears. The surveillance level is high
resulting in 5%llegal fishing removing scallops from the wild populati@atarina habitat is restored to

the intermediate level of 60%.

Scenario 14During the 100 gar period there is no aquaculture, and 680,000 scallops are grown every
year in the nursery and seeded at 30 newery year for a maximum of $ears. The nursery also
provides 30 mm scallops, which are later matured in an aquaculture system that supgort08
scallops per year. Larval input during the next 97 years comes from thepsceéeded during the first 6

years and from the scallops inside the aquaculture cages. The surveillance level is high resulting in 5%
illegal fishing removing scallops fnothe wild population Catarina habitat is restored to the historical

level of 100%.

Scenario 15During the 100 year period there is no aquaculture, and 680,000 scallops are grown every
year in the nursery and seeded at 30 nawery year for a maximum @ years. Larval input during the

next 97 years comes from the dogids seeded during the first gears. The surveillance level is low
resulting in 40%illegal fishing removing scallops from the wild populati@atarina habitat is not

restored and remainat its current 30% level.
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Table M3.Fifteen restoration scenariogrying seeding period, seeding quantity, illegal fishing pressure, virgin hat
area, and aquaculture intensity

Outplanting Iilegal  Virgin
period Outplanting fishing habitat Aquaculture
Scenario p (years)  quantity pressure area intensity
1 Heavy aquaculture and heavy surveillance 1 340,000 0.05 0.3 3
2 Heavy surveillance and heavy habitat restoration 1 340,000 0.05 1 1
3 Mild surveillance 1 340,000 0.2 0.3 1
4 Mild surveillance and heavy habitat restoration 1 340,000 0.2 1 1
Mild aquaculture; no surveillance or habitat restoration 1 340,000 0.4 0.3 2
6 Heavy aquaculture 1 340,000 0.4 0.3 3
7 Heavy surveillance, mild habitat restoration 3 340,000 0.05 0.6 1
8 Mild surveillance 3 340,000 0.2 0.3 1
Mild surveillance, mild habitat restoration, mild
9 aquaculture 3 340,000 0.2 0.6 2
10 Heavy surveillance and heavy habitat restoration 3 680,000 0.05 1 1
Heavy surveillance, heavy habitat restoration and heavy
11 aquaculture 3 680,000 0.05 1 3
Mild surveillance, mild habitat restoration and mild
12 aquaculture 3 680,000 0.2 0.6 2
13 Heavy surveillance, heavy habitat restoration 6 680,000 0.05 1 1
Heavy surveillance, heavy habitat restoration, and mild
14 aquaculture 6 680,000 0.05 1 2
15  Heavy outplanting only 6 680,000 0.4 0.3 1

Model analysis
Outputs

Population Biomass (B/B o)

In order to identify the success of each restoration scenario, we compare the biomass (B) at any given
year to a baseline biomassyBWe define the baseline biomass)(Bs theVirgin Biomass, from the

total population of scallops during the final year the fishery was open. This gives us the ragioN&¢ B

display the population in ratio form because our goal is to compare restoration strategies, not to provide
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precise values opopulation biomass or economic returns. By graphing the, BfBeach scenario for

each year, we are able to tracke population growth over time.

Average Catch Value
Average Catch Value is calculated by taking the average revenue of the annual ¢atchése wild
fishery over the course of 5@ears. This value allows us to identify the amount each scenario could

possibly generate.

Fishery Net Present Value (NPVw)
The fishery Net Present Value is the sum of the profits derived from wild caught scallep20 years,

discounted at a rate of 3%. NPVw is used to determine the worth of the wild fishery in a given scenario.

Aquaculture Net Present Value (NPVaq)
The Aquaculture Net Present Value is the sum of the profits derived from the sale of scaitmusin
aquaculture, discounted at a rate of 3%. NPVaq is used to determine the worth of the aquaculture

operation in a given scenario.

Restoration Investment

We assume restoration would only occur in the historical fishing grounds betheidsaghestscdlop
densitieshave beerfound there in the pastYoshida and Alva, 1977he cost to restore the historical

fishing grounds in the Ensenada is USD$10,834,788.48. In any given scenario, the restoration costs can
vary from USD$0 for scenarios without restoratior USD$ $3,250,436.54 for scenariostoged to

60% virgin habitat, t10,834,788.48 for scenarios with 100%. These valgeesentthe amount of
restoration investment that must be made to recover the habitat to either 60% or 13@be condition

in 1978 prior to the collapse of the Catarina fishery

Fishery NPV/Fishery NPVmax
In order to compare the value of the wild fishery for each scenario, we compare the NPVw of a given
scenario against the NPVw of the scenario with the highest value. Thisagppallows us to analyze

how productive each scenario could be in relation to the productivity of the most productive scenario.
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Years to Carrying Capacity (K)
Carrying Capacity (K) is defined as the maximum number of individuals a population size dan susta
This value is defined by identifying the year in which the population stabilizes for a given scenario. This

value allows us to know how long it would take to reach 100% recovery.

Years to 25% Population Biomass (B/B o)

For our analysis, we assume thdietfishery will open when the population reaches 25% of Virgin
Biomass. This value is defined by identifying whedr yhe population reaches 25% of the biomass ratio
B/B.

Sensitivity Analysis

A sensitivity analysiwas used to test the sensitivity oiomodel to changes in input values known to
have high uncertainty. Wean 2 sensitivity analyses: 1) by varying the range of values of lllegal fishing
against a range of values for natural mortality, and 2) by varying the range of values for scallop price
against the values for costs of habitat restoration. The analysis igahtithich parameters affect the

output of our model the most, and also which parameters hdgdreatest impact on recovery.

Monte Carlo simulation

In order to incorporatethe effect of environmentalstochasticity intothe population biomass, we
conducted a Monte Carlo simulation to reflect this stochasticity through natural mortality in the model.
We chose natural mortality because the sensitivity analysis identified our model tedst sensitive to

this parameter.We tested different levels of stochasticity to analyze the effect of lower and higher

frequency and intensity of common climatic impacts occurringnéregion, such as hurricanes.
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Results

Habitat Experiment
We found that scallops can survive and grow

100
various types of habitatand substrate in the 83
Ensenada. The survival rate varied from 85% ni = 75 1

the historical fishing grounds to 6.25% the 2

aquaculture concession sitéFigure R1,Annex 1. c_;s 7 “

The Deep sitshowed a survival rate of 0%, whert U%) 25 |

no scallops were found in the cagew in the 6 0
vicinities Scallop growth showed lower variatior 0 Concession Mud  Historical Deep
with growth rates that ranged between 1.7 to 2. Experiment Site

mm/week in shell length with the highest being in

Flgure R1. Survivaf scallops after 4 weeks at the
the concession site neao tthe beach Interestingly, four experimental sites in the Ensenada.
higher survival and growth rates were associat
with habitats composed mainly by shell and seagrass

and/or algal turf cover.

Scallop recovery

1.00
Population Growth o 075-

According to our model, the scallop maation is ®

expected to ecover from depletion, butat é 0.50 -

different rates andachieving different population -D%

sizesdepending on the restoration strategy usec 0.25 1

Figure R2isplaysthe relative biomasscurve (i.e.

Biomass ratioB/B,.y of each scenario over time o -0 é 1'0 1'5 20
when the population & Ay a W.dAhis . Years

means that legal fishing was not allowed (i Figure R2Scallofbiomass growth in time forla

fishery remains closed), but illegal fishing do restoration strategiegN=15), with "no fishing".
] This simulation considers the fishery remains
occur. When omparing the performance of all closed, though illegal fishing does occur at

different levels for the different strategies.
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scenarios,they show large differences in their
relative biomass, which vary betwedéhl19 and
0.96. This analysis considers that a Biomass r¢
of 1 represents the maximum biomass a scall
population could reach in the Ensenada,
relation to historical landings data (se

Methods).

Under all scenarios, the populatioaltimately
recovers ad stabilizes at carrying capacity
which was different for every scenaridgble
R1). Given the conditions we established in ol
scenarios, the catarina scallop population wou
take between 7 and 18 years to recover, with

median of 13 years. The high n@mming

scenarios also take a relatively longer time to

achieve. In general, we found that the strategie<

that achieve smaller population sizes reach
stable level faster, and bigger ones take mo
time to reach their carrying capacitizigure R).

Howe\er, there is significant variability, witk
some highbiomass. Also, the highest populatio
biomass (>90%) are reached by only 5 scena
(2, 10, 11, 13, 14), all of which have in comm:
that scallop habitat was increased up to th
same level of the histacal habitat. On the other
hand, lowperforming scenarios usually lowe
levels of available habitat, relative to historic:
levels. However, there is intecenario

variability that would not be explained by the

amount of available habitat.
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Figure R3. Scallop biomass growth in time for
restoration strategies (N=15), with fishing. |
this simulation, both illegal (at different levels)
and legal fishing (0.6) are occurring.
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Figure R4Relationship between relative
biomass and the time it takes to each
population to reach carrying capacity.
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Table R1Reldiveo A 2 Y aa F2NJ S OK NBad2NF dA
O2y&4ARSNA (KS fS3arf FTA&AKSNER (2 o
population is subject to both types of fishing.

Scenario  %Historical Biomass Biomass Years to K
habitat Wdzy FAAKSWT RDK S

1 30% 0.30 0.23 12
2 100% 0.94 0.70 17
3 30% 0.24 0.24 15
4 100% 0.79 0.61 18
5 30% 0.19 0.19 9
6 30% 0.20 0.20 7
7 60% 0.56 0.42 14
8 30% 0.24 0.24 15
9 60% 0.48 0.38 12
10 100% 0.94 0.70 16
11 100% 0.96 0.73 13
12 60% 0.48 0.38 12
13 100% 0.94 0.70 16
14 100% 0.94 0.71 13
15 30% 0.18 0.18 10

Fishery
The fishery was modeled to open after the

population grows over a safe threshold (BB

—~ 10
> 0.25), which wasised as a reference poin f
for overfishing (FAO 1996).tHe population is %
@ 8- ° o o
subject to both types of fishing, their effect i <
Pa)
readily apparent on the population growtt E ___________________
= ) .
curves Figure R} There, the biomass reache = 6 ¢ ¢ ¢
Q
a relatively lower stable point due to the § -
fishing pressure removing significant portior 5 4 . . .
. . i Q 0.00 0.20 0.40 0.60 0.80
of the population every yearWith the fishery E

open, d scenarios are able to maintaia Biomass

population size above the threshglavith the _ _ _ o
Figure R5Relationship between relative biomas

exception of scenario ZTa@ble RL However, and the time ittakes for scenarios to reach a
population biomass over the fishery threshold.

. . 0 .
many restoration strategies (33%) are newv some cases the fishery never opens.

able to reach a population size aboveet
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Flgure R6Relative biomass in time for one
scenario (#2), with the fishery opening at

different years (1, 5, 10, 15 or never opening ¢
all). Here, the fishery threshold does not appl

threshold (i.e. scenarios 3, 55, 8, 15), which
have in common low habitat availabili¢$0% of
historical levels) When habitat is restored at
100% or at 60%, iallows the population to
reach the0.25 fishery threshold in six years.

Not surprisinty, restoration strategies that
attain a higher biomass while the fishery
remains closed are also the same that are able
to maintain a bigger population that is the
subject of both legal and illegal fishingow

soon the fishery opens can affect how the
population recovers. If the fishery threshold is

no longer considered, and the population is

modeled to open at different points in time arbitrarily, then the recovery paths of the population vary

(Figure R& Only when the fishery remains closed for 15 yethiere is an apparent effect over the

population. However, eventually in all cases the population stabilizes with fishing at around 20 years.

Economic feasibility

Catch value
Higher population sizesvould render higher

catch value forfishermenif the fishery opens.
With an average local market price c
US$0.63/K of whole scallops with shell, and
fishing level of 60% of the scallops over tt
legal size limit (56 mm), fishermen woul
obtain in average between US$39,801 at
US$124,333 per year by thellsof the scallop
catch Table R2 However, the selling price o
the scallops would significantly affect the
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Figure R7Annual value of the scallop
catch at different selling prices. Catch is
assumed to be fixed at 60% of the

44



expected economic returns from the fishery. .
Table R2. Mean value of the catch of catarina scallops fol

When price is varied, the revenues fromthe first 20 years, at a fishing level of 60% of the
) ] vulnerable biomass (length>56 mn). Also, the number of
selling the scallops can be almost four timesears it takes to open the fisheryN = fishery never opens.

greater when the price is higl$0.90/k),

Scenario Mean Catch Fishery opens (yr)
when compared to a low end price ($0.30/K) 1 $39,801.52 6
: , 3 0.00 N
When looking at how the fishery of the ¥
4 $92,472.99 8
catarina scallop could provide for the locau 5 $0.00 N
fishing communities, we compared ou 6 $0.00 N
A0Sy NR2a (2 2dNJ Ot ASyGada dF NEPBSH®® Ly ENRSNI G2
_ . - _ 8 $0.00 N
provide income by &hing only in the 9 $61.440.27 5
Ensenada for the 80 fishers that live in th- 10 $113,945.07 6
community, fishing profits must generate at 1 $124,333.01 5
least USD$443,077 in revenue per ye 12 SRS 6
o _ \ 13 $114,915.92 6
(Personal communication, Alejandro Robles W $119,088.06 5
The highest performing scenario would only 15 $0.00 N
provide income to supp®r22 fishermen, which
NBLINBASY(Ga I o02dziFigme®. 2F bh{Q G NBSG o
= $150
A
Fishery g $120 -
3
2 $90 - L
The Net Present Value of the fishery (NP jg’
exhibits high variability under different § $60 1
. . i
scenarios, ranging from$6,747,399.46 to cfcé $30 -
$175,291.54 Table R3). Negative NPVare (é %0 &
@© T
expected given that the fishery includes & % $0 $5 $10
the costs associated with the restoration an Restoration costs (million $)

repopulation of the scallop. Scenario 1 is tf
Figure R8Mean catch value psrearin reference

only to achieve a nonegative value, which to the amount invested in habitat restoration in

might be due to a lack of investment ir.
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habitat restoration and from surviance

$500,060

reducing illegal fishing up to 5%. &

Fishermen NPV (NBY on the other @ $40),000: ----------
hand, which only considers the costs ( % $300,000

surveillance, raged from -$242,302.57 > ]

to $1,769,984.47. S $20.000 1

Scenarios with a negative NRVare (c:‘:t; $100,000 - o ® (o
those in which the fishery never open = %0 ] .: .

and do not invest in habitat restoration -0.20 0.3 0.80
The scenarios with the highest NRV B/BO

have high restoration investments

FigureR9. Mean catch value per year in relation tc
biomass of the wild population. According to
Alejandro Robles (NO®),order to sustain the
livelihoods of all the local fishermen (N=80) they
would require US$443,077.

increasing the availablscallop habitat to
either 60% or 100%, increasing th
chances for the fishery to open. Onc

again, scenario 11 attains the highest NPV for fishermen, and so was used as the maximum attainable

Table R3. Economic feasibility indicators of a potential catarina scallop fishery in the
Ensenada. Fishery NPV includes all costs of restoration, nursery, seeding and surveillance, ¢

would represent the view d a funding organization. Fishing NPV only includes the costs of
surveillance and would represent the view of local fishermen cooperatives.

Scenario Fishery NPV ($) Fishing NPV ($) FisherNPV Restoration
Ratio investment ($)
1 $175,291.54 $280,216.86 0.16 $0.00
2 -$5,963,507.25 $1,082,174.49 0.61 $7,584,351.93
3 -$347,227.88 -$242,302.57 -0.14 $0.00
4 -$6,006,388.70 $1,039,293.03 .55 $7,584,351.93
5 -$226,076.60 -$121,151.28 -0.07 $0.00
6 -$226,076.60 -$121,151.28 -0.07 $0.00
7 -$2,703,005.27 $577,301.36 0.3¢ $3,250,436.54
8 -$547,999.30 -$242,302.57 -0.14 $0.00
9 -$2,438,029.79 $842,276.84 0.4¢ $3,250,436.54
10 -$6,252,685.76 $1,299,464.12 0.72 $7,584,351.93
11 -$5,782,165.41 $1,769,984.47 1.0C $7,584,351.93
12 -$2,724,630.92 $861,372.44 0.4¢ $3,250,436.54
13 -$6,747,399.46 $1,364,262.05 0.77 $7,584,351.93
14 -$6,538,445.13 $1,573,216.38 0.8¢ $7,584,351.93
15 -$1,292,056.38 -$121,151.28 -0.07 $0.00
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value in the NPV Ratio. NPV Ratios over 0.5 involve habitatagen of 100%. NPV Ratios that range
from 0-0.49 involve habitat restoration to 60%. Finally, NPV Ratios below 0 do not invest in habitat

restoration.

1.00

0.75 -

0.50 -

0.25 ~

0.00 . T .

Fishermen NPV ratio

-0.25
0.00 0.25 0.50 0.75 1.00

Biomass ratio

Figure R10Tradeoff Analysis of the scallop
fishery. In the conservation axis is the Biomass
ratio and in the economic axis the NR\atio.

Aquaculture
The mean current cost to produce 2,320,000 scallops is $855,959, and to produ6e®S86allops it is

$213,990. At a market price fluctuating between $5.38 and $7.69 per kilogram of adductor muscle
revenues were $13,255 for 580,000 scallops and $53,020 for 2,320,000 scallops; the corresponding
NPVs at a 3% discount rate for 100 yearsew$2,835,070 and$11,340,280 respectively.

Currently it costs $128,662 to produce 340,000 scallops. In order for aquaculture to break even under
the current costs, approximately 4,119,709 scallops need to be produced. This quantity is close to
double the current maximum aquaculture potential. This brealen quantity can potentially be

achieved by doubling the cage density from 200 to 400 scallops/m2, or by doubling the percentage of

aquaculture area occupied by cages from 10% to 20%.

Table R4Aquacuture Net Present Value for all
restoration scenarios.
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Scenario  Farmed scallops Aquaculture NPYUSS$)

(Quantity/year)
1 2,320,000 -$11,340,280.19
2 0 $0.00
3 0 $0.00
4 0 $0.00
5 580,000 -$2,835,070.05
6 2,320,000 -$11,340,280.19
7 0 $0.00
8 0 $0.00
9 580,000 -$2,835,070.05
10 0 $0.00
11 2,320,000 -$11,340,280.19
12 580,000 -$2,835,070.05
13 0 $0.00
14 580,000 -$2,835,070.05
15 0 $0.00

Habitat r estoration
In order to determine the benefits from habitat restoration, we looked at the revenw fishermen

could generate in relation to habitat restoration investment. Habitat restoration investment values
range from $0 ta$7,584,351.93vhile mean catch value per year ranges from $0 to $207,221.68. In
Figure R8A (1 Q& NB I RAf & I LaldtoNsBiy betweeK Searl JatEh valhed&hd Hdbitat
restoration investment. In one case, it is possible to generate $66,335.86 without investing in habitat
restoration. In this scenario, only 5% of wild catch is lost to illegal fishing, while all otherissehat

do not invest in habitat restoration, have 20% or 40% of wild catch lost to illegal fishing.

Surveillance costs
Surveillance to maintain illegal fishing at 5, 20 and 40% was estimated t$32&73, $16,289, and

$8,143 respectively. The survtailce cost along with the habitat restoration cost (when applicable) was
subtracted from wild fishery revenues. As a result, those scenarios with lower illegal fishing were more

costly than those with higher illegal fishing.
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Tradeoff analysis
We performeda fishery trade off analysis by comparing the fishermen net present value of the wild

fishery with the biomass of the wild population. In our model, we assume the total allowable catch (TAC)
to be 60% and the B/Bo of a fishery must reach 0.25 for the figiteéry to open. The scenarios with a
negative NPV fail to reach the fishery threshold, and so no benefits from fishing can be capigred (
R10. In these cases, a high investment in restoration translates not many ecological or economic
returns. In ontrast, the scenarios that recover the population to a higher biomass are able to obtain a

higher economic return and help to offsets their initial investment.

1.00 1.00
—0.7
—0.5
0.75 - o 073 1 0.3 — .
% g /f:f NS
7 0.50 | @ 0.50 - //
5 15
@ o5 - @ 0.25 -
0.00 - . 0.00 +— — — ; ;
0 10 20 0 5 10 15 20
Year Year

Figure R12Meanbiomass ratio of one
scenario (#2) of 100 iterations of montecarl
simulations , at different levels of
stochasticity

Figure R11Meanbiomass ratio for all 15
scenarios, after 100 iterations of montecarlo
simulations

Environmental variability

The use of Montecarlo Simulations (MS) allowed us to introducgr@ammental variability into our
model. Since the sensitivity analysis identified our model to be sensitive to changes in the natural
mortality of the scallop (see Annex 2), we used MS to introduce stochasticity through this parameter.
For all scenarios, avused the same variability matrix in order to make the results of our different
scenarios comparable. Under all scenarios, stochasticity increases the overall variability of the
population Figure R1). The intensity of this variability depends on thedkef stochasticity introduced.
However, the mean of this variation does not appear to significantly change the scallop biomass at

different levels of stochasticityr{gure R2).
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Restoration factors

Habitat 1.00 ,
——Habitat
. 30%
The effect of habitat on recovery was tested/ k o 0.75 - Habitat
. . : . IS
selecting two scenarios where habitat was varied a = 100%
. . é 0.50 -
all other variables were held constant (scenarios 3a ¢
Q
4); other variables, however, are at play. In bo o 0.5 -
scenarios illegal fishing is removing 20% and le
fishing 60% of the population per year.e8g only 0.00 '
0 10 20
occurs once and at an intensity of 340,000 as oppos Year

to 3 or 6 years. In addition, given that the aguacultu
Figure R13Effect of habitat over biomass.
The blue line represents habitat at 30% of

cages are not contributing wild populatior its historical potential, and the orange line
habitat at 100% of its historical potential.

intensity is zero, larvae from scallops in aguacultu

recruitment. These factors preventheé population
from reaching a biomass of 1.0the populationwith

100% habitat reaches a higher biomass ratio at a

slowerrate, whilethe one with30% habitat reaches & 1.00 llegal 5%
lower biomass ratio at daster rate (Figure R1B 075 — lllegal 20%
However, the high biomass scenarimly takes 3 2
more years in reaching its carrying capacifjhe 2 050 -
@

difference between these two biomass ratios after Z g

: @ 25 -
years is 43%. :

0.00 T
0 10 20

_ Time (years)

Surveillance
Figure R14. Effect of illegal fishing on

We tested he effect of surveillance on recovery b scallopbiomass.

comparingscenarios where illegal fishing was varied
to acount for different levels of surveillance. &/found that illegal fishing has more of an effect on

population recovery than seeding and aquaculture, but less than habitat rec¢vigyre R1% Unlike

habitat, the effect of illegal fishing pressure on eitlpopulation size or rate of recovery seems to be

moderated by the other variable$Vhen illegal fishing is at 40%, the population does not reach t2& 0
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fishery threshold in 100 year¥he effect of illegal fishing at 5 or 20% is morf@adilt to discen; given

that we observe scenarios that reach 0.25 in the fewest number of years but others like scenario one do
not reach it at all. In the group of scenarios in the 0.6 to 0.8 biomass range, populations subject to 5%
fishing pressure always recoveredtiar than those subject to higher levels of illegal fishing. Scenarios
with habitat availability lower than 100% do not follow this pattern, given that some with 20% fishing
pressure actually recovering faster than some with 5% illegal fishing. SimilaB@%a of historical
habitat availability, scenarios with 40% fishing pressure recover at about the same rate as those with 5%

fishing pressure, and consistently faster thae thtermediate fishing pressuie 20%.

Aquaculture

We isolated he effect of agaculture intensity on recovery by selecting two scenarios where
aguaculture intensity was varied and all other variables were held conffire R1h High intensity
aguaculture HIA) results in the biomass recovering at

1.00 a faster rate than atow intensity aquaculture I(IA.

However, after both populatims stabilize the HIA

o

~

a1
I

scenario grows to beonly 1% higher than the LIA

scenario. Although the scenario that reaches the

highest biomasgi.e. 11) assumes larval input from

—— 580,000
scallops HIA, of the other scenarios thatach a biomass ratio
—2,320,00
0 scallops in the 0.6 to 0.8&angeonly scenario 14 assumes LAl,

Biomass ratio
o
ol
o

o

N

ol
1

0.00 ' while scenarios 13, 10, 2 and 4 assume no
0 10 20
Time (years) aquaculture. Similar aquaculture intensity does not

seem to have an effect on the population reaching

Figure R15. Scenarios comparing the the 0.25 biomass rati¢Tables R2R4) Scenarios with

effect of aquaculture intensity on the ] )

population biomass HIA can either reach the 0.25BR in tbavést number
of years (#1) or not in 100 years (#8).

Seeding

We assume that doubling the seeding amount is possible if the productivity of the nursery is increased.
Higher seeding quantityesults in a slightly faster recovery time, however, seeding at 340,000 and
680,000 scallops ultimately result in the same population size when the restoration stafiigase

R16. Also,a longer seeding period, in this case three years, results ipapealation reaching a higher
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biomass ratio in a shorter period of tinfEigure R1Y. After a 20 year period, however, both the one and

three year seeding periods result in the same biomass ratio.
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0.4

0.4 - =1 year, 340,000
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Figure R16. Scenarios comparing the

effect of the scallop quantity seeded on Figure R17. Scenarios comparing the

the Catarina biomass ratio. effect of number of seeding years on

the Catarina biomass ratio.
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Discussion
Habitat

Habitat area appears to be ¢hmost important factor in restoring the scallop population across the
different strategieslt can drive biomass close to historical level in 1978 if it is restored up to 100% of
the historical distribution of fishing grounds in the Ensenada. Therefaeehtgh impact that habitat
restoration may have on biomass makes this aspect of the project highly rel&aaitops have shown

to be gregarious settlers irome speciegHarvey eal., 1993)

Also, similar restoration projects targeting other species of bivalves have shown that providing shell as
bottom substrata can promote the recovery of overexploited populatifnsninan, 1999)or other
habitat features such as seagrass (Peterson et al. 1995) can enhance the recovery of ovedeaploite

depleted populations.

Correspondingly, in our model we multipliedcruitment (R) by the suitable habitat in a particular
scenario to account for the cumulative effects of habitat restoration on the scallop population. The
assumption that recruitmet is limited bysuitable habitat, however, should be further tested in this
particular context. For example, if scallops are dependent on algal turf cover for predation protection,
then the scallop population recovery would be tied to algal turf recruittrend survival in the new shell
bottom. This would mean that recruitment is not only limited by the amount of shell hash cover and
type (e.g. Catarina shells as opposed to Bay scallop shells), but also by the algal cover over the restored
shell hash substte.

In addition, we also assumed that the current suitable habitat was at 30% of the 100% historical pre
collapse level. This is an assumption with high uncertainty given that we currently have no evidence to
corroborate habitat is indeed at 30%. Prosddthat our assumption is correct, and that suitable habitat

in fact is lower than its historical potential of 100% just prior to the collapse of the Catarina fishery, a
successful habitat restoration effort should potentially increase suitable habitd0@36. In fact, all the
recovery scenarios in the 0.6 to 0.8 biomass range assume that habitat can be restoreettilgse

100%. Conversely, if habitat were already at 100% and other bottlenecks were preventing recovery, or in
the case it cannot be rested to 100%, then the next best scenarios become those in the 0.30 to 0.50

biomasgange (Figure R3).
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lllegal Fishing

lllegal fishing has more of an observable effect on population recovery than seeding and aquaculture,
but its effects on either populatio size or rate of recovery seems to be moderated by these variables
and by habitat. In addition to 100% habitat, the top scenarios in the high biomass range all assume 5%
illegal fishing; with the exception of scenario four which assumes 20%. These nedigéte that the
inability to decrease illegal fishing from either 40 or 20 to 5%, is expected to shift these top scenarios to

slower recovery at lower biomass ratios as illustrated by scenario 4.

In addition, illegal fishing mortality has a bigger tiela effect over biomass than legal fishing, which
may be due to the fact that illegal fishermen tend to have a lower selectivity and will take scallops as
small as 30mm, when the legal size is 56 (MaroesteSustentable, 2014)This can be an important
consideration if our client seeks to open the Catarina fishery sooner, given that at 40% illegal fishing no

scenarios reach 0.25BR.

Our assumption that changes in the level of illegal fishingoatg driven by the level of surveillance,

allowed us to account for changes and results in a measurable way. However, in addition to surveillance

NOS is using other approaches to control illegal fishing such as raising awareness over fisheries declines

and involving the community in the restoration effort to increase stewardship over the Ensenada
resourcesOne of our assumptions was that the percent of illegal fishing in a scenario would result in an
equivalent take of scallops from the wild fishery; foraeple 20% illegal fishing would mean illegal

removal of 20% of the scallops in the wild population of sizes at or above 30mm. Although it may be
difficult to discern what portion of the change in illegal fishing is due to surveillance, and what portion is

RdzS (G2 Gaz2FaSNE FLILINBFOKSas GKS ySi OKFy3S Oly o8

reduce the illegal take of scallops from the wild population.

Seeding

Growth in aquaculture and transplantation of juveniles into the wild has been obdevehave a
significant effect on increasing the density of an overexploited population of the Manmcenaria
mercenaria(Peterson et al., 1995Moreover, when adult individualsf the scallopA. irradianswere
transplanted to recruitment limited areas from where a scallop population had previously been
decimated after a red algal bloom, it increased the density from <1 to 15 scallops®pbr aur study,

we found that seeding guiveniles into the wild is extremely important for the recovery of the scallop
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population in the Ensenada. The initial seeding of 340,000 ssattompleted by NOS in 2013 was
essential in restarting the process of repopulation, given that the Cataripalgtion collapsed from a
density of 6 scallopger nt to 0 scallopgper nt in 1979; the scallopontinued to be missing many years
after depletion(LangeReynoso, 1994)This fallow period along with information on the limited larval
dispersal of the elated specied\. irradians lead us to believe that without the initial seeding by NOS
habitat restoration or surveillance may have not been enough to bring back the Catarina scallop to the
EnsenadaOnce past the initial seeding, our results indicatetthfier 3 yearsseeding has less of an
observed effect on population recovery than habitat and surveillance, and a similar effect to that of

aquaculture.

Once the initial seeding has taken place, seeding quantity followed by seeding period havedess of
observed effect on population recovery than habitat, and surveillance, and a similar effect to that of
aquaculture. Higher seeding quantity and longer seeding period tend to lead to the population reaching
a 0.25BR in fewer years, but the trend is nbsalute. Shorter seeding period does result in a population
reaching the 0.25BR in more years or not reaching it at all in the 100 year modeling period. This is an
important finding given that our client is currently investing in producing more larvaeritinue the
seeding effort. Longer seeding periods and at a higher quantity, although more costly for our client,
generate more jobs or extend the job period for local fishers. It is expected that by working on the
repopulation effort these fishers also delop a higher ownership over the resource as they return the

Catarina scallops that they or their ancestors took form the Ensenada.

Aquaculture

The negative values of Aquaculture NPV demonstrate that, under the current costs of production, does
not provide a profit for the fishermen. The high costs associated with labor makes aquaculture

prohibitive under all scenarios, assuming the current production efficiency. Doubling the density from

200 to 400 scallopger m?, or doubling the percentage of aquacukuarea occupied by cages from 10%

to 20% may allow fishermen to make a profit, assuming that the costs remain close to the current
production costs.The complexities of transitioning livelihoods from fishing to aquaculture farming

should also be considered

Although aquaculture for profit is not feasible, aquaculture has high potential to serve as a source for

spawning stock. Scallops in aquaculture would be protected from predation, fishing mortality, and
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provide a consistent supply of larvae to the wgddpulation. However, a study on temperature and
predator influence on growth, survival and energy allocation for repotidn on the Catarina scallop
(Guerra et al. 2011) found that scallops may not be driven to reproduce in the absence of predators,
sincethe presence of predators allocates energy to growth rather than gonad production. As a result,
survivorship is prioritizednd spawning is delayed. Although survivorshipagoaculture has the
potential to provide a large amount of seed to the naturapptation, the spawning potential may be

significantly reducedf the scallops ar@n a protective structure.

Economic Feasibility
In assessing the economic feasibility of the Catarina scallop restoration project as a whole, we find that
fishery profits fom Catarina are highly dependent on habitat restoration, the market price for Catarina

and restoration investment.

Habitat Restoration

Our study concludes that habitat restoration is necegdar the fishery to generate profitAlthough
Figure R3 demonsites that reducing illegal fishing to 5% may allow the fishery to generate revenue
without investing in habitat restoration, according to our analysis, the greagimvestment made into

habitat restoration the higher mean catch value possible.

As memioned in the results section, the fishery must generate at least $443,077 in revenue per year to
sustain the livelihood of the ElI Manglito fishing community. Among our scenarios, the maximum mean
catch value per year is $207,221.68, which is less thahthaltarget value. Although the Catarina

fishery can potentially generate profits, it is not sufficient enough for the fishermen to depend only on

Catarina scallops.

When price is varied, the revenues from selling the scallops can be almost four tieagsrgvhen the

price is high ($0.90/k), when compared to a low end price ($0.30/K) (FigQrdRig is important to
consider the effect that the market could have towards achieving the goals of the restoration project.
Increasing the profits of the fishgry changing how the product is sold or aiming for more valuable
markets (i.e. sustainable certification) would have a significant effect owerettpected returns of

fishermen.

Restoration of Catarina Scallop in the Ensenada de La Paz 56
MESMGroup Project 2014



Model Limitations

Although our model takes into account the major factoreeffing restoration, it is not without limits. In

our model we assume that biomass is limited tattbf the final yeawhen the fishery was open. It is
possible however,that biomass could have been greater before the final year the fishery was open. In
situ, the biomass value may be elastic, therefore, depending on the amount of habitat restored, the

Ensenada may be able to sustain a greater amount of biomass than our model allows.

The scenarios with negative NPVs are limited by the assumption of owelrtiad the fishery will open

when the biomass arrives at 0.25. In practice, the biomass in which the fishery may open is determined
by the government agency CRIPthe fishery were to open at 15%, all the scenarios that currently have

a negative NPV wddi likely have a positive NPV, however, the value would likely be low due to the low

biomass.

Our model is also limited by analyzing only the Catarina scallop. The Ensenada provides other species of
value, such as the Pen Shell clam. NOS is simultanesodting with the fishermen to recover the Pen

Shell clam population. Many EI Manglito fishermen have agreed to stop fishing for the Pen Shell clam,
and work as patrolmen to discourage any prospective poachers. The Pen Shell has benefited from this
surveilance, and Pen Shell stockdrecovered over the past 3 yegMoroesteSustentable, 2014Pen

Shell clams sell for a higher price than the Catarina scdfidpe Catarina and Pen Shell sgscare
recovered simultaneously, both species may be able to generate enough revenue to sustain the

livelihood of the El Manglito Fishing community.

Catarina Market Price

As mentioned previously in the results section, our sensitivity analysis revealsethattions in price

per kilogram are expected to have a larger impact on the NPV of the fishery. For example, a price of
$0.30 would cause the NPVw to be lower than the restoration costs of all analyzed scenarios. This
indicates that if the Catarina wer® become aspecies of lowr market value, there would be less

incentive to restore the Catarirt@abitat if the market price is totow.

Ultimately, the Catarina fishery has the potential to become economically feasible, especially if restored
simultaneausly with the Pen Shell clamiccording to our results,he biggest obstacle in achieving
economic feasibility is the capital to complete habitat restoration. In comparison, similar restoration
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projects have shown higher overall costs than profits and liepended heavily on governmental funds
to support habitat restoration efforgd.enihan, 1999)These resources may not be readily available in
Mexico. Thus, is important to properly assess the potential costs of scallop habitat restoratioe

Ensenada, but also to evaluate local and external market prieesha future.

Environmental
Scallop population biomass is most sensitive to changes in natural mortality),(nd Monte Carlo

simulation isa useful tool to address the uncertainty of this parameter in our results

The negative relationship betweenPN and temperature can provide a glance at how increases in
future mean temperatures could significantly affect the scallop population. Given that the natural
mortality equation is in a part a function of mean water temperature, the true effect of ineckas
temperature over Catarina scallops should be further tested. However, there is evidence that the
optimum range for scallop growth and feeding in the Ensenada betvis&® and 22 degree€elsius

and that a mean lethal temperature is reached at 29 Gslsi

Climatic events, such as hurricanes are one of the more destructivesfarcghallowwater marine
environments. Hurricanes of high intensity have been reported to have a huge impact over shellfish
populations and the economic activities that depend fishing them.Under future projections of
climate change, it is expected that the frequency of intense climatic events will be significantly higher in

the next decades (Bender et al. 2010)

General

The habitat features in the site with highest survivdlels and seagrass and/or algal turf cover) are
described by the literature as the main components of the catarina scallop habitat before the population
disappeared from the Ensena@Baqueiro et al., 1981)This would be an important factor to consider
for the placement of seed and where to focus restoration efforts. In this sense, it would be important to

use the experience from other restoration projects to guide the next stepthéorestoration.

The high performing scenarios were found take a relatively longer time to achieve. This is important for
restoration planning, because associated with the higher investment of better performing strategies,

there would probably be higherxpectations of the restoration project between stakeholders. These
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expectations would demand faster and better results, and should be taken into account in future

decisionmaking.

Achieving a higher biomass and faster population growth would ultimatelyige benefits from the
fishery. This could be important in the future planning and management of this population, as a higher
biomass could potentially achieve higher population resilience when confronted to severe
environmental changes. However, giverathgenetic diversity and population complexity promotes
resilience for sustainable management of fisheiieldlborn et al., 2003)it is inportant that the seed

production comes from a diverse genetic pool.

Predation, mainly by crabs, snails and some species of fish, has been reported to have a significant
impact over catarina scalloga the wild, and to be a threat to bottan aquaculture sallops as well
(LangeReynoso, 1994)Given its potential effect over the first years of recovery, current predation
intensity of catarina scallops should be assessed and density of the main predators estimated. This
information could be used to advighe restoration project on when to increase seeding or take other

actions to avoiganothercollapse, especially during the period before reaching carrying capacity.

When considering livelihoods,hé hicghest performing scenarigprovides income to support 2
FAAKSNYXYSYS gKAOK NB LM GiguieRY Itisidpmuniant thgrto IdiFat How { Q
the recovery of other fishing resources, masfythem more valuable than theafarina scallopife. Pen

shell) could contribute to reach this target.
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Recommendations

The bioeconomic model generated scenarios under which the Catarina scallop population in the
Ensenada recovered at faster or slower rates and at higher and lower levels pofltB&important,
however, to highlight that each of thesscenarios is a combination of different variables and that
caution must be taken when teasing them apaie believe the model results were useful in indicating

specific values per variable under which recovery is fastest and more economically feasible.

It is also worth noting that the system that our client NOS is dealing is with extremely variable and
requires quick adaptation to new opportunities and challenges. For example, the Ensenada is located in
an area prone to hurricanes. If a hurricane wheoethreaten the area during the restoration of the
Catarina population, habitat restoration and seeding may become priorities to reverse damage to the

Catarina habitat.

On the other hand, increases in the efficiency to mature scallops in aquaculture gnéicantly reduce
the cost of aquaculture and make it a more attractive option to repopulate and employ more of the
local fishers. This could potentially happen through a partnership with a company that has-a well

established aquaculture technique and kviedge on the subject.

The primary goal of the Catarina restoration is to rebuild the Catarina scallop population in the
Ensenada at the fastest rate and lowest cost. With this primary objective in mind we proceed to make

the following recommendations:

Restore the Catarina habitat in the historical fishing grounds

Our model results indicate that habitat restoration has the most observable positive effect over the
increase of the wild population over time. Habitat is currently limiting the total carryipgaity that the
system of the Ensenada can reach, and the total recruitment that the population can achieve. Habitat
restoration efforts(Lenihan, 199%ave succeeded at restoring the habitat for oysters. In the case of the
Catarina in the Ensenada restoration may be as simple as purchasing Catarina shehe fregion and
placing them in the area where the historical fishing banks were located. Yet care must be taken to
prevent disease outbreaks from introduced pathogens through the shells. We recommend that research

is conducted to assess the best strategyrestore habitat. This can be done through the partnerships
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that NOS has developed with the Bren School, the Massachusetts Institute of Technology, or the

Universidad Autonoma de Baja California Sur.

Continue to the surveillance program in the Ensenada

Our model results indicate that high illegal fishing has a highly negative observed effect on the recovery
of the Catarina scallop. Although not part of this Group Project or analyzed in our model, other
overfished benthic species such as the Pen Shelbpcate benefiting from such prografiNoroeste
Sustentable, 2014)In addition, the efforts by NOS and some of the local fishers to raise awareness
among the community about the restoration oféfEnsenada should continue as they help support the

surveillance program.

The sensitivity analysis also shows that natural mortality is more important than illegal fishing
Continuing to plant scallops at a size of 30 mvith contribute to lower mortality. In addition, maturing
the scallops inside cages over restored substrate may help 1) decrease predation, and 2) increase

survival as more larvae are able to recruit to the next generation.

Increase the quantity of scallops seeded

Although seeding was a oessary step to bring back the Catarina scallop to the Ensenada, it is also
costly. Our model suggest that it may not be necessary to continue seeding for more than three years if
seedingoccurs at 680,000 anid supported by other variables such as anease in Catarinauitable

habitat, and higher compliance to reduce illegal fishing tq@8®bserved in the results of scenarig.10

Even one year of seeding at 340,000 seems to be enough to recover the population of Catarina faster
and at higher biomas# surveillance is high and the Catarigaitable habitat in the fishingareasis

restoredto 100%.

Establish or further develop partnerships with the private sector and with the
academic sector

Community engagementin the vision of restoring the Ensenadad the Catarina populationis
paramount in makingrestoration efforts successful in the long term. Nevertheless, we must also
continue to recognize that working with community members to create new job sources through the
diversification of the use of arine resources igssentialin ensuring a successfahd long lasting

restoration.
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Our model results suggest that scaling up the aquaculture of the Catarina scallop to commercial levels is
too costly given the current productiomosts Nevertheless, if @rtnerships are developedwith
sustainable aquaculture enterprises who are knowledgeable on the subject, stakeholders may be able to

increase theaquacultureproduction efficiency and significantly reduce costs.

The price of the Catarina scallop, in adutitto production efficiency, is another reason why the value of
the wild fishery and aquaculture generate relatively low profits. Increases in price though new markets
and partnerships can significantly support the restoratias funds fromscallopsdes serve to partially

offset the costs of habitat restoration, surveillance and seeding
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Conclusion

The Catarina scallop is a species of high value to artisanal fishers in Baja California Sur. In 1978, the
fishery collapsed in the Ensenada La Paz, forcing fishermen to find alternative products to fish,
sometimes in faraway locations. Although there are no studies on the reason for the collapse, theories
include habitat degradation, climatic variation and overfishing. Nevertheless theiespdias not
naturally recovered even after 30 years of the fishery being closed. Noroeste Sustentable and the
fishermen of El Manglito are working in collaboration to repopulate the Ensenada with Catarina scallops
in hopes to reopen the fishery. Over tlast year, the fishermen have grown Catarina scallops from seed

to juvenile size in a nursery until a size of 30 mm. The scallops are then released into the wild, in hopes

that they grow to spawning size and release larvae into the water column.

The BrerSchool designed an experiment and confirmed that the Catarina scallops could actually survive
on the seafloor of the Ensenada de La Paz. We then created a bioeconomic model that included
biological, ecological, social, political and economic input pararaekfteen restoration scenarios were
created that focused on variable levels siditable habitat availability aquaculture intensity, illegal
fishing pressure, andseeding quantitiesand time periods We ran thel5 scenarios through the
bioeconomic modeland found that habitat restoration has the greatest influence on tatarina
recovery. The model also shows that although aquaculture can generate revidreueursery and

aquaculturecostsare too high to make a profit

Our recommendatioato NOS andhe fishermen of El Manglito at® restore the Catarinahabitat in
historical fishing areao continue the surveillancprogramin the Ensenaddp increase thequantity of
scallopsseeded andto continue to establish and develop relationships with thwd@emic and private
sector to ensuresounds strategies that maximize the ecologic and economic sustainability of the

Catarina scallop in the long term
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Annex 1
Testing Catarina Survivorship on the Substrat e of the Ensenada

Methods

A total of 320 juvenile scallops with a mean length of 30mm were selected from the scallop nursery. We
used scallops of this size to allow for an easier recognition during measurements. We placed an equal
amount of scallops (N=4@)side cages in 4 different habitat types, which are refered as the following: 1)

Historical, 2) Concession, 3) Deep, 4) Mud (Table A).

Table A. Experimental sites
Historical Concession Deep Mud
Sand Shell hash
Habitat Shell Shell hgh Sand Mud
composition Seagrass Algae Mud
Algae Algae
Habitat quality Good Intermediate Intermediate Poor
Current Speed Low High High Low
. Near water
Descnbed. by Protectedfrom treatment plan,
experts as ideal d1ob
site for the Protected from abrupt expe cted to be
Other features ’ . - temperature unsuitable for the
Catarina scallop td illegal fishing.
) changes (6 m). scallop to grow,
survive. .
with very low
productivity

Eight cages were built with a PVC frame and mesh walls. Each cagdwhasrilsurface, and a height of

0.5 m Two cages were randomly placed in each of the four sites. This is to account for a replicate case,
and also to have a backup cage in case of theft. The cages were anchored down to the seafloor by
hammering down the legs of the frames into the seaflodre $callops were transported to the sites in a
large plastic tub, with fresh water replacement every few minutes. Forty scallops were placed in each
cage, because according to fishermen this is the amount of scallops that would naturally live together in
a1-m? area.The scallops were placed directly on the bottom of the ocean floor. This allows the scallops
to be exposed to the same conditions of substrate and water quality, but with protection to predators.
After placement, scallops were counted and cageese cleaned approximately every two weeks for 45

days.Cages were scrubbed with a brush to ensure a flow of water through the mesh walls. During

Restoration of Catarina Scallop in the Ensenada de La Paz 67
MESMGroup Project 2014



cleaning, a visual survey was performed around the cages to see if any scallops escaped. During each
resamplng event, the diver opened the cage and felt the bottom for scallops and scallop shells. Living
scallops were picked up and counted out in another bag. Dead and empty shells were brought up to the
surface and kept as samples. Scallop size, namely lendtheaght were measured at the beginning and

at the end of the experiment to find the mean growth at different sites. During the final survey, the
scallops from each cage were collected and measured. The survival experiment team condiktedeof
Corpuz Mary Luna Raul Cosio (UABCS), Margarita Gutierrez (UABCS), expert diver Guillermo Mendez

Camacho, and “panga” captain Hubert Mendez Camacho.

Concession

. &

{ Muddy
< S New Bank

05 1 2 Kilometers Baqueiro, 1981

0
e — _ Yoshida, 1977
0

0.75 1.5 3 Miles

Experiment Sites

Figure A1l. Map of Experiment sites and Historical fishing ground, according to Baqueiro and Yoshida.

Results
Each site was sampled at least four times, with the exception of the cages in the dedposisestent
resampling was difficult due to harsh environmental conditions, such as strong currents and poor

visibility, and also due to the inability to secure a ride to each site. The Historical site is located in an
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area with low current speed, less thame meter visibility, and sand, shell and sea grass and algae
substrate. A total of 66 scallops out of 80 survived at the end of the experiment, resulting in a
survivorship rate of 82.5%. The average daily growth rate was 0.25 mm/d. The concessioociteds

in the channel of the Ensenada, has a high current speed, andn®ter visibility. The habitat is
characterized by sand, shell and some sea grass and algae cover. A total of 5 scallops survived, resulting

in a survivorship rate of 6.25%. The age daily growth rate was 0.32 mm/d.

Table A2Table of survivorship for each experiment site.

Site Historical site Concession Deep Muddy
Cage#t 1 2 1 2 1 2 1 2
7/10/13 40 40 40 40 40 40 40 40
7/25/13 31 39 35 38 1 5 22 22
8/9/13 20 0 19

8/14/13

8/16/13

8/20/13

Final

Discussion

Survivorship

The Historical site had the highest survival (82.5%). The visibility at this site was low, and the substrate
was dense, with a lot of plant matterasd, mud, and shell. Because of this, it was difficult to discern
whether the missing scallops were victim to predation, died naturally, got lost in the substrate, or, least

likely, escaped the cage.

The concession site had the lowest average survivorstigof 12.5%. This site had fairly good visibility

in which it is possible to see the substrate from the top of the cage. It was located in a sandy site, with
minimum shell and plant cover. No empty shells were found, however, deep channels were formed
under the cages. We believe that the strong current created these channels, providing a manner for the

scallops to escape with the force of the current.
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TableA3. Experiment duration, survivorship, ending height, ending length, and growth rate per day.

Average Historical Site Concession Deep Muddy
Duration of 37 31 35 16
Experiment (days)

Quantity Survived 33 5 3 16
Percent Survived 82.5 12.5 N/A 41.25
Height (mm) 39.5 43.6 N/A 37.9
Length (mm) 41.5 45.8 N/A 39.1
Growth rate/day 0.25 0.32 N/A 0.24
(mm)

We were unable to calculate the survivorship rate for the deep site because deep channels were found
beneath both cages, allowing the scallops to escape, possibly with the current. No empty shells were
found in or around the cages. Divers scanned the ameand the cages, and no scallops were found,
indicating that the current likely moved the scallops, since scallops do not typically move long distances.
We decided to terminate the experiment early because of the low survivorship rate, the inability to

repair damaged cages, and also the possibility that the scallops would be lost ,.

The average survivorship at the muddy site was 41.25%. This site had extremely poor visibility, warmer
temperatures than the other sites, and the substrate was fine mud. Ernpityoken shells were found
inside the cage, indicating the scallops died of natural mortality or suffocation. The fishermen believe

that the surviving scallops survived by attaching themselves to the mesh walls of the cages.

Growth
The average shell @ was highest at the 0.5
concession site, with average height of 43.6m
and length of 45.8mm. The growth rate at this si o4
was 0.32mm per day. The average size & 037
growth rate may be biased because it was a me 0-2 1
taken from only five individuals. However, th 0.1 4
flow of water was colder, faster and had frequer 0.0
Concession Sitéuddy Site  Good Site

exchange of water from the Bay of La Paz, Fgure A2. Growth Rate in mm per day for each site.
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those factors may have also played a role in the high average shell size.

The average size and growth rate was lowest at the muddy site, with an average akight
37.9mm and length of 39.1mm. The growth rate was 0.24mm per day. This low size and rate may be due
to the poor water quality in the area, low water exchange from the Bay of La Paz, and the unfavorable

muddy substrate.

The historical site had an averagkell height of 39.5mm and length of 41.5mm. This site had
the highest surviving individuals, indicating that among all the sites, the historical site has the lowest

standard error.

Conclusion

This experiment has shown that the Catarina scallops canvsuiv the Ensenada; however,
current speed, substrate and temperature may play an important factor in determining survival rates.
Based on this experiment, the Catarina scallops can survive on various types of substrates, with or
without plant cover, andareas of various temperatures. However, the type of substrate cover and
temperature play a significant role in the growth rate of the scallops. Further tests need to be done with

more cages and temperature gauges to conduct a more scientific analysi
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Annex 2

Sensitivity analysis

The biomass ratio in our model was found to be most sensitive to changes in the natural mortality. We
compared natural mortality () to legal and illegal fishing, growth parameters and virgin recruitment
found that natual mortality is consistently the strongest driver ofdB, (FigureA, appendixSA. We

assess this effect further in the direct relationship between temperature (an input to mortality) and

fishery profits, below.

Natural Mortality

0.45 0.5 . . . Worse

Better

lllegal Fishing

Table AAL Sensitivityanalysis heat mapf natural mortality gainst illegal fishing level. Here, we
show how these parameters affedi@nges irbiomass raticover 100 years, The colorbar shows
whetherthe biomass is high or low under each combination.

lllegal fishing was also compared against legal fishing and had a larger influeneg/Bs (Bppendix
SA. We also vary illegal fishing pressure in our scenarios to account for this significanckeand t

unpredictability of this parameter (see Scenario Biomass Outputs).

Total profits from the wild Catarina fishery were compared over a range of costs for habitat restoration
per hectare of recovered benthos and prices per kilogram of scallops. EashJiact assessed over a
realistic range of values and total net present value (NPV) across 100 years of fishing was calculated
(Table#B). Both of these parameters affect total NPV, but price per kilogram of scallops is the stronger

indicator. The directelationship between price and NPV is further assessed below.
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Table AA2 Sensitivity output of cost of habitat restoration (USD $ per hectare, horizontal) against price of
scallops (USD $/kg scallops, vertical). Changes in in NVP of 100 years ofeshémprted. Values do vary

based on costs or restoration but price per kg of scallops is the stronger indicator. Beadkdicates zero
profit limit.
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