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Abstract Although, the involvement of artisanal fishing communities in conserva-
tion and management is now commonplace, their participation rarely goes beyond 
providing local and traditional knowledge to visiting scientists and managers. 
Communities are often excluded from ongoing monitoring, evaluation, and decision- 
making, even though these measures can have tremendous impacts on their liveli-
hoods. For the past 17  years, we have designed, tested, and implemented a 
community-based monitoring model in three key marine ecosystems in Mexico: the 
kelp forests of Pacific Baja California, the rocky reefs of the Gulf of California, and 
the coral reefs of the Mesoamerican Reef System. This model is intended to engage 
local fishers in data collection by fulfilling two principal objectives: (1) to achieve 
science-based conservation and management decisions and (2) to improve liveli-
hoods through access to knowledge and temporary employment. To achieve these 
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goals, over 400 artisanal fishers and community members have participated in a 
nationwide marine reserve program. Of these, 222 fishers, including 30 women, 
have been trained to conduct an underwater visual census using SCUBA gear, and, 
to date, over 12,000 transects have been completed. Independent scientists periodi-
cally evaluate the training process and standards, and the data contribute to interna-
tional monitoring efforts. This successful model is now being adopted by both civil 
society and government for use in different parts of Mexico and neighbouring coun-
tries. Empowering community members to collect scientific data creates responsi-
bility, pride, and a deeper understanding of the ecosystem in which they live and 
work, providing both social and ecological benefits to the community and marine 
ecosystem.

Keywords Citizen science · Local and Traditional Knowledge (LTK) · 
Community participation · Small-scale fisheries

7.1  Introduction

Given growing concerns about declining environmental conditions in marine habi-
tats in the face of climate change, the impacts of increasing fishing pressure on 
commercial stocks, and the impacts on the livelihoods of artisanal fishers operating 
in the coastal waters of developing countries, measures are being undertaken by 
researchers, governments, and civil society to involve fishers in improving fisheries 
and coastal zone management. Fishers are often highly aware of subtle changes in 
the environment in which they operate and thus can provide important information 
to scientists and managers. Fishers’ local and traditional ecological knowledge 
(LTK) has been recognized as an important resource for marine conservation initia-
tives worldwide (Schafer and Reis 2008; Butler et al. 2012). For a review of this 
literature, see Thornton and Maciejewski-Scheer (2012).

Berkes et  al. (1995) list five ways in which traditional ecological knowledge 
(TEK) is relevant to fishers and fishing: (1) TEK is known to offer biological and 
ecological insights, (2) some TEK systems provide models for sustainable resource 
management, (3) TEK is relevant for protected areas and conservation education, 
(4) the use of TEK is often crucial for development planning, and (5) TEK may be 
used in environmental assessment.

In the vast majority of cases, LTK that is documented by researchers has been 
orientated towards species-specific studies. Few genuinely collaborative studies, in 
which fishers have been able to address conservation and management issues, have 
been documented in the literature (Thornton and Maciejewski-Scheer 2012). 
Despite this shortcoming, strong arguments can be made that the inclusion of local 
communities in conservation programs can strengthen conservation projects and 
create environmental and social benefits (Drew 2005).
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Fishers’ LTK should not be considered a panacea to the threats that coastal 
oceans face. However, incorporating LTK into co-management arrangements 
allows the interchange of knowledge between fishers, scientists, civil society orga-
nizations (CSOs), and governmental agencies. There are numerous benefits to the 
use of LTK. Favourable conditions are created for the advancement of mutually 
beneficial arrangements; fishers can potentially maintain their stock levels (Roberts 
et al. 2001; Russ and Alcala 2004; Cudney-Bueno et al. 2009a; White 2009); scien-
tists can use LTK to test hypotheses and generate recommendations (Ballantine 
2014); conservationists can maintain biodiversity (Groves et al. 2002); and the gov-
ernment can balance both environmental and social development goals (Thomas 
et al. 2014).

7.1.1  Marine Reserves as Fisheries Management Tools

Bottom-up resource management, in which communities are directly involved in 
managing the resources they exploit, has been gaining ground over the past decade, 
as human-environment interactions have become recognized as a key part of the 
now popular ecosystem-based management approach (Pikitch et  al. 2004). The 
importance of combining LTK and community-led resource management is increas-
ingly recognized (Thornton and Maciejewski-Scheer 2012), but this integration 
requires a cautious, participatory, and transparent approach in order to establish 
successful conservation measures. Worldwide, one of the most popular conserva-
tion tools of this kind is the establishment of community marine reserves, particu-
larly in developing countries (Russ and Alcala 2003).

Marine reserves are not the only conservation solution, and other strategies must 
be employed in order to achieve widespread benefits, including direct benefits to 
fisheries (Hilborn 2016). However, in many cases, marine reserves have provided 
benefits to both ecosystems (Roberts and Hawkins 2000; Williamson et al. 2004; 
Aburto-Oropeza et al. 2011) and fisheries (Roberts et al. 2001; Gell and Roberts 
2002). Hence, experts have recommended increasing the area that is fully protected 
from fishing to preserve fish stocks for future generations (Marine Conservation 
Institute 2013). Similarly, local management action has been highlighted as a key 
component of future ocean conservation to counter the threat of climate change 
(Micheli et al. 2012; Kennedy et al. 2013).

While fishers are generally aware of the benefits that marine reserves can pro-
vide, they are often reluctant to set aside parts of their fishing grounds for several 
reasons. These include (1) marine reserve creation that concentrates fishing in a 
smaller open area (Charles and Wilson 2009); (2) a lack of clear property rights (e.g. 
fishing concessions) in the water (Costello and Kaffine 2010); (3) a lack of surveil-
lance and enforcement by authorities, resulting in illegal fishing practices (Cudney- 
Bueno et al. 2009b; Velez et al. 2014); (4) benefits that are often not felt in the short 
term (Russ and Alcala 2004; Ovando et al. 2016); (5) a lack of adequate compensa-
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tion (Ovando et  al. 2016); and (6) a lack of leadership to guide the community 
through changes (Cudney-Bueno et al. 2009b).

This chapter describes the key features of a model that demonstrates how the 
involvement of small-scale fishers in community-inclusive processes to establish 
marine reserves1 leads to successful outcomes in marine conservation and fisheries 
management. The model is a successful program that has been implemented in three 
marine priority areas of Mexico. It shows how to overcome or reduce the aforemen-
tioned issues (Fig. 7.1). Through collaborative research, this model involves fishers 
in science-based decision-making processes. Its implementation has resulted in the 
training of 222 fishers in underwater visual census techniques. Data have been gen-
erated to further our understanding of Mexico’s marine ecosystems and provide 
evidence to support new conservation and fisheries management tools for over 
620,000 hectares of coastal ocean.

7.1.2  Citizen Science

Conservation and research organizations around the world are incorporating an 
increasing amount of non-expert, trained observers – sometimes called ‘citizen sci-
entists’ or ‘volunteers’  – to support a variety of biological and environmental 

1 In this chapter, ‘marine reserve’ refers to an area completely closed to extractive activity, also 
commonly referred to as a no-take zone.

Fig. 7.1 The three marine priority ecoregions and 18 communities in Mexico where fishers have 
participated in collaborative research to implement fishery management tools
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monitoring needs. Participants in citizen science initiatives receive project-specific 
training and engage in scientific research. Citizen science has its roots in the early 
days of the conservation movement. The National Audubon Society’s Christmas 
Bird Count began in 1900 as an alternative to the traditional Christmas shoot, a 
program that continues to this day, with tens of thousands of observers counting 
over 63 million birds in North America in 2014. Data collected have contributed to 
over 350 scientific publications (Silvertown 2009). Other common uses for citizen 
science include mapping invasive species, restoration, monitoring climate change 
and species distribution changes, and biological monitoring (Thornton and 
Maciejeski-Sheer 2012).

In the marine realm, the boom in recreational SCUBA diving towards the end of 
the twentieth century allowed organizations such as REEF (founded 1990) and Reef 
Check (founded 1996) to achieve worldwide popularity in volunteer-led underwater 
visual census monitoring. These organizations have particularly focused on heavily 
fished and indicator species in their citizen monitoring programs. In these programs, 
volunteer divers undertake training courses in simple but robust methodologies 
before collecting data to contribute to marine science initiatives. Subsequently, 
more complex methodologies were developed to allow volunteers with a back-
ground in marine science or sufficient training and experience in the field to collect 
more detailed data. Examples of these methodologies include the Atlantic Gulf 
Rapid Reef Assessment (AGRRA), Mesoamerican Barrier Reef Synoptic Monitoring 
Program, and the Global Coral Reef Monitoring Network.

Since these programs began, the use of volunteers to collect scientific data in the 
coastal zone has become commonplace in many countries, including Australia 
(Hassell et  al. 2013), Belize (Mumby et  al. 1995), Fiji (Leopold et  al. 2009), 
Indonesia (Harding et  al. 2000), New Zealand (Fletcher and Shortis 2001), the 
Philippines (Beger 2002), Tanzania (Darwall and Dulvy 1996), the USA (Schmitt 
and Sullivan 1996; Pattengill-Semmens and Semmens 2003; Shuman et al. 2011), 
and the Wider Caribbean Region (Ward-Paige et al. 2010). In the developed world, 
participants in marine citizen science programs generally participate as a hobby, 
focusing on areas of high-perceived value such as coral reefs and popular SCUBA 
dive sites. In developing countries, it is more common for the resource users them-
selves to participate, as the project objectives are more local in focus and aligned for 
the benefit of the community.

The advantages of involving volunteers in data collection are clear. Using volun-
teers to collect part, or all, of the scientific data required for monitoring reduces 
costs, allows long-term regular monitoring rather than one-off investigations, and 
raises awareness amongst marine resource users. While concerns have been raised 
over the quality of the data collected by non-professionals, it is generally accepted 
that a well-trained volunteer conducting an appropriate methodology can collect 
reliable data (Mumby et al. 1995; Darwall and Dulvy 1996; Harding et al. 2000; 
Hassell et al. 2013; Fulton et al. 2013; Forrester et al. 2015). In addition, the process 
can help build trust and facilitate the involvement of resource users in conservation 
practices.
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7.2  Implementing a Community-Based Monitoring Model

7.2.1  Involving Mexican Fishers in Data Collection

The management of Latin American small-scale fisheries is notoriously complex 
(Salas et  al. 2007). Fisheries are often multi-specific, poorly regulated, labour- 
intensive, and data-poor. Mexican small-scale fisheries are no different, with 
102,807 registered boats (CONAPESCA 2009) supporting at least 308,421 fishers, 
based on an average of 3 fishers per boat (Moreno-Baéz et al. 2012). The sector 
fishes along the length of Mexico’s extensive 9330 km coastline, which is the 13th 
longest in the world.

Comunidad y Biodiversidad (COBI), a Mexico marine conservation CSO, was 
founded in 1999 with a mission to develop effective participatory approaches for 
fisheries management and marine biodiversity conservation (Espinosa-Romero 
et al. 2014). The organization’s multidisciplinary team operates along four national 
strategies: (1) capacity building to strengthen skills of local leaders and fishing 
organizations for achieving sustainable fisheries, (2) implementation of interna-
tional standards for sustainable fishing, (3) implementation of marine reserves for 
fishery and ecosystem recovery, and (4) collective action for the development of 
formal institutional arrangements to promote sustainable fishing. This chapter dis-
cusses Mexican fishers’ involvement in a national marine reserve program which 
implicitly incorporates the four strategies supported by COBI.  This section dis-
cusses the participatory process implemented in the program, the products gener-
ated, and the implications of the program.

Fishers from 18 communities around Mexico took part in the program (Fig. 7.1). 
These fishers target a mix of small-scale fisheries including both high value (lob-
ster, abalone) and low value (mixed finfish) species. Fishers operate from small 
fibreglass or wooden boats (7–9 m in length), but fishing gear is varied, including 
lobster pots, hook and line, SCUBA, hookah, and free diving. Relatively few fish-
ers regularly use nets. In Pacific Baja California and the Mesoamerican Reef, con-
cessions are common for some high-valued benthic species such as lobster and 
abalone. These are only allocated to cooperatives, and exclusive access to the 
resource is granted through a fishing permit. Fishing permits to common access 
areas, for finfish and other species, are assigned to cooperatives and individual 
 fishers alike.

Fully protected marine reserves (or no-take zones) have been established in 
many developing countries with the aim of maintaining or promoting marine biodi-
versity and protecting heavily fished stocks. In Mexico, three management tools are 
available to completely protect areas from fishing: voluntary community reserves2, 

2 Voluntary community reserves are areas set aside by fishers for the recuperation of target species 
based on traditional knowledge and fishery interests.
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core zones of federal protected areas3, and fish refuges4. During the process of 
marine reserve creation (Fig. 7.2), which was monitored by the fishers in the case 
study, introductory workshops were held in each community in which stakeholders 
discussed the biological and fisheries benefits (and risks) of setting aside areas for 
marine reserves. As the process advanced, fishers were invited to apply for the 
opportunity to participate in the biological monitoring team, a community group 
supported by biologists that evaluates the effectiveness of the sites closed to fishing. 
The selection criteria for fishers were based on their status and standing in the fish-
ing organization and/or community (reputation for following social and legal norms, 
relationships with other fishers) as well as other factors such as physical condition 
(based on internationally recognized SCUBA diving medical standards) and 
literacy.

The fishers were trained in a variety of monitoring techniques, including under-
water visual census with SCUBA, surface snorkel surveys, installation and use of 
oceanographic equipment, and the identification and capture of invasive species. 
During data collection, fishers were offered a stipend to compensate for the forgone 
fishing days. This was estimated by taking the mean of the difference between a 
good and bad day’s fishing. In cases where socioeconomic data for the fishery exist, 
this can be calculated precisely. If no such data exist, estimates were made within 
the monitoring team and a suitable level for the stipend was agreed upon.

3 Core zones of federal protected areas defined by the General Law of Ecology and Environmental 
Protection (LGEEPA in Spanish) are areas where the principal objective is long-term ecosystem 
preservation.
4 Fish refuges (or refugios pesqueros in Spanish), a term used by the General Law of Sustainable 
Fishing and Aquaculture (LGPAS in Spanish), are no-fishing areas established in federal waters 
that preserve and contribute to the development of fishing resources, with a particular focus on 
reproduction, recruitment, and growth. They can be either temporary, permanent, species specific, 
or completely closed.
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Fig. 7.2 Process to establish a community-led marine monitoring team
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During the program, 222 fishers were trained to conduct underwater visual cen-
suses in the kelp forests of the Baja California Peninsula, the rocky reefs of the Gulf 
of California, and the coral reefs of the Mesoamerican Reef System. While each 
environment requires specific protocols, fishers followed a standardized training 
program to ensure accuracy, precision, and confidence in the data generated. Fishers 
received an internationally recognized SCUBA certification from the Professional 
Association of Diving Instructors (PADI) and first aid training before undertaking 
an intensive course in species identification and underwater visual census tech-
niques. Methodologies were selected that are both internationally recognized and 
locally appropriate (based on habitat type) in order to contribute to other regional 
datasets. In Baja California, the Reef Check methodology (Freiwald et al. 2013) 
was used; in the Gulf of California, an adapted version of the Partnership for 
Interdisciplinary Studies of Coastal Oceans (PISCO) protocol (PISCO 2016); and in 
the Mesoamerican Reef, an adapted version of the Atlantic Gulf Rapid Reef 
Assessment (Lang et al. 2010).

The training courses were divided into three parts: (1) classroom theory sessions, 
(2) in-water species identification, and (3) monitoring practice. Theory sessions 
provided participants with in-depth information about ecosystem-based monitoring, 
marine reserves, and an overview of the importance of monitoring. Focus was sub-
sequently turned to the specific fish and invertebrate species common in the area, as 
well as detailed information about the types of benthic cover and other information 
relevant to the local marine reserves. Common names for species can vary greatly 
from one community to the next. Although common names were often used ini-
tially, fishers were strongly encouraged to use scientific names as soon as possible 
to reduce errors in data collection and facilitate collaboration with scientists and 
fishers from other areas. In-water species identification began when fishers demon-
strated mastery of the theory. In dive groups with low fisher to trainer ratios (ideally 
1:1), fishers learned to identify fishes and their estimate sizes correctly. Size estima-
tion, which is key for biomass calculations, was evaluated using a line of plastic fish 
for each of which the observer estimates the size to the nearest centimetre from a 
distance of 2–3 m. After each practice session, trainers reviewed and gave feedback 
on the fishers’ performances during the dive.

Monitoring protocol training included land-based practice in which transect 
dimensions and speed were demonstrated, while the fishers familiarized themselves 
with the monitoring equipment (fibreglass tape measures, underwater tables with 
waterproof paper, quadrants, PVC measuring poles). This was followed by in-water 
practice in which fishers laid practice transects accompanied by the trainer and 
demonstrated safe diving practices. Training was complete when the trainer was 
confident that each fisher was able to collect accurate data for each species group 
(fish, invertebrates, and benthic cover). Fishers were provided with waterproof spe-
cies ID guides to assist with the learning process, and many began to use the guides 
outside of survey periods to identify catches and species seen during their fishing 
trips. In many cases, the competitive nature of fishers provided unexpected benefits. 
The daily challenge between participants ranged from ‘who caught the most today?’ 
to ‘who knows the scientific name of her/his catch?’
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When monitoring teams were established to collect data in newly established 
marine reserves, baseline data had to be collected before the reserve was formally 
closed to fishing. Subsequent surveys were completed at suitable intervals to detect 
ecological changes. Intervals vary on a case-by-case basis depending on the objec-
tives and target species of the reserve. The monitoring program must be adapted to 
reflect the recovery rate of the target species (Abesamis et al. 2014). Before each 
subsequent survey, fishers underwent a 2-day refresher course and evaluation to 
ensure that their proficiency had not dropped. Periodically, visiting scientists were 
consulted to provide an objective external assessment of fishers’ activities. The sci-
entists evaluated the fishers on their ability to correctly apply the methodology and 
correctly identify and estimate the size of marine organisms. Recommendations 
were also provided by the scientists on how to improve the training process and 
diver performance during surveys.

Fishers’ participation in citizen science during the program was not restricted to 
transect SCUBA surveys in community marine reserves. Fishers along the Mexican 
portion of the Mesoamerican Reef have also conducted surveys and control mea-
sures for the invasive lionfish (Pterois volitans) population, monitored megafauna 
(shark, ray, and turtle), and identified fish spawning aggregation sites for key com-
mercial species such as groupers (Serranidae) and snappers (Lutjanidae). The con-
tribution of fishers’ LTK to the search for fish spawning aggregations has been 
extensively documented (Hamilton et  al. 2011; Heyman 2011). However, in the 
Sian Ka’an Biosphere Reserve, the fishers successfully petitioned the government 
to create a fish refuge on a Nassau grouper (Epinephelus striatus) spawning site 
(Secretaria de Gobernación 2013), the first visually verified fish spawning aggrega-
tion site to be closed to fishing in the Mexican Caribbean. Fishers continue to survey 
the site during spawning season.

In the Pacific island community of Isla Natividad, two marine reserves were 
established in 2006 to protect dwindling abalone stocks from over-exploitation. 
Approximately 8% (200 hectares) of the cooperative’s fishing ground was included 
in the marine reserves, with fishers selecting the sites based on past productivity 
and the estimated opportunity cost of the lost fishing grounds. In 2009, fishers 
observed an unusually high mortality of benthic invertebrates, mostly likely caused 
by a hypoxic event linked to changes in the California current (Micheli et al. 2012). 
In collaboration with the fishing cooperative, scientists used oceanographic instru-
ments to monitor both hypoxic events and temperature fluctuations. This biological 
and oceanographic monitoring program, established in 2006, continues to give a 
unique perspective of the impact of changes in large-scale ocean processes on local 
marine biodiversity. While abalone density inside the reserves declined during the 
hypoxic events, declines were greater outside the reserves. Additionally, the larger 
size and higher density of abalone inside the reserves led to increased post-mortal-
ity recruitment, not only inside the reserves but also in adjacent areas (Micheli 
et al. 2012).
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7.2.2  Outputs and Products of Collaborative Research

Fishers who took part in the community-led monitoring programs described herein 
are active participants in the evaluation of their resources and help to generate infor-
mation that can be used in science-based decision-making for local- and regional- 
level management. To date, community partners have contributed to over 60 projects 
including undergraduate and Masters’ theses, PhD dissertations, book chapters, 
conference proceedings, and articles focusing on biogeography, biodiversity, bio-
economics, and fisheries. Table 7.1 summarizes the products of the collaborative 
research program, and some of the most important contributions to both the scien-
tific literature and fisheries management are discussed below.

The success of any conservation or fisheries management tool depends heavily 
on community acceptance, implying that active stakeholder participation is key to 
ensuring local buy-in to the project (Espinosa-Romero et al. 2014; Ruiz-Frau et al. 
2015). In this case, the marine reserves were designed with data collected by the 
fishers themselves. Each reserve has specific objectives, primarily fishery recupera-
tion or ecosystem protection. Examples of reserves with the goal of fishery recu-
peration are those of the blue (Haliotis fulgens) and yellow (H. corrugata) abalone 
fishery of Isla Natividad and the lobster (Panulirus argus) and grouper (Epinephelus 
striatus) fisheries of Quintana Roo (Secretaria de Gobernación 2013). Reserves cre-
ated to protect and restore ecosystems include the core zone of the Isla San Pedro 
Mártir Biosphere Reserve (Secretaria de Gobernación 2002) and the coral reefs of 
María Elena, Sian Ka’an Biosphere Reserve (Secretaria de Gobernación 2012).

All area-based management tools (core zones of federal protected areas, fish 
refuges, and community reserves) allow both principal objectives to be reached and 
can be effective tools to mitigate the negative effects of climate change on marine 
ecosystems and livelihoods in coastal communities (Micheli et al. 2012).

Information generated by fishers has been used to create recommendations for 
the management of the pen shell (Atrina tuberculosa; temporary closures, marine 
reserves; Moreno et al. 2005) and swimming crab (Callinectes spp.; marine reserves, 
fishery effort monitoring, fishing gear improvements; Torre et al. 2004) fisheries of 
Bahia de Kino, Sonora (Cisneros-Mata et al. 2011a, b), and the development of a 
management plan for aquarium fish fisheries (Secretaría de Medio Ambiente y 
Recursos Naturales 2012). The data collected and management tools put in place 
have also allowed fishers to gain access to permits through the use of the data to 
calculate quotas. These fisheries include the clam (Megapitaria squalida, M. auran-
tiaca) fishery in Puerto Libertad and the aquarium fish and invertebrate fishery in 
Ligüi, Baja California Sur. Range extensions for species have been detected in these 
cases. In the Gulf of California, four species of the genus Scarus (Gonzalez-Cuellar 
et al. 2013) and Limbaugh’s damselfish (Chromis limbaughi), a highly sought-after 
fish in the aquarium trade (Martínez-Torres et  al. 2014), were detected. In Baja 
California, as water temperatures rise with climate change, tropical species have 
also been detected (Hernández-Velasco et  al. 2016). Additional reports have 
included invasive species (Sargassum filicinum) by Riosmena et  al. (2012) and 
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Table 7.1 Products generated through collaborative research

Product Relevance/focus References

Journal articles, 
book chapters, 
and proceedings

Benefits of marine 
reserves

Micheli et al. (2012), Rossetto et al. (2013), 
Munguia-Vega et al. (2015a), Rossetto et al. 
(2015), and Villaseñor-Derbez et al. (2015)

Community participation 
in marine conservation

Fulton et al. (2013, 2014) and Heyman et al. 
(2014)

Ecosystem services Suarez-Castillo et al. (2014)
Species range extensions Gonzalez-Cuellar et al. (2013), Martínez- Torres 

et al. (2014), Fernández-Rivera Melo et al. 
(2015b), and Hernández-Velasco et al. (2016)

Interdisciplinary research Munguía-Vega et al. (2015b)
Species distribution Riosmena-Rodríguez et al. (2012) and Fernández-

Rivera Melo et al. (2015a)
Fisheries management, 
economics, and 
sustainability

Reyes-Bonilla et al. (2009), Moreno-Baez et al. 
(2012), Micheli et al. (2014), and Germain et al. 
(2015)

Genetics and 
connectivity

Greenley et al. (2012) and Munguía-Vega et al. 
(2014)

Theses Critical habitats Moreno-Dávila (2013) and Suárez-Castillo (2014)
Population dynamics Rossetto (2012)
Fishery impacts Hernandez-Velasco (2010)
Species distribution Gonzalez-Cuellar (2012) and Precoma de la Mora 

(2015)
Optimization of 
monitoring protocols

Fernández-Rivera Melo (2015)

Co-management and 
marine reserves

Revollo-Fernández (2012) and Germain (2014)

Communication 
articles

Community participation 
and co-management

Fernández-Rivera Melo et al. (2013, 2014), 
Hernández-Velasco et al. (2015), and Fernández-
Rivera Melo et al. (2015c)

Women in citizen science Hernandez-Velasco & Vazquez-Vera (2013)
Technical 
reports

Coral reef health Healthy Reefs Initiative (2012) and Kramer et al. 
(2015)

Stock assessments and 
fishery information

Torre et al. (2004), Moreno et al. (2005), and 
Cisneros-Mata et al. (2011a, b)

Threatened species Mercier et al. (2013)
Ecosystem services Lucas et al. (2012)
Ecosystem modelling Ainsworth et al. (2011)
Seafood eco-certification Marine Stewardship Council (2012) and Monterey 

Bay Aquarium Sea Food Watch (2014)
Management 
plans

Ornamental fish 
management plan

Secretaria de Medio Ambiente y Recursos 
Naturales (2012)

Biological 
monitoring 
protocols

Fernández-Rivera Melo et al. (2012)

Protected area 
creation

Marine protected areas Secretaria de Gobernación (2002)
No-take zones Secretaria de Gobernación (2012)

Secretaria de Gobernación (2013)
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 albinism in brown sea cucumber (Isostichopus fuscus) by Fernández-Rivera Melo 
et al. (2015a). These official reports have been the result of having more trained eyes 
in the water than was previously possible, which has allowed for more effective, 
data- driven decisions to be made on species management and capture.

7.2.3  Gender Equality in Conservation

The stereotypical fishing camp brings to mind a group of weathered men working 
their nets, traps, and lines, with little interest in resource conservation. Mexico, 
which currently ranks 71st out of 187 countries on the United Nations Development 
Program Gender Inequality Index (UNDP-HDR 2015), has, like most countries, a 
largely male-dominated fishery. The fishing cooperative, Mujeres del Golfo, is a 
leading example for other female fishers and women in coastal communities along 
the Baja California Peninsula. The cooperative, dedicated to catching and commer-
cializing ornamental fish for the aquarium trade, was founded and is currently run 
by women from the community of Ligüi, Baja California Sur. In 2007, after a mem-
ber of the cooperative took part in a species identification and monitoring workshop 
with male fishers, a group of her colleagues quickly followed, and the cooperative 
began monitoring their own resources to ensure sustainable catches. This project 
inspired other women, now totalling 30 from 6 communities in Baja California, to 
request and take part in SCUBA diving training and monitoring courses.

In Isla Natividad, Baja California Sur, 14 women have collaborated in research 
projects that take place on the island with a variety of different organizations. The 
women currently organize their own research trips, conduct underwater visual cen-
suses, enter the data into databases, and send it directly to both national and interna-
tional researchers. The advantages of working with women’s groups such as those 
mentioned here are numerous. From a purely logistical point of view, the women are 
available to take part in research projects year-round, unaffected by the state of the 
fishery which, during peak times, can affect male fishers’ willingness to participate. 
However, the social benefits are much greater in the long-term. Gender barriers are 
being broken down in what are traditionally some of the more conservative com-
munities in the country.

7.2.4  Measuring Confidence in the Data

During the training process and before each monitoring session, fishers passed 
through a series of evaluations to ensure the accuracy and precision of the data col-
lected. Species identification was tested using a combination of slideshow exams 
and in-water 1:1 dives with a trainer. Size estimation accuracy was evaluated by 
having fishers visually estimate the size of objects underwater.
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Classroom exam scores for fishers were compared with other participants who 
have also taken the monitoring course, including volunteers, students, fishers’ 
wives, researchers, and members of government agencies (Fig. 7.3). To detect pos-
sible differences between the scores, one-way analysis of variance (ANOVA, 
α = 0.05; Zar 2010) was conducted. Taking into account the two principles for para-
metric analysis (normality and homoscedasticity), corresponding a priori tests were 
carried out, Bartlett’s Chi-Square (Zar 2010). The analysis did not show significant 
differences between the participants (F(5,90) = 1.107, p = 0.362).

In-water species identifications skills were evaluated by comparing data col-
lected by trainers with those of the fishers taken on the same transect line. Coral and 
benthic data were evaluated by both divers, who registered data along a leaded rope 
that remained stationary on the seafloor (unlike a fibreglass tape which may sway 
with the surge), and allowed the same point to be registered by both divers. Fish data 
were collected by the trainer simultaneously, who swam above the fisher during the 
transect. The measure of similarity in the results was calculated using the Bray- 
Curtis measure (Smith 2002):

 

BCij

ik jk

ik jk

p p

p p
=
å -éë ùû
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Equation 7.6.1 Calculation of the Bray-Curtis measure.

where pik and pjk represent the proportions of individuals in census i and j, respec-
tively, which belong to species k. The index ranges from 0, where there are no spe-
cies in common, to 1.0, where the distribution of species is identical. The data, 

Fig. 7.3 Classroom species ID exam scores (%) for participants of different backgrounds with 
standard deviation
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expressed as a similarity percentage (Fig. 7.4), suggest that fishers can successfully 
identify coral and benthic cover accurately (85.7% and 82.9% similar to the instruc-
tor, respectively).

Fish identification accuracy was slightly lower (77.4% similar), although more 
variation is expected due to the differing viewpoints of the two observers on the 
simultaneous transect. All three techniques compare favourably to other studies on 
volunteer divers using similar methodologies. Mumby et al. (1995) found that vol-
unteer divers in Belize could correctly identify coral 52–70% of the time and ben-
thic cover 70–90% of the time. Similarly, Harding et  al. (2000) found volunteer 
diver fish data to be 75.3% similar to that of instructors after 1 week’s training, ris-
ing to 78.5% after 4 weeks.

Preliminary analysis of the fish data reported in this study suggests that the error 
incurred is a result of underrepresentation of smaller fishes, such as those of the 
family Labridae. Analyses of this type provide trainers with the necessary informa-
tion to focus further training and improve performance.

Considering that fishers target many of these species on a daily basis, it comes as 
no surprise that identification of commercial species is highly accurate. During 
training, attention was focused more on non-commercial species, including those of 

Fig. 7.4 Bray-Curtis similarity measure for species identification between fishers and trainer dur-
ing in-water tests
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high importance to ecosystem health that fishers may have previously ignored. It 
has been noted that, particularly for cryptic commercial species (organisms that are 
not easily visible) such as octopus, lobster, and some shellfish, fishers are consider-
ably more reliable than biologists in registering the species present. For example, 
during abalone censuses in Isla Natividad, abalone fishers found abalone much 
more quickly than researchers, and similar results have been seen with lobster in the 
Mesoamerican Reef. In general, we saw that fishers have a heightened awareness 
for their target species, which can prove beneficial during surveys.

Size estimation accuracy, which is critical for biomass calculation, is also consis-
tent amongst fishers and volunteer observers. The size of the plastic fish was esti-
mated underwater by each observer as mentioned above. Postdive, the plastic fish 
were measured, and sizes were compared to the observers’ estimates. Group aver-
age size estimations by fishers (Fig. 7.5, A and B) and volunteer divers taking part 
in reef monitoring training workshops (C and D) were registered. Non-fisher groups 
consisted principally of biology students or biologists working in CSOs. The results 
showed that fishers can estimate size underwater as effectively as volunteer divers, 
even when the majority of the volunteer divers are biologists. We can also see that, 

Fig. 7.5 Results of underwater size estimation exercises using plastic fish. Thick black line repre-
sents the true size of each plastic fish (n = 15), and the coloured shading represents the averaged 
estimates of each group (a, b, c, d) with standard deviation. Grey shading represents estimations 
within the correct size category, red shading represents an underestimated size, and a black column 
represents no data. (a) Fishers from the Cozumel Fishing Cooperative, Maria Elena, Sian Ka’an, 
March 2015, n = 6; (b) fishers from Banco Chinchorro, June 2013, n = 3; (c) students on a univer-
sity training course, July 2014, n = 14; and (d) volunteer divers (principally biologists) taking part 
in AGRRA workshop, April 2013, n = 7
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amongst all observers, underestimation is more common than overestimation with 
individual data, again calling for personalized training to be undertaken to improve 
estimation accuracy for those individuals that need it.

7.3  Discussion and Conclusion

It is important to highlight that, while the fishers engaged in this program are par-
ticipants in a citizen science program, the program differs somewhat from the con-
ventional sense: with the establishment of marine reserves, the fishers are investing 
in their future. This is unlike the Audubon Society’s Bird Surveys or REEF, where 
data are collected by volunteers in their free time and used by the host organization 
to monitor general population health and large-scale changes in species distribution. 
In the case studies discussed in this chapter, the fishers collect the data at a very 
local level, and, while scientists provide technical support and make management 
suggestions, the fishers are the ones who decide whether to implement them based 
on the data collected. The fishers also keep the data for their own use.

Successful implementation of the recommendations is often due to increased 
trust in the data and concerns over the long-term sustainability for their fisheries. 
Unfortunately, it is common for scientists to visit communities and collect data 
without providing feedback to the community, causing fishers to fear that these data 
will be used against them in top-down management measures, such as the closure of 
fishing grounds, rather than for their benefit and in a clear, transparent process in 
which they have a voice. The result is that they can be less likely to participate or 
share important information that could be mutually beneficial for both fishers and 
scientists alike.

In the case of marine reserves where members of affected communities collect 
the data themselves, there can be no quibble amongst fishers regarding their reli-
ability. Additionally, data generated in the marine reserves has been seen to provoke 
one of two reactions: (1) if no recovery of marine biodiversity is seen, fishers feel 
the need to redouble their conservation efforts, given that they have a vested per-
sonal interest in the area and are responsible for the data collected; and (2) if 
improvements in the marine biodiversity are seen, great pride is felt within the com-
munity without the suspicion that the data are not representative or trustworthy. To 
date, we have not seen a negative reaction to the reserves that have shown slow or 
little recovery. The adaptive management options available also help to curtail this 
possibility. The most commonly used framework for these marine reserves is the 
voluntary community scheme or the ‘fish refuge’ scheme governed by Mexican 
Fisheries Law. Both frameworks allow reserves to be moved or modified, if 
necessary.

The importance of data collected by non-professionals is well documented, and, 
despite some criticism, the majority of studies comparing the validity of data 
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 collected by volunteers and experts using suitable methodologies have been favour-
able (Schmitt and Sullivan 1996; Hassell et al. 2013). Fewer studies have evaluated 
the ability of small-scale fishers from developing countries to collect accurate data, 
although Beger (2002) and Uychiaoco et al. (2005) found more variation in data 
collected by the fishers than what was collected by trainers. However, in the second 
study, training time was limited due to financial restrictions and the capacity of the 
monitoring team.

In the case of this program, fishers are financially compensated with a small sti-
pend for the time they commit to the monitoring program, thus avoiding conflicts 
between taking part in the monitoring program and supporting their families. In this 
study, we observed that fishers can conduct visual censuses and estimate sizes with 
the same accuracy as trained volunteer divers, as reported by Mumby et al. (1995) 
and Harding et al. (2000). Similarly, test results suggest that fishers can identify 
species as successfully as groups with stronger formal educational backgrounds, 
although, as expected, professional researchers did score considerably higher. The 
range of evaluations conducted with the fishers in this study are necessary to ensure 
the validity of the data collected, and confidence in the resulting data is not only 
high amongst fishers but also government agencies and visiting scientists. The 
importance of a suitable methodology cannot be overemphasized.

Most of our community partners have completed only basic education, and while 
literacy is a requirement for joining the monitoring team, individual literacy abili-
ties can vary. The methodology, data sheets, and databases should take this into 
account to ensure that minimal errors occur during data collection and entry into the 
databases. Frequent follow-up with the community is also important. Data analysis 
is performed off-site by CSO staff or researchers, and, as such, data must be given 
back to the fishers as soon as possible.

This chapter demonstrates how the involvement of small-scale fishers in the 
implementation of conservation measures in three ecoregions of Mexico – kelp for-
ests, coral reefs, and rocky reefs – has been achieved through a participatory pro-
cess. The model used in this chapter has been adopted for use by organizations in 
other areas, both in Mexico and neighbouring countries. These findings suggest that 
it is a very effective community empowerment tool, given that involving community 
members in the scientific process creates responsibility, pride, and a deeper under-
standing of the ecosystem in which they live and work. In this way, the empower-
ment of fishers allows them to make more effective, participatory management 
decisions for their fisheries to ensure the long-term success of fisheries and fishers’ 
livelihoods.

The program shows the importance of participative processes, including training, 
follow-up, and returning data back to those involved in monitoring. Work needs to 
be done to ensure the long-term sustainability, expansion, and replication of such 
programs for the benefit of resource conservation, the sustainability of fisheries, and 
the viability of fishing communities.
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