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Abstract

:

The Davao Gulf supports various livelihoods and activities for small-scale and commercial fisheries. However, facing a declining catch, a closed season was implemented to arrest the decline. This study aimed to describe the Davao Gulf fisheries, determine the movement patterns of fishing boats during closed and open seasons, and quantify and compare their catch and their fishing distances. Boat tracking was combined with catch logbook monitoring of fishers and supplemented with interview surveys (N = 35) and mapping surveys (N = 167), including the use of secondary catch data. Results from the interviews showed that the average age of the fishers was 45 years old, with 27 years of fishing experience using motorized boats with 8 HP engines. Their average catch was 7 kg per trip dominated by big-eyed scad (Selar crumenophthalmus), frigate tuna (Auxis thazard), roundscad (Decapterus spp.), skipjack tuna (Katsuwonus pelamis), and yellowfin tuna (Thunnus albacares). There were highly significant differences between the volume of catch of small-scale fishers and commercial fishers after the closure in 2014 (278 t vs. 80 t; p < 0.001) and between the species caught (p < 0.001). Fishing activities were associated with a speed class of 0–1 km/h, while the average moving speed was 5.28 km/h. Fishing ground overlap was common among fishers from the same port of origin but not fishers of different ports. Some fishers move farther away from their port during the closure period. Our study provided a better understanding of fishing effort distribution in the Davao Gulf.
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1. Introduction


The Davao gulf has diverse marine resources that support various fisheries’ livelihoods in the region. It hosts both commercial and small-scale fishers that are engaged in fishing-related activities in their coastal communities that target valuable finfish species [1]. The total annual fish landings of the capture fisheries in the gulf increased from 18,000 tons in 1987 to approximately 21,000 tons in 1995 and increased to 27,000 tons in 2015 [2]. These small pelagic fisheries are vital for nourishing the coastal fishing communities that are highly dependent on the Davao Gulf for their food and livelihood [1].



In the past, part of the fisheries management action plan for the gulf was to increase fish stocks through the establishment of marine protected areas (MPAs). However, the management of small-scale fisheries in a tropical multi-species and multi-gear fishery was challenging and imposed a lot of pressure due to a growing population [3,4]. Fishers who were highly dependent on their coastal resources were more likely to oppose the establishment of MPAs, resulting in marginalization [5]. The displacement of fishers due to the establishment of an MPA could result in fishing farther offshore to exploit new fishing grounds [6,7,8].



Resource use conflict and the displacement of fishers due to fisheries management actions could result in less cooperation among coastal communities, even if there are existing management programs. For example, the implementation of MPAs and large fishery closures in fishing areas can be jeopardized due to the opposition of fishers and their communities unless they are properly consulted regarding these areas [9,10]. In most cases, closure areas are known to host diverse marine organisms and productive fishing grounds, making fishers reluctant to give them up because they are highly dependent on these resources [11,12]. Large closures are therefore not acceptable to most of them [13,14]. Moreover, studies have shown that successful coastal resources and fisheries management are achieved when these are supported by fishing communities, there is a united leadership, and they are adopted by the local government [15,16]. For these reasons, the implementation of fishing closures on various fishing grounds in the country may require consultation among stakeholders and a legal basis from the local government units for its implementation [17].



One way to ensure that sustainable management of the fish stocks in the gulf occurs is through effort monitoring by tracking the movement and spatial behavior of fishers [18]. The long-term monitoring of fishers’ spatial behavior on the fishing ground integrated with catch logbooks and habitat monitoring can provide critical data and insights that will help fisheries management to understand the condition of fish stocks and their marine resources [19,20]. Fishing effort is the product of the fisher’s displacement from his home port to the fishing ground and back with his catch [21]. Spatial fisheries management has become a tool of choice among fishery managers and marine ecologists looking to preserve the ecosystem and restore depleted fish stocks [22,23,24].



Given the availability of GPS technology, this could help the fisheries management authorities with automation processes as other agricultural sectors have already conducted [25,26,27,28]. It will be very helpful to adapt and use it to apprehend illegal fishers in the closure area, which could enhance the abundance of target species and offer biological, ecological, and industrial benefits [23]. Tampering GPS trackers could be difficult when these are already pre-programmed remotely and sealed which are also used in the transportation sector.



The closed season in the gulf is usually imposed for three months annually, which entails socioeconomic costs in terms of the number of working days for the fishers [29,30]. However, only the commercial fishers are banned from fishing for those three months, preventing them from conducting any fishing operations in the Davao Gulf. These commercial fishing vessels are called ringnets and bagnets, usually described together with the gear that they used to capture fish in Davao Gulf. When not operating during the period of the closed season, some of the fishing crews also take to the sea and fish using small boats until they can be re-hired by the ringnet fishing company. On the other hand, the small-scale fishers (municipal fishers) are free to fish, which means less economic impact on the fisheries in general. There are, however, no supporting data on whether the fishing activities of small-scale fishers do not have consequences on the overall catch in the Davao Gulf. Our study fills this gap by assessing how the closed fishing season could influence the fishing strategies of the small-scale fishers (municipal fishers) and track their movement patterns, as well as their fish catches through logbooks. Our objectives were the following: (1) to describe the existing small-scale fisheries in the Davao Gulf, including the extent of their fishing activities; (2) to determine how far small-scale fishers fish from their homeports, and to identify how the fishing effort was spatially distributed through the area; (3) to investigate whether small-scale fishers differ in their movement patterns during the closed season and the open season. To do this, GPS trackers were deployed to map their fishing effort, and fisher interviews were conducted and supplemented with other types of data.




2. Materials and Methods


2.1. Boat Tracking and Description of Study Sites


Estimates on the number of fishing boats in the Davao Gulf area show 13,930 municipal boats and 289 commercial fishing boats that fish in the gulf [31]. There is a total of 47,000 fishers in the Davao region most of them fish in the gulf, which has an area of 3087 km2. Any fishing boat that weighs greater than three gross tons (>3 GT) and operates for commercial purposes is considered a commercial fishing vessel. Examples of commercial fishing boats operating in the Davao Gulf include ringnets and bagnets, which weigh more than 3 GT and use encircling nets. A ringnet boat usually operates as a fleet having a motherboat, service boat, and light boats to catch a school of fish near a fish aggregating device (FAD), bring the catch to the shore, and use light for aggregating fish schools underneath FADs [32]. Ringnets are smaller than purse seines, usually composed of wood, and do not use power blocks to haul the fish; they will usually haul the fish using their crews. Large handliners are not usually allowed in the Davao Gulf, they operate outside the Davao Gulf and also make use of a mother boat and smaller handline boats called pakuras that are carried on its sides. It weighs more than 3 GT and fishes near the east coast of Davao Oriental, Surigao del Sur, and the Sulu-Celebes Sea, anchoring and fishing where fish aggregating devices (fads; payao) can be found to catch adult yellowfin, skipjack, and bigeye tunas. In contrast, small-scale fishing boats are classified in the Philippines as municipal fishing vessels characterized by less than three gross tons (<3 GT) used mainly for subsistence fishing. These municipal fishing boats are only allowed to operate within the 1–15 km range, while commercial fishing boats need to go beyond 15 km to operate. Moreover, the small-scale fishers were the only fishing sector allowed to fish during the closed fishing season in the Davao Gulf. This study only tracked small-scale fishing boats, using GPS trackers in combination with interviews. We did not track commercial fishers, mainly due to the hesitation of the boat owners to participate in the study. The selected study sites were Governor Generoso and Lupon, which were chosen due to the sizable presence of commercial and small-scale fishers in the two areas (Figure 1).



Governor Generoso has the largest number of active ringnet boats operating in the Davao Gulf with 38 ringnet boats and hosts four fishing companies, with 2341 registered fishers. In contrast, Lupon has a sizable number of active municipal fishers, with 1504 registered. In both areas, the small-scale fishers own their boats and use hooks and lines for fishing. Hook and line fishers use single lines, but they also use multiple hooks and lines, carrying these gears together when they catch fish. There are only a few ringnet boats compared to municipal or small-scale pumpboats because these boats require substantial capital to build the boat, equip it with fishing gear, and invest in fish aggregating devices or payao. An initial study on fisheries and catch monitoring has already provided an active collaboration between participant fishers and the authors, which facilitated the acceptance of the GPS tracking study among them. These small-scale fishers have been part of the pool of respondents in earlier interviews conducted in fisheries surveys in Davao Gulf [30].



Under the fisheries law of the Philippines, small-scale fishers are not obligated to carry GPS trackers or satellite transponders. Only commercial fishing boats operating as medium-scale commercial fishing boats (between 20 and 150 GT) and large-scale commercial fishing boats (>150 GT) are required by the law. During the study, the initial number of GPS trackers deployed was 30 (February 2020). GPS trackers from Reachfar RF-V20 multi-functional personal GPS tracker with a power bank by Shenzhen Reachfar Technology Company Limited were used. These trackers work for GSM networks with bands of 850/900/1800/1900 MHz, which send signals every 10 min on the location of the tracker. This was reduced to 16, mainly due to technical problems and malfunctions of the trackers, and by the end of the study in August, there were only 13 left that were functioning and giving useful coordinates to be analyzed. (Most of the technical problems and malfunctions came from trackers that were inadvertently submerged or splashed with seawater so that afterwards they did not function anymore as reported by our fisher cooperators). The GPS trackers automatically send data to satellites with the movement and track of the fishing boats and then send back the coordinates position to a database that is stored on an internet cloud for easy access and downloading.




2.2. Interview Survey


The boat tracking information was also supplemented with interviews of fisher participants from Governor Generoso and Lupon (N = 35). The interview questions referred to their demographic information (age, fishing experience), fishing operation (number of hours fishing, boat engine power, boat movement speed), catch characteristics, and common fishing areas. Moreover, additional data based on mapping interviews of fishers were also separately conducted, and all identified sites by the fishers as their fishing grounds were plotted and summarized on a map (N = 167).



In addition, the fishers also still use the traditional fishing gears, such as scoopnets and spearguns, that are used to catch large-bodied reef fishes including groupers, snappers, and parrotfishes. While hooks and lines are usually used to catch yellowfin tuna, skipjack tuna, and frigate or bullet tuna (see Figure 2). Some fishing gears, however, have evolved into species-specific fishing gears, such as gillnets for catching finfish. Other gears found were bottom-set gillnets designed to catch crabs and shrimps, locally known as panglambay and pamasayan, while drift or surface gillnets, such as pambolinao or panamban, were intended to catch anchovies and sardines.




2.3. Supplementary Catch Data


Additional supplementary catch data downloaded from the Philippine Statistics Authority website (https://openstat.psa.gov.ph/; accessed on 17 January 2021) were used to compare the catches of the small-scale (municipal fishers) and commercial fisheries before and after the implementation of the closed fishing season in 2014. The data were a record of the quarterly catch of fishers used to check for differences before and after the implementation of the closed fishing season. Catch logbook monitoring data for Lupon and Governor Generoso were also analyzed for participant fishers (N = 20) from January 2020 to September 2020.




2.4. Data Analysis


All quantitative interview data from the fishers were recorded, averaged, and percentages were taken for the age, years of fishing, the number of hours fishing, boat power (hp), catch composition, average catch (kg), and boat speed (km/h). Fishing grounds were identified, processed, and analyzed using raw data downloaded from the GPS website, which consisted of Excel spreadsheets containing the positions (latitude and longitude), speed, direction, date, and time, with each tab divided by day. The data from the PSA (Philippine Statistics Authority), which includes quarterly catch data of various top commercial and small-scale fish catches, were first checked for their normality and then log10 transformed when it did not follow a normal distribution. Afterward, a test for equal variance was done on the data before using ANOVA for comparison of the catches. The same procedure was also done for the data coming from the catch logbooks. These data included the catch per trip, the date of the trip, and the price of the catch. Since there were few complete entries, data were pooled for the analysis to compare the top five species and the area or fishing ground in terms of their catch. A one-way ANOVA and t-test were used for the comparison of the before and after implementation of the closed fishing season and a comparison of the small-scale fish and commercial catches. A two-way ANOVA was used for the species and area analyses of the catch data from the participatory catch logbook monitoring. The software Minitab 17 was used for the data analyses (State College, PA, USA: Minitab, Inc.).




2.5. Identifying the Fishing Grounds and Fishing Effort


All GPS data were georeferenced using Quantum Geographic Information System (QGIS v.3.10.1, www.qgis.org; accessed on 1 April 2020). Each fishing trip was uploaded in QGIS as a shapefile in order to observe the fishers’ behavior. The positions on the land were excluded (usually, this happened when the GPS device was not turned off after the boat reached the coast). One of the standard practices to estimate the fishing effort allocation is based on a boat speed threshold, which identifies gear-dependent speed classes [33]. Thus, to identify the fishing grounds in Davao Gulf, only the speed class that indicates that the fishers were fishing was used in the evaluation. A histogram was built using all speeds recorded, and the speed classes associated with the fishing gears were observed [34]. This resulted in all the coordinates within this speed class being assumed as undertaking a fishing activity. Moreover, in the QGIS environment, a grid layer covering the entire study area was created using the tool “Create Grid Layer”. Each hexagon in this grid area was given a pre-set area equivalent to 3.2 km2 [35], and the number of GPS readings inside each hexagon was counted [36] using the Analysis Tool “Count Points in Polygon”. Note that only the positions within the speed class associated with the fishing gear used in the study area were counted in the analyses; the GPS positions related to travel to the fishing area were not included to make the visual representation of the fishing grounds more straightforward. This procedure created a new grid layer containing the information about the fishing grounds and the fishing effort allocated among them. In the end, the resolution of the fishing grounds was reduced to protect local knowledge regarding the exact location of the fishing grounds. Complementary to this spatial analysis, the number of fishers using each area in the Davao Gulf was estimated by determining the area used by each small-scale fisher and by overlapping these areas to evaluate which ones are more intensively used by several fishers. The minimum convex polygon was used to determine the maximum range that each fisherman fishes. Thus, using the same selected positions (within the fishing gears’ speed class), a polygon was drawn for each fisher using the geoprocessing tool “Convex Hull” to estimate the boundaries of their fishing grounds. The shapefiles of these polygons were projected on the map, and transparency was reduced (20%) to show the overlapping areas, estimating the areas used by more than one fisher.




2.6. Commercial Fishing Seasons Comparisons


To evaluate if the small-scale fishers changed their behavior when the commercial fishing season was closed, we analyzed GPS data from the time before the closure was implemented (20 February–31 May) and during the closure (1 June–31 August). Only five fishers have provided enough data during the open and closed fishing seasons to carry out this analysis. Using statistical software (IBM SPSS Statistics for Windows, Version 26.0. Armonk, NY, USA: IBM Corp.), we tested two hypotheses to evaluate if a possible reduction of the available space for fishing is reflected in two parameters (distance from the port and the speed classes). Seeing that the commercial vessels must fish farther than 15 km from the coast when the commercial fishing season is open, we aimed to understand if the small-scale fishers go to more distant fishing grounds when the commercial boats are not allowed to fish. Also, we hypothesized that during the closed fishing season, the small-scale fishers try to visit a higher number of fishing grounds, which is reflected in the distribution of the speed classes. Therefore, we tested these two hypotheses:



Hypothesis 1.

The fishers forage farther from the home port when the commercial vessels are prohibited.





Hypothesis 2.

The small-scale fishing boats’ distribution of speed classes changes when the commercial fishing season is closed.





First, the distance from each GPS recording to the port of origin was calculated in QGIS using the tool “Distances Matrix” to measure the distance in meters between the two layers. The recently created layer with the distances was extracted as an Excel file, and only the lines within the speed class associated with fishing activity were selected. The non-parametric test Kruskal-Wallis was used to evaluate if the distance from the port to fishing grounds varies significantly between fishers. Hypothesis one was tested by selecting the fishers who had fishing trips recorded during either the open or closed commercial fishing season, selecting only the speed class associated with fishing, and comparing the variance of the distance they fished using the Kruskal–Wallis test. On the other hand, hypothesis two was tested by comparing the variation in speed depending on the commercial fishing season status (open or closed) using the Mann-Whitney U test. In this last analysis, we included all GPS readings from these five fishers.





3. Results


3.1. Description of the Fishers and the Fisheries


The age of participant fishers ranged from 35 to 64 years old, with an average age of 45 years old and with a fishing experience of 27 years; their cumulative fishing experience totaled to 328 years. Each fishing trip from port departure to arrival lasted for 18 h. Their boat engines ranged from 5 to 12 HP, with an average speed of 5.28 km.h−1. These fishers catch 7 kg of fish per fishing trip, using a hook and line. Their primary catch was dominated by big-eyed scad (Selar crumenophthalmus), 23%, frigate tuna (Auxis thazard), 21%, roundscad (Decapterus maruadsi), 10%, yellowfin tuna (Thunnus albacares), 10%, skipjack tuna (Katsuwonus pelamis), 8%, and common reef squid (Sepioteuthis lessoniana), 8% (Figure 3A). The catch trends of the municipal and commercial fishers are shown in Figure 3B, where their catch data were analyzed comparing before the implementation of the 2014 closed fishing season (data used 2002–2013) and after the implementation in 2014 (data used 2014–2019).



The analyses of the catch data before the period of the closed fishing season in 2014 showed highly significant differences [F(1, 670) 45.74, p < 0.001], with the small-scale fishers having an average annual catch of 357 t compared to 217 t for the commercial fishers; this difference in catch further widened after the implementation of the closure in 2014, with the commercial fisheries catch dropping to an average of just 80 t since 2014 while the small-scale fisheries catch also decreased to an average of 278 t [F(1, 334) 123.41, p < 0.001].



The t-test between catches of small-scale and commercial fisheries (using the catch data from 2002–2019) showed that the catch of small-scale fishers (329 t) was twice as high compared to the catch of commercial fishers (156 t) (t (1006) = −11.43, p < 0.001). At the same time, a quarterly analysis of the catch comparison did not yield any significant differences in the catch of the small-scale and commercial fishers [F(3, 500) 1.19, p = 0.314]. For the catch logbook data, significant differences were shown for the catch of the top five species with more than 30 entries compared [F(4, 298) 13.15, p < 0.001], but not in terms of the location or site [F(1, 298) 1.16, p = 0.282]. This means that the length of time of participation of fishers matters when using the catch logbook, e.g., nine months for those enrolled fishers in Lupon and Governor Generoso where data was compared. In addition, the number of participants using the catch logbook may not have been enough due to fewer data entries retrieved from the fishers at the study sites. However, it was shown that in terms of catch composition in the pooled data, the following catch species were frequently recorded and counted: skipjack tuna was highest (8 kg·trip−1), followed by the common reef squid (4 kg·trip−1), then big-eyed scad (2.5 kg·trip−1), frigate tuna (2.2 kg·trip−1), and roundscad (1.8 kg·trip−1).




3.2. Fishing Grounds and Effort Allocation


There were a total of 51 fishing boat tracks for Governor Generoso fishers and 213 boat tracks for Lupon fishers during the period of boat tracking. Most of the fishing trips were day or night trips, with fishers usually visiting shallow (<100 m) or deeper fishing areas (<1800 m). Line fishing was usually used for small-pelagics but could also be used for catching tuna. The speed recorded by the GPS devices was grouped into speed classes averaging 5.28 km/h with a standard deviation of 7.13 km/h (N = 8861), and by far, the most frequent speed class was between 0 and 1 km/h with more than N = 4000 GPS readings within this speed class. During the data analysis, we associated the frequent boat stops and waiting habit of the fishers to hook and line because, during the interview, the fishers have mentioned that they would depart from the port carrying baits with them or fish as a bait and then begin fishing once they reach their fishing grounds. Thus, we associated the speed class between 0 and 1 km/h with this fishing gear. Hence, when a GPS position had a speed that was within this speed class, we assumed that a fishing activity was taking place and used that information to identify the fishing grounds (Figure 4A,B).



Usually, the fishers leave the port and travel at a faster speed with a straighter trajectory to their fishing grounds. Once they reach their destinations, they slow down and stay there to fish. These fishing sites, where they stop and stay for a while, recorded speeds lower than 1 km/h and were identified on the map (Figure 4A), and the respective time spent in each hexagonal area was represented by different colors. As can be observed in Figure 4A, hexagons with more intense colors represent fishers who spent more time in that area. In both ports, they have an area that was intensely fished near the port and some areas with varying degrees of effort that spread further away from the port. This high frequency of GPS recordings indicates a higher degree of fishing effort in the area, which can be caused by a few fishers who spend a long time in the area or by many fishers who also use the area for fishing.



To investigate the number of fishers visiting each area, the minimum convex polygon analysis can reveal where the fishers may overlap with each other for their fishing grounds (Figure 4B). Most fishers from Lupon and Governor Generoso showed a tendency to fish towards the southwest direction from their respective home ports. In addition, some fishers have effort distributed just a few kilometers from their homeport (<10 km from Lupon and roughly 22 km from Governor Generoso), while other fishers concentrated only in a smaller area closer to the port. Moreover, the map also showed that intra-zonal visits of fishers from the same port occurred in their various fishing areas, but there were no recorded instances of interzonal visits from the two ports of origin throughout the duration of tracking, which seems to show that they strictly adhere to their own designated fishing areas (Figure 4B). In both ports of Lupon and Governor Generoso, several fishers were observed fishing in either the offshore areas or in areas closer to the shore, which was confirmed by the consolidated map based on interviews of fishers in the Davao Gulf, with fishing intensity being high nearshore in Lupon and Governor Generoso as well as in Bunawan and Lasang in the Davao City and towards the middle portion of the gulf (Figure 4C).




3.3. Comparison between Open and Closed Fishing Seasons and between Sites


The result of comparing the distance traveled between fishers using the Kruskal–Wallis test on distance traveled from port to fishing ground varied significantly between each fisher (p < 0.05). For instance, some fishers did not travel farther than 10 km from the port, such as fishers A, E, F, I, L, and M, while other fishers would fish between 10 and 20 km from their port of origin, such as fishers B, C, D, G, and K (see Figure 5A). Only a few other fishers would usually fish farther than 20 km from the port using hook and line; they were fishers H and J, approximately 27 km and 35 km, respectively. Even though the variation in the distance fished was significantly high among all fishers, there were significant similarities among the small groups of fishers. Those fishers operating from Lupon (eight fishers) were fishing less than 20 km most of the time, but so were the three fishers from Governor Generoso. This could indicate that the two fishers who were fishing much farther away than the rest of the group could have been avoiding heavily fished areas near the shore (see Figure 5).



In addition, the comparison between the speed and distance traveled during the open and closed fishing seasons by the selected fishers with complete tracks were compared to identify changes in the behavior of the small-scale fishers (Figure 5B). The distance traveled from the home port was tested on five fishers who had enough data during both the open and the closed fishing seasons. Two of them were observed fishing significantly farther away from the port during the closed fishing season when compared to the open season. The other three fishers (E, H, and K) did not exhibit significant changes regarding the distance they fished during the open and closed fishing seasons. In summary, for Hypothesis 1 on whether the fishers went farther away from their home port during the closed fishing season, fishers D and G have shown that they fished in more distant fishing grounds.



On the other hand, the speed at which the fishers moved to their fishing grounds did not vary significantly (p > 0.05), even when there was an implementation of the closed fishing season (June, July, and August). The five small-scale fishing boats tracked in this analysis did not show a significant change in their speed between seasons. Although, we observed a slight increase in the relative frequency of the speed class associated with the fishing activity 0–1 km·h−1 (Figure 5C). The other speed classes follow roughly the same pattern in both seasons, with similar peaks in the same classes.





4. Discussion


4.1. Boat Tracking and Sustainable Fishing


Studies on the assessment of fishing effort using GPS trackers provided to fishers are rare in most tropical areas. This is because only commercial fishing boats are required to carry satellite transponders, with automatic identification systems (AIS) and vessel monitoring system (VMS) as standard practices [37]. These are used to monitor the movement and fishing activities of commercial fishing vessels and are known to provide effective management oversight [38]. The use of GPS for time-area closures has been applied for a long time in temperate fisheries and is being used to provide more accurate data of positions and tracks and give a more precise effort assessment in the fisheries management [6,20,38]. It seems that the application of GPS in the small-scale fisheries could provide a motivation for fishers to be more conservative in their attitude toward fishing compared to considering their fishing grounds as an open access as they become more conscious or aware of different area restrictions imposed on their fishing activities [6,18]. In the Davao Gulf, the use of GPS trackers could enhance the implementation of a closed fishing season among fishers to detect the magnitude or intensity of their presence in an area during the closed or open season. The gulf is for exclusive use by small-scale fishers but also for tourism and commercial logistics or transportation. However, there is no international commercial fishing allowed in the area.



In addition, given that the sheer number of small-scale fishers in the country can have a collective and negative impact on the marine ecosystem due to unsustainable fishing practices, pilot sites can be implemented where small-scale fishers are incentivized by the government and NGOs (non-government organizations) by connecting them directly to their markets when their catches are traceable using digital technology [39,40].



Sustainable fishing, which includes solutions such as catch traceability, area restrictions, and time closures, is sometimes presented as an “either-or” choice between food security and the conservation of fish stocks. Fishers gain more when their catches are traceable and are facilitated to be directly connected to their markets [41,42]. Without gear-based restrictions, sustainable eco-tourism, time area closures, and market-based solutions, the open-access nature of the fisheries can lead to further deterioration of the food security and a possible loss of slow-growing, large-bodied fishes due to overfishing [11,43,44,45]. The removal of these fishes, which are the top predators in the ecosystem, can lead to broad phase shifts, resulting in algal growth and an increasing number of invertebrates [46,47,48]. As previously shown in the frequently caught species in the study areas, apart from fish species that included Selar crumenophthalmus, Auxis thazard, Decapterus maruadsi, D. macarellus, Katsuwonus pelamis, and Thunnus albacares, invertebrates such as common reef squid and the Philippine octopus were also abundant in the catches. Although there were no studies relating the abundance of these invertebrates to the decreased abundance of pelagic fishes, it could be possible that their recent increasing abundance might indicate the over-harvesting of large finfish species that usually prey on them and control their abundance in the marine ecosystem.




4.2. Comparison between Small-Scale and Commercial Fisheries


The comparison of the fish catch between the small-scale and commercial fisheries has shown that ever since the implementation of the closed fishing season, there was a downward trend in the catch of commercial fishers, while there was an increase in the catch of small-scale fishers [2]. While this could be laudable, it has been shown that protected sites need multiple years of protection for the effects of conservation to become evident [16,49]. There is a needed period of adjustment for both the commercial and small-scale fishers, including the coastal communities, with the implementation of new management regimes [10]. Managing the excess boat and fishing gear capacities may take some time after the imposition of the closed fishing season, but a follow-up moratorium in terms of the number of boats and fishing gears to be licensed in the fishing grounds should be actively sought [30,50]. Together with a more effective campaign for a fishing and non-fishing-based alternative livelihood program, e.g., eco-tourism, this could help some, if not many, of the fishers eventually leave the fisheries, moving on to fish processing activities such as drying, salting fish, fish sauce processing, seaweed farming, vegetable gardening, and livestock raising [50].




4.3. Effort Allocation of Fishers


There were differences in terms of the effort allocation of the fishers from the two homeports, especially in terms of the distance traveled and as well as in the depth of fishing grounds exploited. This probably has some relationship with regards to their target species [32] and their boat power. Based on our previous interviews, the age of fishers and their boat power generally show a pattern of how far they can go fishing and the type of fishing grounds that they will exploit. Larger engine sizes will enable the fishers to navigate against larger waves and stronger winds.



We have also identified that the fishers usually visit the same fishing grounds that they visited the previous day. This was similar to the case of FAD fishers interviewed before, who also behaved in the same way by previously visiting FADs they had previously exploited [8]. Some significant changes to their fishing route were also observed, but they were less frequent, and this type of behavior was assumed to be due to their years of fishing, taking into account some factors such as the estimated arrival time in their fishing grounds and the amount of fuel needed for their overall travel [51]. The fishers usually exploit the fishing grounds, which have proven to provide enough fish catches. Occasionally, they try to explore new fishing grounds to fish. However, as shown by the intensity of effort allocation in the two study sites, small-scale fishers seem to have a preference for nearby areas [51], which quickly become intensely fished [52]. It is also possible that because the boat power and boat designs are usually small; the boats cannot go far from the shoreline. This might have a consequence on the primary goal of conserving fish stocks. Understanding why these fishers usually exploit these areas should provide a better reason to protect or limit the fishing intensity occurring in these areas. Although the individual catch contribution of small-scale fishers was much smaller compared to commercial fishers, the constant fishing pressure can also cause fish stock depletion and allowing them to fish beyond what is necessary could result in a highly exploited fish stock in the area [53,54]. Most of the catch of small-scale fishers are usually sold to their neighbors and the public market. During the closed season, the prices of fish in the public market are usually higher than other months due to lower supply [55].



Since the overlap between small-scale and commercial fishing grounds has been observed in some areas [56], we expected to see a possible competition for marine resources in the Davao Gulf reflected in the small-scale fishers’ behavior. However, the differences in the behavior of small-scale fishers observed between the closed and open fishing seasons were not significant regarding the differences in speed classes and the distance they go fishing. It might be caused by the fact that small-scale fishers did not change their behavior when commercial fishers were not allowed to fish. It could also be possible that the small number of fishers who provided enough data in both seasons (N = 5) was not sufficiently powerful to identify changes in their behavior. Although there were two fishers (D and G) who significantly changed the distance they went fishing during the closed fishing season by fishing in more distant fishing areas relative to their homeport, this might indicate possible exploitation of available fishing grounds more distant from the nearshore [21]. The closed fishing season in the Davao Gulf was rarely a problem for the small-scale fishers, as they remained free to fish in whatever season, and they can target their preferred fish.



Furthermore, participatory GPS tracking that includes fishers’ anecdotal information can lead to accurate estimates of the distribution of their fishing effort. Although it is advocated that using speed alone can represent the fishing grounds with inaccuracy [57], for small-scale hook and line fishers, their effort allocation was illustrated well when this was compared with the tracks obtained containing GPS positions that were connected chronologically. Remarkably, the small-scale fishers in the Davao Gulf tend to move in the southwest direction of their port of origin, without any overlap being observed between fishers from the two ports studied. This indicates a possible division of resources (i.e., fishing areas) between ports and suggests a degree of turfing behavior between fishers, as can also be observed in commercial fishing. Although the speed related to the fishing activity was identified between 0 and 1 km/h for most of the fishing gears used in the Davao Gulf, it was also noticed that the histogram of speeds has other peaks in different speed classes (e.g., 2–3 km·h−1 and 7–10 km·h−1), which might indicate the use of other fishing gears to a smaller extent. Hence, it is suggested that some fishing gear might have been used with those boat movements, and the use of other fishing gear might require the boat to be almost stationary. It is possible that the other peaks in the different speed classes also represent the traveling speed to the fishing grounds, which were identified to follow a straighter course. Given that the number of fishers tracked in this study was relatively small, more studies considering other variables, such as turning angles and more fishers tracked, are necessary for a more complete description and understanding of the fishing grounds and fishing effort allocation in southern Philippines.





5. Conclusions


This study generated new insights regarding small-scale fisheries in the Davao Gulf by providing primary fisheries data on the movement patterns of boats, their speed, frequency, and intensity of fishing, and by mapping their spatial behavior. It presents the essential information required for more complex and reliable estimations of catch, effort, and CPUE [58]. In this study, the effort allocation was different in the two study areas (Lupon and Governor Generoso) due to differences in age, fishing experience, engine size, and spatial behavior among fishers. We also described the main fishing gears used by the small-scale fishers, observed patterns of the fishing trips, and evaluated the seasonality. Moreover, this study demonstrated that a low-cost GPS tracker can be used by fishers in their daily fishing activities, which could instill a compliance behavior among fishers and enable more traceable, well-managed local fisheries. If this study were applied to a wider area, the success of its implementation could lead to benefits related to solving fisheries management issues such as open-access fisheries. Moreover, the data generated from the monitoring of the impacts of fishing on the target stocks can show distribution patterns and changes in fishing activities due to the impact of regulations in such closure areas [59,60]. Thus, this study supports the use of GPS tracking to evaluate the small-scale fishing effort and enhance the engagement and participation of fishers in fisheries management. In some areas or other fishing grounds where the fisheries management may not prosper, there could be a need for other types of intervention, e.g., livelihood provisions, payment for seasonal work, together with seasonal area closures to be implemented [61].
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Figure 1. Map of the study sites Lupon and Governor Generoso in Davao Gulf, Philippines. 
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Figure 2. Samples of fishing gears used by small-scale fishers of Governor Generoso and Lupon; (A) speargun, (B) scoopnet, (C) gillnet, (D) samples of hooks, (E) multiple hook and line, and (F) species specific handline. 
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Figure 3. Fisheries catch characteristics of Davao Gulf, based on interview of fishers (N = 35) (A); catch trends (tons) since 2002–2019 of the municipal (small-scale fishers) and commercial fishers (broken line shows start of implementation of closed fishing season) (B). 
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Figure 4. Fishing grounds identified in the eastern side of the Davao Gulf: (A) shows the density of GPS recordings from the boats departing from Lupon and Governor Generoso (number of GPS recordings inside each hexagon is indicated in the legend of each map); (B) shows intensity of fishing effort estimated by number of boats (darker blue polygons represent more fishers have been observed fishing in that area); (C) shows the interview map used to validate the outcome of the GPS tracking, showing the various fishing grounds of fishers from Davao Gulf including their fishing intensity. 
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Figure 5. Mean distance from homeport to fishing ground with error bars, 95% CI (A); the other graph also shows the mean distance travelled by fishers from the homeport depending on the fishing season (closed, open) with error bars, 95% CI (B); the histograms on boat speed compared speed classes between fishing seasons (open and closed) in Davao Gulf (C). 
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