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Abstract. Flying fish (Exocoetidae) represent an important marine resource in
the Aru Islands, Eastern Indonesia, where their eggs have long been harvested
using traditional bale-bale gear. However, recent increases in exploitation by
andon fishers from Sulawesi have placed growing ecological strain on the
resource and raised the risk of social tensions. This study investigates the
dynamics of the flying fish egg fishery, evolving harvesting practices, and the
management challenges associated with bale-bale use. Data were gathered
through field observations, structured interviews (2021-2023), participatory
mapping, and policy review. The results show that 80% of the fishers are
migrants who operate between 2 and 200 nautical miles offshore, using gear that
ranges from simple rafts to double-deck configurations. The overlap of fishing
zones between local and andon fishers has intensified competition, leading to a
significant reduction in egg catch. Furthermore, centralized fisheries governance
has limited the effectiveness of local enforcement. Unregulated harvesting poses
a serious threat to recruitment in flying fish populations, drawing parallels to
challenges observed in lobster seed collection. To mitigate these risks, the study
recommends standardizing gear, restricting bale-bale use to a maximum of 85
units per vessel, prohibiting double-deck rafts, enforcing stricter licensing and
quota systems for migrant fleets, and enhancing coordination between different
levels of government. A collaborative management framework rooted in
scientific data is vital for safeguarding the long-term sustainability of the flying
fish egg fishery in Maluku waters.
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1 Introduction

The flying fish egg (Exocoetidae) fishery represents a traditional yet economically val-
uable fishing activity in tropical regions such as Taiwan [1,2], the Philippines [3,4],
Barbados [5], and Indonesia [6-8]. In Indonesia, this fishery is highly concentrated in
the eastern region [9,10], particularly around the Aru Islands, Maluku [11]. Flying fish
eggs serve as a high-value export commodity, widely used in premium culinary markets
such as tobiko or caviar [12,13]. Beyond its economic role, this fishery also holds
strong socio-cultural significance, deeply rooted in traditional coastal practices passed
down through generations [14,15].

Traditionally, local fishers use a distinctive fishing gear known as bale-bale a float-
ing raft made from bamboo and natural fibers that functions as an egg-laying substrate
for flying fish [16,17]. It's simple and eco-friendly design reflects a form of resource
use that emphasizes sustainability [18]. However, over the past two decades, this tradi-
tional practice has come under increasing pressure due to intensified exploitation by
andon fishers from other regions, mainly Sulawesi who deploy double or multiple bale-
bale units to harvest eggs [19]. Such practices have led to overexploitation, premature
egg harvesting before natural recruitment, and social conflicts between local and andon
fishers [20,21].

Previous studies have mainly focused on the biological aspects of flying fish, includ-
ing morphometric relationships, growth, condition factors, maturity and spawning, re-
productive biology, length—weight relationships, distribution and production, and ge-
netic diversity [22-26], as well as the socio-economic value of the fishery and market
trade [27,28]. Nevertheless, limited research has examined the relationship between
bale-bale design variations, fishing intensity, and their ecological implications for the
sustainability of flying fish egg resources. In fact, technical modifications of fishing
gear are crucial in determining capture efficiency, exploitation rates, and impacts on
spawning habitats [29,30].

The growing exploitation pressure in the Aru Islands has been exacerbated by weak
local governance and monitoring systems [31]. Similar patterns of resource depletion
have been documented in Sulawesi and the Flores Sea, where patforani fishers migrated
to new fishing grounds following stock declines in their home areas [32, 33]. This high-
lights the need for adaptive co-management approaches that involve local communities
in regulating fishing units and enforcing sustainable practices. Although the Indonesian
government has introduced the Flying Fish Fishery Management Plan under the Min-
isterial Regulation No. 74 of 2024, its effectiveness remains limited due to insufficient
technical data and scientific input to guide implementation [34].

Given this knowledge gap, the present study aims to analyze the current practices of
flying fish egg fishing using different bale-bale types in the Aru Islands, assess their
efficiency, and evaluate their ecological and management implications. The findings
are expected to provide a scientific basis for developing sustainable and socially equi-
table management strategies for the flying fish egg fishery in eastern Indonesia, partic-
ularly in Maluku waters.
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2 Materials and Methods

2.1 Field observation

This study was conducted in the western waters of the Aru Islands, which serve as the
main fishing grounds for pattorani vessels. Geographically, the study area lies between
132°30'-134°20" E and 5°00'-7°30' S. Fieldwork was carried out over three fishing sea-
sons, from April to October, during the period 2021 to 2023. The harvesting of flying
fish eggs by pattorani fishers generally takes place along the coastlines of small islands.
To spatially map these activities, fishing locations were systematically documented us-
ing GPS devices (see Fig.1).

Field surveys were conducted directly to record the specific locations where both
local and andon fishers harvested flying fish eggs. Andon fishers are those who tempo-
rarily migrate from their home regions to fish in other, more productive areas [35,36].
In the Aru waters of Maluku, andon fishers generally come from South Sulawesi and
Southeast Sulawesi. They migrate to this region for 3-6 months during the flying fish
egg fishing season, which occurs in the eastern monsoon between April and September
each year, and return to their home areas once the season ends. In addition to recording
fishing locations, catch data were also collected from 175 pattorani vessels through in-
depth interviews with fishers, captains, and vessel owners. These primary data were
then cross-referenced with secondary information obtained from the Dobo Marine and
Fisheries Service and the Aru Port Harbor Master. To ensure accuracy and consistency,
a literature review was also conducted. The fieldwork also involved detailed observa-
tion and documentation of the design and use of bale-bale fishing gear. Three main
gear types were identified: single bale-bale, mixed configurations, and double-deck
bale-bale (see Fig. 2). All gathered data were analyzed using a descriptive approach
and are presented in tables and figures [37, 38] to highlight patterns and support the
interpretation of research results.
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Fig. 1. Research location in the waters of the Aru Islands, vessel resting sites, and operational
areas of bale-bale fishing by pattorani fishers.
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Fig. 2. Deployment of single (a), mixed (b), and double (c) bale-bale fishing gear by pattorani
fishers. Diagram includes a top view of the bale-bale (1), a side view (2), and a depiction of its
operational use at sea alongside a vessel (3).

2.2 Data Analysis

The analysis of fishing effort, production, and catch per unit effort for flying fish in the
western waters of the Aru Islands, Maluku, was carried out using both annual data and
data from individual fishing trips. The evaluation of egg catches results and the influ-
ence of bale-bale gear was conducted using a descriptive analysis. All data were pro-
cessed and presented through charts and tables to illustrate and facilitate the interpreta-
tion of observed trends, with data handling and visualization performed using Microsoft
Excel. The catch per unit effort (CPUE) for each bale-bale fishing gear type: single,
mixed, double, and standardized was calculated using the following basic formula
[39,40].

CPUE=C/E 1)

Where: C= production bale-bale (kg), and E= number of bale-bale (units).
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3 Results

3.1 Trends and Developments in the Flying Fish Eggs Fishery of the Aru
Islands

The term pattorani describes a group of fishers who focus on catching flying fish (Ex-
ocoetidae), including both adult individuals and their eggs. Because of their high eco-
nomic value, flying fish eggs have long served as an important livelihood resource for
coastal communities, especially in the Aru Islands. This harvesting is traditionally prac-
ticed, with one widely used method involving sargassum, a type of seaweed growing
along small island coastlines, which acts as a natural substrate for egg attachment since
flying fish tend to lay their eggs on floating objects at the sea’s surface. In other loca-
tions, local communities rely on ocean currents to deliver eggs that cling to drifting
natural materials like patchouli leaves or coconut fronds along the shoreline.

However, since 2009, with the arrival of andon fishers from Sulawesi, there has been
a drastic decline in the availability of flying fish eggs that local communities can harvest.
The andon fishers use more advanced technology called bale-bale, a device made from
floating bamboo or wood with coconut fronds designed to collect eggs. The increasing
number of pattorani vessels over the years shows a significant growth trend (see Fig.
3A and 3B), while the number and catch results of local fishers have slowed down. The
growth of the local fleet only reached 10% compared to the growth of the andon fishers.
This imbalance has created a need for policies that can balance the capacity between
local and andon fishers. The declining catch trends among local fishers, despite increas-
ing the number of fishing gear units, are likely due to the limited range of their fleet,
which can only operate in nearshore waters, combined with rising competitive pressure
from the andon fleet operating intensively in wider areas (see Fig. 3).
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Fig. 3. Trends in flying fish egg catch by andon fishers (A) and local fishers (B).

In general, three distinct groups of fishers are involved in the flying fish egg fishery
in the Aru Islands: (1) passive fishers who depend on ocean currents to bring eggs to
the shore, (2) active gatherers like pattorani who go offshore to search for eggs, and (3)
adaptive local fishers who emphasize sustainable harvesting practices from year to year.
Andon (migrant) fishers typically operate larger vessels (=15 GT) and may venture up
to 200 nautical miles offshore, while local fishers use smaller boats or traditional loang
boats (<10 GT) with a limited range of up to 12 nautical miles. These differing fishing
approaches are presented in Tables 1 and 2, highlighting the contrast between local,
subsistence-oriented methods and more commercially intensive operations. The in-
creasing number of fishing gear units has resulted in a decline in catch per unit effort,
indicating growing stress on the resource. Variations in gear types such as single, mixed,
and double bale-bale configurations used by andon fishers demonstrate technological
innovations designed to boost efficiency. However, these same advancements may ac-
celerate resource depletion, particularly during critical spawning periods. As a result,
the adoption of management strategies such as setting quota-based harvest limits and
introducing spatial zoning is both timely and essential. These measures align with the
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2023 measurable fishing policy issued by the Ministry of Marine Affairs and Fisheries,
supporting more sustainable use of the resource.

Table 1. Development of Pattorani fishers in the Aru Islands.

Fisher Type Composition Boat size Operating area Target eggs
(%) (GT) (nautical miles) (Species)
Local 20 1-5 2-12 Cypselurus poecilopterus

Andon 20 20235 2200 C).)pselu.rus poecilopterus &
Hirundicthys oxycephalus

Table 2. Development of bale-bale fishing gear in the Aru Islands.

Pattorani  Gear frame Materials Number of Design and construc-
type bale-bale/ boat  tion
Sargassum/ coco- .
Local Bamboo 21-45 Single
nut leaves
Andon Bamboo/ floating Coconut leaves 61-195 Single, mixed &
wood doeble

The differences shown in Table 2 reflect two distinct approaches to utilizing flying
fish (Exocoetidae) resources: local subsistence-based use and commercial exploitation.
The significant increase in fishing gear has led to a decline in catch per unit effort,
ultimately triggering overfishing.

3.2  Development of methods for utilizing flying fish eggs

The methods for utilizing flying fish eggs have undergone significant development
over the past two decades. Between 2001 and 2008, local fishermen still used goshi,
which is natural sargassum, as a tool for capturing eggs. However, since 2009, with the
arrival of fishermen from Sulawesi, this method shifted to using coconut fronds com-
bined with bamboo designed as a single bale-bale. The year 2014 marked the emer-
gence of the mixed bale-bale design, a combination of horizontal and hanging bale-
bale. Finally, in 2019, fishermen from Galesong, Makassar, introduced the double bale-
bale, which consists of two single bale-bale units joined in one frame (see Fig. 4). These
innovations aim to increase capture efficiency but could potentially increase exploita-
tion pressure if not accompanied by strict regulation.
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Fig. 4. The Development of Flying Fish Egg Utilization Technology from 2001- 2024.

3.3  Implication for the Regulation and Control of Bale-bale Gear

The advancement of bale-bale fishing gear has been largely driven by the strong eco-
nomic motivation of andon fishers, who seek to maximize their catches within a short
period, often with little regard for resource sustainability or ecological impacts. As a
result, there is an urgent need for strict technical and managerial regulations. One of the
initial recommended measures is the standardization of bale-bale gear design to ensure
consistency (see Fig. 5). Findings from 95 fishing trips conducted over three fishing
seasons indicate that there were no significant differences in egg catches among the
single, mixed, double, and standardized bale-bale types, with variations in catch
amounts ranging only between 0.2 to 0.6 kg (see Fig. 6).
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Fig. 5. Standardized bale-bale designs used by pattorani fishers to ensure consistency include:
single bale-bale (a), mixed bale-bale (b), double bale-bale (c), and the standardized bale-bale
model (d).
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Fig. 6. Production of standard bale-bale, single, mixed and double bale-bale

Furthermore, limiting the number of bale-bale units is also essential. Data analysis
indicates that excessive increases in unit numbers actually reduce fishing efficiency
(see Fig. 7). Each type of bale-bale has an optimal utilization point: 93 units for the
single type, 69 for the mixed, 57 for the double, and 85 for the standard design. Beyond
these thresholds, CPUE drops sharply. For example, the highest CPUE for the standard
bale-bale was recorded at 3.501 kg/unit when using 85 units.
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In line with the policy of the Ministry of Marine Affairs and Fisheries of the Republic
of Indonesia on quota-based measured fishing, the waters of the Aru Islands, Maluku,
have been selected as a pilot area for the establishment of management zones within
Indonesia’s Fisheries Management Areas. This policy emphasizes not only maximizing
economic benefits but also ensuring long-term ecological sustainability. This study rec-
ommends controlling the number of migrant fishing fleets through the adoption of an
odd-even licensing scheme. Under this system, patforani vessels with odd-numbered
licenses would be permitted to operate in odd-numbered years, and those with even-
numbered licenses in even-numbered years. This rotational approach is considered an
effective means to reduce annual fishing pressure on flying fish egg stocks while sup-
porting a fairer allocation of resources throughout the Maluku region. The Provincial
Government of Maluku is expected to follow up on this recommendation by issuing a
regional regulation that provides a legal basis for the sustainable management of flying
fish resources, particularly the regulation of egg harvesting, in Maluku waters.

4 Discussion

This study found that the increasing exploitation of flying fish eggs (Exocoetidae) in
the waters of the Maluku Islands, particularly in the western waters of Aru Island, has
placed significant pressure on flying fish resources. This pressure has become more
pronounced since 2009, coinciding with the rise in fishing activities by andon fishers,
which has not been matched by adequate exploitation control policies. These fishers
employ bale-bale gear in single, mixed, or double configurations, operating on a larger
scale and with greater efficiency than the gear typically used by local fishers.

The disparity in access to technology and fishing grounds has resulted in unequal
competition and contributed to a decline in catch per unit effort, an important early
warning sign of overfishing [41-43]. This trend supports previous research indicating
that intensified fishing pressure, without regard for the ecosystem’s carrying capacity,
can drive fisheries beyond sustainable thresholds [44]. Furthermore, heavy exploitation
during the spawning season is particularly concerning [45], as flying fish are known to
spawn only once per year [46,47].

Interruption during this critical reproductive period can significantly reduce recruit-
ment in the following season [48]. As such, limiting the number of active fishing units
and regulating the timing and spatial distribution of fishing efforts are vital elements of
an ecosystem-based fisheries management strategy [49-52]. Based on the findings of
this study, it is recommended that the number of andon fishing vessels operating in the
waters of the Aru Islands be limited to no more than 100 units and regulated through
an odd-even licensing system for each fishing season. Under this scheme, vessels with
license numbers ending in an odd digit are permitted to operate during odd-numbered
years, while those with even-numbered licenses may only operate during even-num-
bered years. Furthermore, the number of bale-bale units allowed per vessel during the
flying fish spawning season should be restricted to fewer than 50 units to protect natural
reproductive processes and prevent the depletion of brood stock populations. Andon
vessels found using mixed bale-bale or double bale-bale configurations should face
strict sanctions, including revocation of their operating licenses and administrative fines
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enforced over five fishing seasons (five years). This policy is expected to reduce fishing
pressure, ensure the sustainability of flying fish (Exocoetidae) resources, and promote
more equitable and ecologically responsible fishing practices across the island region.

To date, there are no regional regulations that specifically govern the number of bale-
bale units, gear specifications, or spatial allocation of fishing grounds. The absence of
such regulations increases the risk of overexploitation, particularly for species with sen-
sitive life cycles like flying fish. In this context, the implementation of Indonesia’s
quota-based measured fishing policy by the Ministry of Marine Affairs and Fisheries
presents a strategic opportunity especially through mechanisms such as catch quotas,
spatial zoning, and active involvement of local communities in fisheries governance
[53].

Furthermore, limiting the number of bale-bale units and standardizing gear design
based on the results of this study have proven to be scientifically efficient and are es-
sential to prevent unfair competition between local and andon fishers. This approach is
also consistent with the precautionary principle in tropical fisheries management, which
emphasizes setting exploitation limits before resource degradation occurs [54]. Enhanc-
ing the capacity of local fishers through technology transfer adapted to local conditions
and human resource development should be a priority. These efforts are crucial to pro-
moting self-reliance, equitable access to resources, and sustainable livelihoods for
coastal communities in small island areas.

Overall, adaptive and participatory management is critical to ensuring the sustaina-
bility of flying fish egg fisheries in Maluku waters, particularly in the Aru Islands. Key
recommended strategies include limiting the number of bale-bale units, implementing
rotational zoning through an odd-even licensing system, and developing local regula-
tions based on ecosystem wisdom. These recommendations are in line with Indonesia’s
national fisheries policy and support ecological preservation, socio-economic equity,
and the long-term sustainability of flying fish egg utilization in Eastern Indonesia es-
pecially in Maluku, which is rich in marine resources. Such utilization must also go
hand in hand with efforts to improve the welfare of its coastal communities [55]. Fur-
ther research is strongly recommended to monitor stock dynamics, examine the influ-
ence of spawning seasons on catch outcomes, and evaluate the effectiveness of policies
within a comprehensive management and control framework for flying fish utilization
ultimately ensuring resource sustainability and the well-being of local communities in
Maluku’s small islands.

5 Conclusion

This study demonstrates that although technological advancements in single, double,
and mixed bale-bale fishing gear have improved operational efficiency, they have not
resulted in a proportional increase in catch. Instead, the intensified use of modern gear
has reinforced signs of overfishing, threatening the natural recruitment of flying fish.
Therefore, an ecosystem-based fisheries management approach is urgently needed.
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Standardizing bale-bale gear design, limiting the number of fishing units, designating
managed fishing zones, and implementing a rotational fleet system based on an odd-
even licensing scheme are recommended as strategic measures to balance fishing effi-
ciency, ecological sustainability, and social equity for coastal communities in Maluku.
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