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resumo 

 

 

Estratégias eficazes de conservação para tartarugas marinhas requerem 

conhecimento dos movimentos e distribuição dos animais, proteção dos habitats 

biologicamente importantes e das suas fases de vida. Para as tartarugas 

marinhas juvenis, conhecer seus locais de refúgio e a sua ecologia é 

fundamental para a proteção bem-sucedida das espécies e a identificação 

precisa de suas vulnerabilidades. Este estudo utiliza o conhecimento ecológico 
local (CEL) através da realização de um questionário sobre a presença de 

tartarugas verdes (Chelonia mydas) no Arquipélago dos Açores entre os meses 

de agosto de 2020 e abril de 2021. Os Açores são um grupo de nove ilhas 

vulcânicas com numerosos locais de águas pouco profundas e características 

emergentes, assim como vales de águas profundas e desfiladeiros submarinos. 

É influenciado climatologicamente pelo Giro Subtropical do Atlântico Norte e 
pela corrente do Golfo, criando as condições perfeitas para um hotspot de 

biodiversidade, hospedando um grande número de megafauna marinha.  

As tartarugas marinhas são uma presença comum no arquipélago dos Açores 

e, embora a presença de C. mydas seja de conhecimento geral, não existem 

estudos científicos sobre a presença desta espécie nos Açores. 

A importância do Conhecimento Ecológico Local em cenários com poucos dados 

é cada vez mais reconhecida na conservação. Esta integração dos dados CEL 
com a ecologia é de valor crítico para a conservação e gestão de habitats, pois 

contribui para uma visão holística do estado de conservação contemporâneo de 

uma espécie. 

A tartaruga verde é um réptil marinho de longa vida, disperso pelo globo e 

ameaçado de extinção. A ignorância da localização das suas diferentes fases 

de vida pode constituir um obstáculo para o estudo e a gestão das populações. 
Espécies migratórias como esta são conhecidas por representar um desafio 

para a conservação, pois é essencial compreender a sua complexa história de 

vida para implementar ações de conservação eficientes. 

O questionário foi dividido em duas seções: 1) descrição do avistamento da 

tartaruga-verde e 2) perfil dos entrevistados. A primeira seção é composta por 
11 questões para descrever a tartaruga marinha e o que a rodeia. A segunda 

seção contêm 9 questões para descrever o perfil do entrevistado a fim de avaliar 

a influência pessoal no avistamento. Foram realizadas 68 entrevistas, 27 

presenciais e 41 online, que resultaram em 87 avistamentos de tartarugas 

verdes. Os resultados confirmaram a presença de tartarugas verdes no 

arquipélago dos Açores. A descrição do tamanho reto da carapaça (entre 10 cm 
e 79 cm) confirmou que todas as tartarugas verdes nesta área são juvenis. A 

maioria dos avistamentos ocorreu durante o verão e outono, perto do fundo do 

mar rochoso a cerca de 8 metros de profundidade. Sendo a maioria dos 

entrevistados oriundos das ilhas do Faial e do Pico, é aqui que se verifica a maior 

parte dos avistamentos. 

Este é um estudo inicial das tartarugas verdes nos Açores. Abre as portas para 
a realização de estudos mais sistemáticos e baseados em hipóteses, 

alimentando futuras estratégias de gestão, nas quais as populações locais 

sejam participantes ativos, especialmente considerando que estão na linha de 

frente da conservação nessas áreas isoladas do arquipélago. 
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abstract 

 
 

Effective conservation strategies for sea turtles require knowledge of animal 

movements and protection of biologically important habitats and life history 

stages. For juvenile sea turtles, knowing their foraging grounds and foraging 
ecology is imperative to the successful protection of the species and the accurate 

identification of their vulnerabilities. This study uses Local Ecological Knowledge 

(LEK) by conducting a questionnaire about the presence of green turtles 

(Chelonia mydas) in the Azorean Archipelago between August 2020 and April 

2021. The Azores is a group of nine volcanic islands with numerous shallow-

water and emergent features, as well as deep-water ridges, submarine canyons. 
It is influenced climatologically by the North Atlantic Subtropical Gyre and the 

Gulf Stream current creating the perfect condition for a biodiversity hotspot, 

hosting a large number of marine megafauna.  

Sea turtles are a common presence in the Azorean archipelago, and, even 

though the presence of C. mydas is of common knowledge, there are no scientific 

studies about the presence of this species in the Azores.  

The importance of LEK in data-poor scenarios is increasingly recognized in 
conservation. This integration of LEK data with ecological science is of critical 

value for conservation and management of habitats, as it contributes to a holistic 

view of a species’ contemporary conservation status. 

The green turtle is a long-lived, wide-ranging and endangered marine reptile. The 

ignorance of the location of its different life stages can hinder the study and 
management of populations. Migratory species like this one are known to pose 

a challenge for conservation since it is essential to understand their complex life 

history in order to implement efficient conservation actions. 

The questionnaire was divided in two sections: 1) description of the green turtle 

sighting and 2) interviewees’ profile. The first section was composed of 11 

questions to describe the sea turtle and its surroundings. The second section 
had 9 questions to describe the profile of the interviewee in order to evaluate its 

influence on the sighting. In total, 68 interviews were performed, 27 in person 

and 41 online, which resulted in 87 green turtle sightings. The results confirmed 

the regular presence of green turtles in the Azorean archipelago. The description 

of the straight carapace length (between 10 cm and 79 cm) confirmed that all 

green turtles in this area are juveniles. Most sightings occurred during the 
summer and autumn, close to the rocky sea floor at around 8 meters deep. Since 

the majority of the interviewees were from Faial and Pico islands, that is where 

most sightings occurred.  

This study is the initial study of green turtles in the Azores. It opens the doors to 

conduct more systematic and hypothesis-driven studies to feed future 

management strategies in which local people are active participants, especially 
considering they are at the frontline of conservation in these isolated areas of the 

archipelago. 
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1. Introduction 

1.1 Sea turtles 

There are around 10500 extant species of reptiles, but only 80 can be considered 

primarily marine animals (Rasmussen et al., 2011; Uetz et al., 2021). The majority of 

these are sea snakes, most of which have a short lifespan and have severed their 

terrestrial link. Sea turtles and crocodiles, on the other hand, have a long lifespan and 

return to land to lay their eggs, making them secondary marine animals (Gaffney and 

Meylan, 1988; Hirayama, 1997; Pritchard 1997). 

Sea turtles evolved from terrestrial turtles over 100 million years ago. They are part of 

the suborder Cryptodirae and belong to two families, Dermochelydae and Cheloniidae. 

From their past, they kept, among other features, lungs to breathe air and the need to 

incubate eggs in nests dug on sandy beaches. These animals are perfectly adapted to 

the marine environment, with hydrodynamic bodies and physiology adapted to 

prolonged apnea (Lutz and Bentley, 1985; Wyneken, 1997). Most species of sea turtles 

share similar life history characteristics, with some variation among species and 

populations. Generally speaking, however, sea turtles are long-lived animals that grow 

and mature slowly, occupying multiple habitats throughout their life cycle, including 

neritic, pelagic, estuarine and beach habitats (Seminoff, 2004). Sea turtles have a 

circumglobal distribution and can be found in tropical, sub-tropical and temperate 

waters (Seminoff, 2004). One key characteristic of sea turtle species is their ability to 

migrate great distances, with some species even crossing ocean basins from foraging 

grounds to reach their rookeries of origin through a behaviour known as natal philopatry 

(Bowen et al., 1995). 

The basic sea turtle life strategy is similar in all Cheloniidae. After sea turtles mate in 

near-shore waters, females store sperm for several weeks after a single mating. They 

lay eggs in nests dug on tropical, subtropical or warm-temperate beaches. All marine 

turtles lay white, spherical cleidoic eggs with flexible calcareous shells (Miller, 1985). 

The shape and size of eggs laid in each clutch varies slightly between clutches laid by 

one female as well as considerably within and between species (Hirth, 1980; Van 

Buskirk and Crowder, 1994). Parental care beyond the energetic contribution to each 

egg is limited to the choice of nesting site, stereotyped burial, smoothing and 

camouflaging of the nest area. Female sea turtles lay several clutches per nesting 

season (up to 7 nests) at intervals of 9 to 30 days, but usually do not breed every year. 

Eggs, which are larger and more numerous than most freshwater species, incubate for 

about 2 months, hatching usually at night. Incubation temperature determines the sex 
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of hatchling sea turtles during the third stage of embryonic development, with low 

temperatures producing males and high temperatures producing females (Yntema and 

Mrosovsky, 1982). The hatchlings crawl down the beach and swim rapidly and 

continuously for 24 hours out to sea, the “swimming frenzy”, (Salmon and Wyneken, 

1987; Wyneken and Salmon, 1992; Davenport, 1997) so as to be carried away from 

the coast into the neritic zone (Bolten, 2003). 

As hatchlings, sea turtles swim from their natal beaches into the open sea (Georges et 

al., 1993) often taking refuge in circular current systems (gyres) that serve as moving, 

open-ocean nursery grounds (Hendrickson, 1982). Most species have relatively long 

(up to more than 10 years) oceanic stages tending to have high-density nesting 

localities, located adjacent to major oceanic currents. These major oceanic currents 

can maintain small juveniles passive and safe long enough for them to grow large 

enough. This strategy lowers predation risk and give them the mobility to actively swim 

to developmental habitats. Current hypothesis suggests that early juveniles use 

oceanic zones, whereas larger juveniles and adults primarily limit their movements to 

neritic habitats, with the exception of Dermochelys coriacea. The oceanic-neritic 

pattern is the most common life history pattern used in sea turtles, adopted by four of 

the seven sea turtle species (Bolten, 2003; Carr, 1987; Reich et al., 2007). It was long 

assumed that passive drifting in surface currents was the leading dispersal mechanism 

for hatchlings during this phase. However, there is growing evidence suggesting 

directed swimming may affect the trajectories of hatchlings and in turn the locations of 

neritic foraging habitats to which they recruit as juveniles (Carr and Meylan 1980; Bass 

et al., 2006; Shamblin et al., 2018). The juveniles and subadults of many populations 

reside in coastal feeding areas that are located hundreds or thousands of kilometres 

from the beaches on which the turtles hatched (Van Buskirk and Crowder, 1994; 

Bjorndal et al., 1985; Limpus et al., 1992).  Adult females, however, periodically leave 

their feeding sites and migrate to their natal beaches to nest; after nesting, many return 

to their own specific feeding areas (Bjorndal, 1981).  

Cheloniidae juveniles, actively recruit to demersal neritic developmental habitats in the 

tropical and temperate zones. Demersal juveniles in some temperate zone populations 

make seasonal migrations to foraging areas at higher latitudes in summer and lower 

latitudes in winter while those in tropical areas are more localized in their movements. 

When approaching maturity: pubescent turtles move into adult foraging habitats. In 

some populations adult habitats are geographically distinct from juvenile 

developmental habitats (Schroeder and Witherington, 1994); in others, they may 
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overlap or coincide (Van Buskirk and Crowder, 1994; Bjorndal et al., 1985). Upon 

maturity, as the nesting season approaches, adults migrate toward the nesting 

beaches. 

Cheloniidae is a family of turtles characterized by an extensively roofed skull with well-

developed rhamphotheca and secondary palate present. Head incompletely retractile 

or nonretractile, extremities are in the nonretractile form, flippers covered with 

numerous small scales and the forelimbs have highly elongate digits firmly bound 

together by connective tissue. The claws are reduced to one or two on each limb, and 

the radius and ulna immobilized against independent movement by juxtaposed rugose 

surfaces.  The shell is covered with horny scouts, variable in number, together with an 

unbroken series of three or four pairs of inframarginal, multiple axillary scouts. The 

plastron often has persistent fontanelles, one in the middle and others in the 

entoplastral and xiphiplastral regions. It is not cruciform, and the posterior plastral lobe 

is relatively long and wide (Baur, 1890). 

Cheloniidae species exhibit two strategies within their developmental habitat; (1) the 

area is shared with adults and will constitute the adult residential foraging grounds 

where juveniles will later spend their inter-reproductive period (Limpus and Limpus, 

2001; Bolten and Witherington, 2003) or (2) the area will be frequented only by 

juveniles that will subsequently shift to a different feeding area when they reach 

maturity (Musick and Limpus, 1997; Luschi et al., 2003). To date, the spatial and 

temporal variability of ontogenetic or developmental migrations in late-stage juvenile 

sea turtles is the least known stage in the life cycle of sea turtles (Luschi et al., 2003; 

Godley et al., 2008; Hamann et al., 2010; Varo-Cruz et al., 2016). 

Due to their highly migratory and oceanic life history, research on sea turtles has been 

largely restricted to nesting females and hatchlings. This has led to conservation efforts 

primarily focused on nesting beaches and on hatchlings, rather than in-water habitats 

utilized by breeding adults or post-nesting juveniles. Protecting in-water habitats is 

critical for effective species conservation as breeding individuals and juvenile feeding 

grounds contribute disproportionately to sustaining populations (Maxwell et al., 2011). 

Sea turtles are an ancient and hardy group of species, having survived massive 

extinction events as well as glaciations. However, within an average human lifespan, 

many sea turtle populations have come close to the brink of extinction. With a few 

notable exceptions (Bjorndal et al., 1999; Balazs and Chaloupka, 2004; Chaloupka et 

al., 2008), many populations are considered depleted or declining (e.g., Meylan, 1999; 

Witherington et al., 2009). Besides direct take, sources of mortality include high 
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volumes of incidental capture in fishing gear, debris ingestion, disease, and the 

widespread loss or degradation of coastal habitats (Eckert, 1995). These factors, in 

combination with a late age at maturity, make for slow and difficult population recovery 

(Crouse et al., 1987). 

1.2 Green turtles  

The Green Turtle (Chelonia mydas) has a worldwide distribution across tropical and 

warm temperate oceans and was previously listed as globally Endangered on the IUCN 

Red List (Seminoff, 2004). Green turtles in the Gulf of Mexico, Caribbean, and North 

Atlantic Ocean are part of the North Atlantic Distinct Population Segment and are 

classified as Threatened under the United States Endangered Species Act (Seminoff 

et al., 2015; NMFS and USFWS, 2016). In the Azorean archipelago, C. mydas was 

identified as a priority species for conservation (e.g., PAF Natura 2000). 

The green turtle is the largest turtle in both size and weight of the family Cheloniidae, 

averaging about 120cm straight carapace length and approximately 68-190 kg in size 

at adulthood. Next to the leatherback, the green turtle is the second largest extant sea 

turtle (Eckert et al., 1999). The green turtle gets its common name from the colour of 

its fat, which is green due to its predominantly herbivorous diet of seagrass and algae. 

Green turtles can be identified by the following external physical characteristics: 

smooth oval shell, 5 vertebral scutes, 4 pairs of costal scutes, 4 inframarginal scutes, 

a pair of prefrontal scales and 4 pairs of postorbital scales on the head, as well as a 

serrated lower jaw, though occasionally physical mutations can occur (Ergene et al., 

2011) (Figure 1). 
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Figure 1 Green turtle external morphology (modified from Eckert et al., 1999) 

 

After green turtle eggs are laid by adult females under the beach sand, they incubate 

for approximately 50-60 days. When the juveniles emerge, they will typically move 

immediately to the ocean. Then, they immediately begin swimming rapidly through 

open water. They enter an oceanic phase, lasting between 3 and 10 years (Zug and 

Glor, 1998; Zug et al., 2002; Reich et al., 2007) feeding primarily on sea jellies and 

salps (Bolten et al., 1998; Bjorndal et al., 2003), recruiting to their neritic habitats at 

sizes of about 25–35 cm straight carapace length (Carr, 1987; Reich et al., 2007; 
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Meylan et al., 2011). Once they have reached foraging grounds, green turtles often 

maintain localized, nearshore ranges (Hart and Fujisaki, 2010; Christiansen et al., 

2017; Levy et. al., 2017). 

Estimates of mean age at maturity tend to vary between populations and the method 

used to make the estimate, though recent findings from a Pacific population of green 

turtles (in Hawaii) has recently estimated age at first maturity being 23 years of age 

and carapace length of 89.7 cm (Van Houtan et al., 2014). 

Upon reaching sexual maturity, female green turtles will migrate from foraging grounds 

to breeding every few years. The migrations between foraging and nesting grounds 

can vary from hundreds to thousands of kilometres, depending on the population and 

individual (Limpus, 2008). However, the movements of adult male green turtles are not 

well-studied overall. 

A growing number of studies have suggested that males may mediate gene flow 

between populations by mating opportunistically between genetically distinct nesting 

populations (Roden et al., 2013, Nishizawa et al., 2011). This type of mating can occur 

in the three major habitats utilized by adult sea turtles: nesting areas, mixed foraging 

aggregations and migratory routes. During the nesting season, females and males 

aggregate offshore from nesting areas. There, females can mate with either males of 

the same natal origin or potentially with males of a geographically distant origin that 

have traveled in search of mating opportunities. This “mate-seeking behaviour” has 

been reported in males that have migrated between several beaches throughout a 

nesting season, purportedly to mate with females residing offshore (Wright et al., 2012). 

Studies about green turtles diet associate this with seagrass meadows as seen in these 

early observations in the Indian Ocean (Frazier, 1971; Hirth et al., 1973) and long-term 

studies in the Caribbean (Bjorndal, 1980; Mortimer, 1981; Vander Zanden et al., 2013) 

that reported an herbivorous diet dominated by seagrasses. However, back in 1965 

Van Bruggen made an observation in the Port Elizabeth Aquarium that green turtles 

fed on molluscs and fish regularly and sometimes grazed algae on the walls of the tank 

concluding “In my opinion it is rather doubtful whether these reptiles are true 

vegetarians; very probably they are omnivorous with a preference for plants if available” 

Some examples of foraging sites where seagrass is absent or sparse are Japan 

(Shimada et al., 2014), Queensland, Australia (Garnett et al., 1985; Prior et al., 2016), 

Turkey (Özdilek et al., 2015), and Uruguay (Darré Castell et al., 2005). At these 

foraging sites, the green turtle diet is supplemented or dominated by macroalgae. 

Terrestrial plant material, especially mangrove leaves and propagules, can also feature 
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prominently in green turtle diets at some sites (Arthur et al., 2009; Nagaoka et al., 

2012). Although green turtles are primarily herbivorous, reports of a wide-ranging diet 

of seagrass, marine algae and invertebrates (Jones and Seminoff, 2013) include 

purposely ingested animal matter, such as gelatinous macrozooplankton (e.g., 

scyphozoan jellyfish and salps), sponges, molluscs and fish (Mortimer, 1981; Bjorndal, 

1997; Burkholder et al., 2011; Fukuoka et al., 2019; Piovano et al., 2020). 

Worldwide, green turtle populations are conservatively estimated to have declined by 

37–61% over the last 141 years (Seminoff, 2002). Egg harvesting and consumption of 

turtles are now regulated in most places. However, direct and indirect threats continue 

to threaten populations: bycatch in fishing gear kills thousands of turtles per year 

(Wallace et al., 2010), pollution with artificial lights on nesting beaches disrupts nest-

site choice and orientation (Witherington and Martin, 2003), and oil spills affect marine 

turtles through direct contact or by fouling of their habitats. Current conservation 

practices include the protection of eggs and females on nesting beaches; reduced or 

no lighting on nesting beaches, chiefly to avoid the disorientation of hatchlings going to 

sea (Bjorndal et al., 1999); and the implementation of a number of measures to reduce 

bycatch of sea turtles in a variety of fisheries, such as spatial or temporal no-fishing 

closures (Lewison et al,. 2003), turtle excluder devices (TEDs) in trawl fisheries 

(Crouse et al., 1987), and changes in hook design and bait type in pelagic longlines 

(Watson et al., 2005; Cox et al., 2007). Animals or populations do not occur in isolation, 

but depend on the environment in which they live, and successful long-term recovery 

of endangered species can only be achieved if conservation efforts consider the wider 

goal of protecting an ecosystem's structural (e.g., diversity) and functional (e.g., 

resilience) attributes. 

1.3 Local Ecological Knowledge 

The Azores region lacks information about the green turtle population. This challenging 

situation has led to the use of Local Ecological Knowledge (LEK) as a research tool 

that includes traditional knowledge of indigenous peoples, to better understand long-

term environmental change and human-environment interactions (De Castro et al., 

2014; Bao and Drew, 2016; Lee et al., 2019; Barrios-Garrido et al., 2018) since most 

records come from free-divers that observe the animals in coastal bays and from 

stranded animals.  LEK is used in data-poor scenarios and it is increasingly recognized 

in conservation, both in terms of uncovering historical trends and for engaging 

community stewardship of historic information (Early-Capistrán et al., 2020). LEK can 

be defined as place-based empirical knowledge, held by a specific group of people 
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about their surrounding environments and biota (Bélisle et al., 2018). LEK can provide 

insights about local natural resources and their value in the lives of local inhabitants 

and can yield important insights about local beliefs and practices relating to wildlife 

(Berkes et al. 2000). Understanding LEK and attitudes of local residents have become 

increasingly important when addressing issues related to natural resource use and 

conservation (Pierotti and Wildcat, 2000; Charnley et al., 2007; Azzurro et al., 2011), 

especially considering the intimate links between humans and nature in remote and 

undeveloped areas (Campbell, 2003). There are a variety of approaches to engage 

local residents about topics related to natural resource management, such as inviting 

them to workshops, joining their daily activities, asking them to collect data, and/or 

conducting interviews to learn LEK.  

Indeed, these types of efforts have previously discovered important and novel insights 

about the biology of local wildlife species and ecosystem functioning (e.g., Wedemeyer-

Strombel et al., 2019). For example, local consultation via formal interviews has been 

effective in obtaining reliable data for assessing the conservation status of a variety of 

sea turtle populations (Liles et al., 2015; Lucchetti et al., 2017; Palaniappan et al., 2018; 

Wedemeyer-Strombel et al., 2019). These interviews may help identify critical habitats 

and strongholds for threatened and endangered species, which is a first step in species 

conservation. Sea turtles are a taxon for which LEK may be particularly useful for 

revealing nesting and foraging sites not previously identified (e.g., Liles et al., 2015), 

and for guiding the implementation of field surveys in previously unstudied and/or 

remote areas (Carr and Carr, 1991; Tapilatu et al., 2017). LEK does not require that 

knowledge-holders be indigenous, nor embedded in a broader shared culture, and thus 

can be applied to people and communities with relatively short histories of interactions 

with a specific environment (cf. Narchi et al., 2014). LEK data have been used in 

combination with official records and historical documentation to reconstruct long-term 

abundance trends of exploited marine species in multiple contexts (Jackson et al., 

2001; Beaudreau and Levin, 2014; Lee et al., 2019). LEK also provides baseline data 

that fill knowledge gaps that cannot be addressed through natural sciences alone 

(Mukherjee et al., 2018; Mason et al., 2019). Examples include knowledge of ecological 

change over broad time-scales (Lee et al., 2019), traditional and local resource use 

(Barrios-Garrido et al., 2018), and conceptual frameworks for ecological modelling 

(Ainsworth, 2011; Bélisle et al., 2018). 

1.4 Azores 

The Azores (Portugal) is the most remote oceanic archipelago in the North Atlantic, 
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located between 37º to 41º N and 25º to 31º W, distancing about 1,400 and 2,000 km 

from continental Europe and North America, respectively. This group of nine volcanic 

islands and the numerous surrounding seamounts, sits right on the mid-Atlantic ridge 

at a triple (tectonic plate) junction (Eurasian, Nubian, and North American plates), and 

was formed by the high eruptive activity in this region. The nine volcanic islands are all 

inhabited and are divided into three groups: eastern group (composed of the islands of 

São Miguel and Santa Maria), central group (composed of the islands of Graciosa, 

Terceira, São Jorge, Pico and Faial) and western group (composed of the islands of 

Flores and Corvo) (Figure 2). The archipelago extends more than 600 km along with a 

northwest–southeast trend crossing the Mid–Atlantic Ridge (Morton et al., 1998). 

 

Figure 2 Map of the distribution of the Azores Islands. 

 

The bottom topography of the region is characterized by numerous shallow-water and 

emergent features (shoals, seamounts, islets and the islands) rising steeply from 

abyssal depths (>4000 m), as well as deep-water ridges and submarine canyons. This 

complex topography influences local and regional patterns of ocean circulation, which 

in turn affects the distribution of marine organisms (Santos et al., 1995). 

Present-day volcanic activity in the Azores is marked by highly active fumarolic fields, 

hot springs and soils diffuse degassing phenomena (Ferreira et al., 2005), where 

degassing areas are related to hydrothermal systems (Ferreira, 1994) and anomalous 
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CO2 fluxes are mainly controlled by tectonic structures and by the geomorphology of 

the volcanic complex (Viveiros et al., 2010). 

The marine environment of the Azores Archipelago and the Exclusive Economic Zone, 

with 930 687 square kilometres (DGRM, 2021), are of marine biological and 

conservation interest, in large part due to their isolated location, and the recent age of 

the Archipelago. The oldest part of the Archipelago is the island of Santa Maria, about 

10 to 8 million years old (M.Y.) (Abdel-Monem et al., 1975). The most recent area is 

the Capelinhos volcano, which is approximately 63 years old, in Faial Island. Most of 

the islands are aged between 3 M.Y. and less than 1 M.Y.) (Azevedo et al., 1991; 

Santos et al., 1995). 

In climatological-oceanographic terms, the Azores represent an ecotone: its otherwise 

temperate geographic location is tuned for a subtropical hint by the North Atlantic 

subtropical gyre via the southeastern branch of the Gulf stream (the Azores current) 

and its eddies flowing through the southern part of the region (Santos et al., 1995; 

Caldeira and Reis, 2017). This unique blend of a dynamic oceanography interacting 

with high seafloor complexity in the middle of the North Atlantic basin is thought to 

provide the particular conditions which attract oceanic vertebrate megafauna (Afonso 

et al., 2020). 

The Azores Archipelago is situated at the northern edge of the North Atlantic 

Subtropical Gyre, the rotor of the North Atlantic Circulation (Maillard, 1989). The Gulf 

Stream current feeds the area, and its southeastern branch generates the eastward-

flowing Azores Current (Klein and Siedler, 1989). The Gulf Stream and North Atlantic 

and Azores currents, and the dynamic Azores Front, are responsible for the seasonal 

and interannual dependent complex pattern of ocean circulation that characterizes the 

Azores, and results in the high salinity, high temperature and low-nutrient regime 

waters (Johnson and Stevens, 2000; Santos et al., 1995). 

The Azorean archipelago is characterized by a high oceanographic instability, resulting 

in numerous cyclonic and anticyclonic eddies regularly detaching from the Azores 

current (Alves et al., 2002; Alves and Colin de Verdière, 1999; Gould, 1985). Features 

like mesoscale eddies enhance the primary productivity affecting the entire marine food 

chain through bottom-up processes in both cyclonic and anticyclonic eddies (Lévy et 

al., 2001). These mesoscale features are key foraging habitats for many pelagic 

predators (Scales et al., 2014) such as sea turtles (Chambault et al., 2016; Mansfield 

et al., 2014; Polovina et al., 2006). These features favour a variety of oceanic and 
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pelagic organisms that bloom along the year (Frick et al., 2009; Dodge et al., 2011), for 

example, a wide range of gelatinous organisms (Lucas et al., 2014). 

The Azores are also known to be a biodiversity hotspot (Santos et al., 1995), hosting a 

large number of marine megafauna species such as cetaceans (e.g., Clua and 

Grosvalet, 2001; Hartman et al., 2008; Magalhães et al., 2002; Silva et al., 2014; 

Steiner et al., 2008), seabirds (e.g., Monteiro et al., 1999, 1996), fishes (e.g., Thorrold 

et al., 2014; Vandeperre et al., 2014a, 2014b) and sea turtles (Bolten et al., 1998; 

Santos et al., 2007). 

Tourism has largely increased in the archipelago, mostly due to marine-related 

activities such as sailing, surfing, whale watching and scuba diving (Calado et al., 

2011), the geological underwater formations such as caves, tunnels and seamounts 

and its large iconic species (including sea turtles, groupers, tunas, sharks, manta rays) 

are at easy access throw all the islands.  

Sea turtles are a common presence in the Azorean archipelago. The first records are 

from 1595 when the Dutch sea captain Van Linschoten wrote in his sailing directions: 

“…when you pass from 36º to 39º 1/3 degrees you will come to see the island of Flores 

with many turtles floating in the water”.  Biologists started asking about the origin of sea 

turtles in the eastern Atlantic and interest the studying of this animals increased in the 

18th and 19th centuries. Prince Alberto of Monaco was a pioneer in this studies, 

concluding in his several published observations that sea turtles in the Azores must 

have been transported by the Gulf Stream originating from “Antilles or Floride” (Martins 

et al., 2018). The hatchlings of loggerhead sea turtles (Caretta caretta) leave the 

beaches of south-eastern United States with the size of 5 cm carapace length, 

disappear into the sea and when they are observed again in benthic foraging areas in 

the Western Atlantic, they have grown into juveniles of about 50 cm. It is this “missing” 

life stage that was called the “lost year” (Carr, 1982). 

Six out of seven species of sea turtles occur in Azorean waters (C. caretta is the most 

abundant, C. mydas is the second most sighted, less frequently than the previous, D. 

coriacea not very frequently sighted and, Eretmochelys imbricata, Lepidochelys kempi 

and Lepidochelys olivacea have very few sighting records) (Santos et al., 1995; Varo-

Cruz et al., 2017; Bolten and Martins, 1990; Barcelos et al., 2021) but there are no 

records of nesting sea turtles in the Azores, mainland Portugal or in other Atlantic 

European countries (Cabral et al., 2005; Brongersma, 1982; Carr, 1957; Deraniyagala, 

1952). Conservation of marine turtles in the Azores is ruled by international conventions 
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(e.g., Bern Convention) which establish total protection of the species. Some local 

exploitation for food and curios was common until a few years ago. This has stopped 

as public opinion has changed (Santos et al. 1995).  

The Azores region is along the migratory corridor during oceanic leatherback turtle 

migrations between feeding and nesting areas (Fossette et al., 2010) and it is used as 

a feeding foraging site for loggerhead turtle juveniles’ population nesting in the 

southeastern United States (Bolten et al., 1993, 1998). 

The green turtle is thought to be common in the archipelago however hardly any 

information exists for this species in the area. Green turtles are highly migratory and 

have a long and complex life cycle. In the Azores, they consist exclusively of juveniles 

that have a cryptic lifestyle and are therefore seldom observed. A study by Witham 

(1980) provided a model for the transport of neonate green turtles from the east coast 

of Florida in the Gulf Stream, around the North Atlantic Basin in the North Atlantic gyre, 

with return to the Caribbean and Florida in the North Equatorial Current. He also 

provided tagging records of yearling green turtles released in Florida and recovered in 

the Azores (Witham, 1980). 

1.5 Objectives of the study 

Effective conservation strategies for sea turtles require knowledge of animal 

movements and protection of biologically important habitats and life history stages. 

Understanding both their inshore and pelagic spatial patterns is imperative to the 

successful protection of the species and the accurate identification of their 

vulnerabilities. This study aims to characterize the occurrence and distribution of green 

turtles in the Azores. Our approach consists in gathering and exploring different 

sources of information by (i) gathering local knowledge through questionnaires; (ii) 

analysing the data to create maps of the C. mydas geographical distribution in the 

Azores, (iii) and exploring citizen science approaches.  This will help us identify green 

turtle geographical distribution in the Azores as well as an initial description of the 

ecology of the species in the area. 
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2. Methods 

2.1 Study site 

The data were collected in the Azores. The archipelago is predominantly deep waters 

and steep island slopes with small shelves delimitate coastal habitats (Pitcher et al., 

2008; Isidro, 1996). The region is characterised by a high salinity, high temperature 

and low nutrient regime (Santos et al., 1995). The study area comprises the coastal 

zones of Faial and Pico, having similar marine environment with common hard- and 

soft-bottom features like bedrocks, boulder fields, sandy bays, caves, shallow banks, 

cliffs and canyons. Most of the coast is exposed to the full forces of wind and swell but 

smaller areas with shelter exist, mainly in bays along the coastline. The littoral areas 

present a great variety of coastal habitats including boulder fields, bedrock reefs, 

volcanic cones, cliffs and enclosed bays that are subject to a great variety of 

hydrodynamic conditions (Schmiing et al., 2013). 

The Azores archipelago is an emerging tourism destination for marine-related activities 

such as sailing, surfing, whale watching and scuba diving (Calado et al., 2011) mainly 

due to its large iconic species (including sea turtles, groupers, tunas, sharks, manta 

rays) and its geological underwater formations such as caves, tunnels and seamounts. 

Divers have abundant access to the water in the study islands consequently they 

become a great source of information in marine life they observe. 

2.2 Interviewing method 

Data collection took place from August 2020 to April 2021. The research followed a 

quantitative, descriptive and non-experimental method of data collection, deploying a 

structured questionnaire survey for marine users, that was mainly directed at divers, 

and free divers in particular (e.g., spear fishers). They were invited to answer a series 

of questions regarding the presence of green turtles (C. mydas) in the archipelago. The 

sampling method chosen was the snowball method (Bailey, 1982). A sampling 

procedure may be defined as snowball sampling when the researcher accesses 

informants through contact information that is provided by other informants. This 

process is, by necessity, repetitive: informants refer the researcher to other informants, 

who are contacted by the researcher and then refer the researcher to yet other 

informants, and so on. Hence the evolving ‘snowball’ effect, captured in a metaphor 

that touches on the central quality of this sampling procedure: its accumulative 

(diachronic and dynamic) dimension (Noy, 2008). It is sometimes used as the main 

vehicle through which informants are accessed, or as an auxiliary mean, which assists 
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researchers in enriching sampling clusters, and accessing new participants and social 

groups when other contact avenues have dried up (Hendriks, 1992). 

No personal data of the participants was collected. Therefore, all data were treated 

anonymously. Further, no sensitive data were requested throughout the research, 

respecting the privacy of the participants. 

Initially, interviews were conducted in the island of Faial. These interviewees were 

sampled using the snowball method in which marine users in Faial indicated other 

marine users and how to contact them. Field data were collected first through semi-

structured interviews and later through well-designed questionnaires which are suitable 

for research where it is desired to quantify the results subsequently. The marine users 

were approached individually, initially at Horta’s marina where marine tourism 

companies operate. 

2.3 Online questionnaire  

As the research advanced, some complications were encountered due to the current 

pandemic situation where free circulation was limited and in-person questionnaires 

were no longer feasible as a result of social distancing. The extension of the fieldwork 

to Pico was therefore made impossible. As a result, an online questionnaire was 

designed with Google Forms (www.google.com/forms/) following the same structure as 

the in-person questionnaire. This allowed an expansion of the study site from Faial to 

all the islands in the Azorean archipelago. The snowball sampling was applied in this 

case as well. Regarding the contact with the freedivers, the questionnaire was sent to 

ARPLA (Associação Regional de Pesca Lúdica dos Açores) and from there the 

association sent it to all its members where they could access it. The members would 

be contacted via email with the link (https://bit.ly/2HXFPCx) to the questionnaire and 

the indication to share it with other free divers they knew (Figure 3). 
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Figure 3 Online questionnaire introduction (https://bit.ly/2HXFPCx). 

 

2.4 Description of the questionnaire 

The survey was composed of 20 questions divided into two sections: 1) description of 

the green turtle sighting and 2) interviewees’ profile (Figure 27).  

The first section contained 11 questions of three types, closed, multiple-choice and 

interactive choice-based questions. Closed questions were about the date the sighting 
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occurred, the depth of the sighting and if the same individual was sighted on multiple 

occasions. 

In the multiple-choice questions the interviewee could choose between predetermined 

answers. These questions were related to the knowledge about the different sea turtle 

species in the Azores, the seafloor type, the sea turtle size, the sea turtle activity during 

the sighting and in which island the sighting occurred.   

The interactive choice-based question was about the location of the sighting. On the 

in-person questionnaire, the interviewee was asked to pinpoint the exact place on the 

map where the sighting took place and provide a short description of the location (e.g., 

50 meters from the coast in the direction of the lighthouse). For the online survey some 

adjustments were made. The interviewee was directed to the map of the island where 

the sighting occurred. The map was layered with a grid table and labelled with letters 

and numbers. The interviewee was asked to indicate the grid cell of the location 

together with a short description of the location (e.g., D7, 50 meters from the coast in 

the direction of the lighthouse). 

The second section of the questionnaire was a description of the interviewees’ profiles 

and activity. All of the information provided was anonymous in order to respect the 

interviewees’ privacy. The objective was to assess possible bias in the survey and 

obtain information about the observation effort.  

This section was composed of 9 questions, closed, multiple-choice and interactive 

choice-based questions.  Closed questions included the age of the interviewee, years 

of practice of the activity and the average duration of each event (e.g., spearfishing trip) 

and, in the case of diving related activities, the maximum depth the interviewee dives. 

Multiple choice questions comprehended the residence of the interviewee, the activity 

practiced by the interviewee, level of experience and frequency.   

The last question was an interactive choice-based about the where and with which 

intensity the activity was practiced in order to obtain a semi-quantitative estimate of the 

observation effort. The interviewee was asked to indicate on a map where he practices 

his activity with, high (>50% of the occasions), medium (<50% and >10%) and low 

(<10%) intensity. On the in-person survey, they would indicate these areas on a map 

and identify the intensity with the letters A (high), M (medium) and B (low). On the 

online survey, they were directed to the maps, layered with a table grid and labelled 

with numbers and letters, where they had three different closed questions. On the first 

question, they would indicate the squares where they practice their activity with high 
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intensity, the second question where they practice their activity with medium intensity 

and the third and last question where they practice their activity with low intensity. 

2.5 Data analysis 

Closed and multiple questions were analysed with RStudio (R Core Team, 2021). The 

packages "ggplot2" (Wickham, 2016) and "tidyverse" (Wickham, 2019) were used to 

determine the mean, median, maximum and minimum of the closed questions. With 

the data collected by both close and multiple questions histograms were plotted to 

visualize peaks and/or identify anomalies.  

All geospatial analysis and visualisations were performed using ArcGIS 10.8.1 software 

(ESRI, 2021). The location of sightings was placed by hand and connected to the 

additional information provided by the previous questions. The sighting density was 

calculated using the Kernel Density tool (Silverman, 1986). The surface value is highest 

at the location of the point and diminishes with increasing distance from the point. Only 

a circular neighbourhood is possible. The density at each output raster cell is calculated 

by adding the values of all the kernel surfaces where they overlay the raster cell centre. 

The sighting effort was calculated based on the areas with high, medium and low 

frequency. To calculate the sighting effort a value was assigned to each frequency 

(high intensity = 6, medium intensity =3 and low intensity = 1) and it was multiplied by 

the average hours of each dive and the average number of dives per year. The value 

obtained was calculated with the grid calculations and created a map that illustrates 

the areas with more or less sighting effort. 

2.6 Citizen science 

At the end of each questionnaire, the interviewees were encouraged to share any type 

of image (video or pictures) of the encounter with the green turtle, past and future, to 

help confirm the species determination and eventually other relevant information from 

the footage. They were also handed a laminated flyer (Figure 4) that would help the 

interviewee with the identification of the sea turtle species. In the online survey the 

interviewees were given an email (recapturas@gmail.com) to share the images and 

ask any questions in case of doubts about the questionnaire or the species. For further 

information about sea turtles, they were directed to the Facebook page “Sea Turtles in 

the Azores” (which was also a form of contact for the questionnaire) and to the COSTA 

Project website (https://costaproject.org) (Figure 5). 

 

https://costaproject.org/
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Figure 4 Informative flyer to help distinguish Caretta caretta from Chelonia mydas 

 

 

Figure 5 Contact information on the online questionnaire. 
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3. Results 

3.1 Profile of marine users 

Sixty-eight marine users were interviewed for this study. Questionnaires were 

performed in two different ways, twenty-seven in-person and forty-one online. Sixty-six 

were from residents of the Azores coming from six out of the nine islands (São Miguel 

n=3, Santa Maria n=2, Terceira n=4, São Jorge n=1, Pico n=7, Faial n=49). Two 

questionnaires came from non-residents (Figure 6). 

 

Figure 6 Graphical representation of where the interviewees are from, distinguished by Azoreans 

(specifying from which island) and non-Azoreans. 

 

These results show the geographic distribution of the interviewees, displaying a clear 

peak of answers coming from Faial Island with 72.1% answered surveys, followed by 

Pico Island with 10.3% of survey answers. These two islands have easy access 

between them, allowing interviewees to perform their activity on both islands. This 

allowed for a more detailed analysis of the distribution of the sightings and sighting 

effort in Faial and Pico islands. 

Analysis of the age distribution showed a range between 15 and 63 years of age. Most 

interviewees, 45.6%, were between 30 and 40 years old (Figure 7).  
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Figure 7 Graphical representation of how old the interviewee is (years). 

 

When asked about the nautical activity they practiced, the majority (91.2%) answered 

scuba diving and freediving (inshore fishing n=2, free diving n=2, biologist (during 

fieldwork) n=1, maritime-tourism n=2, sail n=1, scuba diving n=15, snorkelling n=5, 

spearfishing n=39, swimming n=1) (Figure 8). Two peaks can be observed as 57.4% 

of the interviewees practiced spearfishing and 22.1% practiced scuba diving. For this 

study, only sightings performed during diving related activities were analysed in order 

to avoid biases related to the activity. 
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Figure 8 Graphical representation of what is the activity performed by the interviewee. 

 

Nevertheless, the interviewees who practiced diving related activities showed relevant 

differences when asked about their maximum dive depth. Scuba divers displayed a 

wider range of depth (maximum=70 m, minimum=18 m) (Figure 9a) than free divers 

(maximum=45 m, minimum=2 m) (Figure 9b). 

Figure 9 Graphical representation of: a) what is the maximum depth free divers dive (meters) and b) what 

is the maximum depth scuba divers dive (meters). 

 

The next set of questions had the objective of understanding the experience of the 

interviewees at their activity. When asked for how long they practiced the activity in 

years the answers were mostly 10 or 20 years of experience (maximum=50, 

minimum=1, mean=15, median=14) (Figure 11). 

 

a) b) 
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Figure 10 Graphical representation of how long the interviewees have been performing their activity 

(years). 

 

Ten people self-classified themselves with low experience, 32 people self-classified 

themselves with medium experience and 26 people self-classified themselves with high 

experience (Figure 11a). Therefore, 85.3% of the interviewees self-classified 

themselves as medium and high experienced. 

Figure 11 Graphical representation of: a) how the interviewees self-classify themselves on how much 

experience they have performing their activity and b) how many interviewees know to distinguish the 

different species of sea turtles that occur in the Azores. 

 

When questioned about their capacity to distinguish the different sea turtle species that 

occurred in the Azores, 57.4% responded that they were able to distinguish the different 

species, 27. 9% responded that they were somewhat able to distinguish the different 

species and 14.7% responded that they were not able to distinguish the different 

species (Figure 12b). 

a) b) 
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When comparing the interviewees who sighted at least one green turtle with their 

knowledge of the species of the interviewee (Table 1) it is possible to see that twenty-

seven sightings (56.3%) were from people who could distinguish the different species, 

seventeen (35.4%) from people that could somewhat distinguish the different species 

and four sightings (8.3%) were from people who said they could not distinguish the 

different species.  

On the other hand, there were twelve people (60.0%) who could distinguish the 

different species, but did not sight a single green turtle, two people (10.0%) who could 

somewhat distinguish the different species but did not sight a green turtle and six 

people (30.0%) who could not distinguish the different species of sea turtles and did 

not sight a green turtle. 

Table 1 Results about the comparison of the interviewees knowledge of how to distinguish the different 

species of sea turtles in the Azorean waters and if a sighting occurred or not. 

 Knows how to distinguish the different species 

Sighting Yes Somewhat No 

Yes 27 17 4 

No 12 2 6 

 

The results also show that there is a clear relationship between experience and the 

knowledge to distinguish the species. Of the people who self-classify as highly 

experienced, 29.4% claim to be able to distinguish the species, whereas this 

percentage decreases to 22.1% and 5.9% for people with medium and low experience 

respectively. However, 1.5% of the interviewees self-classify as highly experienced and 

are not able to distinguish the species, whereas this percentage increases to 7.3% and 

5.9% for people with medium and low experience respectively. 
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Table 2 Results about the comparison of the interviewees’ knowledge of how to distinguish the different 

species of sea turtles in the Azorean waters and how they self-classify their experience practicing their 

activity. 

 Knows how to distinguish the different species 

Experience Yes Somewhat No 

High 20 5 1 

Medium 15 12 5 

Low 4 2 4 

 

When looking deeper at the activities, 46.2% of the spear fishers indicated that they 

know how to distinguish the different species of sea turtles and 38.5% know somewhat 

how to distinguish the different species, while 28.2% of spear fishers self-classify with 

high experience and 59.0% with medium experience.  

In the scuba divers case there are two evident peaks that 86.7% know how to 

distinguish the different species of sea turtles and 73.3% self-classify with high 

experience.  

 

Table 3 Results about the comparison of the interviewees’ activity and their knowledge on how to 

distinguish the different species of sea turtles in the Azorean waters and how they self-classify their 

experience practicing their activity. 

 
Knows how to distinguish the different 

species 

Experience self-classification 

Activity Yes Somewhat No High Medium Low 

Spearfishing 18 15 6 11 23 5 

Scuba diving 13 1 1 11 2 2 

Snorkelling 3 1 1 1 2 2 

 

The forty-seven free divers that answered the questionnaire sighted 70 green turtles and 

the eleven scuba divers sighted 15 green turtles. At the same time, scuba divers only 
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spent an average of 0.81 hours and free divers spent an average of 2.42 hours each 

dive. 

Even though these are two different activities with likely a different probability to sight 

green turtles, the data were aggregated, in this study as the main objective was to 

characterise the distribution of green turtles and the locations used for both activities 

largely overlapped, with the exception of marine reserves. 

When looking at age, the data show that in the group 10 to 30 years old a similar 

percentage of interviewee indicated that they know (44.4%) or know somewhat (50.0%) 

to distinguish the species. However, in the older groups, 31 to 50 years old and 51 to 

70 years old, the majority of respondents indicate that they were able to distinguish the 

species (60.5% and 71.4% respectively). 

Table 4 Results about the comparison of the interviewees’ age and their knowledge on how to distinguish 

the different species of sea turtles in the Azorean waters. 

 Knows how to distinguish the different species 

Age class (years) Yes Somewhat No 

10 to 30 8 9 1 

31 to 50 26 10 7 

51 to 70 5 0 2 

 
 

3.2 Green turtles sightings 

Eighty-seven sightings of green turtles were described by the interviewees, of which 

36.8% were single sightings, where one interviewee sighted one green turtle, and 

63.2% were multiple sighting, where an interviewee sighted more than one green turtle 

in different occasions.  

For the years 2020 and 2021 sixty-one sightings were recorded (70.1%) (Figure 12). 

Before 2020, interviewees reported twenty-six sightings (29.9%), the oldest sighting 

being 2001. 
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Figure 12 Graphical representation of the year when the sighting of the green turtle occurred. 

 

In terms of seasonality, most sightings occurred in summer and autumn (Figure 13) 

which corresponds to the seasons when the interviewees practiced diving more 

frequently. They hereby often referred to weather and sea conditions as reason. 

 

 

Figure 13 Graphical representation of when the sighting of the green turtle occurred. Spring = March, April 

and May; Summer = June, July and August; Autumn = September, October and November; Winter = 

December, January and February. 
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Interviewees were asked to describe the turtle carapace length and the majority 

estimated size between 30 and 49 cm (Figure 14). Since a known size at maturity is 

89.7 cm, it is possible to affirm that all sighted green turtles were juveniles. 

 

Figure 14 Graphical representation of the size of the sighted green turtle in centimetres 

 

Activity of the turtle was mainly swimming at the bottom (33.3%) and lying still at the 

bottom (27.6%) (Figure 15). Other activities described were swimming at half-water 

(14.9%), swimming at the surface of the water (14.9%) and only 8.0% were feeding 

and one blank, indicating the interviewee was not able to remember the activity. 
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Figure 15 Graphical representation of the activity of the sighted green turtle. Bottom = lying still at the 

bottom, feed = feeding, half water = swimming at half water, s. bottom = swimming at the bottom and 

surface = at the surface. 

 

 

Figure 16 Graphical representation of the type of seafloor where the sighting occurred. 

 

The interviewees described the seafloor type where the sighting occurred mainly as 

rocky (90%; rock n=30, rock and algae n=14, rock and sand n=34) (Figure 16). 

Depth at which the sea turtle was sighted ranged from the surface to 25 meters depth 
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with a mean and median of 8 meters (Figure 17). 

 

Figure 17 Graphical representation of the depth which green turtles were found. 

 

The location of the sightings was first classified by the island after which a more detailed 

description of the location was asked. Figure 18 shows that the majority of sightings 

occurred in the islands of Faial (n=39) and Pico (n=30), which were also the islands for 

which most questionnaires were answered (Table 5).    
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Figure 18 Graphical representation of in which Azorean island the green turtle sightings occurred. 

 

Table 5 Percentages of questionnaires from each island and percentage of sighting in each island. 

 Azores Islands 

Values Corvo Faial Flores Graciosa Pico 
Santa 

Maria 

São 

Jorge 

São 

Miguel 
Terceira 

Questionnaires 0 72.1% 0 0 10.3% 2.9% 1.5% 4.4% 5.9% 

Sightings 0 44.8% 1.1% 0 34.5% 5.7% 0 4.6% 9.2% 

 

Overall, respondents affirmed to have seen the same turtle on different occasions in 

only 5.7% of the questionnaires (Figure 19). 
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Figure 19 Graphical representation of how often the same person see the same green turtle in the same 

location but at a different occasion. 

 

3.3 Maps with the distribution of the sightings (Faial and Pico) 

Most sightings occurred around Faial and Pico as described previously, and as a 

consequence, only those islands have enough information to build informative maps. 

By introducing the information given in the questionnaires, maps were built in ArcGIS 

software that show the location (dark blue circles) and density of the sightings (red 

represents high density and green low density) (Figure 20). 
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Figure 20 Graphical illustration of locations of green turtle sightings occurred and sighting density in the 

islands of Faial and Pico, Azores. 

 

Most green turtles in Faial Island were sighted in Porto Pim and Portinho do Alcaide 

and the area around Monte da Guia, followed by Porto do Comprido (Capelo) and 

Portinho do Salão. 

In Pico Island the most sightings of green turtles occurred in Porto da Prainha do 

Galeão, the second most sightings occurred in Porto do Calhau and Portinho de Fogos 

followed by Porto da Calheta do Nesquim. 

To compare with information given in the questionnaires, different layers were overlaid 

on the sighting location and sighting density layers contouring lines of the seafloor 

depth around the islands (Figure 21) and type of sediment (Figure 22). 

Figure 23 illustrates a higher density of sightings in the shallower areas. Most sightings 

occurred within the 500 meter depth contour, close to the shore and in areas with a 

rocky seafloor. This information is seconded with the information provided by the 

questionnaires where the seafloor was mainly described as rock, rock and sand, and 

rock and algae (90%). 
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Figure 21 Graphical illustration of the islands Pico and Faial and the places where the sightings occurred 

(dark blue circles) and the sightings density complemented with the contouring of the depths (meters). 

 

 

Figure 22 Graphical illustration of the islands Pico and Faial and the places where the sightings occurred 

(dark blue circles) complemented with the type of seafloor. 
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3.4 Divers sighting effort 

Sighting effort was only calculated for diving related activities and for the islands of 

Faial and Pico. The semi-quantitative estimate of sighting effort was calculated from 

the following information (Figure 23): 

1) Frequency with which the activity was practised: 27.9% of the interviewees 

answered more than 80 times a year, 25.0% practiced their activity 20 to 40 

times a year and 20.6% practiced their activity 10 to 20 times a year.  

2) Average duration of the activity: the duration ranged from 0.5 to 10 hours, with 

a mean of 1.98 hours and median of 2 hours. 

Figure 23 Graphical representation of: a) how many times a year does the interviewee practices his 

activity and b) how many hours, in average does which dive takes (hours). 

 

Together with the areas where respondents claimed to practise their activity with high, 

medium and low intensity, a semi-quantitative map of sighting effort was build (Figure 

26). The sighting effort was not uniform along nearshore areas, but it was higher near 

ports that facilitate the access to the water. On Faial, the highest sighting effort was 

observed near Porto Pim and around Monte da Guia, which is a steeply sloping 

Caldeira in the southeast corner of the island. Other locations in Faial with a high 

sighting effort were Portinho do Salão, Porto do Varadouro and Portinho da Praia de 

Almoxarife. In Pico, the areas with high sighting effort were from Portinho de Fogos to 

Porto do Calhau, Portinho do Alcaide, Portinho do Cais do Pico and from Porto de São 

Mateus to Porto da Prainha do Galeão. 

The map shows that areas with high sighting effort often coincided with areas with 

many sightings, namely in Porto Pim in Faial island and Porto da Prainha do Galeão in 

Pico. However, there are also some areas with a high sighting effort but with no or low 

number of sightings, such as the area between Porto de Castelo Branco and Portinho 

da Feteira in Faial, and between Portinho da Areia Larga and Portinho da Formosinha 

a) b) 



35 

 

in Pico. Between Portinho do Cais do Pico and Porto da Prainha do Norte the opposite 

is observed, there are a number of sightings but a low sighting effort. 

Looking at the seabed floor type (Figure 25), it is possible to notice that the majority of 

the locations where the interviewees dived were rocky, while some were also made up 

of mixed sediment and sand, having a wider distribution area than the sighted sea 

turtles.  

The red circles in figures 24 and 25 represent the central area where the interviewees 

dive. Each circle as a value attributed according to the intensity of the sighting effort, 

originating a sighting effort density shown in figure 26. 

 

Figure 24 Graphical illustration of the places where divers dive (red circles) complemented with the 

contouring of the depths (meters). 
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Figure 25 Graphical illustration of the places where divers dive (red circles) complemented with the type of 

seafloors. 

 

 

Figure 26 Graphical illustration of the effort made by the divers and the green turtle sightings (dark blue 

circles). 
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4. Discussion 

In this study, the presence of green turtles was investigated in foraging habitats around 

the Azorean archipelago (30-38°N) using LEK to characterise the distribution and 

seasonality of green turtles (C. mydas). This is the first study to collect such information 

on this emblematic species in the Azores. 

Species with cryptic life stages, such as sea turtles, in unknown or inaccessible 

locations, pose a special challenge to scientists and conservationists. The ignorance 

of the location or inaccessible locations of life stages can impede the study and 

management of species. In the Azores, sea turtles do not come out of the water to lay 

eggs or rest on the beach (Bolten et al. 1993; Martins et al. 2018) posing a difficult 

situation to study sea turtles in the area. A solution found, to help scientists study its 

ecology and distribution, is LEK, in which locals who access the ocean regularly share 

information from personal experience. 

LEK allowed us to perform a first characterisation of green turtles in the Azores, in 

terms of distribution, seasonality and size composition. Information derived from the 

community members’ knowledge of the environment can assist in management and 

co-management efforts, contribute to the existing knowledge of the biology of various 

organisms and their interactions with the environment (Begossi et al., 2002) and 

provide important data to help shape the decisions of policy-makers and researchers 

(Stave et al., 2007; Brook and McLachlan, 2008). 

The application of LEK has many obvious advantages in understanding and responding 

to ecological problems (Bart, 2006), however, it also allowed us to better characterise 

the marine users to target for further studies on green turtles. Most of the interactions 

between humans and their environment are known to be mediated by feelings, 

behaviours, knowledge and beliefs (Marques, 2001). Understanding and 

comprehension of the bio-cultural memory associated with the local knowledge of 

particular communities (Toledo et al., 2010) is increasingly being utilized and 

incorporated in the responses to environmental and social changes (Davis and 

Wagner, 2003). 

The necessity to interact with users, preferentially in person, proved a difficulty during 

the sanitary crisis. Particularly older people, that showed to have more accumulated 

knowledge, were more difficult to reach. The online questionnaire broke some barriers, 

however not everyone have access to a computer/smartphone or internet (Klimova and 

Poulova, 2018). 
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4.2 Greens turtle sightings 

4.2.1 Geographical distribution and sighting description 

The size of the green turtles sighted was the first important descriptor. With the size of 

the carapace it is possible to infer their age class. Since the loggerhead studies 

performed in the area indicate that the individuals present in the Azores are juveniles 

hatched in Florida (USA) (Carr, 1957; Bolten et al., 1993; Martins et al., 2018) and that 

loggerheads and green turtles share foraging grounds (Hays et al., 2002a; Lamont and 

Iverson, 2018) it was expected that green turtles that inhabit the Azorean waters were 

juveniles as well.  

With the data collected from the questionnaires, where the size of the green turtles 

sighted was between 10 and 79 centimetres, we can infer that all of the sighted green 

turtles were juveniles. Determining the age and growth rates of wild green turtles is 

difficult. The usual capture-recapture methods used to study the growth of marine 

organisms are inefficient due to the long life span of C. mydas. Additionally, the change 

of the habitat, and the resultant change in feeding behaviours experienced by juvenile 

turtles, expose the green turtles to several different growth conditions throughout their 

life (Ehrhardt and Witham, 1992). 

Green turtles take a long time to reach sexual maturity (between 31 and 36 years) 

having a slow growth rate (Heppell et al., 2003). Estimates from other studies suggest 

that green turtles would require 6 (Zug and Glor, 1998) to 17 years (Bjorndal and 

Bolten, 1988, 1995; Bjorndal et al., 2000) to grow from approximately 30 to 75 cm in 

carapace length (SCL), and reach mean nesting size between 18 and 36 years of age 

(Mendonca, 1981; Frazer and Ehrhart, 1985; Frazer and Ladner, 1986). Similarly, 

Bjorndal et al., (2000) noted that it takes approximately 30 years for green turtles at 

Union Creek, Bahamas, to grow from 30 to 82 cm SCL. 

In this study, maps were built showing the distribution of green turtles and it is the first 

effort made towards understanding the ecology of the population of green turtles in the 

Azores. These maps show that most sightings occurred in Faial, in Porto Pim and 

Portinho do Alcaide and the area around Monte da Guia, which is a steeply sloping 

Caldeira in the southeast corner of Faial. Sites around the Caldeira varied in wave 

exposure, from sheltered (Porto Pim) to extremely exposed (the outside of Porto da 

Horta). Porto Pim is located on the southwest corner of the island of Faial. The beach 

is small (approximately 280 m in length) facing southwest. The north and south coasts 

of the beach area are rocky. The southern border is the edge of the Monte da Guia 
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protected area. The maximum tidal range is 1 m with a maximum horizontal area of the 

beach at low water of approximately 30 m (Santos and Nash, 1995).  

Other areas with a high number of sightings were Porto do Comprido (Capelo) and 

Portinho do Salão. These areas are rocky ports with easy access from land to the sea 

for divers and fishers (Peran et al., 2016). 

In Pico Island, the most sightings of green turtles occurred in Porto da Prainha do 

Galeão, in Porto do Calhau and Portinho de Fogos followed by Porto da Calheta do 

Nesquim.  

The locations where the most sightings occurred, generally overlapped with areas with 

higher sighting effort. This may suggest a largely homogenous distribution, but 

exceptions such as the area between Porto de Castelo Branco and Portinho da Feteira 

in Faial with few sightings despite the high effort, warrant further investigation. Another 

example can be found in Pico, where, even though Porto do Calhau and Porto da 

Prainha do Galeão have similar sighting effort, in Porto da Prainha do Galeão more 

sightings were registered. The distribution maps therefore represent an important 

starting point for future studies. 

Most of the sightings were near the shore and the seafloor type around the islands is 

mostly rock (Peran et al., 2016). This is ideal for protection against predators and 

physical factors of the environment (Makowski et al., 2006).  Nearshore hard-bottom 

reef habitats offer shelter for many animals and provide a substrate on which 

invertebrates and many types of marine algae can attach and grow (Moyer et al., 2003; 

Zale and Merrifield, 1989). As a result, these protected areas provide a diverse food 

web, sustaining a diverse community of marine fauna and flora (Lindeman and Snyder, 

1999; Lindeman et al., 2009). 

The activity of the sea turtle at the moment of the encounter was also a point of interest. 

It is hypothesised that green turtles use the Azorean waters as a foraging ground, 

where juveniles feed until they reach sexual maturity, using loggerhead sea turtles as 

a proxy (Bolten et al., 1993; Martins et al., 2018). From the results collected, most of 

the sighted sea turtles were either swimming, feeding or resting on the seafloor.  

As a feeding ground, the Azores sea floors are scarce in seagrass, and previous 

studies demonstrate that seagrasses dominate the diet of green turtles at a range of 

sites across the Mediterranean (Margaritoulis and Teneketzis, 2003; Cardona et al., 

2010; Karaa et al., 2012), Indian Ocean (Hasbún et al., 2000; Whiting et al., 2007; 



40 

 

Stokes et al., 2019) and Pacific Ocean (Limpus and Reed, 1985; Arthur et al., 2009; 

Prior et al., 2016).  

Most recent studies show that where seagrass is scarce, juvenile turtles exploit 

macroalgae and other foods (Cardona et al., 2009; Carman et al., 2012; Russell and 

Balazs, 2015; Santos et al., 2015; Howell et al., 2016). Even in locations with seagrass, 

gastric lavage samples of juvenile turtles (Brand-Gardner et al., 1999) show that some 

individuals specialize in macroalgae while others consume seagrass. This feeding 

adaptation may justify why the Azores is a chosen feeding ground for juvenile C. 

mydas. 

When reaching foraging habitats, green turtles switch to a neritic life stage inhabiting 

the inshore marine environment after a period of pelagic development following 

hatching (Carr, 1982). It is believed that recruitment to neritic habitats coincides with a 

direct shift from omnivory to herbivory (Carr and Ogren, 1960; Bjorndal, 1997; Bolten, 

2003). Stomach contents of post-hatchling individuals from the southwest Pacific 

Ocean reveal a pelagic existence (Boyle and Limpus, 2008) with further support from 

stable isotope analyses indicating a shift from a pelagic, omnivorous life stage to a 

neritic herbivorous existence after recruitment to a foraging ground (Reich et al., 2007; 

Arthur et al., 2008). Various studies, however, indicate populations may vary in the 

ontogenetic shifts of green turtles when they arrive at neritic foraging grounds. In the 

Mediterranean (Godley et al., 1998) and Japan (Hatase et al., 2006) green turtle 

populations exhibit facultative diet shifts with older individuals incorporating animal 

products into their diet. Evidence from Mauritania (Cardona et al., 2009) and 

Mediterranean green turtles (Cardona et al., 2010) suggests an asynchronous shift in 

diet and habitat contradicting previous hypotheses of direct ontogenetic shifts. The 

variable methods of habitat and dietary shifts may denote differences in foraging 

mechanisms between and/or among green turtle populations suggesting that direct 

dietary shifts may not occur in all populations. When attending to the size class, it may 

be expected to play a role in determining rates of omnivory. Studies across taxa 

demonstrate that individuals maximise growth rates from juvenile to maturity by 

selecting a high protein diet (Esteban et al., 2020). With this, it is likely that the green 

turtles in the Azores go through dietary shift upon reaching the archipelago and don’t 

require a seagrass based feeding ground. 

Regarding when the sightings occurred, most of them were in 2020 but this has no 

ecological importance. It does not mean that there were more sightings or the presence 

of green turtles in the Azores increased in that year, it is believed that it is related to 
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what free divers remember, most likely they remember better what happened recently 

than what happened a long time ago (Bernard, 1988). 

Regarding seasonality, most sightings occurred during summer and autumn, which is 

likely to be the period when the interviewees practiced there activity more frequently. 

This information is coherent with other studies (Broderick et al., 2007; Lamont and 

Iverson, 2018; Fukuoka et al., 2019) where juvenile green turtles in similar latitudes are 

mostly present during warmer months and then either move to deeper waters for longer 

periods of time or do short migration to warmer latitudes during the colder seasons, 

returning when the water is warmer again. 

When analysing the depth of the sightings, the majority were between the surface and 

10 meters, with the deepest sighting at 25 meters. Since the sightings occurred 

relatively in the nearshore, the seafloor depth was less than 500 meters. This 

information is seconded with other studies in Florida (Salmon et al., 2004, Makowski et 

al., 2006), Australia (Southwood et al., 2003), Cyprus and Ascension Island (Hays et 

al., 2002b) where the green turtles performed shallow dives during the summer and 

slightly deeper dives during the winter. With this, we could also formulate an alternative 

hypothesis that most sightings occurred during the summer and autumn because the 

maximum diving depth of the divers is, on average, 28 meters deep, while green turtles 

perform deeper dives during the winter that exceed the sighting range of divers. 

To try and have an idea of site fidelity of green turtles to foraging grounds, it was asked 

in the questionnaire if they sighted the same sea turtle in the same place in different 

occasions and only 5.7% of the sightings were the same turtle in the same place but in 

a different occasion. According to Hart and Fujisaki (2010) fidelity to the same place is 

related to areas of sufficiently abundant prey or sufficient resources for forage. During 

this developmental phase, juveniles occupy home ranges and exploit closely spaced 

resource patches (e.g., South Texas, Renaud et al., 1995; Florida, Makowski et al., 

2006). 

4.1.2 Interviewees data 

After analysing the knowledge of the interviewees of the different sea turtle species, it 

is possible to affirm that 56.3% of the interviewees who sighted green turtle could 

distinguish the different sea turtle species and 35.4% of the interviewees who sighted 

green turtle could somewhat distinguish the different sea turtle species that occur in 

the Azores (Table 1). This was question an important to incorporate in the 

questionnaire so it could be seen how confident the interviewees were when sighting 
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a green turtle or another species, for example, a loggerhead sea turtle (C. caretta) 

which is the most common sea turtle present in the Azores (Bolten et al., 1993). The 

results show that we could be confident about the majority of the sighting reports since 

over 50% of the interviewees were certain of the species they saw and over 90% were 

at least somewhat confident it was a green turtle they encounter. 

Additionally, the location of the turtle sighting provided us with additional certainty, 

because previous articles showed that Chelonia mydas foraging grounds are generally 

located in shallow near-shore waters, whereas foraging grounds of Caretta caretta are 

mostly further offshore (Mendonça and Ehrhart, 1982; Smith and Salmon, 2009).  

In table 2 it was possible to see a direct relation between the experience of the 

interviewee performing his activity and the ability to distinguish the different species of 

sea turtles in the Azores, where the higher the experience the more confident they are 

about what the sighted sea turtle species was.  

Within the different activities the interviewees performed, there was also a slight 

difference between spear fishers and scuba divers and their ability to distinguish the 

different species. It is possible to observe that 86.7% of the scuba divers interviewed 

could distinguish the different species of sea turtles but only 46.2% of the spear fishers 

could distinguish the different species of sea turtles. This is seconded with the 

experience self-classifications of the interviewees of both activities where 73.3% of the 

scuba divers self-classify with high experience but only 28.2% of the spear fishers self-

classify with high experience. This information helps to conclude that it is important to 

educate spear fishers to better distinguish the sea turtle species.  

Finally, the results have shown that the experience have a greater influence on the 

knowledge of the sea turtle species than the age of the interviewees. 

4.2 The use of Local Ecological Knowledge (LEK) 

This study was the first LEK survey about sea turtles in the Azores and it revealed to 

be a positive experience. Locals were eager to share their knowledge by participating 

in the survey and at the same time asking questions about sea turtles (their behaviour, 

ecology, threats, the best way to behave when in contact with the animal, etc.). LEK 

can contribute to conservation and management practices by establishing local 

baselines and recovery targets, evaluating population status, integrating the cultural 

dimensions of human-environment interactions and supporting equitable and inclusive 

practices (Early-Capistrán et al., 2020; Lee et al., 2019; Poe et al., 2014). 
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LEK-based approaches will become increasingly relevant as sea turtle populations 

grow and cease to be mere conservation targets (cf. Christianen et al., 2021), 

particularly considering that conservation conflicts have arisen when management 

frameworks failed to account for the sea turtles’ cultural importance (cf. Barrios-Garrido 

et al., 2018). In the Azores local exploitation for food and curios was common until a 

few years ago (Santos et al. 1995). This led to some mistrust from the locals at the 

beginning of the questionnaire since they thought the survey was to know if they still 

hunt sea turtles and to report to the local authorities. After clarifying the intent of the 

survey the interviewees gained trust and since the public opinion has changed in 

Portugal in the last few years about sea turtle exploitation, they have shown more 

interest in protecting the sea turtles than hunting them.  

Throughout the years, LEK has been derived from many types of experienced 

informers, including farmers (Leedy, 1949; Vaughan et al., 2003), fishermen (Carter 

and Nielsen, 2011; Lozano-Montes et al., 2008; Rehage et al., 2019; Turvey et al., 

2013), even urbannature enthusiasts (Yli-pelkonen and Kohl, 2005), and it has been 

used to assess a wide range of land and marine species. By collecting and cross-

comparing interview data and empirical scientific data from the same time periods to 

evaluate sighting frequencies for several charismatic marine species. 

Studies such as this, which solicit LEK via structured interviews can result in the 

collection of highly conservation-relevant information about resource use and 

management. During the interviews, local people were eager to communicate their 

knowledge, showing a lot of interest in participating in scientific activities. This 

information may help facilitate the involvement of local people in future conservation 

and monitoring initiatives (Senko et al., 2011). 

4.3 Limitation of the surveys   

A few limitations to this study must be considered. The first one encountered was the 

current pandemic situation that caused some difficulties to interview people in-person, 

leading to the switch of the interviewing method to an online questionnaire, limiting the 

personal connection that sometimes led to some extra information about the sighting 

or description of the interaction with the sea turtle as well as the exclusion of scuba 

divers and free divers that are who are not comfortable/familiarized with computer 

technologies. 

Limitations of interview data include biased responses and memory decay (Bernard, 

1988), for example, misinformation about the description of the sighting either from 



44 

 

mistaken the species of the sea turtle or some interviewees did not answer a few 

questions about the description of the sighting. An important limitation of the local 

ecological knowledge approach to map the presence of green turtles is that is only 

possible to obtain information about the distribution of the sea turtles where the 

interviewees dive, leaving out the inaccessible areas or the areas of least interest from 

the perspective of the interview. In addition, the number of LEK questions may be 

insufficient, limiting verification of the effects of LEK. The findings of the present study 

nevertheless add to the body of knowledge concerning the presence of the green 

turtles in the Azorean archipelago.  

Whether survey methods are cross-sectional (sampling a group at a single point in 

time), longitudinal (interviewing the same panel over time) or retrospective (calling on 

respondent memory), certain biases and errors must be considered (Rafferty et al., 

2015; Rindfleisch et al., 2008). Retrospective bias, for example, manifests as 

inadequate recall and/or inaccurate perception of historic declines and can hinder the 

accuracy of resulting assessments (O'Donnell et al., 2010). Human characteristics 

including familiarity with the study area, age, gender, personality and even interactions 

with the interviewer can further influence respondents' answers (Brook and McLachlan, 

2005; Gerhardinger et al., 2009; Moser, 1951). When the potential bias is properly 

mitigated and reported, social surveys can have substantial collaborative power 

(Thornton and Maciejewski Scheer, 2012), and LEK can provide insight into species 

abundance in regions of ecological interest where periodic biomonitoring is limited 

(Anadón et al., 2009; Turvey et al., 2013). 

4.4 Conservation implications 

An understanding of what sea turtles’ ecological roles are should take into account both 

their ecosystem requirements and their ecosystem impacts through their foraging 

activity. Although critical to establishing realistic recovery targets, to date, only limited 

efforts have been expanded to identify what these roles may be (see Bjorndal, 2003; 

Bjorndal and Jackson, 2003). 

Since juvenile sea turtles inhabit coastal sites and demonstrate strong residency 

patterns (Hart and Fujisaki, 2010; Makowski et al., 2006), it is highly probable that by 

managing certain habitats that are heavily utilized, conservation measures can ensure 

protection for green turtles during these particular stages of their lives. There are 

numerous approaches by which we can understand the relationship between turtles 

and their habitat. Broad-scale or opportunistic visual observations are useful in scoping 

potential high-use areas, and more rigorous observations are able to characterize turtle 
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aggregations and the features which drive them (Jean et al., 2010). Interestingly, 

animal-borne observations may be increasingly useful in attempts to understand 

unique habitats which have been previously overlooked. Once these high-use areas 

are identified, capture-mark-recapture techniques (CMR) can quantify the importance 

of the areas relative to other areas which lack high turtle concentrations (Bjorndal et 

al., 2005 and Casale et al., 2009). CMR techniques can also quantify patterns of 

residency and site fidelity over long courses of time. And the wide array of tracking 

technology allows us to describe turtle movements in many different temporal and 

spatial aspects. Given the utility of all these approaches and the depth of knowledge 

that can be gained when applying several of them, we should be able to compile a 

comprehensive understanding of green turtle habitat use, whether it is in the interest of 

protecting areas for critical conservation or proactively mitigating impacts at areas to 

facilitate the recovery of regional populations. 
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5. Conclusion 

This study confirms the presence of green turtles in the Azores archipelago and it 

appears to be an important foraging ground for this species where juveniles seek 

protection and food resources. This thesis raises a number of questions that imply the 

need for further study of the green turtle population in the area, such as 1) where do 

this juvenile sea turtles originate from; 2) what is the size and residency of this 

population; 3) is this population affected by bycatch or other anthropogenic activities.  

Given the ecological role and the ecosystem services provided by green turtles, it is 

increasingly apparent that green turtle aggregations within discrete areas may yield 

ecosystem-level benefits with wide ecological implications. Dietary studies, for 

example, are vital to understanding the ecological role of organisms and their trophic 

interactions (Duffy et al., 2007), which for large marine vertebrates are often not well 

understood (Matich et al., 2011). Moreover, a better understanding of dietary 

requirements may help resource managers respond to shifts in trophic interactions 

between taxa (Brodeur et al., 2017) and, for sea turtles, more effectively prioritize 

conservation zones and policies for foraging grounds (Hamann et al., 2010; Rees et 

al., 2016). 

Sea turtles do not exist in isolation but form an integral part of the natural environment. 

Thus, once the basic features of growth, mortality and food consumption have been 

understood at the scale of the individual and current populations, this understanding 

needs to be placed into an ecosystem context. In attempting to understand dynamics 

at the ecosystem level, community models are one of the most valuable tools available 

to permit controlled exploration of a complex reality and to help elucidate patterns and 

processes that are not apparent from empirical data alone. 

Successful conservation of coastal, particularly foraging, habitats (Eckert and Abreu-

Grobois 2001) is therefore critical to the conservation of sea turtles. The close 

connection between achieving sustainable long-term sea turtle recovery and 

management, and the conservation of critical coastal habitats. Protecting critical 

habitats (e.g., nesting beaches, and foraging areas) is essential, since population 

trends may not reflect small-scale impacts until after a time lag of several years. In 

particular, threats such as recreational fishing activities, algae harvest, vessel traffic, 

and personal watercraft use may impact certain age classes in spatially explicit areas 

(e.g., foraging and resting habitats), and although they may not currently have an effect 

on regional population trends, if not managed properly, the cumulative effects of these 

small-scale threats may have consequences in the future. 
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Ultimately the successful recovery of sea turtles is highly dependent on the 

conservation of the habitats on which they depend. Overharvesting and habitat 

destruction together represent the greatest threats to biodiversity and therefore the loss 

of ecosystem function and a reduction in the provision of ecosystem services (Sala and 

Knowlton 2006). Clearly, without healthy habitats, management schemes directed at 

particular species are doomed to failure (Reaka-Kudla, 1996). 

This study marks the first effort in the region to use LEK to orient local survey efforts 

related to sea turtles. This course of action may lead to the implementation of a citizen 

science project, where local communities gain and share knowledge about sea turtles 

and conservation activities. This study opens the doors to conducting more systematic 

and hypothesis-driven studies to feed future management strategies in which local 

people are active participants, especially considering they are at the frontline of 

conservation in these isolated areas of the archipelago.  

This study revealed a need for further awareness and education of the community 

about the different sea turtle species, in order for them to be more active participants 

in sea turtle conservation.   

Conservation actions or programs should integrate scientific and educational activities 

with the local communities to enable ecological, cultural, social, economic and political 

development (Robinson, 2011). Many programs around the world have shown positive 

results regarding behavioural changes of the fishers and their engagement in 

conservation initiatives (Okemwa et al., 2004; Gelcich et al., 2004; Risien and Tilt, 

2008; Bretos et al., 2017). In contrast, there are situations with less engagement 

between communities’ members and researchers/government institutions, with a lack 

of confidence that harms the conservation programs and their effectiveness (Pita et al., 

2010; Engel et al., 2014; Matera, 2016). 
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7. Appendices 

 

Figure 27 In-person questionnaire template. 
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Figure 28 Map of Corvo Island with grid table. 

 

 

Figure 29 Map of Faial Island with grid table. 
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Figure 30 Map of Flores Island with grid table. 

 

 

Figure 31 Map of Graciosa Island with grid table. 
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Figure 32 Map of Pico Island with grid table. 

 

 

Figure 33 Map of Santa Maria Island with grid table. 
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Figure 34 Map of São Jorge Island with grid table. 

 

 

Figure 35 Map of São Miguel Island with grid table. 
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Figure 36 Map of Terceira Island with grid table. 

 

 

Figure 37 Picture sent by an interviewee of a green turtle (Chelonia mydas) nearshore Pico. 
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Figure 38 Picture sent by an interviewee of a green turtle (Chelonia mydas) nearshore Terceira. 

 


