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Abstract

1. Our knowledge of sawfishes remains scant for Latin America. Pristis pristis

(largetooth sawfish) and Pristis pectinata (smalltooth sawfish) are critically

endangered. In the Yucatán Peninsula (YP), P. pristis and P. pectinata inhabit

coastal landscapes.

2. A total of 290 surveys of fishers’ local ecological knowledge (LEK), including a

geospatial component, were collected; 74 literature sources and available

archaeological data for the region were reviewed.

3. Interdisciplinary results show the following: the common past presence of

sawfishes, their cultural significance for coastal societies, and the contemporary

absence of sawfishes in coastal areas where they existed historically; sightings of

juveniles were only documented by elder fishers, and only two recent narratives

mention sawfishes caught incidentally 5 years ago.

4. Geospatial results provide evidence for 52 geographic sites where sawfishes were

common in the YP.

5. Results support the development of research methodologies to study human–

nature interactions integrating LEK. This matters in the YP, where sociocultural

values and landscapes have changed rapidly through increasing tourism

development and human overcrowding.

6. The results can help conservation managers understand the past presence and

contemporary loss of sawfishes, and their habitat, and contribute to

understanding the defaunation of megafauna in the YP through time. This is

critical for tourism and fishery ecosystem services on which communities of the

YP rely for their economies.
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1 | INTRODUCTION

Sawfishes (family Pristidae) have an elongated rostrum with side

teeth, resembling a saw (Bonfil & Abdallah, 2004). The peculiar form

and large size of sawfishes has granted them sociocultural

significance in the Maya area since pre-contact times. They have

been an important fisheries resource as well as having culinary and

medicinal uses, along with use as cultural trophies and in ritual

practices (Gonzalez, 2005; Bonfil et al., 2017; Bonfil et al., 2018).

Historically, sawfishes were common in food webs of estuarine,

lagoonal, and coastal habitats spanning tropical and subtropical

latitudes across the globe (French & Naylor, 2018; L�opez

et al., 2021). Today, however, sawfishes (Pristis spp.) are among the

most threatened ray families (G�omez et al., 2014; Dulvy et al., 2014a;

Dulvy et al., 2014b).

Anthropogenic threats affect sawfishes globally because their life

cycle is associated with coastal habitats, which have faced extensive

human exploitation in recent human history (Simpfendorfer, 2001;

Lotze et al., 2006; Carlson, Wiley & Smith, 2013; Dulvy et al., 2014a;

Bonfil et al., 2018; Koubrak, 2018). As a result, existent sawfish

populations are small, isolated, and fragmented (French &

Naylor, 2018).

Today, our knowledge of sawfishes remains scant for many

regions of Latin America (Fernández, 2017). Here, sawfishes (e.g. the

largetooth sawfish Pristis pristis and the smalltooth sawfish Pristis

pectinata) face extirpations in coastal habitats, mainly through

overfishing. In Mexico, sawfishes were once abundant in bays,

estuaries, river mouths, and islands of the Pacific, the Gulf of Mexico,

and the Caribbean coasts of the Yucatán Peninsula (YP). Two species

are reported for Mexico: P. pristis in the Pacific and Atlantic coasts

(common in the states of Colima, Chiapas, Campeche, and Quintana

Roo) and P. pectinata in the Atlantic coast (common in the states of

Campeche, Quintana Roo, and Tabasco) (Bonfil et al., 2018).

More recent interdisciplinary research on coastal fishery

exploitation and the collection of fishers’ local ecological knowledge

(LEK) in Campeche and Quintana Roo (Atlantic coast) and

archaeological records show the historical presence of sawfishes on

this coast (Jiménez & Götz, 2011; Glover, Rissolo & Mathews, 2013;

Glover et al., 2014; Jiménez, 2017; Jiménez & Sierra, 2018; Rubio

et al., 2019; Martínez et al., 2020; Ojeda, 2020) (Figure 1a). However,

in the last 60 years, coastal towns in Quintana Roo and Campeche

have faced increasing ecological challenges associated with increased

fishing efforts, oil exploitation, unplanned tourism development, and

human overcrowding. These interconnected factors have led to

biodiversity and habitat loss in the region (Wiese, 2000; Juárez, 2002;

Varns et al., 2018; Rubio et al., 2018; Rubio et al., 2019; Bravo

et al., 2021; Appendix S1).

As in other countries, in Mexico sawfishes are part of a

sociocultural heritage that is fading in human memory because of

their absence in coastal landscapes. In an effort to combat this,

contemporary environmental education efforts are underway to

promote people's knowledge of sawfishes (Rubio et al., 2021;

Martínez, 2022; Appendix S2). This article combines fishers’ LEK

(as defined by Charnley, Fischer & Jones, 2007) with literature and

archaeozoological data analyses to document the historical presence

of sawfishes in the YP. The LEK of fishers is a powerful and

informative tool that provides historical data on species for which

the biological or ecological record is scant (Turvey et al., 2010;

Leeney & Poncelet, 2013; Leeney, 2017; Rubio et al., 2017; Leeney,

Mana & Dulvy, 2018; Rubio et al., 2019; Martínez-Candelas et al.,

2020). It is a key part of an interdisciplinary approach that addresses

the problem of coastal exploitation and has proven successful in

understanding changes in biodiversity (e.g. McClenachan &

Cooper, 2008; Rubio et al., 2017; Rubio et al., 2019). This approach

gained momentum with Pauly (1995) and with Jackson (1997). These

studies provided a long-term perspective on the impacts that fishing

and human disturbances have had on coastal ecosystems and argued

for ‘shifted baselines’ related to the spatiotemporal availability and

abundance of species.

This article documents the spatiotemporal presence of the family

Pristidae on the YP by employing interdisciplinary methodologies to

study long-term human–nature interactions. In particular, the

collection of LEK is carried out in towns where sociocultural values

are swiftly changing because of increasing fishing and tourism

development (García et al., 2004). This is knowledge that will soon be

lost as younger fishers and coastal inhabitants live in a world where

these once common and majestic fishes are largely gone.

2 | STUDY AREA

The YP faces increasing tourism-based economic development, and

in the case of coastal Campeche there is the added threat from oil

exploitation. These factors have triggered socio-environmental issues

related to the availability of water, living space, biodiversity loss,

pollution, and overfishing (Wiese, 2000; Herrera et al., 2004; Carte

et al., 2010; Leatherman, Goodman & Stillman, 2010; Rubio,

Murad & Rovira, 2010; Leal et al., 2013; Hernández et al., 2015;

L�opez, 2015; Rubio et al., 2018; Suchley & Alvarez, 2018). As a

result, mangroves, reefs, and coastal lagoons of the YP face threats

to their ecological functions, limiting the delivery of critical

ecosystem services, e.g. fisheries, protection from storm surges, and

biodiversity (Figure 1a) (Rubio et al., 2019). This study focuses on

four research areas: Holbox, on the north coast of the YP; Isla

Mujeres and Cozumel, on the east coast of the YP; and the Laguna

de Términos area of southern Campeche, on the west coast of

the YP.

Holbox is an island of 42 km in length and 2 km in width on the

north coast of the modern state of Quintana Roo that forms the

northern portion of Laguna de Yalahau (275 km2). The lagoon, part of

the Yum Balam Natural Protected Area, is surrounded by mangroves

and is a breeding ground for elasmobranchs (Hueter et al., 2007;

Herrera & Morales, 2010). Holbox has recently transformed into a

tourist hotspot that faces anthropogenic threats related to illegal

fishing, excessive refuse, human migration, habitat fragmentation, and

water pollution (Rubio et al., 2019) (Figure 1a).
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F IGURE 1 (a) Study area. The figure shows the states of Campeche and Quintana Roo, where our study took place, in the Yucatan Peninsula.
The polygons represent the different natural protected areas in the region. (b) Archaeological sites of this study.

RUBIO-CISNEROS ET AL. 3



Isla Mujeres is approximately 7 km in length and 650 m in

width, and lies just east of Cancun. The reefs between Isla Mujeres

and Cancun have been a flora and fauna reserve since 1973 and

became the national park ‘Parque Nacional Costa Occidental de Isla

Mujeres, Punta Cancún y Punta Nizuc’ in 1996 (CONANP, 2019).

Multi-specific, small-scale fisheries occur here, and the proximity of

the island to Cancun has made it a target for tourism, with about

944,477 tourists visiting in 2019 (SEDETUR, 2019). The site is

renowned for its recreational fishing of bill fishes and whale shark

ecotourism.

The large island of Cozumel is 48 km in length and lies 17 km

offshore from Playa del Carmen. Cozumel's reefs belong to the

Mesoamerican Barrier Reef System, which is considered Critically

Endangered by the International Union for Conservation of Nature

(IUCN) Red List of Ecosystems (Kramer, Richards & McField, 2002).

The island has the Arrecifes de Cozumel National Park (home to

approximately 85% of Cozumel's dive sites) and the Flora and

Fauna Protection Area of Cozumel Island in the north. A strong

diving industry has existed on the island since the 1970s, and

Cozumel is a hub for the cruise industry, with approximately

4.5 million cruise ship tourists in 2019.

Campeche state has a continental and a broad carbonate platform

belonging to the Campeche Bank, an area of high primary productivity

that supports diverse marine fauna. Campeche has a long history of

fishing, and the shark and ray fisheries are still active today (Pérez &

Méndez, 2015; Newman, 2016; Jiménez, 2019) (Figure 1; see

Appendix S3). In addition, oil exploitation has taken place in the state

since the 1970s. Laguna de Términos is a natural protected area in the

south-west portion of the state, and the largest coastal lagoon in

south-east Mexico. Like Laguna de Yalahau, it also serves as a nursery

area for elasmobranchs (Bonfil, 1997; Kemp et al., 2016).

3 | METHODS

3.1 | Semi-structured fisher surveys with a
geospatial component and open interviews

Semi-structured fisher surveys with a geospatial component and open

interviews were collected on Holbox, Isla Mujeres, and Cozumel,

along with open interviews with key community members (e.g. native

residents, community leaders, and people involved in conservation)

(Figure 2). A snowball sampling approach was used to identify people

to interview on all study sites (Goodman, 1961). On Holbox Island,

pilot interviews with fishers occurred early in our study in 2015. This

allowed us to tailor the semi-structured fisher surveys with a

geospatial component used to gather LEK related to historical and

current small-scale fisheries, fishing grounds, species caught, changes

F IGURE 2 The figure shows the different data types collected at the study sites for this study.
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in fishing technology, and perceptions of the future of fisheries (for

the results of this semi-structured survey, see Rubio et al., 2019).

Focus groups were held with Holbox fishers (2015–2018) and the

results were used as a tool to account for biases in the results of later

surveys (Grant & Berkes, 2007).

On Isla Mujeres and Cozumel, pilot interviews were conducted in

2021. During the pilot interview process, we used field guides with

photographs to help clarify the species that the fishers were

mentioning. Semi-structured fisher surveys with a geospatial

component and open interviews acknowledged local customs (Bunce

et al., 2000; Moreno et al., 2010; Rubio et al., 2017; Rubio et al.,

2019). Focus groups were also conducted on Isla Mujeres and

Cozumel, but only three meetings were held with small focus groups

of fewer than five fishers because of the COVID-19 pandemic.

In Campeche, pilot interviews occurred in four communities in

2018. Interviewees were asked to identify different elasmobranch

species by their common Spanish or Mayan names from unlabeled

photographs, based on the method of Jabado et al. (2015). The two

Pristis spp. were grouped together, and a single photograph was used

in the following interviews because few fishers were able to

differentiate between images of these two species. The information

collected included historical distribution, fishing gear from different

time periods, and the last year and area where Pristis spp. were

sighted or captured.

Despite some differences in the structure of the interviews

among study sites, there were overlaps in the questions used, such as

information on historical sawfish distribution and species caught

through time. This allows for fruitful comparisons of the results from

the different sites. Our field studies were approved by the Comité de
�Etica e Investigaci�on (Ethics and Research Committee) from the

Health Services in the state of Colima (CONBIO�ETICA-06-CEI-

001-20200721).

3.2 | Documentation of species fished

Data on the species fished on Holbox, Isla Mujeres, Cozumel, and

Campeche were gathered through the semi-structured fisher

surveys with a geospatial component and were described to the

lowest taxon possible (e.g. genus or family), based on Gallardo

et al. (2014) and Humann & DeLoach (2014). For each of the

study sites in Quintana Roo, over 40 species of aquatic fauna were

obtained, including sharks, rays, bony fish, reptiles (sea turtles and

crocodiles), crustaceans, bivalves, and marine mammals (dolphins

and manatees). For Holbox, the species list was published by Rubio

et al. (2019), and for Isla Mujeres and Cozumel, the authors are

now working on publishing the species lists. The data are available

upon request.

A fishers’ species identification workshop was held on Holbox in

December 2015 and July 2016, where fishers associated the common

names of species with their scientific name using published fish

guides. On Isla Mujeres and Cozumel, given that our fieldwork

occurred in 2021 during the COVID-19 global pandemic, species

identification questions were addressed with fishers on a one-to-one

basis. In addition, books and photographs were used to clarify doubts

regarding the species documented in the surveys.

In Campeche, species documentation was obtained with face-

to-face interviews followed by two fieldwork seasons, from March to

August 2018 and from April to May 2021. During the second

fieldwork season, fishers identified the historical distribution of

Pristis spp. in Laguna de Términos during five participatory mapping

workshops. Additionally, in Campeche, fishers identified nine rays and

13 shark species.

3.3 | Literature sources

Literature sources are from online documents collected from:

Web of Science; Google scholar; BASE (Bielefeld Academic Search

Engine); CrossRef Metadata Search; Semantic Scholar; and

WorldWideScience. This part of the research occurred during the

COVID-19 pandemic, which limited visiting historical archives in

Mexico City in person. DO-G reviewed the Archivo Nacional of the

Universidad Nacional Aut�onoma de México (UNAM) online for

historical records of sawfishes and visited the National Collection of

Fishes of the Instituto de Biología at UNAM to search for sawfish

literature.

3.4 | Collection of archaeozoological data

The archaeozoological data of marine faunal remains reported in this

article came from excavations at Maya archaeological sites in the YP

(Figure 1b). These include Conil and Vista Alegre (Quintana Roo),

Xcambo, Isla Cerritos, and the interior sites of Mayapan (Yucatan) and

Champoton (Campeche) (Götz, 2008; Jiménez & Götz, 2011; García &

Götz, 2013; Jiménez, 2017; Jiménez & Sierra, 2018; Jiménez &

Cobos, 2019; Ojeda, 2020; Jiménez, 2022). Other Maya sites where

sawfish remains have been reported in the literature are Chantuto

(Chiapas), Cerros/Cerro Maya (Belize), and Tikal (Guatemala)

(Voorhies, 1976; Carr, 1986; Moholy, 2004).

The authors’ own ichthyoarchaeological results and site

information included in this article come from research conducted as

part of the Costa Escondida Project (Glover et al., 2022) at Vista

Alegre and Conil, the Xcambo Archaeological Project (Sierra, 1996;

Sierra, 1997; Sierra, 1998), and investigations carried out at Reducto

de San Antonio in Campeche (Jiménez, 2022). For identifications of

archaeozoological remains, see Jiménez & Götz (2011), Götz (2008),

Jiménez (2017, 2022), Jiménez & Sierra (2018), and Ojeda (2020). For

this article, authors extracted sawfish information from the general

databases of the different excavation sites and used geospatial tools

to plot the historical occurrence of sawfish remains throughout the

YP. The archaeological research was conducted with the permission

of the Consejo de Arqueologia of Mexico's National Institute of

Anthropology and History (INAH) (401.B(4)19.2015/36/2792,

401.1S.3–2017/670, and 401.15.3–2017/670).

RUBIO-CISNEROS ET AL. 5



3.5 | Spatial data collection on fishing grounds,
assembly, and analysis

Data on sawfishes obtained from fisher surveys conducted at the

different study sites were extracted from the fishers database,

which included information on the taxonomic richness of sharks,

rays, bony fishes, and sea turtles. Spatial data on the distribution of

sawfishes were collected through semi-structured fisher surveys

(Figure 3) and participatory mapping (Rubio et al., 2019). During the

map test period, fishers identified the location and drew fishing

grounds for several species exploited in their respective region

(Eghenter, 2000; Moreno et al., 2010; Rubio et al., 2019). Once

tested, printed maps were included in the fisher surveys to allow

interviewees to draw fishing grounds. Fishers were asked about the

historical distribution of sawfishes in individual interviews or during

the participatory mapping exercises. The specific locations

mentioned or marked by fishers were digitized and georeferenced

for Campeche and Quintana Roo using QGIS 3.16 (https://qgis.org/

en/site/). The minimum distance that most fishers travel to get to

their fishing grounds was used as a reference to build an

8 km � 8 km grid, which enabled the quantification of sawfishes for

each grid unit (Appendix S4).

4 | RESULTS

4.1 | Fishers’ LEK

The number of interviews varied from 60 at Isla Mujeres to 81 in

Campeche. Among study sites (Figure 3), Cozumel has the highest

percentage of young fishers (37%), Holbox has the highest

percentage of middle-aged fishers (49%), and Campeche has the

highest percentage of elder fishers (69.1%). In addition, all study

sites have 75% of fishers with more than 30 years dedicated to

fishing, except Cozumel, with only 35%, and all the study sites have

at least 50% native fishers. Finally, Campeche has the highest

percentage of fishers who mentioned knowing, having seen, or

fished sawfish (64%), and Cozumel has the lowest percentage (8%)

(Table 1).

A total of 32 (41%) Holbox fishers mentioned knowing, having

seen, or fished Pristis spp., and could identify the two sawfish

species according to size (small and large) and coloration (light and

dark). Fishers were asked if they had any rostrums at home to

confirm the species, but no rostrums were documented. One of the

main reasons cited by the elder fishers interviewed was the impact

that Hurricane Gilbert had on the island in 1988. Many personal

items related to the history of the island were lost, including sawfish

rostrums. When elder fishers were asked to recall the number of

teeth that these rays had, only one fisher who remembered an

exceptional catch in the early 1980s answered. He recalls the

sawfish had 32 teeth on each side of its rostrum, suggesting that it

could be a smalltooth sawfish. This was a very relevant event in the

fisher's life. He recalls that they were fishing for rays at Punta

Mosquito, and the sawfish was entangled unexpectedly in the net.

This was unexpected for him because of the rareness of sawfishes. It

was a great catch as the fisher received a good payment for it (for

further quotes see Table 2).

The results from Holbox reveal that sawfishes were a target or

were caught incidentally (Table 3). Elder fishers mention that the

white meat of the sawfishes was dried and salted and sold in Mexico

F IGURE 3 The figure shows fishers´ responses about the presence of sawfishes in the different study sites.

6 RUBIO-CISNEROS ET AL.

https://qgis.org/en/site/
https://qgis.org/en/site/


City's markets as bacalao. In Mexico, bacalao is supposed to be made

from imported Atlantic cod that is dried and salted and used to

prepare a traditional Spanish dish. On Holbox, young fishers

commented that they had not seen sawfishes swimming freely in the

island's shallow waters and nearby places, where older fishers

reported seeing them (Figure 4a,b). The main sites where elder and

middle-aged fishers mentioned having seen, captured, or knew where

sawfish existed were: the entrance to Laguna de Yalahau; Manchones

de la Bocana; Punta Caracol; Punta Mosquito; La Ensenada; Laguna

de Yalahau; Cabo Catoche; in front of the Holbox coast; and Isla

Contoy.

On Isla Mujeres, 22% (n = 6) of the 27 fishers who mentioned

Pristis spp. described the existence of two different sawfish species

(Table 1). All responses came from elder fishers who identified more

specific characteristics between the two types of sawfishes. For

example, ‘There are two types of sawfishes: the short-billed whitefish

and the long-billed swordfish’; ‘There was the white fish with the

short and broad sword [referring to the rostrum] and the black

TABLE 2 Fishers’ quotes related to sawfishes on Holbox.

Year born Age class Fisher quote

1932 E The sawfishes could be found in the sandy bottoms. We would use harpoons to catch them. They defended themselves

with their saw. They also used their saw for feeding by shaking it in the water column to chop small sardines

1936 E There were many types of sharks at Laguna de Yalahau (e.g. large sawfishes, the white ones, and the brown ones that are

currently inexistent). Today there are no sharks either at the lagoon or offshore. Hammerheads were not so prevalent in

the lagoon, but blacktip sharks and sawfish were prevalent

1936 E In Laguna de Yalahau, we found two kinds of sawfish, medium and large. About 60 years ago, I saw huge ones ranging

between 500 and 800 kg

1941 E When I was 30 years old, I remember sawfishes in the river. We could catch three or four per week. Some extremely big

were rare but existed as large as 4.5 m

1943 E Laguna de Yalahau was like a ‘nursery’. Lots of hammerhead sharks, bull sharks, blacktip sharks, and sawfish existed, but

not anymore. The cazon (small shark species) were very abundant, and we could catch up to 500–700 kg per night.

However, at that time, we were only about 12 boats fishing at Holbox

1943 E We could find both kinds of sawfish, the light-coloured one and the darker one. Their saws and sizes were different

1943 E The sawfish was caught using a harpoon. We could find them in the schools of sardines. It would move up and down

throughout the water

1945 E The river (referring to Laguna de Yalahau) used to have many bonnethead sharks. We could see schools of these but not

anymore. We would also catch nurse sharks and sawfish with a harpoon. I have not seen a sawfish in the last 30 years.

The quantity of the many small sharks that populated the river is not seen anymore

1946 E For over 40 years, I have not seen sawfishes in the lagoon. There used to be large ones, almost one ton. We could see them

moving through the bottom in groups of 10–15 animals

1949 E There were sawfishes in the river: one had a small saw or spade; the other one had a larger spade

1950 E There were lots of sawfish in the river. We catch them with a harpoon and put a bag on its saw to avoid being injured. Its

meat was salted and sold in Mexico City and the USA.

1969 M I caught sharks near Cabo Catoche when I was 15 years old. However, I never saw the big sawfishes

Note: E, elder fishers; M, middle-aged fishers.

TABLE 1 Number of fishers interviewed by sampling sites and percentages of fishers by age class, fishers with >30 years of fishing at the
study sites, fishers who were native to the study site, and fishers who mentioned sawfishes.

Study sites
Number of
fishers

Percentage of fishers

Young
(21–35 years)

Middle aged
(36–59 years)

Elder
(≥60 years)

≥30 years fishing
at the study site Native

Reported knowing,
having seen, or having
fished sawfishes

Holbox 78 9%(n = 7) 49%(n = 38) 42%(n = 33) 86% 65% 41%(n = 32)

Isla Mujeres 60 3%(n = 2) 38%(n = 23) 58%(n = 35) 95% 50% 45%(n = 27)

Cozumel 75 37%(n = 28) 42%(n = 31) 21%(n = 16) 35% 72% 8%(n = 6)

Campeche 81 2.5%(n = 2) 28.4%(n = 23) 69.1%(n = 56) 75% 59% 64%(n = 52)

Note: Native fishers are defined as people who were born at the site at which they were interviewed. This distinction helped provide a reference when

observing and analysing how long non-native fishers have been living and fishing in the study sites. The non-native fishers have been fishing in the study

sites for at least two decades.
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F IGURE 4 The figure shows the local ecological knowledge (LEK) responses from fishers throughout our study sites. (a) Responses for all
study sites at Campeche and Quintana Roo. (b) Detail of the study locations of Quintana Roo, which are the islands of the Mexican Caribbean.
The colours in the legend show the number of sawfishes documented.
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sawfish with the long and narrow sword’. At Isla Mujeres, no rostrums

were found, and the elder fishers did not recall the number of teeth

that these rays had.

Two fishers from Isla Mujeres mentioned that ‘Less than a year

ago [meaning the year 2020], a fisher saw a sawfish between Cabo

Catoche and Isla Contoy’ and another fisher said that ‘approximately

five years ago, one sawfish was caught in a longline’(Figure 4;

Table 4). An elder fisher, born in 1936, mentioned that they used the

sawfish rostrums as a broom to sweep leaves (Table 3).

The main sites where fishers from Isla Mujeres mentioned having

seen, captured, or known sawfishes lived there were: within 3 miles

of Isla Mujeres; Faro Cancun; Laguna Nichupté; Arrecifes Noreste;

Pasaje Tibur�on; Cancún; Boca del Río Nichupté. The channel to enter

Laguna Nichupté, where the hotel zone is, was an important site, as

our interviewees mentioned sightings of juvenile sawfish there

throughout the 1980s.

Of the 75 fishers interviewed on Cozumel, only 8% (n = 6)

mentioned Pristis spp., and none could differentiate between the two

species (Table 1). Of the six fishers who knew of Pristis spp., five saw

them, and one said he knew about these sawfishes because his

grandfather had seen them. Results from fishers’ LEK from Cozumel

about Pristis spp. Are scant. None of the fishers commented on the

two types of sawfishes. The fishers who mentioned knowing about

the sawfishes said that they had never caught one. The sites where

fishers mentioned seeing sawfishes were: Punta Herrero, Punta

Celarain (Punta Sur), and Chen Río. Chen Río is a historical fishing site

on the south-eastern shore of Cozumel, where abundant lobster and

grouper have been recorded previously. Similarly, Punta Celarain

(Punta Sur) was quoted as having a rich population of fishes and

lobsters as well as extremely clear water.

On Campeche, of the 81 fishers interviewed, 64% (n = 52)

mentioned Pristis spp. Five fishers mentioned that two types of

TABLE 4 Fishers’ quotes related to sawfishes on Isla Mujeres.

Year born Age class Fisher quote

1936 E There are two types: the short-billed whitefish and the long-billed swordfish. We salted the meat. We used its saw as a

rake for sweeping. There were no saws or spades on the island at that time

1941 E It is a rare fish. We could see these fish from about 3 miles away. Between three and 10 sawfishes could be caught in the

long line. About 5 years ago, one sawfish was caught

1946 E We could see them in the sandy area of Isla Contoy, about 6 m deep. Commonly they were caught in the longline around

the 1970s

1948 E Those animals became extinct, and we never saw one more. There was the white fish with the short and broad sword and

the blackfish with the long and narrow sword. Palo Bravo was a place where there were those animals

1948 E Below the school of esmedregal (a type of fish), there was the whitefish. These animals grow a lot and weigh more than a

ton. In Palo Bravo around 1970, we saw one. I was 18 years old. We were about 18 people on the boat, and we could

not get the sawfish onto the boat

1949 E Sawfishes were common in front of Isla Contoy in Bajo Blanco. We salted their meat

1950 E That fish bury itself in the sand, and we could just see its eyes. I saw a sawfish by the pier by the second lighthouse. The

sawfish was dozing. I remember that the sawfish got up and began moving its saw from side to side

1954 E When I was about eight years old, I caught three small swordfish about 2 miles north east, towards the reefs

1955 E There are no sawfishes anymore; there were before in the sandy areas

1958 E I have no longer seen sawfishes for more than 25 years. There were two types, the light and the dark. In the Bay of Contoy,

there were sawfishes around 1976 and 1978. They were in Bajo Blanco

1959 E There were sawfishes to the north of Isla Contoy in the sandy area. There were few, and there were two different types

1961 E There were indeed big sawfishes, and we could see them. They were brought to the beach because they came out caught

in the nets and in the longline

1962 E Less than a year ago, an acquaintance saw a sawfish between Cabo Catoche and Contoy

1962 E In Laguna Nichupté, I saw broods of sawfishes along the channel; a bridge is attached to the hotel's zone. There, in the

shallow areas of the seagrasses, we could see young sawfishes. Laguna Nichupté was also home to many species

1962 E On top of the sawfish, there were always schools of jacks and cobias (fish species). That was a way we could locate

sawfishes

1962 E I saw a sawfish when I was 15 years old

1967 M Sawfishes were known to be seen in a spot known as the ‘sawfish spot’, about 4 miles from here

1967 M We captured sawfishes with a fish spear. When I was 18 years old, we caught one of about 200–300 kg

1971 M An experienced shark fisher commented that he never saw sawfishes but knew some fishers from the island would fish

them in the Bajo Blanco

1972 M I saw a sawfish at the mouth of Laguna Nichupté

1974 M Many years ago, the sawfish were caught in fishing nets

Note: E, elder fishers; M, middle-aged fishers.
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sawfishes existed in the lagoons. For example, ‘Peje Espada

Chavache’ has a narrower and larger sword (smalltooth sawfish) than

the ‘Peje Blanco’ (largetooth sawfish), which has a wider and smaller

sword. Table 5 shows some fishers’ quotes regarding the two types of

sawfishes and describes Campeche fishers’ sightings of newborns and

young sawfishes. In Campeche, compared with the other study sites,

fishers’ narratives frequently mentioned the abundance of young

sawfishes (Table 6).

New information was recorded regarding the importance of

sawfishes for cultural traditions and ornaments in Campeche. For

example the rostrum was considered an ornament by locals. During

the Holy Week (Easter is an important time for Christians), the people

from Campeche ate the white meat of sawfishes. Also, young sawfish

rostrums were used to make crosses. Fishers mentioned that wooden

bows and arrows were used to catch young sawfishes, a new

traditional fishing technique compared with those documented on Isla

Mujeres and Holbox (Table 3).

Lastly, most of the fishers interviewed on Holbox (96%), Isla

Mujeres (97%), and Cozumel (94%) responded that they know of

some abundant species that are no longer so plentiful in the waters

that they fish. These species include: coastal sharks, such as

Carcharhinus leucas (bull shark), Carcharhinus limbatus (black tip shark),

Sphyrna tiburo (bonnethead), and hammerheads (Sphyrna spp.); large

groupers, such as Epinephelus itajara (Atlantic goliath grouper) and

Mycteroperca bonaci (black grouper); parrot fishes; Aliger gigas (Queen

conch); and Panulirus argus (Caribbean spiny lobster), among others

(Rubio et al., 2019; Bravo et al., 2021). Thus, it is possible to affirm

that most of the fishers interviewed have witnessed a decline in at

least one marine species population, including sawfishes. Fishers in

Campeche were only asked about elasmobranch species, 100% of the

interviewees noted a decrease of sawfishes, with only one person

believing that they still exist in the area. The general comments of

fishers refer to a decrease in the abundances of elasmobranch species

in their fishing areas.

4.2 | Spatial data on Pristis spp. In Quintana Roo
and Campeche

The maximum number of Pristis spp. Records per grid were eight in

Laguna de Yalahau and five in Cabo Catoche (Quintana Roo). The rest

of the surrounding areas in Quintana Roo had between one and four

records. On Cozumel, there were only three records (Figure 4). Most

(70%) of the records for the state of Campeche were for the area of

Laguna de Términos. Here, the highest number of records (n = 4)

were at the mouth of a river known as Boca Chica. The following nine

records are in the three grids close to Puerto Real and Isla Aguada.

The grid with the maximum number of records in Campeche,

TABLE 5 Fishers’ quotes related to sawfishes on Campeche.

Year born Age class Fishers’ quotes

1934 E Two species entered the rivers. Pejeblanco (white sawfish) had a smaller but broader blade (rostrum); Chavache had a

thinner but larger blade

1940 E Sawfishes weighed over a ton, and their meat was white. Pejeblanco has the shortest blade. I captured one that had eight

pups. They inhabited the Bajo; we find the young ones in the seagrass areas

1942 E The sword of pejeblanco is wider but smaller, and the sword of chavache is narrower but larger. The young sawfishes

inhabited the shore and tide pools, and we caught them for food. I only saw chavache when they got caught in the net.

It's been a while since we saw sawfishes

1943 E Sawfishes occur in the lagoons. Chavache has a thin but large sword, and the pejeblanco has a small but broad blade

Fishers' quotes about young sawfishes

1935 E The young sawfishes were killed with wooden bows and arrows with a flag. The fishers made crosses with their swords.

The young sawfishes were almost a metre long

1939 E There were many sawfish newborns

1941 E The newborns were in the rivers

1944 E A ton of white meat could be obtained from a sawfish. Sawfishes were all over the lagoon. Females give birth near the mud,

where newborns grow. Also, young ones were in the mangrove roots and ate shrimp

1951 E We ate the little chavache sawfishes

1955 E Sawfishes got entangled in ray nets. Sawfishes entered the lagoon to leave their young. The little ones were on the shore.

People grabbed them by hand

1956 E The adult sawfishes also came to the coast to leave their young

1959 E Sawfishes disappeared in the lagoon. No more young sawfishes were seen

1960 E Sawfishes had calves of 1.5 metres

1971 M There were many sawfish newborns. Above the grass, the chavache I grabbed was about a ton and had seven small

chavachitos. It was the last one; no one else had caught one. We salted the meat, and sold it in Campeche and Mexico

City

Note: E, elder fishers; M, middle-aged fishers.
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however, was at Isla Arena, with six records. This site is the most

isolated location close to the state of Yucatan. In the other parts of

the state, there were isolated records from Seybaplaya, San Joaquín,

and El Remate, with the exception being Champoton, where two

sightings correspond to the same grid (Figure 5).

4.3 | Literature sources

Seventy-four literature sources of sawfishes around the world were

reviewed and 18 sources were from Mexico. Throughout these

publications, one study mentions the value of LEK in understanding

the ecological history of P. pristis and P. pectinata in Mexico (Bonfil

et al., 2018). In particular, four of the Mexican publications

confirm the overexploitation and overfishing that sawfish suffered in

the past decades (Del Monte et al., 2009; G�omez et al., 2014;

Fernández, 2017; Bonfil et al., 2018). Archaeological literature

regarding sawfishes is scarce and most of their remains are in the

Maya area, which includes the YP, but also Chiapas, Guatemala, and

Belize.

4.4 | Faunal data from Maya zooarchaeological
sites in the YP

In the Maya area, archaeological remains of sawfishes exist from the

Archaic Period (c.3000–2000 BC) to the Post-Classic Period (AD 1250–

1521) at archaeological sites in the YP on the Gulf of Mexico,

including Champot�on (Campeche), Xcambo (Yucatán), Isla Cerritos

(Yucatán), Conil (Quintana Roo), and Vista Alegre (Quintana Roo).

Sawfishes have also been reported at inland sites, including Mayapan

(Yucatán) and Tikal (Guatemala), as well as other localities outside the

YP, such as Chantuto (Chiapas) (Voorhies, 1976; Moholy, 2004;

García & Götz, 2013; Jiménez, 2017; Jiménez & Sierra, 2018;

Jiménez & Cobos, 2019; Jiménez, 2022). Vertebrae of the genus

Pristis spp. Are easily identifiable in the archaeological record, as they

do not present dorsal and ventral foramina and have broad vertebral

ridges (Figure 6a). Although easily identified, they are not common in

the assemblages of these sites, comprising less than 1% of the

cartilaginous fishes identified (Jiménez, 2017).

Even in Maya settlements in the YP, where large

ichthyoarchaeological assemblages have been collected from habitats

TABLE 6 Information collected from fishers’ narratives related to sawfishes in the coastal areas of Campeche.

Year born Age class Fishers’ narratives

1934 E Fishers mentioned adults were seen going in and out of the lagoon. Fishers narrated that there were two types, the

whitefish (P. pristis) and the cavache (P. pectinata), differentiated by the shape and size of their heads. The catch was

generally incidental. The long faces of sawfishes were entangled in the nets. Fishers recall that these fish were a target of

fishing, to be consumed

1939 E Fishers mentioned that newborn sawfishes were very common at El Remate. Adult individuals became entangled in fishing

nets. After the 1950s, sawfish populations decreased notably. Since 1958, fishers have mentioned not seeing a live

sawfish in this locality

1940 E On Isla Aguada, fishers mentioned that between 1973 and 1985, it was common to see sawfishes in lagoons and rivers.

They considered it a peaceful animal. We could see two types based on his rostrum. The small-toothed sawfish, known

as cavache swordfish (P. pectinata), has a long, thin sword. The large-toothed sawfish was called pejeblanco (P. pristis),

with a short and broad sword. The catch of these fish was incidental. Fishers mentioned sawfish populations declined

dramatically

1941 E For the Sabancuy site, fishers mentioned that in 1972 sawfish were common

1942 E In Laguna de Términos, juvenile sawfishes were common

1944 E The fishers of Lerma mention that since the late 1950s, sawfishes were rare, and 1971 was the last time a sawfish was seen

in this town

1944 E At Punta Piedra, fishers mentioned sawfishes were considered typical. They were associated with lemon sharks, as there

were simultaneously many individuals of both species. By 1983 sawfish populations declined, and no more have been

seen here

1946 E A fisher from San Joaquín mentioned that sawfishes were popular at this site

1947 E In Champot�on, fishers mentioned that in the 1970s, sawfishes were very rare. Although years ago, they had been very

abundant. In Champot�on, gillnets were used for fishing. The observed sawfishes were entangled in the nets. In 1972, a

sawfish was sighted for the last time here

1952 E In Nuevo Campechito, fishers commented here that sawfishes were very common. An average catch was between one and

three individuals. The largest sawfishes were 4–5 m long. By 1975, fishers mentioned sawfish populations began to

decline

1955 E Fishers at Isla Arena recall that before 1959 sawfishes were quite common, mainly hatchlings; a catch of 500 juveniles was

recorded here. Fishers mentioned fishing the sawfish with wooden bows and arrows to obtain their swords to make

crosses

1960 E Fishers interviewed in Xicalango mentioned the abundance of sawfishes and remembered seeing hatchlings of 1.5 m. The

last catch of sawfishes here was in 1968

Note: E, elder fishers.
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ideal for sawfishes, such as estuaries, very few remains exist. This is

the case for Xcambo, with 26 remains (from about 2,917 fish remains

and more than 10,000 vertebrate remains), and Vista Alegre, with

19 specimens (from over 20,000 vertebrate remains). The remains of

sawfishes were also recovered in Champot�on (Campeche), at Reducto

de San Antonio (Figure 6b). This is an 18th century coastal fort

constructed on top of a prehispanic settlement. Unfortunately,

detailed contextual information is lacking, and it is uncertain whether

the faunal remains correspond to the prehispanic or to the historical

layers of the site.

Although sawfishes may have been consumed for food, as

evidence of a burned vertebra from Conil might show, the remains of

the sawfishes are often recorded with anthropogenic modifications.

Examples include the drilling of the notochordal centre of the

vertebrae (Jiménez & Sierra, 2018), associated with the manufacture

of decorative artefacts such as beads (Canto, 2009: 87). At Xcambo a

F IGURE 5 Timeline of relevant events that influenced the presence of sawfishes at the study sites.

F IGURE 6 (a) Sawfish
vertebrae from Xcamb�o, Yucatán
(AD 250–750). (b) Assemblage of
sawfish remains from Reducto de
San Antonio, Champot�on,
Campeche. (c) Modified sawfish
sword (macahuitl) from Xcamb�o,
Yucatán (AD 250–750) (photo by
N. Jiménez Cano). (d) Example of
Mexica (Aztec) warriors with
macahuitls (swords) from the
Florentine Codex (de Sahagun
1577).
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sawfish (Pristis sp.) rostrum was also identified with a modification

made by polishing the distal end to make it narrower and then drilling

a perforation of 3 mm in diameter near the proximal end

(Jiménez, 2017: 150). This element was previously reported to be like

a macuahuitl, a weapon utilized by the Mexica (Aztec Period)

(Jiménez & Götz, 2011: 46), and recent restoration supports this

suggestion (Figure 6c). Interestingly, this could be the first time a

macuahuitl made of a modified sawfish rostrum has been reported in

the Maya area, and probably in Mesoamerica.

In addition, other discoveries substantiate the ritual significance

of sawfishes for past Mayan (and Mesoamerican) peoples. At Tikal,

Pristis sp. Teeth were found in ritual cached offerings

(Moholy, 2004: 199). Perhaps the most famous ritual deposit

involving a sawfish comes from the rich offerings at the Aztec

(Mexica) Templo Mayor in modern-day Mexico City (Guzmán, 2007;

Robles et al., 2018). The sawfish is part of offerings associated with

Ciplactli, the earth monster (McDavitt, 2002; Robles et al., 2018). It is

possible that the swords had a function in performing rituals. For

example, Sahagún describes using this element as a sacrificial tool in

one of the ritual festivities (Robles et al., 2018:22).

5 | DISCUSSION

5.1 | Importance of interdisciplinary data for
addressing conservation needs

Mexico's biodiversity of sharks and rays is only preceded by Australia.

Mexico has between 214 and 217 identified species that represent

over 17% of chondrichthyan species (Del Moral et al., 2015; Ehemann

et al., 2018). Blanco & Niño (2022) accounted for 85 species of

elasmobranchs, 36 rays, and 49 sharks in the Mexican Caribbean.

However, baseline information is scant for chondrichthyans, including

sawfishes, and the expansion of such data could prove a vital

progression towards their conservation and future management

(Koubrak, 2018; Poulakis & Grubbs, 2019; L�opez et al., 2021; Becerril

et al., 2022).

The interdisciplinary results presented here present new

knowledge of the commonality and regional loss of sawfishes on a

short temporal scale in coastal communities of the YP. The study sites

continue to face increasing anthropogenic threats related to the oil

and tourism industries. The results evidence defaunation in the

oceans by human actions ascribed to targeted fisheries, incidental

catches, and habitat loss (Field et al., 2009; Tittensor et al., 2014;

Dulvy et al., 2014a; McCauley et al., 2015; Dulvy et al., 2021)

(Figure 5). These results complement earlier coastal exploitation

studies that documented defaunation of Holbox's marine fauna, such

as groupers, snappers, sharks, rays, gastropods, and crustaceans

(lobster) (Rubio et al., 2019).

The results of this study indicate that people have been

harvesting sawfishes in small numbers since the Pre-Columbian

Period. However, fishers’ LEK and the literature review reveal that

intense fishing efforts over the past decades have contributed to their

present low or null numbers. Elder fishers noted that sawfishes were

possibly overfished in the 1970s (Figure 5). The results from

Campeche demonstrated that sawfishes were more commonly

encountered in fishing activities and incidental catches there,

compared with Quintana Roo. These qualitative results can help give

managers an idea of the past landscapes and their biodiversity,

although the unavailability of fisheries data for sawfish is a

considerable limitation when considering the results of this work

(Robillard & Séret, 2006; Bonfil et al., 2017).

Documenting the defaunation of YP aquatic megafauna provides

insight into the region's vulnerability to biodiversity loss. The rapid

transformation of coastal ecosystems and the associated changes in

sociocultural values can lead to the growing exploitation of natural

resources (Castillo, Martínez & Viga, 2019; Rubio et al., 2019;

Medina & Palafox, 2020; Rubio et al., 2022).

Interdisciplinary results show that when fishers mentioned

sawfishes from past decades, coastal towns in the YP were facing

changes in fishery policies, people were migrating from agricultural

fields to the coast for fishing, and rapid and unplanned coastal and

tourism development was beginning (Wiese, 2000; Carte et al., 2010;

Marín, 2012; Huitr�on, 2017; Rubio et al., 2018; Rubio et al., 2019;

Medina & Palafox, 2020; Rubio et al., 2022). In Campeche, tourism

development is not an extreme landscape changer as seen in

Quintana Roo, but fishing policies related to enhancing subsistence

fishing, along with human migration to the coast for fishing and oil

exploitation, are drivers that afflicted sawfish survival (Azcorra &

Dickinson, 2020; Peña et al., 2021).

Based on the fishers’ LEK analysed here, it appears,

counterintuitively, that sawfishes were overexploited at a moment

when Mexico established more fishing regulations (Bezaury

et al., 1999; Murray, 2005; Valdez et al., 2006; Bonfil et al., 2017;

Secretaría de Agricultura, Ganadería, Desarrollo Rural, Pesca y

Alimentaci�on, 2017). However, as sawfishes continued disappearing

in most coastal areas, more fisheries and conservation policies were

introduced in the late 1990s and early 2000s (Valdez et al., 2006).

Official protection for sawfishes in Mexico was included in the

Mexican Official Norm (NOM) NOM-059-ECOL-2001 (Diario Oficial

de la Federaci�on, 2002) and a further NOM-029-PESC-2006 has

focused on the creation of responsible fisheries for sharks and rays

(Diario Oficial de la Federaci�on, 2007). Sadly, these measures came

too late for the sawfishes.

The YP continues to yield to ever-increasing demands in urban

and tourism development and, subsequently, biodiversity loss is a

regional problem (Field et al., 2009; Dulvy et al., 2014a; Dulvy

et al., 2014b; Domínguez, García & Palafox, 2021). Even considering

the significant decline of sawfishes as a once-prominent ecological

member, the continued impacts of climate change such as ocean

acidification, habitat fragmentation, and seagrass depletion are also

happening concurrently (Gissi et al., 2021; Weiskopf et al., 2021).

Although conservation policies have continued to grow in the past

20 years, there is still a trend towards losing natural capital in an

important region for Mexico's economy that depends on healthy and

biodiverse ecosystems to gain nature's revenues. The interdisciplinary
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results presented here can help managers understand the legacy of

biodiversity that the YP has had through time, and possibly generate

awareness that spurs actions against further defaunation.

5.2 | LEK of sawfishes to inspire future research

Fishers’ LEK has benefited scientists in their study of sawfishes

globally (Leeney & Poncelet, 2013; Leeney, 2017; Rubio et al., 2017;

Bonfil et al., 2018; Leeney, Mana & Dulvy, 2018; Rubio et al., 2019;

Martínez et al., 2020). Although the fishers’ LEK depicts sawfishes as

extirpated in some areas, this is not true in all regions of the YP. As

reported here, a fisher saw a sawfish in a longline 5 years ago

(in 2016) off Isla Mujeres, and another saw one between Cabo

Catoche and Isla Contoy in 2020. These recent reports align with the

catch of a small-toothed sawfish (P. pectinata) in Barra de Cazones,

Veracruz, in 2015 (Díaz et al., 2017), as well as environmental DNA

samples that tested positive for Pristis spp. In Veracruz and Campeche

in 2016 and 2017, respectively (Bonfil et al., 2021). These new data

bring hope in confirming the presence of sawfishes, incentivizing

future research on sawfishes in Mexico.

5.3 | Sawfish nursery sites

Fishers’ LEK, the literature research, and published environmental

DNA studies by Bonfil et al. (2021) suggest that Laguna de Términos

in Campeche is a nursery area for sawfishes. Also, fishers’ LEK

supported the existence of a target fishery there and described Isla

Arena, El Remate, Seybaplaya, and Xicalango as sites where newborns

and juveniles lived. Fishers’ LEK on Isla Mujeres reported that the

channel used for entering the coastal Laguna Nichupté was a common

place to see newborn sawfishes in the 1980s. Nowadays, there is a

hotel at this site and Laguna Nichupté faces extreme anthropogenic

transformations, being adjacent to Cancun island (Bezaury

et al., 1999). For Holbox, fishers mentioned that newborn sawfishes

existed decades ago right offshore from Holbox beach. This area is

now the most visited beach on the island, with rampant noise from

beach clubs, boats, and swimmers negatively affecting the nearshore

environment (Appendix S5).

5.4 | Cultural importance and sociocultural
challenges for collecting interdisciplinary data on
sawfishes that are useful for conservation

The cultural importance of Pristis spp. In the past is documented as

including uses of sawfish meat for human consumption, trophies

(rostrum), liver oil, and fins (Bonfil et al., 2017). Fishers on Isla

Mujeres mention a new use for sawfish rostrums as rakes to clean

leaves. During Holy Week in Campeche, people built crosses with

the rostrums of juvenile sawfishes. In Campeche and Quintana Roo,

fishing techniques using harpoons and gillnets were reported for

sawfishes (Carranza, 1959). For Campeche, fishers mentioned that

people used wooden bows and arrows to catch juvenile sawfishes.

Interestingly, in the 16th century, Diego de Landa reported catching

rays with bow and arrow on the coast of Campeche

(Landa, 2012: 94). Current reports on the use of these fishing gears

could represent a continuity in the techniques for catching

elasmobranchs in this locality. Archaeozoological information

presented in this paper represents a potential contribution to

sawfish conservation efforts by providing a most robust picture of

ecological baselines over time scales that are usually absent in

fisheries records.

The research presented here provides insight into the cultural

importance of sawfishes for people who have inhabited the YP for

a very long time. In recent times, COVID-19 was a contemporary

challenge for the collection of sawfish data. Many elder fishers

died during the pandemic. This is a historical moment where the

loss of cultural heritage is happening, which gives policy and

management an opportunity to value baseline interdisciplinary

results like the ones presented here. In addition, environmental

education actions on the importance of sawfishes in the ecosystem

are also needed in Mexico, and this will also contribute to

preventing the loss of cultural knowledge about these rays in

Mexico's coastal waters. The scientific and education campaigns at

the study sites can contribute to improve knowledge and

awareness about sawfishes in Mexico.

A silver lining of the COVID-19 pandemic is the opportunity to

change tourism practices, as post-pandemic many visitors want to be

more aware of the places that they visit (Rubio et al., 2022).

Government authorities can use this change in the mindset of tourists

to help them establish and implement new conservation actions.

Studies on tourist perceptions of the environment in Panama and

Holbox indicate that tourists are willing to have more environmentally

friendly behaviours but do not have the resources to effectively do so

(Dorsett & Rubio, 2019; Rubio et al., 2022). Engaging visitors in the

environmental issues of the places that they visit could generate an

awareness to support payments for ecosystem services (ES) for

biodiversity conservation.

The IUCN Shark Specialist Group suggests that Mexico should

prioritize sawfish protection because they face local extinction.

Dulvy et al. (2016) report on the extent of occurrence of sawfish

species in the Atlantic Ocean and categorize the presence of P. pristis

as uncertain and P. pectinata as likely extinct. The IUCN considers

Mexico as having suitable legislation for sawfish protection, but

insufficient enforcement; here, compliance with laws by enforcement

is limited by the lack of funding. Payments for ES by tourists can

facilitate financing actions that prevent chondrichthyan biodiversity

loss in the YP. The interdisciplinary baseline data reported here can

stimulate managers to bridge ideas between policies and

management to establish financing options for continuing studying

and protecting the natural and cultural heritage of sawfishes in

the YP.
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The interdisciplinary approach used in our study provides a view of

changing coastal landscapes in the YP, with sawfishes as uncommon

contemporary inhabitants of the coastal area. Results highlight the

urgent need to adapt existing conservation efforts to increase

government and local compliance, to prevent the continuing

elasmobranch defaunation in the region. For many elasmobranch

species, little information about their ecology and conservation is

known.

This matters because Mexico is a megadiverse country that

faces a biodiversity loss scenario, where massive tourism and urban

development grow together, transforming coastal habitats.

Furthermore, illegal fishing continues to be an issue in the region.

Results from this research bring relevance to the urgent need

to integrate LEK to develop baseline studies related to

humans understanding the coastal marine biodiversity of the

recent past.

Our results show the need to foster cultural, educational, and

scientific activities that improve knowledge about sawfishes for the

general public as well as the scientific community. The above actions

are crucial in a changing world facing increasing anthropogenic threats

and climate challenges that make it difficult for many species to thrive

in contemporary coastal waters, especially the megafauna.

Finally, this study highlights the usefulness of an interdisciplinary

approach in understanding long-term human disturbances in coastal

ecosystems. This approach also helps to avoid actions that continue

the shifting baseline syndrome, to make existing conservation actions

functional in real time. Thus, the knowledge of past coastal ecosystem

conditions should help reinforce conservation actions, highlighting the

biodiversity losses caused by human impacts and reducing people's

tolerance for progressive environmental degradation.
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