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The Galapagos Islands are a prime example of a place where ﬁshery management policies have been
established without ﬁrst understanding the behavior of ﬁshermen. Since the creation of the Galapagos
Marine Reserve in 1998, there has not been a single study in the archipelago that investigates ﬁshing
behavior and the factors affecting this behavior. This paper addresses this gap in the literature by
describing and analyzing the decisions of the ﬁshing ﬂeet for the red spiny lobster ﬁshery. It focuses on
factors that affect the short-term decisions regarding both participation and intensity of participation in
the lobster ﬁshery. This paper ﬁnds that the ﬁshing ﬂeet in the Galapagos Islands behaves as proﬁt
maximizing ﬁrms, because they consider all the beneﬁts and costs that affect both their participation
decision as well as their decision about how frequently to be active after they have decided to participate.
The results also show that there is a large latent effort in the lobster ﬁsheries that could threaten the
sustainability of any initiatives aimed at increasing catchability, prices, or markets. It is expected that this
analysis will be valuable to policy makers when designing or improving the management plans for
Galapagos ﬁsheries.
& 2013 Elsevier Ltd. All rights reserved.
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1. Introduction
In a paper published in 2007, Ray Hilborn [1] stated that
“managing ﬁsheries is managing people” and therefore effective
management requires an “understanding of the motivation of
ﬁshermen and designing a management regime that aligns societal objectives with the incentives provided to ﬁshermen”. This
assertion encapsulates a well-known idea expressed by ﬁshery
scientists over several decades [2–8]. But this idea despite its
acceptance in the academic world is not yet the norm for ﬁshery
management in many parts of the planet [9–12]; and as Hilborn
foreshadowed, ignoring the behavior of ﬁshers when designing
management policies has led to the ﬁsheries that depend on such
policies to be unsustainable [1].
The Galapagos Islands are an example of a place in which
ﬁshery management policies have been established without ﬁrst
understanding the behavior of ﬁshermen [13]. Therefore, it can be
argued that this lack of understanding of the ﬁshers' behavior
might be one of the reasons of why many of the policies applied in
the Galapagos Marine Reserve (GMR) have been ineffective in
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achieving sustainable ﬁsheries, as evidenced by the continued
reduction in lobster and sea cucumber landings (Fig. 1).
There have been some attempts to account for behavior,
preferences and/or needs of ﬁshers when designing ﬁsheries
policies in the GMR. A major initiative for this purpose was the
establishment of a co-management approach known as the
Galapagos Participatory Management System (PMS) which has as
one of its purposes to identify the needs of the ﬁshers when
establishing management policies. However, under the PMS,
artisanal ﬁshing is managed primarily by regulations enacted by
the Galapagos National Park (GNP); those regulations are then
adjusted seasonally (under some restrictions) by negotiation
among the stakeholders [14,15]. In other words this is a special
type of management system in which the authority (i.e. GNP)
imposes the restrictions and the stakeholders determine the
implementation of those restrictions. It is also a system where
ﬁshers are not the only stakeholders with a voice – naturalist
guides, the tourism sector and the conservation sector also have a
place in the decision-making system. In this system, regulators
and stakeholders have conﬂicting interests: ﬁshers want to catch
as much as possible and the regulators want to restrict the
extractive behavior, while non-ﬁsher stakeholders may support
or oppose the ﬁshing sector as a strategy to achieve their
independent goals. Therefore we would expect that ﬁshers would
not necessarily provide truthful information about their behavior
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2. Methods
2.1. Description of the ﬁshery

Fig. 1. Total catch (in metric tons of frozen tails) of spiny lobster in the GMR in
ﬁshing seasons 2000–2008; and total catch (in millions of individuals) of sea
cucumbers in the same seasons. The source of this data is the Fisheries Database
from the GNP and the CDF. No sea cucumber data were available for 2006.

and ﬁshing needs, when this might run counter to their objective
of maximizing both time and area for their ﬁshing activity.
In the academic literature, from 1999 to 2012, there has been
only one quantitative study published in peer-reviewed journals
that analyzes any type of individual behavior of either ﬁshers or
the ﬁshing ﬂeet in the Galapagos Islands [16]. In this study its
authors [16] analyzed exclusively the compliance behavior of
artisanal ﬁshermen in the GMR. Speciﬁcally, they were interested
in determining the factors that inﬂuence boat-owners decisions to
violate management regulations of the GMR. This study was
important for designing monitoring and control policies, but it
did not explain the individual ﬁshing behavior and ﬁshing decisions per se (i.e. what, when, where and/or how to ﬁsh) of ﬁshers
and the ﬁshing ﬂeet in the Galapagos Islands. Other studies have
focused more on the heterogeneous nature of the ﬁshing sector
and on attempting to explain why the Participatory Management
System largely failed to manage the ﬁsheries sustainably over the
ﬁrst decade of its existence [15,17–20]. The advent of the sea
cucumber ﬁshery boom in particular, which began in the early
1990s, drove rapid growth of the sector, and an inﬂux of part-time
ﬁshers who would take time off from their main jobs for the twomonth annual ﬁshing season, attracted by the prospect of large
earnings [21]. The sea cucumber ﬁshery, involving foreign Asian
merchants working behind the scenes, and a series of local
conﬂicts between ﬁshers and other stakeholders, especially the
GNP and the Charles Darwin Foundation (CDF), has been the
subject of several studies over the last decade e.g. [15,17,18,22,23].
To a certain extent, this focus has distracted attention from
research about ﬁshing activities per se and from attempts to
understand how individual ﬁshers make decisions within this
context.
For this reason, the present paper tries to close this gap in the
literature through analyzing the ﬁshing behavior of the Galapagos
ﬂeet for the Red Spiny Lobster (Panulirus penicillatus) ﬁshery.
Speciﬁcally, it analyzes those factors that inﬂuence the entry–exit
decision and intensity of participation for the Galapagos lobster
ﬁshery. The results of this paper show that the ﬁshing ﬂeet in the
Galapagos Islands behaves as proﬁt maximizing ﬁrms. Additionally, it found that there is a large latent effort in the Galapagos
lobster ﬁsheries that potentially could be a problem for the
management policies of that ﬁshery. Lastly, it is proposed that
understanding the decision mechanism of the Galapagos ﬁshing
ﬂeet may help to design sound ﬁsheries management policies for
the GMR.

Since late 1999, there have been approximately 1000 ﬁshermen
ofﬁcially registered in the GMR. The GNP, the control authority of
the GMR, classiﬁes those ﬁshermen into two categories: Armadores
(∼40% of all ﬁshermen) and Pescadores (∼60% of ﬁshermen).
Armadores own at least one boat and Pescadores do not own a
single boat. Armadores do not always participate in ﬁshing
personally but their vessels are crewed by Pescadores. For these
analyses, individual ﬁshing vessels, not ﬁshermen, were considered to be independent Fishing Units of Production (FUPs). A
further assumption was that Armadores and the crew on each trip
maximize a joint utility function that can be modeled as a unit as
in the case of a ﬁrm.
The artisanal ﬁshing ﬂeet of Galapagos is divided into three
types of vessels: pangas (small, slow, wooden boats), ﬁbras (larger,
faster ﬁberglass boats), and botes (large motherships that transport smaller vessels). The number of vessels increased from 254 to
446 between 1999 and 2002 and has been stable since then. It is
important to highlight that the main reason for the rapid increase
of the ﬂeet size during the period 1999–2002 was the regulatory
framework established by both the Galapagos Special Law (1998)
and the Management Plan of the GMR (1999). These regulations
imposed that the Galapagos ﬁshery registry would be closed for
new vessels after the process of reﬁnement that the registry
underwent during this period of three years (1999–2002). This
generated an incentive to obtain new vessels and consequently to
register them immediately in anticipation of ﬁnancial returns.
These returns included not only immediate beneﬁts such as access
to the highly proﬁtable sea cucumber ﬁshery but also future
beneﬁts such as the possibility of having access to a tourist permit,
or license to transport tourists on ﬁshing vessels. Therefore, the
perceived political clout that the system created, along with the
speculation that ﬁshing permits might in the future be bought out
or exchanged for tourism permits, generated a huge growth in the
sector, and resulted in a highly heterogeneous group (see later in
this paper, Section 3.1.) of non-ﬁshermen, part-time ﬁshermen and
full time ﬁshermen, focusing on a mixed bag of demersal ﬁsh,
pelagic ﬁsh (hook and line ﬁsheries), lobsters and sea cucumbers
(dive ﬁsheries) [14].
The analysis focused only on pangas and ﬁbras, which represent 95% of the active ﬁshing vessels. Botes were excluded because
they are mostly used to transport pangas and ﬁbras to distant
ﬁshing grounds (such as Darwin and Wolf islands). Only those
FUPs that were active at least once (i.e., one day) during 2001–
2008 were included in the analysis. The study period begins in
2001 because that was the earliest year in which annual price and
ownership information was available. Data after 2008 was not
used, due to suspected inaccuracies, especially for the landings
data. As a consequence the sample size was constrained to 342
FUPs. In other words 49 FUPs that did not show any activity during
the period of study were excluded. This provided 2736 observations which comprise the estimation sample.
2.2. Data sources
Lobster ﬁshery landings were collected by both the CDF during
the period 2001–2006 and the GNP during the period 2007–2008.
Sea cucumber ﬁshery data were obtained for the same period from
the same sources.
The Galapagos Fishery Record (GFR), which is managed by the
GNP, provided a list of the registered vessels for the study period.
The year 2001 is the ﬁrst in which data of that type were available
since that year was used as baseline for the process of registration
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in the GFR, which was ofﬁcially closed by 2002. Before that time,
there was not any kind of ofﬁcial registration of vessels except for
the membership records of the ﬁshing cooperatives, which is
conﬁdential information.
The average annual price of lobster tails was obtained from
records provided by the GNP whereas the diesel price was
obtained from the ofﬁcial price table published by the public oil
company in Ecuador (Petroecuador). Finally, the total number of
tourists per year was obtained from GNP records.
2.3. Econometric modeling
This paper addresses the factors that affect not only the
decision to participate but also the decision about how many days
to be active, once the decision to participate has occurred (i.e.
frequency of participation).
It is very likely that there is a self-selection process in the
sample that affects the frequency of participation decision. This is
because it is possible that the latter could be inﬂuenced by some
unobservable characteristics of either Armadores or ﬁshing crew
that could affect simultaneously the frequency of participation and
the choice of whether or not a FUP would participate in the ﬁshing
activity. In order to deal with this potential problem a Heckman's
selection model was applied [24].
Let yn2 denote the outcome of interest that in this speciﬁc case
will be equal to the natural logarithm of the frequency of
participation of a FUP measured as the proportion of days (with
respect to the total number of days in a season) that a FUP is active
when it decides to participate in the lobster ﬁshery. This variable is
observed if and only if a second (latent) variable yn1 is greater
than zero.
In this case the latent variable yn1 will be equal to the
participation status of a FUP in the lobster ﬁshery in any given
season. This variable takes a value of one if the FUP participates at
least one day in the lobster season and zero otherwise. In the end,
the Heckman model will be composed of two equations; a
participation equation, such as:
(
1 if yn1 4 0
y1 ¼
ð1Þ
0 if yn1 ≤0
and a resultant outcome equation such that
( n
y2 if yn1 40
y2 ¼
− if yn1 ≤ 0

ð2Þ

As indicated previously this model speciﬁes that y2 is observed
only when yn1 4 0, whereas y2 need not take on any meaningful
value when yn1 ≤0.
The standard model speciﬁes a linear model with additive
errors, so:
yn1 ¼ X 10 β1 þ ε1
yn2 ¼ X 20 β2 þ ε2

ð3Þ

where
corrðε1 ; ε1 Þ ¼ ρ

ð4Þ

It should be noted that an Ordinary Least Square (OLS) regression of y2 on X2 alone using just the observed positive values of y2
leads to inconsistent estimation of β2 unless corr(ε1,ε2)¼ 0. If that is
not the case the OLS model should be corrected for positive values
of y2 as follows:
y2 ¼ X 20 β2 þ s12 λðX 10 β^ 1 Þ þ ν

ð5Þ

where s12 is the covariance between ε1 and ε2, ν is an error term,
β^ 1 is a vector of estimator coefﬁcients obtained by a Probit
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regression of y1 on X1 such as Prðyn1 4 0Þ ¼ ΦðX 10 β^ 1 Þ; and
λðX 10 β^ 1 Þ ¼ ϕðX 10 β^ 1 Þ=ΦðX 10 β^ 1 Þ is the estimated Inverse Mills Ratio.
This model could be estimated through a Maximum Likelihood
Estimation (MLE) procedure or a two-step OLS procedure. However, according to Nawata and Nagase [25] the Heckman's twostep estimators sometimes perform poorly and are not efﬁcient.
For this purpose a MLE procedure was used to estimate the
Heckman model.
After estimating the model a test of whether or not ρ ¼0 is
required in order to determine whether or not the errors are
correlated and a sample selection correction is needed or in its
defect if it is acceptable to analyze econometrically both equations
(the outcome and participation one) separately.
For this purpose the X2 array contained the following variables:
natural logarithm of the average catch per trip (CPT) of the lobster
ﬁshery for each vessel during the previous season measured in Kg
per trip plus one (CPT Lobstert−1+1); natural logarithm of the
average CPT of the sea cucumber ﬁshery during the previous
season measure in individuals per trip plus one (CPT Sea Cucumbert−1+1); the average price of a Kg of lobster tails in the month
previous to the opening date of the lobster season; the average
price of diesel of the month previous to the start of the lobster
season; a dummy variable for the port of origin of the FUP and
another dummy variable to gather the effect of the ownership
status of the Armador related to a FUP which takes a value of one if
the owner of a FUP is an Armador who owns multiple boats and
zero otherwise.
In the case of X1 this array contains the same variables as X2
array plus one more additional variable that will work as the
exclusion restriction for the relationship between these two
models. Speciﬁcally, there must be at least one variable which
appears with a non-zero coefﬁcient in the participation equation
but does not appear in the outcome equation for identiﬁcation and
to generate credible estimates. If no such variable is available, it
may be difﬁcult to correct for sampling selectivity.
The exclusion restriction in the model is a variable that
represents the total number of tourists that entered the Galapagos
Islands in the 12 months previous to the opening of a lobster
season. This information would work as a proxy variable for the
growth of job opportunities that ﬁshermen have available in the
tourism sector, which is the most important economic sector in
the archipelago. It was assumed that an increase in the number of
tourists would increase the proﬁtability of participating in this
activity and would increase the opportunity cost of participating in
the ﬁshing activity. This consequently would affect the participation choice of FUP negatively, reducing the probability of a FUP to
participate in that ﬁshery. A further assumption was made that
this variable would affect the choice about the frequency of
participation only through its effect on the participation decision.
This is reasonable, as the number of tourists was not expected to
directly affect the frequency of participation except through its
effect on the participation decision.
Table 1 provides a description of the variables in both arrays (X1
and X2) while Table 2 provides the ex ante expectations for the
signs of the estimators of those variables in both the participation
and frequency of participation equations.

3. Results
3.1. Fishery participation
During a season, vessels can be classiﬁed as active and inactive
vessels. Thus on average 50% of registered vessels were inactive
each year during the period 2001–2008. The frequency of participation of those active vessels in each season was on average 15
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Table 1
Descriptive statistics for the variables used for the models of participation and frequency of participation.
Variable

Mean

Std. Dev.

Min.

Max.

Participation
Days of participation n
Last year average catch per trip on the Lobster Fishery (Kg/trip)
Last year average catch per trip on the sea cucumber ﬁshery (ind./trip)
Isabela (location dummy)
San cristobal (location dummy)
Santa cruz (location dummy)
Price of lobster tail ($/Kg)
Price of diesel ($/gallon)
Proportion of vessel owned by an AWOMB
Number of tourist for the 12 months previous to a lobster season

0.500
15.381
7.301
278.256
0.306
0.439
0.255
24.749
0.762
0.222
107,197

0.503
16.494
15.057
694.293
0.460
0.496
0.436
2.392
0.069
0.416
31,386.36

0
1
0
0
0
0
0
22.05
0.6
0
68,856

1.0000
117
87.72
5094
1
1
1
28.67
0.799
1
161,859

n

This speciﬁc statistic is based on the censored observations only; that is, those observations with a participation equal to one (n¼ 1361).

Table 2
Ex-ante expectations for the sign of the coefﬁcients of the explanatory variables of the outcome and participation equations in the Heckman model.
Variables

Outcome
equation

Participation
equation

Explanation

Last year average CPT on the lobster
ﬁshery (Kg/trip)
Last year average CPT on the sea
cucumber ﬁshery (ind./trip)
Proportion of vessel owned by an
AWOMB
Price of lobster tail ($/Kg)

Positive

Positive

Positive

Positive

Negative

Negative

Positive

Positive

Price of diesel ($/gallon)

Negative

Negative

Number of tourists for the 12 months
previous to a lobster season

N.A.

Negative

The more productive the FUP in the Lobster Fishery the more likely that it would participate in the
Lobster Fishery and the higher the frequency of participation in that ﬁshery.
The more productive the FUP in the Sea Cucumber Fishery the more likely that it would participate
in the Lobster Fishery and the higher the frequency of participation in that ﬁshery.
We expect that this variable would have a negative effect on both the participation and the
frequency of participation choices.
We expect that the higher the price of lobster the higher the probability that any FUP will enter the
ﬁshing activity and the larger the number of days that this FUP will be active after deciding to
participate.
We expect that the higher the price of diesel the less likely that any FUP will enter the ﬁshing
activity, and also the fewer the number of days that a FUP will be active after deciding to
participate.
We assume a positive effect of the tourism on the opportunity cost of ﬁsheries; therefore we
expect that the sign of the variable tourism for the participation model will be negative and
statistically signiﬁcant.

days approximately; that is, 12.60% of the total days of a lobster
ﬁshing season.
The composition of FUPs given their level of activity differed for
each port during the study period. San Cristobal had the highest
proportion of inactive FUPs (56.57%) and the lowest frequency of
participation (7.83%). In contrast, Isabela had the highest frequency of participation (19.48%; only 50.06% of FUPs were inactive) and Santa Cruz had the lowest proportion of inactive FUPs
(38.45%; participation frequency was 12.57%). These differences
indicate a differential impact of the opportunity cost derived from
alternative activities in each of these three islands.
In addition those FUPs that were categorized as active in the
lobster ﬁshery can be also sub-classiﬁed into two further categories; namely, full-time and part-time participants. If a FUP is
active at most once per week in average during the eight seasons
that comprise our sample, it was categorized as a part-time
participant; however, if a FUP is active more than once per week
during the eight seasons it was categorized as a full-time participant. Based on this criterion 44 FUPs were full-time participants
and 298 FUPs were part-time participants. From those 44 full-time
participants FUP, 56.82% are from Isabela, 29.55% are from Santa
Cruz and 13.64% are from San Cristobal. It is also important to note
that the average participation rate of those FUPs classiﬁed as fulltime participants was approximately 37.61% of the total days of a
season (i.e. n ¼122 days), while the participation rate of part-time
participants was on average 8.56%. Hence, the fact that during a
season approximately 87% of the FUPs participate in average 10
days and only 13% of the FUPs participate in average 46 days, it
provides a perspective of the high level of latent effort in the
lobster ﬁshery.

3.2. Ownership of vessels
The ratio between registered vessels and registered Armadores
was equal to 0.83 in 2008 with an average of 0.88 during the
period 2001–2008. This indicates that some Armadores own more
than one vessel. Furthermore, during the period 2001–2008 the
proportion of Armadores who owned more than one boat
increased from a minimum of 9.72% of the total number of
Armadores in 2003 to a maximum of 13.98% in 2008. The
accumulation of vessels in the hands of very few owners is a
trend that has not stopped in the last years but rather has
intensiﬁed. According to the GNP Lobster Fishery Report from
2011 approximately 18% of Armadores owned more than one boat.
It is important to analyze the dynamics of the ownership status
of Armadores in the Galapagos Islands, particularly if this ownership status has had an effect on ﬁshing activity per se. For this
purpose the ownership status of the Armador of a vessel was
identiﬁed under two categories; that is, Armador who owns only
one boat (AWOOB) or Armador who owns multiple boats
(AWOMB). Then a kernel estimation procedure was used to
determine the density function of the frequency of participation
of boats from these two types of owners. Fig. 2 shows the curve
labeled as AWOMB has more observations concentrated in the left
side of the distribution than the other curve. In contrast, the curve
labeled as AWOOB has a longer right tail. Both results indicate that
boats owned by AWOOBs are more likely to show a high frequency
of participation than those boats owned by AWOMBs. This is
supported by a Kolmogorov–Smirnov (K–S) test of both distributions (D ¼0.1325, Po 0.0001) through which the null hypothesis of
equality of distributions for both curves was rejected. However,
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Fig. 2. Kernel density plot for the frequency of participation of FUPs (expressed as a
percentage of the total number of days in a season). In this ﬁgure there are two
curves; the ﬁrst, labeled as AWOMB that represents FUPs that has as a proprietor an
Armador who owns more than one boat; and the second, labeled as AWOOB which
represents FUPs that has as a proprietor an Armador who owns only one boat. The
kernel density plot is estimated using an Epanechnikov function and a bandwith of
0.0191.

Table 3
Estimated regressors for the Heckman model.
Variables

Outcome equation

Selection equation

Ln(1+CPT-lobstert−1)

0.1044**
(0.0473)
0.0492**
(0.0209)
0.4300***
(0.0879)
−0.4676***
(0.0770)
−0.2748***
(0.0729)

0.3478***
(0.0211)
0.1757***
(0.0098)
−0.4249***
(0.0735)
−0.3279***
(0.0671)
−0.0423
(0.0649)
−0.0055***
(0.0016)
−0.8029
(0.4888)
0.0343*
(0.0194)
−0.2091
(0.4598)

Ln(1+CPT-sea cucumbert−1)
Isabela dummy
San cristobal dummy
AWOMB
Tourismt−1
Diesel price
Lobster price
Constant term
Lambda (MLE Mill's ratio)
Rho
Number of observations
Censored observations
Uncensored observations

−2.4689***
(0.4865)
0.0844***
(0.0157)
1.7567***
(0.3723)
−0.0873
(0.2127)
−0.0812
(0.1972)
2736
1361
1375

The dependent variable of the outcome equation is the natural log of the
proportion of days of a season that a FUP is active when it decides to participate
in the lobster ﬁshery. For the participation equation the dependent variable is a
binary variable that takes the value of one if a vessel participated in the lobster
ﬁshery in a season and 0 otherwise. Triple asterisk (***) indicates signiﬁcance at the
1% level (**) at the 5% level and (*) at the 10% level. Standard errors in parentheses.

when comparing the proportion of boats that decide to participate
per season for both types of proprietors, the null hypothesis that
the difference of proportion is equal to zero at a 5% conﬁdence
level could not be rejected (z ¼1.92, P¼ 0.054).
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decision to participate and the decision about frequency of
participation of that FUP. Furthermore, the productivity of the
lobster ﬁshery has a larger impact on both decisions than the
productivity of the sea cucumber ﬁshery.
If a FUP is owned by an AWOMB both decisions are affected
negatively. However this effect is only statistically signiﬁcant for
the participation decision. This suggests that those boats owned by
AWOMB participate less frequently than those boats owned by
AWOOB, although this ownership status does not have a statistically signiﬁcant effect over the overall decision to participate.
The variable that represents the lobster price is positive and
statistically signiﬁcant for both equations; conversely the variable
that represents the price of diesel is negative for both models but
statistically signiﬁcant only for the outcome equation. This implies
that FUPs react to economic incentives that affect the costs and/or
beneﬁts related to the ﬁshing activity through changing both their
participation decision (affected by beneﬁts only) as well as their
frequency of participation (affected by beneﬁts and costs).
The variable that represents the exclusion restriction (i.e.
Tourismt−1) is statistically signiﬁcant and negative as expected. In
other words, the growth of tourism affects negatively the decision
of participation of a FUP in the lobster ﬁshery implying a possible
impact of the growth of this sector on the opportunity cost of
ﬁshing.
Finally, through the use of the Mill's Inverse Ratio for the MLE
procedure; that is, the lambda estimator, the null hypothesis of the
non-presence of selection bias from unobservable characteristics
of either Armadores or the ﬁshing crew that have decided to
participate compared to those that have decided not to participate,
could not be rejected. The estimator of the variable that represents
the correlation between the errors of the outcome and the
participation equation in the MLE procedure (i.e. ρ estimator) is
not statistically signiﬁcant, so that it can be concluded that the
participation and the frequency of participation choices are
independent. For this purpose a separate econometric analysis of
both decisions was conducted. The results of this are summed up
in the next sections.

3.3.2. Estimation of frequency of participation model—outcome
equation
The decisions on frequency of participation and participation
can be econometrically modeled on an individual basis. A series of
models were estimated for the decision about how many days a
FUP will be active (expressed as a relative proportion with respect
to the total number of days in a lobster season) conditional on the
fact that the FUP has decided to participate in the lobster ﬁshery
season (i.e. y2).
The ﬁrst speciﬁcation that was used for this purpose was an
OLS with robust standard errors clustered on the Armadores
variable. It is very likely that there is correlation within Armadores
but not across them; then with a clustered speciﬁcation for the
standard errors, the downward bias that arises from using regular
or robust standard errors was corrected, and with that the
inference obtained from those estimators was improved. The
second speciﬁcation that was used for this analysis was a Fixed
Effect (FE) model1 , which is equivalent to an OLS regression with a
full set of Armador-speciﬁc ﬁxed effects. This approach measured
unobserved heterogeneity related to the owner characteristics that
could be affecting the decision about frequency of participation.

3.3. Econometric model estimation
3.3.1. Estimation of Heckman model
The MLE obtained in Table 3 were consistent with the ex-ante
expectations. The past productivity of a FUP for either the lobster
or the sea cucumber ﬁsheries has a positive effect on both the

1
We do not consider a Tobit because that speciﬁcation makes a strong
assumption; that is, that the same probability mechanism generates both the
observations with zero (no participation) and the positives. We proved that this
statement was false in the last section showing that the rho estimator was not
different from zero; therefore we disregard the use of a Tobit.
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While a FE estimator is consistent, it is not as efﬁcient as a
Random Effect (RE) estimator if the unobserved Armador-speciﬁc
effect is uncorrelated with the observed regressors. The RE model
treats the Armador-speciﬁc effect as random variables that are
distributed independently of the regressors. This model is more
efﬁcient than FE when none of the regressors are correlated with
the Armador-speciﬁc effects; however it is inconsistent when the
opposite is true. Then this assumption of no correlation should be
assessed always using a Hausman test [26,27] and with that to
analyze if a RE approach is more appropriate than a FE one. As an
anticipated result it is necessary to specify that in this speciﬁc case
an RE model was omitted from the results since this speciﬁcation
was not appropriate based on the results obtained from a Hausman test (χ 27 ¼ 40:07; P o 0:0001).
It is important to remember that for these models only
included data for which the participation was greater than zero
(y1 40). Therefore the sample size is reduced to 1361 observations,
which is equal to the number of uncensored observations in the
Heckman model.
For both speciﬁcations (i.e. OLS and FE) the sign of the
estimators satisﬁes the ex-ante expectations (Table 4). Nonetheless, there are important differences in the statistical signiﬁcance
of the estimators for these two speciﬁcations. In particular, while
all the regressors are statistically signiﬁcant for the OLS speciﬁcation, for the FE speciﬁcation the only regressors that are statistically signiﬁcant are: the past productivity of the FUP in the lobster
ﬁshery, the two price variables and the San Cristobal's dummy
variable (which maintained its negative sign).
The full set of Armador-speciﬁc ﬁxed effects are statistically
signiﬁcant according to a joint F-test for those variables, thereby
this implies that OLS model alone could be mis-speciﬁed and
inconsistent.
Finally, both speciﬁcations show an explanatory power with an
R-squared that ranges between 0.1699 and 0.3448. Thus only a low
level of explanation can be obtained when using models that try to
explain the frequency of participation in the lobster ﬁshery using
explanatory variables that are related exclusively to previous
season's activity as well as characteristics of the owner. This
indicates that the decision about how frequent to participate in
any given season could be inﬂuenced not by historical factors but
Table 4
Estimated regressors for the frequency of participation models (Eq. 1).
Variables

OLS

FE

Ln(1+CPT-lobstert−1)

0.1210***
(0.0254)
0.0568***
(0.0111)
0.4127***
(0.1110)
−0.4811***
(0.0930)
−0.2780***
(0.0816)
−2.5159***
(0.4354)
0.0833***
(0.0153)
1.7217***
(0.4106)

0.0441***
(0.0105)
0.0166
(0.0281)
0.1554
(0.2413)
−0.5059**
(0.2354)
−0.0462
(0.1481)
−2.7512***
(0.4906)
0.0587***
(0.0158)
2.7466***
(0.4110)
2.10
0.3448

mainly by the current (climatic, biological and economic) conditions observed during the same season. Further research using
econometric structures that employ current variables are required
in order to provide more explanation about the ﬁshing behavior in
the Galapagos Islands.

3.3.3. Estimation of participation model: participation equation
In the Heckman model, the participation equation is characterized by a Probit model through which probability that a FUP will
participate in any given season is estimated. The results of
estimating the same Probit model independently but using robust
standard errors clustered on the Armador variable are reported in
Table 5, along with the coefﬁcients estimated for a second
speciﬁcation in which a Logit was used as cumulative distribution
function. The results from estimating these models are consistent
with the ex-ante expectations given in Table 2. In other words the
participation behavior of Galapagos FUPs in the lobster ﬁshery
depend on the past performance of those FUPs in both the same
lobster ﬁshery and the sea cucumber ﬁshery, as well as the
potential beneﬁts and costs of their participation in the ﬁshery
(including the opportunity cost derived from the tourism). In
addition, both speciﬁcations show an acceptable level of explanatory power, with pseudo-R2 values that range between 0.236 and
0.304. The model explains the participation behavior in the lobster
ﬁshery fairly well, and thus it is possible to use it for generating
inferences about the marginal impact of each of the explanatory
variables.
A set of marginal effects at the mean for each explanatory
variable was calculated using the Logit speciﬁcation. (Table 6). An
increase of 1 Kg/day on the average CPT of lobster in the previous
year increases the probability of participation in the lobster ﬁshery
by 10.20%. In the case of the sea cucumber an increment of the CPT
on one individual per day increases the probability of participation
in the lobster ﬁshery by 5.17%. On the other hand if the owner of a
FUP is an AWOMB the probability of participation falls approximately 1.57%, but this effect is not statistically signiﬁcant. An
increment of approximately 4000 tourists per year will reduce the
Table 5
Estimated regressors for the participation model (Eq. 2).
Variables

Probit

Logit

Ln(1+CPT-lobstert−1)

0.3478***
(0.0244)
0.1756***
(0.0110)
−0.4249***
(0.0840)
−0.3280***
(0.0742)
−0.0418
(0.0663)
−0.0055***
(0.0015)
−0.7957*
(0.4644)
0.0345*
(0.0186)
−0.2162
(0.4552)
0.236
0.232
0.279
0.303
2736

0.5888***
(0.0422)
0.2982***
(0.0188)
−0.7448***
(0.1417)
−0.5640***
(0.1244)
−0.0630
(0.1121)
−0.0099***
(0.0026)
−1.3401*
(0.0190)
0.0662*
(0.032)
−0.4703
(0.7708)
0.238
0.233
0.281
0.304

Ln(1+CPT-sea cucumbert−1)

Ln(1+CPT-sea cucumbert−1)
Isabela dummy
San cristobal dummy
AWOMB
Diesel price
Lobster price
Constant term

Signiﬁcance test for owner ﬁxed effects [F(335,1018)]
R-squared
0.1699
Number of observations
1361
Number of clusters
336

The dependent variable of the outcome equation is the natural log of the
proportion of days of a season that a FUP is active when it decides to participate
in the lobster ﬁshery. Triple asterisk (***) indicates signiﬁcance at the 1% level (**)
at the 5% level and (*) at the 10% level. Standard errors in parentheses.

Isabela dummy
San cristobal dummy
AWOMB
Tourismt−1
Diesel price
Lobster price
Constant term
McFadden's R2
McFadden's Adj R2
Cragg and Uhler's R2
Efron's R2
Number of observations

The dependent variable is a binary variable that takes the value of one if a vessel
participated in the lobster ﬁshery in a season and 0 otherwise. Triple asterisk (***)
indicates signiﬁcance at the 1% level (**) at the 5% level and (*) at the 10% level.
Standard errors in parentheses.
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Table 6
Marginal effects at the mean for changes in the explanatory variables of the Logit model for the participation equation (Eq. 2).
Variable

dy/dx

Std. Err.

z

P-value

Last year average catch per trip on the lobster ﬁshery (Kg/day)
Last year average catch per trip on the sea cucumber ﬁshery (ind/day)
Isabela dummy
San cristobal dummy
AWOMB
Number of tourists for the 12 months previous to a lobster season
Diesel price
Lobster price

0.1020
0.0517
−0.1834
−0.1401
−0.0157
−0.0025
−0.3350
0.0166

0.0073
0.0033
0.0337
0.0305
0.0280
0.0007
0.1975
0.0079

13.97
15.87
−5.44
−4.59
−0.56
−3.84
−1.70
2.09

0.000
0.000
0.000
0.000
0.574
0.000
0.090
0.037

participation in the lobster ﬁshery by 1%. Thus, since on average
the number of tourists has increased by 13,500 people per year,
the annual reduction of participation in the lobster ﬁshery because
of tourism can be estimated as approximately 3.38% annually2 .
Finally, in the case of market variables the probability of participation of any FUP increases by 1.67% if there is an increment of $1
USD in the price of the Kg of lobster tail. On the other hand, in the
case of the diesel price, an increment of $0.1 USD in the price of
diesel reduces the participation rate by approximately 3.35%3 .

4. Discussion
4.1. Latent effort
The main objective of this paper was to describe and explain the
ﬁshing behavior of the Galapagos ﬂeet for the spiny lobster ﬁshery,
an analysis that is missing in the literature. A descriptive analysis
found that FUPs from the three ports in the GMR showed a
considerable level of inactivity in the lobster ﬁshery, and that in
addition, FUPs that were active during a season showed a low
frequency of participation. This is an important result because it
demonstrates a high level of latent effort for that ﬁshery in both the
extensive and the intensive margins. Such a high level of latent effort
in the Galapagos lobster ﬁshery may distort and counteract any
management initiatives designed to improve the market conditions
of the lobster either through increasing its value (i.e. price received
by ﬁshermen) or reducing its cost of capture. For example, recent
initiatives included an unsuccessful experiment of changing from a
dive ﬁshery to a trap ﬁshery [28], and a promotional marketing
strategy aimed at selling live lobsters to local tourists [29], thus
cutting out middlemen and increasing ﬁnancial gains for the ﬁshers.
While well intentioned, these initiatives did not consider the effects
that increased revenue might have on ﬁshing effort for an already
depleted resource, or the effects of switching to a trap ﬁshery on dive
ﬁshers who are not boat owners, but who are the most economically
vulnerable portion of the ﬁshing sector.
Latent effort is a problem that is unequal in each port; for
example, it is more serious in San Cristobal than it is in the other
ports. This heterogeneity of participation behavior in each port
suggests us that it is important to adjust ﬁsheries policies in the
Galapagos Islands according to the reality of each port rather than
using the current approach of “one size ﬁts all”.
The latent effort for the lobster ﬁshery observed in this study is
composed both of inactive vessels and of vessels which are not
2
It is necessary to clarify that this section argues that an increase in the
number of tourist would reduce the participation in the lobster ﬁshery. This does
not mean that there would be a reduction in the overall pressure on the marine
ecosystems of the archipelago. The latter can only be determined with a general
equilibrium analysis that is outside of the scope of this paper.
3
The price of diesel in the islands is subsidized and has never surpassed a level
of $0.80 per gallon. Then it is logical to suppose changes of prices less than a unit of
US dollar.

active to the full extent of their capability. Some of the latent effort
in the former group may in actual fact be “ghost capacity”—vessels
that are registered in the system with ﬁshing permits but are not
kept in working condition, rather are held with the expectation of
using to transfer to a tourism permit [30]. Other vessels may be
dedicated full time to other activities such as the open water hook
and line ﬁshery [31] or the incipient local based sports ﬁshery [32].
This problem highlights the need to determine through a census
mechanism what the real capacity of the lobster ﬁshery is and to
identify who the real users are. This would help to focus the
beneﬁts of the lobster ﬁsheries policies exclusively to those whose
income are intimately related to that activity and to improve the
control and monitoring to reduce illegal ﬁshing and tourism
activities.
On the other hand the large number of part time vessels which
only operate an average of 10 days throughout the 4-month season
of the lobster ﬁshery might be interpreted in several ways—it is
possible that this level of participation is sufﬁcient to cover the
economic expectations of those FUPS, or rather, that these FUPS
are engaged in other, primary activities during this period (which
may include but not be limited to ﬁshing), that are more attractive.
Even for full time ﬁshers, a signiﬁcant amount of time will not be
available for ﬁshing within the season—the ﬁshery is generally
open from September through December, when sea conditions are
generally rough at ﬁrst, and this is often reﬂected by low initial
catch per unit effort indices at the start of the season [33]. In
addition, P. penicillatus inhabits shallow, exposed, rocky habitat, so
access to these sites is often limited by wave action [34].
4.2. Factors affecting FUP behavior
The decisions to participate and how frequently to participate
in the lobster ﬁshery are independent. Based on this result, a
separate analysis of both decisions was conducted. For the decision
to participate, there was a persistence effect for the amount of
effort applied to the lobster ﬁshery for those who had been
historically more productive in either the lobster ﬁshery or the
sea cucumber ﬁshery. Speciﬁcally, the FUP's past productivity in
the lobster ﬁshery was the main predictor for the decision to
participate; such that FUPs that have been more productive yearupon-year are also more predisposed to participate.
For the frequency of participation in the lobster ﬁshery, the
decision was inﬂuenced by a process of cost-beneﬁt analysis that
ﬁshermen undergo season by season based on the behavior of
market variables (in this case, the price of lobster tails and the cost
of diesel). This is important because it shows that FUPs understand
the economic trade-off of their production decisions. Quantifying
the effect of these economic variables could help to analyze the
effect of some economic policies imposed on the ﬁshing sector. For
example, the diesel subsidy (which on average has equaled USD
$0.11/gal) that the Ecuadorian government gave to the ﬁshery
sector has affected the ﬁshing behavior in the GMR. Hence, based
on these results, this subsidy has distorted the economic
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incentives of Galapagos FUPs, generating an artiﬁcial increase in
participation in the lobster ﬁshery by approximately 3.69% per
year. This conﬁrms previous results from the ﬁsheries literature
[35–37]; that is, that production subsidies (such as the diesel
subsidy) distort the incentives and behavior of the ﬁshing ﬂeets
and for that reason the diesel subsidy in the GMR should be
reconsidered in the future.
It is also important to highlight that there was a signiﬁcant
effect of tourism on the decision to participate in the lobster
ﬁshery. This is evidence of the presence of an impact of the
opportunity costs derived from alternative activities on the participation decision of FUP in Galapagos. However, based on the
results obtained in the descriptive analysis, the opportunity cost
effect is different for each island of origin. This reafﬁrms the
importance of considering the heterogeneity among ports when
designing ﬁshery policies for the archipelago. San Cristobal is a
case that should require further research; this is because FUPs
from this island besides of showing a low participation in the
lobster ﬁshery, they also showed a lower frequency of participation than the other ports.
The ownership status of the Armador also had an impact on the
FUP's frequency of participation in the lobster ﬁshery; although
the same ownership status did not have any differential impact on
the decision to participate. This relationship could indicate that
Armadores diversify the use of their boats as a way to reduce their
risks, all else being equal.
Finally, in this paper it was only possible to generate models
with a moderate level of explanation when explanatory variables
that were related to the previous season's activity and the owner's
characteristics were used. This could indicate that the decision
regarding how much effort to apply in any given season could be
inﬂuenced also by the season's present conditions (such as the
abundance of the product in the ﬁshing grounds, market conditions for the product, and climate factors). Therefore, future
research on ﬁshing behavior in the Galapagos Islands should focus
on building models that use up-to-date variables (such as Discrete
Choice Models) rather than models that use variables from a prior
season.

thus dissipating the potential for the resource to truly recover.
Therefore, unless the issue of latent effort is ﬁrst resolved, any
initiative aimed at increasing catchability, prices or markets for the
lobster ﬁshery will likely have the opposite effect. This reafﬁrms
the need to identify both non-ﬁshers and bona-ﬁde ﬁshers (i.e.
those whose income depends signiﬁcantly from the lobster ﬁshery
in the Galapagos Islands). It is expected that by correctly identifying the members of the two groups, the ﬁsheries management
policies will enhance both their efﬁciency and distributional
impacts. This identiﬁcation task will not be difﬁcult since, as was
found in this analysis, most of the ﬁshing effort in the lobster
ﬁshery is concentrated in a few FUPs and there is a high degree of
persistence of the ﬁshing effort between years. However, implementing policy related to this may not be an easy task, especially
as it would essentially diffuse the political clout of the non-ﬁsher
components in leadership roles at the cooperatives.
Finally it is important to note that this is a short term analysis
that uses explanatory variables that are related exclusively to both
the characteristics of the FUPs and their expectations based on the
experiences from previous season's activity. Further studies that
analyze the long term behavior of FUPs through economic models
that employ up-to-date variables interrelated with biological
models of the lobster stock are necessary.

Acknowledgements
S.J.B. was funded by Conservation International and the Social
Science Research Council. We acknowledge the support of the
Galapagos National Park, Charles Darwin Foundation and World
Wildlife Fund-Galapagos. We thank James Wilen, James Sanchirico, J. Wilson White, C.-Y. Cynthia Lin, J. Edward Taylor, Anna
Schuhbauer, Gunter Reck, Mario Fernandez and an anonymous
reviewer for constructive comments on the manuscript. The
statements made and the views expressed are solely responsibility
of the authors.

References
5. Conclusions
This paper is one of the ﬁrst attempts to quantitatively explain
the behavior of Galapagos FUPs, which could help generate more
sound marine policies in the archipelago. In this analysis it was
shown that the ﬁshing behavior of FUPs in the lobster ﬁshery
depends on the potential beneﬁts and costs of their participation
in that ﬁshery as well as the particular economic conditions in the
ports of origin of FUPs. The latter result suggests that given the
heterogeneity of the economic and social conditions of the three
ports of origin (i.e. San Cristobal, Santa Cruz and Isabela), “one size
ﬁts all” policies are likely to fail. Therefore, it is recommended that
ﬁsheries management policies are tailored to the speciﬁc socioeconomic conditions of each of the three ports.
More importantly, it was found that the participation in the
lobster ﬁshery has been signiﬁcantly below full capacity. This has
produced an enormous latent effort in that ﬁshery, which is a
problem that has been neglected until now4. Given the size of the
latent effort and the result that ﬁshing behavior is inﬂuenced by
costs and beneﬁts derived from the activity, it is reasonable to
assume that any improvements in either the state of the resource
(i.e. lobster) or in its prices is likely to lead to an increase in effort,
4
The latent effort problem was only recently highlighted during a process of
reforming the ﬁsheries management framework for the Galapagos [15,28,38].

[1] Hilborn R. Managing ﬁsheries is managing people: what has been learned?
Fish and Fisheries 2007;8:285–96.
[2] Larkin P. The future of ﬁsheries management—managing the ﬁsherman.
Fisheries 1988;13:3–9.
[3] Wilen J. Fisherman behavior and the design of efﬁcient ﬁsheries regulation
programs. Journal of the Fisheries Board of Canada 1979;36:855–8.
[4] Wilen J. Spatial management of ﬁsheries. Marine Resource Economics
2004;19:7–20.
[5] Wilen J. Why ﬁsheries management fails: treating symptoms rather than the
cause. Bulletin of Marine Science 2006;78:529–46.
[6] Fujita R, Hopkins D, Wiley W. Creating incentives to curb overﬁshing. Forum
Applied Research and Public Policy 1996;11:29–34.
[7] Mahon R, McConney P. Managing the managers: improving the structure and
operation of small ﬁsheries departments, especially in SIDS. Ocean and Coastal
Management 2004;47:529–35.
[8] Hilborn R. Incentives, the key to solving ﬁsheries problems. In: Gallaugher P,
Wood L, editors. World summit on salmon. Burnaby: Simon Fraser University;
2004.
[9] Worm B, Barbier E, Beaumont N, Duffy J, Folke C, Halpern B, et al. Impacts of
biodiversity loss on ocean ecosystem services. Science 2006;314:787–90.
[10] Myers R, Worm B. Rapid worldwide depletion of predatory ﬁsh communities.
Nature 2003;423:280–3.
[11] Hilborn R, Branch T, Ernst B, Magnusson A, Minte-Vera A, Scheurell M, et al.
State of the world's ﬁsheries. Annual Review of Environment and Resources
2003;28:359–99.
[12] Jackson J, Kirby M, Berger W, Bjorndal K, Botsford L, Bmyque B, et al. Historical
overﬁshing and the recent collapse of coastal ecosystems. Science 2001;293:
629–37.
[13] Quiroga D. Crafting nature: the Galapagos and the making and unmaking of a
natural laboratory. Journal of Political Ecology 2009;16:123–40.
[14] Castrejon M Co-manejo pesquero en la Reserva Marina de Galapagos:
tendencias, retos y perspectivas de cambio. Pto. Ayora, Ecuador: Fundación
Charles Darwin, Fundación Tinker and Kananki; 2011.

Please cite this article as: Bucaram SJ, Hearn A. Factors that inﬂuence the entry–exit decision and intensity of participation of ﬁshing
ﬂeet for the Galapagos lobster ﬁshery. Mar. Policy (2013), http://dx.doi.org/10.1016/j.marpol.2013.05.005i

S.J. Bucaram, A. Hearn / Marine Policy ∎ (∎∎∎∎) ∎∎∎–∎∎∎
[15] Castrejon M, Charles A. Improving ﬁsheries co-management through
ecosystem-based spatial management: the Galapagos Marine Reserve. Marine
Policy 2013;38:235–45.
[16] Viteri C, Chavez C. Legitimacy, local participation, and compliance in the
Galapagos Marine Reserve. Ocean and Coastal Management 2007;50:258–74.
[17] Hearn A. The rocky path to sustainable ﬁsheries management and conservation in the Galapagos Marine Reserve. Ocean and Coastal Management
2008;51:567–74.
[18] Toral MV. Requiem for the Galapagos sea cucumber ﬁshery?, 21. SPC Bechede-Mer Bulletin; 5–8.
[19] Ospina P Galápagos naturaleza y sociedad: Actores sociales y conﬂictos
ambientales. Quito: Corporación Editora Nacional and Universidad Andina
Simón Bolívar; 2006.
[20] Jones PJS. A governance analysis of the Galápagos Marine Reserve. Marine
Policy 2013;41:65–71.
[21] Avendaño U Situación socioeconómica de los socios de la Cooperativa de
Producción Pesquera Artesanal de Galápagos (Copropag). Fundación Futuro
Latinoamericano-Copropag Santa Cruz, Galápagos, Ecuador; 2007.
[22] Altamirano M, Toral-Granda MV, Cruz E. The application of the adaptative
principle to the management and conservation of Isostichopus fuscus in the
Galápagos Marine Reserve. In: Lovatelli A, Conand C, Purcell S, Uthicke S,
Hamel J-F, Mercier A, editors. Advances in sea cucumber aquaculture and
management. Rome: FAO; 2004.
[23] Shepherd SA, Martinez P, Toral-Granda MV, Edgar GJ. The Galapagos sea
cucumber ﬁshery: management improves as stocks decline. Environmental
Conservation 2004;31(2):102–10.
[24] Heckman J. Sample selection bias as a speciﬁcation error. Econometrica
1979;47:153–61.
[25] Nawata K, Nagase N. Estimation of sample selection bias models. Econometric
Review 1996;15:387–400.
[26] Wu D. Alternative tests of independence between stochastic regressors and
disturbances. Econometrica 1973;41:733–50.

9

[27] Hausman J. Speciﬁcation tests in econometrics. Econometrica 1978;46:
1251–71.
[28] Ramírez J, Castrejón M, Toral Granda M. Mejorando la pesquería de langosta
espinosa en la Reserva Marina de Galápagos. Galapagos. Ecuador: WWF; 2012.
[29] Lozoya C, Ramirez J. Diseño de un sistema cerrado de recirculacion de agua
marina para evaluar las condiciones óptimas de mantenimiento, empacado y
transporte de langostas vivas. In: Ramirez J, Castrejon N, Toral-Granda MV,
editors. Mejorando la pesqueria de langosta espinosa en la Reserva Marina de
Galapagos. Galapagos, Ecuador: WWF; 2012 Chapter 4.
[30] Murillo JC, Reyes H, Hearn A Aspectos Socio-economicos de las Pesquerias
en Galapagos. In: Informe Galapagos 2006-7. FCD/PNG/Ingala, Galapagos,
Ecuador; 2007.
[31] Castrejon M. Perceptions of the status of the whiteﬁsh ﬁshery in the
Galapagos Marine Reserve. In: Galapagos Report 2007-8, Puerto Ayora,
Galapagos, Ecuador, 2008.
[32] Schuhbauer A, Koch V. Assessment of recreational ﬁshery in the Galapagos
Marine Reserve: Failures and opportunities. Fisheries Research ; in press.
[33] Hearn A, Murillo JC, Reyes H. Evaluacion de la pesqueria de langosta espinosa
(Panulirus penicillatus y P. gracilis) en la Reserva Marina de Galapagos 2005.
Fundacion Charles Darwin, Galapagos, Ecuador; 2006.
[34] Hickman CP, Zimmerman TL. A ﬁeld guide to crustaceans of Galapagos. An
illustrated guidebook to the common barnacles, shrimps, lobsters and crabs of
the Galapagos Islands. Lexington: Sugar Spring Press; 2000.
[35] Clark C, Munro G, Sumaila U. Subsidies, buybacks, and sustainable ﬁsheries.
Journal of Environmental Economics and Management 2005;50:47–58.
[36] UNEP. Analysing the Resource Impact of Fisheries Subsidies. Washington DC:
United Nations Publication; 2004.
[37] Sumaila U, Teh L, Watson R, Tyedmers P, Pauly D. Fuel price increase,
subsidies, overcapacity, and resource sustainability. ICES Journal of Marine
Science 2008;65:832–40.
[38] Bucaram S. The ﬁshing sector in the Galapagos Islands. Galapagos Marine
Reserve Effectiveness Assessement. Galapagos. Ecuador: WWF; 2012.

Please cite this article as: Bucaram SJ, Hearn A. Factors that inﬂuence the entry–exit decision and intensity of participation of ﬁshing
ﬂeet for the Galapagos lobster ﬁshery. Mar. Policy (2013), http://dx.doi.org/10.1016/j.marpol.2013.05.005i

