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Environmental governance is more effective when the scales of
ecological processes are well matched with the human institutions
charged with managing human–environment interactions. The
social-ecological systems (SESs) framework provides guidance on
how to assess the social and ecological dimensions that contribute
to sustainable resource use and management, but rarely if ever
has been operationalized for multiple localities in a spatially ex-
plicit, quantitative manner. Here, we use the case of small-scale
fisheries in Baja California Sur, Mexico, to identify distinct SES re-
gions and test key aspects of coupled SESs theory. Regions that
exhibit greater potential for social-ecological sustainability in one
dimension do not necessarily exhibit it in others, highlighting the
importance of integrative, coupled system analyses when imple-
menting spatial planning and other ecosystem-based strategies.

coupled natural and human systems | marine | governance | small-scale
fisheries | conservation science

Acentral challenge facing humanity is how to achieve sus-
tainable outcomes that benefit both people and nature (1).

Using a social-ecological systems (SESs) approach in the gen-
eration of knowledge and the formulation of sustainable gover-
nance solutions is critical, as it explicitly recognizes the connections
and feedbacks linking human and natural systems. Understanding
how the potential for social-ecological sustainability varies with
context is vital to solving this dilemma (2, 3). A highly visible
conceptual tool, the SESs framework (4) offers the potential to
address this scientific and societal challenge, but operationali-
zation has been elusive. In this study, we demonstrate how the
framework can be applied in a new way to identify opportuni-
ties and tradeoffs in managing for the sustainability of coupled
SESs (5, 6).
The SES framework enables the integration of data from di-

verse natural and social science disciplines, and thus provides a
theoretically grounded means of testing hypotheses about the dy-
namics and implications of social-ecological interactions (see SI
Appendix for further discussion). At its broadest level, the SES
framework describes the four essential dimensions, or first-tier
variables, of a SES (Table 1, after ref. 4). Actors within and
outside government operate within a Governance System char-
acterized by formal and informal rules at one or more identifi-
able geographic scales. Resource Units inhabit and interact with
a broader Resource System that is characterized by particular
ecosystem types and biophysical processes, also at one or more
geographic scales. Interactions among these four dimensions are
mediated by the broader social, economic, and political settings
and related ecosystems within which the SES is embedded. To-
gether, these dynamics lead to diverse outcomes at particular

temporal and spatial scales (SI Appendix, Fig. S1). To operationalize
the framework, we translated these four dimensions into quantita-
tive, theoretically derived measures of factors known to contribute
to sustainable resource use (see following and SI Appendix for a
detailed description of the materials and methods).
We used the SES framework to assess the spatial variation in

the potential for social-ecological sustainability of small-scale fish-
eries in the Mexican state of Baja California Sur (BCS). We focus
on small-scale, coastal fisheries because of their importance to
human communities for both income and food security (7), as well
as the effects fisheries have on marine populations and ecosystem
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Meeting human needs while sustaining ecosystems and the
benefits they provide is a global challenge. Coastal marine
systems present a particularly important case, given that >50%
of the world’s population lives within 100 km of the coast and
fisheries are the primary source of protein for >1 billion people
worldwide. Our integrative analysis here yields an under-
standing of the sustainability of coupled social-ecological sys-
tems that is quite distinct from that provided by either the
biophysical or the social sciences alone and that illustrates the
feasibility and value of operationalizing the social-ecological
systems framework for comparative analyses of coupled sys-
tems, particularly in data-poor and developing nation settings.
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health (8). We define the potential for social-ecological sustain-
ability as the likelihood that human and nonhuman components of
the focal coupled SES will be maintained so as to meet the needs of
both people and nature, now and in the future (3, 4).
Previous work has highlighted that the matching of ecological

and institutional scales increases the likelihood for sustainable
governance of fisheries and other common pool resources (e.g.,
refs. 6, 9, and 10). However, contemporary environmental gov-
ernance regimes often neglect the array of social, institutional,
and ecological factors known to be vital to develop potential for
social-ecological sustainability (e.g., refs. 4 and 11–13). We hy-
pothesized that those regions of BCS with greater potential for
social-ecological sustainability in the ecological dimensions (i.e.,
fish populations and the marine ecosystems they are part of)
would exhibit greater potential in the social dimensions (i.e.,
fishers and the institutions that govern fishers’ interactions with
BCS’ marine ecosystems) (SI Appendix, Fig. S1). We also hy-
pothesized that measures of the two social system dimensions
(Actors and Governance System) would be positively correlated,
as would the measures of the two ecosystem dimensions (Re-
source System and Resource Units), given the linkages within the
social and ecological domains (SI Appendix, Fig. S1). Finally, we
predicted that we would observe substantial spatial variation in
the potential for social-ecological sustainability.

Results
To test these three hypotheses, we first mapped regions of major
small-scale fishing activity in BCS. These regions, hereafter re-
ferred to as SES regions (Fig. 1), were derived using data from the
peer-reviewed literature, government environmental and economic
data, and expert knowledge from fishers, resource management
and conservation practitioners, and researchers (see SI Appendix
for details). This map was essential for the translation of the SES
framework and hypothesis tests we report here. If, instead, we
had relied on a political map, delineating the five municipalities
(SI Appendix, Fig. S2), we would have been unable to incorporate
well-known differences in biogeography and human population
density between the Gulf and Pacific coasts of BCS. Relatedly, a
map based primarily on environmental factors (e.g., refs. 14 and
15) would not have captured documented variation in adaptive
capacity, local institutions, and market dynamics related to small-
scale fisheries (16–18).

To operationalize the SES framework for our focal system, we
identified 13 variables that have been linked to the likelihood of
the emergence of locally appropriate governance of SESs, and
small-scale fisheries SESs in particular (19). These 13 variables
were nested underneath the four dimensions introduced earlier
(Table 1). We then identified indicators for each of the 13 variables
and quantified them on the basis of primary data (Table 2). Once
we calculated indicators for all 13 variables on a common scale
and then created composite, quantitative measures of each of
the four SES dimensions (i.e., first-tier variables), we were able
to test our hypotheses of social-ecological alignment, within-
domain correlation, and spatial variation in the potential for
social-ecological sustainability. Fig. 2 provides a visualization
of our methods.
Contrary to the first hypothesis, we found few consistent positive

relationships between the social and ecological dimensions related
to the potential for sustainable resource use (Fig. 3 and SI Ap-
pendix, Results). Among the a priori tests we conducted regarding
the first-tier SES variables, only one pair exhibited the predicted
relationship. Regions characterized by high Governance System
scores also had high Resource Units scores (Fig. 3; linear re-
gression: R2 = 0.33; F1, 10 = 4.86; P = 0.05). This association was
particularly evident for regions with the highest and lowest sets of
scores: Pacífico Norte and Todos Santos and Cabo San Lucas,
Gulf of Ulloa and East Cape, respectively (Fig. 4).

Table 1. SES variables analyzed for BCS’s small-scale fisheries

Variable Weight*

Dimension 1: Governance System 1.00
1. Operational and collective-choice rules 0.50
2. Territorial use privileges 0.25
3. Fishing licenses 0.25

Dimension 2: Actors 1.00
4. Diversity of relevant actors 0.20
5. Number of relevant actors 0.20
6. Migration 0.20
7. Isolation 0.20
8. Livelihood diversity potential 0.20

Dimension 3: Resource Units 1.00
9. Diversity of targeted taxa 0.50
10. Per capita revenue 0.50

Dimension 4: Resource System 1.00
11. System productivity 0.33
12. System size 0.33
13. System predictability 0.33

*Weight refers to the weight given to each lower-tier variable (numbered
1–13), when used to calculate the four first-tier variables (i.e., Dimensions).
See Materials and Methods and SI Appendix, section 2 for details.

Fig. 1. The 12 SES regions identified for BCS, Mexico, based on the extent of
small-scale fishing activity by members of fishing communities throughout
the state. The hatched areas indicate overlaps between adjacent regions;
that is, where fishers from different regions report using the same areas.
Fishing occurs on the Pacific coast between regions 4 and 5, but existing
information did not yield a distinct SES region.
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Neither the two first-tier social system variables (Actors and
Governance System) nor the two first-tier ecosystem variables
(Resource Units and Resource System) were associated, con-
trary to our second hypothesis (Fig. 3; P > 0.10). However, these
analyses revealed the dimensions within which the potential for
sustainable resource use and governance is particularly high or
low, which could inform future capacity-building efforts and other
policy and management interventions. For example, although El
Corredor’s Governance System score was the lowest of the 12 re-
gions, its Actors score was almost as high as that of Pacífico Norte,
indicating that El Corredor already exhibits substantial potential
for sustainable resource use in the latter dimension (Fig. 4 and SI
Appendix, Table S4).
Finally, the potential for social-ecological sustainability varied

substantially among the SES regions, as predicted (Fig. 4). As
reported earlier, regions that scored high in one dimension (i.e.,
one first-tier variable) did not necessarily score high in all four
dimensions. Magdalena Bay and Gulf of Ulloa, for example, had
Resource Units scores close to 1 (SI Appendix, Table S4), yet the
Actors scores for these two regions were both less than the
median. Cabo San Lucas, East Cape, La Paz, and Loreto had
some of the lowest scores overall (linear contrast of these four
regions vs. the other eight, following ANOVA of scores by re-
gion: F1, 36 = 13.08; P = 0.001). Principal components analysis
provided another means of visualizing spatial variation among
the regions, suggesting there are multiple paths to achieving
sustainability (SI Appendix, Fig. S3). The results of the first-tier
variable analyses were also reflected in the primary data (Table 2
and SI Appendix, Table S2). Together, these analyses illustrate
substantial spatial heterogeneity in the potential for sustainable
resource use related to small-scale fisheries in BCS and also
elucidate how this variation is created by a combination of social
and ecological factors (SI Appendix, Figs. S4–S8).

Discussion
Our approach illustrates how diverse qualitative and quantita-
tive datasets can be integrated in a robust and spatially explicit
manner to describe multiple SESs and to test related theory.
Analyses of the theoretically grounded measures we created
(Table 1 and SI Appendix, Tables S2–S4) revealed that regions
that are strong in one dimension are not necessarily strong in
the other three (Figs. 3 and 4 and SI Appendix, Table S3).
Moreover, variation in the potential for social-ecological sus-
tainability exists at a finer spatial scale than that at which the
state currently regulates small-scale fisheries (as described in
detail in the SI Appendix).
Our translation of the SES framework also highlights how

assessments based on solely biophysical or social data may lead

to quite divergent conclusions. Consider, for example, Magda-
lena Bay, where fishers report the most taxon-rich catches of the
12 SES regions. Previous theory and empirical work suggest that
such ecological diversity should buffer the coupled SES from
disturbances and confer resilience in the face of environmental
and institutional changes (20). However, although Magdalena
Bay had a very high Resource Units score, its Actors score was
among the lowest. So, depending on which type of data one musters
regarding the potential for sustainable fisheries, Magdalena
Bay could be scored as either well-endowed or quite weak.
Perhaps more important, this result suggests that in the Actors
dimension, there is opportunity to build management capacity
(e.g., by increasing the ratio of permitted to illegal fishers),
whereas in the Resource Units dimension, it may be more
important to maintain existing management capacity (e.g., by
creating institutions to help ensure continued diversity of
targeted taxa). These scores are consistent with our personal
experiences in this particular region, where the sheer number
of fishers, including many unpermitted fishers, and the di-
versity of gear types and interests they represent contribute to
significant social conflict.

Table 2. Representative data used to calculate the scores for the four first-tier SES variables

SES region
Index,

local rules
Total number

of fishers
Taxa

reported
Per capita

revenue, $USD
Mean chlorophyll a

(chl a), μg·m−3
CV (coefficient of

variation), mean chl a

1. Guerrero Negro 0.42 293 39 12,434 2.73 20.20
2. Pacífico Norte 1.00 1,083 73 15,123 1.76 57.86
3. Gulf of Ulloa 0.25 614 85 14,467 2.64 68.76
4. Magadalena Bay 0.25 1,283 90 15,060 2.19 50.20
5. Todos Santos 1.00 77 59 22,243 1.13 109.12
6. Cabo San Lucas 0.25 81 9 2,337 0.84 76.04
7. East Cape 0.25 247 36 2,641 0.88 65.28
8. La Paz 0.25 974 55 986 1.22 58.51
9. El Corredor 0.25 102 52 8,320 1.15 59.16
10. Loreto 0.58 152 44 5,220 1.43 57.25
11. Mulegé 0.58 126 54 6,750 2.31 46.51
12. Santa Rosalía 0.25 523 67 9,803 1.50 45.54

The full dataset can be found in SI Appendix, Table S2.

Fig. 2. Steps to translate the SES framework into quantitative measures of
the potential for social-ecological sustainability, with references to the rel-
evant SI Appendix sections.
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These results demonstrate how integrative, interdisciplinary
research that includes both qualitative and quantitative data may
be synthesized to yield a richer understanding of coupled SESs in
particular places. Many of these data have never before been
mapped at this scale, and yet such fine-scale information could
help inform implementation of ecosystem-based fisheries man-
agement, marine spatial planning, and related strategies. The
variation among the SES regions suggests that certain marine
management strategies, implemented at particular geographic
scales, are likely to be more effective in some places than others
(see also refs. 21 and 22).
Mapping is necessarily a political project in which local actors

must be involved to negotiate boundaries in ways that are more
likely to lead to just outcomes (23, 24). Our purpose here is not
to portray the SES regions as definitive boundaries but, rather, to
encourage finer-scale, spatially explicit governance of SESs, in
which local stakeholders participate in the necessary refinement
of social-ecological management boundaries. Stakeholder engage-
ment will require and also provide an impetus to create finer-
resolution spatial data at the level of individual fishing com-
munities. To our knowledge, these are not yet available for
most of BCS and other coastal marine SESs around the world.
To extend our approach and to evaluate spatial heterogeneity
in the actual interactions and outcomes associated with small-
scale fisheries will require substantially more and different
types of data than those currently available.
The diversity of species and fishing practices that are inherently

part of small-scale fisheries like BCS’ present other challenges for
coupled systems analyses, and for the SES framework specifically.
By design, the framework focuses on interactions between resource
users and other actors regarding a specific resource in the context
of a particular SES. However, small-scale fishers target tens, if not

hundreds, of species, which vary in their life histories, economic
value, and many other important characteristics. We managed this
complexity by scaling up our analysis to the level of major fishing
areas, which represented fishers’ use of ocean space to catch many
species over the entire year (Fig. 1). Nonetheless, this level of
analysis obscures some valuable information.
Similarly, although we can think of biogeographic, oceano-

graphic, and human history as exogenous drivers of the dynamics
of a given SES region, on long time scales, they are not static.
Global climate change continues to alter the biophysical
template on which social-ecological interactions play out; for
example, by changing water and air temperatures and the
frequency and magnitude of precipitation and coastal storms.
Sociopolitical dynamics enter the SES framework both as context
and in relationships between attributes internal to the coupled
system (25). Evolving sociopolitical dynamics from local to
national scales and their interactions with narco-trafficking
and other multinational influences shape the opportunities and
constraints facing BCS’ small-scale fishers and their decisions
about how, where, and when to fish (as in ref. 26).
Our analyses inform four types of management strategies,

focused on each of the four dimensions (or first-tier SES vari-
ables). Interventions focused on improving existing institutional
arrangements are most likely to strengthen the Governance
System dimension, whereas those focused on improving re-
lationships among stakeholders will aid in building capacity in
the Actors dimension. Similarly, we anticipate that strategies
focused on maintaining or improving ecosystem health would
benefit the Resource System dimension, and that interventions
focused on improving the status of populations of the target
species would build capacity in the Resource Units dimension.
Such tailored strategies will likely reduce the costs associated
with blueprint, or one-size-fits-all, types of policies. Given the
physical isolation and consequent high reliance on marine re-
sources in the Pacífico Norte and El Corredor regions, for example,
especially when contrasted with the highly populated southern re-
gions, a blueprint approach to fisheries management and MPA
implementation will not serve either the human communities or
the marine ecosystems of BCS well. Instead, we advocate for more
strategic approaches, targeted to the needs and strengths of specific
regions. However, it also is important to acknowledge that gover-
nance approaches tailored to address problems in one dimension
or region could trigger unintended consequences in other di-
mensions or regions if issues are not addressed holistically. Ap-
plying integrative, place-based understanding of SESs in this and
other geographies will enable sustainability science to more fully
inform sustainability practice.

Materials and Methods
SES Mapping. To map the SES regions, we began by listing all the small-scale
fishing communities along the coast of BCS, with reference to ref. 27. We
then identified distinct clusters among them based on four primary factors:
biophysical context, including coastal topography, habitats, and species
distributions; historical and contemporary coastal land and marine resource
use; municipal and state political boundaries; and the concentrations and
movement of fishers and fisheries products. Further detail on these factors
and the current fisheries management regime can be found in the SI Ap-
pendix, Sub-Appendix A.

Based on these first two steps, we drew an initial map of major fishing
areas of BCS. This initial map informed a series of unstructured interviews
with key informants about the scale and nature of small-scale fisheries ac-
tivities throughout BCS. Fourth, following refinement of the maps based on
the results of the interviews, we created a survey instrument to elicit stan-
dardized area-specific expert knowledge of the human and environmental
dimensions of BCS’ small-scale fisheries from fisheries managers and con-
servation and community development practitioners. The survey was dis-
tributed to 15 individuals and is included as SI Appendix, Sub-Appendix B.
After analysis of the survey results, the SES regions were amended as
needed. Further details on the mapping protocol can be found in
SI Appendix, Materials and Methods, along with detailed descriptions of

Fig. 3. Scatterplot of the relationships among all four SES dimensions or
first-tier variables demonstrates the heterogeneity, both among the four
dimensions and among regions, in the potential for sustainable resource use
and management in BCS, Mexico. Values range from 0 to 1, where a larger
value is associated with a greater probability that fisheries will be sustain-
ably managed. Details regarding the quantification of these dimensions and
underlying data and theory can be found in the SI Appendix, Sub-Appendix D.
The solid lines are fit with simple linear regressionmodels, and the shading refers
to the 95% confidence intervals. Only one model (marked with an asterisk) was
significant at α = 0.05.
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each region (SI Appendix, Sub-Appendix C). The SES regions map and all
other maps were produced using ESRI ArcGIS 10.1.

Operationalizing the Framework.Oncewe had an appropriatemapwithwhich
to test our hypotheses, we translated the SES framework from a conceptual
model into a quantifiable set of indicators, linked with each of the four SES
dimensions or first-tier variables. The 13 lower-tier variable selection process
was driven by our knowledge of the BCS SESs, review of the scholarly literature,
and theoretical underpinnings of our work, including the governance of
common-pool resources and the relationships between biodiversity and eco-
system functioning. Fig. 2 provides a step-by-step visualization of the full methods.

Variable Selection and Ranking of the Indicators. A varying number of second,
third, and fourth-tier variables are nested underneath each of the four di-
mensions (Governance System, Actors, Resource System, and Resource Units); in
total, there are 13 second-, third-, and fourth-tier variables (Table 1 and SI
Appendix, Table S1, after refs. 4 and 19). Importantly, all 13 variables, re-
gardless of whether the primary data used to develop the indicator were
qualitative or quantitative, were normalized to a scale of 0–1, so they could be
combined and compared. For those variables for which the primary data were
continuous, such as total fisheries biomass, the values for each SES region were
calculated on the basis of the quantile distribution of the original data. For
those variables for which the primary data were qualitative (e.g., presence/
absence), they were translated into categorical 0/1 variables. These data and
the resulting rankings are presented in SI Appendix, Tables S2–S4.

SI Appendix, Sub-Appendix D includes the description of all 13 SES variables
and the related indicators. The description includes each variable’s name, po-
sition in the original SES framework (4), definition, theoretical importance, a
brief description of the indicator or indicators associated with the variable, and
the ranking system for each indicator. Where appropriate, we include the
quantile distribution of the original data. For each variable, we identified one or
more indicators that enabled either qualitative or quantitative comparison
among the 12 SES regions. Together, these complementary indicators captured
multiple dimensions of a variable. We developed the ranking system from

relevant theory regarding how each variable has been associated with a SES’s
potential for sustainable resource governance.

Variable Weighting. Each of the four dimensions, Governance System, Actors,
Resource Units, and Resource System, has a cumulative weight score of one
(Table 1). The relative contribution of each of the lower-tier variables to this
weight depends on the total number of such variables analyzed under a
particular dimension, or first-tier variable. For example, the dimension
Actors is composed of five lower-tier variables, each of which is weighted
0.20 for an overall score of 1.00 (Table 1 and SI Appendix, Table S1 and SI
Appendix, Sub-Appendix D). For the variables that have more than one
indicator (SI Appendix, Table S2 and SI Appendix, Sub-Appendix D), scores
were averaged before being weighted.

Data and Analyses. The data can be found in SI Appendix, Tables S2–S4. All
statistical tests were performed using JMP 11 (SAS Institute) or SPSS 22.0 (SPSS
Statistics Inc.). We used standard statistical approaches (i.e., linear regression,
analysis of variance, and principal component analysis models) to explore the
primary data used to develop the indicators for the SES variables and test a
priori hypotheses regarding the first-tier SES variables. Before analysis, the
primary data and the calculated variables were plotted to investigate their fit
to statistical assumptions; for example, normality. When necessary, data were
transformed. The details of these models are described in SI Appendix, Results.
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1. SI Introduction 
 

We applied the social-ecological systems (SES) framework to our focal study system in 
order to test three hypotheses: First, we hypothesized that those regions of BCS with greater 
potential for social-ecological sustainability in the ecological dimensions (i.e., fish populations 
and marine ecosystems they are part of) would exhibit greater potential in the social dimensions 
(i.e., fishers and the institutions that govern fishers’ interactions with BCS’ marine ecosystems) 
[Fig. S1]. Second, we hypothesized that measures of the two social system dimensions (Actors 
and Governance System) would be positively correlated, as would the measures of the two 
ecosystem dimensions (Resource System and Resource Units), given the linkages within the 
social and ecological domains (Fig. S1).  Finally, we predicted that we would observe substantial 
spatial variation in the potential for social-ecological sustainability.  

This type of targeted application of the SES framework is in keeping with what Ostrom 
and others have advocated to advance understanding of SES dynamics (1-3). The social-
ecological systems framework is one of a number of frameworks devised to analyze social-
ecological systems (1, 2). Frameworks provide a common language for communication between 
disciplines, organize inquiry and analysis, and explain relationships and outcomes in a SES. 
They differ in terms of disciplinary backgrounds, philosophies, and goals (see (4) for an in-depth 
comparison). We chose to utilize the SES framework because it allows for a focus on social and 
ecological systems in almost equal depth (4) and permits the integration of multiple knowledge 
domains, particularly when those knowledge sets include both qualitative and quantitative data. 
In addition, it is a framework that is both theoretically grounded (5-8), and also is based on a 
substantial empirical foundation (9-17). For these reasons, the SES framework offers a 
systematic construct within which to develop truly interdisciplinary hypotheses that consistent 
with both theory and empirical understanding of human-environment linkages and which also 
have clear implications for management of human-environment interactions in practice. 

Here we provide the SI Materials and Methods, along with SI Results and Appendices 
that support the findings presented in the main text of the paper.  

 
2. SI Materials and Methods 
 
Mapping the social-ecological regions. To identify the 12 social-ecological system (SES) 
regions, or areas of major fishing activity, throughout the Mexican state of Baja California Sur, 
we integrated data from three primary sources: the peer-reviewed scholarly literature in English 
and Spanish; Mexican government fisheries, demographic, environmental, and economic data; 
and expert knowledge from fishers, resource management and conservation practitioners, and 
scientific researchers. We bounded the map at the scale of BCS for pragmatic reasons: much of 
the relevant data are reported at the municipal or statewide scale and we sought to leverage those 
data. Also, we have substantial firsthand knowledge and primary data related to the social and 
ecological dynamics of BCS based on our individual and collaborative research, management, 
and conservation practice activities throughout the state. 

First, we listed all of the small-scale fishing communities along the coast of BCS [with 
reference to (18)]. We then identified distinct clusters among these communities based on four 
primary factors: biophysical context, including coastal topography, habitats, and species 
distributions; historical and contemporary coastal land and marine resource use; municipal and 
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state political boundaries; and the concentrations and movement of fishers and fisheries products. 
Further detail on these factors can be found in SI Sub-Appendix A. 

Third, based on these first two steps, we (HL, MN, XB, and LS) drew an initial map of 
major fishing areas of BCS. We also drew a map of the primary movements of fishers among the 
major areas, at particular times of year and to target specific species. These preliminary products 
informed a series of unstructured interviews with key informants about the scale and nature of 
small-scale fisheries activities throughout BCS, including fishers from the following locations: 
Loreto, Juncalito, Ligui, Ensenada Blanca, Agua Verde, La Paz, El Sargento, La Ventana, La 
Ribera, Los Frailes (primarily from Agua Amarga and Boca del Alamo), and Todos Santos.  

Fourth, following refinement of the maps based on the results of the interviews, we 
created a survey instrument to elicit standardized area-specific expert knowledge of the human 
and environmental dimensions of BCS’ small-scale fisheries from fisheries managers and 
conservation and community development practitioners. The survey was distributed to 15 
individuals and 100% were completed. This instrument is included as SI Sub-Appendix B.  

Following analysis of the survey results, the SES regions were amended as needed. The 
result was Figure 1. Descriptions of each of the regions are archived in SI Sub-Appendix C. Note 
that mapping fishing activity at this more contextualized scale still assumes that each region is 
fairly homogenous in its social-ecological dynamics (and thus, the potential for social-ecological 
sustainability). Testing this assumption is beyond the scope of the current study, but will be an 
important area for future work. The SES regions map and all other maps were produced using 
ESRI ArcGIS 10.1. 

 
Operationalizing the framework. Once we had an appropriate map with which to test our 
hypotheses on the scale of BCS, we translated the SES framework from a conceptual model into 
a quantifiable set of indicators (Fig. 2). The SES variable selection process was driven by our 
knowledge of this social-ecological system, review of the academic literature, and the theoretical 
underpinnings of our work, including the governance of common-pool resources and the 
relationships between biodiversity and ecosystem functioning. 
 
Variable Selection and Ranking of the Indicators. A varying number of second, third, and fourth-
tier variables are nested underneath each of the four dimensions (Governance System, Actors, 
Resource System, and Resource Units); in total there are 13 second, third and fourth-tier 
variables (Tables 1, S1, after (9, 10)). Importantly, all 13 variables – regardless of whether the 
primary data used to develop the indicator was qualitative or quantitative – were normalized to a 
scale of 0-1 so that they could be combined and compared. For those variables where the primary 
data were continuous, e.g., total fisheries biomass, the values for each SES region were 
calculated based on the quantile distribution of the original data. For those variables where the 
primary data were qualitative (e.g., presence/absence), they were translated into categorical 0/1 
variables. These data and the resulting rankings are presented in Tables S2-4. 

SI Sub-Appendix D includes the description of all 13 SES variables and the related 
indicators. The description includes each variable’s name, position in the original SES 
framework (9), definition, theoretical importance, a brief description of the indicator(s) 
associated with the variable, and the ranking system for each indicator. Where appropriate, we 
include the quantile distribution of the original data. For each variable we identified one or more 
indicators that enabled either qualitative or quantitative comparison among the 12 social-
ecological system regions. Together, these complementary indicators captured varied dimensions 
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of a variable. We developed the ranking system from relevant theory regarding how each 
variable has been associated with a social-ecological system’s potential for sustainable resource 
governance. 

For example, one lower-tier variable used to calculate the first-tier Governance System 
variable – operational and collective-choice rules – was defined as the implementation of 
practical decisions by individuals authorized or allowed to take these actions and the creation of 
institutions and policy decisions by those actors authorized to participate in the collective 
decision (11). Three indicators were identified for this variable: first, whether or not fishing 
cooperatives have internal rules about administrative matters, such as fee collection and record 
keeping. Second, whether, cooperatives have internal rules to monitor compliance and sanction 
rule breakers. And finally, whether cooperatives have internal rules regarding catch 
commercialization, such as rules that determine which products are sold by the cooperative and 
under what conditions. The presence and absence of these three types of rules were scored 
independently based on results of the survey of 15 key informants (SI Sub-Appendix B). Note 
that two other lower-tier variables, composed of an additional three indicators, were included in 
the calculation of the Governance System scores (Tables 1, S2-S4).  

Similarly, one of the Resource System variables – system predictability – was defined as 
the degree to which fishers are able to forecast or identify patterns in environmentally driven 
variability on the recruitment of target species (10). Predictability of system dynamics affects 
actors’ ability to generate knowledge about the system’s functioning and thus devise appropriate 
governance arrangements. Greater predictability may increase the likelihood that fishers will 
devise strategies that will sustain resource use through time. We did not have an indicator to 
directly measure the extent of fishers’ knowledge about system dynamics; instead we used the 
coefficient of variation (i.e., a measure of temporal variation) of the long-term mean chlorophyll-
a, a well established proxy for marine primary productivity, as the indicator (19).  Variation in 
primary productivity can have major influences on the diversity, species abundances, and 
productivity of marine biological communities (20, 21). We assumed that the lower the 
coefficient of variation, the greater the predictability of system dynamics. These values were 
calculated from 1 km resolution climate cells based on remotely sensed oceanographic data 
collected from 2000 to 2010 (22).  

 
Variable Weighting. Each of the four dimensions, Governance System, Actors, Resource Units, 
and Resource System, has a cumulative weight score of one (Table 1). The relative contribution 
of each of the lower-tier variables to this weight depends on the total number of such variables 
analyzed under a particular dimension, or first-tier variable. For example, the dimension Actors 
is composed of five lower-tier variables, each of which is weighted 0.20 for the overall score of 
1.00 (Tables 1, S1; SI Sub-Appendix D). For the variables that have more than one indicator 
(Table S2, SI Sub-Appendix D), scores were averaged before weighted. 

Even though not all of the variables analyzed in this study belong to the same tier (Tables 
1, S1), they still carry the same weight given that the weight of a particular variable depends on 
its relative importance in a particular setting and not on its position in the SES framework (8). 
For this first quantitative application of the framework, we weighted all variables equally1 due to 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 Note: One may infer from Table 1 that this is not the case given that Variable 1 (operational and 
collective choice rules) is weighted more as the other 2 variables in this tier. This is because Variable 1 is 
in fact a compound variable that combines a) operational and b) collective choice rules. We used this 
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a lack of more in-depth contextual information on their relevance in their particular setting 
within Baja California Sur.  
Statistical Analyses. All statistical tests were performed using JMP 11 (SAS Institute 2014) or 
SPSS 22.0 (SPSS Statistics Inc. 2014). We used standard statistical approaches [i.e., linear 
regression, analysis of variance, and principal component analysis (PCA)] in order to explore the 
primary data used to develop the indicators for the SES variables and test a priori hypotheses 
regarding the four dimensions, or first-tier variables. Before analyses, the primary data and the 
calculated variables were plotted to investigate their fit to statistical assumptions, e.g., normality. 
When necessary, data were transformed. A scatterplot of all relationships among the four 
dimensions can be found in Figure 3 and further details of the analyses that enabled calculation 
of the SES variables are reported in the SI Results. 

Regarding the Principal Component Analysis (PCA) specifically, it was based on the co-
variances among the scores of the four dimensions for each of the 12 SES regions. The four 
dimensions were overlaid on the based on the loadings of each dimension on the first two 
components of the PCA. This bi-plot facilitated interpretation of the variables’ contributions to 
the clustering of SES regions in the PCA. 

 
3. SI Results 
 

This section includes 1) the definitions of the 13 SES variables (Table S1), along with the 
primary data used to calculate the 13 SES variables (Table S2) and calculations of the 13 SES 
variables themselves (Tables S3, S4); 2) analyses of select primary data that were used to create 
the indicators for the 13 SES variables; 3) further analyses of the first-tier variable relationships; 
and 4) a report on the PCA (principal component analysis) conducted on the four dimensions for 
each of the 12 SES regions. In choosing what to include in this section, we focused on results 
that were foundational in the generation of the results presented in the main text and/or 
particularly novel. As noted above, substantial qualitative data were synthesized as part of the 
process of mapping the social-ecological system regions. These are presented in SI Sub-Appendix 
A.  

 
1) The definitions, weights and calculations of the SES variables are presented in Tables S1-S4. 
The definitions of each of the 13 variables and the weights that we used to combine these 
indicators into the lower-tier variables are presented in Table S1. The primary data and resulting 
rankings used to create the indicators of the lower-tier variables are presented in Table S2 and S3 
respectively. The actual calculations of the indicators are presented in Table S4. Descriptions of 
each of the indicators used to calculate the 13 SES second, third and fourth tier variables (i.e., the 
lower-tier variables) are presented in SI Sub-Appendix D. For details of how these indicators 
were created from the primary data, please see SI Materials and Methods. We encourage 
investigators who are interested in adapting this approach to their own system to contact us.  
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
approach because it was difficult to clearly discern the two types of rules at the scale we collected the 
relevant data. 
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2) Analyses of select primary data that were used to create the indicators for the SES variables 
are presented below. These analyses were guided by theory and first principles from coupled 
systems science and allied natural and social science disciplines. 

In the ecological domain, the diversity of fished taxa and per capita small-scale fisheries 
revenue were the two indicators used to calculate a measure of the third dimension, Resource 
Units (Table 1). Magdalena Bay and Gulf of Ulloa ranked among the top two quintiles for both 
of these indicators, whereas Cabo San Lucas and East Cape were among the lowest of the 12 
regions (Table 2, Fig. S4). Similarly, the presence of operational and collective-choice rules and 
the total number of fishers were among the indicators used to calculate the measures of the 
Governance System and the Actors dimensions, respectively (Table 1). Magdalena Bay and Gulf 
of Ulloa have some of the lowest scores for the presence of local operational and collective-
choice rules, and their respective total numbers of fishers are above the median (Table 2, Fig. 
S5). Interestingly, while theory suggests that smaller groups are better able to develop and 
enforce local rules [e.g., (5, 23), although see (24)], these two variables were not correlated 
across the SES regions we studied (R2 = 0.002).  

Also in the ecological domain, 86 percent of the variation among SES regions in total 
biomass reported by small-scale fishers was explained by variation in total small-scale fishery 
revenue (Fig. S6; ANOVA on ln-transformed variables: R2 = 0.86, F1, 10 = 61.59, P < 0.0001). As 
predicted, variation in the long-term mean of chlorophyll a, a standard proxy for primary 
productivity, also explained 37 percent of the variation in the total biomass reported by small-
scale fishers in 2010 in BCS (Figs. S6, S7; ANOVA on ln-transformed variables: R2 = 0.37, F1, 10 
= 5.83, P = 0.04). Chlorophyll a concentration by SES region differed among the 10 years of our 
dataset, and some SES regions had consistently higher values than others (ANOVA of ln-
transformed monthly mean chl a with year and SES region as independent variables: F131, 1451 = 
7.35, P < 0.0001). Some SES regions experienced greater variability in chlorophyll a than others, 
as evidenced by the variation in coefficient of variation values (Table 1, Fig. S7B). In this first 
application of the SES framework to the region, we were primarily interested in the spatial 
variation in chl a. Future work will examine the spatio-temporal variation in ENSO events, as 
these events are known to impact fish populations and fisheries yields in the region [e.g., (25, 
26)]. 

Additionally, in the social domain, the ln-transformed ratio of the number of legal vs. 
illegal fishers was not associated with the total ln-transformed number of fishers by SES region, 
contrary to our prediction, and nor was the variation in territorial use privileges associated with 
the total ln-transformed number of fishers by region (Figs. S5, S8; ANOVA on the respective 
pairs of variables: P > 0.10). Territorial use privileges is the only dataset presented in this section 
that is not composed of primary data, but rather is an index that integrates the numbers of two 
specific types of area-based fisheries management measures applied in BCS: fisheries 
concessions and predios. The actual counts of concessions and binary indicator data for predios 
by SES region can be found in Table S2 (Indicator 2.1 and 2.2, respectively).   
 
3) Further analyses regarding the relationships between the first tier variables are presented 
below. As stated in the main text, neither the two first-tier social system variables (Actors and 
Governance System), nor the two first-tier ecosystem variables (Resource Units and Resource 
System) were associated, also contrary to our hypotheses (Fig. 3; P > 0.10). The lack of 
association between the first-tier variables Resource System and Resource Units was initially 
surprising. Ecological theory suggests that they should be positively correlated or perhaps exhibit 
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a unimodal relationship, as more productive ecosystems (i.e., those characterized as having 
greater resource availability) often are inhabited by a greater number of species or more 
organisms, up until a point (27, 28). Indeed, two indicators of these respective variables – the 
long-term mean of chlorophyll a and the number of fished taxa – were correlated (linear 
regression of ln-transformed chl a + 1 and the number of taxa: R2 = 0.36, F1, 10 = 5.53, P = 0.04).  

However, the lack of correlation between the two ecosystem first-tier variables can be 
explained in part by another indicator of Resource System, its size. Resource system size is not 
correlated with the magnitude or the variability in chlorophyll a, the proxy for system 
productivity, one of the three variables under Resource System (P > 0.05, see Table S1). 
Moreover, the size of the resource system has several implications for social-ecological 
sustainability; it impacts the availability of information (29), distribution of costs and benefits 
(30), and collective action potential (10). Both empirical investigations and theory suggest that 
with increasing resource system size, actors are less able to devise effective governance 
arrangements (6). Thus we score large Resource Systems (as estimated from the regions in Fig. 
1) as close to zero, and smaller Resource Systems as closer to one (see Table S2 and SI Sub-
Appendix D, respectively, for details regarding this and the other 12 variables). 
 
4) Principal components analysis (PCA) provided another means of visualizing the spatial 
variation in the potential for sustainable governance among the 12 SES regions, and suggests that 
there are multiple paths to fisheries sustainability (Fig. S3). Three of the four dimensions (all but 
Actors) were aligned with the first principal component axis, whereas the scores for the two 
social dimensions were negatively associated with the second axis and those for the two 
ecological dimensions were positively associated with the second axis.  

Together these first two principal components explained 88 percent of the variance 
among the variable scores of the 12 SES regions (Fig. S3). East Cape and Cabo San Lucas 
clustered together in the lower right quadrat, and these two regions were characterized by some 
of the lowest Governance System scores (arrayed along Component 1) and Resource Units scores 
(arrayed on Component 2) of the 12 regions. Similarly, Magdalena Bay and Gulf of Ulloa had 
high Resource Unit scores, while Guerrero Negro and Mulege had some of the highest Resource 
System scores. Pacifico Norte and Todos Santos clustered quite a distance from the rest, and 
these two regions were notable in that three of their four dimensions’ scores (all but the Resource 
System) were among the top values (Fig. 4, Table S4).
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SI Appendix Figures  

 

Fig. S1. The social-ecological systems (SES) framework enables identification of 
reciprocal interactions among fishers and target species (i.e., the Actors and Resource 
Units), as well as the socio-institutional and ecological systems within which each is 
embedded (i.e., the Governance System and Resource System). These interactions, which 
in turn are mediated by the broader social, economic, political, and ecological settings (as 
indicated by S and ECO in the figure), lead to multiple ecological and social outcomes. 
Together these dynamics influence the future structure, dynamics and resilience of the 
coupled system. For this first operationalization of the framework, we developed 
quantitative measures of these four dimensions (i.e., first-tier variables), which enabled 
us to assess the potential for SES sustainability (8). Quantification of the ‘Interactions à 
Outcomes’ variable in the center of the conceptual model was beyond the scope of this 
study, but is vital to further advance SES theory and evaluation of the effectiveness of 
specific policy and management measures. Adapted from (9, 10, 31). 
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Fig. S2. The five municipalities and key population centers of Baja California Sur, 
Mexico. Data from (32).   
 

 

 

 

 

 



	  

	  

 

 

 

Fig. S3. Bi-plot of the distribution of loadings of the 12 SES regions on the first two 
principal component axes calculated from a Principal Component Analysis. The scores of 
the four SES dimensions or first-tier variables are overlaid to indicate the relative 
alignment of these variables with the 12 regions. Please see SI Text for details. 
 
 
 
 
 



	  

	  

 

 

 
Fig. S4. Primary data underlying the Resource Units dimension included (A) the number 
of fished taxa and (B) per capita revenue reported by small-scale fishers in Baja 
California Sur, Mexico in 2010.  
 

 

 



	  

	  

 

 

 

Fig. S5. Primary data underlying the Governance System and Actors dimensions included 
(A) the estimated total number of fishers by SES region and (B) an index indicator 
regarding the presence of operational and collective-choice rules. Please see SI Sub-
Appendix D for details on how the index was calculated.    
 

 

 

 



	  

	  

 

 

 

Fig. S6. Additional data used to calculate the Resource Units dimension included: (A) 
Total biomass and (B) Total revenue generated by small-scale fishers in Baja California 
Sur, Mexico in 2010. See SI Sub-Appendix D, Variable 9 and 10, for details on the 
dataset. 
 

 

 

 



	  

	  

 

 

 

Fig. S7. Primary data underlying the Resource System dimension included: (A) the long-
term mean of chlorophyll a (Chl a; µg m-3) from 2000-10, and (B) the coefficient of 
variation of the long-term mean. Details regarding data collection and processing can be 
found in SI Sub-Appendix D, Variables 11 and 13. 
 

 

 

 



	  

	  

 

 

 
 
Fig. S8. Additional data underlying the Governance System and Actors dimensions 
included: (A) ratio of the number of permitted vs. unpermitted fishers, and (B) an index 
of the strength of legally sanctioned territorial use privileges. These index values are 
equivalent to the weighted scores reported for Variable #2 in Table S4, and integrate data 
on federally permitted concessions as well as predios, another area-based management 
tool. See SI Sub-Appendix D for details of the index calculation. 
 

 

 



	  

	  

 

 
 
Fig. S9. Organizational chart of key federal (black letters) and state (gray letters) 
agencies involved in fisheries management in Baja California Sur. SAGARPA: The 
Secretariat of Agriculture, Livestock, Rural Development, Fisheries and Food; 
INAPESCA: The National Fisheries Institute; CONAPESCA: The National Commission 
of Aquaculture and Fishing; SEMARNAT: The Secretariat of Environment and Natural 
Resources; CONANP: The National Commission of Natural Protected Areas; PROFEPA: 
The Federal Attorney for Environmental Protection; SEMAR: Naval Secretariat; 
FONMAR: Fund for the Protection of Marine Resources 
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Table S1. Social-ecological system (SES) variables operationalized for the SESs associated with the small-
scale fisheries of Baja California Sur, Mexico, together with the codes from (4). Definitions are specific to the 
fisheries case analyzed here. Please see SI Sub-Appendix D for further details.  

# Variable Code Tier1 Weight2 Definition 
 Dimension 1: Governance 

System 
GS I 1.00 The set of institutions (i.e. rules and norms) 

which shape the behavior of the actors (i.e. 
fishers) (10).3 

1 Operational & collective-
choice rules 

GS6.2, 
6.3 

III 0.50 Implementation of practical decisions by 
individuals authorized or allowed to take these 
actions and the creation of institutions and 
policy decisions by those actors authorized to 
participate in the collective decision (11).   

2 Territorial use privileges GS6.1.4 IV 0.25 Area-based permanent or limited property 
rights granted to a formally or informally 
organized group of fishers (10). 

3 Fishing licenses GS6.1.2 IV 0.25 Policy instrument designed to control inputs into 
a fishery such the limit of boats, fishing gear, 
and length of use. 

 Dimension 2: Actors A I 1.00 The characteristics of an individual or group 
user of the resource units (i.e., fish) (10). 

4 Diversity of relevant 
actors 

A1.1 III 0.20 Type of actors that are present within a 
particular social-ecological system and 
participate in or interfere with the harvest of the 
resource. 

5 Number of relevant actors A1.2 III 0.20 Number of actors that participate in resource 
harvest activities within a particular social-
ecological system region. 

6 Migration A4.1 III 0.20 Permanent or semi-permanent change of 
actor’s residence for any purpose and/or 
reason (31). In our context migration is limited 
to the permanent or semi-permanent movement 
of actors from or into a location for the 
purposes of resource harvest. 

7 Isolation A2.1 III 0.20 Relative remoteness of actors in terms of 
distance or travel time to the market (i.e., the 
first point of commercialization), government 
agencies or other entities that are relevant for 
resource management or harvest. 

8 Potential for livelihood 
diversity 

A2.2 III 0.20 Potential of actors to engage in alternative 
livelihood activities that can either completely or 
partially supplement income from fishing. 



 
 
Table S1 (continued). Social-ecological system variables operationalized for the analysis of the social-
ecological systems associated with the small-scale fisheries of Baja California Sur, Mexico 

# Variable Code Tier Weight Definition 
 Dimension 3: 

Resource Units 
RU I 1.00 The characteristics of the resource units (i.e., fish) 

extracted from a resource system (i.e., ocean) that 
can then be consumed by an actor (i.e., fisher) or 
used as an input in production (10). 

9 Diversity of targeted 
taxa 

RU5.1 III 0.50 Number of taxa harvested by the actors. 

10 Per capita revenue RU4.1 III 0.50 Economic value of resource units in the market, 
normalized by the number of resource users. 

 Dimension 4: 
Resource System 

RS I 1.00 The biophysical system (i.e., ocean) from which 
resource units (i.e., fish) are extracted and on which 
resource units depend on for continued survival and 
reproduction (10). 

11 System productivity RS4.1 III 0.33 Oceanographic, biogeographic or geomorphological 
factors affecting the magnitude or rate of production 
of resource units (10). 

12 System size RS3 II 0.33 Absolute or relative description of the spatial extent 
of a resource system (10). 

13 System predictability RS6 II 0.33 Degree to which actors are able to forecast or 
identify patterns in environmentally driven variability 
on recruitment (10).  

 1 Tiers indicate the level of generality or specificity of the variable in question. It refers to the hierarchical 
position of the variable has within the framework, where Tier I is the most general and Tier IV the most 
context specific. 
2 Weight refers to the weight given each variable, when used to calculate the four first-tier variables. 
See SI Materials and Methods for details. 
3Please see Supporting References for citations. 

      
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

 
 
 
 
  
 
 
 

Page 1 of 2 of Table S2 
 
 
 
 
 

1 2 3 4 5 6
1.1 Few All Few Few All Few
1.2 Most All Few Few All Few
1.3 Few All Few Few All Few
2.1 0 18 6 4 4 0
2.2 Absent Absent Present Present Absent Absent

3 3.1 0.70 24.79 4.39 3.28 77.00 1.38
4.1 Present Present Present Present Present Present
4.2 Absent Present Present Present Absent Present
4.3 Present Present Present Present Present Present
4.4 Present Present Present Present Present Present
5.1 121 1041 500 983 77 47
5.2 172 42 114 300 0 34
6.1 Does not occur Does not occur Occurs Occurs Does not occur Does not occur
6.2 Occurs Does not occur Occurs Occurs Does not occur Does not occur
7.1 Present Present Absent Present Absent Present
7.2 Borough Borough Borough Borough Borough Borough
7.3 0 0 0 38 0 0
7.4 777 813 467 225 77 214
7.5 219 263 140 68 77 32

8 8.1 13,054         6,414           5,216           6,075           5,148           68,463         
9 9.1 39 73 85 90 59 9
10 10.1 12,434         15,123         14,467         15,060         22,243         2,337           
11 11.1 2.73 1.76 2.64 2.19 1.13 0.84
12 12.1 1.82E+09 1.11E+10 8.50E+09 7.42E+09 3.18E+09 3.94E+08
13 13.1 20.20 57.86 68.76 50.20 109.12 76.04

6

7

* SES region # and names follow: (1) Guerrero Negro; (2) Pacifico Norte; (3) Gulf of Ulloa; (4) Magdalena Bay; 
(5) Todos Santos; (6) Cabo San Lucas; (7) East Cape; (8) La Paz; (9) El Corredor; (10) Loreto; (11) Mulege; 
(12) Santa Rosalia

2

4

5

Table S2. Data for each of the indicators for 12 SES regions. Please see SI Sub-Appendix D for 
detailed variable and indicator descriptions as well as units. 

Variable # Indicator # SES Region *

1
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7 8 9 10 11 12
1.1 Few Few Few Most Half Few
1.2 Few Few Few Most All Few
1.3 Few Few Few Few Few Few
2.1 0 0 0 0 2 1
2.2 Absent Present Present Present Present Present

3 3.1 3.57 3.31 1.32 3.47 3.85 0.34
4.1 Present Present Present Present Present Present
4.2 Present Absent Absent Present Present Present
4.3 Present Present Present Present Present Present
4.4 Present Present Present Present Present Present
5.1 193 748 58 118 100 133
5.2 54 226 44 34 26 390
6.1 Occurs Occurs Occurs Occurs Occurs Occurs
6.2 Does not occur Occurs Occurs Occurs Occurs Occurs
7.1 Absent Present Absent Present Absent Present
7.2 Municipal capital State capital None Municipal capital Borough Municipal capital

7.3 61 36 113 25 54 14
7.4 135 36 213 335 458 544
7.5 61 36 113 25 75 14

8 8.1 73,918         221,447       488              15,222         3,893           12,388         
9 9.1 36 55 52 44 54 67
10 10.1 2,641           986              8,320           5,220           6,750           9,803           
11 11.1 0.88 1.22 1.15 1.43 2.31 1.50
12 12.1 1.59E+09 4.39E+09 3.33E+09 2.44E+09 1.56E+09 2.47E+09
13 13.1 65.28 58.51 59.16 57.25 46.51 45.54

* SES region # and names follow: (1) Guerrero Negro; (2) Pacifico Norte; (3) Gulf of Ulloa; (4) Magdalena Bay; 
(5) Todos Santos; (6) Cabo San Lucas; (7) East Cape; (8) La Paz; (9) El Corredor; (10) Loreto; (11) Mulege; 
(12) Santa Rosalia

7

Table S2. (continued)

Variable # Indicator # SES Region *

1

2

4

5

6



	  

1 2 3 4 5 6 7 8 9 10 11 12
1.1 0.25 1.00 0.25 0.25 1.00 0.25 0.25 0.25 0.25 0.75 0.50 0.25
1.2 0.75 1.00 0.25 0.25 1.00 0.25 0.25 0.25 0.25 0.75 1.00 0.25
1.3 0.25 1.00 0.25 0.25 1.00 0.25 0.25 0.25 0.25 0.25 0.25 0.25
2.1 0 1.00 0.75 0.75 0.75 0.00 0.00 0.00 0.00 0.00 0.50 0.50
2.2 0 0.00 1.00 1.00 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00

3 3.1 0.10 0.75 0.75 0.50 1.00 0.25 0.50 0.50 0.25 0.50 0.50 0.00
4.1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4.2 1.00 0.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00
4.3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4.4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5.1 0.50 0.00 0.25 0.10 0.75 1.00 0.50 0.25 0.90 0.50 0.75 0.50
5.2 0.25 0.75 0.50 0.10 1.00 0.75 0.50 0.25 0.50 0.75 0.75 0.00
6.1 1.00 1.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00
6.2 0.00 1.00 0.00 0.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00
7.1 0.00 0.00 1.00 0.00 1.00 0.00 1.00 0.00 1.00 0.00 1.00 0.00
7.2 0.66 0.66 0.66 0.66 0.66 0.66 0.33 0.00 1.00 0.33 0.66 0.33
7.3 0.00 0.00 0.00 0.75 0.00 0.00 0.75 0.75 1.00 0.50 0.75 0.50
7.4 0.90 1.00 0.75 0.50 0.10 0.25 0.25 0.00 0.25 0.50 0.75 0.75
7.5 0.90 1.00 0.75 0.50 0.50 0.25 0.50 0.25 0.75 0.10 0.50 0.00

8 8.1 0.50 0.75 0.75 0.75 0.75 0.25 0.25 0.00 1.00 0.50 0.75 0.50
9 9.1 0.25 0.75 0.90 1.00 0.50 0.00 0.25 0.50 0.50 0.25 0.50 0.75
10 10.1 0.75 0.75 0.75 0.75 1.00 0.10 0.25 0.00 0.50 0.25 0.50 0.50
11 11.1 1.00 0.50 0.90 0.75 0.25 0.00 0.10 0.25 0.25 0.50 0.75 0.50
12 12.1 0.75 0.00 0.10 0.25 0.50 1.00 0.75 0.50 0.50 0.50 0.75 0.50
13 13.1 1.00 0.50 0.25 0.75 0.00 0.25 0.25 0.50 0.50 0.50 0.75 0.75

* SES region # and names follow: (1) Guerrero Negro; (2) Pacifico Norte; (3) Gulf of Ulloa; (4) Magdalena 
Bay; (5) Todos Santos; (6) Cabo San Lucas; (7) East Cape; (8) La Paz; (9) El Corredor; (10) Loreto; (11) 
Mulege; (12) Santa Rosalia

7

Table S3. Rankings for each of the indicators based on the scores from Table S2. Please see SI Sub-
Appendix D for detailed variable and indicator description and for ranking information.

SES Region *
Variable # Indicator #

1

2

4

5

6



 
 
 
 
 
 
 

 
	  

Variable # Weight 1 2 3 4 5 6 7 8 9 10 11 12
GS 1.00 0.23 0.81 0.53 0.47 0.84 0.19 0.25 0.38 0.31 0.54 0.60 0.31
1 0.50 0.21 0.50 0.13 0.13 0.50 0.13 0.13 0.13 0.13 0.29 0.29 0.13
2 0.25 0.00 0.13 0.22 0.22 0.09 0.00 0.00 0.13 0.13 0.13 0.19 0.19
3 0.25 0.03 0.19 0.19 0.13 0.25 0.06 0.13 0.13 0.06 0.13 0.13 0.00
A 1.00 0.42 0.53 0.35 0.27 0.67 0.47 0.36 0.14 0.55 0.28 0.45 0.21
4 0.20 0.05 0.00 0.00 0.00 0.05 0.00 0.00 0.05 0.05 0.00 0.00 0.00
5 0.20 0.08 0.08 0.08 0.02 0.18 0.18 0.10 0.05 0.14 0.13 0.15 0.05
6 0.20 0.10 0.20 0.00 0.00 0.20 0.20 0.10 0.00 0.00 0.00 0.00 0.00
7 0.20 0.10 0.11 0.13 0.10 0.09 0.05 0.11 0.04 0.16 0.06 0.15 0.06
8 0.20 0.10 0.15 0.15 0.15 0.15 0.05 0.05 0.00 0.20 0.10 0.15 0.10

RU 1.00 0.50 0.75 0.83 0.88 0.75 0.05 0.25 0.25 0.50 0.25 0.50 0.63
9 0.50 0.13 0.38 0.45 0.50 0.25 0.00 0.13 0.25 0.25 0.13 0.25 0.38

10 0.50 0.38 0.38 0.38 0.38 0.50 0.05 0.13 0.00 0.25 0.13 0.25 0.25
RS 1.00 0.91 0.33 0.41 0.58 0.25 0.41 0.36 0.41 0.41 0.50 0.74 0.58
11 0.33 0.33 0.17 0.30 0.25 0.08 0.00 0.03 0.08 0.08 0.17 0.25 0.17
12 0.33 0.25 0.00 0.03 0.08 0.17 0.33 0.25 0.17 0.17 0.17 0.25 0.17
13 0.33 0.33 0.17 0.08 0.25 0.00 0.08 0.08 0.17 0.17 0.17 0.25 0.25

Table&S4.&Weighted&scores&for&each&variable&based&on&the&data&reported&in&Table&S3.&
The&four&first:tier&variables,&or&dimensions,&are&in&bold.&Scores&for&variables&with&
multiple&indicators&were&averaged&before&weighted.&See&SI#Materials#and#Methods#for&
details.

SES Region *

* SES region # and names follow: (1) Guerrero Negro; (2) Pacifico Norte; (3) Gulf of Ulloa; (4) 
Magdalena Bay; (5) Todos Santos; (6) Cabo San Lucas; (7) East Cape; (8) La Paz; (9) El 
Corredor; (10) Loreto; (11) Mulege; (12) Santa Rosalia



SI SUB-APPENDIX A. Synthesis of qualitative information used to map the social-
ecological system regions 

 
Contemporary fisheries governance institutions in Baja California Sur.  
 
1. Federal and state fisheries institutions and the role of municipalities 

In our focal case, the current fisheries management regime primarily operates at the scale 
of a geopolitically defined unit, the Mexican state of BCS (Fig. S2). This arrangement is typical 
of many coastal nations. While Mexican law provides for ‘regionalization’ of fisheries 
governance, this authority is not currently functioning in BCS. Geographically finer-scale 
fisheries management activities in BCS are largely limited to stock assessments and municipal 
sub-committees, which vary greatly in their effectiveness and foci. 

All natural resources, including marine, that are within the Mexican land, coastal or 
continental shelf territory (from 0 to 200 nautical miles, equivalent to approximately 370 km) are 
considered property of the nation (Political Constitution of the United Mexican States, Article 
27). As such, the governance of marine resources in Mexico involves a number of federal and 
state government agencies (Fig. S9). The Secretariat of Agriculture, Livestock, Rural 
Development, Fisheries and Food (SAGARPA) oversees all aspects of fishery related issues. Its 
two decentralized entities, the National Commission for Aquaculture and Fishing 
(CONAPESCA) and the National Fisheries Institute (INAPESCA) are in charge of managing 
and enforcing fisheries regulations, and of collecting and analyzing fisheries and biological data, 
respectively. The Secretariat of Environment and Natural Resources (SEMARNAT) regulates 
the use of at risk species and also establishes and manages protected areas, through the National 
Commission of Natural Protected Areas (CONANP). The enforcement body of SEMARNAT is 
the Federal Attorney for Environmental Protection (PROFEPA). The Naval Secretariat provides 
enforcement support to both CONAPESCA and PROFEPA. However, the cooperation structure 
among these different federal entities at the local level varies considerably due to local 
circumstances and politics.  

Commercial exploitation of marine resources is granted by the national government in the 
form of permits or area-based concessions. However, such property rights can be limited by the 
national government in order to secure the public interest such as resource conservation, 
equitable development and social wellbeing (Political Constitution of the United Mexican States, 
Article 27). The most common fisheries management measures include gear restrictions, size 
limits, and time and area-specific closed areas. All are determined and promulgated by 
CONAPESCA, the federal fisheries management agency. Furthermore, each permit indicates 
specific species (e.g. octopus, clams) or groups of species (e.g. escama, which includes 271 
species of finfish distributed across 61 families; or shark, which includes 45 species of 
elasmobranchs) that can be harvested within a defined region (often based on the political 
boundaries of one or more municipalities) using a particular gear type (1).  

The National Institute of Fisheries (INAPESCA) monitors fishing effort and provides 
recommendations for the issuance of new permits. The most recent analyses indicate that many 
of the fisheries are exploited at or above the maximum sustainable levels and that fishing effort 
should not be increased (1, 2). This has limited the issuing of new permits for a number of 
species, but has not prevented distribution of permits for new or underexploited fisheries. 
Moreover, as current permits are renewable, the current system functions as a license limit 
regulation program (3). Only permit holders can legally sell catch, although high transaction 
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costs of obtaining permits and poor compliance monitoring encourages widespread illegal 
fishing. De facto open access conditions are common.  

The use of area-based management measures varies along the BCS coast, and only the 
area between Loreto and La Paz and the fishing communities south of La Paz do not include 
locally accessible concessions or predios (Figs. S2, S8B; Table S2; SI Appendix 4, Variable #2). 
Historically, federally granted concessions or other area-based management measures were 
employed for a number of taxa, including shrimp, lobster, squid, octopus, abalone, oyster, mullet, 
tototoaba, and the reef-associated cabrilla (a common name for a number of fishes in the family 
Serranidae) (4). Now there are only two sedentary, high-value species for which the federal 
government grants exclusive access (i.e., concessions): lobster and abalone. Two other sedentary 
taxa – sea cucumbers and ornamental fish – also are managed with area-based measures, but 
through a different regulatory mechanism, the predio, under the authority of SEMARNAT. 
Harvest of the geoduck (almeja generosa: Panopea spp.) is organized spatially on the Pacific 
coast of BCS, as well, particularly from San Carlos to San Juanico (5, 6). Harvest of chocolate 
clams (almeja chocolate: Megapitaria squalida) in Loreto also is informally managed by area, 
and a management plan is underway that may formalize this arrangement. In contrast, other 
benthic marine invertebrate taxa harvested in BCS, e.g., octopus, are not managed in an area-
based manner.  

BCS state institutions, such as the Secretariat of Fisheries (SEPESCA), also play an 
important role in fisheries governance. Their role particularly increased after the passage of the 
2007 Ley General de Pesca y Acuacultura Sustenables, hereafter referred to as the 2007 Fisheries 
Law, which gave greater autonomy to state and local entities (7). While the state fisheries law is 
currently being developed (and thus the state level authority granted by the 2007 law is not yet 
active in BCS), SEPESCA has been active in promoting organization of the fishing sector and 
providing subsidies to the fishers. Furthermore, BCS is the only state that has acted upon the 
authority granted by the 2007 Fisheries Law, through FONMAR (Fund for the Protection of 
Marine Resources). Through this fund, the state of BCS is able to access the funds generated 
from the sale of recreational fishing permits and use them for fisheries monitoring, enforcement 
and research purposes. 

Municipal governments have no authority over fisheries in Mexico, but in BCS, they play 
varied supporting roles. Representatives of BCS’ five municipal governments may convene 
and/or host public meetings related to fisheries issues; advocate for their constituents to the state 
and federal authorities (particularly CONAPESCA); and play a convening role to facilitate 
resolution of problems in particular places or with particular resources. The 2007 Fisheries Law 
enables creation of municipal subcommittees to aid in the regionalization of fisheries 
management. As of July 2014, these varied greatly in effectiveness and foci. 

 
2. Local fisheries institutions 

Fishing cooperative formation in Mexico began in the 1930s, following the Mexican 
Revolution of 1910. President Lázaro Cárdenas mandated that fishers belonging to cooperatives 
receive exclusive rights for eight commercially valuable species: shrimp, lobster, squid, octopus, 
abalone, oyster, mullet and tototoaba (8, 9). These policies were codified through the 1947 
Fisheries Law and granted resource users communal lands for agricultural and forestry activities. 
In addition to cooperatives, the 1947 Fisheries Law created two other classes of fishers: 
permisionarios and pescadores libres (10, 11). Permisionarios are private individuals or 
corporate entities permitted to catch and sell, to the open market, species for which cooperatives 
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do not hold exclusivity (10). Under the 1947 law pescadores libres have rights to fish local 
fishing grounds (i.e. within cooperatives’ concessions) for subsistence only, but also are allowed 
to fish for permisionarios (10). In mapping the major fishing areas of BCS, we considered the 
strength and functioning of fishing cooperatives and patron-client relationships, given these 
institutions’ roles in creating and contributing to local capacity for social-ecological 
sustainability (12-14). Future work will expand on this analysis by integrating currently 
unavailable data on the role of other civic organizations, including conservation non-
governmental organizations.  
 
Biophysical Context.  Baja California Sur includes substantial variety in geological and 
oceanographic conditions, which in turn influences the distribution of marine habitats. On the 
Gulf of California side, the northernmost reef forming the coral ecosystem is found in Cabo 
Pulmo National Park, just south of the fishing community of La Ribera. Mangroves fringe wave-
sheltered shorelines on both sides of the peninsula, particularly in the vicinity of the fishing 
communities in the vicinity of Loreto, La Paz, and Magdalena Bays. Rocky reefs are important 
for both fisheries and biodiversity conservation, and occur on both the Pacific and Gulf coasts of 
BCS (15). The oceanography of the Gulf of California and the Pacific coast of the Baja peninsula 
has been fairly well characterized at the Large Marine Ecosystem scale (16), see also (17-19), 
but published information on the scale of BCS or finer geographic locations is surprisingly 
scarce [see however, (20)]. Hotspots of primary productivity occur seasonally on both coasts of 
BCS, and these plankton blooms, and the shifting abundances of higher trophic level organisms 
that track them, vary both seasonally and also interannually with El Niño–
Southern Oscillation (ENSO) (20, 21).   

The oceanography of the waters surrounding BCS also is highly dynamic on other 
temporal scales. This is particularly evident when one examines remotely sensed data of 
chlorophyll-a, a proxy for marine primary productivity. However, the long-term mean values of 
chlorophyll a (chl-a) do not differ much in absolute value throughout the BCS coastal ocean (Fig. 
S7A), based on 15-day composites of merged MODIS Terra and MODIS Aqua daytime 1-km-
resolution satellite observations (22).  Some parts of the BCS coastal ocean experience much 
more variable oceanographic conditions than others, based on the coefficient of variation of chl-a 
over the 10 years of our dataset for the region (Fig. S7B).  
 
Historical coastal land and marine resource use. Population centers were established for 
different reasons and with varying success throughout BCS (23, 24). Use of marine resources in 
the BCS area was seasonal as humans constantly moved to take advantage of desert and coastal 
resource availability. Sedentary settlement sites were eventually established based on year 
around water availability and feasible agricultural development.  

Early inhabitants migrated from California and the southwestern United States at least 
10,000 years ago. These migrants included three culturally distinct groups: the Pericú, who 
settled in the Cape region (in the far south of present BCS), the Guaycura just north, and the 
Cochimí in the area farthest to the north. It is highly probable that the Pericú passed through the 
arid peninsula to settle the south, where more favorable regular summer rains support a richer 
flora (25, 26). The Cape region likely supported the highest population density in BCS in pre-
historical times (27), as it does today. Groups of foragers were relying on the region’s marine 
resources at least 10,000 years ago (28-30). Because of the lack of freshwater at many coastal 
sites, most groups practiced a transhumant pattern, seasonally exploiting marine resources but 



SI Sub-Appendix A. (continued) 

  4 

not depending on them year-round (28), and supplementing this harvest with small game and 
plants. In the south, for most of the year, people lived in small, scattered groups of 100-200, 
coming together during times of resource abundance, likely during a pitahaya (cactus fruit) 
harvest in summer and fall and coastal resources collecting in the winter and spring (28).  

After a number of unsuccessful colonization attempts during the first two centuries 
following the arrival of the Spanish in BCS in 1534, Jesuit priests were finally able to establish 
permanent missions in Baja in 1697 (31). Freshwater limitations coupled with the sedentary 
lifestyle of the missioners who depended on agricultural productivity and animal husbandry for 
survival considerably limited the progression as well as geographic distribution of these 
settlements (32). By the early 1800s only a few thousand of the native population remained 
throughout the peninsula. By 1900, most had disappeared or become mestizoized (33). In BCS, 
there were about 4000 Pericú in 1734 but by 1772, only 400 individuals remained, due to 
disease, migration, and intermarriage with the Spanish.(34). This population decline occurred 
earlier in the south than in the north (35). By 1850, there were only six towns in the part of the 
territory that became Baja California Sur.  

Following Mexican independence in 1810, the late 1800s marked a repopulation of BCS. 
The Cape region eventually became the most populated part of BCS, as consequence of the 
development of pearl extraction, mining, and agriculture that attracted migrants from other parts 
of Mexico. By 1921, the population of the Baja peninsula had grown to 64 settlements of over 
100 people. At this time, there were two distinct settlement clusters in modern BCS, based on the 
availability of water for agriculture (33). One was in the south, centered around La Paz and the 
Cape region, and the other was in the center of the peninsula, near the gulf-side settlement of 
Santa Rosalía. Agricultural production was aided by the permanent oases, the presence of nearby 
mining markets for farm products, and accessibility to transportation. Contemporary human 
settlements are shown in Figure S2. 
 
Contemporary fishing practices in Baja California Sur. Small-scale fishers in BCS typically use 
pangas (6-8 m fiberglass boats, powered with outboard motors). These boats are kept on the 
beach or moored close to shore, although recent theft has motivated many fishers to trailer their 
boats, where financial resources and logistics allow. Fishers work together in teams of two or 
three people, traveling up to 10s of kilometers from shore and rarely deeper than the 200 m 
isobath (depending on the targeted species and location(s) of the fishing ground). Gear varies. A 
gillnet (chinchorro) is most common for catching finfish (escama). Hook and line (piola con 
anzuelo) is also used for catching finfish, whereas benthic species like abalone and clams are 
retrieved by diving, mainly using hookah rigs. Traps also are used for some taxa, such as lobster. 
The product is either sold directly in town to a fish buyer (comprador/patron) or transported to 
retail market or to a fish buyer in another location (14). In either case, in remote locations, landed 
fish are often stored for hours or days in temperature controlled vehicles, along with the catches 
of other fishers working from the same shoreline access point. The buyer or designated 
cooperative member transports the fish to the nearest market when enough product has been 
accumulated.  

Within 72 hours of landing fish, fishers are required by law to register their catch in order 
to transport it and sell it (2007 Fisheries Law, article 45, item VIII). Local fishery offices (LFOs) 
are maintained by the Mexican government fisheries agency, CONAPESCA, for this purpose. 
Once government officers receive the report of the biomass and species landed for each day or 
fishing trip, they issue the fisher (or his proxy, as is the case when cooperative members report 
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together or a fish buyer manages the reporting before selling the product) appropriate 
documentation (i.e., aviso de arribo, guia de pesca) (36). Without these documents, fish or other 
harvested species cannot be legally transported or sold in the market (2007 Fisheries Law, 
articles 75 and 76).  

Landing reports are compiled by each fishery office and then transmitted to the 
CONAPESCA headquarters in Mazatlan, Sinaloa. The reports are the basis of the fishery-
dependent data reported by the Mexican government each year. They are reported at the state 
level, but ultimately, can be traced back to the individual reports submitted by permitted fishers 
to local fisheries offices. However, such fine scale data are often quite difficult to access. These 
fisheries data need to be interpreted with caution as the reporting area for a given office varies 
and the location of reporting does not necessarily correspond to where the catch were caught or 
brought ashore. Nonetheless, they provide a first approximation of the spatial variation of the 
fisheries in BCS. Additional information on the fisheries data we analyzed can be found in SI 
Appendix 2, Variable #9. 
 
Formation and growth of fishing cooperatives in BCS. Fishing cooperative formation in Mexico 
began in the 1930s, as described earlier. Resource users were granted communal lands for 
agricultural and forestry activities, and fishers organized in cooperatives in order to receive state 
subsidies, loans, and property rights (37-39).  

The number of fishing cooperatives in BCS has grown dramatically in the last 80 years. 
In 1938, Diaz Bonilla reported only three fishing cooperatives in BCS; this number increased to 
nine in 1950 (40). All but one of these cooperatives was located in the Pacífico Norte region 
(41). The next wave of formation came in the 1970s when President Echeverría provided 
incentives for coastal ejidos to form fishing cooperatives (42). By 1985, there were 44 fishing 
cooperatives in BCS (4). The latest wave of formation, from 1992 to the present, was largely 
motivated by fishers joining cooperatives so as to more easily access fishing permits and 
government subsidies (42). Based on a synthetic analysis of the published literature and 
government statistics, we estimate that there were well more than 200 cooperatives operating in 
BCS as of 2010. 
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SI SUB-APPENDIX B.  
Survey instrument used to collect information from key informants in each of the 12 regions.  
 

Respondent: (name here) 

Region: (varied depending on respondent) 

Fishing communities that belong to this region: (varied depending on the region) 
 
Please fill out the following questionnaire taking into account fishing communities 
mentioned above. 
 

1. Fill in the blank based on the following options:  
 

All Most Half Few None 
 

a. _____________ cooperatives in the above-mentioned region have established 
procedures or internal rules about administrative matters (examples: fees 
collection from its members, accounting and reporting scheme, rules for the 
executive council, and record keeping). 
 

b. _____________ cooperatives in the above-mentioned region have presence of 
internal rules to monitor compliance and established agreements, and to sanction 
rule breakers. 

 
c. _____________ cooperatives in the above-mentioned region have presence of 

internal rules in regards to catch commercialization, such as rules that determine 
which products and under what conditions are sold through the cooperative. 

 
2. How many fisheries concessions are there in this region and for which species? 

# of concessions: ___________________ 
species:___________________________________________________________
____________ 

 
 
 

3. Are there ‘predios’ in this region for the species that are managed by SEMARNAT? 
____Yes 
____No 

 
 
 
 
 



SI Sub-Appendix B. (continued) 
	  

 2 

Survey instrument used to collect information from key informants in each of the 12 regions.  
 

4. Please mark all the activities that occur in this region, either part of the year or year 
around:  

____ Industrial fishing 
____ Recreational fishing 
____ Whale watching 
____ Diving/snorkeling 
____ Kayaking 
____ Surfing 
____ Windsurfing 
____ Kitesurfing 
____ Jetskiing 
____ Sailing 

 
 

5. Do fishers from this region go to any other areas in BCS to fish? 
____Yes 
____No 
 

a. If yes, please list all areas to which they go. 
 
__________________________________________________________________
______________ 

 
 

6. Do fishers from other areas come to this region to fish? 
____Yes 
____No 
 

a. If yes, please list all areas from which they come. 
 
__________________________________________________________________
______________ 
 
 

7. Is there a CONAPESCA office in any of the communities that pertain to this region? 
____Yes 
____No 
 

a. If yes, please indicate communities that have CONAPESCA offices. 
__________________________________________________________________
______________ 
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Survey instrument used to collect information from key informants in each of the 12 regions.  
 

 
8. Is any of the communities that pertain to this region (mark all that apply): 

____ Capital of the state 
____ Capital of the municipality 
____ Borough 
____ None 
 
 
 
 

9. Which are the three most economically important fish species from this region? (fill in 
order of importance, # 1 most important) 
1._____________________________ 
2._____________________________ 
3._____________________________ 
 

10. What are the names of the places (town/city) where fishers from this region deliver the 
three most economically important fish species? 
 
________________________________________________________________________
_________________ 

 
11. What is the destination where the three most economically important fish species in this 

region are consumed? 
____ within the region 
____ within BCS 
____ within Mexico 
____ internationally 
 

12. What is the average number of hours by car/SUV to go from the 3 most important fishing 
communities in the region (that catch the greatest quantity of fish) to the state capital? 
________________________________________ 
 

13. What is the average number of hours by car/SUV to go from the 3 most important fishing 
communities in the region (that catch the greatest quantity of fish) to the municipal 
capital? 
________________________________________ 
 

 
 
	  



SI SUB-APPENDIX C.  Descriptions of the 12 SES regions mapped in Figure 1.  
 
This figure identified the major fishing grounds (for all species throughout the entire year) and 
the migrations of small-scale fishers among the following regions: 
 

1. Guerrero Negro (includes community of Guerrero Negro) 
• Fishers from this region mostly target mollusks within adjacent lagoons (e.g., 

Laguna Ojo de Liebre). 
• Some engage in finfish and shark/rays fisheries that are further offshore. 
• Fishers from this region migrate to surrounding areas (El Barril, San Rafael, 

Laguna Manuela) and to SES region #4 depending on the season. 
 

2. Pacífico Norte (includes communities of Punta Abreojos, La Bocana, Punta Prieta, Bahía 
Asunción, Bahía Tortugas, Punta Eugenia, and Isla Natividad) 

• Fishers from this region mostly fish within their concessions but occasionally 
move out to catch finfish and shark/rays. When they target finfish (mostly 
yellowtail and corvina) and shark/rays they go up to 37 kilometers (very 
sporadically). Most of the time they stay within 12-20 kilometers of the coast. 

• There are 9 fisheries concessions in this region for abalone and lobster. 
• Fishers from this region do not migrate to other regions to fish. 
• Note that the formal boundaries of the concessions extend beyond the mapped 

SES region, as the data collection process used to create this map indicated that 
fishers rarely traveled to the offshore limits of many of these concessions; this 
discrepancy deserves further attention.  
 

3. Gulf of Ulloa (includes communities of Puerto Adolfo Lopez Mateos, Las Barrancas, El 
Chicharron, San Juanico, El Datil, El Cardon, and Laguna de San Ignacio) 

• Fishers from Puerto Adolfo Lopez Mateos travel up to 80 kilometers offshore to 
catch shark and up to 50 kilometers offshore to catch finfish. 

• Fishers from other communities to the north go up to 50 kilometers offshore to 
catch sharks and finfish. 

• There are two cooperatives with fisheries concessions: La Poza Grande 
cooperative for lobster and abalone; and Puerto Chale cooperative for lobster and 
abalone. 

• Fishers from Puerto Adolfo Lopez Mateos migrate to SES region #4 if they have 
permits for pen shells, geoduck, and shrimp during their respective seasons. 

• For seven months a year fishers dedicated to shrimping from La Poza Grande, 
Santo Domingo, and Puerto Adolfo Lopez Mateos live temporarily on Santa 
Margarita Island in a fishing camp. 

• Fishers from Laguna de San Ignacio don’t move much but switch from fishing to 
tourism (whale watching) during the gray whale migration season. This also 
happens in other communities in this region if they have the appropriate tourism 
infrastructure. 

• Fishers from San Juanico and Las Barrancas don't move much, as they have 
fishing concessions. Some families rely heavily on ranching and have ranches 
nearby. 
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4. Magdalena Bay (includes communities of Puerto San Carlos and Puerto Chale) 
• Fishers go up to 80 kilometers offshore from San Carlos to catch shark,  

up to 50 kilometers offshore from San Carlos to catch finfish (with nets, and up to 
10 kilometers to catch squid and finfish (with hook and line). 

• Within Magdalena Bay, fishers use different areas depending on the season and 
targeted species. 

• Fishers from San Carlos and Puerto Chale don’t migrate much, given the diversity 
of resources in the area. The exception is when squid does not appear on the 
Pacific side; in that case they go to  SES region #12 to fish squid. 

• Fishers from Puerto Chale fish in the bay and around Isla Margarita. 
 

5. Todos Santos (includes community of Todos Santos) 
• Fishers from this region fish within a 50-km radius from Punta Lobos beach. 
• There are two cooperatives with fisheries concessions for lobster. 
• Fishers do not migrate to other regions; historically they migrated to San Carlos 

depending on the season. 
 

6. Cabo San Lucas (includes community of Cabo San Lucas) 
• Fishers from this region fish in the coastal area of Cabo San Lucas. Most catch 

bait and sell it to recreational fishers. 
• Fishers do not migrate to other regions. 

 
7. East Cape (includes communities of Agua Amarga, Boca del Alamo, Los Barriles, La 

Ribera, Los Frailes, Palo Escopeta, and San Jose del Cabo) 
• Fishers from this region fish close to the shore. 
• Fishers migrate to SES region #4 and at least one group migrates to #9. 

 
8. La Paz (includes communities of San Juan de la Costa, La Paz, La Ventana, and El 

Sargento) 
• Fishers from this region fish mostly in Bahia de La Paz and waters surrounding 

Espiritu Santo Island. A smaller proportion of the fishers fish around San Jose 
Island and around Cerralvo Island. 

• Fishers from this region migrate to SES regions #4, 7, 9, and 12. 
 

9. El Corredor (includes communities of Agua Verde, Tembabiche, Ensenada de Cortés, 
Punta Alta, La Cueva, Nopoló, San Evaristo, Punta Coyote, Palma Sola, and El Pardito) 

• Fishers from this region fish in the nearshore waters and around the islands of 
Catalana (mostly fishers from Agua Verde) and San Jose (mostly fishers from San 
Evaristo, Punta Coyote, Palma Sola, and El Pardito). 

• Note that Las Animas, a small island to the southeast of the mapped SES region, 
is known to be frequented by fishers from these communities as well. However, it 
was not identified by the formal data collection process reported here, and thus we 
do not include it in the mapped region. This discrepancy warrants research 
attention and may require adjustment of the SES region boundaries in the future.  

• Fishers from this region occasionally migrate to SES region #4 and 7. 
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10. Loreto (includes communities of Loreto, Juncalito, Ligui, and Ensenada Blanca) 
• The majority of fishing occurs within the Loreto Bay National Park. 
• Fishers migrate to SES regions #4, 11, and 12 (during squid season). 

 
11. Mulegé (includes communities of Mulegé, La Ramadita, and San Nicolás) 

• Fishers from this region fish from the tip of the Punta Chivato to the north within 
the inshore waters all the way to the point south of San Nicolas and within Bahia 
de Concepcion. 

• Fishers from this region migrate to SES regions #1, 3 and 4. 
 

12. Santa Rosalía (includes communities of Santa Rosalía and San Bruno) 
• The majority of the fishing occurs within the waters around Santa Rosalia, 

including the island of La Tortuga. Most of squid fishing occurs very close to the 
shore – within a 10-kilometer radius. However, this fishery is highly irregular and 
can appear anywhere in this region of the Gulf. 

• Very few fishers migrate to SES region #11 to fish for finfish. In addition, over 
the last couple of years many fishers migrated to SES regions #3 and 4 to fish for 
squid when the catches in Santa Rosalia were poor. 

 
 
 

 

 

 

 

 

 



SI APPENDIX D. Description of the 13 social-ecological system variables 
 
We identified 13 variables that have been associated with the likelihood of the emergence of 
social-ecological sustainability, specifically of small-scale fisheries in the state of Baja California 
Sur, Mexico. The variable selection process was driven by our knowledge of this social-
ecological system, review of the academic literature, and the theoretical underpinnings of our 
work, including the governance of common-pool resources and the relationships between 
biodiversity and ecosystem functioning. We used the SES framework to organize and guide our 
analysis (1-3). 
 
Below is a description of all the variables used in our analyses. The description includes 
variable’s name, position in the SES framework, definition, theoretical importance, a brief 
description of the indicator(s) associated with the variable, and the ranking system for each 
indicator. For each variable we identified one or more indicators that enabled either qualitative or 
quantitative comparison among the 12 social-ecological system regions. We developed the 
ranking system from relevant theory regarding how each variable has been associated with a 
social-ecological system’s potential for sustainable resource governance. 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SI Sub-Appendix D. (continued) 

 2 

DIMENSION 1: GOVERNANCE SYSTEM (GS) 
 
Variable 1:  
Operational and collective-choice rules 
 
Position in the SES framework:  
GS6.2; GS6.3 
 
Definition:  
Implementation of practical decisions by individuals authorized or allowed to take these actions 
and the creation of institutions and policy decisions by those actors authorized to participate in 
the collective decision (4). 
 
Theoretical importance:  
Groups that have rules defining roles and responsibilities regulating resource extraction, and how 
such rules can be modified, have been more successful in devising effective governance 
strategies to sustain resource use over time (5, 6). 
 
Indicator 1 of 3:  

-‐ Cooperatives have presence of internal rules about administrative matters, such as fee 
collection, budget allocation, and record keeping. 

Indicator 2 of 3: 
-‐ Cooperatives have presence of internal rules to monitor compliance and sanction rule 

breakers. 
Indicator 3 of 3: 

-‐ Cooperatives have presence of internal rules in regards to catch commercialization, such 
as rules that determine which products are sold by the cooperative, and under what 
conditions.  

 
Rank:  
All three indicators were estimated independently using the following ranking system: 

-‐ 1.00: All the cooperatives have presence of internal operational and/or collective choice 
rules 

-‐ 0.75: Most of the cooperatives have presence of internal operational and/or collective 
choice rules 

-‐ 0.50: Half of the cooperatives have presence of internal operational and/or collective 
choice rules 

-‐ 0.25: Few of the cooperatives have presence of internal operational and/or collective 
choice rules 

-‐ 0.00: None of the cooperatives have presence of internal operational and/or collective 
choice rules 

 
Data source:  
All three indicators were assessed through the survey of key informants (SI Sub-Appendix B). 
The raw data and indicator ranks are reported in Tables S2 and S3. 
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Variable 2:  
Territorial use privileges 
 
Position in the SES framework:  
GS6.1.4 
 
Definition:  
Area-based permanent or limited property rights granted to a formally or informally organized 
group of fishers (1). 
 
Theoretical importance:  
Resource users that hold secure property rights are more likely to find incentives to develop 
governance arrangements promoting long-term resource viability because they have some 
assurance they will be the recipients of the costs and benefits of their actions (7, 8). Area based 
rights are one of the many forms of secure property rights in fisheries (9, 10). 
 
Indicator 1 of 2:  

-‐ Number of fisheries concessions within each region. 
Indicator 2 of 2: 

-‐ Presence of management units for marine species that are under special protection within 
each region.  

 
Rank for indicator 1: 
Ranking for indicator 1 was conducted based on calculations of the following percentiles: the 
median value, i.e., the 50 percentile, was assigned the rank of 0.50; the maximum value was 
assigned the rank of 1.00; and the minimum value was assigned the rank 0.00. The 10 percentile 
was assigned the rank 0.10; the 25 percentile 0.25; the 75 percentile 0.75; and the 90 percentile 
0.90. Values for each of the SES regions were matched with their closest percentile, based on the 
rubric below: 

-‐ 1.00: 18 concessions 
-‐ 0.90: 16.8 concessions 
-‐ 0.75: 4.5 concessions 
-‐ 0.50: 1.5 concessions 
-‐ 0.25: 0.2 concessions 
-‐ 0.10: 0.02 concessions 
-‐ 0.00: 0.00 concessions 

Rank for indicator 2: 
-‐ 1.00: Other management units present 
-‐ 0.00: Other management units absent 

 
Data source:  
Both indicators were assessed through the survey of key informants (SI Sub-Appendix B). The 
raw data and indicator ranks are reported in Tables S2 and S3. 
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Variable 3:  
Fishing licenses 
 
Position in the SES framework:  
GS6.1.2 
 
Definition:  
Policy instrument designed to control inputs into a fishery such the limit of boats, fishing gear, 
and length of use.  
 
Theoretical importance:  
Resource users that hold secure property rights are more likely to engage in resource harvest that 
promotes long-term viability of the resource (7, 8). Fishing permits are one form by which 
fishers gain property rights, such as the right of access and withdrawal (11). In Mexico, fishing 
permits can be given to an individual or a group of people (i.e., a cooperative). Given that one 
permit can be shared among multiple fishers, especially those that are in cooperatives, fishing 
permits cannot be used as direct indicator of the level of secure property rights within each 
region. Instead, we compared the numbers of the fishers with permits to the number of fishers 
without permits as a proxy for the level of secure property rights. We assumed that the greater 
the number of fishers with appropriate permits, the more secure the fishing property rights in the 
region. 
 
Indicator 1 of 1: 

-‐ Ratio of the number of fishers with fishing permits (cooperative members and individual 
permit holders) to the number of fishers without fishing permits (unpermitted fishers, 
a.k.a. pescadores libres) within each region. 

 
Score:  
Ranking for indicator 1 was conducted based on calculations of the following percentiles: the 
median value, i.e., the 50 percentile, was assigned the rank of 0.50; the maximum value was 
assigned the rank of 1.00; and the minimum value was assigned the rank 0.00. The 10 percentile 
was assigned the rank 0.10; the 25 percentile 0.25; the 75 percentile 0.75; and the 90 percentile 
0.90. Values for each of the SES regions were matched with their closest percentile, based on the 
rubric below: 

-‐ 1.00: 77 (i.e., for every 77 fishers with a permit, there is one without a permit) 
-‐ 0.90: 61.34 (i.e., for every 61 fishers with a permit, there is one without a permit) 
-‐ 0.75: 4.25 (i.e., for every 4 fishers with a permit, there is one without a permit)   
-‐ 0.50: 3.39 (i.e., for every 3 fishers with a permit, there is one without a permit) 
-‐ 0.25: 1.33 (i.e., for every fisher with a permit, there is one without a permit)  
-‐ 0.10: 0.45 (i.e., for every fisher with a permit, there are two without a permit) 
-‐ 0.00: 0.34 (i.e., for every fisher with a permit, there are three without a permit) 
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Data sources:  
These data were obtained from CONAPESCA, the National Commission for Aquaculture and 
Fisheries, and included the number of fishers, the number of permits and the number of 
registered boats for each of the five municipalities in BCS for 2010. The municipality scale data 
were disaggregated to the fishing community level in order to calculate SES region specific 
values. Number of fishers without fishing permits was estimated using the number of boats 
registered in the names of individual permit holders multiplied by two, which is a conservative 
estimate of crew size giving that some crews consist of three or more fishers.  
 
Precise information on the number and membership of fishing cooperatives and to some extent, 
individual permit holders (permisionarios), let alone the number of free or unpermitted fishers 
(pescadores libres), is difficult to obtain at the scale of fishing communities due to incomplete 
data, although in theory it is publicly available through the permits registry managed by 
CONAPESCA. The raw data and indicator ranks are reported in Table S2 and S3.  
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DIMENSION 2: ACTORS (A) 
 
Variable 4:  
Diversity of relevant actors 
 
Position in the SES framework:  
A1.1 
 
Definition:  
Type of actors that are present within a particular social-ecological system and participate in or 
interfere with the harvest of the resource. 
 
Theoretical importance:  
The greater the diversity of actors with different interests in relation to the resource units or the 
resource system, the higher the costs of coordination to develop mutually beneficial agreements 
and the greater potential for conflict among competing actors. Thus, the lower the likelihood 
actors will develop effective arrangements to govern resource use (8).  
 
Indicator 1 of 4:  

-‐ Presence of small-scale fishers within each region. 
Indicator 2 of 4: 

-‐ Presence of industrial fishers within each region. 
Indicator 3 of 4: 

-‐ Presence of recreational fishers within each region. 
Indicator 4 of 4: 

-‐ Presence of ecotourism activities such as whale watching, diving/snorkeling, kayaking, 
surfing, windsurfing, kitesurfing, jetskiing, or sailing within each region. 

 
Rank:  
All four indicators were estimated independently using the following ranking system: 

-‐ 1.00: Actors absent 
-‐ 0.00: Actors present 

 
Data source:  
All four indicators were assessed through the survey of key informants (SI Sub-Appendix B). The 
raw data and indicator ranks are reported in Tables S2 and S3. 
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Variable 5:  
Number of relevant actors 
 
Position in the SES framework:  
A1.2 
 
Definition:  
Number of actors that participate in resource harvest activities within a particular social-
ecological system region. 
 
Theoretical importance:  
In general, it is hypothesized that small groups are more likely to resolve a collective action 
problem (12). As group size decreases, interactions between users increase, which consequently 
strengthens the trust among group members and facilitates group cooperation and coordination 
(13). However, empirical studies have found mixed effects of group size on resource use (14, 
15). Given our knowledge of Baja California Sur small-scale fisheries, we suggest that the 
greater the number of fishers, especially independent fishers, more challenging it is for them to 
overcome collective action problems and develop effective arrangements to govern resource use.  
 
Indicator 1 of 2:  

-‐ Number of small-scale fishers registered in the cooperatives within each region. 
Indicator 2 of 2: 

-‐ Estimate of the number of unregistered and/or unpermitted small-scale fishers 
(pescadores libres) within each region. 

 
Ranking for both indicators was conducted based on calculations of the following percentiles: 
the median value, i.e., the 50 percentile, was assigned the rank of 0.50; the maximum value was 
assigned the rank of 1.00; and the minimum value was assigned the rank 0.00. The 10 percentile 
was assigned the rank 0.10; the 25 percentile 0.25; the 75 percentile 0.75; and the 90 percentile 
0.90. Values for each of the SES regions were matched with their closest percentile, based on the 
rubric below: 
 
Rank for indicator 1:  

-‐ 1.00: 47 fishers registered in the cooperatives 
-‐ 0.90: 50 fishers registered in the cooperatives 
-‐ 0.75: 83 fishers registered in the cooperatives 
-‐ 0.50: 127 fishers registered in the cooperatives 
-‐ 0.25: 686 fishers registered in the cooperatives 
-‐ 0.10: 1024 fishers registered in the cooperatives 
-‐ 0.00: 1041 fishers registered in the cooperatives 

Rank for indicator 2:  
-‐ 1.00: 0 unregistered fishers 
-‐ 0.90: 9 unregistered fishers 
-‐ 0.75: 34 unregistered fishers 
-‐ 0.50: 49 unregistered fishers 
-‐ 0.25: 213 unregistered fishers 
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-‐ 0.10: 363 unregistered fishers 
-‐ 0.00: 390 unregistered fishers 

 
Data source:  
These data were obtained from CONAPESCA, the National Commission for Aquaculture and 
Fisheries, and included the number of fishers, the number of permits and the number of 
registered boats for each of the five municipalities in BCS for 2010. The municipality scale data 
were disaggregated to the fishing community level in order to calculate SES region specific 
values. Number of fishers without fishing permits was estimated using the number of boats 
registered in the names of individual permit holders multiplied by two, which is a conservative 
estimate of crew size giving that some crews consist of three or more fishers.  
 
Precise information on the number and membership of fishing cooperatives and to some extent, 
individual permit holders (permisionarios), let alone the number of free fishers (pescadores 
libres), is difficult to obtain at the scale of fishing communities due to incomplete data, although 
in theory it is publicly available through the permits registry managed by CONAPESCA. The 
raw data and indicator ranks are reported in Tables S2 and S3. 
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Variable 6:  
Migration 
 
Position in the SES framework:  
A4.1 
 
Definition: Permanent or semi-permanent change of actor’s residence for any purpose and/or 
reason (16). In our context migration is limited to the permanent or semi-permanent movement 
of actors from or into a location for the purposes of resource harvest. 
 
Theoretical importance:  
Short-term migration of users, such as those only spanning the length of a harvesting season, can 
be driven by resource migration or resource overharvesting in their own localities (17, 18). Rapid 
fluctuation of users within a particular locality may negatively impact users’ incentives and 
ability to self-organize and effectively manage the resource (19), or may disturb already existing 
customary governance systems (20). Short-term users face higher discount rates and thus low 
incentives to invest in costly coordination and negotiation processes to develop governance 
arrangements for sustainable resource use, than long-term resource users (8, 21).  
 
Indicator 1 of 2: 

-‐ Immigration of small-scale fishers to a particular region. 
Indicator 2 of 2: 

-‐ Emigration of small-scale fishers from a particular region. 
 
Rank:  
Both indicators were estimated independently using the following ranking system: 

-‐ 1.00: Migration does not occur 
-‐ 0.00: Migration occurs 

 
Data source:  
Both indicators were assessed through the survey of key informants (SI Sub-Appendix B). 
Migration information by SES region is summarized in the SI Sub-Appendix C and also reported 
in Table S2. 
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Variable 7: 
Isolation 
 
Position in the SES framework:  
A2.1 
 
Definition:  
Relative remoteness of actors in terms of distance or travel time to the market (i.e., the first point 
of commercialization), government agencies or other entities that are relevant for resource 
management or harvest. 
 
Theoretical importance: 
Remoteness or isolation has been linked to autonomy in the common-pool resources literature. 
The more autonomy a group of resource users enjoys from higher-level authorities, the more 
likely they will be to develop rules to govern their common-pool resources without fearing these 
arrangements will be overruled by authorities (8). However, isolation can also increase the costs 
of local resource users’ ability to develop agreements with extra-local actors, like fish-buyers and 
authorities, who directly affect outcomes (22). In sum, in small-scale fisheries, isolation can 
increase incentives for self-organization while increasing costs of developing effective economic 
and political cross-scale linkages with other non-local key actors. For the purposes of this 
analysis, we rank the indicators with the assumption that more isolated communities have greater 
inherent capacity for self-organization. However, we recognize the theoretical ambiguity of this 
variable, and see further exploration of this variable (particularly regarding the value of cross-
system linkages to build local capacity) as a rich area for future work.   
 
Indicator 1 of 5:  

-‐ Presence of governmental agencies in charge of fishery regulations within each region. 
Indicator 2 of 5: 

-‐ Level of governmental authorities present within each region. 
Indicator 3 of 5: 

-‐ Average distance to first points of commercialization. 
Indicator 4 of 5: 

-‐ Average distance to the state capital. 
Indicator 5 of 5: 

-‐ Average distance to the closest municipal capital. 
 
Rank for indicator 1:  

-‐ 1.00: Governmental authorities absent 
-‐ 0.00: Governmental authorities present 

Rank for indicator 2: 
-‐ 1.00: None 
-‐ 0.66: Borough 
-‐ 0.33: Municipal capital 
-‐ 0.00: State capital 
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Ranking for the following 3 indicators was conducted based on calculations of the following 
percentiles: the median value, i.e., the 50 percentile, was assigned the rank of 0.50; the maximum 
value was assigned the rank of 1.00; and the minimum value was assigned the rank 0.00. The 10 
percentile was assigned the rank 0.10; the 25 percentile 0.25; the 75 percentile 0.75; and the 90 
percentile 0.90. Values for each of the SES regions were matched with their closest percentile, 
based on the rubric below: 
 
Rank for indicator 3: 

-‐ 1.00: 113 km 
-‐ 0.90: 97 km 
-‐ 0.75: 50 km 
-‐ 0.50: 20 km 
-‐ 0.25: 0 km 
-‐ 0.10: 0 km 
-‐ 0.00: 0 km 

Rank for indicator 4: 
-‐ 1.00: 813 km 
-‐ 0.90: 802 km 
-‐ 0.75: 525 km 
-‐ 0.50: 280 km 
-‐ 0.25: 155 km 
-‐ 0.10: 48 km 
-‐ 0.00: 36 km 

Rank for indicator 5: 
-‐ 1.00: 263 km 
-‐ 0.90: 250 km 
-‐ 0.75: 133 km 
-‐ 0.50: 72 km 
-‐ 0.25: 33 km 
-‐ 0.10: 17 km 
-‐ 0.00: 14 km 

 
Data source for indicator 1:  
This indicator was assessed through the survey of key informants (SI Sub-Appendix B). The raw 
data and indicator ranks are reported in Table S2. 
Data source for indicator 2:  
These data were downloaded from the Baja California Sur State government website 
(http://spyde.bcs.gob.mx/die_cei_map_del.php). The raw data and indicator ranks are reported in 
Tables S2 and S3. 
Data source for indicator 3, 4, and 5:  
For each region, we calculated an average distance based on distances between each of the 
communities in a region to a first point of commercialization, state capital, and the closest 
municipal capital using Google Earth and Baja California Almanac (23). The raw data and 
indicator ranks are reported in Tables S2 and S3. 
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Variable 8:  
Livelihood diversity potential 
 
Position in the SES framework:  
A2.2 
 
Definition:  
Potential of actors to engage in alternative livelihood activities that can either completely or 
partially supplement income from fishing. 
 
Theoretical importance: 
Those users’ whose economic dependence on the resource is high are more likely to find 
incentives to devise a system of rules that will permit them to use their resource over a long-
term, based on research in a wide range of common-pool resource systems (8, p.206, 24). We do 
not have an indicator to directly measure the extent of livelihood alternatives in each region; 
instead we use the population size of human settlements as a proxy. We assume that urban areas 
offer greater potential for users to engage in alternative livelihood opportunities than rural areas 
given that such areas often have more diversified economies (25, p.139). 
 
Indicator 1 of 1:  

-‐ Total population size of human settlements within each region. 
 
Rank: 
Ranking for indicator 1 was conducted based on calculations of the following percentiles: the 
median value, i.e., the 50 percentile, was assigned the rank of 0.50; the maximum value was 
assigned the rank of 1.00; and the minimum value was assigned the rank 0.00. The 10 percentile 
was assigned the rank 0.10; the 25 percentile 0.25; the 75 percentile 0.75; and the 90 percentile 
0.90. Values for each of the SES regions were matched with their closest percentile, based on the 
rubric below: 

-‐ 1.00: 488 people 
-‐ 0.90: 1,510 people 
-‐ 0.75: 5,165 people 
-‐ 0.50: 9,401 people 
-‐ 0.25: 55,153 people 
-‐ 0.10: 177,188 people 
-     0.00: 221,447 people 

 
 
Data source: 
2010 data on population centers and population density were obtained from INEGI, Mexico’s 
National Institute of Statistics and Geography (26). The raw data and indicator ranks are reported 
in Tables S2 and S3. 
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DIMENSION 3: RESOURCE UNITS (RU) 
 
Variable 9:  
Diversity of targeted taxa 
 
Position in the SES framework:  
RU5.1 
 
Definition:  
Number of taxa harvested by the actors. 
 
Theoretical importance: 
Increased species diversity (and, perhaps concurrently, functional diversity) can increase the 
stability of ecosystem functioning. This is referred to as a portfolio effect (27). For example, 
Worm et al. (2006), in an analysis of several large databases of fish catches, found that species 
diversity increases resistance and recovery from overexploitation (28). Fishery collapses were 
more common in species-poor ecosystems than in species-rich ecosystems. Furthermore, the 
average catches of non-collapsed fisheries were higher in species-rich ecosystems, and recovery 
from fishery collapse was positively correlated with fish diversity. The increased resistance, 
recovery, and productivity of more diverse fisheries may be partially due to fishers’ ability to 
switch more easily between target species as abundances shift – a social-ecological portfolio 
effect (e.g. (29) as cited by (30). 
  
Indicator 1 of 1:  

-‐ Total number of taxa captured and reported to CONAPESCA in 2010 by small-scale 
fishers in each region. Data were assigned to region based on the information on the port 
names and codes provided by CONAPESCA.  
 

Rank:  
Ranking for indicator 1 was conducted based on calculations of the following percentiles: the 
median value, i.e., the 50 percentile, was assigned the rank of 0.50; the maximum value was 
assigned the rank of 1.00; and the minimum value was assigned the rank 0.00. The 10 percentile 
was assigned the rank 0.10; the 25 percentile 0.25; the 75 percentile 0.75; and the 90 percentile 
0.90. Values for each of the SES regions were matched with their closest percentile, based on the 
rubric below: 

-‐ 1.00: 90 taxa 
-‐ 0.90: 89 taxa 
-‐ 0.75: 72 taxa 
-‐ 0.50: 55 taxa 
-‐ 0.25: 40 taxa 
-‐ 0.10: 17 taxa 
-‐ 0.00: 9 taxa 

 
Data source and related notes: 
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These data were obtained from CONAPESCA, the National Commission for Aquaculture and 
Fisheries, and included the monthly total biomass by taxa (to varying level of taxonomic 
classification) and average price paid per kg for a particular taxon and reported to a specific 
CONAPESCA local fishery office. In BCS in 2010, 10 offices reported data. These office-level 
data were disaggregated to the port level in order to match them with the appropriate SES region 
using information reported in (31). 

The CONAPESCA data used for this variable and the next have been extracted from a 
Mexican Pacific wide database maintained by the Centro para la Biodiversidad Marina y la 
Conservación A.C., based in Mexico, and the Center for Marine Biodiversity and Conservation 
of Scripps Institution of Oceanography (see http://datamares.org/ and references (32, 33). 
Landings are classified by an alphanumerical species code, a general species name (analogous to 
functional groups, e.g., sharks, rays, and shellfish), and a species name, which in some cases 
includes information on size and reproductive status of a particular taxon. These latter two 
variables vary considerably) in taxonomic specificity from a single species (e.g., huachinango = 
Lutjanus peru) to a suite of species from the same family (e.g., cochito = Balistes polylepis) or 
order (e.g., mantaraya = Myliobatiformes). The taxa identified by regional common name can 
include more than one species. For example, the geoduck (almeja generosa) refers to both 
Panopea globosa and Panopea generosa. Interviews with fishers, market surveys, personal 
knowledge of the authors, online databases (www.fishbase.org; www.neotropicalfishes.org), and 
published references (34, 35) were used to identify taxa to the possible finest taxonomic 
resolution achievable (e.g., species, genus or family) as of July 2013.  

For this analysis, we focused on 2010, as this is the year for which we have the most 
recent matching fisheries catch and effort data. These data are representative of the full dataset, 
from 1997 to 2010. The 2010 BCS fisheries data were composed of 52,168 records. Each record 
represents the monthly total biomass and average price paid per kg for a particular taxon and 
reported to a specific CONAPESCA fishery office during the 2010 calendar year. These fisheries 
data need to be interpreted with caution as the reporting area for a given office varies and that the 
location of reporting does not necessarily correspond to where the catch were landed or caught. 
Nonetheless, they provide a first approximation of the spatial variation of the fisheries in BCS.  

A small proportion of landings were referred to as ‘unidentified taxa’ in the original 
CONAPESCA dataset. This unidentified category was not included in our count of the taxon 
richness by SES region. Inspection of the 2001 and 2010 landings classified in this way reveal 
that at least 70% of unidentified species were classified as ‘sharks.  

The raw data and indicator ranks are reported in Tables S2 and S3. 
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Variable 10:  
Per capita small-scale fisheries revenue  
 
Position in the SES framework:  
RU4.1 
 
Definition:  
Economic value of resource units in the market, normalized by the number of resource users. 
 
Theoretical importance: 
Resource users that benefit more from the harvest of resources have greater interest in the 
creation of effective governance arrangements and thus are more likely to engage in collective 
action (36, 37). Financial capital also may facilitate creation of social and built capital, and these 
too are characteristics that have been shown empirically to contribute to effective governance of 
fisheries and other common property resources (8, 38, 39). 
 
Indicator 1 of 1:  

-‐ Total revenue (2010 USD) generated by small-scale fisheries landings and reported to 
CONAPESCA in 2010, divided by the total number of fishers in each region. 

 
Rank:  
Ranking for indicator 1 was conducted based on calculations of the following percentiles: the 
median value, i.e., the 50 percentile, was assigned the rank of 0.50; the maximum value was 
assigned the rank of 1.00; and the minimum value was assigned the rank 0.00. The 10 percentile 
was assigned the rank 0.10; the 25 percentile 0.25; the 75 percentile 0.75; and the 90 percentile 
0.90. Values for each of the SES regions were matched with their closest percentile, based on the 
rubric below: 

-‐ 1.00: $22,243 
-‐ 0.90: $20,107 
-‐ 0.75: $14,912 
-‐ 0.50: $9,061 
-‐ 0.25: $3,285 
-‐ 0.10: $1,391 
-‐ 0.00: $986 

 
Data source: 
These data were obtained from CONAPESCA, the National Commission for Aquaculture and 
Fisheries, and included the monthly total biomass by taxa (to varying level of taxonomic 
classification) and average price paid per kg for a particular taxon and reported to a specific 
CONAPESCA local fishery office. These office-level data were disaggregated to the port level in 
order to match them with the appropriate SES region. In BCS in 2010, 10 offices reported data. 
Per capita revenue per SES region was calculated by dividing the total revenue by the total 
number of fishers. The total number of fishers was estimated as described under Variable #3, 
above. The raw data and indicator ranks are reported in Tables S2 and S3. 
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DIMENSION 4: RESOURCE SYSTEM (RS) 
 
Variable 11:  
System productivity, a type of biophysical factor 
 
Position in the SES framework:  
RS4.1 
 
Definition:  
Oceanographic, biogeographic or geomorphological factors affecting the magnitude or rate of 
production of resource units [adapted from (1)].  
  
Theoretical importance:  
The primary productivity of a system has important implications for the level of sustainable 
resource extraction and governance. In marine ecosystems, primary productivity may be 
estimated by either the abundance or the rate of production of phytoplankton; both parameters 
are fundamentally driven by the availability of light and nutrients (40). More productive marine 
ecosystems may yield more abundant fisheries yields than less productive ecosystems (41), 
although the empirical evidence for the positive effect of primary productivity on higher trophic 
levels is mixed (42). Resources with low productivity make significantly more institutional 
demands on local governance systems especially if the rate of resource depletion is high (43). 
 
Indicator 1 of 1:  

-‐ Mean chlorophyll-a concentration (micrograms/l; averaged monthly values per SES 
region from 2000-2010). 

 
Rank:  
Ranking for indicator 1 was conducted based on calculations of the following percentiles: the 
median value, i.e., the 50 percentile, was assigned the rank of 0.50; the maximum value was 
assigned the rank of 1.00; and the minimum value was assigned the rank 0.00. The 10 percentile 
was assigned the rank 0.10; the 25 percentile 0.25; the 75 percentile 0.75; and the 90 percentile 
0.90. Values for each of the SES regions were matched with their closest percentile, based on the 
rubric below: 

-‐ 1.00: 2.73 µg/l 
-‐ 0.90: 2.70 µg/l  
-‐ 0.75: 2.25 µg/l  
-‐ 0.50: 1.50 µg/l  
-‐ 0.25: 1.14 µg/l  
-‐ 0.10: 0.85 µg/l 
-‐ 0.00: 0.84 µg/l 

 
Data sources: 
To quantify spatial variation in the magnitude and temporal variability of marine primary 
productivity throughout the study region, we used satellite observations to calculate the long-
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term mean and the coefficient of variation (CV) of chlorophyll-a (chl-a) between 2000 and 2010 
for each SES region. The grand means of the chl-a values for the ten years were not significantly 
different than one another (ANOVA: P>0.05), and thus we chose to analyze fisheries data from 
2010 as a recent, representative year. Coastline data was acquired from the NOAA World Vector 
Shoreline dataset (44). Mean chl-a values from 2000 to 2010 were obtained from 15-day 
composites of merged MODIS Terra and MODIS Aqua daytime 1-km-resolution satellite 
observations (45). The raw data and indicator ranks are reported in Tables S2 and S3.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SI Sub-Appendix D. (continued) 

 18 

 
 
Variable 12:  
System size 
 
Position in the SES framework:  
RS3 
 
Definition:  
Absolute or relative descriptions of the spatial extent of a resource system. 
 
Theoretical importance:  
The size of the resource system has several implications for resource governance given that it 
impacts the availability of information (38), distribution of costs and benefits (46), and collective 
action potential (1). General findings suggest that the increase in resource system size limits 
actors’ ability to devise effective governance arrangements (8). 
 
Indicator 1 of 1:  

-‐ Area (km2) of the fishing grounds. 
 
Rank:  
Ranking for indicator 1 was conducted based on calculations of the following percentiles: the 
median value, i.e., the 50 percentile, was assigned the rank of 0.50; the maximum value was 
assigned the rank of 1.00; and the minimum value was assigned the rank 0.00. The 10 percentile 
was assigned the rank 0.10; the 25 percentile 0.25; the 75 percentile 0.75; and the 90 percentile 
0.90. Values for each of the SES regions were matched with their closest percentile, based on the 
rubric below: 

-‐ 1.00: 3.94 x 108 km2 
-‐ 0.90: 7.43 x 108 km2 
-‐ 0.75: 1.65 x 109 km2 
-‐ 0.50: 2.82 x 109 km2 
-‐ 0.25: 6.66 x 109 km2 
-‐ 0.10: 1.03 x 1010 km2 
-‐ 0.00: 1.11 x 1010 km2 

 
Data source: 
The extent of the fishing grounds for each region was estimated based on interviews with experts 
and/or fishers from each of the regions. This information was entered into ArcGIS, which was 
used to calculate the area. The raw data and indicator ranks are reported in Table S2 and S3. 
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Variable 13:  
System predictability 
 
Position in the SES framework:  
RS6 
 
Definition:  
Degree to which actors are able to forecast or identify patterns in environmentally driven 
variability on recruitment (1).  
 
Theoretical importance:  
Predictability of systems dynamics affects the ability of actors to generate knowledge about the 
system’s functioning and thus devise appropriate governance schemes. Greater predictability 
may increase the likelihood that actors will devise strategies that will sustain resource use over 
time (1). We do not have an indicator to directly measure the extent of actors’ knowledge about 
system dynamics; instead we use coefficient of variation of the mean chlorophyll-a, a well 
established proxy for marine primary productivity, as the indicator (40). Variation in primary 
productivity can have major influences on the diversity, species abundances, and productivity of 
marine biological communities (47, 48). We assumed that the lower the coefficient of variation, 
the greater the predictability of system dynamics. 
 
Indicator 1 of 1:  

-‐ Coefficient of variation of the long-term mean chlorophyll-a for each region. 
 
Rank:  
Ranking for indicator 1 was conducted based on calculations of the following percentiles: the 
median value, i.e., the 50 percentile, was assigned the rank of 0.50; the maximum value was 
assigned the rank of 1.00; and the minimum value was assigned the rank 0.00. The 10 percentile 
was assigned the rank 0.10; the 25 percentile 0.25; the 75 percentile 0.75; and the 90 percentile 
0.90. Values for each of the SES regions were matched with their closest percentile, based on the 
rubric below: 

-‐ 1.00: 20.20 
-‐ 0.90: 27.80 
-‐ 0.75: 47.43 
-‐ 0.50: 58.19 
-‐ 0.25: 67.89 
-‐ 0.10: 99.20 
-‐ 0.00: 109.20 

 
Data sources: 
To quantify spatial variation in the magnitude and temporal variability of marine primary 
productivity throughout the study region, we used satellite observations to calculate the long-
term mean and the coefficient of variation (CV) of chlorophyll-a (chl-a) between 2000 and 2010 
for each SES region. The grand means of the chl-a values for the ten years were not significantly 
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different than one another (ANOVA: P>0.05), and thus we chose to analyze fisheries data from 
2010 as a recent, representative year. Coastline data was acquired from the NOAA World Vector 
Shoreline dataset (44). Mean chl-a values from 2000 to 2010 were obtained from 15-day 
composites of merged MODIS Terra and MODIS Aqua daytime 1-km-resolution satellite 
observations (45). The raw data and indicator ranks are reported in Tables S2 and S3.  
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