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— ABSTRACT

Rice eel (Monopterus albus) was introduced in the Philippines in 1905 as an aquaculture species

without a thorough evaluation of its possible negative impact on the environment. In Cagayan Valley Region, it
is being considered as a pest due to the economic loss it brought to farmers as it bore holes on the dikes, draining
the water from the rice field, thus, contributing to the additional expense of the farmers. However, from the
economic point of view, the species offered great potential as an export commodity due to its broad export
market in East Asian countries. Hence, this study was conducted to determine the most efficient and effective
method of controlling the proliferation of rice eel in rice fields in the Cagayan Valley region while preserving its
integrity as an export commodity. Twelve (12) municipalities were chosen as the study sites based on validated
reports of the high occurrence of rice eel. Three fishing methods, namely, fish trap (FT), hook and line (HL),
and electrofishing (EF) gadget, were utilized. These gears were set during the dry and wet seasons. Catch and
catch per unit effort (CPUE) were used to determine gear efficiency, while monetary values, net income, and
ROI were used to assess the profitability of the gears. Results showed that electrofishing gadgets exhibit greater
efficiency among the three fishing gears. The EF gadget also has the highest CPUE (4 individuals) per hour
while only around 0-1 per hour for FT and HL. Seasonality does not affect the efficiency of the three fishing
gears. Also, there is no significant interaction between seasons and fishing gears (p = 0.525). Computed annual
net income and return on investment (ROI) is also greater using EF (PHP 407,630.40/ha/year with 569% ROI)
compared to HL and FT (net incomes of PHP 113,244.68/ha/year and PHP 161,618.99/ha/year, and 261% and
309% ROI, respectively). However, the use of EF as a control measure should entail restrictions such that only
within rice farm areas and not in open waters and only after harvest or before planting with issued EF licenses
and permits from BFAR and local ordinances. Higher penalties should also be imposed for illegal use of EF
such as use in open waters. As an alternative to EE, a combination of FT and HL with modifications or more
environment-friendly fishing gears can be explored to catch and control the rice eel population.
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1. INTRODUCTION

ice paddy eel, (Monopterus albus), locally
Rknown as “kiwet,” belongs to the family
Synbranchidae. It exhibits protogynous
hermaphroditic reproductive behavior. It undergoes
natural sex reversal from female to male viaintersex - a

process accompanied by extensive morphological and
physiological changes of the gonad (Zhou et al. 2003;

He et al. 2010). All individuals are born and mature
as females and sometime later transform into males
(Shafland et al. 2010). Due to this characteristic, rice
eel can increase its population in a short period. M.
albus is a nocturnal feeder. It usually feeds on frogs,
shrimps and small fish, and water loss is experienced
as it creates holes into the paddies' bunds at night
(Lazaro 2013; Valencia 2013 in Guerrero 2014). This
affects the nutrient and weed management in rice
fields.
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Rice eel was introduced in the Philippines for
aquaculture in 1905 without considering its impact
on the environment; thus, it has become invasive
(Juliano et al. 1989; Guerrero 2014). Its invasiveness
has been manifested in the damages and economic
loss it has inflicted in rice farming in the region
(BFAR RO02 2017). Reports of implicated damages are
on the holes it dug on the dikes causing the draining
of water resulting in additional costs of irrigating the
rice fields. Plant strands are also damaged in some
areas since they feed on golden apple snail (Pomacea
canaliculata) attached to rice stalk. Additional costs
on irrigation and replanting are incurred. It was
reported to feed on cultured fish in fishponds, thus
decreasing stock population (BFAR R02 2017).

Despite the negative impacts of M. albus'
invasiveness in rice areas in the Cagayan Valley
(Region 02), the fish has positively contributed to the
Philippine economy. In the first semester of 2013, rice
eel's contribution to the country's export was PHP
517 million. Fishers earn a livelihood from collection,
consolidation, and trading. The fish is sold in local
and international markets in Singapore, China,
Japan, Taiwan, and other Asian countries (Domingo
2013) and is seen to continuously provide economic
opportunities for the fisherfolk (Business World
2013). In 2015, the global production of M. albus
reached 738,380 MT valued at USD 6.87 billion (USD
9.31/kg), with China as the top producing country
with over 367,550 MT valued at USD 3.42 billion
(Tridge n.d.).

Although there is confusion on reporting
of production data from the Philippine Statistics
Authority (PSA), the official data provider of the
Philippines, with production being combined with
other eel species, in 2019, around 750.61 MT eel
production was reported in Region 02 and around
1,564.45 MT in the Philippines (Philippine Statistics
Authority 2020).

Since rice is the country's staple food and
millions of Filipinos are dependent on it for living
and livelihood, efforts should be undertaken to
control the population of rice eel while preserving its
integrity as an export commodity. Thus, there isa need
to effectively manage the rice eel resources, enhance
its economic potentials, and minimize its adverse
impacts on rice and fish farmers. Hence, a scientific
study to determine the efficiency and effectiveness
of different fishing gears used to collect M. albus is
necessary for appropriate policy recommendations
and maximizing the species' potentials.

The general objective is to determine the
most effective and efficient fishing method to control

the rice eel population and recommend appropriate
management and maximum utilization as a livelihood
opportunity for the fisherfolk. Specific objectives
are to 1) determine the efficiency of the three types
of gears (fish trap, hook and line, and electrofishing
gadgets) in terms of catch per unit effort and profit
and 2) compare the efficiency of fishing gears in terms
of CPUE and profit in relation to the season.

2. MATERIALS AND METHODS
2.1 Study Sites

The experimental fishing trial was conducted
in 12 municipalities of the four provinces of Cagayan
Valley (Region 02), namely, Alcala, Amulung, and
Solana in Cagayan; Cauayan City, San Isidro, and
Alicia in Isabela; Maddela, Diffun, and Cabarroguis
in Quirino; Solano, Bagabag, and Quezon in Nueva
Vizcaya. These municipalities were selected based on
validated reports of the high occurrence of M. albus
in said areas (BFAR R02 2017) (Figure 1). In each
municipality, three rice compartments with an area
of 500 m? were selected as experimental areas (EA).
These rice farms are accessible and irrigated, with a
less than 15 cm water level. It is also located in areas
with a high incidence of rice eel infestation.

2.2 Experimental Design

The three fishing gears (FT, HL, and EF)
were the variables tested. Replication was done over
the site. The four provinces were considered as the
replication area (RA). Three (3) municipalities were
chosen as sub-sample areas (SSA) in each RA. In each
SSA, three rice compartments were used as EA to test
the three variables using Completely Randomized
Design (CRD).

On each EA, 18 collection points (0.5 m?)
with 5-meter intervals were assigned. FT and HL were
installed one hour before the collection time in all the
collection points of the rice compartment. Collection
time for all fishing gears was one hour, usually from
7 PM to 8 PM. EF was moved and operated in each
collecting point during the one-hour collection
period. There was no repetition of operation of the
gadget in the collection points during the collection
period. The researcher installed and operated the
fishing gears in the collecting points with the help
of the agricultural technician for fisheries and the
farmer. Collection of M. albus using the three fishing
gears was done simultaneously at every point in
rice paddies. The collection was done either during
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Figure 2. Experimental design lay-out for collecting Monopterus albus. The dots are the area where the fishing gears were laid, having a
distance of 5 m away from each other.
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Figure 3. Tarpaulin used in Alicia, Isabela as well as in other study areas

the vegetative stage of rice, which occurs 15 to 30 days after transplanting or after rice harvesting. Collected
M. albus were labeled, and growth factors such as length, width, and weight of the fish were recorded every
sampling. Sampling was done eight times per cropping season for two seasons in a year using the following

experimental layout (Table 1).

Table 1. Experimental layout on the assessment of the efficiency of fishing gears used to catch Monopterus albus.

Study site Replication
1 2 3
1 EF! FT! HL'
2 EF HI? FT?
3 FT? HL? EF?
4 EF* FT* HL*
5 EF° FT* HL?
6 HLS FT¢ EF¢
7 HL’ FT’ EF’
8 HL? EF FT®
9 HL? EF° FT?
10 HL" FT™ EF*
11 FT" HL" EF"
12 FT" EF*? HL*

Note: Complete Randomized Design (CRD) where: EF = Electro Fishing Gadget; FT = Fish Trap; HL= Hook and Line
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2.3 Fishing Gears used in the Collection of M.
albus

Three types of fishing gears were used in this
experiment, namely electrofishing gadget EF (Figure
4), hook and line HL (Figure 5), and fish trap FT
(Figure 6). Gear calibration under field conditions
was done to determine the efficiency of the gears
tested under a given operational mode. Calibration
was done by setting a collection time of one hour to
catch M. albus and 5-meter interval fishing points
to all fishing gears during sampling periods. This
was the method used by Bayley and Austen in 1987
to standardize the procedure and lessen the bias on
gears used, EF being an active gear while HL and FT
passive gears.

Power Unit Device

Transformer

Before conducting the experimental fishing
trial, stickers were placed in the 12 electrofishing
gadgets before it was used, and tarpaulins of the
research project were provided in the experimental
sites. After the experiment, the tarpaulins and the
fishing gears used were retrieved. A certificate of
authorization allowing the use of electrofishing gadget
was also secured from BFAR Central Office to ensure
that this gadget was only used in the experiment and
was destroyed upon project termination.

The study was conducted for one year during
the wet and dry season in Cagayan Valley Region.
Seasonality was based on the climatic condition of
the region wherein the wet season starts from May
to October while the dry season starts from April
to November. Therefore, all M. albus caught during
these months are categorized as caught during wet or
dry seasons.

Figure 5. Hook and line used in catching Monopterus albus
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Figure 6. Fish trap used in catching Monopterus albus
2.3.1 Electrofishing Gadget (EF)

The EF gadget used in the study consist
of three main parts: a power unit device (12 volts
battery), a transformer, and electrodes (Figure 4). The
power unit produces alternating currents, and the
unit's effect determines the maximum voltage in the
water. The transformer converts the original current
to a direct current of 12-voltage and produces the
pulse's shape, length, and frequency. Direct current is
passed into the water through the electrode connected
to the transformer. It comprises two straight metals
measuring 1-1.5 meters with a PVC pipe handle.
The power unit produces the energy required, which
increases with the conductivity of the water.

An authorization permitting the use of
EF was secured to legalize the use of electrofishing
gadgets in this study. However, the permit was non-
transferable and could only be used by the researcher.
Furthermore, the permit allows only the researcher
to operate the EF gadget in experimental sites during
the study duration. Therefore, BFAR R02 and the
researcher are exempted from the penalties under
Section 92 of RA 10654 for the length of the study.

EF gadget is being moved and operated in
each collecting point of rice compartment for a one-
hour collection period (7 PM-8 PM). This was done
by inserting the electrode in the rice paddies. Once
electrocuted, the fish will go out from the hole they
created, rise to the water surface, or crawl, enabling
fishers to catch them easily. Operation of electrofishing

gadget was only done once in each collection point
during the collection period. The researcher operated
the gadget through the assistance of the agricultural
technician for fisheries and the rice farm owner in 18
collection points of each EA.

2.3.2 Hook and Line (HL)

Hook and line is a gear where the fish is
attracted by a natural or artificial bait (lures) placed
on a hook fixed to the end of a line or snood, on which
the fish get caught (FAO 2001). Hook and line gear
used in the study consist of a bamboo pole (1.5 m
length x 2 cm diameter), #6 hook (20 mm x 11 mm),
and monofilament line (1 mm width) (Figure 5). One
hook and line has three hooks individually attached
to monofilament lines tied to the bamboo pole. The
lines carry the hooks baited with crushed golden
apple snail (Pomacea canaliculata). One hook and
line was installed in each of the 18 collection points
one hour (6 PM to 7 PM) before the collection period
(7 PM-8 PM). Installation was made by digging the
0.5-meter part of the bamboo pole into the rice paddy
of collection points. Then, the baited hooks were
submerged into the water. The fish is being caught
when it feeds on the bait. The lines were checked from
time to time, and baits were regularly changed every
after sampling collection. Caught fish was removed
manually or by cutting the monoline. During the
collection period, a hook and line with cut monoline
was replaced with a new hook and line.

The Philippine Journal of Fisheries
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2.3.3 Fish Trap (FT)

Traps are passive fishing gears in which the
fish enters voluntarily as it is attracted to the bait.
The trap used was made up of 0.8-meter PVC pipe
4” diameter with a non-return valve of 20 cm PVC
pipe 4” diameter (Figure 6). The bait was tied inside
the trap to lure and catch the M. albus. A crushed
golden apple snail (P. canaliculata) was used to bait
the fish trap. The baits were regularly changed every
after sampling collection. One fish trap was installed
in each of the 18 collection points one hour (6 PM-7
PM) before the collection period (7 PM-8 PM). The
fish is being caught when it enters and traps into the
gear. The fish trap was being checked from time to
time, and baits were regularly changed every after
sampling collection. The researcher removed the
caught fish manually and returned the trap with new
bait to the collection points.

2.4 Data Collection

The number of caught M. albus was counted,
and their individual weight (kg) was determined
using a mechanical weighing scale (10 kg capacity).
The data were listed and transferred to Microsoft
Excel for analysis. Catch per unit effort (CPUE) was
computed using the formula CPUE = XCI1/3fl = €/f
2C/%fi = €/f where Ci is i catch (expressed in kg
weight), and f; is its respective fishing effort (Petrere et
al. 2009). CPUE translates gear efficiency per 1-hour
operation with the weight of M. albus caught within
a 0.5 m? area of collection points in rice paddies. In
many instances, CPUE is taken as an estimate of stock
size (Lima et al. 2000).

The profitability of the fishing gears was
determined through the conversion of catch into
monetary values. For instance, a catch of 1-kilogram
M. albus was converted into its prevailing average
price per province. The price range per kg differs
from one area to the other. In Solana, Amulung, and
Alcala in Cagayan province and in Quirino province
(Maddela, Diffun, and Cabarroguis), a kg is sold
at PHP 100.00 while PHP 120.00 per kg for Alicia,
San Isidro, and Cauayan City, and PHP 150.00 per
kg in Quezon, Solano, and Bagabag Nueva Vizcaya
province. These converted values were raised on a
per hectare basis. Also, cost and return analysis of
the fishing gears in the collection of M. albus in a
1-hectare rice farm area were computed. Net incomes
and ROI were compared among gears to determine
profitability

2.5 Statistical Analysis

One-way ANOVA was used to determine
significant differences of efficiency in terms of the
number of catch and CPUE of the three treatment
fishing gears and profitability of these fishing gears
used in the collection of M. albus. Two-way ANOVA
was used to determine significant interaction between
the efficiency of fishing gears and seasons. Significant
differences were tested at a 0.05 level of significance
using SPSS version 16. Also, frequency count was
used to determining the number of caught M. albus.
Data were presented as mean, standard deviation, and
range.

3. RESULTS
3.1 Efficiency of Fishing Gears

Fishing gear efficiency in this study was
measured through the CPUE to consider the time
spent in fishing operation and the quantity caught per
day of operation. The three fishing gears caught 821
individual M. albus for 96 sampling periods in the wet
and dry season (Table 2).

3.1.1 Percentage Catch Composition by Gear
and by Area

Around 81.61% M. albus was caught by EF,
9.01% caught by HL, and 9.38 caught by FT (Figure 7).
Percentage composition caught using EF was obtained
in Cabarroguis, Solano, and Bagabag and lowest in
Cauayan City (49.4%). The highest percentage was
obtained in Diffun (26.83%), followed by Cauayan
City (25.30%) and no catch in Amulung, Cabarroguis,
Solano, and Bagabag. For the percentage composition
caught through FT, the highest percentage (26.92%
and 25.30%) were obtained in Amulung and Cauayan
City, respectively, and no catch in Alcala, Cabarroguis,
Solano, and Bagabag.

3.1.2 Average CPUE by Gear by Area

The three fishing gears have an average
CPUE of 1.15 kg M. albus per gear per hour in all
experimental sites during the wet and dry seasons
(Table 3). M. albus caught by EF has the highest
average (2.75 kg/gear/hour), followed by HL (0.36
kg/gear/hour) and with the lowest FT (0.34 kg/
gear/hour). The highest CPUE of the fishing gears
was obtained in Amulung (7.57 kg/gear/hour),
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Table 2. Number of Monopterus albus caught per municipality during the dry and wet seasons

Municipality Electrofishing Gadget Hook and Line Fish Trap Total
Solana 18 3 4 25
Amulung 76 0 28 104
Alcala 36 8 0 44
Alicia 36 10 47
San Isidro 86 3 3 92
Cauayan City 41 21 21 83
Maddela 18 3 1 22
Diffun 45 22 15 82
Cabarroguis 131 131
Quezon 23 31
Solano 64 64
Bagabag 96 96
Total 670 74 77 821
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Figure 7. Percentage composition of Monopterus albus caught per fishing gear by area
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Table 3. Average Catch Per Unit Effort (in kg) of Monopterus albus per fishing gear and per municipality during the dry and wet seasons

Municipality Electrofishing Gadget Hook and Line Fish Trap Mean CPUE
Solana 0.99 0.15 0.20 0.45
Amulung 5.77 0.00 1.80 2.52
Alcala 2.35 0.78 0.00 1.04
Alicia 1.52 0.70 0.06 0.76
San Isidro 421 0.13 0.16 1.50
Cauayan City 2.20 1.14 1.15 1.49
Maddela 0.86 0.18 0.03 0.35
Diffun 1.97 1.10 0.60 1.22
Cabarroguis 5.51 0.00 0.00 1.84
Quezon 1.50 0.17 0.11 0.59
Solano 2.88 0.00 0.00 0.96
Bagabag 3.26 0.00 0.00 1.09
Mean CPUE 2.75 0.36 0.34 1.15

followed by Cabarroguis (2.52 kg/gear/hour) and
the lowest in Maddela (0.35 kg/gear/hour). For EF,
experimental areas in Amulung (5.77 kg/gear/hour)
and Cabarroguis (5.51 kg/gear/hour) obtained the
highest CPUE and with the lowest CPUE in Maddela
(0.86 kg/gear/hour) and Solana (0.99 kg/gear/hour).
The highest CPUE for HL was obtained in Cauayan
City (1.14 kg/gear/hour) and no catch in Amulung,
Cabarroguis, Solano, and Bagabag. For FT, the highest
CPUE (1.80 kg) was obtained in Amulung and no
catch in Alcala, Cabarroguis, Solano, and Bagabag.

3.2 Efficiency of Fishing Gears by Season

3.2.1 Catch and CPUE by Gear during Dry
Season

The study tested the hypothesis that the
three fishing gears used to collect M. albus are equally
efficient in terms of the number of catch and CPUE
during the dry season (November—April). The result
shows that the electrofishing gadget has the highest
number of caught and the highest CPUE among
the fishing gears, followed by hook and line and fish
trap (Table 4). Post Hoc Test indicated that the mean
number of caught M. albus using EF (M = 3.270; SD =
1.938; p < 0.05) was significantly different to the mean
number of caught using HL (M = 0.260; SD = 0.464;
p < 0.05) and using FT (M = 0.302; SD = 0.525; p <
0.05).

Similarly, Post Hoc Test revealed that the
CPUE of EF (M = 0.184; SD = 0.182; p < 0.05) was
significantly different to the CPUE of HL (M = 0.024;

SD = 0.050; p < 0.05) and to FT (M = 0.023; SD =
0.048; p < 0.05). On the other hand, there was no
significant difference in the mean number of caught
and CPUE of HL and FT. Around four pieces of M.
albus can be caught per hour using the EF gadget and
only around 0-1 piece for FT and HL, respectively, for
1 hour (Table 3).

One-way analysis of variance showed that
there is a significant difference in the number of
caught (p < 0.001) and CPUE (p < 0.001) among the
three fishing gears.

3.2.2 Catch and CPUE by Gear during Wet
Season

The wet season in Cagayan Valley Region
starts in May and ends in October. According to the
interviews, it is during this season where M. albus
comes out of its hiding place either to feed or to spawn.
Hence, its disturbance to rice farming is mostly felt
during this season. Catching the fish or lessening its
population can help minimize its negative impact
on farmers. The result of this trial shows that EF still
has the highest number of caught and highest CPUE,
followed by HL and FT (Table 5). One-way analysis of
variance results indicated that the F-ratio (119.404) of
the number of caught M. albus and F-ratio (95.497) of
CPUE had associated probabilities lower than 0.001
(p = 0.000). The F-ratio of these three fishing gears in
terms of the number of caught M. albus and CPUE are
618.896 and 1.257, respectively, (p = 0.000). It means
there is a significant difference (p < 0.001) in the
efficiency of the three fishing gears in the collection of
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Table 4. Fishing gear comparison using Catch and CPUE on Monopterus albus caught during the dry season

Fishing Gears Number of caught M. albus (n) CPUE, Weight of M. albus (kg)
Electrofishing gadget 3.270+1.938 (1-10) 0.184+0.182 (0-0.90)
Hook and Line 0.260+0.464 (0-2) 0.024+0.050 (0-0.23)

Fish Trap 0.302+0.525 (0-2) 0.023+0.048 (0-2)

Values are meanz+standard deviation (range)

Table 5. Fishing gear comparison using Catch and CPUE on Monopterus albus caught during the wet season

Fishing Gears Number of caught M. albus (n) CPUE, Weight of M. albus (kg)
Electrofishing gadget 3.447+2.545 (0-11) 0.160+0.120 (0-11)
Hook and Line 0.365+0.872 (0-5) 0.021+0.056 (0-5)
Fish Trap 0.313+0.730 (0-4) 0.019+0.047 (0-4)

Values are meanz+standard deviation (range)

M. albus in rice paddies in Region 02, with EF as the
most efficient.

Post Hoc Test indicated that the mean
number of caught M. albus using EF (M = 3.447; SD
= 2.545; p < 0.05) was significantly different from the
mean number of caught using HL (M = 0.365; SD =
0.872; p < 0.05) and to the mean number of caught
using FT (M = 0.313; SD = 0.730; p < 0.05). Similarly,
Post Hoc Test revealed that the CPUE of EF (M =
0.160; SD = 0.120; p < 0.05) was significantly different
to the CPUE of HL (M = 0.021; SD = 0.056; p < 0.05)
and to the CPUE of FT (M = 0.019; SD = 0.047; p
< 0.05). On the other hand, there was no significant
difference in the mean number of caught and CPUE
of HL and FT.

3.2.3 Fishing Gears by Season

A collection time of one hour to catch
M. albus was employed on all fishing gears during
sampling periods in dry and wet seasons. This was
to standardize the biases of gears used as active and
passive gears to obtain reliable results of fishing
efficiency (Bayley and Austen 1987). A two-way
analysis of variance was conducted to determine
significant interaction of fishing gears and seasons in
the collection of M. albus. Results showed that there
was a significant difference in the number of caught
M. albus (p < 0.001) by the three fishing gears, while
there was no significant difference in the number of
caught M. albus based on seasons (p = 0.410) (Table
6; Figure 8). Also, there was no significant interaction

between seasons and fishing gears (p = 0.846). This
means that seasons will not affect the efficiency of the
three fishing gears in the collection of M. albus in rice
fields.

Moreover, results of two-way analysis
of variance revealed that there was a significant
difference in the CPUE (p < 0.001) by the three fishing
gears while there was no significant difference in the
CPUE of M. albus based on seasons (p = 0.200) (Table
7; Figure 9). Also, there was no significant interaction
between seasons and fishing gears (p = 0.525). This
means that the efficiency of the three fishing gears
in the collection of M. albus will not be affected by
seasons.

3.3 Profit and Monetary Values of Three Fishing
Gears by Season

3.3.1 Value by Gear by Dry Season

The EF has the highest monetary value of
caught M. albus, followed by HL and FT (Table 8).
One-way analysis of variance showed a significant
difference in monetary value (p < 0.001) among the
three fishing gears in one hectare. The cost per kg of
M. albus ranges from PHP 80 to PHP 200 per kg in
the market.

Post Hoc Test showed that the mean
monetary value of caught M. albus using EF (M =
6,897.18; SD = 5,255.14; p < 0.05) was significantly
different from the mean monetary value of catch
using HL (M = 832.10; SD = 2,193.76; p < 0.05)
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Table 6. Comparison of the number of collected Monopterus albus as affected by seasons and type of fishing gears

Source Type III Sum of Squares Mean Square F-ratio Sig.
Seasons 1.361 1.361 0.679 0.410
Fishing Gears 1190.316 595.158 296.982 0.000
Seasons * Fishing Gears 0.670 0.335 0.167 0.846
Total 3348.000
Corrected Total 2334.639
800
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= 400
e
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Figure 8. Total catch of Monopterus albus per fishing gear during the dry and wet seasons

Table 7. Comparison of the CPUE of Monopterus albus as affected by seasons and type of fishing gears

Source Type III Sum of Squares Mean Square F-ratio Sig.
Seasons 0.016 0.016 1.644 0.200
Fishing Gears 2.880 1.440 149.297 0.000
Seasons * Fishing Gears 0.012 0.006 0.646 0.525
Total 11.387

Corrected Total 8.406

Table 8. Comparison of monetary values (PHP) of fishing gears used in the collection of Monopterus albus per hectare during the dry

season

Fishing Gears Monetary value of M. albus (PHP)
Electrofishing gadget 6,897.18+5,255.14 (0-25,000)
Hook and Line 832.10+2,193.76 (0-12,222.22)
Fish Trap 757.48+1,818.60 (0-8,888.89)

Values are mean+standard deviation (range)
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Figure 9. Catch Per unit Effort (kg) of Monopterus albus per fishing gear during the dry and wet seasons

and to the mean monetary value of catch using FT
(M = 757.48; SD = 1,818.60; p < 0.05). There was no
significant difference in the mean monetary value of
caught M. albus using HL and FT.

3.3.2 Value by Gear by Wet Season

The EF has the highest monetary value of
caught M. albus, followed by HL and FT (Table 9).
One-way analysis of variance showed a significant
difference in the monetary value of caught M. albus
(p < 0.001) among the three fishing gears.

Post Hoc Test showed that the mean
monetary value of caught M. albus using EF (M =
7,923.53; SD = 7,745.15; p < 0.05) was significantly
different from the mean monetary value of catch
using HL (M = 1,020.99; SD = 2,130.90; p < 0.05)
and to the mean monetary value of catch using FT
(M =949.92; SD = 1,934.25; p < 0.05). There was no
significant difference in the mean monetary value of
caught M. albus using HL and FT.

3.3.3. Cost and Return Analysis per Fishing
Gears in the Collection of M. albus in a
1-hectare Area during the Dry and Wet
Seasons

The fish trap was the most expensive among
the three gears, which costs PHP 22,000.00 for 100
units FT needed to collect fish in a 1-hectare rice
farm during the dry and wet season (Table 10). On
the other hand, only two units of EF were needed to
collect the fish in a 1-hectare rice farm (costing PHP
4,200.00) while 100 units each for HL and FT (costing
PHP 4,075.00 and PHP 22,000, respectively) (Table
10).

In terms of profitability of the three fishing
gears in the collection of M. albus in a 1-hectare rice
farm during the dry and wet season, the use of EF
was still the most profitable among the fishing gears
(Table 11). EF has the highest net income valued at
PHP 407,630.40 with an ROI of 569%, while HL and
FT have 261% and 309% RO, respectively.

Table 9. Comparison of monetary values (PHP) of fishing gears used in the collection of Monopterus albus per hectare during the wet

season

Fishing Gears Monetary value of M. albus (PHP)
Electrofishing gadget 7,923.53+7,745.15 (0-40,000.00)
Hook and Line 1,020.99+2,130.90 (0-10,222.22)
Fish Trap 949.92+1,934.25 (0-8,888.89)

Values are meanztstandard deviation (range)
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Table 10. Cost of fishing gears used in collecting Monopterus albus in a 1-hectare area

2 units Electrofishing Gadget

Description Quantity Unit Unit Cost Amount
Power unit device (12 V battery) 2 unit 1,000.00 2,000.00
Transformer/capacitor 2 unit 800.00 1,600.00
Electrodes and electrical wires 2 unit 200.00 400.00
Labor for assembling the electrofishing gadget 2 unit 100.00 200.00
Total 4,200.00
100 units Fish Trap
Description Quantity Unit Unit Cost Amount
PVC Pipe, Polyethelene black schedule 40, 6m x 4" 17 pc 450.00 7,650.00
diameter
PVC Pipe cap 4" diameter 100 pc 75.00 7,500.00
Monoline Imm dm kg 400.00 800.00
PE Rope #4/2mm diameter roll 250.00 500.00
Soldering iron pc 175.00 350.00
Hack saw blade pc 100.00 200.00
Labor for assembling the fish trap 100 unit 50.00 5,000.00
Total 22,000.00
100 units Hook and Line
Description Quantity Unit Unit Cost Amount
Hard bamboo full length, Bayog 5 pc 120.00 600.00
Monoline/ Pamo 210/6 5 spool 55.00 275.00
Mustard hook #564, 80pcs/box 5 box 40.00 200.00
Labor for assembling the hook and line 100 units 30.00 3,000.00
Total 4,075.00

Table 11. Comparison of cost and return analysis of fishing gears used in the collection of Monopterus albus in a 1-hectare/annum (dry

and wet season)

Electrofishing Gadget Hook&Line Fish Trap
Production (Kg) 4,824.00 1,900.80 2,419.20
Value/Kg 120.00 120.00 120.00
Gross Income (Sales (Php)) 578,880.00 228,096.00 290,304.00
Operating and Maintenance Expenses
Labor 72,000.00 72,000.00 72,000.00
Marketing Expenses (5% of Gross Sales) 28,944.00 11,404.80 14,515.20
Depreciation Cost 840.00 4,075.00 7,333.33
Sub-Total 101,784.00 87,479.80 93,848.53
Net Income 477,096.00 140,616.20 196,455.47
Less Tax 12% 69,465.60 27,371.52 34,836.48
Net Income after Tax 407,630.40 113,244.68 161,618.99
ROI 569% 261% 309%




Table 12. Computation of depreciation cost for the three fishing gears
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Items Value Lifespan Depreciation Cost

EF 4,200.00 5 840.00
H&L 4,075.00 1 4,075.00
FT 22,000.00 3 7,333.33

4. DISCUSSION

4.1 Efficiency of Fishing Gears during the Dry
and Wet Seasons

Comparison of catch and CPUE are suitable
for assessing the performance of fishing gears in
catching fish species (Browne et al. 2017). In this
study, CPUE was used to determine the efficiency of
three fishing gears to control the population of rice
eel in rice paddies. Effort, in this case, is the number
of hours the fishing gears were set in the rice fields.
Among the three fishing gears, the EF gadget was
found to be the most efficient to catch M. albus in
rice paddies compared to the other two fishing gears.
This means that the longer time EF will be used, the
higher the catch. Studies by Laffaille et al. (2005),
Lasne and Laffaille (2008), and Scott (2011) support
the findings of this study, especially on quantitative
assessments of population size. However, there are
limitations to using EF as a fishing gear for this fish.
Under Republic Act 10654, the use of EF is strictly
prohibited. Violation of the provisions under this act
is punishable by confiscating electrofishing devices,
six months' imprisonment, and a fine of five thousand
pesos. With this provision, balance utilization and
minimizing negative impacts (ICES 2010; Woolmer
etal. 2011) on rice production and increasing income
of fishers could be possible by amending the law such
that the use of EF in rice areas can be delineated with
that of use in open waters and that higher penalties
can be imposed on the latter.

The efficiency of EF was also cited to be
used in environmental studies for assessing fish
populations in rivers and small water bodies in other
countries (Rosenberger and Dunham 2005; Schmutz
et al. 2007). It is relatively safe for fish compared with
other capture methods and easily applicable to a wide
range of waterways and habitats (Lyon et al. 2014).
During the conduct of the study, it was also observed
that M. albus caught by electrofishing gadgets were
alive, whereas most M. albus caught by hook and line
were dead. When placed in a styrofoam box with
water regularly changed, the fish can survive for one
to two weeks. This condition connotes that the fish

has no notable external injuries. It can recover and be
considered unharmed (Snyder 2003) and is expected
to continue behaving, growing, and reproducing.

On the other hand, when electrofishing is
carried out improperly, it can paralyze the fish leading
to fractured vertebrae, curved spines, ruptured
arteries and veins, hemorrhaging, and tissue death
(Snyder 2003; Schreer et al. 2004). However, such
damage can be minimized through preferential use
of smooth direct current, using the lowest effective
power setting, avoiding switching the power on and
off when fish are near the anode, and by minimizing
the exposure time through efficient hand netting of
the fish (Wood-Pawcatuck Watershed Association et
al. 2013).

Although electric stimulation can cause
injuries and be lethal, when an appropriate field
intensity and duration of exposures are applied
(Snyder 2003), correct use of electric stimuli offers
incredible opportunities to achieve catch results
that outperform all other techniques. This stresses
the importance of studying the pulse settings and
optimizing them so that minimal harm and maximal
performance can be balanced (Soetaert 2015).

FT and HL can also be used to control the
population of rice eel. However, in terms of efficiency
based on CPUE, one EF would require 382 units of
FT or 404 units of HL. Regarding economic benefit,
EF almost doubles the returns compared to HL and
FT. Another factor that may affect gear efficiency is
the quality of the fish catch. Live M. albus is preferred
by the market. This is because it commands a higher
price than the dead ones. Although all major fishing
gear types involve some degree of injury to fish (e.g.,
internal and external wounding, crushing, scale
loss, and hydrostatic effects), with the severity of the
injury depending on the gear type and its operation
(Suuronen 2005), caught M. albus using EF and FT in
this study were alive while most fishes caught by HL
were dead. This could be due to the injuries caused
by the hook and physiological stresses caused when
it struggles to escape during capture. A swallowed
hook may induce a substantially greater injury
than a hooked mouth (e.g., through the jaw, lips, or
operculum). Fish removed from hooks automatically
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(e.g., by a crucifier or gaff) experience significantly
higher mortality than fish removed manually
(Kaimmer 1994; Milliken et al. 1999). In this study,
the swallowed hook is removed manually. Also,
fish that struggle intensely for a long-time during
capture is usually exhausted and stressed from the
accumulation of excessive amounts of lactic acid in
their muscles and blood. Severe exhaustion causes
physiological imbalance, muscle failure, or death
(Caillouet, 1967). Hence, although HL fishing is easy
and inexpensive since materials are locally available
compared to other gears, hook-caught M. albus may
suffer a range of injuries, stresses, and mortalities that
degrade the fish's quality.

For FT, several designs have been used
according to their configuration or place of origin.
The design of FT used in the study was adopted
from the creation of BFAR R02 experts under the
fish capture section. Despite its design and operation
suitable to the behavior of the fish, it obtained the
lowest catch and CPUE among the gears, perhaps due
to the baits used or some other factors. Therefore, the
poor fishing efficiency can be substantially improved
by using different baits and various types of attraction
devices (Suuronen 2005), which can be further
researched.

Fishing efficiency in terms of the number of
caught and CPUE was not affected by seasons. This
is because the experimental trials were conducted
in an irrigated rice paddy in which the availability
of waters was not a limiting factor in the collection
of M. albus in the dry season. The collection of M.
albus is easier when there is water since the species
comes out to feed on worms, frogs, tadpoles, shrimp,
crayfish, and other fishes (Hamilton 2006). However,
when the ground is moist, M. albus burrows and can
survive for a long time without water (Bricking 2002),
making them difficult to collect.

4.2 Profit and Monetary Values of Three Fishing
Gears Used in the Collection of M. albus

In terms of profitability, the collection of
rice eel through EF was the most efficient among
the gears used in this study because of the volume
of catch and the profit earned by rice eel collectors.
Since M. albus is traded in other Asian countries
such as China, Taiwan, and Singapore (Gonzales
2013), management strategies which aim at ensuring
sustainable and efficient fisheries while improving
income, employment, and living standards of fishing
communities (Borrello et al. 2013) is needed. In trying

to obtain these, policymakers require information
not only on the state of fish stocks but also on the
profitability of the fishing gears. Therefore, economic
indicators of fisheries such as fishing cost and gross
revenue play an important role in economic analysis
and provide helpful information for sustainable
fisheries management, planning, and policymaking
(Christensen et al. 2009; Lam et al. 2011). In this
study, the profitability of three fishing gears was
determined by converting catch into monetary
values and estimating cost and return analysis per
fishing gear based on the production obtained from
the experiment. The highest monetary values, profit,
and investment return were observed in the M. albus
caught by EF gadget with the lowest profitability in HL.
Since the EF gadget has the highest fishing efficiency
in terms of caught and CPUE, it follows that it has
the highest profitability when converted to monetary
values. EF also has a positive net income compared
to the HL and EFE. Thus, it is profitable to use the EF
gadget in the collection of M. albus compared to the
other fishing gears. Considering all direct costs and
economic benefits, the economic return to society
associated with harvesting M. albus resources is
most relevant to the needs of fishery managers and
policymakers (Borrello et al. 2013).

5 CONCLUSION

Electrofishing gadget has been tested to offer
a comparative advantage over FT and HL in terms of
controlling the population of M. albus in rice fields. It
is more efficient due to higher CPUE, and its efficiency
is not affected by seasonal changes. The ethical issue
on whether to use it or not lies in the objectives and
the problems it will address. In the Cagayan Valley
Region, where rice is a prime commodity and the
negative impacts of rice eel are being felt by the
farmers, employing immediate control measures that
will eliminate the pest must be done to maximize rice
productivity of their area. In such case, EF gadget may
be cautiously used to collect rice eel provided that
preventive measures are installed such as:

1. It should only be used within rice farm areas;

2. Only after harvest or before planting — provided
the owner of the rice farm allows its use within
the duration of rice culture;

3. Permits should be secured from BFAR upon
recommendation by the MLGU, CLGU, or
PLGU;

4. The Barangay council will issue a list of
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electro-fishers within their barangays;

5. LGU should have enacted a local ordinance
on its use; and

6. To increase the penalty for illegal use of EF in
canals and other communal bodies of water and
the use of high tension wire as a source of
electricity.

As an alternative to EF, combining the two
fishing gears is also recommended to increase fishing
efficiency and minimize the negative impact on the
environment. The type and size of hooks must be
customized and complemented with proper handling
to ensure the survival of fish caught and to increase
profitability through a higher market price of caught
live fish. Also, woven bamboo can be used instead of
PVC pipe as a fish trap to reduce the cost of materials
and increase profitability. Aside from P. cannaliculata
as bait of these gears, other baits such as worms and
trash fish may also be tested to improve the fishing
efficiency of the fishing gears and explore various
types of attraction devices.

For future studies in water bodies, the
challenge is to design a more efficient fishing gear that
is environment-friendly and can maximize its CPUE.
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