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ABSTRACT. My goal wasto describe how biological and ecol ogical factorsgive shapeto fishing practices
that can contributeto the successful self-governanceof asmall-scalefishing systeminthe Gulf of California,
Mexico. The analysis was based on a comparison of the main ecological and biological indicators that
fishers claim to use to govern their day-to-day decision making about fishing and data collected in situ. |
found that certain indicators alow fishers to learn about differences and characteristics of the resource
system and its units. Fishers use such information to guide their day-to-day fishing decisions. More
importantly, these decisions appear unable to shape the reproductive viability of the fishery because no
indicators were correlated to the reproductive cycle of the target species. As aresult, the fishing practices
constitute anumber of mechanismsthat might provide short-term buffering capacity against perturbations
or stress factors that otherwise would threaten the overall sustainability and self-governance of the system.
The particular biological circumstances that shape the harvesting practices might also act as a precursor of
self-governance because they provide fishers with enough incentives to meet the costs of organizing the
necessary rule structure that underlies a successful self-governance system.
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INTRODUCTION

Understanding how successful fisheries self-
governance can be achieved is of considerable
importance. Small-scale fisheries employ 50
million of theworld’ s51 millionfishers, practically
al of whom are from developing countries, and
produce morethan half of theworld’ sannual marine
fish catch of 98 million tonnes (Berkes et al. 2001).
In addition, the overexploitation of small-scale
fisheries is threatening many coastal habitats and
ecosystem-based processes upon which depend
many other marineand terrestrial species, including
human beings(Pauly et al. 1998, Jacksonet al. 2001,
Myersand Worm 2003, Berkeset a. 2006). Clearly,
thereisanurgent needfor thereform of management
and governance of small-scale fisheries. However,
academics, policy makers, and practitioners still
have few theoretical tools with which to better
understand how to avoid overexploitation while
promoting sustainable outcomes.

YIndiana University, “Duke University, *Comunidad y Biodiversidad AC

A promising approach that is making significant
contributions to the understanding of how
successful collective action can avoid overexploitation
is the study of institutions for governing and
managing common-pool resources. Small-scale
fisheriesare an example of this(Ostrom et al. 1994,
Ostrom et al. 2002, Ostrom 2005). In this school of
thought, institutions are viewed as the set of formal
and/or informal rules that is used by a group of
individual stogoverntheir interactions(North 1990,
Ostrom 1990). Common-pool resourcesaredefined
by: costly exclusion of other potential users of the
resource; and extractability, i.e, units of the
resourcethat are extracted by oneindividual are not
available to anyone else. The possibility that
common-pool resources would be subject to free
riding and crowding hasled scholarsto assume that
common-pool resources would always be overused
(Scott 1955, Hardin 1968). In the last 20 years,
however, considerable evidence has successfully
challenged the ability to generalize this assumption
(Ostrom et al. 2002). As a result, a general theory
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of institutional change has started to emerge that
explicitly recognizes that common-pool resources
and their usersvary with regard to anumber of key
attributes (M cCay and Acheson 1987, Berkes 1989,
Pinkerton 1989, Wade 1994, Baland and Platteau
1996, Ostrom et al. 2002, Ostrom 2005). Moreover,
Ostrom (2005, 2007) has stated that the ability of
common-pool resources users to self-organize and
to succeed or fail to engage in collective action to
designinstitutionsthat are able to avoid the tragedy
of the commons (Hardin 1968) depends on how
attributes of the resource and attributes of the users
interact with each other.

The next steps forward are to better understand the
attributes of the users and the resources and how
they combine with each other in specific settings
(Agrawal 2002). Toward this goal, the attributes of
the users have received significant attention in the
common-pool resources literature. For instance,
scholars have studied the effects of heterogeneity
(Varugheseand Ostrom 2001, Bardhan and Dayton-
Johnson 2002), history (Netting 1981, McCay and
Acheson 1987), resource salience (Gibson 2001),
trust and reciprocity (Ostrom and Ahn 2003),
autonomy from higher levels of governance
(Carpenter 2001), and local leadership (Schneider
and Teske 1995). Together, these factors affect a
group’ s ability to self-organize and to sustain their
use of common-pool resources successfully.

More recently, the characteristics of the resource
system and the resource units have received
increased attention from scholars (Schlager et al.
1994, Berkes and Folke 1998, Levin 1999, Wilson
2002, Turner et al. 2003, Lansing 2006, Ostrom
2007). The accumulation of biophysical data
relevant to understanding self-governance mechanisms
in specific linked social-ecological systems has
been slower to emerge, partly because of the
elevated costs of measuring ecological variables. In
addition to current efforts to develop a body of
literature on the dynamics of social-ecological
systems, my objective was to describe the role that
the resource system and resource units play in a
small-scalefishing systemin northwest Mexicothat
has successfully engaged in self-governance. The
development of an in-depth understanding of the
resource system and the resource units for a case
that is known to be self-governed successfully
(Basurto 2005) isanimportant task giventhelimited
knowledge about what types of resource systems
and resource units' dynamics might or might not be
conducive to self-governance scenarios. In light of
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this, my goal was to describe how biological and
ecological factors give shape to fishing practices
that can contributeto the successful self-governance
of a small-scale fishing system in the Gulf of
California, Mexico. Toward this goal, | first
introduce the setting in which the fishery takes
place. | then describe the research strategy that
allowed the identification of ecological and
biological indicators that alow the emergence of
fishing practices. In the discussion, | describe what
these fishing practices look like, explore whether
the fishing practices might be affecting the
reproductive viability of the biological resource or
contributing to biological resilience, and elaborate
on how the fishing practices might facilitate the
successful self-governance for which this fishing
system iswell known.

SERI FISHING INSTITUTIONS

In northwest Mexico, thereisaself-governed small-
scale fishing community of a native seafarer group
known as Seri or Comcaéac. Before becoming
sedentary early in the 20th century, the Seri people
were hunters and gatherers who were organized in
bands that occupied an extensive portion of the
coastal Sonoran Desert and inhabited various
islandsof the Gulf of California, including Tiburon,
Mexico's largest island (Fig. 1; Sheridan 1999,
Bowen 2000). Today, al of the Seri live in two
permanent villages:. Punta Chueca and El
Desemboque. According to the Instituto Nacional
de Estadistica y Geografia (2005), the total
population oscillates around 600 people. As one of
the smallest ethnic groups in Mexico, the federal
government granted the Seri legal property rightsto
a portion of their historic coastal territory in the
1970s. The goa was to increase the Seri’ s chances
of survival by reducing the probability of future
conflicts with other local fishing settlements of
different ethnic origin. Property rightstook theform
of thegjido of El Desemboqueand itsannex of Punta
Chueca (Diario Oficial de la Federacion 1970),
communal tenure on Tiburon Island (Diario Oficial
de la Federacion 1975b), and a fishing concession
granted to the Seri fishing cooperative (Diario
Oficial de laFederacién 1975a).

Today, the main source of income for the Seri
community of Punta Chueca is the callo de hacha
(CDH; scallop) fishery. CDHs are sessile bivalve
mollusks like oysters or clams that live buried in
sandy bottoms; they are harvested regularly by
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Fig. 1. Location of the Infiernillo Channel and the Seri fishing village of Punta Chueca. The dotted line

indicates the gido boundary.
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diversfor the abductor muscle (Basurto 2006). The
number of boats that participate in the fishery has
been documented to vary between 5 and 20, and
each fishing crew has on average three members
(Basurto 2006). According to historic accounts, this
fishery has maintained stable annual production for
amost 30 years (Basurto 2005). The Mexican
national market value for this seafood is high; in
2001, fishers received between US$9 and $18 per
kilogram of CDH (Basurto 2005). All commercial
divers use a rudimentary underwater breathing
apparatus called hookah adapted to a small (~8 m)
fiberglass outboard motorboat. Given that CDHs
live amost completely buried in the sand, divers
must learn to spot them and to use ahook to detach
them from the bottom (Basurto 2006).

All of the Seri CDH fishery takes place in the
Infiernillo Channel, a long (41 km), narrow, and
shallow body of water that runs south to north and
isflanked on the west by Tiburon Island and to the
east by the continental coast of the Mexican state of
Sonora (Fig. 1). The Infiernillo Channel contains
the most extensive eelgrass (Zostera marina)
meadowsof theregion (Torre-Cosio 2002). Itisalso
home to the most abundant beds of the two most
commercially important CDH speciesin northwest
Mexico: Atrina tuberculosa and Pinna rugosa.
These species, however, have been overfished in
fishing areas neighboring the Infiernillo Channel
(Moreno et a. 2005).

Overexploitation outside the Infiernillo Channel
and the rich abundance inside it generates pressure
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from non-Seri fishers to gain access to Seri CDH
fishing grounds. Inresponse, the Seri havedesigned
anumber of rules-in-use to grant or prohibit access
and withdrawal rights (Schlager and Ostrom 1992)
inthe Channel to non-Seri fishers. BecauseMexican
government fisheriesofficialslack apresenceinthe
area, the Seri have self-governed their fishery
without any interference from higher levels of the
Mexican government since the mid-1980s (Basurto
2006). A study of the Seri rules-in-use structure has
provided aninitial understanding of themechanisms
that the Seri community have in place to
successfully monitor and enforceaccessby non-Seri
fishersand control use by authorized entrantsto the
fishery (Basurto 2005). Seri fishers have devised
rulestolimitfishers harvests, harvest|ocations, and
who can enter and participatein the fishery, aswell
asmechanismsto monitor that therulesarefollowed
and to enforce them against rule-breakers (Basurto
2005).

These are exciting findings given the general
agreement that the establishment of low-cost
monitoring and enforcement mechanisms are an
important condition for successful local self-
governance (Stern et al. 2002). Indeed, it is likely
that along with Seri de jure property rights over the
Infiernillo Channel, the Seri’ sability to monitor and
enforce their locally designed institutions has
played akey rolein the emergence of the Channel’s
self-governance system. Given that there is a good
basic understanding of the structure of Seri
institutions (Basurto 2005) and the social history of
thefishery (Basurto 2006), it isnow possibletoturn
to thetask of understanding therolesthat biol ogical
and ecological factors might be playing in the
community’s capacity for self-governance.

Findings from other self-governing fishing systems
indicate that fishers often rely on a variety of
indicators of the resource system or resource units
to make their day-to-day management decisions.
For instance, because Maine lobster fishers can
easily identify gravid female lobsters, they have
agreed to mark the shell of such individuals with a
v-notch to signal to each other that the marked
individual isaproven breeding female that isnot to
be harvested (Acheson 2003). | next describe how
| identified the ecological and biological indicators
that allow the emergence of fishing practices and
what these fishing practices might look like in the
Seri case.
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RESEARCH STRATEGY

My research strategy wascentered onunderstanding
what biological factors might allow fishersto make
informed decisions about what and where to fish,
and how fishing practices might be able to shapethe
reproductive viability of the target population.

I dentification of fishing areas and composition
of the catch

Fishing areas are those places that are purposely
selected by fishers because they are deemed as
especially suitablefor the harvest of callo de hacha
(CDH). Toidentify different fishing areas and their
relative frequency of use, | conducted informal,
formal, and in-depth interviews (e.g., Bernard
1995). In essence, the main question that | asked
fishers was. What are the biological factors that
influence where to go to fish and what to fish?
Informal interviews were conducted mostly while
participating in fishing activities and eventually
encompassed approximately 75% of all fishers
operating in the Infiernillo Channel at the time.
Forma interviews took the form of mapping
interviewsin which approximately 50% (n = 24) of
all fishersidentified thelocationsthat had been used
for thelongest periodsof timeto fish A. tuberculosa
during specific time periods. A. tuberculosa wasthe
main species harvested during the study period.
Mapping interviewswere conducted individually or
in focus groups, generally in the evening at the
fishers homesand oncefishing activitieshad ended
and fishers had time to relax and talk. In the same
manner, | conducted 12 in-depth semi-structured
interviewswith experiencedfishermenactingaskey
informants. The in-depth interviews were recorded
(or not, at theinterviewee' sdesire) and transcribed.
The transcriptions were handed back to the
interviewees for their revison and further
clarification of important points. All conversations
and interviews with fishermen were conducted in
Spanish. To support the information gathered
throughinterviews, | alsoreviewedtwofishermen’s
fishing journals, participated in fishing trips, and
recorded the fishing area’s geographic positions
with the guidance of experienced fishers of the Seri
community. Most data collection took place
between June 2000 and July 2001 for a total of 98
daysin thefield; however, | began in 1998 to build
rapport to perform participatory research in the
community.
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Because of the presence of extensive Z. marina
eelgrass meadows in the Channel and reports
indicating that CDHs can grow in the same areas
(Butler and Keough 1981, Kuhlmann 1998,
Richardson et al. 1999), it was important to assess
how the presence of eelgrass meadows in the
Channel affected temporal and spatial fishing
patterns. The assessment was done through direct
observation and mapping interviews with
fishermen.

Asmy experience and participation in fishing trips
increased, | began to ask fishers why they chose to
fish in some areas over others and what explained
the species, size, and sex ratios obtained in their
harvests. Eventually, | was able to attest that most
fishers agreed that differences in CDH abundance
and variation in abductor muscle size among
different fishing areas played an important role in
choosing to fish in some areas over others at
particular time periods. Given that CDHs are
harvested for their abductor muscle, it makes sense
that fisherswould pay attention to these differences.
Interestingly, key informantsdeclared that shell size
wasnot areliableindicator of abductor musclesize.
Most fishers also mentioned that they were able to
conduct selective harvests given their ability to
distinguish differences between species (A.
tuberculosa vs. P. rugosa) and sizes before
harvesting them. However, fishers said that they
were unable to determine the CDHS' sex before
harvesting by looking at theshell or abductor muscle
alone. To verify if this information collected in
interviews indeed played arole in shaping fishers
harvests, | conducted a comparison between the
fishers' clamsand datacollectedinsitu. Thein-situ
data consisted of assessments of the composition of
the CDH catch and an underwater survey of two
fishing areas.

To assess the composition of the CDH catch (i.e.,
A. tuberculosa), | participated in 32 CDH fishing
trips roughly equally distributed in four sampling
events conducted every three months within the
span of 1year. Initially, my selection of fishing trips
was opportunistic and biased toward those
fishermen that already knew me and were willing
to take an extra person in their small boats. It
progressively included other fishers | had not met
before as they became used to my presence in the
community and became curious about me and my
work. By the end, | had participated in fishing trips
and geo-referenced the fishing areas in use by the
majority of fishers operating in the Channel at the
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time. Data recorded for CDH individuals sampled
during harvest included: sex, degree of sexual
maturity, shell size, and size of the abductor muscle.
Shell size was determined as the maximum length
in centimeters of one of the two valves of each
animal. Abductor muscle size was determined as
the maximum diameter to thenearest 0.1 mm. These
measurements were done using a measuring board
and micrometric caliper, respectively. Except for
the abductor muscle size, the rest are standard
measures used in population and reproductive
biology studies of similar or related species
(Ahumada-Sempoal et a. 2002, Moreno et a.
2005). These measures were chosen either because
fishers had mentioned them as important in their
choice of fishing sites (i.e., species or size of the
abductor muscle) or because they would be useful
to determine basic population biology parameters
about the species. Given that thisis a species with
a continuous reproductive cycle, it is possible to
determine the sex and sexual maturity of an
individual in at least 11 months of theyear (Moreno
et al. 2005).

In addition, during July of 2000, | conducted an
underwater survey of two fishing areas to aid the
assessment of fishers' ability to conduct selective
harvests by size and species. The purpose of the
underwater surveys was to assess if there were
statistically significant differences in size and
Species between organisms obtained in fishers
harvests and the sum of organisms censed in the
underwater survey and those collected in the
harvest. The underwater survey consisted of a
census of all CDHs encountered within a 300 m?
transect. With the help of a 30-m guide line
submerged and extended in a straight line over the
bottom, two diversharvested all CDHsfound within
5 m of each side of theline. Approximately 10% of
the estimated area of two fishing locationsin use by
the fishery was surveyed: two dives in Paredones
and threedivesin Honaiyat (Fig. 2). Thecriteriato
select and sample only two fishing areas hinged on
the necessity of: censusing a fishing location that
was used by the fishing fleet asrecently as possible
and for which | had censed their entire catch for the
day, and minimizing the negative effect that the
extraction and sacrifice of the totality of the CDHs
inhabiting in these areas could have for their
productivity in the future.

Finally, fishersalso mentioned that different fishing
areas yielded different sizes of abductor muscle
throughout the season. Furthermore, fishers
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Fig. 2. Locations of the fishing areas in use within the Infiernillo Channel between summer 2000 and
summer 2001. Not all fishing areaslisted in Table 1 are shown.
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declared that shell size was not areliable indicator
of abductor muscle size. If fishers could not know
thesizeof theabductor muscleunlessthey harvested
and opened the CDH, the only way to learn which
fishing areas have the largest abductor muscle sizes
at different times of the year would be through the
accumulated harvesting experiences of fishers. To
corroborate these claims, | conducted statistical
tests (ANOVA) of shell and abductor muscle size
distributions of A. tuberculosa at four fishing areas
onasampleof fishers' harvests. Thissampling was
performed during both the hot season (24-26 July
2000) and cold season (30 September and 1 October
2000), between which fishers reported observing
the largest differencesin muscle size.

Fishing Areas

A Xpatacl (1)

B Barco H. & Paredones (1)
I Yazapz (1)

D Honaiyat (2)
P Boca Norte (2)

G Zozniiyat (3)

(1) Visited several times
within a year

(2) Visited generally only
Once a ycar

(3) Visited generally only
once every few years

Sonora

Punta Chueca

Kilometers

Arefishing practices affecting the viability of
the callo de hacha’s reproductive population?

To understand if Seri fishers' harvests might be
selectively targeting one sex over the other and thus
threatening the viability of the reproductive
population, | asked fishersif they could distinguish
males from females. Fishers' responses suggested
that they could not. To assess their assertion, |
estimated the sex ratio of a random sample of the
harvests, examined if there was a correlation
between shell and abductor muscle size differences
related to sexual dimorphism, and reviewed the
literature to determine what the reproductive cycle
of CDHs s like for the species in this region. The
sex determination of adult individuals was done
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visually by observing the highly conspicuous
gonads of each harvested specimen. In the CDHSs,
as in other gonochoristic (separate sex) bivalve
species, mature female gonad tissue presents itself
as bright orange, whereas that of males is usually
white to ivory (Strathmann 1987). To assess if the
CDHswereexternally sexually dimorphic, shell and
abductor muscle size distributions of both sexes
were examined statistically using t-tests, and the sex
ratio was determined by conducting a chi-square
test of the average sex ratio of two different fishing
areas during the same climatic season.

FINDINGS

I dentification of fishing areas and composition
of the catch

Fishing areas usage

Most fishersthat | interviewed mentioned ninemain
different fishing areas as the most important for the
fishery for theyears 2001-2002: fishing areasA, B,
C,D,E F G, H,and | (Table 1). Only six of the
areasweremapped becausethey weretheonly areas
observed in use by fishers during the sampling
period (areas A, B, C, D, F, and G; Fig. 2). Fishers
mentioned that different fishing areasvaried intheir
frequency of use depending on the species targeted
(either A. tuberculosa or P. rugosa). For A.
tuberculosa, some fishing areas were used
throughout the year (areas A, B, and C), other areas
were generally visited only onceayear (areasD, E,
and F), and others were generally visited only once
every few years (areas G and H; Table 1).

Selecting for fishing areas according to abductor
muscle size

Fishers said that the size of the abductor muscle
influenced their selection of fishing areas and that,
at least for A. tubercul osa, there were differencesin
the abductor muscle size among fishing areas A, B,
D, and G. Fishers stated that these differences did
not seem related to shell size, which was supported
by the ANOVA (F; 756 = 141.70, p < 0.05; Fig. 3).
Fishing areaD was particul arly identified by fishers
as a site where not particularly big or small shell
sizescould befound, but wherethe abductor muscle
size was generally smallest, which was aso
supported by theANOV A (F; 45=511.16,p<0.05;
Fig. 3).
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Do eelgrass meadows shape fishing behavior?

Direct observations showed that fishers generally
tried to avoid diving in Z. marina meadows and to
a lesser extent in meadows formed by the green
algae Caulerpaspp., evenwhenthey knew that callo
dehachas(CDHSs) wereabundantintheselocations.
Fishersrestrict their harvesting operations to sandy
areas or clear patches between the meadows. Some
of the reasons that were mentioned for avoiding
these areas were the difficulty of harvesting CDHs
because of the need to remove eelgrass or algae and
therisk of stepping on stingraysor swimming crabs.
For the period of 20002001, Z. marina meadows
were mostly present in the Channel from October
to May, whereas Caulerpa spp. were present from
June to October. These seasonal patterns conform
to fishers general observations.

Can fishers shape the composition of the catch by
species and size?

All fishers asserted that the speciestargeted play an
important role in the selection of fishing areas and
that they can distinguish between species A.
tuberculosa and P. rugosa before unburying them
by looking at the shell and the shape and color of
themantle, whichisathin membranethat surrounds
the body of abivalve and protects and separatesthe
organs from direct contact with the shell (Helm et
al. 2004). To assess this claim in two fishing aress,
| conducted a chi-square test and found significant
differences in the composition of species between
the fishers harvests and the sum of organisms
censedintheunderwater survey plusthosecollected
in the harvest (Table 2). The disproportionately
largeabundanceof A. tuberculosainfishers catches
compared to the abundance in the sum of fishers
catches and the underwater survey in both of the
sampled fishing areas supports the fishers' claim.

| also assessed the fishers claim that they can
distinguish the individual’ s size prior to extracting
A. tuberculosa from the bottom. The average size
of A. tuberculosa in the fishers catch was
significantly greater than that in the underwater
censusinthetwofishing areassampled (fishingarea
A:t,5=16.30, p<0.01; fishing areaD: t,, = 15.09,
p < 0.01; Fig. 4).
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Pattern of use Fishing Name of fishing areat
areacode
Visited several times per year A Xpatacl (=Almo)
B Barco H. and Paredones
C Y azapzj
Visited generally only once per year D Honaiyat
E Quipco Coospoj (=Campo Viboras)
F Boca Norte
Visited generaly only once every few years G Zozni iyat
H Sacpatix (=Punta Palo Fierro)

Only visited when harvesting Pinna rugosa I

Chorales Hona

tNames are given in Comcéac, Spanish, or both, as they are used by fishers. Only fishing areas that
were mentioned by > 20 fishers (83%, n = 24) are included. Data sources: GPS waypoints during fishing
trips between June 2000 and June 2001, mapping interviews, fishers' journals, and data available form

other sources.

Arefishing practices affecting the viability of
the callo de hacha’sreproductive population?

Most fishers mentioned that it is not possible to
determine the sex of CDHs by looking at the shell
or abductor muscle alone; my findings corroborated
this clam. The sex ratio of the catch of A.
tuberculosa was 1:1 (average of 53% females and
47% males, SE = 2.9) infour different fishing areas
that were chosen randomly from the pool of data
collected for all fishing areas. This finding is
consistent with other reportsfor A. tubercul osa and
closely related species (Ahumada-Sempoal et al.
2002, Moreno et al. 2005). In addition, a random
sample of the fishing catch was analyzed to assess
if differences in shell or abductor muscle size are
related to sexual dimorphism; they were not (shell
size: t;;, = —0.10, p = 0.92; abductor muscle size:
tys = —1.24, p = 0.22).

Regarding the reproductive cycle, scholars have
suggested that A. tuberculosa has a continuous
reproductive cycle, spawning in 5-7 months of the
year with one or two well-differentiated peaks (i.e.,
in July and/or November; Moreno et a. 2005,
Niebla Larreta 2006, Angel-Pérez et a. 2007). In
addition, it has been reported that the genus Atrina
reaches sexual maturity at ~10 cm in shell length

(Ahumada-Sempoal et al. 2002). This suggests that
A. tuberculosa harvested in the Channel had a
chanceto reproduce at |east once before harvesting,
given that the great majority of A. tuberculosa
sampled (70.2% n = 3261) measured at |east twice
the minimum size for sexual maturity (average size
=20.8, SD = 2.53).

DISCUSSION

I first describethefishing practicesthat emergefrom
my findings and emphasize how they contribute to
the biologica resilience of the system. | then
describethelink between fishing practices and self-
governance. | propose that Seri fishing practices
benefit the maintenance of the self-governance
system by providing short-term buffering capacity
against sudden perturbations that might send the
system into a tragjectory of collapse (Turner et al.
2003). | also propose that the particular nature of
Seri fishing practices facilitates the emergence of
successful self-governance by generating incentives
that increase the benefits and lower the costs of
organizing and maintaining the rule system.
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Fig. 3. Differencesin shell size and abductor muscle size among four fishing areas.
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Fishing practices and other factors supporting
biological resilience

My findingsdemonstrate that diverscan distinguish
among different sizes of A. tuberculosa before
detaching them from the bottom, so they can choose
to conduct size-selective harvests. In > 70% of the
fishers' catch (n = 3261), the fishers selected to
harvest individuals= 20 cmin shell length (average
size=20.8, SD = 2.53). Given that callo de hachas
(CDHs) are marketed by weight, fishers have an
incentive to select the largest individuals that they
canfind becauseitismorecost effective. Ahumada-
Sempoal et a. (2002) reported that Atrina

individuals are sexually mature at 10 cm in shell
length. Thus, most of the catch is composed of
organismsthat had already reproduced at | east once,
to the likely benefit of the CDH population.
However, in some species of marine organisms, the
targeting of older year classes might constitute a
threat to the viability of the population given that
older and larger individuals expel larger quantities
of gametes than do younger specimens (Newell et
al. 1982, Parsons et a. 1992); it is unknown if this
isalso the case for A. tuberculosa and P. rugosa.

My resultsalso indicatethat differencesin shell size
arenot correlated with the sex of theindividual. The
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Table 2. Comparison of fishers' harvests and fishers' harvests plus unharvested individuals found in the
underwater census in two fishing areas sampled within the Infiernillo Channel for two species of callo de

hacha.
Paredones fishing areat Honaliyat fishing areat

Groups compared Atrina tuberculosa Pinnarugosa Abundanceratio Atrinatuberculosa Pinnarugosa Abundanceratio
Composition of fishers 81.35% 18.65% 5:1 70.32% 29.68% 2:1
harvests + underwater (397)8 (91) (263) (111)
census

93.72% 6.28% 15:1 94.74% 5.26% 18:1
Composition of fishers (343) (23) (198) (11)
harvests

< 0.0001).

tThe groups were significantly different (x2 = 58.15827, df
1The groups were significantly different (x2 = 106.1547, df

1p
1, p<0.0001).

8The number of individualsis provided in parentheses.

harvesting selectivity of the fishers affects the age
distribution, but not the sex distribution, of the
unharvested CDH population in the Channel.
Indeed, sexual dimorphismisvery rarein bivalves
(Sastry 1979), and other dioecious (separate sexes)
species that are related to CDHs have similar
population sex ratios (Newell et al. 1982). As a
consequence, fishers decisions about what and
where to harvest do not seem able to shape the
reproductive viability of the fishery because there
are no indicators correlated to the reproductive
cycle. Another characteristic of the reproductive
cyclethat also seemsto contribute to the biological
resilience of the fishery isthe continuous spawning
and recruitment strategy of A. tuberculosa, which
is common to other species of tropical bivalves
(Keen 1971). By continuously spawning throughout
the year, the CDH population has awide variety of
Size classes scattered among different areas. From
a fisheries management perspective, a spawning
period that occurs over several months reduces the
chance that intense fishing pressure at one time of
the year might severely affect the reproductive
population and the long-term sustainability of the
fishery, as has been the case with many species of
grouper that have been overfished when they
aggregate to mate (Sala et al. 2001).

Another factor that contributes to the maintenance
of thefishery isthefact that the presence of eelgrass
Z. marina and algae Caulerpa spp. over up to 12%
of the Channel’s bottom constitutes a no-fishing
zone for 8 months of the year. During this time, a
reproductively viable portion of the CDH
population remains off-limits to the fishery,
providing anadded layer of support tothebiological
resilience of the CDH population in the Channel.
Although Z. marina meadows provide protection
from predators to CDHSs, they aso reduce water
flows and growth rates; however, the relationship
is thought to be more beneficial than costly for
CDHs (Coen and Heck 1991).

The different interrelated factors that influence
fishers' choices of fishing areas (i.e., size, species,
and presence of Z. marina meadows) allow
speculation about the presence of fishing rotation
patterns at various timescales in the CDH fishing
system. Although there are no known explicitly
articulated rules-in-use, fisher reports, or long-term
observations, | infer that therotation of fishing areas
might be taking place because during interviews,
fishers mentioned that some fishing areas are used
throughout the year, whereas others are generally
visited only once ayear, and othersonly once every
few years. If rotationisindeed taking place, it would


http://www.ecologyandsociety.org/vol13/iss2/art20/

Fig. 4. Size selection of callo de hachas by divers.
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temporally concentrate fishing pressure in a few
areas of the Channel, allowing other places to
recover to the overall benefit of the fishing stock.
Clearly, the rotation of fishing areas at various
timescales could pose benefits for the long-term
sustainability of this social-ecological fishing
system, as has been documented in other settings
(Jodha 1998, Niamir-Fuller 1998, Berkes 1999).

In sum, the specific combination of information that
fishers are able to gather from the biological world
provides them with options, opportunities, and
constraints that shape their fishing practices.
Depending on what these fishing practices are, they
can contribute to the maintenance of the biological
resilience of the fishery, which in turn supports the
development and maintenance of a successful self-
governance system. My findings suggest the
possible existence of fishing rotation practices, as

well as the fishers' use of fishing practices that do
not threaten the sexual viability of the population,
target mostly individuals that have aready
reproduced, and avoid harvesting in Z. marina
meadows that serve as no-take fishing areas. These
factors, in combination with the reported
institutional mechanisms that control fishing effort
(Basurto 2005), help to explain the continued
biological resilience of the CDH population in the
Channel.

How might fishing practicesthat promote
biological resilience support self-governance?

The Seri have in place a set of institutional
arrangements to control fishing effort that they can
monitor and enforce (Basurto 2005). The presence
of these fishing ingtitutions has played a
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fundamental role in maintaining a regular level of
harvest for approximately 30 years. Without fishing
institutions, any biological systemwould eventually
collapse once fishing effort surpassed the
regeneration ability of the resource. It is the
combination of Seri fishing practices and the
presence of ingtitutions controlling fishing effort
that accounts for important contributions to the
biological resilience of the fishery and the overall
maintenance of a successful self-governance
system. More specificaly, | propose that Seri
fishing practices might be providing short-term
buffering capacity to the self-governance system.
Buffering capacity is needed at times when
monitoring or enforcement of access and use
controls is not in place to curtail long-term
unsustainable fishing pressure. For instance,
Basurto (2006) reported that in2001, upto 70fishers
werefishing in Seri waters, most of who were non-
Seri from the neighboring village, where the catch
was poor. Many more anecdotal accounts are
available, indicating that rule-breaking events are
not uncommon. Certainly, monitoring and
enforcement mechanismsare not infallible and will
not be always in place to address short-term
violations to communally agreed-upon access and
use controls. If the biological system could not
buffer short-term external shocks such as abrupt
increases in fishing effort, the system would
eventually not be able to sustain constant levels of
harvest. The Kino Bay CDH fishery is a case in
point. In contrast with Seri fishing grounds, Kino
fishers have no significant eelgrass meadows in
their fishing areas, which hasreduced thelikelihood
that they would avoid certain areas at times. As a
result, they have had less buffering capacity for
sudden increasesin fishing effort. In addition, Kino
fishers have not been able to develop institutional
mechanisms to control the access and use of their
fishing grounds (Ana Cinti personal communication).
Without fishing practices that buffer against short-
term perturbations and institutional arrangements
that control fishing effort, the Kino CDH fishery
was eventually overexploited (Moreno et al. 2005).

The example of overfishing by Kino fishers aso
illustrates that when resource users are not able to
devel op harvesting practicesthat provide userswith
some observable or even intuitive indication that
there will be more resource for them to harvest in
the future, e.g., practices that avoid fishing in
eelgrass meadows that serve as nonfishing zones,
they will find little incentive to overcome the
upfront costs of organizing into a successful self-
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governed regime. In contrast, Seri fishers can
recognize the difference between the species A.
tuberculosa and P. rugosa before harvesting,
allowing them to adjust and respond to changing
circumstances in market demand. Severa times |
observed that when fish buyers decreased the price
of A. tuberculosa because of excessive supply
(CDHs are mainly marketed fresh), Seri fishers
switched to harvest P. rugosa, which commands a
lower price, and threatened the fish buyer with
landing their catch to anyone that offered them a
better price (Basurto 2006). Given the large market
share that CDHs harvested from the Infiernillo
Channel represent in the overall national market
(Sergio Padres personal communication), this
strategy allows Seri fishersto remain economically
active (i.e., pay for gas and food for the following
day), reduce the supply and fishing effort for A.
tuberculosa, and exert some pressure on the fish
buyer to increase the price once market saturation
has ceased. In effect, speciesselectivity hasallowed
successful collectiveactionwithwhichfishersadapt
and respond to the external shock of changing
market conditions. If fishers could not distinguish
between the species of CDH and did not think that
they would benefit from future available CDH
harvest, they would not find incentives to agree to
meet the costs of collective action to develop
institutional responses to market pressures.

CONCLUSION

In sum, | observed a particular combination of Seri
fishing practices that do not threaten the sexual
viability of thepopulation, target mostly individual s
that have aready reproduced, avoid harvesting in
eelgrass meadows that serve as no-take fishing
areas, and possibly originate rotation patterns
among fishing grounds. These practices in
combination with the presence of institutions that
control fishing effort can account for important
contributions to the biological resilience of the
fishery and the overall maintenance of a successful
self-governance system, though constrained by the
inability tocompletely control theentry of outsiders.
| propose that two mechanisms allow the
maintenance of successful self-governance. First,
institutional arrangementswhereby monitoring and
enforcement can control fishing effort are
fundamental for the overall sustainability of the
system (Dietz et a. 2003). Second, a combination
of fishing practices that promote biological
resilience can provide important short-term
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buffering capabilities to the system for times of
sudden external perturbation. A complementary and
sometimes redundant system in which institutional
arrangements provide long-term stability to the
system and fishing practices promote biological
resilience that buffers short-term perturbations
favors self-governance because no monitoring or
enforcement rule-set is infallible. No successful
self-governed system would be able to survive in
the long term if the biophysical system would
collapse or enter atragectory of collapse at the first
short-term perturbation.

Finally, | propose that the specific combination of
fishing practices described here can also be viewed
as precursors for successful self-governance
(Wilson et a. 2007). Fishing practices provide
incentives with which fishers can surpass the costs
of organizing a rule-set to control fishing effort.
When fishers are able to readily observe certain
biological indicators of the resource such as size,
species, differences among fishing areas, or the
presence of eelgrass meadowsthat protect a portion
of the target population, fishers are able to rapidly
learn how theresource operates. Ashasbeen argued
elsewhere (Ostrom 2001), fishers can then make
calculations about how their fishing harvests will
affect the availability of resources in the future.
Given that the Seri have nowhere elseto go if they
overfish their CDH fishery, they are able to find
strong incentives to surpass the upfront and long-
term costs of the time and effort spent to devise and
agree upon rules with which to self-govern their
fishing system.

Responsesto this article can be read online at:
http: //www.ecol ogyandsoci ety.org/vol 13/iss2/art20/responses
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