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EXECUTIVE SUMMARY 

On a global scale, marine protected areas (MPAs) have become an increasingly 

common tool for marine conservation. While numerous studies have provided evidence 

of the positive ecological impacts of MPAs, fewer research efforts have focused on how 

MPAs affect local fisheries and communities. Recent studies suggest that social 

impacts vary widely within and across communities near MPAs and there is still a lack 

of understanding of the mechanisms driving these differences. These knowledge gaps 

are partially due to a lack of data, but also because MPAs are situated in complex 

social-ecological systems, the structures and functions of which can be difficult to 

untangle and require different types of data to understand.  

With this study, I aim to bring disparate data sources into conversation with each 

other to gain a more comprehensive understanding of the impacts of MPAs on social 

and ecological systems. I use three sources of data, including interviews with MPA 

managers and one key informant from a non-governmental organization (NGO), data on 

fish abundance and biomass at ecological monitoring sites in the MPAs collected by 

local NGOs, and data from self-reported fishery landings provided by the National 

Fisheries and Aquaculture Commission of Mexico. Using these existing data, I aim to 

provide some insight about three MPA cases in the Gulf of California: Cabo Pulmo 

National Park, Loreto Bay National Park, and Espíritu Santo National Park. Specifically, 

I aim to identify perceived impacts of the MPAs, ecological changes, and trends in 

small-scale fisheries landings over time, and compare results across the three MPAs. 

 The interviews are useful to understand attitudes and opinions about the success 

of these MPAs, but provide an incomplete view as they do not offer information about 

residents’ and resource users’ perceptions of the parks. The ecological monitoring data 

allows us to see how fish abundance and biomass change over time in the MPAs and 

compare the effectiveness of no-take areas to take areas in the parks. However, as 

monitoring data is only available for a few years it is difficult to identify trends over time. 

The fisheries landings data, while it offers an opportunity to study trends over a longer 

period, presents challenges due to inconsistent collection and unknown accuracy.  

I used a mixed methods approach in my data analyses to explore community, 

ecological, and fishery changes surrounding the establishment of the three MPAs. In the 
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analysis of the interviews I used NVivo software to categorize the perceived impacts of 

each MPA by type: ecological, fishery, or social. Then I used regression analysis to 

illuminate changes in two ecological indicators, biomass and abundance of commercial 

fish in each park and in both take and no-take zones, as well as changes in small-scale 

fisheries landings over time.  

 The interviews indicate that the MPA managers and key informants from NGOs 

perceived mostly positive social impacts, some negative and positive ecological effects, 

and benefits to fisheries from the three parks. The results of the ecological data analysis 

are inconclusive; significant changes in abundance and biomass are mostly 

undetectable. The analysis of the small-scale fisheries landing data suggest a) the total 

weight of finfish landed at sites surrounding these parks varies and fluctuates across the 

time series, b) catch per unit effort may be increasing around Cabo Pulmo and Espíritu 

Santo, and c) fishers generally seem to be earning less value per unit weight of finfish 

over time.  

 Yet, it is important to consider the findings of this study are limited. The nature of 

the data and analyses do not allow us to attribute observed changes to the MPAs, but 

rather offer insight about potential impacts. I recommend further investigation of the 

trends highlighted through this exploratory analysis to gain a stronger understanding of 

the effects of the three MPAs studied here. Revised methods and additional data would 

add strength to these analyses and have the potential to elucidate more conclusive 

results. Gaining a deeper understanding of the interplay between MPAs and local 

social-ecological systems through multi-method studies like this will allow conservation 

planners to enhance the success of MPAs in protecting ocean resources and benefitting 

coastal communities.  
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INTRODUCTION 

On a global scale, MPAs have become an increasingly common conservation 

tool in marine environments since the end of the 20th century (Agardy, 1999). Recent 

evaluations of MPAs suggest that they produce positive effects for marine ecosystems 

and biodiversity, including improved coral recruitment and reduced coral loss, increased 

species diversity, abundance and richness, increased biomass, and increased size and 

reproductive fitness of organisms (Halpern, 2003; Lester et al., 2009; Mumby et al., 

2007; Selig & Bruno, 2010). While the term MPA can signify almost any legal 

arrangement that limits human activities within a given space, the most significant 

benefits are usually associated with MPAs that are classified as “no-take” or marine 

reserves, where the extraction of marine resources is prohibited or strictly limited (Edgar 

et al., 2014; Lester et al., 2009).  

Yet, beyond the positive ecological impacts often cited as evidence of MPA 

success, there is not a great depth of knowledge about the impact of MPAs on local 

fisheries and communities (Cinner, 2007; Fox et al., 2012; Halpern, et al 2015). 

Regarding effects on fisheries, some research has provided evidence for increased 

catch and catch per unit effort (CPUE) in areas adjacent to reserves (Roberts, 2001; 

Russ & Alcala, 1996; Russ et al., 2004). This has been explained by the spillover effect, 

whereby increases in species diversity and abundance occur in areas surrounding 

marine reserves as well as within their boundaries (Russ & Alcala, 2011). Other impacts 

of MPAs on fisheries discussed in the literature include altered fishing behaviors and 

reduced fishing effort (e Costa et al., 2013), but it is unclear how widespread these 

effects are.  

Recently there has been a push to learn more about the ways MPAs interact with 

social systems (Halpern et al., 2015; Mascia, Claus & Naidoo, 2010). There is a small 

body of research suggesting MPAs can have diverse impacts on local communities. For 

example, Mascia, Claus & Naidoo (2010) argue for the possibility that MPAs can have a 

positive effect on food security and contribute to the social and political empowerment of 

local communities, but can also negatively affect some members such as fishers. A 

study by Darling (2014) found that marine reserves did not affect household food 

security, but rather food security was explained by wealth and livelihood. Additionally, 
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MPAs may indirectly affect social conditions through changes in governance 

arrangements, economic structures or other processes (Basurto et al., 2016; Cinner, et 

al., 2007; Pollnac et al., 2010; West, 2006). Overall it seems social impacts vary widely 

within and across communities near MPAs and the mechanisms driving these 

differences are not well understood (Mascia & Claus, 2009).  

These knowledge gaps are in part, due to a lack of reliable data, but they also 

reflect that each MPA is situated within intricate social-ecological systems, the 

structures and functions of which can be difficult to untangle. Considering the complex 

interactions between social and ecological components in environmental management 

and conservation, it is remarkable how rarely research efforts addressing the impacts of 

MPAs on ecosystems, fisheries and social systems are in communication with each 

other. Few studies have taken multidisciplinary approaches to assessing the impacts of 

MPAs on these intertwined systems. Research on the Great Barrier Reef Maine Park 

investigated the links between governance structures and ecosystem goods and 

services (Ban et al., 2015). In a larger study of 56 marine reserves, Pollnac et al. (2010) 

found that protected area performance is influenced both by reserve design and 

socioeconomic attributes of local communities. The influence of management capacity 

on MPA outcomes has also been studied (Gill et al., 2017). These studies highlight the 

need to understand the social-ecological conditions in which MPAs are located, as well 

as the role of external factors in MPA performance (Ban et al., 2015; Pollnac et al., 

2010).  

In view of the multidirectional feedback networks between MPA management 

and social-ecological settings, it is necessary to characterize local natural and social 

systems, and examine the ways they change over time before and after MPAs are 

established to understand the drivers behind MPA impacts. With this study, I aim to 

synthesize data from various sources to provide a preliminary analysis of changes in 

ecosystems, fisheries and social conditions surrounding MPAs. Using existing data from 

interviews with MPA managers and key informants, ecological monitoring surveys, and 

small-scale fisheries landing reports, I aim to provide some insight about three MPA 

cases in the Gulf of California (hereafter the GOC): Cabo Pulmo National Park, Loreto 

Bay National Park, and Espíritu Santo National Park. Specifically, I have set out to 
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answer the following research questions through this study: 1) What are the impacts of 

these parks as perceived by MPA managers and key informants? 2) What ecological 

changes have been observed in and around the MPAs? 3) How have small-scale 

fisheries changed over time before and after these MPAs were established? and 4) How 

do trends observed in each of these MPAs compare with each other? By exploring 

these questions, I hope to contribute to a deeper understanding of the social-ecological 

systems in which these MPAs are situated, and facilitate future inquiry about the 

effectiveness of these areas.    

METHODS 

Study Area 

The Gulf of California is one of the richest oceanic regions in the world in terms 

of biodiversity and productivity (Brusca, 2010). This semi-enclosed sea encompasses a 

range of ecosystems and habitats including estuaries, rocky and coralline reefs, 

mangroves and seagrass beds, and pelagic waters. Over 900 islands and islets as well 

as other geomorphic features contribute to the gulf’s various habitats that are home to 

around 6,000 known animal species, many of which are endemic (Brusca, 2010; 

Enríquez-Andrade et al., 2005; Lluch-Cota et al., 2007; Páez-Osuna et al., 2016). Over 

900 species of fish, 36 marine mammals—which make up 40% of the world’s marine 

mammal diversity—and 5 sea turtles inhabit the GOC (Hastings et al., 2010; Urbán, 

2010).  

The biological productivity and diversity of the GOC have made this region 

extremely important for fisheries (Cisneros-Mata, 2010). The indigenous peoples of the 

region have been reliant on the GOC’s fisheries resources for thousands of years 

(Cariño, 1996). Today, both small-scale and industrial fisheries occur in this region. 

Small-scale fisheries (hereafter SSFs) are those using manually operated fishing gear 

from small fiberglass boats called pangas, which are usually 8–9 meters in length with 

outboard motors (Cinti et al., 2010). Industrial fisheries are operations using larger 

vessels, such as shrimp trawlers (Cisneros-Mata, 2010).  

About half of Mexico’s fisheries are in the GOC, and in 2002 the total landings 

accounted for about a third of the country’s fisheries value (Cisneros-Mata, 2010). In 
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2005 it was estimated that over 500 thousand tons of fish, shellfish and other 

commercial species were landed annually in the GOC; the value of these landings was 

over 300 million US dollars (Enríquez-Andrade et al., 2005). Many of the coastal 

communities in the GOC are founded on, and still depend economically and socially 

upon SSFs, which have transformed dramatically over the last half century; the number 

of targeted species, participating fishers, and ecological and economic impacts of SSFs 

have all increased significantly since the mid-1900s (Cudney-Bueno et al., 2009).  

As the impacts of these fisheries have intensified, the health of some populations 

and ecosystems seems to have declined. Mexico’s federal fisheries research agency, 

the National Institute of Fisheries (INAPESCA) reported in their 2012 stock assessment 

that 51% of the fisheries on the country’s western coast were being fully exploited and 

25% were experiencing overfishing (INAPESCA, 2012). Multiple other studies of 

commercial fish populations have also provided evidence of decreasing abundance and 

size structures within fish populations in the GOC (Arreguín-Sánchez & Arcos-Huitrón, 

2011; Erisman et al., 2010; Fraga & Jesus, 2008; Sáenz-Arroyo et al., 2005; Sala et al., 

2004). In addition to declining fish stocks, there are also growing concerns about 

physical damage to the environment caused by fishing gear, and negative interactions 

with other marine fauna, such as the entanglement of marine mammals, turtles and 

seabirds (Cisneros-Mata, 2010).  

Since the early 1990s, various conservation organizations and academic 

institutions have identified overfishing in the GOC as a major threat to the diversity and 

productivity of the region (Cudney-Bueno et al., 2009; Enríquez-Andrade et al., 2005). 

MPAs have been pursued as a solution to conserve the gulf’s natural resources and 

enhance economic well-being (Cudney-Bueno et al., 2009; Uribe et al., 2010). Mexico 

has established 11 MPAs in the GOC, which are mainly managed and regulated by the 

National Commission of Natural Protected Areas (known as CONANP) (Cudney-Bueno 

et al., 2009). In the next section, I will outline the history of the three MPAs investigated 

in the present study.   
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Focal MPAs: Cabo Pulmo National Park, Bahía de Loreto National Park, and Espíritu Santo 
Archipelago National Park 

 A presidential decree established Cabo Pulmo National Park (hereafter referred 

to by its Spanish acronym, PNCP) as a protected area on June 6, 1995 (“Decreto”, 

1995). Cabo Pulmo is located in the municipality of Los Cabos in the state of Baja 

California Sur (BCS) (see Figure 1) (CONANP, 2006). It lies on the eastern coast of the 

southern tip of the Baja California peninsula, and has a total area of 7111.01 hectares; 

99% of the area is the marine portion of the park and the remaining 1% is terrestrial. 

(CONANP, 2006). PNCP encompasses the only true coral reef community in the GOC, 

which is estimated to be approximately 20,000 years old and provides habitat for a high 

diversity of reef fish and other taxa (Robinson & Thomson, 1992).  

The protection of this area was in response to recognized deterioration of the 

reefs due to pressure from human activities like commercial and recreational fishing, 

diving and tourism (“Decreto”, 1995). The area is divided into three zones with various 

use regulations: “restricted use zones”, “sustainable natural resource use zones” and 

“public use zones” which make up 31.5%, 64.5% and 0.4% of the parks total area, 

respectively (CONANP, 2006). All extractive activities are prohibited in the restricted 

use zones, limited extractive activities are allowed only with permits in the sustainable 

natural resource use zones, and the public use zone allows for the development of 

infrastructure for tourism or recreation with a permit, but prohibits fishing or aquaculture 

of any type (CONANP, 2006).  

 Bahía de Loreto National Park (hereafter referred to as PNBL for its Spanish 

acronym) was established by presidential decree on July 19, 1996 (“Aviso”, 2002). The 

MPA encompasses five islands off the coast of the city of Loreto in BCS, with a total 

surface area of 206,580.75 hectares, including both marine and terrestrial zones (see 

Figure 1) (“Aviso”, 2002). Action was taken to protect this area because of its high 

diversity of habitats and species, and due to the strong interest of local fishing 

communities in protecting fisheries and other natural resources from destructive 

activities such as shrimp trawling (“Aviso”, 2002). Like PNCP, PNBL is also divided into 

multiple zones including “protection zones,” “restricted use zones”, and “sustainable 

natural resource use zones” (“Aviso”, 2002).   
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 More recently, on October 5, 2007, a presidential decree established a national 

park around the Espíritu Santo Archipelago (hereafter referred to as PNES) (“Decreto”, 

2007). The park is located offshore from the La Paz Bay surrounding Espíritu Santo 

Island, Partida Island and a few smaller islets in southern BCS (see Figure 1). It has a 

Figure 1: Map of MPA study sites. 



12 
 

surface area of almost 48,655 hectares, which only pertains to the marine area around 

the archipelago (“Decreto” 2007). Several polygons make up the total area; three core 

zones make up just over 666 hectares, and their respective buffer zones constitute 

another 47,988.43 hectares. Making up approximately 1.4% of the total area, the core 

areas are designated “no-take” zones, where all extractive activities are prohibited. The 

management plan for PNES was released in 2015, and established zonation outside of 

the core zones. Some other areas of the park allow fishing with permits and specified 

gear types.  

 Data Collection and Analysis 

 In this study, I used three types of data derived from several sources (refer to 

Table 1). The first data set consists of qualitative data from semi-structured interviews 

with MPA managers and key informants about each MPA and its perceived impacts, 

conducted in 2012 and 2013 by Mateja Nenadovic of the Duke University Marine 

Laboratory. The second group of data sets was gathered during annual ecological 

monitoring surveys of each MPA, conducted between 2005 and 2014 by two non-

governmental organizations (NGOs) that work closely with the Mexican government to 

manage the protected areas. The third data set was provided by Mexico’s National 

Fisheries Commission (CONAPESCA), the federal agency responsible for fisheries 

management, and consists of landing reports from the GOC from 1998 to 2009.  

 

Table 1: Metadata on data used in study 

 

 

Data Type  Description  Data Range  Data Source 

Interviews  14 semi-structured interviews with MPA 
managers and key informants covering 
MPA creation processes, community 
participation, and perceived impacts.  

2012-2013 Mateja Nenadovic, 
Duke Marine 
Laboratory 

Ecological 
Monitoring 

Field observations of ecological indicators 
within each MPA (species abundance and 
biomass).  

PNCP: 2007-2011 
PNBL: 2008-2011 
PNES: 2005-2014 

Comunidad y 
Biodiversidad, A.C.; 
Sociedad de Historia 
Natural Niparajá, A.C. 

Fishery 
Landings  

Self-reported data on fish landings from 
small-scale fisheries in the GOC, including 
date, species, weight, value, permit 
information, and location.  

April 1998- 
November 2009 
(no data from 
2007) 

CONAPESCA 
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Analysis of Interviews 

 To understand the perceptions of how MPAs have impacted local social-

ecological systems, I undertook a qualitative analysis of interviews with various 

individuals with key roles in the development, management, and/or monitoring of PNCP, 

PNBL, or PNES. The interviewees were current or previous park directors employed by 

CONANP as well as one informant from a NGO that participated in management and 

monitoring activities of the parks. The interviews were collected prior to this study in 

2012 and 2013, and constitute part of an information archive developed by Mateja 

Nenadovic who has conducted research in all three MPAs referenced above and who 

kindly gave me access for this study (Nenadovic, 2015). In total, 14 interviews were 

collected by the same interviewer using a semi-structured interview format (refer to 

Nenadovic, 2015 for methods). Typically, the interviewees were asked to discuss the 

MPA’s creation process, the community’s awareness of associated regulations, 

decision-making arrangements, community participation, and social and ecological 

impacts. Following collection, five individuals including myself and the interviewer 

recorded and transcribed the interviews.  

My analysis of these 14 interviews consisted of first identifying the segments in 

which interviewees were asked to discuss any impacts they associated with the MPA 

(see Appendix B for the questions used in this study). Once I identified these segments, 

I used NVivo software to analyze the interview transcriptions for specific impacts that 

were perceived. I categorized the impacts by type, ecological, fishery, or social, where 

‘fisheries’ refers specifically to SSFs. I classified economic impacts other than those 

related directly to fisheries as social impacts. I also categorized impacts by whether they 

were perceived as positive or negative.  

Analysis of ecological monitoring data 

The ecological monitoring data I used for this study were collected and provided 

for this study by two non-governmental organizations, Comunidad y Biodiversidad, A.C. 

(COBI) and Sociedad de Historia Natural Niparajá, A.C (hereafter Niparajá). These two 

organizations partner with CONANP in the monitoring of the MPAs in question, and 

perform ecological monitoring surveys in each of the MPAs on an annual basis. COBI is 

the organization that conducted ecological monitoring activities in PNCP and PNBL, 
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while Niparajá is responsible for monitoring in PNES. The monitoring activities consist of 

ecological data collection by scientific divers using several surveys: band transects, 

cylinder surveys, and timed dive surveys. The specific survey methods and study site 

locations are provided in the monitoring protocol produced by COBI (refer to Fernández-

Rivera Melo et al., 2012).  

The specific data I used in the analysis were observations of two ecological 

indicators collected using the band transect survey method: abundance (number of 

individuals observed per transect) and biomass (kilograms per transect) of commercial 

fish. There is one observation value for each indicator in each survey transect, which 

are 30 meters long by 2 meters wide. I elected to use these data because the collection 

method was consistent for all three parks across all years, which allowed me to perform 

the same analyses for each MPA. For PNCP data is available for 2007 to 2011, and 

from 2008 to 2011 for PNBL. For Espíritu Santo, the available data ranges from 2005 to 

2014. Each monitoring site in Cabo Pulmo and Bahía de Loreto were surveyed every 

year of the data range, so I included all available data in my analysis. For PNES, out of 

15 total monitoring sites, 8 were surveyed consistently in all years of the data range, so 

I used only the data from these sites in my analysis.  

Using R software, I ran linear regression models on the observations from each 

monitoring transect using the year as the predictor variable and abundance, biomass, 

and richness as the dependent variables. I ran these regressions with the observations 

grouped by MPA, then by treatment (transects in take or no-take areas within the MPA) 

to explore changes over time in these variables. I then calculated the annual means and 

standard deviations for each variable across all monitoring sites in each park, and 

across treatments in each park. I scaled the resulting means and standard deviations of 

abundance and biomass to values per hectare from values per transect area (60 m2).  

Analysis of fishery landings 

 To examine trends over time in catch per unit effort (CPUE) in small scale 

fisheries surrounding the three MPAs, I used landing report data from CONAPESCA 

(CONAPESCA, 1998-2009). Fisheries regulations in Mexico require that all fish 

landings are reported to CONAPESCA as soon as possible after the landing occurred. 

Landings are self-reported to CONAPESCA by the fishing permit holder, and the reports 
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require information on the permit holder, the permit used, boats used, launching 

location, and the weight (in kilograms) and price per unit (in pesos per kilogram) of each 

species landed. 

 For my analysis, I used a subset CONAPESCA’s fishery landing data, including 

data from 1998 to 2009, which was available in a previously prepared dataset. This 

subset includes only catch in the SSF sector in locations within or near the three MPAs 

of interest. This dataset was prepared prior to this study, by first selecting landing sites 

where fishermen would have been most likely to be fishing within or just outside of the 

MPAs. For PNCP, the landing sites selected were those directly outside the MPA, as 

commercial fishing is prohibited within the park. For PNBL, the landing sites included 

were those within the park’s boundaries and just outside the perimeter. For PNES, the 

landing sites where fishers reported Espíritu Santo Island as a fishing zone were 

included. Additionally, SSF reports were selected from the fishing sector variable.  

I decided to focus my analysis of trends in CPUE over time only on finfish 

landings, due to high variability in catch under other types of permits such as shark, 

shellfish, shrimp, squid and urchin. Most importantly, this made sense because finfish 

landings comprised 79.9% of the total landing reports in the dataset, and 38.6% of the 

total weight landed, even though it is only one of 13 permit categories. Additionally, 

focusing on change in finfish CPUE over time would allow for more meaningful 

comparison to trends in the ecological monitoring data, which focuses primarily on 

commercial finfish species. 

As my overarching goal was to explore trends in fisheries CPUE over time, there 

were several steps to prepare the data for analysis. First, I had to choose the 

appropriate variables to calculate a reasonable unit of effort. The only variables in the 

dataset that could be used to estimate effort were the number of boats used and 

number of days fished, which when multiplied would provide boat days as a unit of effort 

by which to standardize the total weight of landings per report. However, given that 

there were numerous missing values for the number of boats registered under each 

permit, and the number of days fished for a given landing report, I elected to predict 

missing values for these variables to make the calculation of CPUE possible. 
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In the case of the number of boats variable, the missing values made up 19.1% 

of the data, and were spread throughout the temporal range. To predict the number of 

boats registered for a specific permit type, I used a systematic approach in which I 

replaced each missing value with the value reported on the closest date that the same 

permit holder reported landings for that permit type. This method was used because the 

number of boats used by a single permit holder was fairly consistent over time. In the 

case of the number of days fished, 78.6% of the data entries were missing values 

because the number of days fished was not recorded in landing reports until February of 

2008. After this date, most reports included number of days fished. To predict the 

number of days fished where it was not reported (April 1998 - January 2007), I used a 

multiple linear regression to identify other factors in the data that had a significant effect 

on the number of days fished and model days fished based on these factors. I then 

applied the resulting predictive model to the dataset to fill in the missing values.   

 Using the selected data for finfish, I calculated the CPUE for each landing report 

by dividing the weight landed by the number of boat days (number of boats multiplied by 

days fished) to produce a unit of kilograms per boat day. After this step, the data were 

separated by protected area, such that analysis of change in each variable over time 

would reflect trends for each individual MPA. For each MPA, I ran several linear 

regressions with time as the predictor variable against the following dependent 

variables: total weight landed, total value landed, the ratio of total value to total weight, 

and CPUE. I ran each regression with two different time steps: first with the 

observations aggregated by month, and then by year across the entire temporal range 

of the data, where each observation corresponds to a single landing report. The monthly 

time step is the finest temporal scale I could use because of the inconsistent nature of 

landing reports. By using a yearly time step, I hoped to remove some of the seasonal 

effects in the data.  

 There were multiple assumptions made in this analysis that should be 

considered. First, for the calculations of total landing weight and CPUE I assumed that 

the reported landings of finfish include all landings from our study areas. Second, 

because the uncertainty of this data is unknown, I assumed the data reported on 

weights, values, number of boats, and days fished are accurate. As the calculations 
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were carried out at monthly and yearly time-steps, I also assumed that the month when 

each landing report was made corresponds with the true month the fish were landed. By 

choosing to use boat days as the unit of effort in the analysis, I assumed all boats exert 

an equal amount of effort per day. This means the analysis did not account for 

differences in boat size, capacity, skill levels of captains and crews, gears used, amount 

of time spent actively fishing, or other factors that may contribute to fishing effort. The 

fact that no data is available for 2007 also adds a limitation to the analysis.  

 Additionally, it is important to note that linear regression analyses of these data 

were intended only as a first pass approach to illuminate possible trends over time. 

Because the data do not come from independent populations, nor meet the normality 

and heterogeneity requirements for regression analysis, regression analysis cannot be 

used to conclusively describe trends in the data or predict any future or past values. 

After highlighting potential trends through this approach, it will be necessary to 

undertake other methods to define the significance of trends in the data.  

RESULTS 

Perceived Impacts of MPAs 

Of the 14 interviews conducted, 10 contain information addressing the impacts 

that the interviewee associated with the MPA in question: four regarding PNCP, three 

regarding PNBL, and three regarding PNES. For PNCP and PNBL, the interviewees 

include former and current park directors. For PNES, interviews were conducted with 

former and current directors as well as one employee of Niparajá who works closely 

with park monitoring. In the next sections, I will discuss the impacts identified for each 

park in each of the thee focus areas: ecological, fishery, and social. 

Interview Results: Cabo Pulmo 

Perceived Ecological Impacts  

 The ecological impacts discussed in the interviews about Cabo Pulmo do not 

focus as much on the recovery of the ecosystem as on the negative impacts associated 

with the increase of tourism in the area after the park’s establishment. Specific 

examples mention the deterioration of reefs at diving sites and degradation of habitat for 

nesting sea turtles from camping, littering, and driving on beaches. One park director 
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also mentions hotel development negatively impacting beaches and estuaries in the 

area. The only positive impact discussed is the export of species from the park to other 

locations, but with the caveat that this effect has not yet been quantified.  

Perceived Fisheries Impacts  

 As for impacts to local fisheries, the interviews indicate that there are mixed 

feelings within the community about whether the fishermen have benefitted from the 

park. According to one director, some fishermen from the local community are opposed 

to the park because they wish to continue fishing in the area. However, another director 

explains that while some fishermen might say the park has not benefitted them, they will 

also admit that if the park had not been established, there would no longer be a fishery. 

A third director mentions fishers have noticed more fish near the borders of the MPA in 

the last 10 or 15 years, and go there to fish. Yet, it is also noted in one interview that 

fishing activity has decreased as some fishers have converted to the provision of 

tourism services. 

Perceived Social Impacts  

 Several positive social impacts of PNCP are identified in the interviews. There 

are multiple mentions of the benefits to the local community in terms of increased 

income from tourism as well as from government subsidies intended to assist in the 

diversification of economic activities. Additionally, there is a perception that the park has 

benefitted the nearby town of La Ribera by attracting investments in real estate and 

tourism there. It is also mentioned that the park has provided an opportunity for the 

development of human capital in the community; some residents of the area have been 

trained as field technicians by organizations like COBI, which has allowed them to 

obtain work abroad and gain contacts with the government or researchers.  

Interview Results: Bahía de Loreto 

Perceived Ecological Impacts  

 The interviews indicate that managers and scientists have not yet been able to 

determine the ecological impacts of the park. One former park director mentions that it 

is hard to gauge what the effects of the park have been because there is a lack of 

understanding of what the baseline conditions were. Another manager states that 

ecological changes take a long time to see. Another interviewee’s perception is that the 
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ecosystem in PNBL is experiencing downward trends, just not at as fast a rate as 

outside the park.  

Perceived Fisheries Impacts  

Most of the ecological changes that the interviewees discuss had been observed 

and mentioned to them by fishers. Two interviewees state that fishers have been 

observing more fish, and larger fish in the park. One director also says fishers have also 

begun to find fish in areas they did not find them before, and that some areas that were 

previously heavily impacted are experiencing increases in abundance and diversity. 

Other perceived positive impact to fisheries is that fishing cooperatives have been 

legalizing their activities and getting permits, as well as pursuing some other activities in 

addition to fishing. It is also mentioned that the park has helped to provide more support 

in vigilance and management of fishing activities and resources, but there are conflicting 

opinions on whether illegal fishing has decreased or increased. 

Perceived Social Impacts  

 The interviewees have several thoughts regarding the positive social impacts of 

PNBL for the local community of Loreto. First, it is mentioned in two interviews that 

there are notable improvements in living conditions and the amount of poverty; these 

are visible through positive change in indicators like roof quality, street pavement, and 

domestic goods. Both interviews also specifically identify the improvement in vehicles in 

the community as an indicator that the park has had a positive effect. Beyond these 

material improvements, increased diversification of economic activities is also seen as a 

positive result of the park. Furthermore, the interviewees perceive changes in attitudes 

and behavior within the local community. For example, they mention increased 

awareness of sustainable development, conservation, and care for natural resources, 

as well as sustained participation in management decisions and activities.  

Interview Results: Espíritu Santo 

Perceived Ecological Impacts  

 Both positive and negative ecological impacts are identified in the interviews 

pertaining to PNES. On the positive side, interviewees mention increases in size of 

many fish species, total biomass, and abundance of sea lions. Recovery of benthic 

species like clams and sea cucumbers was also observed after litter was removed from 
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beaches and seafloors as part of a cleanup project within the park. On the negative 

side, one former director identifies increased waste in the park from tourists, and some 

physical damage to coral reefs from anchoring boats.  

Perceived Fisheries Impacts 

 From the interviews, it seems that fishers have experienced costs and benefits 

because of the park. Costs mentioned by the interviewees include that fishermen have 

had to give up fishing in certain areas, i.e. the three core zones where take is prohibited. 

Stricter enforcement has also affected fishers without permits or using illegal gear types. 

One of the interviewed park managers relates a story about visiting a fishing 

community, where the fishermen said the amount of fish they catch per day has 

increased by four to five times what they used to catch. They have also been able to 

harvest more benthic species (clams and sea cucumbers) that have recovered since the 

cleanup that occurred in the park. The employee of Niparajá also believes that fishers 

have benefitted from more fish in the park than before.  

Perceived Social Impacts  

 As for social impacts associated with PNES, economic benefits to the tourism 

industry are referenced frequently. The interviewees mention some diversification of 

economic activities since the park’s establishment, and they also have a perception that 

fishers are earning more income due to the greater abundance of fish in the area. 

Multiple interviewees also discuss the increase in community recognition of how 

stewardship of natural resources pays off, and more order and compliance regarding 

resource use regulations. The only negative social impact discussed is the conflict and 

lack of trust that was generated between the government and the community when park 

users were being “double-charged” park use fees (one fee each for the terrestrial and 

marine zones of the park), when CONANP had told them they would treat it as one 

area.  

Trends in Ecological Monitoring Data  

Ecological Trends: Cabo Pulmo 

 The least-squares line applied to the abundance per hectare of commercial fish 

across all PNCP monitoring sites suggests an overall decline in the number of fish per 

hectare over time, but with no statistical significance, defined by a p-value less than 
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0.05 (refer to Table 2 for linear regression results). For the mean biomass per year 

across all sites, the least-squares line shows a decrease in kilograms per year, which is 

statistically significant. The overall trends in these two indicators in PNCP during the 

years analyzed all appear to be negative, but are not significant. The mean abundance 

and biomass of commercial fish per hectare across all monitoring sites in PNCP for 

each year from 2007-2011 are displayed in figures 2 and 3, respectively. 

 When the data are grouped by treatment, the least-squares lines fit to the yearly 

observations in no-take zones indicate significant declines in both abundance and 

biomass (refer to Table 2). The least-squares lines fit to abundance and biomass across 

years in take zones have positive slopes, suggesting increasing biomass and 

abundance, but only the trend in biomass is significant. The yearly means of these two 

ecological indices in PNCP by treatment are shown in figures 4 and 5, respectively.  

Ecological Trends: Bahía de Loreto  

In PNBL, the least-squares line fit to the observations of abundance per hectare 

of commercial fish across all monitoring sites for each year from 2007-2011 does not 

seem to display any significant trend (see Table 2). The least-squares line fit to the 

biomass observations across years for all sites has a positive slope, but is also not 

significant. The mean species abundance and biomass per year across all sites are 

shown in figures 2 and 3, respectively.  

The slopes of the least-squares regression models fit to each indicator over time 

grouped by treatment in PNBL display positive slopes for abundance and biomass in 

no-take zones. In take-zones, the linear models suggest decreasing abundance and 

increasing biomass. Yet none of these trends are statistically significant (see Table 2). 

The yearly means of the two ecological indices by treatment are shown in figures 6 and 

7, respectively. 

Ecological Trends: Espíritu Santo  

 Across all sites in PNES, the least-squares line applied to the abundance of 

commercial fish per year shows a significant negative slope. The line fit to the 

observations of biomass per hectare across sites also suggests a decreasing trend over  
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Figure 2: Mean fish abundance across all monitoring sites in each MPA per year. 

Figure 3: Mean fish biomass across all monitoring sites in each MPA per year. 
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Figure 4: Mean fish abundance per hectare in each treatment (take or no-take zones) in PNCP. Error bars 
indicate one standard deviation from the mean. 

Figure 5: Mean fish biomass per hectare in each treatment (take or no-take zones) in PNCP. Error bars 
indicate one standard deviation from the mean. 
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Figure 6: Mean fish abundance per hectare in each treatment (take or no-take zones) in PNBL. Error 
bars indicate one standard deviation from the mean. 

Figure 7: Mean fish biomass per hectare in each treatment (take or no-take zones) in PNBL. Error bars 
indicate one standard deviation from the mean. 
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Figure 8: Mean fish abundance per hectare in each treatment (take or no-take zones) in PNES. Error bars 
indicate one standard deviation from the mean. 

Figure 9: Mean fish biomass per hectare in each treatment (take or no-take zones) in PNCP. Error bars 
indicate one standard deviation from the mean. 



26 
 

time, but it is not significant. The annual means of each indicator across all sites are 

shown in figures 2 and 3. 

The coefficients of the least-squares lines fit to the yearly means of each 

indicator by treatment in PNES suggest there may be declining abundance and biomass 

of commercial fish in PNES in both take and no-take zones during the years analyzed 

(see Table 2). However, the only the negative trends in abundance for both treatments 

are significant. The yearly means of the ecological indices by treatment in PNES are 

shown in figures 8 and 9. 

 

Table 2: Coefficients of linear regressions on ecological indicators against year for all sites and by treatment 

MPA β R2 F-statistic p-value 

 All Sites: Abundance (number per hectare) ~ Year 

PNCP -910.8 0.003396 1.179 0.2783 

PNBL -171.3 5.184e-05 0.01903 0.8904 

PNES -2838 0.01289 10.47 0.001264** 

 All Sites: Biomass (kg/hectare) ~ Year 

PNCP -1552.2 0.1092 42.4 2.622e-10*** 

PNBL 242.9 0.003134 1.154 0.2835 

PNES -3006 0.004017 3.234 0.07249 

 No-take Zones: Abundance (number per hectare) ~ Year 

PNCP -2866 0.02927 5.398 0.02129* 

PNBL 2315 0.005474 0.688 0.4984 

PNES -2916 0.02022 7.449 0.00666** 

 No-take Zones:  Biomass (kg/hectare) ~ Year 

PNCP -1921.4 0.1944 43.2 5.223e-10*** 

PNBL 77.04 0.0005984 0.07484 0.7849 

PNES -4361 0.00514 1.865 0.1729 

 Take Zones: Abundance (number per hectare) ~ Year 

PNCP 1219 0.007423 1.234 0.2682 

PNBL -1688 0.009013 2.183 0.1409 

PNES -2741 0.009474 4.199 0.04105* 

 Take Zones:  Biomass (kg/hectare) ~ Year 

PNCP 1149.8 0.05222 9.092 0.002974** 

PNBL 333 0.004785 1.154 0.2838 

PNES -1873 0.003396 1.496 0.2219 
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Trends in Small Scale Fisheries Landing Data 

Effort Estimation 

 A multiple regression analysis was used to test which variables in the small-scale 

fisheries landings data set might significantly predict the number of days fished 

reported. The results of the regression indicate that four variables explain 24.7% of the 

variance (R2=.247, p<.001). MPA (PNCP, PNBL or PNES) significantly predicted 

number of days fished, as did number of boats registered to the relevant permit, fishing 

sector (indicating whether the permit holder is an individual or a cooperative), and 

month. One other variable that significantly affected days was landing site, but it was 

not included in the model because reports were not made at some landing sites 

consistently over time, so these sites could not be used to predict days fished 

throughout the entire data set. Consequently, the predictor variables included in the 

model used to estimate effort were MPA, number of boats, fishing sector and month.  

Once I calculated CPUE using the predictive regression model for days fished 

and systematically estimating number of boats, I explored change over time in effort. 

There is a lot of variation in the total number of boat days fished per year in each park 

(see Figure 10). Total effort in PNBL is generally lower than in the other two MPAs.  I 

then summarized the finfish landing reports for small-scale fisheries to obtain means 

and standard deviations and illuminate trends in total weight landed, CPUE, and value-

to-weight ratios for the entire data set, from April 1998 to November 2009. The following 

sections provide the findings for each park.  

Fisheries Trends: Cabo Pulmo 

 The weight of finfish landed per landing report seems to be decreasing over time, 

but the total weight landed by all fishers around PNCP looks to be increasing. The least-

squares line fit to all observations of total weight landed in reports grouped by year 

estimates an overall decreasing trend in kilograms per landing report per year from 

1998 to 2009 (refer to Table 4 for regression results). The line fit to observations of total 

weight per month also shows a significant decreasing trend. Summing the total weights 

from each landing report from sites near PNCP gave absolute total weight and value of 

finfish catch per year (see Table 3). The absolute total weight of landings for each year 

in the dataset looks to be generally increasing (see Figure 11).  
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Analysis of the CPUE across months and years suggests a significant increase in 

kilograms per boat day at both time steps (refer to Table 4). The mean CPUE per year 

across the time series in PNCP is shown by Figure 11, and seems to be fairly steady 

with a subtle increase. Mean CPUE across all landing reports for each month is shown 

by Figure 14. 

A statistically significant general decline in the value-to-weight ratio over the 

years analyzed is suggested by the least-squares line fit to the ratio of total value-to-

weight of finfish given by each landing report for PNCP (see Table 4). For monthly 

value-to-weight ratio over time, the least squares line fit to the data also shows a slight 

negative trend. When the value-to-weight ratio in PNCP is averaged by year, there 

seems to be a slight decline in the ratio over time, shown by Figure 13.   

 

  

Figure 10: Total Effort in Boat Days per Year in Each MPA.  
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Table 3: Total weight and value of landings per year by MPA 

 Total Weight Landed Per Year (kg)  Total Value of Catch per Year (pesos) 

PNCP PNBL PNES PNCP PNBL PNES 

1998 118907 300688 294882 3424017 5590821 7979575 

1999 92323 380613 313198 2449516 6641690 6559261 

2000 166731 506633 195791 4414076 10000451 3531961 

2001 188032 434197 139670 4610763 7815509 2550199 

2002 199788 483802 310845 4715898 9366469 5668330 

2003 169850 627365 376175 4074262 11128364 6175935 

2004 158044 418612 398980 3587305 7219487 6523779 

2005 197337 255581 498312 4429894 5717664 8554758 

2006 268619 216722 150445 8048456 5123862 2757161 

2008 299775 325692 388219 7227427 5793333 8136265 

2009 150042 404790 398994 3508627 8355434 8661555 

 

 

Table 4: Coefficients of linear regressions on fisheries landings data against time 

MPA β R2 F-statistic p-value 

 CPUE (kg/boat day) ~ Month and Year 

PNCP 0.009373  0.01559 35.47 3.002e-09*** 

PNBL -0.004171 0.001057 2.992 0.08378 

PNES 0.013381    0.01945 44.35 3.45e-11*** 

 CPUE (kg/boat day) ~ Year 

PNCP 3.2622 0.01429 32.47 1.372e-08*** 

PNBL -1.2655 0.0007284 2.062 0.1511 

PNES 5.0172 0.02065 47.14 8.52e-12*** 

 Weight (kg) ~ Month and Year 

PNCP -0.09797 0.007 15.78 7.323e-05*** 

PNBL -0.25227 0.0639 193.1 < 2.2e-16*** 

PNES -0.17184 0.02192 50.1 1.944e-12*** 

 Weight (kg) ~ Year 

PNCP -36.541 0.007368 16.62 4.727e-05*** 

PNBL -91.064 0.06235 188.1 < 2.2e-16*** 

PNES -62.571 0.02195 50.17 1.879e-12*** 

 Value-to-weight Ratio (pesos/kg) ~ Month and Year 

PNCP -0.0018643 0.008942 20.2 7.327e-06*** 

PNBL -0.0001600   6.978e-05 0.1974 0.6569 

PNES -0.0008874 0.01649 37.48 1.087e-09*** 

 Value-to-weight Ratio (pesos/kg) ~ Year 

PNCP -0.7156 0.00997 22.55 2.18e-06*** 

PNBL -0.1063      0.0002305 0.6523 0.4194 

PNES -0.34326 0.01863 42.45 8.927e-11*** 
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Fisheries Trends: Bahía de Loreto 

The least-squares line fit to all reports of total weight of finfish landed in PNBL 

each month and each year from April 1998 to November 2009 show decreasing trends 

in total weight landed per report per year, but the linear trends are not significant (see 

Table 4). The absolute total weight landed per year in PNBL is shown by Figure 11, and 

the yearly values of weight and value are displayed in Table 3. There is a lot of variation 

in the total weight landed in PNBL per year across the time series. 

The least-squares line fit to the observations of CPUE by year for PNBL does not 

display a significant trend (see Table 4). When a trendline is fit to the CPUE per month, 

a very minor negative trend is shown but with no certainty. The mean CPUE per year 

and month are shown by Figures 12 and 15, respectively. The least-squares line fit to 

the value-to-weight ratio of finfish landed by year around PNBL suggests insignificant 

change over time (refer to Table 4). The regression of value-to-weight ratio by month is 

also not statistically significant. The average value-to-weight ratio per year in PNBL is 

shown in Figure 13. 

Fisheries Trends: Espíritu Santo  

From 1998 to 2009 around PNES, the least-squares line fit to the reports of total 

weight landed suggests a general decrease per report per year (see Table 4). The 

least-squares line fit to the observations of total weight of finfish landed around PNES 

by month also indicates a significant decreasing trend from April 1998 to November 

2009. The absolute total weight landed per year in PNES varies greatly from year to 

year, as seen in Figure 11 and Table 3.  

A general and significant increasing trend across the years analyzed is 

suggested by the least-squares lines fit to observations of CPUE by year and month 

(refer to Table 4). Figures 12 and 16 show the mean annual and monthly CPUE in 

PNES, respectively. For the yearly and monthly ratios of total value-to-weight of finfish 

landed around PNES, the least-squares lines fit to the data suggest slight negative 

trends (see Table 4). There seems to be a slight decline in the value-to-weight ratio for 

landings around PNES at the beginning of the time series and then little change over 

time, as shown in Figure 13.   
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Figure 12: Mean CPUE per year in Each MPA. Error bars indicate one standard deviation from 
the mean. 

Figure 11: Total weight of finfish landings per year for each MPA.  
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Figure 14: Mean CPUE per Month in PNCP. Error bars indicate one standard deviation 
from the mean. Error bars extending outside figure limits were excluded. 

Figure 13: Mean annual value-to-weight ratio per year in each MPA. Error bars indicate one 
standard deviation from the mean. 
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Figure 16: Mean CPUE per Month in PNES. Error bars indicate one standard deviation 
from the mean. Error bars extending outside figure limits were excluded.  

Figure 15: Mean CPUE per Month in PNBL. Error bars indicate one standard deviation 
from the mean. Error bars extending outside figure limits were excluded. 
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DISCUSSION  

The analysis of the three data sets used in this study allowed me to explore 

potential impacts of the focal MPAs on local social-ecological systems. The interviews 

shed some light on the perceptions held by MPA managers about how these parks have 

impacted local communities, ecosystems and fisheries. The ecological monitoring data 

provides insight about how these MPAs might be affecting the ecosystem through 

observed changes in ecological indicators surrounding the implementation of these 

MPAs. Finally, the small-scale fisheries landing reports allow us to investigate how local 

fisheries may be responding to MPAs. Considering these three data sets in concert with 

each other, it is possible to gain a broader understanding of the complex interactions 

between MPAs and the surrounding natural and social systems. In this discussion, I will 

reflect on each of the original research questions and what I have learned from each of 

the analyses performed.  

 What are the impacts of these parks as perceived by MPA managers and key informants?  

 The interviews contained a variety of perspectives on how each MPA has 

impacted local social-ecological systems. Foremost, there is overall agreement between 

the interviews regarding the social impacts of the MPAs. In the interviews pertaining to 

all three parks, the managers and NGO informant express that the parks have 

benefitted the local communities in various ways. Tourism has been a source of income 

for many families and has contributed significantly to the local economies surrounding 

these parks. The interviewees for all three parks also speak about the diversification of 

economic activities and overall improvement in quality of life in these areas resulting 

from the MPAs. Additionally, managers of all three parks have noted a positive change 

in attitudes and recognition of the parks; they feel the residents of Cabo Pulmo, Loreto 

and La Paz care more for their natural resources and recognize how stewardship pays 

off in the long term.  

 Regarding the ecological impacts of the parks, the interviewees present mixed 

perspectives on the ecological impacts of the parks. In the case of PNCP, the MPA 

managers interviewed feel that the reef and beach ecosystems in the park have 

experienced some deterioration due to tourism, but they were not explicit as to what the 
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impacts of the park on biological communities have been. The interviews about PNBL 

are largely inconclusive in their discussions of ecological impacts; there are conflicting 

perspectives, with some pointing to ecological declines and others pointing to increases 

in fish abundance and size in the park. For PNES, the interviews suggest there have 

been positive ecological impacts such as increases in total biomass and fish size, along 

with some negative impacts such as physical damage from tourist activities.  

 The interviewees’ perceptions of how the MPAs have affected local fisheries 

mostly indicate positive impacts. In PNCP, the interviewees explain that the amount of 

fishing has decreased, but note a positive impact on the amount of fish around the 

edges of the protected area. Local fishers have noticed this change, as well as declines 

in fishing activity. In PNBL the managers interviewed also say local fishers have 

reported seeing more fish and finding fish in areas they could not find them before. The 

managers and NGO informant interviewed about PNES believe the park has benefitted 

fisheries even though fishers have given up fishing in the core zones of the park.  

These perspectives about improved fisheries suggest the parks may be 

successful in increasing the biomass and abundance of fish, but it is interesting that the 

interviewers were less certain about positive ecological impacts. Perhaps because 

ecological monitoring is carried out by NGOs and not the government, the managers 

have less knowledge about observed changes. One interviewee speaking about PNBL 

made the point that they do not have a good baseline for what the ecosystem was like 

when the park was established in 1996. This highlights that it is also important to 

consider how the lack of scientific information from time periods prior to the 

establishment of these parks makes it difficult to determine their impacts. 

These interviews, while providing important information about potential impacts 

of these MPAs, cannot be viewed as the complete picture for several reasons. One is 

that the interviewees who provided this information are either MPA managers or 

associates working closely on the management of the protected areas. In these 

positions, they might not personally spend much time in the park and the local 

community, but rather rely on accounts from people that interact directly with the 

ecosystem or fisheries. This could affect their overall understanding of the conditions of 

the ecosystem and fishery. The amount of time that the interviewees spent managing or 
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working in these parks also varies; some only worked at the park for several years, 

which may not be enough time to witness ecological or social changes. Additionally, 

there is a possibility that as professionals with the goal of seeing these MPAs succeed, 

the interviewees may experience some cognitive biases that create a tendency to focus 

on positive effects.  

What can ecological monitoring data tell us about ecosystem changes around the MPAs?  

 The ecological monitoring data gives a generally unclear depiction of how these 

three MPAs may be impacting the local ecosystem. The regression models used to 

highlight directional trends in fish abundance and biomass were for the most part 

insignificant. The exceptions are a decreasing trend in abundance across monitoring 

sites in PNES, decreasing biomass across all sites in PNCP, decreasing abundance in 

no-take zones in PNCP and PNES, decreasing biomass in no-take zones in PNCP, and 

decreasing abundance in take zones in PNES. The only significant increasing trend is in 

biomass within take zones around PNCP. For PNCP and PNES, these results might 

suggest that protection from fishing is not necessarily preventing fishing from occurring. 

Alternatively, factors other than fishing pressure could be having a greater influence on 

these indicators. 

 The trends in PNCP are unexpected; usually no-take zones are more effective in 

recovering fish biomass than fished areas (Edgar et al. 2014, Lester et al. 2009). 

Additionally, these negative trends are incongruent with results of previous studies of 

the ecological impacts of PNCP, which show recovery of fish biomass in the park 

(Aburto-Oropeza et al. 2011). The trends in PNES, on the other hand, are consistently 

negative, regardless of treatment. None of the trends from PNBL are significant, making 

it difficult to draw conclusions from the data. However, this could also indicate that there 

is truly no change occurring in PNBL.   

 Comparing the trends in the three MPAs to each other, there are a few points to 

note. First, there is a huge disparity in the abundance and biomass values between 

PNES and the other two parks. The values from PNES are significantly larger than 

those in PNCP and PNBL, but in investigating the data collection methods and the raw 

data sets used in my analysis, I could not identify an explanation for this difference. It is 

possible that there is an error in the units reported either in the original data sets for 
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PNES, or in both of those for PNCP and PNBL. The change in the values from year to 

year in PNBL is also much greater than in the other two parks. Yet, the trends over time 

in the data for the three MPAs are similar in that they are mostly negative or 

insignificant. 

 When the results from the ecological monitoring data are compared to the 

interview results there are some similarities. The lack of consensus between the 

interviews matches with the mixed results of the ecological data analysis. However, the 

interviews generally discuss increases in fish abundance and biomass, while the 

monitoring data show more negative trends. The uncertainty about ecological impacts 

mentioned in the interviews seems to be reflected in the large variation in abundance 

and biomass values. 

 The limitations of the ecological monitoring data necessitate careful consideration 

of the results. Regarding the data from PNCP and PNBL, there are only five and four 

years of monitoring data available (2007-2011 and 2008-2011), respectively. These 

represent only a small snapshot of the years since PNCP was established in 1995 and 

PNBL’s creation in 1996. Additionally, for each of these parks the data are only 

collected in four and five monitoring sites, respectively. The sampling method used to 

select transects is unknown, so it is uncertain how representative they are of the parks 

as a whole. The ecological monitoring data for PNES covers a longer time span of 10 

years, and is collected from eight monitoring sites. Yet, it is also unknown how the 

transects were selected and whether the areas surveyed are representative of the 

larger MPAs in terms of physical features like depth, rugosity and substrate. 

 These data are also specific to the MPA locations, and thus do not allow for 

comparison with completely unprotected areas. While the ecological data allows us to 

compare trends in ecological indices in fishing and no-take zones, more data would be 

necessary to see if these areas display different trends over time, and how the trends in 

the MPA regions compare with other regions of the GOC. Incorporating environmental 

variables would also add some depth to these analyses and make it possible to detect 

the influence of climatic or oceanographic factors that impact ecological trends along 

with protected area status.   
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What trends in fisheries can we identify surrounding the creation of these MPAs?  

 Several key findings emerge from the analysis of the small-scale fisheries 

landing reports for finfish from 1998 to 2009. For one, effort, measured in boat days, 

varies greatly from year to year. Similarly, total catch fluctuates from one year to the 

next, and the values follow comparable patterns to those in total effort. This is logical as 

total catch is expected to be somewhat contingent on total effort. Only PNCP exhibits 

general increases in total effort and total weight landed across the data range. 

Considering the interviews suggested the amount of fishing around PNCP has declined 

since the park was established, this is an interesting result. It could be explained by 

fishers from other regions going to fish outside the park borders and landing fish near 

the park.   

 The trends in CPUE highlighted by the regression analyses are increasing for 

PNCP and PNES, and are insignificant for PNBL. This suggests that in general, more 

kilograms of finfish are being caught per boat day in PNCP and PNES over the period 

analyzed, and could be explained by increasing fish biomass and abundance. The 

ecological data supports this explanation for PNCP, but not for PNES, where we see 

declining trends in abundance throughout the park, and no significant trends in biomass. 

Additionally, as PNES was established in 2007, trends in the fisheries data are not 

attributable to the MPA because there are only two years of fisheries data from after the 

park’s creation. Without more current data, we cannot easily determine how finfish 

landings have changed since the area was protected.  

 The value-to-weight ratios for finfish landings tend to fluctuate over time, but 

seem to be generally decreasing over time in PNCP and PNES, whereas in PNBL there 

is no significant change. These decreases generally mean fish are being sold for lower 

prices, but changes in the value-to-weight ratio might be related to several different 

factors. The price per unit of fish differs depending on the species, so changes in the 

ratio could indicate shifts in the species being caught, which could potentially be 

influenced by the MPA. However, market factors external to local fisheries could also 

drive the prices of fish up or down, such as changes in demand from tourists, or 

changing supply from other locations.  
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 While the fisheries data provides an opportunity to study trends over a longer 

period, it also has limitations that should be considered while interpreting the results. 

For one, the accuracy of the information provided by fishers in their landing reports us 

undetermined. It is unknown what proportion of fish landed is reported, and how much 

fish is harvested without permits. The interviews indicate that some illegal fishing activity 

does occur around these parks; if levels of illegal catch have changed over time this 

could also affect our results. Additionally, the reports do not always indicate where fish 

are caught, so there may be some spatial trends that we are unable to identify.  

It is also important to remember that the calculation of CPUE used for this study 

is based on estimated values for number of days and the total number of boats 

registered to a permit, which adds some uncertainty to our results. Even if information 

on number of boats and number of days fished were available for the entire data set, 

boat days does not necessarily fully represent fishing effort. Other factors like the 

amount of time spent fishing on each boat per day, and the type of gear used would be 

important information to have for a better understanding of fishing effort and how it 

affects total catch and CPUE. Finally, analyzing trends in total weight landed and CPUE 

does not tell us if there have been shifts in the most important species being caught, or 

if fishers have been catching fewer larger fish or more smaller fish. Further investigation 

should be done to explain the mechanisms that drive the trends seen in this study and 

identify other possible MPA impacts on fisheries.  

How do results for each of these MPAs compare to each other? 

The three parks have multiple similarities in terms of what the interviewees say 

about them. The interviews from all three MPAs three point to various social benefits 

stemming from their establishment. They also highlight uncertainty regarding the effects 

on the marine ecosystems for each of the parks, and generally suggest positive impacts 

on local fisheries in terms of the presence of more and bigger fish.  

The ecological data from each MPA are different in values, but the trends are 

similar in that they are mostly negative or insignificant. However, the data ranges of the 

fisheries and ecological data sets only overlap for two years for PNCP and PNBL, which 

is not enough to clearly compare the trends in them. For PNES there is an overlap of 
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five years, but this is still not sufficient to examine the similarity of trends over time. The 

lack of overlapping data makes it difficult to compare the broader effects of each park. 

 Total weight of finfish landed around each park is generally highest in PNBL, 

and usually higher in PNES than in PNCP. This order may be partially explained by 

differences in area; PNBL is the largest park and therefore has more space to be fished. 

These size differences are also reflected in the number of landing reports in the data set 

for each park; PNBL had the greatest number of reports and PNCP the least.  

Comparing the mean CPUE per year across the three parks shows that CPUE is 

highest in PNBL and lowest in PNCP for all years. If we see CPUE in local fisheries as 

an indicator of MPA success, as other studies have done, this might suggest that PNBL 

is most successful in increasing fish populations and size (Russ et al, 2004). The 

stratification of CPUE could also be indicative of inherent differences in the parks 

themselves (e.g. fish assemblages, physical attributes) that affect the effort required to 

catch a certain weight of fish, or of differences in fishing gear in each park that are not 

accounted for by using boat days as the unit of effort in the CPUE analysis. We can see 

that CPUE may be affected by factors other than protected status because PNES 

exhibits greater CPUE than PNES during this data range, even though it was not 

protected until 2007 and fishing in PNCP has been outlawed since 1995.  

The yearly value-to-weight ratio, given by pesos per kilogram of finfish landed, is 

also somewhat stratified by MPA. PNCP generally has the highest value per kilogram, 

and PNES the lowest, except in 1998 and 1999 where the ratio is lowest in PNBL. 

There are many possible factors that might influence the value-to-weight ratio, some of 

which might not be included in landing reports. For example, some fishers could be 

accessing different markets than others, affecting their earned value. Thus, future 

analyses should attempt to identify the factors that affect fish prices and the role played 

by MPAs.  

Lessons Learned  

 After conducting this exploratory analysis of social-ecological trends in PNCP, 

PNBL and PNES, I would recommend future research to validate or refute the results 

presented here. All three types of data could be improved by adding data and refining 

collection and analysis methods. There is a great wealth of knowledge about the social 
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systems and ecosystems in which these MPAs are situated that the local community 

members themselves could provide. Adding interviews with residents and natural 

resource users of these areas is crucial to fully understanding the bigger picture of how 

these MPAs affect and interact with local socio-ecological systems. Specifically, it would 

be beneficial to receive information from people who have frequent contact with these 

areas, such as fishers and tourism providers, because they are present to observe 

changes as they occur.  

 Some of the interviews in this analysis brought up the issue that it is difficult to 

make assessments of ecological impacts of these MPAs because there is a lack of 

understanding of the environmental baselines that existed when the MPAs were 

established. While it is not possible to go back in time and collect more data, there may 

be existing data sources from periods prior to the monitoring efforts we have 

incorporated here. Future research should attempt to synthesize data from other 

sources to generate a better understanding of ecological changes that have occurred. 

Ecological monitoring of these MPAs should also continue so it is possible to identify 

changes into the future.   

 More information could potentially be added to the fisheries landing dataset to 

improve the insight that can be gained from it. First, it would be possible to update the 

CONAPESCA fisheries data to include more recent landing reports into the analysis. 

There might also be data from other sources relating to fishing effort or illegal fishing 

activity that could be incorporated and used to determine the quality of the dataset used 

in this study. Developing a better approach for calculating or modeling fishing effort 

would be useful in generating clearer results; adding information on how much time is 

spent actively fishing and the efficacy of different gear types in the Gulf of California 

would benefit future analyses. It would also be helpful to estimate the accuracy of the 

landing reports; a clearer understanding of the uncertainty in this dataset would allow for 

more meaningful analyses and interpretation.  

 As this study is meant to begin to paint a picture of what the available data tell us 

about the three MPAs in question and their local social and natural systems, it will be 

necessary to conduct further analyses of the data to strengthen the interpretation of 

them. One suggestion is to add analyses of the data from the other types of ecological 
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monitoring surveys that have been conducted; these could add to understanding of 

changes in species assemblages, size structures, and other diversity indices over time. 

Additionally, there are a multitude of other analyses that could be done with the small-

scale fishery landing report data. For example, bootstrapping methods might be useful 

to determine the statistical significance of changes over time in CPUE and the other 

variables in the landing reports. As the landing reports include the weight landed of 

each species caught, it would be also interesting to investigate whether there have been 

shifts in the proportional catch of different species of fish. This might help to explain 

some of the trends observed in value-to-weight ratio.   

 Lastly, if the goal is to determine how these protected areas have impacted the 

local socio-ecological systems, it would be ideal to perform similar studies on data sets 

for the areas in the southern Gulf of California that are not under any sort of protection. 

These areas should be comparable in terms of ecological attributes to the MPAs 

analyzed in this study to reduce the effects of confounding factors. Using ecologically 

similar unprotected areas would provide a way to separate out changes related to MPA 

status versus other factors.  

 Overall, the analyses performed in the present study underscore the need to 

assess the impacts of MPAs through multiple lenses. This work provides evidence that 

different sources of data can relate unique aspects of how MPAs affect local 

communities and ecosystems. Thus, by integrating social and ecological information 

from various data types we can tell a more complete story about MPAs effects. As 

MPAs are used more frequently in marine conservation and management, a more 

thorough understanding of MPA impacts will be critical to enhancing their ability to 

protect ocean resources and benefit local communities.  
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Appendix A: Interview Questions 
 

The following interview questions are those focused on in the present study. They have 
been extracted from the interview protocol used in Nenadovic (2015) and translated 
from Spanish to English.  

 
 

Section 11: Impacts 
 
Now, I would like to ask you about the ecological and social impacts of [name of MPA]. 
 

11.1. What have the ecological impacts of [name of MPA] been? (Make sure to explain 
what ‘ecological impacts’ means) 
 

11.2. What have the social impacts of [name of MPA] been? (Make sure to explain 
what ‘social impacts’ means) 

 

11.3. Who has made the largest contributions to [name of MPA]? Which user groups or 
communities? (Provide examples of ‘contributions’). 

 

11.4. Who has made the largest sacrifices for [name of MPA]? Which user groups or 
communities?  

 

11.5. Who has the greatest benefit of [name of MPA]? Which user groups or 
communities?  

 
11.6. What are the principal problems that have arisen in [name of MPA]? 

 
11.7. After [number of years] of implementation, what is the community’s opinion of 

[name of MPA]? 
 

 
 

 
 
 
 
 
 
 
 
 
 
 


