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Tidal flats are identified as a food-rich coastal zone, yet despite this recognition, information on food provisioning and its associated cultural services remains relatively understudied. To address these gaps, we first investigated the tidal flat species caught and their metrics (time spent, catch quantities, frequency of utilization, income), and second, explored the cultural benefits of gleaning and fishing through an explanatory sequential mixed-method design. The data were gathered through surveys, individual interviews, and focused-group discussions with the gleaners and fishers, the two main livelihood groups in the tidal flats. Our results suggest that tidal flats provide diverse species, reflecting utilization types and various gleaning/fishing methods, which generate food and income for coastal communities. Considering the current utilization schemes, it is inferred that the activities are sustainable, although assessments may be necessary to develop an informed policy framework while maintaining their livelihood value. Various cultural services evolved from the utilization linked to wellbeing, which includes the following: social cohesion and knowledge transfer, sense of place and connection, recreation and leisure, stress relief and social repair, and children's natural discovery learning. Personal and shared experiences associated with the tidal flats may thrive through narratives and intergenerational practices, potentially contributing to the preservation of cultural heritage in the coastal environments. Integrating the tidal flats' conservation is hereby recommended for coastal resource management in the island.
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Introduction

Tidal flats are important food-source areas (Koh and Khim, 2014; Lau et al., 2019), yet despite this recognition, information on food provisioning remains limited, with most studies on utilization and, perhaps, conservation efforts skewed toward more “vibrant” coastal ecosystems, such as mangroves, seagrass, and coral reefs. Although tidal flats' livelihood value is known to subsistence or marginalized groups (Aldea, 2022), limited information is partly due to their general public image as “barren wastelands,” making them highly susceptible to human disturbances and alterations (Withers and Tunnell, 1998; Miththapala, 2013). Illustrating their benthic cross-sections, however, reveals a rich network of species (Dittmann, 1995, 2008; Kinoshita et al., 2010; Dashtgard, 2011; Henmi et al., 2017; Dewenter et al., 2023; Shchepetkina et al., 2025), a stark contrast with what is observed from their unvegetated landscapes. These resident species facilitate nutrient cycling and augment organic matter (De Smit et al., 2021; Zhou et al., 2024), contributing to high intertidal biodiversity, of which many species are utilized as food by coastal communities.

In Catanduanes Island, earlier surveys of resource utilization at low tide showed gleaning activities, where catches typically consist of invertebrates such as gastropods, bivalves, and crustaceans (Aldea, 2022, 2023). Gleaning has been documented in several parts of the Philippines (De Guzman et al., 2019; Mahilac et al., 2023; Stiepani et al., 2023b; Molina et al., 2025; Sahidjan et al., 2025), but tidal flat gleaning is less explored than gleaning in other coastal habitats (e.g., seagrass, mangroves). It is also noted that the communities obtain different species through tidal flat fishing (Aldea, 2022), indicating two utilization strategies linked to the shifting tides. Information on fish assemblages and abundance in the tidal flats has been described in some studies (Reis-Filho et al., 2011; Murray et al., 2015); however, data on the utilization of these species by the community (tidal flat fishing) are limited. Tidal flat fishing is associated with high tides, which facilitates species migration (e.g., demersal fishes), hence the increased abundance of tidal flat species in general. Considering the biodiversity of the tidal flats (Volkenborn et al., 2009; Passarelli et al., 2014; Henmi et al., 2017; Yamakita et al., 2020; Chen et al., 2024), gleaning and fishing may provide rich food resources, providing livelihood support for coastal households (Aldea, 2022). Utilization activities reflected in the shifting tides demonstrate temporal harvesting strategies, potentially preventing simultaneous and intensive utilization pressures.

Due to its archipelagic nature, the Philippines boasts a diverse array of coastal landscapes, several of which are fringed with tidal flats. Current information about tidal flats in the country is generally embedded within the coastal biodiversity strategies and coastal protection framework [Biodiversity Management Bureau (BMB)—Department of Environment and Natural Resources (DENR), 2016; Jensen, 2018; BirdLife International, 2025; Gutierrez, 2025], with ecosystem services information interfaced with other coastal ecosystems. For example, the Las Piñas–Parañaque Wetland Park (LPPWP), which is predominantly covered by mudflats (partly by coastal vegetations such as mangroves), supports rich marine biodiversity and is linked to avian migration and eco-tourism [(Society for the Conservation of Philippines Wetlands, Inc. (SCPWI), 2025)]. Owing to their land-sea intersections, tidal inundation provides unique assemblages of fish and invertebrates (Murray et al., 2014), signifying biological productivity in the tidal flats. Diverse intertidal mollusks, for instance, are assessed in Davao Del Sur tidal flats, with several mollusks exhibiting high species importance values (Jumawan et al., 2015). Since intertidal species are relatively easily obtained, they could be a source of immediate supply of protein and other essential nutrient requirements for the fisherfolk [De Guzman et al., 2019; Department of Science and Technology—Food and Nutrition Research Institute (DOST-FNRI), 2020]. Aside from being a vital food and nutrient source, several families generate income from intertidal fauna, further expanding the provisioning services of the tidal flats for the coastal households.

Ecosystem services derived from coastal ecosystems are not limited to material benefits. This includes cultural services (Hahm et al., 2014), which, in part, encompass social cohesion and knowledge transfer, sense of place and connection, recreation and leisure, stress relief and social repair, and children's natural discovery learning. Cultural services are also associated with expressions of psychological wellbeing such as mental and physical health (Dadvand et al., 2016; van den Berg et al., 2016; Bratman et al., 2019; Stott et al., 2024). These potential benefits could diversify ecosystem services related to obtaining food resources in the area. For example, shared connections and collaboration have been exhibited by resource users in a type of forest utilization system (Raymond and Kenter, 2016). Further, traditional utilization and implements (e.g., fishing methods, social systems), as in the Dadohae region of Korea, are viewed with inherent cultural value, leading to spatial harmony and preservation of ecological balance through natural and sustainable practices (Hong, 2012).

Cultural services, unlike food and timber, are often overlooked, perhaps due to the unquantifiable or less available metrics for comparative assessments. Nonetheless, their importance is paramount when providing personal, family, and community wellbeing (van den Berg et al., 2016). These services capture the intricate and socially fragmented connections between wellbeing and the ecosystems (Grantham et al., 2020). Tidal flats, in particular, could potentially offer a quiet and serene aesthetic, relevant to psychological and mental decompression. Engagements with coastal ecosystems do not only offer material assets but also represent nature connections and quality of life (Grantham et al., 2021). For instance, a case by mangrove users in Ecuador exhibited personal attachments to mangroves in a reciprocal human-mangrove connection (Treviño, 2022). Further, biodiversity in the tidal flats may influence coastal communities' utilization practices through knowledge transfer. When communities maintain and share traditional knowledge, the deeply rooted values, many of which have been developed through generations, are intergenerationally linked (De Sousa et al., 2022; Zhao et al., 2024). Traditional ecological knowledge, for example, has been integrated into the collaborative process of coastal resource management, describing the importance of promoting community traditions (Fernández-Rivera et al., 2024). Tidal landscapes, despite their “blankness,” may generate a sense of place that may be experienced either during gleaning and fishing or when they return to the place to relax and meditate. Biodiversity framework integrates with environmental stewardship, social cohesion, collaboration, and volunteerism toward the protection of the coasts (Petriello et al., 2025).

Studies on ecosystem's cultural services, in general, have been significantly increasing, perhaps partly due to the cross-cutting dimensions of the United Nations' Sustainable Development Goals in safeguarding cultural and natural heritage. However, cultural services in the tidal flats, particularly in a Philippine context, remain understudied. To address the identified gaps, we first investigated food provisioning in the tidal flats and second, their associated cultural benefits. Specifically, we elucidate the species caught during gleaning and fishing, including time spent, catch, frequency, and income, and outline specific cultural benefits associated with the two utilization schemes.



Materials and methods

We employed an explanatory sequential mixed-methods design. This begins with obtaining information about the descriptive and quantifiable provisioning services, followed by a qualitative approach to elucidate the cultural services associated with gleaning and fishing. Providing a localized and deeper understanding of the services beyond the socio-economic data aims to create a broader perspective of the tidal flats' services in the coastal areas.


Study site

The tidal flat areas in the study are situated on the east, northeast, and southern parts of the island (Figure 1) with the following coordinates: Gigmoto Bay, 13.45′57″ to 13.46′55″ N and 124.23′42″ to 124.24′08″ E; Banquerohan wetlands (Oco river mouth basin), 13.53′40″ to 13.53′48″ N and 124.18′38″ to 124.18′48″ E; Balite coast, 13.32′48″ to 13.33′17″ N and 124.08′55″ to 124.09′30″ N. The tidal flats referred to in this study are generally unvegetated mudflats, sand, or rocks experiencing regular tidal inundation (Healy et al., 2002), including tidal areas in between. Descriptions of tidal flats in each location are presented in Table 1, and examples of the tidal flats are shown in Figure 2.


[image: Map of Catanduanes Island with detailed satellite images of three areas: Gigmoto, Bay, Banquerohan wetlands, and Balite coast. Each area is marked with colored dots, indicating specific points of interest. Compass rose and scale bar are included. Surrounding waters are labeled Philippine Sea, Maqueda Channel, and Lagonoy Gulf.]
FIGURE 1
 Location of Catanduanes tidal flats in the study: Gigmoto Bay, Banquerohan wetlands, and Balite coast. Except for the Banquerohan wetlands, which lie along the main river channel-estuaries, all areas are seaward or parallel to the coasts (adjacent to or facing the sea). Legend for small colored circles: yellow, predominantly pebbled/rocky substrate; orange, mudflats with sparse to no pebble cover, surface high burrow density; red, mudflats with sparse to no pebble cover, surface with distinct ripple marks; blue, generally mudflats with low to moderate pebble cover, riverine.


TABLE 1  Tidal flats' descriptions.


	Location
	Description of the tidal flats





	Gigmoto Bay
	Gigmoto Bay has tidal flats parallel to the coasts, approximately 0–175 m from the shoreline, with a discontinued area (subtidal) near or within the pier site. Predominantly pebbled tidal flats with mixed sediments beneath the surface are found in the innermost part of the bay, and in the outermost area passing Macalanhog Island. Mudflats with firm ripple marks are present in the middle portion, while in the lower middle part, tidal flats are composed of mudflats with high burrow density. Tidal flats in Gigmoto Bay are generally adjacent to seagrass meadows, although small patches of mangroves are present.

 
	Banquerohan wetlands
	Banquerohan wetlands have riverine tidal flats within the Oco river-estuary basin, with a generally mudflat substrate (low to moderate pebble cover). Tidal flats in the area are situated within the main river channel, adjacent to dense mangrove forests, with the tidal flats located approximately 0–100 m from the edge of the mangrove forests from the southern direction.



	Balite coast
	A strip of narrow tidal flats is present on the Balite coast, consisting of mudflats and pebbled-rocky flats, approximately 0–50 m from the shoreline. The site is generally adjacent to seagrass meadows with a small but established mangrove forest. Coastal areas of Balite lie in Lagonoy Gulf, an inlet of the Philippine Sea.







[image: A collage of six images labeled A to F, depicting coastal landscapes with tidal flats. A: People collecting on a rocky shore with hills in the background. B: Muddy terrain with scattered pools of water under a cloudy sky. C: Rippled sand leading to distant islands. D: Expansive muddy flat with scattered water pools and hills beyond. E: Sandy beach with distinct ripples, bordered by a forest. F: Rocky shore with tidal pools and a hazy horizon.]
FIGURE 2
 Examples of the tidal flats: Gigmoto Bay (A–C); Banquerohan wetlands (D); and Balite coast (E, F).


Initial identification of the study site was made in collaboration with local community members. Local communities (barangays), from which participants reside, are situated nearby: Gigmoto Bay (Biong, District I, District III, and San Vicente in Gigmoto Municipality), Banquerohan wetlands (San Jose Poblacion and Peña Francia in Viga Municipality, Santa Ana in Panganiban Municipality), and Balite coast (Balite in Virac Municipality). In 2020, the communities had a human population as follows: Biong (991), District I (778), District III (776), and San Vicente (608) in Gigmoto Municipality; San Jose Poblacion (827) and Peña Francia (380) in Viga Municipality; Santa Ana (423) in Panganiban Municipality; and Balite (939) in Virac Municipality (Philippine Statistics Authority, 2025). Some communities do not necessarily possess territorial jurisdiction over the tidal flats, recognizing the diverse spaces and nearby areas supported by the tidal flats' environments.



Sample characterization

A characterization of local community extraction activities was carried out. Preliminary surveys have identified gleaners and fishers in the area, which enabled us to determine the initial number of participants at 120 (63 gleaners, 57 fishers) through stratified random sampling based on proportion and residence (stations). We considered participants who were active gleaners and fishers, with at least one gleaning/fishing trip in the tidal flats in the last 3 months, although some initially identified participants were unable to participate due to availability and time constraints. Gleaners and fishers generally travel 10–500 m, but some may extend to tidal flats with >500 m from their households. We also included gleaners and fishers who utilize multiple coastal habitats, but we informed them to separate gleaning information obtained from the tidal flats by approximating relevant information (e.g., catch rates, frequency, income, etc.). Participants who actively engaged in both activities were excluded from the study.

We recognize gleaning and fishing under the general scope of fishing, but in this study, we separated them to obtain comparative analyses of their specific utilization. We mean gleaning when the activity is conducted in shallow waters or exposed substrates, typically with 0–30 cm depth, although other gleaners start when the water is still 50 cm deep or “knee level.” Gleaners generally use bare hands or simple tools when catching species that primarily settle or are naturally trapped in the tidal pools/crevices during low tide. Fishing, on the other hand, is done during high tide or when the area is fully inundated with ≥50 cm depth (“knee-level” and above). Gears are used to catch fish species, taking advantage of the fish migration with the tidal currents. Fishers, however, may harvest catch during the shallower point of the ebbing/flooding tide or move the fishing gear to the shallower or exposed areas to harvest the catch. Time spent starts from the actual time they commence gleaning/fishing in the tidal flats (e.g., collecting bivalves, positioning their gears, etc.) and ends after placing or storing the last catch in the container (gleaning), or after the gears have been checked or packed-up (fishing) just before heading to their residences (excluding travel time to and from the tidal flats).

A total of 109 main participants took part in the study (gleaners, N = 55; fishers, N = 54). Gleaners comprised 35 women, 14 men, and six children, while fishers comprised 41 men and 13 women. Gleaners' age ranges were 24–71 in women (Mean, 50.8; SD, 11.47), 24–61 in men (Mean, 42.79; SD, 11.02), and 10–16 in children (Mean, 12.67; SD, 2.16). Among fishers, age ranges were 19–61 in men (Mean, 39.15; SD, 9.57) and 24–63 in women (Mean, 42.85; SD, 11.35). The 17 participants during the qualitative phase are part of the 109 total participants.



Measurement instruments

Before the main data gathering, we conducted semi-structured interviews in a preliminary visit with a small group of gleaners and fishers (N = 11 gleaners, N = 10 fishers). This enabled us to revise questions when participants perceived them as ambiguous or needing further modifications. Aside from beginning questions about personal profile, questions about tidal flat utilization included the following: (1) the faunal groups caught; (2) average percentage of the faunal groups caught per trip; (3) average total kilograms caught, per trip; (4) gear/tool/method used; (5) specific destination; (6) average depth preference (starting and finishing time); (7) average hours spent per trip; (8) average frequency (times) of trip per month; and (9) average monthly income. These questions aimed to answer provisioning services, primarily focused on the species caught and their socio-economic values. The semi-structured questions during the qualitative phase included the following: (1) cultural benefits obtained from the tidal flats; and (2) a follow-up question about their feelings (or emotions) when gleaning/fishing on the tidal flats; these two questions aimed to elucidate cultural services obtained from the tidal flats.

The instrument was then subjected to content review from one natural resource professional and two senior practitioners (one gleaner and one fisher). Reliability tests for the quantitative section were employed (gleaners, N = 37; test-retest, R2 = 0.84; fishers, N = 32; test-retest, R2 = 0.89). Thematic analysis for the qualitative section (N = 11 gleaners, N = 10 fishers) was performed as part of the preliminary interviews. Informed consent was obtained from the participants before the data collection, including personal consultations with community chieftains (barangay captains). During the survey/interview, the children gleaners were facilitated by their parents or guardians (informed consent obtained from parents or guardians), who were also participants in the study. Several terms vary among communities, while others have no direct English translations; thus, data gathering was facilitated by focal persons. Likewise, as many local terms associated with gleaning and fishing may be changed depending on the target species, interviewing was contextualized during the survey administration/interview, or if participants needed clarification. Participants were informed that they could refuse to participate at any time without needing an explanation or without facing conditions or demerits. Actual data collections (surveys and interviews) were conducted in September 2023, November 2023, May–June 2024, and March–May 2025.



Data analysis

The quantitative data obtained from the 109 participants were analyzed using both descriptive (e.g., means, standard deviation) as well as inferential statistics (t-test). We calculated the Shapiro-Wilk Test for the assessment of data normality. For homogeneity of variance, we applied a logarithmic transformation. Histograms were illustrated based on the raw data, but inferential analyses were based on the log-transformed data. All statistical analyses were done using SAS-JMP Statistical Software.

Information on the cultural benefits was gathered through interviews (9 participants: gleaners, N = 5; fishers, N = 4) and Focused-Group Discussions (FGDs) (8 participants: gleaners, N = 4; fishers, N = 4), comprising a total of 17 participants (a portion of the total number of participants in the study). As part of data elucidation, participatory spatial and visual elicitation was employed simultaneously with interviews and FGDs. During the participatory spatial and visual elicitation, two questions were asked: (1) specific types of tidal flats they usually utilize, and (2) the fauna caught in the tidal flats type, wherein illustrations, if possible, were solicited. This enabled us to draw the summation of tidal flat species in the area. During the FGD, participants could suggest the placement of the items in the spatial-conceptual illustration. We have not provided pre-suggestions to the participants to avoid influencing their answers, but we responded to queries if they needed clarification. Finished illustrations were shown to participants for confirmation purposes and were revised until all suggestions were complied with. Illustrations were aided by Affinity Designer (Product 1.9.2) on iOS 14.4.2 Operating System. Further, we systematically categorized the qualitative information obtained during the interviews and FGDs to reveal the underlying themes that emerged from the participants' narratives (particularly identifying the mentioned benefits). Our concept of cultural services includes the non-material benefits obtained from the tidal flats.

On the groups of marine fauna, the following were referred to: bivalves, cephalopods, crustaceans, fishes, and gastropods. In some cases when participants request clarifications or references, we discussed the general morphology of each group, including showing photos (printed books/field guides/checklist/collection report) from Voss (1963), Motoh and Kuronuma (1980), Edwards (1981), Gonzales (2013), Hombre et al. (2016), Olaño and Lanzuela (2016), Motomura et al. (2017), Subang et al. (2020), as well as referring to the databases World Register of Marine Species (WoRMS) (see https://www.marinespecies.org) and FishBase (see https://www.fishbase.se/Country/CountryChecklist.php?resultPage=1&&showAll=yes&what=list&trpp=50&c_code=608&cpresence=present&sortby=alpha&ext_pic=on&vhabitat=all2), which were presented through iPAD Pro (Version 14.4.2, 18D70). Participants were asked about the tools or gear they used during gleaning and fishing, including their preferred water depth.

The CPUE (calculated as kg/h/person) was used to “standardize” the comparison between gleaning and fishing, considering activity duration per person in the tidal flats. This metric allowed a direct comparison of the catch rates between the two types of utilization schemes despite their different methods and/or gears.

CPUE=Total Catch(kg)Gleaning/Fishing Time×Number of Gleaners/Fishers

Frequency of trip means days per month (day/month), and monthly catch is the sum of all catches in kg per month (kg/month); catch means raw and whole (uncleaned, or in their shells if shellfish). The monthly income was personally reported and includes both personally initiated selling and unintentional selling, such as when a random buyer approaches. For gleaners and fishers who usually extend their activities to other adjacent ecosystems during mixed-site activity, we asked them first about the catch in the tidal flats and the approximate income generated from those catches. On the other hand, we mean cultural benefits as those values gained from the activities that further support emotional, social, and mental wellbeing, as well as communication and knowledge transfer with the community.




Results


Provisioning services
 
Marine fauna caught and catching methods

Gleaners mostly catch invertebrates such as bivalves (clams, mussels, etc.) (39%), gastropods (neritid snails, limpets, etc.) (30%), crustaceans (crabs, shrimps, etc.) (26%), and sometimes may also catch fishes (gobies) (5%) (Figure 3). Species associated with gleaning are usually found in animal burrows or tunnels (bivalves, gastropods, benthic crustaceans), on the substrate's surface (gastropods), or in shallow water or tidal pools (crustaceans, gobies). Gleaned fishes are usually unintentionally caught, although some gleaners may simultaneously aim for them when looking for clams and burrowing invertebrates. Fishers' catches are composed of fishes (jacks, mullets, etc.) (66%), crustaceans (crabs, shrimps, etc.) (28%), and sometimes, cephalopods (squids, octopuses, etc.) (6%) (Figure 3). Crustaceans are co-target species (aside from fish) during fishing. Some bottom-dwelling fish (e.g., flounders) are also caught with fishing gear (e.g., nets) and thus were included in the catch during fishing.
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FIGURE 3
 The faunal groups caught during gleaning and fishing in the tidal flats.


The following fauna were identified during the participatory spatial and visual elicitation about the tidal flat environments (Figure 4). As gleaners and fishers noted, the microsites support a variety of invertebrates and fishes; many species are site-specific (e.g., gastropods, bivalves), while others are found in multiple sites (e.g., fishes). Most are target species, while some are incidental catch (e.g., gobies, squids, etc.). Microsites were characterized based on the presence of pebbles, sediments, or rocks on the surface area, as these have implications for utilization. For instance, fishing is mostly practiced on less pebbled/rocky areas or pure muddy-sandy areas (as pebbled or rocky surfaces may damage fishing nets), while gleaning is typically on partly or predominantly pebbled/rocky areas. Presence of the species is subjective only to the general catch components of the gleaning/fishing trips, recognizing the possibility of other non-reported fauna that may inhabit the area.


[image: Figure 4]
FIGURE 4
 Faunal representatives identified during the participatory spatial and visual elicitation about the tidal flat environments. Most are target fauna, but fishes during gleaning, and cephalopods during fishing are incidental catches (non-target). Gleaners and fishers classify the tidal flats according to substrates (pebbles and sediments), such as the local terms kak-ayan, hunasan, or kabatuhan sa hunasan for areas with predominant pebble cover, and balombon, bonbon, or lamdok for mudflats or muddy-sandy areas with no to moderate pebble cover. Pebbled surfaces, nevertheless, also have muddy or sandy substrates underneath. Burrow means visible crustacean burrow on the tidal flats' surface. *Large rocks are also observed (together with pebbles) in some locations on the Balite coast.


A simple tool, such as a small metal, plastic, or coconut shell, serves as a shovel or digger when obtaining bivalves from pebbled areas. Some gleaners use their feet to locate bivalves in muddy areas. Most gastropods are hand-picked, but some gleaners use bolo or metal rods for gastropods found in rocks and crevices. Fishes (primarily gobies) trapped in the burrows or tidal pools are caught by gleaners with bare hands or using a small net. Most fishers, on the other hand, use non-stationary fishing gear, primarily fishing nets (e.g., gill nets or pangki, seine nets, small scoop nets) when catching fish, shrimp (which may sometimes catch small squids). Crab lift nets (bintol) (another non-stationary gear) are used to catch mud crabs and other portunid species. Except using bintol, which may take 1–4 h (including soaking time), non-stationary fishing generally takes 20–40 min from the deployment of fishing nets to completion of retrieval/harvesting. Fishers, composed of usually 2–5 persons, repeat the activity 3–4 times per trip. Moreover, we also noted that a few were fishing with stationary gears (fish trap) stationed in the tidal flats (most stationary fish traps in the area are located in subtidal zones, and thus were excluded from the study). We mean stationary if a gear is placed or anchored in a specific location, for more than a day (>24 h). Fishing with the stationary gears had 2–3 h of operation per activity. Figure 5 shows examples of catches from gleaning and fishing.


[image: Figure 5]
FIGURE 5
 Examples of marine fauna caught. Gastropods, as shown by a gleaner on-site (A) and bivalves (B, C), were obtained from predominantly pebbled or partly pebbled tidal flats. Fishes (D) and mixed catch (fishes and crustaceans, unsorted) (E) are obtained from mudflats; a mud crab is shown by a fisher on-site (F).


Most gleaners prefer to glean when the water depth is ≤ 30 cm, with those gleaning for clams typically requiring exposed substrates or very minimal water depth (0–10 cm). Several gleaners (N = 23) would start gleaning when water is still a little deeper (50 cm) (ebb tide), but still finish during the low tide peak (exposed substrate) or when the flood tide is still ≤ 30 cm after the low tide peak. This makes most of the time engaged by all gleaners at ≤ 30 cm water depth. Participants mentioned that gleaning is highly synchronized with spring low tide, with most gleaning conducted within 5 days of the shallowest tides (the day of the spring low tide and 2 days before and after). However, the number of gleaning schedules varies among gleaners. Fishers, on the other hand, generally fish when the water depth is ≥50 cm (N = 54) and usually station their gear manually by wading (or walking), swimming, or using a non-motorized boat (banca) during or near high tide peaks with ≥100 cm water depth.



Time spent, catch, CPUE, frequency, monthly catch, monthly income

The time spent in the tidal flats by gleaners and fishers had a Mean of 2.86 h−1 trip−1 gleaner−1 (SD = 0.72 h−1 trip−1 gleaner−1) and 1.41 h−1 trip−1 fisher−1 (SD = 0.39 h−1 trip−1 fisher−1), respectively (t = −13.26; DF = 105.48; p < 0.01). Catch per trip recorded a Mean of 4.54 kg (SD = 1.79 kg) for gleaners and 2.33 kg (SD = 1.80 kg) for fishers (t = −7.44; DF = 99.37; p < 0.01). Meanwhile, the catch rate (CPUE) of gleaners had a Mean of 1.7 kg h−1 gleaner−1 (SD = 0.75 kg h−1 gleaner−1), while fishers' catch rate had a Mean of 1.65 kg h−1 fisher−1 (SD = 0.86 kg h−1 fisher−1) (t = −0.50; DF = 106.43; p = 0.62). Gleaners' and fishers' frequency of trip (day/month) had a Mean of 4.32 (SD = 3.10) and 11.96 (SD = 10.18), respectively (t = 7.35; DF = 100.82; p = 0.01). In the monthly catch (kg), gleaners had a Mean of 20.94 kg (SD = 19.62), while fishers had a Mean of 26.84 kg (SD = 28.07) (t = 1.65; DF = 103.88; p = 0.10). Gleaners' and fishers' monthly income (USD) had a Mean of USD 19.19 (SD = USD 18.64) and USD 22.33 (SD = USD 22.90), respectively (t = 0.36; DF = 49.75; p = 0.72). Figure 6 shows these general socioeconomic data. The results of the t-tests were obtained from log-transformed data. Most catches in the two activities are allocated to family consumption, although some may sell their catch by chance when a buyer is encountered along the way, going to their residences.


[image: Figure 6]
FIGURE 6
 Socioeconomics of tidal flat gleaning and fishing. Time spent (A), catch (B), catch per unit effort (C), frequency (D), monthly catch (E), and monthly income (F). Gleaners, N = 55; Fishers, N = 54. **At the 0.01 level of significance.





Cultural services

Various cultural benefits obtained from the tidal flats were mentioned during the interviews and FGDs, which generated the following themes of the general cultural services (Figure 7): social cohesion and knowledge transfer (e.g., gleaning/fishing strategies, information about a project collaboration), sense of place and connection (e.g., contemplation, nature-driven satisfaction), recreation and leisure (e.g., pastime, relaxation), stress relief and social repair (e.g., emotional regulation in times of anxiety or anger). The benefits under the general cultural services recorded 56–100% mentions (majority to totality) among gleaners and fishers. In addition, children's natural discovery learning (e.g., children learning with aquatic fauna) was drawn from the narratives of most gleaners as another cultural service obtained from the gleaning activity. The general outline of these cultural services is shown in Figure 8.
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FIGURE 7
 Cultural services associated with the tidal flats. Social cohesion and knowledge transfer (A), sense of place and connection (B), recreation and leisure (C), stress relief and social repair (D), and children's natural discovery learning (E). Gleaners, N = 9; Fishers, N = 8.
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FIGURE 8
 Outline of the cultural services derived from each utilization. All cultural services were noted in both gleaning and fishing, except for children's natural discovery learning, as young children are typically not accompanied during fishing.


Social strengths are central to gleaners/fishers, which may result in their understanding of the community and the tidal flats' environment. This may be obtained when people communicate and collaborate in activities (potentially leading to strengthened social bonds) and provide inter-generational exchange of information. The following are narratives about group dynamics that demonstrate social cohesion and knowledge transfer:

I feel a sense of belongingness and appreciation of my work when I communicate with the group at the site, such as discussions about the types of species, catching methods, as well as possible projects and initiatives in the community that we may engage with.

“During my younger years, older fishers taught me specific zones where jacks and other fish would naturally be found, including information on the tidal time when they are most abundant. I kept that information and would teach it to younger generations because I am already old.”

Engagement with the tidal flats is perceived to offer calmness and a place for contemplation. These narratives related to a sense of place and connection were obtained from the gleaner and fisher, respectively.

“I feel a therapeutic effect when I see the tidal flats' serenity. This includes the satisfaction when I fill my bucket with clams and snails. It becomes even more satisfying when I come home and see my family gather around and investigate my catch.”

“I go to the area to fish but also to contemplate at the same time. The calmness of the area helps to stimulate my thinking and helps me decide on my plans.”

Recreation and leisure is also indicated by the participants, as follows:

“Gleaning is not only for collecting invertebrates but also for relaxation. It has been my pastime, so I feel unwell if I cannot glean for weeks or months.”

“When fishing with peers or family members, sometimes we engage in simple fishing contests, providing us with relaxation and friendly competition.”

Many fishers and gleaners visit the area to regulate emotions, such as during conflict or disagreement. In most cases, a solution (or reconciliation) is achieved as reflected in these statements:

“Tidal flats help me to control emotional difficulties and struggles with other people in the community. For example, the simple happiness and contentment of other gleaners I observed at the site remind me to be mindful and considerate of people's feelings.”

“When I have disagreements with my spouse, I sometimes go to the tidal flats for a while and catch fish (high tide). Tidal flats are easily accessible due to their proximity to the coasts. When I come home, tensions are often eased when I present the catch. Sometimes, my catch may not be enough for a meal, but I still gain reconciliation, perhaps because my spouse acknowledges my effort.”

Meanwhile, gleaners observed that the activity offers a natural discovery learning scheme for their young children (non-gleaning children) as they engage with play-based curiosity in the tidal flats. This was not mentioned by fishers, as younger children are typically not accompanied during fishing. Emphasizing the child's learning and social development, a gleaner expressed:

“During gleaning, my 6-year-old child sometimes accompanies me, which I allow due to the vicinity and relative safety of the tidal flats at low tide. We bring a large umbrella or headwear, water, and food to protect ourselves from the heat. At the same time, I can watch him while he investigates and learns educational concepts with the tiny animals in the tidal flats.”

Some settings are provided in Figure 9 (communications and group dynamics), which are viewed as instrumental in shaping and preserving cultural services provided by the tidal flats.


[image: Figure 9]
FIGURE 9
 Examples of on-site settings associated with cultural services. Gleaners and fishers (families or friends) travel in groups to reach the tidal flat area, often cooperating and communicating with each other (A); a woman gleaning bivalves with her friend, other gleaning groups shown at a distance (B); a fisher with her catch- a jack species which commonly occur at specific zones and certain seasons, an information that she teaches to her children and local youths (C).





Discussions


Provisioning services
 
Marine fauna caught and catching methods

Catches vary between gleaning and fishing, primarily depending on the water level of the shifting tides. As most invertebrates have limited mobility, they are easily obtained by gleaners during low tide. Nonetheless, benthic invertebrates are probably still present in the area during high tide, but due to tidal currents and deeper water levels, they may be difficult to obtain. Most catch groups, such as bivalves and gastropods, are less motile than fish and thus are easily obtained by gleaners (Aldea, 2022, 2023). On the other hand, the catches during tidal flat fishing are obtained when the area is inundated. Tidal flats serve as shelter (by burrowing benthos), foraging, and breeding grounds for many species (Dittmann, 1995; Withers and Tunnell, 1998; Kinoshita et al., 2010; Dashtgard, 2011; Murray et al., 2015; Henmi et al., 2017; Chen et al., 2024), potentially supplying species associated with gleaning and fishing. Bioturbation enhanced by tidal flat residents amplifies nutrient cycles and productivity in the tidal zones, augmenting species distributions (Brückner et al., 2021; De Smit et al., 2021).

Gleaners generally glean on pebbled or partly rocky tidal flats (Figure 4), likely due to most gleaned species being associated with these substrates, as represented by burrowing bivalves (e.g., clams) and gastropods (e.g., limpets, neritid and turbinid snails, etc.). On the other hand, fishers generally frequent mudflats, which may be due to fishes (e.g., jacks, mullets, ponyfish, rabbitfish) and crustaceans (e.g., shrimp and crab) foraging in these areas or partly due to relatively smooth surfaces that are less likely to damage their gear. Fishes caught during gleaning and cephalopods during fishing are usually non-target species. Further, it is important to note that tidal flats on the island are adjacent to other coastal habitats (e.g., seagrass and/or mangroves), whose proximity potentially provides synergistic effects on species abundance, given the comparable productivity and interconnectedness of these habitats (Skilleter et al., 2017; Worthington and Spalding, 2018). For instance, seagrass and mangrove fishes, such as snappers (Bastos et al., 2022) and siganids (Honda et al., 2013), are also reported by tidal flat fishers in the current study. It has been described that many species use multiple adjacent coastal ecosystems (Aldea et al., 2014; Bloomfield and Gillanders, 2005), suggesting the contributory role of these zones to the species distribution in the tidal flats. Variations in the species generally caught in the two activities may serve as resource-utilization options for coastal communities. It should be emphasized, however, that species groups are summed in all sites based on the reports of the current gleaners and fishers. Thus, future studies on specific sites and with larger samples of gleaners and fishers may show different compositions of species in the tidal flats.

As most of the catch is allocated for family consumption, gleaning and fishing provide an outright source of food. This augments nutritional requirements for coastal families. Seafood is an excellent source of protein, fatty acids, and other nutrients essential for human health (De Guzman et al., 2019; Hicks et al., 2019; Shalders et al., 2022). Among Filipinos, seafood is an important protein source, accounting for 42.2% of animal protein intake [Department of Science and Technology—Food and Nutrition Research Institute (DOST-FNRI), 2020], which is probably much higher in small islands and coastal communities. Considering that many of the coastal families are economically challenged (Aldea, 2023), this provides nutrient-rich yet easily accessible food for the fisherfolk, in contrast to other related but expensive food in the mainstream market. In addition, tidal flats are generally safer and accessible, even during the rough season, thus providing food and economic support when offshore fishing or farming is difficult or temporarily non-operational.

Gleaners use their bare hands or simple tools when catching tidal fauna. This is similar to gleaning activities in other areas, where generally simple tools or traditional methods are used to collect intertidal species (Furkon et al., 2019; Stiepani et al., 2023a,b). Most coastal gleaners (including those gleaning in other coastal ecosystems) believe that their methods have no or have only negligible damage to the ecosystems (Aldea, 2023), primarily associating the general subsistence nature of utilization. Tidal flat fishing similarly exhibits this trend due to the simple fishing gear and the general allocation of catch for the family, although selling may follow in some surplus catches. An earlier study about gleaning in the area (including other coastal ecosystems) found that utilization frequencies are strongly positively correlated with the increase of catch (Aldea, 2023), suggesting sustained services despite the increasing utilization rates. Further, the shifting activities (gleaning-fishing) associated with tides may divert resource utilization at times, thus potentially reducing pressures on target species in the tidal flats; shifting tidal actions influence and enhance activities of tidal migratory species (Reis-Filho et al., 2011; Murray et al., 2015), which may increase resource stock availability for the community. Nevertheless, while these utilization patterns suggest sustainable practice, assessment may be needed to ensure the long-term viability of the tidal flats and their subsistence fisheries. To date, there is no other information on fishing activities (and pressures) in the tidal flats in the area, with most observed fish in the market caught from offshore waters or coral-seagrass areas.

Gleaning in tidal flats is generally practiced in shallow waters or exposed areas, which agrees with earlier studies about gleaning in coastal ecosystems (Del Norte-Campos et al., 2005; David et al., 2024). Meanwhile, fishing is conducted in relatively deeper intertidal areas associated with tidal movements, where migratory fauna is expected to enter (or re-enter) the tidal zone, as shown by Reis-Filho et al. (2011) on fish captures being caught with the changing tides. Both activities indicate the importance of resuming or coordinating the activity (if in groups) associated with tidal fluctuations, marking the inundating tidal cycle as an important attribute of resource utilization in the tidal flats.



Time spent, catch, CPUE, frequency, monthly catch, monthly income

Time spent in the tidal flats is higher in gleaning, which can be explained by many gleaners utilizing the area most of the time (in contrast to fishers who mostly utilize mixed sites for fishing, aside from the tidal flats). The difference in the catch per trip is detected, demonstrating a higher catch (kilogram) among gleaners. Catch rates of gleaning and fishing, however, show a similar extent of operation (non-significant difference in catch rates). Aldea (2023) found a non-significant difference in the gleaning catch rates of the tidal flats compared with other coastal ecosystems on the island, suggesting their resource viability relative to other habitats. Complex organism interactions play in the tidal spaces (Dittmann, 2008; Kinoshita et al., 2010; Dashtgard, 2011; Hill et al., 2021), facilitating species richness, which may be relevant to obtaining gleaning-associated resources. On the other hand, many fishes utilize tidal flats as part of their life history (Franco et al., 2006; Nagelkerken, 2009; Siliprandi et al., 2019), which may boost fishing catch rates. Unfortunately, there is limited information on tidal flat fishing catch rates in the Philippines for comparison. Future studies on catch rates focusing on specific gear and utilized area, including using the more complex CPUE definitions between fishing and gleaning (e.g., area placed by net/time spent during netting, area walked/time spent during gleaning, etc.), may be conducted to fully describe the associated CPUE and perhaps explain the CPUE concept at species levels.

The frequency of trips is significantly higher among fishers, partly due to additional schedules (fishing at night and during neap high tides). This may have corresponded to a non-significant difference in the monthly catch between gleaning and fishing (higher daily catch in gleaning but higher frequency of trips for fishing). This is further supported by incomes from both activities, which were not significantly different, demonstrating economic importance (with relatively similar scales) for coastal households involved in both activities. Food resources associated with the tidal flats are generally described in other coastal communities (MacKinnon et al., 2012; Murray et al., 2015, 2019), highlighting possibilities for income-generating ventures. Like gleaning (De Guzman et al., 2019), fishing in the tidal flats is also linked with subsistence provisioning, although several fishers may sell their catch in the neighborhood (small-scale, similar to gleaning), especially with abundant catch. In general, gleaning and fishing in the tidal flats reflect a subsistence nature (though some individuals or households gain modest financial benefits) and are potentially vital components of the economics of many coastal families.




Cultural services

Responses about cultural services associated with the tidal flats are diverse and encompass beneficial effects on self, family, and community. All cultural services were noted in both gleaning and fishing, except for children's natural discovery learning (only associated with gleaning) (Figure 7), as small children are not usually accompanied during fishing. The outline of the cultural services (Figure 8) depicts the whole cultural benefits, illustrating the holistic picture of cultural benefits derived from both gleaning and fishing. These suggest the integral connections of the tidal flats in social cohesion (which is highly associated with traditional knowledge transfer), natural beauty appreciation, and benefits related to emotional and social wellbeing. It has been described that resource utilization provides livelihoods and potentially improves the wellbeing of coastal folks (Koh and Khim, 2014; Lau et al., 2019; Grantham et al., 2020).

Utilization of tidal flat spaces engages resource users in communications and collaborations within the community. Related perspectives are exhibited in a forest utilization scheme in the Solomon Islands through a collective activity, emphasizing shared cultural connections and community cooperation (Raymond and Kenter, 2016). Likewise, ecosystem engagements offer natural inspiration to communities, which enhances communication and understanding with the public (Daniel et al., 2012; Fish et al., 2016; Lumber et al., 2017; Grantham et al., 2020). Narratives of information sharing (e.g., new communal activities and community projects) as they glean/fish in the tidal flats highlight feelings of belongingness and appreciation, which may enhance the sense of community wellbeing, leading to further community engagements. Stuart (2022) emphasized engagement and collaboration as fundamental to a community's organizational framework. For instance, in coastal areas of Louisiana, USA, community engagement helped to identify nature-based solutions and played a crucial role in coastal restoration projects (Baustian et al., 2020). Through communication and collaborative monitoring by the community (thus, enabling social cohesion), other cases of related local initiatives, such as mangrove projects, exhibited several productive outcomes (Vargas and Asetre, 2011; Aldea, 2024; Vargas-Sapico et al., 2024).

On-site tidal flat activities also highlight the transfer of traditional ecological knowledge (as embedded in cultural services), providing real-time experiences, such as information on fishing methods and fishing grounds, as well as information on poisonous or venomous species. While a transfer of some information is also possible at home, on-site communications and discussions can be more facilitating due to actual observation and mentorship in the tidal flats' natural settings. Naming systems and resource use practices (e.g., species and their information) are part of traditional ecological knowledge (Secretariat of the Convention on Biological Diversity, 2014; Fernández-Rivera et al., 2024), which are integrated with the cultural services of resource utilization in the tidal flats (Hong, 2012). Fundamental to their activities are strategies passed through generations (Ovung et al., 2022), enabling them to utilize coastal resources, thereby promoting the continued cultural identity of the coastal zones. Demonstrating effective strategies from experienced individuals is often requested by peers, likely due to its direct implications on catch rates. Gleaning and fishing strategies include elaborate practices that may be enhanced through teaching and learning with family members and the coastal communities. In connection, the conservation and management of ecosystems have been highlighted with the role of traditional ecological knowledge transfer (De Sousa et al., 2022), indicating the importance of these cultural service aspects in tidal flat conservation.

Spending time with nature can promote mental and physical health benefits (Bratman et al., 2019; Rueff and Reese, 2023; Stott et al., 2024). This perspective permeates gleaners and fishers' narratives on the obtained calmness and therapeutic effects of tidal flats engagements, an expression drawn from a sense of place and connection. Psychological wellbeing, which encompasses, in part, the influences of mental attributes, social systems, and vitality, has been linked with natural ecosystems, such as green spaces (Dadvand et al., 2016; van den Berg et al., 2016) and coastal environments (Ke et al., 2022). Wellbeing has also been related to ecosystems when people perceive happiness and a strong connection with nature and environmental issues (Grabowska-Chenczke et al., 2022), demonstrating the beneficial effects of contact with natural ecosystems (Kondo et al., 2018; Corazon et al., 2019). Further, a sense of place has been associated with community benefits, such as the case in George Town and Melaka, Malaysia, where person-place bonding has been viewed to contribute to sustainable intangible cultural tourism (Tan et al., 2018), a potential for communities associated with tidal flats in the current study. Meanwhile, leisure and recreation are closely related to a sense of place and connection, wherein people obtain relaxation and quality time (in free time or scheduled recreational engagement) personally or with family and friends. Related engagements in nature-based recreation have been suggested to positively influence health and wellbeing (Rosa et al., 2024). Korean tidal flats, for example, are popular leisure areas (e.g., fishing, sea bathing, resting, sightseeing), recognizing the place where people and nature exist in harmony (Kim, 2013). While in other regions, recreational services may generate revenues (Kreitler et al., 2013), the tidal flats on the island, to date, provide non-monetary recreational values and currently focus on vital local traditions of obtaining leisure with nature.

It is interesting to note that emotional regulations also play a part in the psychological wellbeing of some individuals, suggesting that tidal flats serve as a space for processing emotions and channeling potentially destructive behaviors to productive outcomes. Although less documented in other studies, these may have a specific symbolic meaning tied to the tidal flats' environment. Natural environments are known to reduce stress (Bratman et al., 2019; Coventry et al., 2021), depression, and anxiety (Chun, 2017). However, studies explicitly pointing to the roles of the ecosystems in reducing domestic anger and family tensions are limited, especially in the tidal flat context. Nevertheless, offering the catch obtained from the tidal flats after disagreement with a family member (the case in the narratives) indicates the cultural service's role in emotional regulation and social repair. On the other hand, cultural services potentially extend to younger children's natural discovery learning, as young children play and “discover” on the tidal flats, taking advantage of the relative safety of the tidal flat for young learners. These are non-gleaning children (4–8 years old) who accompany their parents or guardians during their free time, such as weekends or when there is no class schedule. Children's curiosity may lead to learning through basic observation of aquatic fauna, as collaborative play with other children is encouraged. It has been suggested that cognitive development, among others, is enhanced through interactions with nature (Summers et al., 2019). Coastal environment affordance has been associated with the supportive approach in outdoor pedagogy on a Scotland beach (Barrable and Barrable, 2022), accentuating parallel opportunities in tidal flat pedagogy, which may be explored in future studies. All these intangible cultural services are central to the identity associated with the tidal flats. Personal or shared experiences learned within the tidal flats' context may thrive through narratives, ensuring continuity through oral traditions and practice.




Conclusions and recommendations

Tidal flats provide diverse species through gleaning and fishing, which supports the critical roles of tidal flats in providing provisioning services. These utilization schemes generate food and income, which could augment household economics in the coastal areas. At least considering the current utilization schemes, this suggests that the activities are sustainable, although future assessments may be needed for long-term trend analysis. Beyond the provisioning affordances, this study emphasizes indispensable cultural services associated with the tidal flats. Various cultural services are connected with the utilization, providing a sense of personal and community wellbeing. As these benefits are typically communicated or practiced in groups, this may promote intergenerational knowledge transfer, potentially contributing to the preservation of coastal cultural heritage. Given these perspectives, integrated coastal management should include tidal flat conservation in the policy frameworks, promoting coastal land-use strategies designed to avoid or mitigate future anthropogenic drivers of change (e.g., reclamation, human-induced habitat conversion, other forms of coastal development), while maintaining the ecosystem's livelihood value. Further, we acknowledge that several people in the coastal areas may be engaged in multiple livelihoods (e.g., actively gleaning and fishing in a given period); hence, the limitations to capturing perspectives of the mixed livelihood systems. We did not include these individuals to isolate the influences of each activity and draw straightforward comparisons between gleaning and fishing. Future research should consider the inclusion of these groups to further describe the dynamics of the gleaning and fishing activities in the tidal flats.
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