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Five species of sea turtle inhabit the Eastern Tropical Pacific Seascape. Based on 

the International Union for the Conservation of Nature, all five of these populations are 

threatened with extinction. Bycatch, the incidental take of non-target species in fisheries, 

is the leading cause of sea turtle decline within the region. To address this issue in the 

region, methods were used to analyze policy and management in attempts to better 

determine those gaps, which hinder sea turtle protection. Geographic Information 

Systems, specifically, ArcGIS, was used determine areas of primary importance to sea 

turtles. The Inter American Tropical Tuna Commission (IATTC) provided data of purse 

seine interactions within sea turtles in the Eastern Equatorial Pacific Ocean. Interaction is 

defined as live sea turtles sighted by observers from purse seine vessels, whether or not 

they were involved in a set. Through hot spot cluster analysis and Inverse Distance 

Interpolation (IDW) the whereabouts of sea turtles was examined in relation to the 

marine protected areas and Exclusive Economic Zones of the Eastern Pacific countries. 

Second, an extensive literature review was conducted to identify gaps in current national, 

regional, and international management plans. With this information, one was able to 

gain a better understanding of the requirements for proper sea turtle protection and offer 

recommendations to improve current protection. 
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CHAPTER 1: INTRODUCTION 

 
1.1 The High Seas 
 

The high seas, consisting of the water column, seabed, and ocean, floor (O’Leary 

2012) is a vast area beyond national jurisdiction, making up 64% of the ocean’s total area 

(Gjerde et al. 2005). It is comprised of multiple habitats and is home to thousands of 

species. Yet, despite this ecological significance, these waters remain virtually 

unmanaged as they stretch beyond the zones of jurisdiction of any nation. 

 The deep, open ocean possesses high amounts of biodiversity. It is estimated that 

between 500,000 and 10 million species inhabit this area, rivaling that of any tropical 

rainforest (Deep Sea Conservation Coalition 2012). Unique landforms within these 

bodies of water, such as seamounts (underwater mountains) and cold water coral areas of 

primary importance for the foraging, migration and breeding of hundreds of species. To 

date, only 5% of the high seas have even been explored (Gjerde et al 2005) and there is 

still much to learn and discover. 

For the past three centuries, the international policy on the open ocean has been that 

of the “freedom of the seas”, which supports freedom of access and exploitation with 

little to no regulation (Christy 1968) on fishing, navigating, and research (Salpin et al 

2010). Fortunately, recent realization of this exploitation and the ongoing environmental 

degradation occurring has led to the beginning of discussions and conservation efforts 

regarding the high seas. However, to date, 75% of the high seas continue to remain 

unmanaged (Gjerde et al. 2005) and, the area that is managed is threatened by illegal 

activity, poor management, and poor enforcement. Therefore, fishing activities continue 
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to exploit the open ocean, with new and innovative technology that maximizes catch per 

unit effort at the expense of the marine environment. 

1.2 The Status of Sea Turtles in the Eastern Equatorial Pacific  

Six species of sea turtles forage and migrate within the eastern Pacific Ocean; the 

highly migratory leatherback (Dermochelys coriacea), the green (Chelonia mydas), 

hawksbill (Eretmochelys imbricata), loggerhead (Caretta caretta), olive ridley 

(Lepidochelys olivacea), and the flatback (Natator depressus) [The flatback is endemic to 

Australia and will not be a focus].  

Each species of sea turtle within the Pacific Ocean has been listed by the International 

Union for the Conservation of Nature as Vulnerable, Endangered or Critically 

Endangered within the Pacific (IUCN 2012). 

Leatherback sea turtle nesting grounds were not discovered until the 1950s. And, the 

species’ highly pelagic movements make them difficult to assess (Lutz et al 1997). 

Nonetheless numbers are known to be declining at a rapid rate (Spotila et al. 1999), 

influencing their listing by the IUCN as Critically Endangered (IUCN 2012). 

Today, the population of Pacific leatherback sea turtles is estimated to have as 

low as 2,300 reproductive females remaining, with numbers dropping substantially over 

the last twenty years (WWF 2012). If these declines persist, scientists estimate that the 

global population of leatherbacks will be functionally extinct within the next few decades 

(Spotila et al. 1999).  

The population of hawksbill sea turtles has seen the longest exploitation 

(primarily due to harvesting) of any sea turtle species and has declined globally by 80% 
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over the last 150 years (Meylan et al. 1999). Today, the Hawksbill Sea Turtle population, 

which has a status of Critically Endangered, (IUCN 2012) is extremely grim with only 

four Pacific populations having more than 1,000 nesting females (FWS 2012). 

Loggerhead and green sea turtle populations are both labeled as endangered by 

the IUCN (IUCN 2012).  The global loggerhead population has declined substantially 

over the last few decades with an estimated female nesting population of 60,000 (WWF 

2012). The global green sea turtle population is estimated at approximately 200,000 

nesting females (WWF 2012).  

Although little is known about actual population numbers, the olive ridley sea 

turtle is currently listed as Vulnerable by the IUCN (IUCN 2012).  

1.3 The Life History of a Sea Turtle: A General Overview  

All species of sea turtles are k-selected species, characterized by late maturation 

and low fecundity; however evolutionary, they exhibit high survivability once reaching 

maturity (Heppell 2000). Range of maturation varies by species and individual, however 

is estimated to be anywhere from about five to twenty years (Lutz et al.1997). After 

breeding within the water, females will head to sandy, vegetation filled beaches at night 

to lay clutches of eggs; some species laying over 100 eggs.  After incubation (with the 

temperature determining the sex ratio), the infant turtles hatch at night and head to the 

water (Lutz et al 1997). 

The young that make it to the water enter what scientists call “the lost years” Lutz 

et al 1997); the early juvenile years in which little scientific data is available. Little is 

known about this time, except that the juvenile sea turtles inhabit the pelagic, open ocean 

in search of food and in order to develop (Lutz et al 1997). 
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Once reaching maturation, depending on the species, sea turtles may remain 

within the pelagic zone or migrate to coastal waters or reefs. 

1.4. Migration of the Pacific Leatherback Sea Turtle 

In order to properly mitigate leatherback Sea turtle interactions with fisheries, 

their movements and migratory routes must be understood. Each population of 

Leatherbacks (eastern vs. western) has substantially different migratory patterns.  

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

Figure 1.4.1:  Leatherback Sea Turtle Tracking in the Eastern and Western Pacific (Bailey 
2012) 
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Between 2004 and 2007, the routes of 46 female leatherback sea turtles, nesting at Playa 

Grande in Costa Rica (the largest nesting beach within the eastern Pacific), were tracked.  

 

 

 

 

 

 

 

 

 

 

 

 

The data shows that after following nesting, leatherbacks migrate southward from 

Costa Rica into the South Pacific Gyre Current System (from approximately 12 degrees 

North to 5 degrees South) between the months of February and April (Shillinger 2008). 

These movements can primarily be attributed to the distribution of mezozooplankton (i.e. 

jellyfish) within the region.  

Oceanic processes have been proved to influence sea turtle migratory patterns, as 

well. For example, sea surface temperature, chlorophyll abundance, magnetic force, 

inclination (direction of the total force) and declination (difference between north and 

true north) effect sea turtle movement (Kobayashi 2008). One study created a 

Figure 1.4.2: Leatherback Sea Turtle Migration in the Eastern Pacific (Shillinger 2008)	  
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multivariate habitat index, which found that leatherbacks favor temperatures around 

19.85 degrees Celsius, .1050mg chlorophyll, 44136.5T magnetic total force, and 12.418 

degrees magnetic declination, and 53.897magnetic inclination (Kobayashi 2008). This 

study suggests that biological, behavioral, chemical, and stochastic factors all have an 

influence on sea turtle movement within the Pacific. 

1.5. Sea Turtles as Pacific Fisheries Bycatch 

Declining numbers of Pacific sea turtle populations are a direct result of the 

interaction between their complex life history and anthropogenic threats of direct 

harvesting, habitat degradation, and incidental take in fishing (fisheries’ bycatch). 

However, fisheries bycatch is the greatest threat to global sea turtle populations and thus 

our topic of focus (Bergen 2010). 

1.5.1 Longline Fisheries 

Coastal and pelagic longline fishing is responsible for large amounts of sea turtle 

bycatch within the Pacific. This fishing practice consists of one large, primary horizontal 

line at the surface of the water, attached to hundreds (or thousands) of additional vertical 

lines with baited hooks that can reach depths of 400 meters. In 2000, approximately 1.2 

billion longline hooks were used globally; 52% of these hooks were in the Pacific. 

Therefore, there is a high opportunity for Pacific sea turtles to bite and/or get caught in a 

line in passing (Gilman et al 2006), causing them to drown. 

1.5.2 Trawls 

Trawls are large steel plates or nets, reaching lengths of up to 2.5 miles, which 

drag along the ocean floor in attempts to find shrimp and other benthic organisms (Deep 

See Conservation Coalition 2011). In 2001, a study done in tropical Australia found that, 
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when sea turtles came across a trawl, 66 out of 67 sea turtles were caught (Brewer 2006); 

98.5%. The National Academy of Science Policy estimated that in the southeast United 

States 50,000 loggerheads and 5,000 Kemp's Ridley were killed annually in the 1980s by 

trawls (Alverson et al 1996).  Unfortunately, the high, increasing global demand for 

shrimp encourages trawling to continue.  

1.5.3 Passive Nets 

Passive net fisheries (i.e. gillnets, purse seine nets, driftnets) are unselective 

fishing practices that utilize large, easy to use, cost effective nets. Fishermen deploy these 

nets in the ocean at various depths in attempts to catch various species of pelagic and 

coastal fish. Sea turtles can become trapped in these nets, and oftentimes drown (Gilman 

2009). A study in Trinidad and Tobago showed that within their nation’s fisheries over 

3000 sea turtles were caught in 2000 alone (Lum 2006). 

1.6.The Eastern Tropical Pacific Seascape (The Cocos Ridge Corridor) 

The Eastern Tropical Pacific Seascape, consisting of Costa Rica, Colombia, Ecuador, 

and Panama (as well as the open water between these countries) is considered to be one 

of the most biologically diverse ocean corridors in the world  (Vinson 2006). The unique 

combination of geologic structures and oceanic processes is responsible for an abundance 

of migrating, foraging, and spawning endangered and endemic marine species.  

	  

	  

	  

	  

	  

Figure 1.6: Eastern Tropical Pacific Seascape and Cocos Corridor (Seaturtles.Org 2012) 

 

S 

Sea 
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 Costa Rica is famous for its aesthetic beauty and unique environment, as it 

supports a plethora of marine and terrestrial wildlife. For example, Las Baulas National 

Park is one of the largest leatherback sea turtle nesting areas in the world (Vinson 2006). 

Furthermore, Cocos Island (a designated national park and world heritage site, located 

approximately halfway between Costa Rica and Ecuador’s Galapagos Island) and its 

“cocos corridor” (figure 3: seaturtles.org) is crucial within the biological functioning of 

the region and supports 32 coral species, 57 crustacean species, 500 mollusk species and 

250 fish species (Vinson 2006).  

Similar to Costa Rica’s Coco’s Island, Colombia’s Gorgona and Malpelo Islands are 

both hotspots for biodiversity and a critical habitat for many marine organisms. Gorgona 

Island National Park is 236 square miles; 97% being ocean (Vinson 2006). Malpelo, 

although smaller, still acts as a home for 220 fish species and 10 species of coral (Vinson 

2006). 

Ecuador is considered one of the most biologically rich and diverse countries on 

Earth, primarily a result of the world famous Galapagos Islands. The Galapagos are home 

to 298 species of fish, 57 species of bird and an estimate 800 species of plants. Of all the 

marine species within the region, 25% are endemic to these islands (Vinson 2006).  

Panama also acts as a significantly important country of biodiversity due to Coiba 

Island (National Park) which sits on an extremely large reef, inhabited by 20 species of 

sea mammals and 69 species of fish (Vinson 2006). 

The Eastern Tropical Pacific Seascape is a highly biologically diverse region due to 

the congregation of currents (i.e. the equatorial current, the Costa Rica coastal current, 

Panama bight gyre), upwellings (Costa Rican Dome), and unique landforms (i.e. 
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hundreds of underwater mountains, known as seamounts), which act as migration, 

foraging, and spawning areas for hundreds of marine species (Vinson 2006). 

Unfortunately, this highly diverse region is also a key area for commercial fishing 

(i.e. Chilean Sea Bass, Tuna, and Swordfish (Vinson 2006). And the four Pacific 

Seascape countries (as well as other Central American countries) depend on this fishing 

for their economy. These large, highly demanded fish tend to occupy the same habitat as 

the sea turtles in which we are trying to protect. As a result, fishermen tend to use 

practices and do as whatever may be necessary to maximize capture, even at the expense 

of sea turtle livelihood. Therefore, these threatened species and their unique habitat must 

be preserved to maintain biodiversity and the normal operations of the region. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 



	  
	  

10	  
	  

 
CHAPTER 2: OBJECTIVES OF STUDY 

 
2.1 Statement of Problem 

 
Incidental catch in unregulated and poorly regulated commercial fisheries is the 

leading cause of cause of death among global sea turtle populations (reference). The 

eastern Pacific Ocean (primarily the Eastern Tropical Pacific Seascape) is an area of high 

biodiversity, and acts as a migratory, foraging, and spawning ground for many species, 

including the highly endangered leatherback, green, hawksbill, olive ridley, and 

loggerhead sea turtle. The many commercial fisheries within the eastern Pacific are 

responsible for the injury and mortality of these vulnerable species. To date, management 

of this area has proved to be inefficient in protecting sea turtle populations. Therefore, 

reducing bycatch of sea turtles in the Eastern Equatorial Pacific could greatly encourage 

sea turtle recovery. 

2.2 Purpose of Study 

In this study I attempt to: 

1) Using data provide by the Inter American Tropical Tuna Commission, use 

geographic information systems (GIS) to identify areas of interaction between 

sea turtle population and fisheries within the Eastern Pacific. 

2) Create a preliminary ecological risk assessment, which ranks species 

vulnerability. 

3) Analyze and compare current mitigation techniques through exploratory 

research on the four Seascape countries, the pros and cons of existing plans, 

problems with enforcement, and possible technological tools to enhance 

enforcement. 
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4) Through my research offer recommendations for a successful sea turtle 

bycatch mitigation plan in the eastern Pacific Ocean. 
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CHAPTER 3: METHODS 

3.1 Data Collection 

The Inter-American Tropical Tuna Commission based in La Jolla, California 

provided the data used for this project. After making a formal request, outlining my 

intentions, Nick Vogel (nvogel@iattc.org), head of the Data Collection and Database 

Program provided me with the necessary data. The data provides information on sea 

turtle interactions with purse seine vessels in the Eastern Equatorial Pacific. The number 

of live sea turtles sighted by observers from purse seine vessels, whether or not they were 

involved in a set, defines interaction. This data comes from on board observers, who are 

required to be on all larger PS vessels of 365 metric tons fish carrying capacity. When 

received the data was in an excel spreadsheet and grouped in 5 x 5 degree cells by year 

and month, 2005-2011, for each of the five species of sea turtle. It was in WGS 1984 

format.  

In attempts to count for sampling effort, the IATTC provided data on the number 

of days fished. However, due to the fact that this data was collected for the purpose of the 

catch data, it spans from the time the first set entered the water until the last set of the 

day. 

Following, the manipulation of the sea turtle data it was necessary to acquire 

oceanographic elements in order to determine if patterns exist between sea turtle 

distributions and specific oceanographic features. Therefore chlorophyll data and sea 

surface temperature data was obtained. 

 Identifying marine protected areas is crucial in order to determine gaps in sea 

turtle protection. Through a database of the World Commission on protected areas, I was 
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able to collect data showing the locations and extent of marine protected areas of a 

number of nations relevant to our study. I chose the four primary nations of focus 

(Colombia, Costa Rica, Ecuador, Panama), as well as other locally relevant nations; 

Mexico, Guatemala, El Salvador, Nicaragua, Peru, and Chile.	  

3.2  Data Analysis  

The data analysis was done using ESRI’s ArcGIS 10. The excel spreadsheet was 

separated by year and by species (Spp160=Unknown; Spp 161= Olive Ridley; Spp 

162=Loggerhead; Spp 163=Green; Spp 164=leatherback; Spp 165=Hawksbill). 

Surfaces of distribution of sea turtles by year and by species were created using 

Inverse Distance Interpolation (IDW). IDW is a type of density estimation, which seeks 

to measure cell densities via known points (Chang 2012). Specifically, IDW “is an exact 

method that enforces the condition that the estimated value of a point is influenced more 

by nearby known points then by those further away “(Chang 2012). This is a crucial too 

to determine those areas of high sea turtles sightings and prioritize areas of focus within 

the Eastern Equatorial Pacific. 

In this study, we use hot spot analysis to determine the clustering of sea turtle 

sightings in certain years and within certain species of sea turtle. Hot Spot Analysis is a 

spatial cluster tool that determines if these areas of high density are actually statistically 

significant. The tools calculates the Getis-Ord Gi*, which provides a z score which 

determines hot and cold spots (high/low spatial clusters). A high value is only significant, 

however, if it surrounded by others feature with high values (Esri 2013). The larger the Z 

score, the higher the clustering and more significant the hotspot; the smaller the Z score, 

the more significant the cold spot (Esri 2013) 
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3.3 Spatial Data Creations 

ü Sea Turtle Distribution 

A priority of this paper was to a determine the whereabouts of sea turtle 

populations in relation to a) the Exclusive Economic Zones of the Eastern Equatorial 

Pacific countries and b) marine protected areas. Therefore, the hot spot clusters of each 

sea turtle species and the IDW of each species was overlaid with the EEZ’s of each 

relevant country and the marine protected areas within the Eastern Equatorial Pacific 

from the years 2005, 2007, 2009, and 2011. The year 2011 is shown within the paper, 

while the others are in the appendix (figures 4.1.1-4.1.5/Appendix). These maps allowed 

one to see a) areas of high sea turtle abundance and density b) which nation’s had 

jurisdiction of their protection c) if currently implemented marine protected areas were in 

well-chosen areas and c) if protection was adequate. 

Furthermore, the total amount of fishing days in each cell was overlaid on the 

maps to assist in accounting for sampling effort. This allowed us to see if a correlation 

existed between sea turtle abundance and days fished in a given area. 

ü Seasonality Influence 

Past studies have proven that seasons and months of the year have an influence on 

sea turtle whereabouts (Shillinger et al 2008; Bailey et al 2010). For example, leatherback 

sea turtles are found south of Costa Rica in the South Pacific Current Gyre System due to 

food abundance (Shillinger et al 2008). Therefore, a line graph was created from the 

IATTC data to compare the amount of sea turtle sightings month (figure 4.2.2), as well as 

catch (sightings) per unit effort (days fished) (figure 4.2.3) Maps comparing sea turtle 

sightings in the wet season (June to October) and dry season (November to May)   (figure 
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4.2.1).  The data was grouped in this manner in attempts to compare seasons to determine 

if a trend of abundance exists. 

ü Influence of Oceanographic Factors 

Kobayshi 2008 noted the influence of environmental factors and the impact that 

they have on see turtle movement and activity. Sea surface temperature and chlorophyll 

have both been proven to affect sea turtle mobility. One study created a multivariate 

habitat index, which found that leatherbacks favor temperatures around 19.85 degrees 

Celsius, and ~ .1050mg chlorophyll (Kobayashi 2008). 

Therefore, to determine if these two factors did influence sea turtle movements, 

2011 sea turtle abundance was compared to 2011 sea surface temperature and chlorophyll 

to see if a pattern existed. 

ü Designation of Critical Habitat 

The Endangered Species Act of 1973 (ESA) recommends that all species under 

the ESA be designated critical habitat, which offers increased protection. Therefore, 

through the recommendations and insight of Rosenfield et al 2011 and Norton et al 2012, 

critical habitat was designated within this paper based on the fact that there exists “a 

positive relationship between habitat and population size and that a minimum area is 

required to meet a recovery target” (Rosenfield et al 2011). Therefore, those areas that 

“exhibited use of some location through notably higher densities of encounters” were 

designated as critical habitat.   

Through an examination of hot spot analysis from total sea turtle species 

abundance from 2005-2011, critical habitat was designated based on density. Those areas 

with two or more hot spots (solid red dots) were considered critical habitat. This is 
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because the more red dots together, the more significant the hot spot. The habitat extends 

until the solid red spots ceased. The smallest red polygon was drawn around the area, as 

Rosenfield et al 2011 emphasizes the idea of the “minimum area is recovered to meet a 

recovery target.” 

Norton et al 2012 and Kobayshi 2008 also noted the influence of environmental 

factors and the impact that they have on see turtle movement and activity. Sea surface 

temperature and chlorophyll have both been proven to affect sea turtle mobility. One 

study created a multivariate habitat index, which found that leatherbacks favor 

temperatures around 19.85 degrees Celsius, and ~ .1050mg chlorophyll (Kobayashi 

2008). However, these factors were not considered in the designation of critical habitat. 

Total catch (sightings) per unit effort (days fished) was also calculated. 

Through simple calculations the percent of protected critical habitat was then 

determined. Experts have said that for adequate protection to exist, 20%-50% of a species 

critical habitat must be protected (Norse 2005). Therefore, we were able to determine if 

protection was efficient. 

3.4 Analyses and Comparison of Current Mitigation Efforts 

The results of this section came from an extensive literature review, as described in 

Chapter 2 (Gjerde 2008; Bache 2006; Foundation of Environment 1998; FAO 2013).  

Based on my research, I created two matrices (Section 4.4) describing the gaps within 

national, regional, and international legislation relevant to the Eastern Equatorial Pacific.   
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3.5 Recommendations  

Upon obtaining comprehensive information on global bycatch mitigation plans 

and analyzing statistical data within the eastern Pacific Ocean, and examining gaps as 

discussed above (Agardy 2011, Anadon 2012, Ardon 2010, Breide 2003, Butchart 2012, 

Caveen 2013, FAO 2013, Game 2009, Gilman 2012, Gjerde 2008, Kvalvik 2012, NMFS 

2013).  I was able to offer recommendations on how to efficiently reduce sea turtle 

bycatch in the territorial water and high seas within the eastern Pacific Ocean.  

3.6  Limitations 

To identify the threats to Pacific sea turtle populations, I used a secondary 

research method, in which secondary sources were used to determine the current threats 

of sea turtles within the eastern Pacific. I had access to previously collected data and 

statistics and then interpreted this data. Therefore, my research was limited to already 

established literature, experiments, and data, as oppose to my own empirical research. 

To create the potential mitigation plan and offer recommendations, exploratory 

research was used and, therefore, my conclusions are hypothetical. My research was a 

preliminary attempt to gather information regarding the necessary components of a sea 

turtle conservation plan in the Pacific, with a focus on sea turtles. Therefore, although the 

elements of the plan were determined via research, the overall conclusions were 

hypothetical. 

Furthermore, it is important to note a lack of data, which could further enhance 

the study. The Inter American Tropical Tuna Commission (IATTC) provided data of 

purse seine interactions within sea turtles in the Eastern Equatorial Pacific Ocean. 

Interaction is defined as live sea turtles sighted by observers from purse seine vessels, 



18	  
	  

	  
	  

whether or not they were involved in a set. In the future, it would be beneficial to have 

separate data for sightings and bycatch to determine areas of highest vulnerability. 
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CHAPTER 4: RESULTS  

4.1. Sea Turtle Distribution 

The Figures within section 4.1 examine 2011 sea turtle abundance. The following 

five maps display each sea turtle sightings (by species) through hot spot cluster analysis 

and inverse distance interpolation (IDW) to determine areas of high density and 

abundance. IDW allows one to see the surfaces of distribution of sea turtle by year and 

species. It is a type of density estimation, which seeks to measure cell densities via known 

points. Hot spot cluster analysis is a spatial cluster tool that determines if these areas of 

high density are statistically significant. The larger the Z score, the higher the clustering 

and more significant the hotspot; the smaller the Z score, the more significant the cold 

spot (Esri 2013). 

This sea turtle sighting data was overlaid with IATTC data on the amount of days 

fished by purse seine vessels to account for sampling effort and determine if an 

observable correlation exists between abundance and days fished. Exclusive economic 

zones of the study countries were incorporated to determine the jurisdiction of high sea 

turtle density areas. Marine protected areas were incorporated to determine if their 

placement coincided with high sea turtle density. 

 

Catch per unit effort in 2011 for each species to standardize data. Catch refers to 
sightings and per unit effort refers to days fished. 

**Note: Sea Turtle data is all sightings by purse seine vessels, whether caught in sets or 
not. 

**Note: “Areas of high density” refers to all areas where the IDW did not produce a 
gray color. 
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4.1.1 2011 Olive Ridley Sea Turtle Abundance  
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Figure 4.1.1 displays olive ridley sea turtle abundance in 2011.Based on the hot spot 
cluster analysis and IDW (which is based on sea turtle sightings), olive ridleys in 2011 
favored the region of southern Mexico’s exclusive economic zone. Olive ridley amounts 
range from 20-120 within this area. Total days fished in this area were between 0 and 60 
days. High density areas and/or hot spot clusters do not visually interact with marine 
protected areas. 
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4.1.2 2011 Loggerhead Sea Turtle Abundance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1.3 2011 Green Sea Turtle Abundance 

Figure 4.1.2 displays loggerhead sea turtle abundance in 2011. Based on the hot spot 
analysis and IDW (which is based on sea turtle sightings), loggerheads in 2011 favored 
the region of northern Mexico’s exclusive economic zone and beyond it. Loggerhead 
amounts range from 6 to 22 in this region. Total days fishing in this area were between 0 
and 60 days. High density areas and hot spot clusters visually interact with marine 
protected areas within Mexico. 
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4.1.3 Green Sea Turtle Abundance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1.4 Leatherback Sea Turtle Abundance 

Figure 4.1.4 2011 Leatherback Sea Turtle Abundance 

Figure 4.1.3 displays green sea turtle abundance in 2011.Green sea turtles have an 
observable sporadic distribution. Hot spot clusters are found within the exclusive 
economic zone of Ecuador and Peru. Those turtles seen in groups of 1 or 2 are fairly 
constant within the study area. However, higher densities (2-5) are seen within the 
exclusive economic zone of Mexico, Guatemala, the Galapagos and just outside the 
exclusive economic zone of Peru. Within these areas total fishing days range from 0 to 60 
days, with the exception of a hot spot cluster outside of Ecuador where days fished were 60 
to 120 days, and a high density area where days fished was between180 and 240 days. 
High density areas visually interact with marine protected areas within Mexico. 
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4.1.4 Leatherback Sea Turtle Abundance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1.4 displays leatherback sea turtle abundance in 2011. Hotspots (which is based 
on sea turtle sightings) were seen west of the Galapagos Islands, and within Mexico’s 
EEZ. However leatherback sightings were minimal within the Eastern Pacific Ocean. The 
total days fished within this area is 0-60 days. Leatherback hotspots interact with marine 
protected areas within Mexico. 
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Figure 4.1.5:  Hawksbill Sea Turtle Abundance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1.5 displays hawksbill sea turtle abundance in 2011.Based on hot spot cluster 
analysis and IDW (which is based on sea turtle sightings), hawksbills in 2011 favored within 
and just beyond the Exclusive Economic Zones of Peru and Ecuador. Total days fished in this 
area were primarily 0 to 60 days, however outside of Peru fishing days ranged from 180-240. 
Areas of high density and hot spot clusters do not visually interact with marine protected 
areas. 
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Table 4.1.1:  2011 Sea Turtle Catch per Unit Effort 

Specie Total Sightings 
(2011) 

Total Fishing Days 
(2011) 

Catch (Sighting) 
Per Unit Effort 

Olive Ridley 1,116 29527.7 .0378 
Loggerhead 125 29527.7 .0042 

Green 203 29527.7 .0069 
Leatherback 4 29527.7 .0001 
Hawksbill 21 29527.7 .0007 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1.6 displays and standardizes the catch (sightings) per unit effort (fishing days) of 
sea turtles in 2011. Olive ridleys were sighted the most frequently. 
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4.2 Seasonality Influence 

**Note: Past studies have proven that seasons and months of the year have an influence 

on sea turtle whereabouts (Shillinger et al 2008; Bailey et al 2010). Maps comparing sea 

turtle sightings in the wet season (June to October) and dry season (November to May) 

(figure 4.2.1) were created in attempts to observe a trend in seasons. Two line graphs 

were created from the IATTC data to compare the amount of sea turtle sightings by 

month (figure 4.2.2 and to determine the catch per unit effort within the region. **Note 

Catch=Sightings and effort=fishing days. 
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Figure 4.2.1: All Wet Season Sea Turtle Sightings Vs. All Dry Season Sea Turtle 
Sightings in the Eastern Equatorial Pacific Ocean 
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Figure 4.2.1 compares sea turtle sightings in the wet season (June to October) and the dry 
season (November to May) from 2005-2011.  No observable difference between the two maps 
is seen. 
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Figure 4.2.2: Number of Sea Turtles vs. Season 

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

 

Figure 4.2.3:  Monthly Catch per Unit Effort (2005-2011) 
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Figure 4.2.2 represents data collected by the IATTC from 2005-2011 on sea turtle sightings 
in the Eastern Tropical Pacific Ocean. One can see that areas of highest sightings are from 
January to March. Sightings became more constant once May was reached, however.  
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Figure 4.2.3 portrays the catch per unit effort for all sea turtles by month from 2005-2011. 
Effort is based on fishing days. This graph was created to standardize the sightings in 
figure 4.2.2. As one can see, the two graphs are visually in sync; the days fished (effort), 
the more sighting (catch).	  



30	  
	  

	  
	  

4.3 Influence of Oceanographic Factors	  

**Note: Sea surface temperature and chlorophyll affect sea turtle mobility (Kobayshi 
2008). Therefore, sea turtle density was compared to sea surface temperature and 
chlorophyll to determine if these two factors did influence sea turtle movements.  
 
Figure 4.3.1: 2011 Olive Ridley Sea Turtle Density vs. Oceanographic Factors 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3.1 displays the relationship between olive ridley density in 2011 with 2011 sea 
surface temperature and 2011 chlorophyll. Areas of high density are found primarily 
within southern Mexico. The temperature within this region is between 20.0 and 21.0 
degrees Celsius and the chlorophyll level ranges from.00 to.30mg, with the majority 
from 00 to.10mg. 
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Figure 4.3.2: 2011 Loggerhead Sea Turtle Density vs. Oceanographic Factors 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3.2 displays the relationship between loggerhead density in 2011 with 2011 sea 
surface temperature and 2011 chlorophyll. Areas of high density are found primarily within 
northern Mexico. The temperatures within this region are between 19.0 and 20.0 degrees 
Celsius and the chlorophyll ranges from .00 to .20mg, with the majority from .00 to.10mg. 
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Figure 4.3.3: 2011 Green Sea Turtle Density vs. Oceanographic Factors 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3.4 2011 Leatherback Sea Turtle Density vs. Oceanographic Factors 

 

 

 

 

 

 

Figure 4.3.3 displays the relationship between green sea turtle density in 2011 with 2011 
sea surface temperature and 2011 chlorophyll. Areas of high density are found in northern 
Mexico and off the coast of Peru. The temperature within this region is primarily between 
20.0 and 21.0 Celsius, however there is some overlap with temperatures between 19.0 and 
20.0 degrees Celsius. The chlorophyll abundance is primarily between .00 and.10mg, 
however small amounts of chlorophyll between .10 and .30mg can also be seen on the 
coast where loggerheads lie.  
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Figure 4.3.4: 2011 Leatherback Sea Turtle Density vs. Oceanographic Factors 

 

 

 

 

 

 

 

 

 Turtle Density vs. Oceanographic Factors 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3.4 displays the relationship between leatherback sea turtle density in 2011 and 
with 2011 sea surface temperature and 2011 chlorophyll. No areas of high density are 
scene in 2011. Therefore, no observations can be made. 
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Figure 4.3.5: 2011 Hawksbill Sea Turtle Density vs. Oceanographic Factors 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3.5 displays the relationship between hawksbill sea turtle density in 2011 and with 
2011 sea surface temperature and 2011 chlorophyll. Areas of high density are found off the 
coast of Peru. The temperature within this region is primarily between 20.0 and 21.0 degrees 
Celsius, with very small amount between 19.0 and 20.0 degrees Celsius. The amount of 
chlorophyll within this region is primarily between .00 and .10mg, however with some 
chlorophyll between.10 and.30mg. 
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4.4 Designation of Critical Habitat  

**Note: Critical Habitat is based on desired size and location, as oppose to feasibility.  

Designated critical habitat was partially based on the ideas of Rosenfield et al 

2011 and Norton et al 2012.  Critical habitat was designated within this paper based on 

the fact that there exists “a positive relationship between habitat and population size and 

that a minimum area is required to meet a recovery target” (Rosenfield et al 2011). 

Therefore, those areas that “exhibited use of some location through notably higher 

densities of encounters,” based on hot spot cluster analysis (of sea turtle sightings) were 

designated as critical habitat. All IATTC data from 2005-2011 was used for this analysis. 

Hot Spot Analysis is a spatial cluster tool that determines if an area of high 

density is statistically significant. The tools calculates the Getis-Ord Gi*, which provides 

a z score which determines hot and cold spots (high/low spatial clusters). A high value is 

only significant, however, if it surrounded by others feature with high values. Therefore, 

those areas in which over 2 solid red hot spots were apparent were chosen as critical 

habitat. Through the ArcGIS polygon tool, the solid red dots were enclosed to create the 

smallest possible area, which would still protect the specie.  

Following this, through the use of ArcGIS, the percentage of critical habitat that 

is protected was determined to determine if adequate protection existed. Some experts 

have determined that for a critical habitat to be adequately protected, 20%-50% of the 

habitat must be protected (Norse 2005). Any type of protection was considered. It is 

important to note that those MPAs partially within a critical habitat were also included. 
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Figure 4.4.1: Olive Ridley Designated Critical Habitat 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 4.4.2 Loggerhead Designated Critical Habitat 

Figure 4.4.1 displays the designated critical habitat for olive ridley sea turtles in the EPO 
based on data from 2005-2011; it was determined by high amounts (over 2 solid red spots) of 
hot spot clustering (based on sea turtle sightings). The habitat extends from southern Mexico 
to Nicaragua (~1,000 miles), and outward about 500 miles. 
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Figure 4.4.2: Loggerhead Designated Critical Habitat 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4.3 Green Designated Critical Habitat 

Figure 4.4.2 displays the designated critical habitat for loggerhead sea turtles in the EPO 
based on data from 2005-2011.It was determined by high amounts (over 2 solid red spots) of 
hot spot clustering (based on sea turtle sightings). Two habitats were chosen; one begins in 
the Costa Rican exclusive economic zone and extends outward approximately 1,000 miles 
and the other lays within the exclusive economic zone of Peru and Chili and just beyond 
(~750 square miles). 
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Figure 4.4.3: Green Designated Critical Habitat 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4.1 Leatherback Designated Critical Habitat 

Figure 4.4.3 displays the designated critical habitat for green sea turtles in the EPO based on 
data from 2005-2011. It was determined by high amounts (over 2 solid red spots) of hot spot 
clustering (based on sea turtle sightings). The habitat extends from Ecuador through Peru 
(~1800 miles), and just beyond the exclusive economic zone of both countries (~200 miles). 
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Figure 4.4.4:  Leatherback Designated Critical Habitat 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4.4 displays the designated critical habitat for leatherback sea turtles in the EPO, 
based on data from 2005-2011. It is determined by high amounts (over 2 solid red spots) of 
hot spot clustering (based on sea turtle sightings). The habitat lies just beyond the 
Galapagos Islands and is approximately 600 miles squared. 
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Figure 4.4.5: Hawksbill Designated Critical Habitat 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4.5 displays the designated critical habitat for hawksbill sea turtles in the EPO, 
based on data from 2005-2011. It was determined by high amounts (over 2 solid red spots) of 
hot spot clustering (based on sea turtle sightings). Two habitats were chosen; one begins in 
the exclusive economic zone of Costa Rica and Nicaragua and extends southwest 
approximately 1,000 miles, crossing the exclusive economic zone of the Galapagos. The 
other begins in the middle of Peru’s exclusive economic zone and extends to the southern tip, 
going outward approximately 500 miles. 
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Table 4.4.1: Current Percent Protection of Designated Critical Habitat 

 

 

 

 

 

 

 

 

 

 

 

 

Species Size Critical 
Habitat  
(km2) 

Amount of 
Area Protected 
(km2) 

Percent of 
Critical 
Habitat 
Protected  

Adequate 
Protection? 

Jurisdiction 

Olive 
Ridley 

1,360,133.65 3,033.27 0.2% No Mexico, El 
Salvador, 
Guatemala 

Loggerhead A: 245,745.90 
B: 834,440.71 

A: 2,548.21 
B: 3,350.00 

A: 1.0% 
B: 0.4% 

A: No 
B: No 

A: Panama & 
Costa Rica 
B: Peru  

Green 2,225,566.53 12,877.66 0.6% No Peru & 
Ecuador 

Leatherback 829,901.45 0 0.0% No Ecuador & 
Pelagic 

Hawksbill A: 678,798 
B: 
1,211,199.06 

A: 5,371.28 
B: 3,350 

A: 0.8% 
B: 0.3% 

A: No 
B: No 

A: Nicaragua 
& Costa Rica 
B: Peru 

Table 4.4.1 displays the percent of designated critical habitat that is protected (in any 
way). To be considered adequate protection, 20-50% of a species designated critical 
habitat must be protected (Norse 2005). We see in this that critical habitat is nowhere 
close to having adequate protection. Total marine protected coverage and marine 
protected area size is far too small. 
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Figure 4.4.6: Total Days Fished Vs. Total Sea Turtle Sightings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Total Days Fished (2005-
2011) 

Total Sea Turtle Sightings 
(2005-2011) 

Catch Per Unit Effort 
(CPUE) 

70 15 0.214 
70 25 0.357 
70 40 0.571 
70 50 0.714 
140 15 0.107 
140 25 0.179 
210 15 0.071 
210 25 0.119 
280 15 0.054 

Figure 4.4.6 is a table/map 
combination with the map visually 
displaying what the table has to 
say. Days fished were divided into 
four (70,140, 210,280) and sea 
turtle sightings were divided into 
four (15,25, 40,50). The table 
displays the total days fished vs. 
the total sea turtle sightings from 
2005-2011. These numbers then 
allowed the catch per unit effort to 
be determined by dividing 
sightings by days fished. This 
standardized data to see areas of 
highest interaction. Areas of 
highest CPUE seem to be situated 
around Costa Rica and Panama. 



43	  
	  

	  
	  

4.5. Current Management & the Gaps 

4.5.1 International 	  

4.5.1.2 The United Nations Convention on the Law of the Sea (UNCLOS)	  

ü Overview	  

The 1982 United Nations Convention on the Law of the Sea (UNCLOS), which 

came into force in 1994, provides the general jurisdictional and legal framework for the 

governance and protection of our oceans (Gjerde 2005). 

On a jurisdictional level, UNCLOS has established national and international 

boundaries. It has set the authority of sovereign nation states to extend out to200 nautical 

miles (the exclusive economic zone) (Salphin et al 2010).  Within these 200 nautical 

miles, states have the rights to exploit resources as the feel necessary.  

On a legal level, part XII of the UNCLOS convention, titled Protection and 

Preservation of the Marine Environment, discusses the primary duty that “states have the 

obligation to protect and preserve the marine environment” (UNCLOS 1982). Therefore, 

UNCLOS serves as the unifying international agreement that guides the protection of the 

marine environment and all of its’ resources (UNEP 2010).  

In 1992, the Convention on Biological Diversity (CBD), an accompaniment to 

UNCLOS, was created which to achieve biological conservation and the sustainable use 

of natural resources (UNEP 2010). The CBD is responsible for the creation and 

implementation of the goals, which are laid out within UNCLOS (Gjerde 2005). 

Throughout the 2000’s, efforts have been made to address areas beyond national 

jurisdiction through collaborative means. In 2004 an Ad Hoc Open Ended Informal 

working group was created to investigate the conservation issues within areas beyond 

national jurisdiction and in 2009 a resolution encouraged nations to utilize international 
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organizations and Regional Fishery Management Organizations (RFMOs) to expand 

knowledge and management scope. Therefore, through joint cooperation with 

organizations, such as the Convention on Migratory Species of Wild Fauna and Flora, the 

1995 UN Fish Stocks Agreement, and the International Maritime Organization an 

ecosystem approach that develops a new set of tools and strategies to protect areas of the 

high seas is being encouraged (Salpin et al 2010). 

ü Gaps 

Although a wide variety of key treaties, soft law agreements, and organizations 

exist pertaining to protect on the high seas, international management is still inadequate 

due to regulatory and governing gaps (Gjerde 2005).   

With regards to UNCLOS, detailed standards and requirements still lack for 

conservation of marine resource in the “Area”. And, if standards do exist, they tend to be 

outdated, focusing primarily on the management of direct take (Gjerde 2008). , UNCLOS 

lacks the proper foundation to ensure current conservation philosophies (i.e. 

precautionary approach and adaptive management) and tools (MPA networks and impact 

assessments) (Gjerde 2008). 

Furthermore, no specific plans exist on how to achieve cooperation and create 

networks of marine protected areas in the high seas to protect vulnerable high seas 

regions (Gjerde 2008). Although efforts are being made, no specific regulations beyond 

the 200 nautical miles exist. Although many nations apply to the Commission on Limits 

of the Continental Shelf to extend their EEZ (Salphin et al 2010), the majority hardly 

does so and those that have still have pending requests. Therefore, the majority of our 

oceans remain unmanaged. 
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Procedures for creation, implementation, and review also lack within UNCLOS. 

At the regional level, implementation and enforcement is often poor due to a lack of 

responsibility by various nation states and the absence of cooperative mechanisms for 

monitoring and management. Unfortunately, due to a lack of review of the conventions’ 

effectiveness via stakeholder involvement and performance review, chances for 

improvement of UNCLOS are minimal (Gjerde 2005)  

4.5.1.2 The Convention on the Conservation of Migratory Species of Wild 
Animals (CMS) 

 
ü Overview 

The Convention on the Conservation of Migratory Species of Wild Animals 

(CMS) was created in attempts to develop cooperative measures to monitor and assess 

activity that affects trans-boundary, migratory species and populations. The convention 

states that the entire geographic range of a given species should be accounted for 

(including areas beyond national jurisdiction) to ensure adequate protective measures. 

Therefore, although a global document, it operates on more of a regional scale (Wold 

2002). These plans were created as “living” documents which allows them to be assessed 

and altered with the progression of time.  

All sea turtle species found within the Eastern Equatorial Pacific have been 

classified in both, Appendix I and Appendix II, therefore heightening their protection and 

requiring the development of agreements for sea turtles. In 1999, Resolution 6.2 

specifically discussed sea turtle protection and the necessity of CMS to reduce the 

incidental capture of these species through an increase and enhancement of bycatch 

mitigation efforts. To date, two Memoranda of Understanding (MoU) to Conserve Sea 
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Turtles has been created; one on Kemps Ridley and another on all sea turtles (except the 

flatback) on the Atlantic coast of Africa (Wold 2002) 

ü Gaps 

Although provisions for sea turtle protection exist within the CMS, and MoUs 

have been created, this document seems to have neglected one of the most threatened 

populations of sea turtles on Earth, the Eastern Pacific Ocean (SWOT 2013). Specific 

protection of these populations could also enhance protection of other highly migratory 

species. Therefore, the CMS needs to prioritize and specifically address the Eastern 

Pacific Ocean sea turtle populations. 

 
4.5.1.3 FAO’s Code of Conduct of Responsible Fisheries 

 
ü Overview 

 
On October 31st, 1995, the FAO created the Code of Conduct of Responsible 

Fisheries, which is considered one of the most specific bycatch provisions of all 

international agreements. It considers the impacts of fisheries on both, marine and aquatic 

environments, as well as a wide variety of stakeholders (Bache 2006). “The right to fish 

carries with it obligations to do so in a responsible manner so as to ensure effective 

conservation and management of the living aquatic resources “(FAO 2013). Ultimately, 

the code has laid out a vast array of principles and criteria to allow for adequate 

conservation of living marine and aquatic resources (FAO 2013).  

More specifically, Article 6 of the code promotes the conservation of target and 

non-target living marine resources. It promotes selective fishing gear and the reduction of 

waste and discards of non-target species. Methods to achieve this vary with technical 
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measures (gear modifications), the creation of fishing exclusion zones and/or seasonal 

closings, and the inclusion of stakeholders in decision making. 

Implementation of the Code has begun to be achieved through FAOs International 

Plans of Actions (IPOAs). To date, a number of IPOAs have been developed specifically: 

marine wildlife shark management and conservation and seabird longline bycatch. (FAO 

2013). In 2004, FAO Guidelines to Reduce Sea Turtle Mortality was also created and 

discusses reducing sea turtle interactions, research, policy frameworks, and education 

(FAO 2004). 

ü Gaps 

Although, the FAO’s Code of Conduct of Responsible Fisheries is considered a 

great accomplishment, it is a non-binding agreement in nature. In order to guarantee that 

outlined regulations are being followed, far more stringent reporting methods are required 

to ensure compliance (Bache 2006). 

4.5.1.4Convention on Biological Diversity 

ü Overview 

The Convention on Biological Diversity (CBD), entering into force on December 

29th, 1993, is a great achievement in the field of conservation and sustainable 

development. With 193 contributing parties (CBD 2012), it seeks to address all aspects of 

biological diversity, ranging from genes to species to populations and to ecosystems 

(NOAA 2012); this is obviously inclusive of sea turtles. The primary purpose of the 

convention is to require countries to work together to develop sound methods of 

conservation (UNEP 2012). The CBD had one significant flaw until 1995; it had no 

articles on marine biodiversity. Therefore, in 1995, the Jakarta Mandate on the 
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Conservation and Sustainable Use of Marine and Coastal Biological Diversity was 

created with five areas of priority: 1) to promote an integrated marine/coastal 

management scheme in attempts to address human impact on biodiversity, 2) to create 

and manage marine protected areas, 3) use fisheries sustainably (inclusive of bycatch 

issues), 4) ensure sustainable mariculture, and 5) prevent and control invasive species 

(NOAA 2012). ). Although, no specific sea turtle provision has been emplaced, the CBD 

does provide planning and habitat protection on both a national and regional level (Wold 

2002). 

ü Gaps 

Since the Convention on Biological Diversity (CBD) was initially developed, 

critics have begun to realize flaws in the convention, stating that “the combination of 

questionable organization, ineffective implementation and identity problems, combined 

with backroom politics and a broad issue mandate, all coincided to create a formidable 

array of obstacles to be overcome (Early Negotiations Bulletin 1998; Foundation for 

Environment Conservation). 

The Convention on Biological Diversity possesses no binding regulations and 

environmental obligations are oftentimes discounted. Obligations tend to be focused 

primarily on the prioritization of economic growth, as oppose to environmental 

protection.  

The convention ignores conservation ideals expressed by governmental and non-

governmental organizations and allows for states to have the ‘sovereign right to exploit 

their own resources pursuant to their own environmental policies' (CBD 1992, Article 3). 

The CBD does not hold nations responsible for the protection of biodiversity.  This, 

therefore, jeopardizes the ultimate goal of reducing harm done to the global commons. 
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On a regulatory level, the CBD fails to regulate fisheries activities within their 

jurisdiction (Gjerde 2005) and, as mentioned before, has no specific sea turtle provisions 

(Wold 2002). 

Table 4.5.1 Gaps in Governance: International  

 

 

 

 

 

 

 

 

 

Management	   Parties	  
Involved	  

Legislation	   Adequate	  
Data	  

Enforcement	  
&	  Monitoring	  

Resources	   Community	  
Participation	  

UNCLOS	   164	  Parties	  
and	  the	  EU	  
(Oct	  2012)	  

	  

X	   X	   X	   X	   	  

CMS	   116	  Parties	  
(July	  2011)	  

	  

X	   X	   X	   	   	  

FAO	   Specialized	  
UN	  Agency	  
(over	  191	  

Participating	  
countries;	  
along	  with	  
European	  

Union,	  Faroe	  
Islands,	  and	  
Tokelau	  

	  

X	   X	   X	   	   	  

CBD	   193	  
Participating	  
Countries	  

	  

X	   X	   X	   	   	  

Table 4.5.1 displays the international gaps in management 
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4.5.2.1The Inter-American Tropical Tuna Commission 
 

ü Overview 
 

The Inter-American Tropical Tuna Commission (IATTC), which was ratified in 

1949, going into force in 1950 (Gjerde 2005) is a multilateral agreement that attempts to 

conserve marine resources (primarily tuna) and fish sustainability within the designated 

“convention area” shown below. 

 

 

 

 

 

 

 

Countries of Central and South America (Costa Rica, Ecuador, El Salvador, 

Guatemala, Honduras, Mexico, Nicaragua, Panama, Peru, and Venezuela), the United 

States of America, and the European Union are all acting members. Bolivia and 

Colombia adhere to the agreement on a provisional basis. The primary goal of IATTC is 

the conservation of fish (primarily tuna) stocks via the use of efficient scientific data 

collection and monitoring.  However, the convention also recognizes the importance of 

protecting other species within this ecosystem and reducing the catch of non-target 

species (FAO 2012).  

In 2003, the Antigua Convention (the Convention for the Strengthening of the 

Inter-American Tropical Tuna Commission) was created to improve the convention. As 

Figure 4.5.1 IATTC 
Convention Area 
(FAO 2012) 
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of 2009, ten nations have ratified (FAO 2012). The principle body, composed of national 

sections, meets once a year. Within these sections are knowledgeable advisory 

committees, responsible for overseeing a section’s activity (FAO 2012). A number of 

working groups exist within the convention, as well. The Working Group on Compliance 

reviews and monitors nonparty activity within the convention area to ensure cooperation. 

As a result of the Antigua convention, the Committee for the Review of Implementation 

of Measures, which reviews conservation compliance, and the Scientific Advisory 

Committee, which makes scientific recommendations, has been created (FAO 2012).  

The IATTC also has created a regional observer program, managed by the 

secretariat, which requires 100% coverage of large purse seine vessels (with a carrying 

capacity of 363 metric tons) to ensure data collection, as well as compliance with 

regulations.  

In recent years the Food and Agricultural Organization (FAO) has been pushing 

for the creation of a program that will reduce sea turtle mortality that occurs through 

fishing. Therefore, in June 2004, with the support of the World Wildlife Federation 

(WWF) and National Oceanic and Atmospheric Administration (NOAA), the IATTC 

adopted a resolution, which created a three-year program to mitigate the effects of the 

tuna fisheries on sea turtles (C-04-07). The primary objectives are to a) collect and 

analyze information on sea turtle fishery interactions, b) review the effects on target 

species catch with sea turtle avoidance, c) educate the industry sector, d) and establish a 

means to acquire funds (Gilman 2011).  In 2007, the IATTC further addressed sea turtle 

interactions with the adoption of C-07-03, which laid out actions that must be taken to 

reduce sea turtle catches and to acquire and analyze important fisheries data. The 
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resolution calls for purse seine vessels to avoid encirclement of sea turtles, monitor fish 

aggregating devices, release sea turtles caught, and conduct research. Longline vessels 

are required to carry and use turtle releasing equipment. 

 Data collection and analysis by the IATTC has determined the following number 

of catches within the convention area: In 2001, 117 sea turtles; in 2002, 49 sea turtles; in 

2003, 31 sea turtles; in 2004, 19 sea turtles; in 2005, 32 sea turtles; in 2006, 19 sea 

turtles; in 2007, 24 sea turtles; and in 2008, 5 sea turtles (Bache 2006). Thus a declining 

pattern can be seen. However, this may be attributed to a) reduction in bycatch or b) a 

possible decline in sea turtle populations. A large limitation of this data is that we are 

unaware of the catch per unit effort and thus the data cannot be standardized. 

ü Gaps  

In general, the IATTC is a fairly efficient RFMO and has successfully reduced sea 

turtle bycatch in the eastern equatorial Pacific. However, as most forms of management, 

gaps do exist in its’ implementation and execution. All RFMOS are voluntary (Gjerde 

2008); therefore the regulations IATTC has established and set in place for reducing sea 

turtle and seabird bycatch are optional.   Nonaffiliated countries therefore have no 

responsibility to the convention, and fish as they please. 

On a more technical level, specific regulations need to be altered. For example, 

the longline regulations which require turtle handling and release equipment to be on 

board all ships, does not require the use of best practices to mitigate sea turtle interactions 

to begin with. Also, the document says to avoid encircling sea turtles, but does not 

address how to achieve this (Gilman 2011). Lastly, those nations that are apart of the 

IATTC have no cooperative and universal system for managing and enforcing convention 
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regulations (Gjerde 2008). These inconsistencies and poor regulations hinder the 

effectiveness of the IATTC. 

 
4.5.2.2 Eastern Tropical Pacific Seascape Initiative (ETPSI) 

 
ü Overview 

 
In 2004, the Eastern Tropical Pacific Seascape Initiative (ETPSI) was established 

as an international joint effort between nation states, and governmental and non-

governmental organizations to protect this important biological region. Colombia, Costa 

Rica, Ecuador and Panama, in cooperation with the UN Foundation, UNESCO’s World 

Heritage Center, and approximately 300 other NGOs designated a management area of 

211 million hectares, stretching from Costa Rica to Ecuador.  

The initiative aims to create a network of marine protected areas between Costa 

Rica and the Galapagos Islands in efforts to protect the movements of highly migratory 

species (Vinson 2006). Thus, the overarching goal is to conserve marine biodiversity, 

while simultaneously improving human wellbeing through a four prong strategy: 1) 

create and implement a successful network of functioning MPAs through research, 

design, management, and funding; 2) increase sustainable activities; 3) establish an 

atmosphere which will provide effective management; 4) and improve of project 

coordination (Conservation International 2012).  

ü Gaps  

Although the Eastern Tropical Pacific Seascape is now a “managed” area, 

problems with overfishing and unsustainable fishing practices, as well as illegal and 

unregulated fishing still exists within the area. No actual management plans and 

regulations exist to date for this area 
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Within the Eastern Tropical Pacific Seascape, marine protected area managers 

have noted a number of difficulties in applying regulations within the region. Among 

these obstacles are poor frameworks, overlapping jurisdictions, a lack of cooperation and 

coordination, lack of trained personnel and funds, and reduced political will 

(Conservation International 2009). 

Therefore, Conservation International’s Marine Management Area Science 

Program developed an Enforcement Chain Analysis for the Eastern Equatorial Pacific to 

determine the critical factors required for successful law in Colombia, Costa Rica, 

Ecuador, and Panama. And, Analysis seeks to address the regulatory framework, the need 

for education and outreach, stakeholder opinions, surveillance, detection, prosecution and 

sentencing (Conservation International 2009). 

The marine protected areas within this region have been poorly managed in the 

past due to a lack of resources and training. Therefore, the ETPSI is now focusing on 

research, regulation, training, stakeholder meetings, advocacy, and enforcement to 

become an adequate conservation method (Conservation International 2009). 

4.5.2.3 The Inter American Convention for the Protection and Conservation of 
Sea Turtles (IAC) 

ü Overview 
 

The Inter American Convention for the Protection and Conservation of Sea 

Turtles (IAC) entered into force in May 2001 with the signing of nine parties (Brazil, 

Costa Rica, Ecuador, Honduras, Mexico, Netherlands, Peru, USA, and Venezuela). This 

convention attempts to “promote the protection, conservation and recovery of sea turtle 

populations and the habitats on which they depend, based on the best available scientific 

evidence, taking into account the environmental, socioeconomic and cultural 
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characteristics of the Parties” (Bache 2006). To date, fourteen contracting parties exist 

(Bache 2006). 

The IAC attempts to achieve this goal through a number of different techniques. 

The IAC acknowledges various environmental, cultural, and socio-political 

characteristics associated with each involved state, supports of internationally cooperative 

activities, attempts to review current exceptions to improve decision making, creates 

monitoring programs to determine progress, supports, education and awareness, 

community and other forms of participation, reviews and re-evaluates current take 

exceptions, attempts to reduce incidental capture, and favors habitat conservation and 

rehabilitation. (Bache 2006). 

The convention applies to both, the physical land territory of each country, as well 

as American waters in the Atlantic, Caribbean and Pacific, in which jurisdiction over 

living marine resources exists. 

ü Gaps 

The Inter American Convention for the Protection and Conservation of Sea 

Turtles (IAC) has been credited for providing efficient legislative protection (Bache 

2006). However, the IAC has been discredited on a few accounts. The primary flaw is 

that those nations that have not signed onto the IAC do not need to comply with the 

regulations, and thus no repercussions occur for violating nations. This lack of connection 

and cooperation for sea turtle protection among nations makes 100% protection of sea 

turtles impossible (Bache 2006). 

A second flaw within the IAC is that it frequently neglects the opinions of 

outside, independent stakeholders (Bache 2006). In order to appease all sectors of society 
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and ensure a high level of compliance, the thoughts and concerns of all sectors of society 

must be taken into consideration. 

Finally, certain sections within the IAC lack specificity and are far too lenient. 

IAC’s discussion on habitat protection is not well described, and their requirements for 

TED use have a multitude of exceptions regarding feasibility and vessel type (Wold 

2002). 

With regards to the Eastern Pacific Ocean, the IAC recommends that to better 

understand and reduce sea turtle declines a) additional research on sea turtle movements 

in relation to seasonal oceanographic factors be acquired, b) additional satellite tracking 

occur to better understand sea turtle movement, and c) and additional bycatch data be 

gained (IAC 2012). 
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Table 4.5.2: Gaps in Governance: Regional Management  

 

 

Management	   Parties	  

Involved	  

Legislation	   Adequate	  
Data	  

Enforcement	  
&	  Monitoring	  

Resources	   Community	  
Participation	  

IATTC	   Belize,	  
Canada,	  
China,	  

Colombia,	  
Costa	  Rica,	  
Ecuador,	  El	  
Salvador,	  
European	  

Union,	  France,	  
Guatemala,	  

Japan,	  Kiribati,	  
Korea,	  
Mexico,	  

Nicaragua,	  
Panama,	  Peru,	  
United	  States,	  

Vanuatu,	  
Venezuela	  

	  

X	   X	   X	   X	   	  

ETPSI	   Colombia,	  

Costa	  Rica,	  

Ecuador,	  

Panama	  

X	   X	   X	   X	   X	  

IAC	   Belize,	  Brazil,	  
Costa	  Rica,	  
Ecuador,	  

Guatemala,	  
Honduras,	  
Mexico,	  

Netherlands,	  
Nicaragua,	  

Panama,	  Peru,	  
Uruguay,	  USA,	  
Venezuela	  

	  

X	   	   X	   	   X	  

Table	  4.5.2	  displays	  the	  gaps	  in	  governance	  in	  regional	  management.	  
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4.5.3 ETPS Fisheries Overview: Fisheries and Management 

4.5.3.1 Colombia 

The entirety of Colombia’s territorial waters is 880 376 square kilometers, and the 

Pacific coastline is 1, 480 kilometers long. Industrial fisheries operate within both, the 

nation’s Pacific and Atlantic Oceans, with smaller scale fishing along the coastlines 

(FAO 2013). 

  Although catches tend to be smaller, Colombia fisheries are of a wide variety, 

having significant value internationally. In general, however, targeted species of 

exporting importance are tuna, shrimp, white fish (snapper), small pelagic (herring and 

anchovies), crayfish and conch (FAO 2013). 

Historically, the shallow water shrimp fishery was the dominant resource. 

Beginning in the 1980’s however with a decline in shrimp the tuna fishery has begun to 

take over. Within the eastern Pacific, yellow fin and skipjack are primarily caught within 

the Exclusive Economic Zone. Guidelines for the Colombian tuna fishing industry are 

based on the Inter American Tropical Tuna Commission, as well as the International 

Review Panel for the Conservation of Tuna and Dolphin in the Eastern Pacific (FAO 

2013).  

Small-scale fisheries, composed of coastal communities target tuna, snapper, 

dolphin fish, shark, clams, and conch. Typically operating within five nautical miles, 

seine nets, gillnets and longlines are frequently used (FAO 2013). 

Sport fishing is not significant to the economic realm of Colombia. Therefore, no 

management plans or reporting data requirements exist, which may prove detrimental. A 
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variety of sport fishing events do occur within the area, however, which require permits 

(FAO 2013). 

The Colombia fishery industry is significant for revenue and employment, 

employing (in marketing and fleet fishing), over 28,000 jobs commercially. Small-scale 

fisheries employ an estimated 66,000 jobs (FAO 2013).	  

4.5.3.2Costa Rica 

Costa Rica consists of a Pacific coast of 1,016 km and an extended Exclusive 

Economic Zone of 589, 682.99 square kilometers; this is a result of the nation’s 

sovereignty over Cocos Island. The high amount of mangrove make up on the nation’s 

Pacific coast supports a significant amount of breeding and foraging grounds for various 

species. The unique upwellings enhances productivity (FAO 2013) 

As a result, marine fisheries are highly significant within Costa Rica. The 

majority of these fisheries tend to be found outside of Costa Rica’s 12 nautical mile 

territorial zones.  

Costa Rica fishing is regulated by two specific government organizations; The 

Ministry for the Environment and Energy (MINAE) and the Costa Rican Fishery and 

Aquaculture Institute (INCOPESCA). MINAE was created under the Wildlife 

Conservation Act and attempts to regulate fisheries through the regulations of sport and 

subsistence fishing. INCOPESCA, created through the Fishing and Marine Hunting Act, 

manages fisheries within marine waters (FAO 2013). It is important to note that neither 

organization maintains catch statistics (FAO 2013). 

The FAO criticizes the division, believing that it results in overlap, gaps, and 

overall management flaws. Therefore, this arrangement is and must continue to be 
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examined. Providing INCOPESCA with all management authority has been suggested 

(FAO 2013).  

The fishing industry within Costa Rica is considered to be both socially and 

economically significant as it produces the largest number of jobs and favors an 

abundance of foreign trade.  

The FAO has divided Costa Rica’s Pacific Fisheries into the following six sectors (FAO 

2013). 

1. The purse seine tuna fishery, managed by IATTC and licensed by 

INCOPSCA, dominates within the Pacific. (A sardine purse seine fishery also 

exists within Pacific waters).  

2. The steadily increasing Pacific high seas long line fishery occurs within and 

often outside the EEZ for large pelagics.  

3. Bottoms trawls are used for the commercial Pacific shrimp fishery and has led 

to an over harvest of the shrimp population.  

4. A small-scale vessel demersal and 5. Pelagic fishery exists which uses lines 

and gillnets. And, due to increasing tourism, 6. Large pelagic sport fishing 

with rod and reel has begun to become popular (FAO 2013). 

Based on catch volume, the purse seine tuna fishery is considered to be of primary 

importance.  Under a licensee system, international fleets (Mexico, Panama, Vanuatu, 

U.S, and Venezuela) pilot approximately 24 vessels within Costa Rica’s Exclusive 

Economic Zone. The IATTC has full management of this fishery (FAO 2013). 

The longline fishery produces the second largest catch volume, with 

approximately 588 vessels of various sizes, outside of Costa Rica’s 12 nautical mile limit, 
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or the EEZ altogether. Larger vessels use lines as long as 55 miles, while smaller 

longliners use ~1000 meter longlines. This fishery has increased drastically over the last 

ten years and the vessels involved have begun to spend more time in the water (FAO 

2013). 

These purse seine tuna fisheries and pelagic longline fisheries occur throughout 

the eastern tropical Pacific Ocean, primarily within the EEZs of Costa Rica and other 

neighboring countries. 

The shrimp fishery, with approximately 65 vessels, operated on the Pacific coast, 

and is considered the third most significant fishery. It operates under two types of 

licenses: shallow and deep water. Overfishing of shrimp has become a significant 

problem within this fishery; and attempts at increasing management, such as the 

implementation of closed seasons, has failed.  

The purse seine sardine fleet, which consists of two vessels, catches primarily for 

canning and bait (FAO 2013). 

The small-scale demersal and pelagic fishery possesses 2,421 registered vessels 

and primarily catches snapper, mackerel, grouper, and barracuda. This fishery extends to 

the coast of Nicaragua and stretches to about four miles from the coast. Boat frequently 

operates illegally, as a lack of fishery regulation exists within this fishery (FAO 2013). 

Overall, the fishing industry within Costa Rica has both social and economic 

significance. It is a source of revenue (.32% GDP in 2002, with fishery exports 

encouraging $138.4 million and employment) and is the second largest job creator in 

2002, producing 251,000 jobs. Therefore, with this knowledge sustainable policy must be 

created that acknowledges all sides of the issue (FAO 2013). 
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4.5.3.3Ecuador 

Although each ETPS nation discussed has its fair share of protected, valuable 

areas (as previously discussed), Ecuador’s unique Galapagos Island (which is both a 

World Heritage Site and National Park) is responsible for many limitations on fishing 

(FAO 2013). 

However, nonetheless, Ecuador has significant demersal and pelagic fisheries. 

Fishing activity within Ecuador primarily targets highly migratory species (i.e. tuna). 

Through regulations of the IATTC, quotas, bans and limitations regarding catch have 

been implemented, and Ecuador has followed. And, in 2000 those fishing sets without 

dolphin mortality rose to 90.8%, from 38.1% in 1986 (FAO 2013). Thus, a positive 

outcome derives from these regulations. 

The Galapagos Islands are located approximately 1500 kilometers from mainland 

Ecuador. Artisanal fishing is allowed here, with approximatly1, 000 fishermen and 367 

boats present as of 2000. Regulations managing the mullet, cod, tuna, lobster, and sea 

cucumber in the area are enforced (FAO 2013).  

In 2001, the National Fisheries Institute (an agency responsible for obtaining and 

providing information on Ecuadorian fisheries) created the “Management Plan for 

Fisheries and Aquaculture,” which creates regulations and zoning for fishing on the 

Ecuadorian coast. The ultimate goals of this management plan are to promote sustainable 

fishing through participatory management, the improvement of existing regulations, and 

with the proposal of a new plan to be implemented (FAO 2013).   

A number of other agencies are responsible for the Ecuadorian fishing public 

sector. The Ministry of Foreign Trade, Industries, Fisheries and Competiveness, 
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Undersecretary of Fisheries, and the National Fisheries Development Council, are just a 

few which set fishery regulations. These agencies operate under the Fisheries Act and 

Fisheries Development of 1974, amended in 1985. The private sector also consists of a 

number of different agencies, such as the National Chamber of Fisheries and National 

Aquaculture Chamber (FAO 2013).   

Overall, Ecuador seeks to “ensure the preservation of aquatic resources and help 

conserve the environment and improve the quality of life of Ecuadorians” (FAO 2013). 

4.5.3.4 Panama 

The Agreement on the Sea Rights in 1996 reestablished the marine area of 

Panama. Panama’s coast consists of a total length of, 988.3 kilometers; and 1,700.6 

kilometers are on the Pacific Coast. An important upwelling in Panama makes the water 

highly productive and ideal for artisanal and industrial fishing (FAO 2013). 

Industrial fisheries within Panama consist of herring, anchovy, shrimp and, 

recently, tuna and dolphin fish. The shrimp industry is currently comprised of 232 

licensed vessels. The herring and anchovy fisheries (which began in the 1950s, primarily 

for the tuna fishery) consist of 30 licensed vessels that operate from April to September. 

The majority of these fisheries have seen an increase in the use of longlines (FAO 2013). 

The Panama artisanal fisheries, which have minimal fishing technology, tend to 

focus on the catch of dusky grouper, dolphin fish, and shark. Within the Pacific, 4,959 

vessels are currently registered, with registrations differing in authorization of fish, 

shrimp, and lobster (FAO 2013). 

In 1975, with the introduction of gillnets, the artisanal fishing industry has 

changed drastically. Although, restrictive licenses do exist, increases in gillnets have been 
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extraordinary. In 1986, 1,296 gillnets were present; in 1995, 14,000 were present. 

Legislation has yet to address this rising issue (FAO 2013). 

Data on many of Panama’s fisheries is lacking. In artisanal fisheries, data is 

limited and underestimates the actual damage. The Marine Authority, which was created 

in 1997, altered the previous fishing administration, losing important research collecting 

agencies. And, the Department of Science and Limnology fails to properly update 

fisheries data (FAO 2013). Therefore, overall fisheries’ research and data collection is 

poor.  

Another flaw within the Panama fishing industry is that The Fishing General Law, 

which guides most fishing policy within Panama, does not require licenses in many 

sectors of fishing, such as sport fishing. Therefore, the implementation of a conservation-

based plan is difficult because no knowledge on boating activity or catch is known (FAO 

2013). 

The Panama government tends to be developing policy based primarily on the 

wants of fishing sectors, and is neglecting sustainable methods. Policy that has been put 

into place is poorly achieved due to a lack of budget and trained individuals (FAO 2013). 

Overall, despite effort, management of eastern Pacific fisheries is poor.  Only 

with an understanding of legislation emplaced, daily fishery operations of the ETPS 

countries, as well as sea turtle biology will regulations and protection schemes improve. 
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Table 4.5.3: Gaps in Governance: Eastern Tropical Pacific Seascape Countries 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ETPS	  Country	   Legislation	   Adequate	  Data	   Enforcement	  
&	  Monitoring	  

Resources	   Community	  
Participation	  

Colombia	   X	   X	   X	   X	   X	  

Costa	  Rica	   X	   X	   X	   X	   X	  

Ecuador	   X	   X	   X	   X	   X	  

Panama	   X	   X	   X	   X	   X	  

Table 4.5.3 displays the gaps within sea turtle protection of the Eastern Tropical 
Pacific Seascape countries 	  
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CHAPTER 5: DATA ANALYSIS & RECOMMENDATIONS 

One must keep in mind that solutions to minimize bycatch tend to be fishery 

specific depending on gear, species present, and other social, ecological, and economic 

factors. (Gilman 2012). However, the priorities tend to remain the same: to avoid 

interaction, reduce catch, and reduce injury and/or mortality. The suggestions 

recommended below attempt to achieve these goals through the combination of the use of 

current eastern equatorial Pacific sea turtle and fisheries data, as well as through an 

analysis of the current laws emplaced. 

In the past, a concept known as species based management had been embraced. 

This technique focuses on one species, neglecting the interactions between the habitat 

and other species within the ecosystem.  Adequate protection, however, requires 

following the principle of ecosystem-based management to account for an entire 

ecosystem and the ecological and environmental interconnectedness. Each mechanism 

and species within the environment has the potential to affect another (Anadon 2012). 

Therefore, for high sea marine protected areas to be successful, each biological and 

ecological factor needs to be studied, explored, and used as a basis for the creation of 

marine protected areas (Anadon 2012).  

 The designation, implementation, enforcement, and monitoring of marine 

protected areas must be guided by the precautionary principle; if it has the potential to 

cause environmental harm; do not allow it. A site (in this case, a network of sites) should 

be designated based on its’ significance to the environmental community. A universally 

adopted criterion should be used to determine ecologically significant areas based on 

biodiversity, uniqueness, and its’ importance to the species’ life stages (breeding, 

migration, and foraging) (Breide 2003) to prevent any significant damage.



67	  
	  

	  
	  

With these two ideals in mind, we can now draw conclusions and provide 

recommendations to reduce sea turtle bycatch through marine protected areas, as 

explained by geographic information systems. 

5.1. Improve Data Collection 

 Central and South American countries lack an adequate amount of sound data to 

properly address issues of bycatch within the Pacific. This is often a result of a) lack of 

reporting requirements for “less impactful” fishing (ex. Colombia does not require data 

reporting of sportive fishing), b) false reports of boat numbers, catch, fishing gear, etc. 

(Lewison 2007), or c) a lack of information about sea turtle distribution. 

 5.1.1. Fisheries 

 Oftentimes data underestimates the actual damage done, and the amount of 

licensed boats are far below those actually in operation.  Therefore, the implementation 

of a conservation-based plan is difficult as no knowledge on boating activity or catch is 

known. 

 Efforts to improve data acquisition must occur. Currently, the IATTC (the 

operating RFMO in the eastern Pacific Ocean) has almost 100% observer coverage for 

large purse seine vessels. Since 1999, the IATTC, managed by the secretariat, requires at 

least, 50% of the observers on a purse seine vessel to be IATTC observers (Gilman 

2011). This proves to be a very successful program for large purse seine vessels. 

Unfortunately, this program is not required for longline vessels or smaller purse seine 

vessels. Therefore, since an effective form of data collection already exists, the IATTC 

should simply use the same tools and measures to implement this same program for other 

fishing vessels. 
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5.1.2 Sea Turtle Distribution  

5.1.2.1 Expansion of the ETPS Managed Area 

The Eastern Tropical Pacific Seascape Initiative (ETPSI), an initiative to protect 

all highly migratory species and conserve the habitat in which they live, currently 

consists of Costa Rica, Panama, Ecuador, and Colombia. However, based on NOAA, the 

eastern tropical Pacific consists of San Diego, west to Hawaii, and south toward Peru 

(NOAA 2013). Sea turtles migrate and depend on this entire area for their livelihood. 

The maps made in this project through Geographic Information Systems offer 

quite a lot of insight into the territories in which sea turtles depend. In 2011, the Olive 

Ridley seems to have spent the majority of their time within and around the southern 

exclusive economic zone of Mexico (Figure 4.1.1/Appendix). Loggerheads found 

themselves to favor the northern exclusive economic zone of Mexico (Figure 

4.1.2/Appendix). Greens had the widest observable distribution of all sea turtle species. 

The inverse distance interpolation (IDW) and hot spot cluster analysis found them to 

cluster and have high densities from Mexico down towards Peru (Figure 4.1.3/Appendix). 

Leatherbacks are known to be pelagic and this study showed them clustering southwest 

of the Galapagos (Figure 4.1.4/Appendix). Hawksbills were predominantly found within 

and outside the exclusive economic zone of Ecuador and Peru (Figure 4.1.5/Appendix). 

The majority of days fished in this region, ranged from 0 to 60 days. 

Therefore, to be effective for conserving sea turtles, the ideals, guidelines and 

goals of the ETPSI need to be extended northbound to Mexico and southbound to Chili. 

As previously mentioned sea turtles are highly migratory species and only protecting 

areas from Costa Rica to Ecuador will not provide adequate protection. Once a sea turtle 
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crosses into another border, their protection is lost, unless they also happen to be 

protected within that country (which is not always the case). And, as we can easily see, 

hot spot clusters extend from Mexico to Chili. Therefore, I recommend that the Eastern 

Tropical Pacific Seascape Initiative attempts to add the following nations to the ETPSI: 

Mexico, Guatemala, El Salvador, Honduras, Nicaragua, Peru and Chili. This new 

protection must be extended offshore, 200 NM or beyond (which will be discussed in the 

following section. 

Further elaborating on the need to extend this initiative to other nations, between 

the years of 1995 and 1999, 33 leatherbacks were caught in coastal Peru bycatch; and 

from 2000-2003, 133 leatherbacks were caught in coastal longline and gillnet fisheries 

targeting mahi, sharks and rays (Alfaro Shigueto et al 2007). In 1990, 250 leatherbacks 

were estimated to be caught in the gillnet fishery in the Port of San Antonio in central 

Chile (Frazier & Brito 1990). Between 2001 and 2002 it was reported that 143 

leatherbacks were caught in the pelagic longline fishery for swordfish in Chile (Dutton et 

al 2011).  

A few other countries involved in this study, aside from Peru and Chile, also 

appear to be inadequate in sustainable fisheries management. A January 2013 report by 

The National Marine Fisheries Service (NMFS) identified 10 nations that engaged in IUU 

fishing during 2011 and/or 2012. Of these, ¾ of our primary focus nations are included 

(Ecuador, Colombia, and Panama), as well as two Central/South American nations 

(Mexico and Venezuela).  Although, NMFS believes corrective actions have begun to be 

taken to reduce IUU and bycatch of protected living marine resources (PLMRs), policy in 

the South and Central American regions is not up to par (NMFS 2013). 
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Therefore, adequate sea turtle protection requires an extension of the Eastern Tropical 

Pacific Seascape Initiative. The actual protection methods needed are controversial. 

Complete no take reserves are our primary goal for sea turtles, as well as all endangered 

species threatened by fisheries. However, currently, due to the high stakeholder fishing 

industry, this may not be feasible. A study on global coral reefs indicated that of the 

18.7% of protected reefs, only 1.4% was no take (Mora et al 2006).  Therefore, high sea 

marine protected areas will not ensure sea turtle protection alone. Regulations must be 

implemented within these marine protected areas, and complementary coastal protection 

measures must be included to allow for a holistic management approach that addresses all 

sea turtle life stages (please refer to below recommendations, primarily sections 6.1.4 

Area Closures and 6.2.4 Legislative Improvement) 

5.1.2.2 Designation of Critical Habitat 
  

The United States of America enacted the Endangered Species Act (ESA) in 1973 

with the aim of protecting all species from extinction through the implementation of 

conservation programs. All species listed under the ESA are provided with a recovery 

plan in attempts to increase their numbers. 

  One priority step of this management plan is the designation of critical habitat. 

Based on NOAA, critical habitat 1) specific areas within geographical area occupied by 

the species at the time of listing, if they contain physical or biological features essential to 

conservation; and those features may require special management considerations or 

protection; 2) specific area outside the geographical area occupied by the species if 

agency determines area essential for conservation (NOAA 2013). The area designated as 

critical habitat is given enhanced protection by prohibiting detrimental action and by 

providing important information to local governments and citizens (CBD 2013). 
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  Therefore, I recommend that a critical habitat for each species of sea turtle be 

designated within the Eastern Pacific Ocean. This habitat should be established by a) 

areas of high sea turtle species abundance b) ideal oceanographic factors and c) areas in 

which bycatch are large. Unfortunately, key data that is missing from this solo study is 

sea turtle bycatch data.  The data provided by IATTC is contains the number of live sea 

turtles sighted by observers from purse seine vessels, whether or not they were involved 

in a set.  Therefore, the data could be of turtles captured or killed in a purse seine set, or 

merely seen as the vessel passed. Separation of this data to simply examine bycatch could 

enhance the study.	  	  

However, in figure 4.1.6 we see the relationship between days fished and sea 

turtle sightings (2005-2011). We were able to see if sea turtles tended to aggregate in 

high fishing areas. Our data shows us those areas in which high fishing had low sea turtle 

sightings. For example, only 15 sightings occurred in areas with 140 fishing days. 

However, areas with 70 fishing days had 50 sea turtles sightings. This is an important 

consideration with critical habitat designation, as sea turtles are more vulnerable to areas 

of high fishing. 

	   It is also important to note the influence of environmental factors and the impact 

that they have on see turtle movement and activity. Sea surface temperature and 

chlorophyll have both been proven to affect sea turtle mobility (Kobayshi 2008). As we 

see from our data (figures 4.3.1-4.3.5), sea turtles seem to prefer a sea surface 

temperature range of 20.0-21.0 degrees Celsius and chlorophyll range of .00 to. 10mg. 

However, temperatures between 19.0 and 20.0 degrees Celsius and chlorophyll levels of 
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.10 to .30 were also seen. Although not included in this the designation of critical habitat 

in this study, these findings should be considered. 

The critical habitat, which has been designated in this study, is simply based on sea 

turtle abundance, hot spot cluster analysis, and the minimum territory to achieve sea 

turtle protection. Those hot spots, which occurred on land, were not included. Please 

refer to figures 4.4.1-4.4.5 for specificity.  

1. Olive Ridley: Southernmost Mexico (within and beyond the EEZ) (Figure 4.4.1) 

2. Loggerhead: West of Panama (within and beyond the EEZ) & southern Peru 

(within and beyond the EEZ) (Figure 4.4.2)  

3. Green: Ecuador through Peru (within and beyond the EEZ) (Figure 4.4.3) 

4. Leatherback:  West of the Galapagos Islands (Figure 4.4.4) 

5. Hawksbill: Costa Rica (within the EEZ and beyond, southwest) and Peru (within 

and beyond the EEZ) (Figure 4.4.5) 

Although outliers exist, the areas described above are a priority. The oceans 

surrounding Peru and Mexico seem to attract a wide range of species of sea turtle, as thus 

critical habitat should be designated within these areas. The areas designated above are 

large. Further research needs to be done to narrow the habitat based on primary priority. 

Due to the fact the sea turtle species share critical habitat, management should prove to 

be less complex.	  
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5.1.2.3 Adequate Site Selection; Size & Connectivity 

 To date, there is under representation of important sites within protected areas. If 

this continues, species will see an increase in potential extinction rate.  Butchart et al 

2012 shows the importance of site selection, determining that those species with great 

protected area coverage in critical sites experienced smaller increases in extinction risk 

by about 50% then those species that were not. 

For marine protected areas to be efficient, the size and connectivity of the marine 

protected area must reflect the natural habitat and the population dynamics of the species. 

Expert recommendations require that 20% of a critical habitat be protected to be 

considered adequate. 

Designated areas must incorporate all facets of an ecosystem, as well as account 

for the entire migratory route of a specific species (Anadon 2012). 

In figure 4.4.6, Current Percent Protection of Designated Critical Habitat, we see 

that critical habitat is not adequately protected. Although, idealistic designations, 

protection of these areas ranges from only 0%-1%. This is far below the recommended 

percent protection. 

Scientists, policy makers, and community officials must use the spatial data provided 

within these maps to properly assess where best to select sites for marine protected areas. 

Therefore, those marine protected areas currently emplaced must be extended to support 

more sea turtle activity as represented by the above geographic information systems. 	  

5.1.2.4 Seasonal Considerations: Time/Area Closures 

 Time area closures may be one of the most efficient and feasible ways to reduce 

sea turtle bycatch within the Pacific. The information on highly utilized areas is 
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increasing. Satellite tagging operations has concluded the whereabouts of sea turtles at 

different times of the year. For example, leatherbacks are present in the California 

Current System in the summer and autumn months due to an increase of jellyfish within 

the area (Bailey et al 2012). Therefore by restricting commercial fishing within this area 

from July to November could greatly reduce the amount of incidental bycatch. Areas 

closures have proved to be positive; a closure in the Oregon and California waters for 

loggerhead sea turtles foraging on red crabs was implemented, resulting in 0 reported 

bycatch (Shillinger et al 2008). 

 Although the IATTC date obtained, graphed and mapped does not entirely reflect 

an observable pattern (figure 4.2.1 and figure 4.2.2), an understanding of seasonal 

influence is needed. Future studies should assess the effects of months and seasons on sea 

turtle movement and abundance. 

5.2. Legislative Improvement  

Although, attempts are constantly being made to reduce sea turtle bycatch within 

the eastern Pacific Ocean through the creation of new legislation, gaps continue to exist 

within both multinational agreements, as well as national policy. Legislation needs to be 

altered and reexamined to maximize sea turtle protection.  

One universal fault of most multinational agreements discussed in this paper is 

that they are voluntary and nonbinding in nature. IATTC, IAC, FAO, and the CBD are all 

voluntary agreements; with optional regulations to reduce sea turtle catch (Gjerde 2008, 

Bache 2006). Therefore, those countries not apart of these conventions are not 

responsible to adhere to their requirements. Sea turtles are highly migratory species; 
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therefore if they aren’t protected in all of their niches, their populations will suffer. 

Efforts are for naught if all countries in which sea turtles occupy are protected. 

Therefore, these agreements must ensure that each nation which harbors sea turtle 

movement, foraging, and breeding must be incorporated into these conventions. Those 

countries not involved, must still abide to the laws of the convention in the area 

designated. Regulations must be binding in order to ensure proper sea turtle protection. 

Furthermore, the presence of ships and the use of gillnets and longlines are 

increasing at great rates (FAO 2013), yet not restrictions or limits are being enacted. For 

example, as previously mentioned in 1986, 1,296 gillnets were present; in 1995, 14,000 

were present. Legislation has yet to address this issue. Although licensing is often 

required in certain cases, they are inadequate and are not required for a variety of sectors 

in fishing (FAO 2013).  

One last fault in current legislation is the lack of explanation within its’ writing. 

Documents may say countries need to reduce sea turtle bycatch, but explanation on how 

to do is rarely given (Gilman 2011).   

The FAO’s Code of Conduct of Responsible Fisheries has implemented a number 

of “International Plans of Actions” to reduce the negative effects of fishing. To date, 

plans to reduce the incidental catch of sharks and birds has been created (FAO 2013). No 

plan to reduce sea turtle bycatch has yet to be implemented, however. I therefore 

recommend that the FAO apply the guidelines (with some modification) of the shark 

international plan and use it to enhance sea turtle protection within the Pacific. 

Complete no take reserves are our primary goal. However, legislation cannot 

always allow for this due the high stakeholder fishing industry. A study on coral reefs 
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indicated that of the 18.7% of protected reefs, only 1.4% was no take (Mora et al 2006).  

Therefore, high sea marine protected areas will not ensure sea turtle protection alone. 

Therefore legislation must implement and enforce technical regulations. 

5.2.1. Improve Government Structure 

Some may believe that jurisdictional overlap between multiple institutions has the 

capacity to prove synergistic and reinforce positive governmental action. However, this 

overlap has the potential to lead conflict and disagreement.  

The sector based institutional framework of high sea marine protected areas has the 

potential to create much confusion concerning who has legal authority, causing 

incoherent management, and issues with implementation and compliance. This 

international management could prove conflicting if proper communication and universal 

policy is not achieved (Kvalvik 2012). 

On a scientific level, universal scientific policy must be implemented. The ecosystem 

based approach and the precautionary principle are two concepts, which must be adopted 

on a global level to ensure cooperative and efficient management. Different principles 

guiding the protection of high seas of MPAs will result in conflicting ideals, practices, 

and outcomes. Many countries refuse to implement the precautionary principle as it may 

reduce economic opportunity. This is detrimental to efficient protection 

On a national scale, Costa Rica fishing is regulated by two specific government 

organizations; The Ministry for the Environment and Energy (MINAE), created under the 

Wildlife Conservation Act, and the Costa Rican Fishery and Aquaculture Institute 

(INCOPESCA), created due to the Fishing and Marine Hunting Act manages fisheries 

within marine waters (FAO 2013) 
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The FAO believes this division leads to unnecessary overlap, gaps, and flaws within 

management. Therefore, this arrangement is and must continue to be examined. 

Providing INCOPESCA with all management authority has been suggested (FAO 2013). 

Furthermore, within Ecuador a number of other different agencies are responsible for 

the Ecuadorian fishing public sector, as well as the private sector. The Ministry of 

Foreign Trade, Industries, Fisheries and Competiveness, Undersecretary of Fisheries, and 

the National Fisheries Development Council are a few of the dozens of public agencies 

that set regulations. The private fishing sector possesses a number of industrial and 

artisanal fisheries, as well, such as the National Chamber of Fisheries and National 

Aquaculture Chamber (FAO 2013).  

We have even seen firsthand the flaws of divided agencies through the U.S, as the US 

Fish and Wildlife Service operate under the Department of Interior and the National 

Oceanic and Atmospheric Administration operates under the Department of Commerce. 

Much confusion over the duties of each exists among officials and civilians.   

Therefore, I recommend one sole, united agency be created within each country 

which regulates fishery activity to reduce overlap, gaps, and contradictory authority. For 

example, I support the FAO recommendation of merging Costa Rica’s Ministry for the 

Environment and Energy (MINAE), with the Costa Rican Fishery and Aquaculture 

Institute (INCOPESCA), and thus creating an overpowering agency to assess fisheries 

management issues universally. 

5.2.2 Gear Modification 

Currently, when not restricted, the fishing gear and strategies implemented by 

commercial fishermen are designed to catch the highest amount of fish at the lowest cost 
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and per unit effort. However, modifications of gear and fishing strategy do exist, which 

can partially mitigate bycatch. Currently the following are voluntary actions, and not 

universally required. 

ü Longline Gear Modification 

No uniform policy exists to date requiring fishermen to use specific types of gear 

and employ specific techniques within longline fisheries. Therefore, fishermen tend to 

use J hooks as opposed to circle hooks (C hook); the only real difference being that the C 

hook has a smaller, more inward gap then the J hooks.  

However, the C hook has the potential to reduce sea turtle injury. Studies show 

that a hook with a gap less than 4.6cm can greatly reduce the amount of bycatch that is 

caught.  

A study by Watson in 2005 proved that the shift from J hooks to C hooks can decrease 

loggerhead bycatch by 74% and leatherback bycatch by 75% (Gilman 2005) by reducing 

the likelihood of sea turtle swallowing a hook. 

The use of a C hook can also be economically viable (depending on the species 

being targeted). In 2005, another study by Watson saw that although C hooks reduced the 

weight of swordfish caught by 25%, but increased the amount of big eye tuna that was 

been caught (Gillman 2005). 

 A change in bait, from squid to mackerel, can be another effective strategy to 

reduce sea turtle bycatch. Studies show that when fishermen switched their bait from 

squid, there was an 88% reduction in leatherback bycatch and a 66% reduction in 

loggerhead bycatch (Gilman 2005). Squid is a primary source of food for sea turtles; 

therefore, it is their instinct to attack it (Gilman 2005). 
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Also, placement and depth of longlines within the ocean could reduce sea turtle by 

catch. Although capable of swimming deeper, sea turtles typically do not dive below 40 

meters. Therefore, since sea turtles stay near the surface deep set fisheries (longline gear 

set deeper in the water) could prevent sea turtle/hook interaction (Grace 2010).  

ü Trawling Gear Modification 

Turtle excluder devices (TEDs) and bycatch reduction devices (BRDs) are 

innovations implemented in trawl fisheries, that act as a “trap door” mechanism to help 

sea turtles and other non-target species escape if caught. 

In 2001 a study done in an Australian fishery examined the success of TEDs and 

BRDs. When used correctly, these devices have the potential to reduce sea turtle bycatch 

by 99% (Brewer et al 2006).  

Unfortunately, the implementation and use of these devices is not universal. Although 

the IAC has begun to require shrimp vessels to use TEDs within the Easter Equatorial 

Pacific, many exceptions exist which reduce the amount of vessels using this equipment 

(Wold 2002). Only with proper, universal implementation of BRDs and TEDs, such as 

requirements within the Gulf of Mexico in shrimp trawls, will Pacific sea turtles be better 

protected.   

ü Passive Net Modification 

 The unselectively of passive nets could be modified through the reduction of the 

net profile, a change in mesh size, the use of lighting, and a reduction in soak time. 

 A low profile net is half the depths of a typical gillnet, therefore reducing the 

amount of net within the water. When at a 4 meter depth, or less, studies show that 

bycatch can be reduced by 80% (Gearhart 2007, Gilman 2009).  
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Furthermore, the mesh size of a net influence the amount of non-target species 

caught; sea turtles are most prone to become bycatch when the mesh size is 20-60 cm. 

However, reducing mesh size so sea turtles cannot get stuck within the net can reduce 

bycatch by 32% (Gilman 2009).  

 To date, the majority of these fishing gear modifications are only voluntary due to 

cost restrictions and lack of fishermen support. . Therefore, the government must 

implement subsidies and cost effective incentives to encourage the use of bycatch 

reducing gear.t 

 5.2.3 Increased Attention to Artisanal Fisheries 

The artisanal fisheries operating within the eastern Pacific Ocean have a 

significant impact on sea turtle mortality. Thousands of individuals rely heavily on these 

fisheries for their livelihoods and, thus sea turtle conservation is not a main priority, but 

tend to be unregulated.  

For example, although within Costa Rica, 2,421 vessels are registered to operate, 

boats frequently operate illegally due to a lack of fishery regulation within the fishery. 

Within Panama, no legislation has yet to address the drastic increase of gillnet use 1,296 

gillnets in 1986 to 14,000 in 1995 and license requirements for many small-scale sectors 

of fishing are nonexistent. In Colombia, no management plans or reporting data 

requirements are needed for sport fishing, (FAO 2013).  

 Therefore, I propose a community based incentive program, which collects 

professionally accurate data, while simultaneously building accountability and 

responsibility. 

An article written by F. Humber et al describes a successful attempt in 

Madagascar, which used community members to assess artisanal fisheries. In October 
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2006, a program was developed which used community members to collect data relating 

to landing rates and fishing techniques. Members were paid ~$8 US dollars, and another 

$0.16 for each turtle to supplement normal income. After some training, members would 

simply go on fishing boats and record biological data (species, curved carapace length, 

sex) and fishery data (method and name of fishermen) (Humber 2010). As described by 

the article, data seemed to prove to be accurate. This method of community participation, 

therefore, successfully improves data collection, while simultaneously enhancing 

individual well being (in the form of finances and awareness).  

Aside from data deficiency, a lack of overall efficient management exists for 

artisanal fisheries. Although artisanal fishing is less impactful than industrial fishing, 

small-scale management is still necessary. To achieve this, stricter, better enforced policy 

and management is needed, which includes local fishermen in the decision making 

process.  

A co-management scheme between local communities and government agencies 

is required (Campbell et al 2008). This community based, bottom up alternative 

encourages local participation and smaller government action.  Therefore, community 

support is gained (Campbell et al 2008). Once established, a management plan which 

requires permits and licenses, regulates boating with less illegal operations, and restricts 

and/or limits unsustainable fishing gear can be implemented and far better complied with. 

5.3. Enforcement, Surveillance, and Monitoring 

One of the primary problems within fisheries management is IUU (illegal, 

unreported, and unregulated) fishing. Many fishing vessels enter areas with no records, 

licenses, and with no consideration of multinational laws or those laws implemented by a 
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given nation.  IUU fishing is a direct result of lack of proper enforcement, surveillance, 

and management of the oceans. 

In a January 2013 report by The National Marine Fisheries Service (NMFS) 

identified ten nations that engaged in IUU fishing during 2011 and/or 2012. Of these, are 

¾ of the primary nations of interest (Ecuador, Colombia, and Panama) and two 

Central/South American nations also of (Mexico and Venezuela). Although, NMFS 

believes that corrective actions have begun to be taken to reduce IUU fishing and 

incidental catch of protected living marine resources (PLMRs), policy in the South and 

Central American regions is lacking (NMFS 2013). 

In 2002, the Food and Agricultural Organization (FAO) created a global 

partnership for responsible fisheries implementation of the international plan of action to 

prevent, deter, and eliminate illegal, unreported and unregulated fishing (IPOA IUU). 

The primary points of the plan are a) the management of a comprehensive global record 

which is a publicly open document that provides information on vessel activity and b) 

Video Management Software (VMS), which is a [satellite] surveillance system on ships. 

From 2002-2006, the budget for this IPOA was $0.5 million (FAO 2013). 

Although good in theory, since 2002 IUU fishing still remains an adamant 

problem. Therefore enforcement and surveillance methods need to continue to be 

improved. One noticeable issue within multilateral agreements is that of a lack of 

universal enforcement mechanisms (Gjerde 2008). Each country involved within an 

agreement, has different ways of enforcing regulations and gaining compliance. A section 

must be put into all agreements, especially the ETPSI (since that is our area of focus) 

which makes all penalties, restrictions, and violations well known and universal 
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throughout. This will provide a far better understanding for both fishermen, as well as 

government officials. 

Success at enforcing these universal enforcement policies will only be successful, 

however, with proper surveillance and management. Although the VMS seems to be an 

adequate idea, IUU fishing has still been an issue. Although, a large area has been 

designated (the ETPS extends 211 million hectares from Cocos Island National Park to 

the Galapagos), regulations and methods of enforcement to reduce illegal and dangerous 

fishing practices are limited. Therefore, based on suggestions by the director of Turtle 

Island Restoration Network, Todd Steiner, I examined how to provide 24-hour 

surveillance within the area. Unmanned aerial vehicles (UAVs) have the potential to 

transect certain areas (i.e. the 12 territorial zones) and photograph activity within the area 

to determine if illegal fishing practices are occurring. Many do exist, however funding 

and resources currently lack for NGOs; perhaps governmental organizations may have 

the funding to implement these devices. 

Marine protected areas require proper monitoring to a) ensure it is functioning 

properly b) provide education and potential future insight and c) to gain public and 

political support. Although marine protected areas continue to increase in numbers 

throughout the ocean, biodiversity continues to decrease (Mora and Sale 2011). This is a 

result of a lack of proper management and monitoring of marine protected areas after 

they have been implemented. Proper monitoring requires BACI (before and after control 

impact) monitoring (Mora and Sale 2011).  Geographic information systems, population 

viability analysis, and ecological risks assessment could be highly beneficial in 
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determining the success and proper placement and structure of a marine protected area 

(Anadon 2012).  

Therefore, if my recommendations were a viable option and taken into 

consideration, I would suggest that after a year or so, data is again collected by the 

IATTC and the same maps are produced. Hopefully, a decrease in hot spot clusters 

beyond the EEZ and outside of protected areas would be noticed. If not, further action 

must be taken and this plan re-assessed to achieve successful sea turtle protection 

5.4 Capacity Building  
	  

In her article, “Paths of Influence: the direct and indirect determinants of marine 

managed area successes,” Tammy Warner discusses the significance of education and 

capacity building. With this, brings understanding, responsibility and accountability 

(Warner 2012). International Agenda 21 recently called for a “re-orientation” of all 

sustainability education and the years 2005-2014 have been labeled as the “UN Decade 

for Education for Sustainable Development” by the United Nations (Blum 2008). 

To date, Costa Rica and its observers claim it to be at the center of efforts to 

achieve sustainable development, as (beginning in the 1980s) Costa Rica began to be 

recognized as a leader in environmental education, with a strategy geared towards 

education, conservation, and ecotourism. Therefore, I recommend that other nations, 

inclusive of Colombia, Ecuador, and Panama follow the lead of Costa Rica’s education 

plans. Costa Rica successfully educates through hands on monitoring programs 

(Sekercioglu 2012) and an Environmental Education Master Plan and curriculum (Blum 

2008). 
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One aspect is Costa Rican environmental programs aim to collect data, while 

simultaneously providing education, outreach, training, and overall conservation capacity 

(Sekercioglu 2012). Local education and hands on community involvement in all 

environmental activities, is highly important within developing countries (Sekercioglu 

2012). Oftentimes due to a limited amount of knowledge by local individuals, there is a 

lack of appreciation and understanding of top down implemented programs. As a result, 

programs are often met with opposition (Sekercioglu 2012). However, with community 

involvement and awareness through hands on conservation programs, conservation 

capacity can be achieved. 

On a more formal public sector, environmental education was added to the Costa 

Rican curriculum in 1977; and in 1987 an Environmental Education Master Plan was 

created. In 1993 an Office of Environmental Education was established which creates 

national environmental programs, creates environmental clubs and organizations, and 

trains teachers on proper ways to teach the curriculum (Blum 2008). Quite a large portion 

of this funding comes from multilateral organizations, such as the IUCN, UN, World 

Bank, non-governmental organizations, universities and research programs (Sekercioglu 

2012). 

The Costa Rican’s environmental education and capacity building programs have 

improved sustainability, and allows for communication between community members, 

local organizations, and state agencies, which allows for all perspectives to be heard 

(Blum 2008). 

 

 



86	  
	  

	  
	  

5.5 Resource Enhancement 

Costa Rica, Colombia, Ecuador, and Panama are all nations coined as “developing 

nations” (American Mathematical Society 2013), with a lower standard of living and 

industry than that of “developed nations,” such as the United States. As a result, these 

nations lack necessary resources to properly implement, enforce, and monitor fisheries’ 

management plans. As a result, the policy that has been put into place is poorly achieved 

due to a lack of budget and trained individuals. 

Although, oftentimes a difficult limitation to overcome, options always exist to 

increase financial resources.  As previously mentioned the Eastern Tropical Pacific 

Seascape Initiative was established as an international joint effort between nation states, 

and governmental and non-government organizations to protect the eastern Pacific 

Ocean. Colombia, Costa Rica, Ecuador and Panama, in cooperation with the UN 

Foundation, UNESCO’s World Heritage Center, and approximately 300 other NGOs are 

involved.  

Therefore, the governments of Colombia, Costa Rica, Ecuador, and Panama 

should harp on these hundreds of governmental and non-governmental organizations for 

funding.  These organizations should allot annual budgets to this project, as it is a 

priority. Furthermore, grants and endowments can prove very beneficial (Caveen 2013). 

A grant is “an award of financial assistance” in attempts to carry out a public purpose; 

they are not loans (grants.gov 2013). Endowments are funds donated to an 

institution/purpose that are invested (Caveen 2013). Although, not a significant source of 

funding, the combination of these possibilities could prove to be successful.  
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Furthermore, participating, properly trained individuals are another lacking 

resource within these eastern Pacific countries. Therefore, these four eastern tropical 

Pacific countries should follow plans as described earlier by Humbar et al. and use 

community members to assist with sea turtle conservation activity. Humbar found that 

each village he went to in Madagascar was willing to help with data collection while, 

simultaneously providing the individuals with a sense of accountability and responsibility 

(Humbar 2011). Members were paid $8/month (above the average income) and 

$0.16/turtle data collected. Including trainers (project coordinator) and travel, a years’ 

worth of monitoring cost $3,000 (Humbar 2011). Although, costs will vary depending on 

job performed and country, involving community members in work could prove very 

beneficial for the economy, environment, and society. 

5.6 Conclusion 

Currently, all populations of sea turtles found within the Eastern Pacific Ocean 

are threatened with extinction, as the International Union for the Conservation of Nature 

has labeled them as either vulnerable, endangered, or critically endangered (IUCN 2013). 

The leading cause of this population decline is due to fisheries bycatch, the incidental 

take of non-target species (Bergen 2010). 

  In attempts to reduce the effects of fisheries' bycatch on Pacific sea turtle 

populations of research has been done through the use of Geographic Information 

Systems and an extensive literature review to identify the gaps in current management 

within the Eastern Pacific Ocean and offer recommendations to improve management. 

  The literature review examined current international (CMS, FAO, CBD) and 

regional (IATTC, ETPSI, IAC) management plans to reduce sea turtle bycatch. The 
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primary gaps concluded upon were a) efficient legislation b) lack of adequate data c) poor 

enforcement and monitoring d) lack of resources, and e) minimal community 

participation (figure 6.2.2.). Management plans of the four Eastern Tropical Pacific 

Seascape Countries (Colombia, Costa Rica, Ecuador, Panama) were also examined; gaps 

included a) minimal community participation b) poor government structure, c) poor 

legislation, d) inadequate enforcement, and e) a lack of resources. Through this analysis 

the following were recommended:  a) increase attention to artisanal fisheries b) improve 

data collection c) improve government structure d) legislation improvement (gear 

modification), e) capacity building and education f) enforcement and surveillance 

improvement, and g) resource enhancement. 

  Through the use of ArcGIS 10 and sea turtle sighting data provided by IATTC 

spatial data was also examined to determine areas of primary importance to sea turtles 

and jurisdictional overlap. Hot Spot Analysis and Inverse Distance Interpolation (IDW) 

were used and over laid with currently designated marine protected areas and Exclusive 

Economic Zones to determine this. Oceanographic and seasonal influences were 

examined. (All data analysis was deterministic, as oppose to stochastic, and therefore no 

errors of interpolation existed). Through this analysis the following were recommended: 

a) expansion of the ETPS to include Mexico through Peru and Chili b) extension of the 

EEZ c) priority areas for site selection and critical habitat designation d) increase the size 

and connectivity of current MPAs d) implementation of time/area closures, and e) 

required evaluation of MPA success. 

  To identify the threats to Pacific sea turtle populations, a secondary research 

method was used, in which secondary sources were used to determine the current threats 
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of sea turtles within the eastern Pacific. I had access to previously collected data and 

statistics and then interpreted this data. Therefore, my research was limited to already 

established literature, experiments, and data, as oppose to my own empirical research. 

  To create the potential mitigation plan and offer recommendations, exploratory 

research was used and, therefore, my conclusions are hypothetical. My research was a 

preliminary attempt to gather information regarding the necessary components of a sea 

turtle conservation plan in the Pacific, with a focus on sea turtles. Therefore, although the 

elements of the plan were determined via research, the overall conclusions were 

hypothetical. 

 Furthermore, it is important to note a lack of data, which could further enhance 

the study. The Inter American Tropical Tuna Commission (IATTC) provided data of 

purse seine interactions within sea turtles in the Eastern Equatorial Pacific Ocean. 

Interaction is defined as live sea turtles sighted by observers from purse seine vessels, 

whether or not they were involved in a set. In the future, it would be beneficial to have 

separate data for sightings and bycatch to determine areas of highest vulnerability.	  

For future research, I suggest that data on bycatch be obtained and used. Through 

my research, I was unable to locate this information. Therefore, I recommend one of the 

organizations discussed in this paper collect data on sea turtle bycatch and assess it to 

better determine areas of critical habitat. This would greatly improve the exploratory 

research and analysis.  

  The protection of sea turtle population is crucial to the ecological, economic, and 

social functioning of the world. Therefore, the reduction of incidental sea turtle take is 

necessary to encourage the recovery of sea turtle populations.
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Appendix A 
Sea Turtle Abundance  

2005 
Table A1: 2005 Sea Turtle Catch (Sightings) Per Unit Effort (Fishing Days) 

Species Total Sightings (2005) Total Fishing Days 
(2005) 

Catch (Sighting) Per 
Unit Effort 

Olive Ridley 1,854 29,735.4 .0623 
Loggerhead 64 29,735.4 .0021 

Green 310 29, 735.4 .0104 
Leatherback 10 29,735.4 .0003 
Hawksbill 21 29,735.4 .0007 

 

 

Figure A1: 2005 Olive Ridley Sea Turtle Abundance 

 

 

 

 

   

 

	  

 

 

 

 

 

Figure A1 displays 
olive ridley sea 
turtle abundance in 
2005.Based on the 
hot spot cluster 
analysis and IDW, 
olive ridleys in 2011 
favored the region of 
southern Mexico’s 
exclusive economic 
zone. Total days 
fished in this area 
were between 0 and 
60 days. High 
density areas and/or 
hot spot clusters do 
not visually interact 
with marine 
protected areas. 

 

Table A1 standardizes 2005 sea turtle sightings per fishing days. Olive ridleys were the most 
frequently seen. 
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Figure A2: 2005 Loggerhead Sea Turtle Abundance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A2 displays loggerhead sea turtle abundance in 2005.Based on the hot spot 
cluster analysis and IDW, loggerheads favored the region of northern Mexico’s exclusive 
economic zone. However, hot spot clustering occurs northwest of the Galapagos Islands, 
as well. Total days fished in the Mexican area were between 0 and 60 days; north of the 
Galapagos days fished reached 120 days. High density areas and/or hot spot clusters do 
not visually interact with marine protected areas. 
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Figure A3: 2005 Green Sea Turtle Abundance
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Figure A4: 2005 Leatherback Sea Turtle Abundance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A4 displays leatherback sea turtle abundance in 2005.Based on the hot spot 
cluster analysis and IDW, leatherbacks in 2005 favored the pelagic open ocean.  Total 
days fished in this area were between 0 and 60 days. High density areas and/or hot spot 
clusters do not visually interact with marine protected areas. 
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Figure A5: 2005 Hawksbill Sea Turtle Abundance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A5 displays hawksbill sea turtle abundance in 2005.Based on the hot spot cluster 
analysis and IDW, hawksbill distribution in in 2005 was widely distributed from Mexico 
to Peru. Total days fished in these areas were between 0 and 60 days Hot spot clusters 
within Mexico’s jurisdiction visually interacted with marine protected areas. 
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Appendix B 
Sea Turtle Abundance 

2007 
Table B1 2007 Catch (sightings) per unit effort (days fished) 

Specie Total Sightings 
(2007) 

Total Fishing Days 
(2007) 

Catch (Sighting) 
Per Unit Effort 

Olive Ridley 1670 30,101.69 .0554 
Loggerhead 161 30,101.69 .0053 

Green 232 30,101.69 .0077 
Leatherback 9 30,101.69 .0002 
Hawksbill 34 30,101.69 .0011 

 

Figure B1: 2007 Olive Ridley Sea Turtle Abundance 

 

 

 

 

 

 

 

 

 

 

Figure B1 displays 
olive ridley sea turtle 
abundance in 
2007.Based on the hot 
spot cluster analysis 
and IDW, olive ridleys 
in 2007 were, visually, 
widely distributed. 
Hot spot clusters and 
areas of high density 
were seen within the 
EEZ of southern 
Mexico, Panama, and 
in the pelagic ocean 
west of the 
Galapagos. Total days 
fished in this area 
were between 0 and 
70 days. High density 
areas and/or hot spot 
clusters do not 
visually interact with 
marine protected 
areas. 

 

Table B1 displays and standardizes the amount of sea turtle sightings per fishing days in 
2007. Olive Ridley sea turtles had the most sightings 
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Figure B2: 2007 Loggerhead Sea Turtle Abundance 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B2 displays loggerhead sea turtle abundance in 2007.Based on the hot spot 
cluster analysis and IDW, loggerheads favored Mexico’s exclusive economic zone. 
However, hot spots are prominent in south Peru, as well. Total days fished in this area 
were between 0 and 70 days. High density areas and/or hot spot clusters do visually 
interact with marine protected areas in Mexico. 
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Figure B3: 2007 Green Sea Turtle Abundance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B3 displays green sea turtle abundance in 2007.Based on the hot spot cluster 
analysis and IDW, greens in 2007 favored the region of Ecuador and Peru. Areas of high 
density also lay in Mexico’s EEZ and the open ocean. Total days fished in this area were 
between 0 and 70 days. High density areas and/or hot spot clusters do not visually interact 
with marine protected areas. 
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Figure B4: 2007 Leatherback Sea Turtle Abundance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B4 displays leatherback sea turtle abundance in 2007.Based on the hot spot cluster 
analysis leatherbacks in 2007 favored the open ocean and within the EEZ of the Galapagos 
Islands. Total days fished in this area were between 0 and 70 days. High density areas 
and/or hot spot clusters do not visually interact with marine protected areas. 
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Figure B5: 2007 Hawksbill Sea Turtle Abundance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

	  

Figure B5 displays hawksbill sea turtle abundance in 2007.Based on the hot spot cluster 
analysis and IDW, hawksbills in 2007 primarily favored within and beyond the exclusive 
economic zone of Peru. Total days fished in this area were between 0 and 70 days. High 
density areas and/or hot spot clusters do not visually interact with marine protected areas. 
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Sea Turtle Abundance 
Appendix C 

2009 
Table C1 2009 Catch (Sightings) Per Unit Effort (Fishing Days) 

Specie Total Sightings 
(2009) 

Total Fishing Days 
(2009) 

Catch (Sighting) 
Per Unit Effort 

Olive Ridley 2,137 32,085.5 .0666 
Loggerhead 115 32,085.5 .0035 

Green 109 32,085.5 .0033 
Leatherback 8 32,085.5 .0002 
Hawksbill 26 32,085.5 .0008 

Figure C1: 2009 Olive Ridley Sea Turtle Abundance 

 

 

 

 

 

 

 

 

 

 

 

Figure C1 displays 
olive ridley sea turtle 
abundance in 
2009.Based on the 
hot spot cluster 
analysis; olive 
ridleys favored the 
EEZ of southern 
Mexico. Areas of 
highest density (red) 
can be seen here, as 
well; however, high 
density areas extend 
to the Galapagos 
Islands. Total days 
fished in this area 
were between 0 and 
160 days. High 
density areas and/or 
hot spot clusters do 
not visually interact 
with marine 
protected areas. 
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Figure C2: 2009 Loggerhead Sea Turtle Abundance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure C2 displays loggerhead sea turtle abundance in 2009.Based on the hot spot cluster 
analysis, visually; loggerheads had a wide distribution from Mexico to Peru, within and 
beyond exclusive economic zones. Total days fished in this area were between 0 and 160 
days. High density areas and/or hot spot clusters do not visually interact with marine 
protected areas. 
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Figure C3: 2009 Green Sea Turtle Abundance  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure C3 displays green sea turtle abundance in 2009.Based on the hot spot cluster 
analysis; greens had a wide distribution from coastal Mexico to coastal Peru, to the open 
ocean.ico. Total days fished in these areas were between 0 and 160 days. High density 
areas and/or hot spot clusters do visually interact with marine protected areas in Mexico 
and the Galapagos Islands. 

 



110	  
	  

	  
	  

Figure C4: 2009 Leatherback Sea Turtle Abundance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure C4 displays leatherback sea turtle abundance in 2009.Based on the hot spot cluster 
analysis; hawksbills favored the open ocean, west of the Galapagos Islands. Total days 
fished in this area were between 0 and 80 days. High density areas visually interacted with 
the marine protected areas of the Galapagos Islands. 
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Figure C5: 2009 Hawksbill Sea Turtle Abundance 

 

Figure C5 displays hawksbill sea turtle abundance in 2009.Based on the hot spot cluster 
analysis; hawksbills favored the EEZ of southern Mexico through Costa Rica to the 
Galapagos Islands (density was not in the EEZ). Total days fished in this area were between 
0 and 160 days. High density areas visually interacted with the marine protected areas of the 
Galapagos Islands. 
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