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The goal of this paper is to improve our understanding of the role of institutional arrangements and
ecological factors that facilitate the emergence and sustainability of successful collective action in small-scale
fishing social–ecological systems. Using a modified logistic growth function, we simulate how ecological
factors (i.e. carrying capacity) affect small-scale fishing communities with varying degrees of institutional
development (i.e. timeliness to adopt new institutions and the degree to which harvesting effort is reduced),
in their ability to avoid overexploitation. Our results show that strong and timely institutions are necessary
but not sufficient to maintain sustainable harvests over time. The sooner communities adopt institutions, and
the stronger the institutions they adopt, the more likely they are to sustain the resource stock. Exactly how
timely the institutions must be adopted, and by what amount harvesting effort must be diminished, depends
on the ecological carrying capacity of the species at the particular location. Small differences in the carrying
capacity between fishing sites, even under scenarios of similar institutional development, greatly affects the
likelihood of effective collective action.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

According to the U. N. Food and Agriculture Organization (FAO,
2006), half of the world's marine fisheries are fully exploited, and a
quarter are overexploited or depleted. Indeed, many fisheries and
fishingcommunities around theworld are suffering the consequencesof
overexploitation (Pauly et al., 1998; Jackson et al., 2001; Myers and
Worm, 2003; Berkes et al., 2006). However, some well-documented
cases of fisheries that have avoided overexploitation are available
(Weinstein, 2000; Johannes, 1978, 2002; Acheson, 2003), and an
important step forward towards addressing the overfishing crisis is to
understand why some communities are able to engage in collective
action to avoid overexploitation scenarios.

Towards this goal significant progress has been made in the last
twenty years to understand the importance of institutions—understood
as the rules, norms, and strategies—that humans use to govern their
interactions (North, 2005; Ostrom, 2005) for the management of
common-pool resources (CPRs), of which small-scale fisheries are just
one example (see the Digital Library of the Commons at http://dlc.dlib.
indiana.edu/). Today, the importance of collective action institutions for

the sustainability of CPRs is well established (Ruddle and Johannes,
1985; McCay and Acheson, 1987; Berkes, 1989; Pinkerton, 1989;
Ostrom, 1990; National Research Council, 2002; Dietz et al., 2003;
Ostrom, 2005; Cinner and Aswani, 2007). It is also well recognized that
institutions interact in complex ways with biophysical factors (Berkes
and Folke, 1998; Berkes et al., 2006; Berkes, 2005; Orensanz et al., 2005;
Liu et al., 2007a,b; Ostrom, 2007). Some initialfindings have pointed out
that when institutional arrangements are appropriately matched to the
biophysical scales in which they are embedded, the probability of
successful CPR governance increases (Schlager et al., 1994; Berkes and
Folke, 1998; Levin, 1999; Wilson, 2002; Turner et al., 2003; Lansing,
2006; Ostrom, 2007).

A step forward in theory development requires disentangling how
institutions and biophysical factors interact in specific settings to facilitate
the emergence and sustainability of successful collective action for CPR
governance. The goal of this paper is to contribute to the CPR literature
in the context of community-based small-scale fisheries in developing
countries.Wedo this by simulating different configurations of institutions
and biophysical conditions to show how these factors interact to produce
robust or overexploited fishing outcomes.

Such contribution is timely given the rapidly increasing number of
community-based projects that advocate the need to build strong local
institutions to address a suite of environmental and developmental
challenges, without proper assessments of the drivers of success or
failure of such initiatives (Mansuri and Rao, 2004). A better under-
standing of the constraints that resource characteristics place on
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potential governance outcomes can help us understandwhat outcomes
might be reasonable to expect from a given resource system, and allow
us to avoid the type of “panacea” policy-making that has dominated
common-pool resources governance in the past (for a critique see
Ostrom et al., 2007).

In this paper we compare two community-based benthic fisheries in
Mexico. At one site, the Seri fishery, community members have suc-
cessfully engaged in collective action to limit harvesting efforts. This has
allowed them to maintain a sustainable harvest for more than two
decades. The same did not take place in the other community, the Kino
Viejo fishery, and the fishery was overexploited (Moreno et al., 2005b).
Additionally, the community that engaged in successful collective action
shows a higher ecological carrying capacity in their fishing grounds.
The question naturally emerges: Are institutional or ecological factors
driving the community's ability to avoid overexploitation? How might
both factors be related? We used a modified logistic population growth
model to explore how ecological carrying capacity affects communities'—
like the Seri—ability to avoid overexploitation of their fishing grounds.
We accomplish this by simulating communities with varying levels of
institutional development, definedas themeasureof (a) timeliness, that is
how long it takes fishers to adopt new institutions (i.e. engage in
successful collective action), and (b) strength, that is the degree to which
harvesting efforts are diminished.

In the next section we provide extensive background of the
institutional and ecological setting of the Seri fishing community,
which we use as an example of successful collective action for avoiding
overexploitation of communal fishing grounds, and briefly contrast it
with the Kino Viejo neighboring fishing community that has not been
able to do the same. We then provide a general model of how institu-
tional arrangements and ecological conditions make contributions to
control fishing effort and therefore to the maintenance of an artisanal
fishery, such as the one depicted in the Seri case.

2. Background

Callos de hacha or pen shells are a very desirable catch for artisanal
fishers in the Gulf of California, Mexico, because they are one of the
few marine resources with year-round national demand and a
constant high market price (Basurto, 2005, 2006). Pen shells are
sessile bivalve mollusks—like clams but much larger—that live buried
in sandy bottoms. Atrina tuberculosa and Pinna rugosa are the most
important pen shell species in the Northern Gulf of California where
they are harvested for their edible adductor muscle (Basurto, 2005).
Fishers dive to unbury pen shells using a rudimentary underwater
breathing apparatus connected through a long hose to an air com-
pressor mounted atop a fiberglass outboard motor boat. Typically a
fishing team consists of one or two divers and two or three crew-
members that handle the catch at the surface (Basurto, 2006).

The Seri fishing village of Punta Chueca has avoided overexploitation
of the pen shell stock while the neighboring fishing village of Kino Viejo
has not. Even though they are located only 30 km apart from one another
(Fig. 1), share the same general ecosystem, harvest the same species and
use the same harvesting technology. Evidence for this assertion comes
fromseveral sources: comparisonof catchper unit of effort (CPUE) inboth
sites; interviews with fishers on their recollections of historical catches
complemented with recent official records of landed catch; underwater
surveys to estimate pen shell densities at both sites; and diversification of
Kino Viejo catches in response to unsustainable numbers of pen shells
year-round.

Data reported by Cinti et al. (2010) through the PANGAS1 project
fishing log program in 2007 at Kino Viejo fishing grounds showed a lower
CPUE (1.1 kg of adductormuscle/h diving) than that found in 2009by this

Fig. 1. Location of the Infiernillo Channel, the Seri village (Punta Chueca), and the Kino Viejo village Cartographic design: Nicholas Mallos.

1 The PANGAS project information can be found at http://pangas.arizona.edu.
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study at Seri fishing grounds (5.9 kg of adductor muscle/h diving).2

Fishers' reports that Seri fishing grounds are more abundant and
“generally doing much better than any other in the region” were
confirmed through underwater surveys by Moreno et al. (2005a), who
found densities of less than 5 individuals per 300m2 in most of the Kino
Viejo fishing grounds. In comparison, Basurto (unpublished), found an
averageof64 individualsper300 m2atfive importantSerifishinggrounds
suggesting overexploitation at the Kino Viejo fishing grounds. Interviews
on historic catches and landing records of more than 50% of the fleet
during 2009 also suggest that the Seri catch has remained relatively
constant for more than two decades, likely fluctuating between 70 and
100 metric tonnes (Basurto, 2005, 2008, and this study). In contrast,
statistical data of the Fisheries Office of Kino Viejo, reported by Moreno
et al. (2005a,b) show that since 1992 catch in the Kino Viejo community
has steadily declined. Production averaged only 20 tonnes per year from
1997 to 2003.3 Given that pen shells are one of the few resources with
year-round national demand and a constant high market price (Basurto,
2005, 2006), one could expect that fishers would try to remain in this
fishery as long as its CPUE outcompetes other available resources. This is
certainly the case of the Seri pen shell fishery, where most fishers find it
profitable to target pen shells year-round. This is not the case for Kino
Viejo fishers who find itmore profitable to diversify their catch to include
octopus (Octopus spp.), lobsters (Panulirus inflatus), and fish (Groupers:
Mycteroperca rosacea and M. jordani; and Snappers: Hoplopagrus
guentherii), among others, at different times of the year (Moreno et al.,
2005a).

Finally, it has been well documented that the people of the Seri pen
shell fishery stand out among other fishing communities in the region for
their ability to control access to theirfishinggrounds (BasurtoandOstrom,
2009). In the following paragraphs we provide a brief comparison of the
institutional and ecological context prevalent in the Seri and Kino Viejo
fisheries. We mostly focus on describing the Seri's institutional arrange-
mentswithwhich they successfully control access and use to their fishing
grounds (Basurto, 2005), and the biological and ecological mechanisms
that provide support to their self-governance efforts (Basurto, 2008).

2.1. A Comparison of Fishing Institutions

The pen shell fishery is one of manyMexican small-scale fisheries not
actively regulated by the federal government and managed by the Seri
under a common property regime where fishers have been able to find
incentives for conservation (Basurto, 2005). The entire Seri pen shell
fishery is located within the Infiernillo Channel, a long (41 km), narrow,
and shallow (average depth of 5.5 m) body of water that runs south to
northand isflankedon thewest byTiburon Island,Mexico's largest, and to
theeast by the continental coast of theMexican stateof Sonora (see Fig. 1).
The Infiernillo Channel constitutes ade facto exclusivefishing zone for Seri
fishers.

The Seri have inhabited this coastal area for thousands of years (Felger
and Moser, 1985), and the small Seri population is likely a function of
hundreds of years of relentless extermination warfare by Spaniards and
Mexicans (Sheridan, 1999).4 In the 1970s as an effort to guarantee the
survival of this small tribal culture and reduce conflicts with other rapidly
growing localfishing communities likeKinoViejo, the federal government
granted the Seri property rights to a portion of their historic coastal
territory (Diario Oficial de la Federación, 1970), Tiburon Island (Diario
Oficial de la Federación, 1978), and a fishing concession (Diario Oficial de
la Federación, 1975).

The configuration of the Infiernillo Channelmakes it the only section
of the fishing concession where the Seri are able to monitor entrance
and exit of non-Seri fishermen. The Channel is widely believed to hold
themost abundant pen shell banks in the region and the entire Seri pen
shell fishery takes place there. Inside the Channel a common property
regimehas emergedwhere the Seri have designed a number of rules-in-
use with which to grant access and withdrawal rights to outsiders, who
then become “authorized users” (Schlager and Ostrom, 1992).

In contrast, Kino Viejo fishing grounds, which mostly span from
south of the Infiernillo Channel to the estuary south of KinoViejo village
(see Fig. 1), operate under an open access regime (Cinti et al., 2010;
Basurto and Ostrom, 2009). Cinti et al. (2010) found that this is due
partly because most fishers cannot participate in collective-choice
processes where formal rules to control access to fishing grounds are
established. For themostpart onlyfishingpermitholders canparticipate
in these processes. Fishingpermit holders are notfishers themselves but
fish-buyers in control of commercialization channels and have little
incentives for conservation. Why most small-scale fishers in Kino Viejo
cannot gain access to arenas of institutional design is beyond the scope
of this paper and adequately examined in Cinti et al. (2010).

Seri fishers have successfully devised rules to control access across
all entry mechanisms to their pen shell fishing areas (Basurto, 2005).
These rules determine who is eligible to enter the Infiernillo Channel
as an authorized fisher and which areas of the Channel are off limits to
authorized entrants. In addition, the Seri have in place a variety of
monitoring and enforcement mechanisms to ensure rule compliance.
For instance, one rule specifically dictates that for a non-Seri fishing
crew to become an “authorized user” to the Infiernillo Channel, a
member of the Seri community must be hired as part of the fishing
crew. This rule allows granting access rights to generate economic
benefits to different members of the Seri community, given that it is
customary to share the catch among all the members of the fishing
crew. This rule also allows the Seri to monitor—at a low cost to the
community—compliance to a rule that dictates that fishers must not
fish in culturally important areas. Culturally important areas consti-
tute sandbars in the Infiernillo Channel that are exposed at low tide
intervals, allowing manual harvesting without the need of an
underwater breathing apparatus. These sites are part of a subsistence
practice hundreds of years old, noteworthy for the active participation
of members of the Seri community that otherwise cannot participate
in the commercial fishery, such as women, children, and elders. The
most important sandbar harvesting events occur during the lowest
“spring” tides and can become large communal gatherings.5 To
successfully harvest bivalves in sandbars during spring tides,
members of the community must rely on detailed knowledge about
when, where, and which sandbars are going to be exposed so that
harvesting can take place before the water has covered the sandbars
again. This knowledge and their constant presence in the Channel
likely allow community members to notice differences in abundance
from one harvesting event to the next or observe the presence of
unauthorized entrants. If they notice significant or unexpected
differences in abundance they usually think (justifiably or not) that
commercial divers (that include members of the Seri community and
authorized entrants to the fishery) have been harvesting there against
communal agreement. Seri commercial fishers in turn frequently
blame outside fishermen for the rule violations. When enough uproar
about such rule-breaking is created within the community, permits to
authorized entrants to the fishery are forfeited—despite authorized
entrants' protests—and the overall result is that fishing effort in the
Infiernillo Channel decreases (Basurto, 2005).62 The estimates for Kino Viejo are based on data provided in two log books from

Cerro Prieto fishing site (see Cinti et al., 2010). The estimates for Seri fishing grounds
are based on 12 fishing trips conducted by Basurto between January and August 2009.

3 Estimating catch data is extremely difficult for diving fisheries and available official
sources likely under-represent catch volume, although they are useful to compare
trends overtime.

4 According to the latest census the population in the Seri village of Punta Chueca is
about 300 people (INEGI, 2005) but informal counts suggest around 500.

5 In the spring tide of March 29th 2009, more than 14 different Seri families
gathered along the Infiernillo Channel to harvest from sandbars (Alberto Mellado
personal comment 2009).

6 Sandbar harvesting is only one of several different ways by which the Seri
community is able to monitor and enforce fishing activities inside of the Infiernillo
Channel (Basurto field observations 2009).
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2.2. A Comparison of the Ecological Systems

Broadly speaking, the ecological systems where the Seri and Kino
Viejo's fisheries take place are similar except in one important regard:
The most extensive meadows of eelgrass Zostera marina in Western
Mexico are located in Seri fishing grounds (Felger and Moser, 1985),
while eelgrass meadows are essentially absent in Kino Viejo fishing
grounds (Torre-Cosío, 2002). Torre-Cosío (2002) argued that the large
extent of eelgrass inside the Infiernillo Channel is due to the long
eelgrass life cycle in comparison to other areas in the Gulf of California
and to its shallow depths and particular current patterns, which also
contribute to keep seeds in the same areas, determining the stability
and distributional patterns of eelgrass beds. These favorable biophy-
sical characteristics are absent in Kino Viejo fishing grounds, which
help explain eelgrasses limited spatial and temporal presence there.
The extent of the presence of eelgrass meadows in each fishery plays
an important role in each fishery's carrying capacity, as we describe
next.

At the time of themaximum coverage Z. marina occupies up to 12%
of the Channel's bottom, and throughout the eight months that
eelgrasses are present in the Channel distinct pen shell beds are
covered and out of reach for harvesting (Torre-Cosío, 2002). Indeed,
researchers have found pen shells associated to eelgrass meadows
elsewhere (Richardson et al., 1999), and divers in the Infiernillo
Channel consistently state that they do not like to harvest pen shells in
areas covered by marine plants because the visibility is poor, making
the work more cumbersome and increasing the risk of stepping on a
sting ray or swimming crab. As a result, fishers mostly restrict their
use to pen shell fishing grounds where marine meadows are not
present. This, in turn, assures that a portion of the fishing stock
remains off limits to the Seri fishery at different times of the year. This
is not the case in Kino Viejo fishing grounds where pen shells are
accessible to fishers year-round given the very limited presence of Z.
marina. In sum, eelgrass meadows effectively create non-fishing areas
in the Channel that likely play an overall positive role on the
regeneration of the Seri fishing stock and increasing the overall
carrying capacity of the Channel as compared to other pen shell
fishing areas outside of it, e.g. Kino Viejo.

In addition to the presence of eelgrass meadows, there are other
factors—related to the particularities of the biology of the pen shells—
that also seem to provide buffering capabilities to the pen shell
population against perturbations like non-stop harvesting efforts. For
instance, fishers can shape their catch based on their ability to
distinguish by species, size, and fishing area location, before
unburying pen shells from the bottom (Basurto, 2008). None of
these characteristics seem to be correlated to the reproductive cycle of
the pen shells. As a result, fishers' individual day-to-day harvesting
decisions are not likely to have an immediate impact on the
reproductive viability of the pen shell population. In addition, fishers
cannot distinguish males from females by looking at the shell or the
adductor muscle meat alone, and shell or adductor muscle meat size,
do not seem correlated to sexual dimorphism (Basurto, 2008).
Moreover, the spatial distribution of the sexual ratio is a 1 to 1
relationship for males and females (Ahumada-Sempoal et al., 2002;
Moreno et al., 2005b; Basurto, 2008). This prevents more concentrat-
ed harvests of one sex over the other that otherwise could potentially
harm the reproductive viability of the species if they were to be
spatially differentiated by sex. Finally, pen shells rapid growth and
sexual maturation rate at one year of age (Angel-Pérez et al., 2007),
result in that more than 70% of the harvests in the Infiernillo Channel
are more than one year old (Basurto, 2008), indicating that most of
them have already spawned at least once before being harvested. In
sum, the presence of eelgrass meadows and the particularities of the
reproductive characteristics of the species harvested, make reason-
able to think that biological and ecological factors might be able to
provide resilience to the Seri fishery for longer periods of time, than in

other settings where biological and ecological conditions might be
entirely different.7

Finally, and to summarize, the Seri fishery is similar to other
benthic fisheries in the region like Kino Viejo in that harvesters use
the same harvesting technology and target the same species of pen
shells. The Seri shows two striking differences, however. The Seri
were able to develop strong institutional arrangements to control
access to non-community members while other open access fisheries
like Kino Viejo were not able to develop institutional capacity. Second,
only the Seri fishing grounds have extensive marine vegetation
patches covering pen shell beds—effectively increasing the carrying
capacity of their fishery. So the question remains: What is the role of
ecological factors in cases like the Seri, where the community has
been able to engage and sustain collective action for the benefit of
their fishery?

In the next section we develop a general model to show how
institutional capacity and ecological factors might be related to
communal ability to avoid overexploitation. We do so by simulating
varying institutional and ecological conditions on a logistic population
growth model, modified to allow for a minimum viable population.
We find that strong and timely institutions are necessary but not
sufficient to develop and maintain a fishing system like the Seri over
time. Even when holding institutional capacity constant across
communities, we show that small differences of ecological carrying
capacity can greatly affect the ability of fishers to engage in successful
collective action.

3. Model Description

We evaluate how differences in ecological conditions influence the
propensity of effective institutions to emerge. To do so, we develop a
logistic population growthmodel, allowing for aminimumpopulation
threshold.8 First, consider two different populations, x and y of the
same species. The populations differ only in the constraints their
environment places on their growth through differences in carrying
capacity. The growth of these two populations is expressed by the
equations below.

dx
dt

= −r 1− x
M

� �
1− x

Kx

� �
x−Ex ð1Þ

dy
dt

= −r 1− y
M

� �
1− y

Ky

 !
y−Ey ð2Þ

The parameter r is the intrinsic growth rate of the species and is
determined by its specific biological reproduction, growth, and
mortality rates. The parameter M represents the minimum viable
population for the species, and the parameter E represents the
aggregate fishing effort. This fishing effort is interpreted as rate of
harvest, or the proportion of harvested fish stock. We assume fishing
effort is the same at both sites. Upon first discovery of the resource,
the harvesters have little biological information upon which to base
their effort decisions. Only through a trial-and-error process do the
harvesters adjust their fishing effort. This process will be discussed
below.

The parameters Kx and Ky represent each population's carrying
capacity. We assume that these carrying capacities are not equal; that
is, the specific ecological characteristics at each site allow for

7 Take for instance, many species of groupers, that have been quickly overfished
because all harvesting takes place when they aggregate to mate (Sala et al., 2001).
Similarly, species that have low growth, fecundity, and maturation rates (i.e. rays and
sharks) are particularly susceptible to overexploitation (Bizzarro et al., 2007).

8 For a discussion of logistic growth models, see Boyce and Durpia (2001). The
model incorporating both species thresholds and logistic growth is known as the
Schaeffer Model. This model is a Schaeffer Model with an added harvesting function.
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differences in the size of carrying capacity. Suppose further that the
environmental conditions at the site for population x allow for a
higher carrying capacity than the conditions at the site for population
y so that KxNKy.

This model, while not a perfect representation of the population
growth, has a number of desirable properties including the fact that
the rate of growth depends on the size of the population. Growth is
constrained by the carrying capacity of the environment, K. The
species is also susceptible to overexploitation and will crash if the
species drops below its minimum viable population, M.

The toppanel of Fig. 2 shows aphasediagramderived fromEq. (1) and
Eq. (2).Along thehorizontal axis thepopulation ismeasuredandalong the
vertical axis the rate of growthof thepopulation is reported. There are two
parts to the net growth rate of the population: the natural growth rate,
−r 1− x

M

� �
1− x

Kx

� �
x, and humanharvestingEx. Each of these is separately

plotted in the top panel of Fig. 2, alongwith a curve indicating net growth
of the population which subtracts harvesting from the biological growth.
There are three equilibria for this model. An equilibrium refers to a case
where thenetgrowth rateof thepopulation is zero. Thefirst equilibriumis
where the population is equal to zero; this equilibrium is stable. This can
be seen by imagining what would happen if a few individuals were
introduced topopulation xwhen the population is zero, but not enough to
move beyond the minimum viable population. Fish growth would be
negative, because the population would be below the minimum viable
population. Positive harvesting would further cause the population to
decline and eventually the population would return to zero.

At point x1 there is another equilibrium, but this is not stable. At
this point, any slight perturbation that would cause the population to
decline would move the population to something slightly left of x1. If
this happens, the growth rate is less than the amount harvested and
the population will continue to decline until the population reaches
zero and is stable. On the other hand, if there is a slight perturbation
that causes the population to increase, the growth rate of the
population will exceed the harvest rate and so the population will
continue to grow until it converges to point x2.

The final equilibrium is at point x2. Here, any perturbation that
causes the population to decline will result in a situation where the
growth rate of the fish stock exceeds the harvest rate; thus, the
population will increase. If there is a perturbation such that the

population increases, the harvest rate will exceed the growth rate and
the population will return to point x2.9

Next, contrast two harvesting regimes, where the aggregate level
of effort in the first regime is E1 and in the second regime is E2. Note
that the level of effort is the same at both sites, x and y. The shift in
regime (the superscript) refers to a change in time. We assume that
upon first discovery of the fishing sites, locals have a high level of
effort and that during the second regime this level of effort diminishes
so that E1NE2. This assumption implies that harvesters are prone to
overexploitation of the population in early time periods, but that they
have the ability to change this behavior after some time. Much
research shows that local resource harvesters are able to act
collectively to reduce harvesting effort (Ostrom, 1990). The exact
degree to which a community of harvesters is able to reduce effort,
and how quickly they are able to do so, will be modeled below. We
introduce a parameter τ, to measure how much time the community
takes to switch to the low effort regime.

The relative harvesting efforts E1 and E2, represent how strong the
institutions are. That is, if E2 is much lower than E1, then harvesting
effort is strongly reduced. We first assume that the level of effort
during the first regime is very large, so that the harvest rate exceeds
the rate of growth of the fish population at all levels.10We also assume
that humans at both sites are eventually able to change regimes
sufficiently so that, at least in some circumstances, they are able to
attain a non-zero equilibrium level of harvesting. The formal con-
dition for these assumptions is found in Eq. (3). (See the Appendix A
for a derivation of this condition.)

E1 N
ðKy−MÞ2r

4KyM
N E2 ð3Þ

To gain a grasp of the intuition of the model, we depict the regime
change in bottom panel of Fig. 2. In the first regime, the harvest effort

Fig. 2. A graphical depiction of the fishery model. The top panel shows the biological growth function for the species, total harvest with a harvest rate proportional to the fish stock,
and the net growth of the stock. There are two stable equilibria in the system, at point x2 and 0. The bottom panel shows the biological growth function, and two different harvesting
rates. With the first harvest rate (E1) the only stable equilibrium is at a stock of 0. With the second harvest rate (E2) there are two stable equilibria in the system, at point x2 and 0.

9 Note that the specific values of x1 and x2 can be found by setting the harvest

rate equal to the biological growth rate. Specifically x1;2 = rðM�Kx Þ�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðKxr�Mr Þ2�4rKxMðE + rÞ

p
2r .

10 This is not an unreasonable assumption, as much empirical evidence indicates that
many fisheries have high rates of harvesting causing them to be overexploited (Pauly
et al., 1998; Jackson et al., 2001; Myers and Worm, 2003; Berkes et al., 2006).
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is E1 and the total harvest is E1x. In the second regime the harvest
effort is E2 and the total harvest is E2x. Note that in the first regime, E1

is so large that more is being harvested at every level of the
population, than can be replenished by the species. If this continues
indefinitely, then the population will converge to the only single
steady state equilibrium at a population of zero. The second regime,
however, has a more modest harvesting effort and is analogous to the
case in the top panel of Fig. 2, in that there exists a non-zero stable
equilibrium at point x2. If the fish stock at the end of the first regime is
greater than x1, then the fishery will rebound and reach this steady
state equilibrium at x2. That is, the fish stock will only rebound if
during the first regime the fish stock has not been depleted beyond x1.

We assume that τ, the time until regime change, is the same in
each population. The determinants of τ are largely institutional. If two
communities are similar in culture and other important sociological
aspects it is reasonable to assume that their institutional capacity is
similar. In other words, if the human dimensions of the socio-
ecological system are similar across fishing sites, then it may be
reasonable to assume that the time needed to adopt new institutions,
and the relative strength of these institutions, will be similar as well.

The next step in the modeling effort is to apply site-specific envi-
ronmental constraints and assume the same institutional capacity (i.e.
the time to adopt lower harvesting efforts, and themagnitude of those
efforts are the same across sites) while holding all else constant. The
only difference across sites is the fact that environmental conditions at
one site are more favorable than those at another (manifested in
different carrying capacities). In other words, we will now show that
communities with the same institutional capacity, managing the same
species, can have very different environmental outcomes if the local
environment allows for a different carrying capacity.

4. Simulation Results

To analyze the model from the preceding section, it is useful to do
simulations to show how different outcomes might occur given the
model parameters. The simulation exercise is calibrated using known
species parameters from the Pinnidae mollusks harvested in the Seri
and Kino Viejo fishing communities.11 The carrying capacity para-
meters are normalized so that the carrying capacity at site x, Kx, is at
100% of capacity, while the carrying capacity at site y, Ky is assumed to
be less.

Table 1 lists the assumed parameter values for the simulation
results reported in Table 2. As noted, site x is assumed to have a full
carrying capacity and thus takes a value of 100. Environmental factors
at site y, however, limit the carrying capacity to 80. Also, we assume
that the minimum viable population at both sites is equal to one
fourth of the carrying capacity at site x. The intrinsic rate of growth is
assumed to be 0.4. The rate of growth is taken from the upper end
measured by Garcia-March et al. (2007) from Pinna nobilis found in
the western Mediterranean Sea. This species is closely related to the
Pinnidaes A. tuberculosa and P. rugosa, harvested by the Seri and Kino
Viejo communities, and similar in that it also shows a high growth
rate. We choose the upper end of growth rates measured from that
study as a conservative estimate for our model. See also Katsanevakis
(2007).

We assume that the initial stock of mollusk is equal to the sites'
carrying capacity. Absent human intervention, this is the only non-
zero stable equilibrium. Thus, before human contact onewould expect
the stocking level to be approximately equal to the carrying capacity.

We vary the levels of effort, the proportion of the stock that is
harvested, in the different regimes to test the robustness of our results
to the strength and timeliness of institutional adaptation. The value of

E2 represents the harvesting effort in the second regime, or the
proportion of the fish stock that is caught each year. If this harvesting
effort is low compared to the harvesting effort in the first regime, we
say that the institutions are strong. In our simulations, the initial
harvest rate is 0.25. We define strong institutions as those for which
the subsequent harvest rate is 0.05, or a decrease in harvesting effort
of 80%. Institutions must be timely enough so that they are
implemented before the stock falls below the minimum threshold
and collapses. The τ parameter is used to show the effects of
timeliness. We consider cases for which institutions are adopted 5,
10, 15, or 20 years after initial harvesting.

Table 2 shows simulation results for Eqs. (1) and (2) using the
assumed parameter values reported in Table 1. Note that the
designation “Crash” reported in Table 2 means that the population
approaches zero as time increases. In parentheses we have included
the number of years after which the population is less than 1.

When interpreting these simulations the reader should keep inmind
that the results are related to the two fishing communities discussed in
Section 2. In Section 2 we argued that the ecological characteristics of
the Seri pen shell fishery allow for a greater carrying capacity than at
Kino Viejo. The purpose of the simulation is to model how ecological
differences in carrying capacity might affect the ability to maintain
fishing harvests over time. In this spirit, we interpret site x of the
simulation model to reflect the conditions at the Seri fishery, while we
interpret site y of the simulation model to reflect the condition at the
Kino Viejo fishery. Following themodel assumptions, we assert that the
capacity to adopt strong and timely institutions at the two case-sites is
similar. Our discussion of the simulation results, then, should be
interpreted to reflect how similar institutional arrangements have
variable environmental outcomes because of initial differences in carry-
ing capacity. These two sites provide one example of such a situation.

5. Discussion

There are at least four points to note from the simulation. First, is the
important role of the effect of differences in carrying capacity. It is clear
that site y crashes under a greater number of scenarios than site x. Take,
for example, the moderate institutions case in Table 2. Here, harvesting
effort declines by 60% (harvestingdeclines from25%of thefish stock per
year to 10% of the fish stock per year). If it takes both communities
10 years to adopt this moderate institution, then site x will recover,
while site y will crash after 15 years. This is driven completely by the
differences in carrying capacity at the two sites, as the reduction in
harvesting rate, time to adoption of the new institutions, and all else are
constant across sites. This implies that two different fishing communi-
ties, differentiated solely by the environments' carrying capacity, and
adopting the same institutions within the same time frame may have
very different results. At site y, the biophysical environment will simply
not support a 10 year time frame to adopt moderate institutions, while
site x will.

Second, both aspects of institutional development are important.
Even with strong institutions (harvesting effort severely reduced) the
simulation results indicate that institutions must be adopted within a
reasonable time frame or both populations may crash. Even when site
y adopts institutions in 10 years the population crashes under every

11 While these two fishing communities are of very different ethnic and historic
origin, when it comes to fishing Pinnidaes they both share a common fishing culture
and history. For a more in-depth description see Basurto (2006).

Table 1
Assumed parameter values.

Parameter Value Description

Kx 100 Carrying capacity at site x
Ky 80 Carrying capacity at site y
x(0) 100 Initial stock at site x
y(0) 80 Initial stock at site y
M 25 Minimum viable population
r 0.4 Rate of growth of A. tuberculosa (annual)
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scenario. At site x, the community must adopt institutions before
20 years or it will eventually collapse despite the strength of the
institutions it adopts. Also, if both sites adopt even moderate institu-
tionswithin 5 years, both siteswillmaintain a sustainable harvest. Only
at site y when weak institutions are implemented, although quickly
adopted (within 5 years) institutions fail to sustain the resource.

Institutional strength is especially important for site y, which
always crashes if it adopts weak institutions (reduced harvesting by
only 20%), independent of how quickly it is able to adopt them. From
this simulation it appears that at site x, with better biophysical
conditions, continued sustainable harvests are less sensitive to the
strength of the institutions; it is more important that they are adopted

Fig. 3. Sensitivity analysis of the fishery model. Each panel shows the time to which the fishery collapses (population less than 1), if it collapses, and the sustainable regions of
carrying capacity. The shaded areas indicated that for the assumed parameter values, fisheries with carrying capacities within the range of the shaded areas will be sustained. The
three columns differ in institutional strength; in the first column, strong institutions are adopted (E2=0.05), in the second column moderate institutions are adopted (E2=0.10),
and in the third columnweak institutions are adopted (E2=0.20). Each of the rows differ in the timeliness of institutions adopted; in the first row institutions are adopted in 5 years,
in the second row 10 years, in the third row 15 years, and in the fourth row 20 years. The strongest and most timely institutions are in the upper left corner. The weakest and most
untimely institutions are in the bottom right corner.

Table 2
Simulation results.

Label E1 E2 τ Site x result Site y result

Moderate institutions (60% less harvesting effort) 0.25 0.1 5 Recover Recover
0.25 0.1 10 Recover Crash (15 years) a

0.25 0.1 15 Recover Crash (13 years)a

0.25 0.1 20 Crash (29 years)a Crash (13 years) a

Strong institutions (80% less harvesting effort) 0.25 0.05 5 Recover Recover
0.25 0.05 10 Recover Crash (16 years) a

0.25 0.05 15 Recover Crash (13 years) a

0.25 0.05 20 Crash (32 years) a Crash (13 years) a

Weak institutions (20% less harvesting effort) 0.25 0.2 5 Recover Crash (15 years) a

0.25 0.2 10 Recover Crash (14 years) a

0.25 0.2 15 Crash (31 years) a Crash (13 years) a

0.25 0.2 20 Crash (27 years) a Crash (13 years) a

a Year at which the stock is less than 1.
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quickly. In fact, this appears to be the strategy taken by the fishers
from the Seri community, the community comparable to site x.12

Third, our simulation results also showed that the more timely and
stronger the institutions, the longer the community can continue
harvesting, even if the fishery ultimately crashes. Institutional adoption
delays the time to collapse and provides resources over a longer time
period. Furthermore, even if the institutions are unsuccessful at main-
taining long-term harvests for that specific fishery they may provide a
foundation for cooperation in future endeavors, especially if local actors
are able to transfer these relations to other interaction arenas, whether
they are related to fishing or not. Thus, even if fishing institutions ulti-
mately fail, they may play an important role in building trust and
reciprocity ties among community members.

Fourth, it is worth mentioning that if the two sites adopt the same
strengthof institutions,within the same time frame, one sitemightbeable
to sustain the fishery while the other might fail, simply because the
carrying capacity is different. It is important to note that differences in
carrying capacity arenotgreatly exaggerated in this example. Thecarrying
capacity at the disadvantaged site is assumed to be 80% of the carrying
capacity of the other site. If carrying capacity differs even more (if the
carrying capacity is even lower in the disadvantaged site), as is apt to be
the case between the Seri and Kino Viejo fishing areas, then the outlook is
evenbleaker todisadvantagedsites (seeFig. 3).13 That is,whencomparing
two sites with drastically different carrying capacities, it is unrealistic to
believe that the site with poor carrying capacity will be able to erect and
maintain local institutions thatwould sustain a similarfishing effort to the
site with a higher carrying capacity. Students of collective action need to
be particularly careful when assessing the effects of a given institution,
because underlying ecological conditions can greatly modify the efficacy
of institutions. Someof thecoreproblemsof environmentalpolicy analysis
lie in showing that institutions cause or can modify an environmental
outcome, and our analysis suggests a complex, interactive effect between
institutions and ecological factors. Analysts of environmental policy and
ecological economics should be careful to model and explain these
interactions before concluding that institutions are or are not effective
(Young, 2002).

6. Conclusions

Our paper has shown the role that even small differences in ecological
factors (i.e. carrying capacity) can play in communities' ability to create or

sustain successful collective action overtime. Given the increased
importance that community-based initiatives have taken as a policy tool
to address environmental and social dilemmas, it is paramount to develop
a better understanding of the constraints that resource characteristics
place on potential governance outcomes. If we fail to provide empirically-
supported data of conditions underwhich communitiesmight succeed or
fail to develop robust local institutions for the governance of their CPRs
overtime, we risk the chance that these institutions, no matter howwell-
designed, cannot perform well given the ecological constraints at a
particular site. Supporting the formation of strong local institutions is no
panacea for sustainability. Inmany instances local institutions cannot do it
alone (Cudney-Bueno and Basurto, 2009).

Our findings also suggest that initial endowments of natural capital
are critical for the emergence and later sustainability of collective action.
In other words, the resilience of the CPR, through elevated levels of
ecological carrying capacity, might provide fishers with crucial time to
learn-by-doing, gain trust with one another, and develop other basic
ingredients that are thought to increase the likelihood that successful
collective action will emerge (Ostrom, 2005). Consider the 30 year old
Seri pen shell fishery. It undoubtedly took some time before the
harvesting of pen shells in the Infiernillo Channel reached its current
levels. Before the mid 1980s it is likely that it was not necessary for the
Seri to have institutions in place to maintain their fishing system. The
possibility of maintaining a constantly increasing trend of harvesting
rates by ecological factors alone, could have allowed Seri fishers time to
learn about the system and develop some understanding of how
different institutional arrangements for controlling access and use to
their resources might work out if instituted. When it became necessary
to develop a rule system to control fishing effort—because outsiders'
pressure to gain access to the Channel increased—the Seri had a fairly
good idea of which rules might work and which ones might not, and
quickly moved to enact such a rule system. Once in place, the social–
ecological system's ability to buffer likely spikes of fishing effort at
particular moments of time (no rule system is perfectly enforced all the
time), likely contributed to fishers' continued ability to learn how their
chosen rule-set performed, creating the opportunity to adjust accord-
ingly. At theKinoViejo site, however,fisherswere probably not afforded
the same luxury. With persistently high levels of harvesting, given the
limitations of the resource system, only timely, strong institutions may
have been sufficient to sustain the fishery.

In other words, we conclude that without the ability to explore
different rule systems before sending theirmarine resources into a rapid
trajectory of collapse,fisherswouldnot be able to collectively learn from
one another's experiences, negotiate, and agree tofindways inwhich to
implement those institutional arrangements that best fit their particular
circumstance. Clearly, future studies are needed of other small-scale
fishing communities in developing countries that systematically collect
data overtime about collective action processes and the ecological
factors in which these processes take place.
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Appendix A

To find the critical value, note that fishing effort in the first regime
must result in a harvest such that the total amount harvested exceeds
the natural rate of growth for all levels of the fish stock. In the second
regime, for at least some levels of the fish stock, the natural rate of

12 Asking Seri fisher informants about the timing and process by which institutions to
control fishing effort emerged in the Seri community corroborated this finding.
Interviewees consistently indicated that institutions emerged very quickly in the face
of a perceived external threat. Fishing effort for pen shells spiked up in the mid 1980s
(the fishery started around 1978) as a result of the overexploitation of other more
easily available valuable fish species (Basurto, 2006). The increased presence of
outsiders on Seri fishing grounds prompted a strong and prominent Seri leader to
quickly enact two important rules to control access to fishing grounds inside the
Channel: a) That outsiders needed to pay for a fishing permit and that b) a member of
the community must become part of the fishing crew. Our interviews also suggest that
there was no formal collective-choice process involved in the enactment of these rules
in the sense of having communal gatherings to make consensus-based decisions, as
this would be foreign to Seri decision-making practices. Among the Seri discussions
and collective-choice process take place through informal gatherings in small groups
with fellow fishers and neighbors. The fact that these rules became immediately
accepted and viewed as legitimate by the Seri community speaks to the leader's
legitimacy on the eyes of fellow communal members, and to the pragmatic fact that
these rules brought clear short-term benefits to many members of the Seri community
in the form of monetary income (see Basurto, 2005).
13 We also examined the robustness of our results when varying the carrying
capacity at the disadvantaged sites. We analyzed time to failure given values of the
initial carrying capacity ranging from the minimum viable population (25) up to the
full carrying capacity (100). A summary of these results is presented in Fig. 3. These
results show that fisheries with larger carrying capacities are more likely to have
sustainable harvests the stronger and more timely the institutions. Fisheries with
smaller carrying capacities are also more likely to have sustainable harvests with
strong, timely institutions. Carrying capacity, however, is limiting in many instances;
that is, low carrying capacities often imply that even timely and strong institutions will
not successfully sustain fishing harvests.
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growth must exceed the total amount harvested. The critical value is
where the total amount harvested resulting from the maximum effort
E* is just equal to the natural growth rate. In other words, we want to
find the stocking level at which the harvest effort is maximized and
yet the total harvest equals the natural rate of growth of the fish stock.
Eq. (A1) reports the maximization problem.

Max : E⁎ = −r 1− y
M

� �
1− y

Ky

 !
ðA1Þ

Maximizing with respect to y we obtain the following result.

∂E⁎

∂y = 0→y =
Ky + M

2
ðA2Þ

Inserting y to solve for the maximum effort yields the following
result.

E⁎ =
ðKy−MÞ2r

4KyM
ðA3Þ

At levels of effort greater than E⁎ the fishery cannot be maintained,
as the total human harvest would exceed the natural growth rate at all
levels of the fish stock. At levels of effort less than E⁎, at least in some
ranges of the fish stock, the natural rate of growth exceeds the total
human harvest and there exists a non-zero stable equilibrium.
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