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Fish Aggregating Devices (FADs) are widely used to improve fishing efficiency, 
and their effectiveness depends largely on attractor design and visual stimuli 
such as light. This study aimed to evaluate the effectiveness of combining raffia 
rope attractors and LED lighting on surface FADs in attracting positive 
phototactic fish (Poecilia reticulata), and to assess their vertical distribution 
and behavioral responses. A laboratory experiment was conducted using a 
factorial Completely Randomized Design (position × light presence) with four 
treatments: bottom without light, bottom with light, surface without light, and 
surface with light. The primary parameter measured was the number of fish 
within a 10 cm attraction zone, recorded every 10 minutes for 60 minutes. Data 
were analyzed using Two-Way ANOVA at a 5% significance level. The results 
showed that FAD position significantly affected the number of fish 
approaching the attraction zone (p < 0.05), whereas light presence alone had 
no significant effect (p > 0.05). However, a significant interaction between 
position and light was detected (p < 0.05). The highest effectiveness was 
observed in the surface FAD without light (77%), suggesting that the visual 
structure of raffia attractors at the surface was sufficient to induce strong 
aggregation. These findings indicate that the effectiveness of raffia attractors 
is primarily driven by placement position rather than additional lighting, 
although their interaction still contributes to fish aggregation behavior. This 
study provides a practical basis for prioritizing surface FAD placement with 
raffia attractors over the use of additional lighting in small-scale fisheries. 

 
INTRODUCTION  

 Fishery resources are a crucial component in supporting food security, the maritime 
economy, and the sustainability of Indonesia's marine ecosystems. One effort to increase fishing 
efficiency, widely implemented by both traditional and modern fishermen, is the use of fish 
aggregating devices (FADs) as fish collection aids. FADs attract and gather fish in a single 
location, facilitating the fishing process and saving time and operational fuel. This has been 
supported by several studies, including: Afrisal et al., (2024); Bahtiar Hamar, (2023); Soghirun 
et al., (2024), which states that FADs such as fish aggregating devices are effective in gathering 
fish around the structure and helping fishermen in fishing activities more efficiently, so that 
time and operational costs can be saved. 
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Fish aggregating devices (FADs) have long been used as fish aggregating aids, and their 
effectiveness depends largely on the design and materials of the attractor used.Yusfiandayani, 
(2010)states that fish aggregating devices (FADs) have long been used in Indonesia, and the 
choice of attractor material influences the number of pelagic fish species that congregate 
around them. One important component that determines the success of FADs is their visual 
appeal to fish, especially species that are positively phototactic or attracted to light. Positive 
phototactic variables towards light sources are an important basis in the design of fish 
attractors, as evidenced by the development of fishing aids that utilize light as a stimulus to 
attract fish (Fuad et al., 2025; Tamrin et al., 2025)  

The success of fish aggregating devices (FADs) in attracting fish is greatly influenced by 
the type of attractor used. Attractors are the primary components of FADs, providing visual and 
sensory stimuli that trigger fish aggregation responses to floating objects, light, and specific 
structural characteristics (Forget et al., 2020; Humborstad et al., 2018; Rumpa et al., 2022; Zada 
et al., 2024). One type of attractor widely used is raffia, a synthetic material with visual 
advantages such as bright colors, surface shine, and high flexibility. These advantages allow the 
attractor to move with the current and provide additional visual stimuli that are attractive to 
fish with positive phototactic properties. When this attractor is attached to a lighted surface 
fish aggregating device (FAD), the combination creates a highly attractive visual effect for fish. 
Research Fauziyanto et al., (2024) in Ambon Bay showed that materials such as raffia rope can 
influence the composition and presence of fish in fish houses. In addition, the study Patty et al., 
(2023) Studies have shown that the use of underwater lights increases pelagic catches by 
attracting fish to specific areas compared to no light. In surface FADs, light tends to spread 
laterally, creating a wider illumination zone at the top of the water column. Conversely, in 
bottom FADs, some light energy can be reduced by absorption and scattering from the water, 
thus limiting the visual range. This difference in position has the potential to affect the 
effectiveness of visual attractants for phototactic fish. Light penetration in the water column 
decreases due to absorption and scattering, so light intensity decreases with depth; this 
phenomenon significantly affects the visibility and visual behavior of organisms  (Bunnell et al., 
2021; Li & Hua, 2025). 

Positive phototactic fish such as guppies (Poecilia reticulata) and anchovies (Stolephorus 
spp.) are naturally attracted to light sources. Therefore, the use of lights as a complement to 
fish aggregating devices (FADs) can be a supporting factor in increasing the attractiveness of 
attractors. The combination of raffia rope and white lights on FADs placed on the water surface 
is believed to create a strong attraction zone for fish, especially at night or in waters with low 
light levels. Meanwhile, attractors combined with light sources, especially white lights or other 
types of LEDs, have been shown to accelerate fish attraction to the FAD area. For example, in a 
study Susanto et al., (2020) In Banten Bay, green LED lights were able to stimulate fish 
concentration responses faster than other types of lights. Furthermore, light sensors on fish 
aggregating devices (AUTOLION prototypes) also showed that the combination of fish 
aggregating devices and lights significantly increased the number of fish approaching in the 
laboratory (Chairunnisa et al., 2018). However, the effectiveness of this combination needs to 
be scientifically proven through a controlled experimental approach. 

Although various studies have reported the effectiveness of synthetic material attractors 
and LED lighting in increasing fish aggregation, most of these studies were conducted 
separately between material and light factors. Studies that simultaneously tested the 
combination of FAD positions (surface and bottom) with the presence of lighting in controlled 
experimental systems are still limited, especially at the laboratory scale that allows detailed 
behavioral observations. Furthermore, information on how these combinations affect the 
vertical distribution and behavioral responses of positively phototactic fish is still scarce. This 
study aims to test the effectiveness of the combination of raffia rope attractors and LED lighting 
on surface FADs in increasing visual attractiveness to positively phototactic fish (Poecilia 
reticulata), evaluate the vertical distribution and behavioral responses of fish as indicators of 
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the strength of the resulting visual stimulus and The research results are expected to serve as 
a reference for both traditional and modern fishermen in choosing an efficient FAD design. 

 
METHOD 

Location and Time of Research 

 This research was conducted at the Fisheries Department Laboratory, Faculty of Animal 
Husbandry, Jambi University from April to June 2024. The laboratory was selected to control 
environmental variables and allow for controlled observation of fish behavior. 

Research Tools and Materials 
The tools used in this study were a fish aggregating device (FAD) measuring 20x20x15cm 

(Figure 1) with a raffia rope attractor. 4 aquariums measuring 60x40x40cm, 5-watt white LED 
lights, a ruler, and a stopwatch to measure the observation time. The materials used in this 
study were 72 liters of freshwater and 180 guppy fish (Poecilia reticulate) (45 fish/Aquarium) 
with a length of around 2-3 cm that had been acclimatized for 2 days. Guppy fish were chosen 
to test the fish's behavior in response to light. This freshwater fish was chosen because it has 
the same characteristics as anchovies (as the main target in the sea), namely positive 
phototaxis. Guppy fish (Poecilia reticulate) are positive phototaxis fish, meaning they approach 
light. This is evidenced by the fact that in various light color treatments, guppy fish showed a 
positive phototaxis response in all treatments tested (Almaas & Harlita, 2023). The guppy's 
behavioral response to light exposure is also seen in changes in feeding activity under different 
lighting conditions, indicating sensitivity and attraction to light (MacAulay & Cable, 2024). 

The miniature fish aggregating device (FAD) is made from bamboo coated with an 

attractor. It is equipped with a weight, a float, and a marker float. The construction of each FAD 

can be seen in Figure 1. 

  

 

 

Figure 1. Construction of the Research Fish Aggregating Device 
 
Types and Design of Research 
 This type of research is a laboratory experiment using a quantitative approach to 
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analyze the response of positively phototactic fish (Poecilia reticulata) to the combination of 
FAD position and lighting. The research design used a Completely Randomized Design (CRD) 
Factorial (FAD position × presence of light) with repeated observations (repeated measures) in 
the same aquarium unit. 

The first factor was the position of the fish aggregating device (bottom and surface), and 
the second factor was the presence of light (unlit and lit), resulting in four treatment 
combinations. Each treatment was placed in a separate aquarium unit with controlled 
environmental conditions to ensure homogeneity. Observations were conducted repeatedly at 
specific time intervals to observe the dynamics of fish responses. The experimental design can 
be seen in Table 1. 

Table 1. Experimental Design of Fish Aggregating Devices with Raffia Rope Attractor 
Factor A Factor B Treatment Test Time 

Bottom Without Lights P1: Bottom Without Light 10 minutes 1 x 60 minutes 
Bottom Lighted P2: Lighted Bottom 10 minutes 1 x 60 minutes 
Surface Without Lights P3: Surface Without Light 10 minutes 1 x 60 minutes 
Surface Lighted P4: Lighted Surface 10 minutes 1 x 60 minutes 

 The experimental unit in this study was an aquarium containing test fish under 
homogenous environmental conditions. Each treatment was applied in a separate aquarium as 
an experimental unit. A total of four experimental units (one aquarium per treatment) were 
used in this study. Observations were conducted repeatedly over time within each unit, and 
these repeated measurements were treated as temporal observations rather than independent 
biological replicates. Therefore, the statistical analysis was based on repeated observations 
within each treatment, assuming homogeneity of conditions within the experimental units. 

Research Procedures 

The initial procedure in this study involved preparing an aquarium filled with 
freshwater and fish. The fish were then slowly guided away from the zone of attraction using a 
transparent acrylic divider to ensure the fish were initially positioned on the opposite side of 
the fish aggregating device (FAD). This process was carried out without direct contact with the 
fish to minimize stress and behavioral disturbances. Once the fish were in a uniform starting 
position, the divider was slowly removed and observation began. This procedure was applied 
consistently across all treatments to maintain uniform initial conditions. 

The first step is to place the fish aggregating device (FAD) in the aquarium for 

approximately half an hour, then observe the behavior of fish approaching the FAD for 1 hour 

(1 x 60 minutes), divided into 10-minute observations. Repeated observations are carried out 

to achieve accurate results. Then, observe the fish's behavior, position, response to feeding, 

response to vibration, and schooling behavior for 8 hours (1 x 8 hours), divided into 1-hour 

observations. 

 
 
 

 

 

 

 

 

 

 

 
Figure 2. Top View of Fish Attraction Zone 
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 An indicator that fish are attracted to the fish aggregating device (FAD) is their 
approach to it. In this study, the zone of attraction was determined at a distance of 10 cm from 
the FAD. The determination of the 10 cm distance from the FAD refers to the results of the study 
Susanto et al., (2017), Chairunnisa et al., (2018), where the highest light illumination occurs at 
a depth of 0-10 cm with white light. Fish aggregating devices (FADs) are fish aggregating 
devices that can help attract fish (Setiawan et al., 2015;Urbasa et al., 2015). The fish attraction 
zone is shown in Figure 2. 

Data collection technique 
Data was collected through direct observation and manual recording of fish behavior 

indicators, namely: Data collection was carried out through direct observation of fish behavior 
in each treatment. 
1. The number of fish in the zone of interest, i.e., the number of fish within a 10 cm radius of 

the fish aggregating device (FAD), was recorded every 10 minutes for 60 minutes. 

2. Vertical fish distribution, namely the number of fish in the surface, middle, and bottom 

zones of the aquarium. Observations were made every hour for 8 hours. 

3. Response to feeding, observed based on the speed of the fish responding to the feed given 

around the fish aggregating device. 

4. Response to light vibrations, observed based on changes in position or movement of fish 

after being given a vibration stimulus in the aquarium. 

5. Social behavior patterns (grouping or dispersing) were observed visually at each 

observation time interval. 

Data analysis 
Data obtained from observations of the number of fish in the zone of interest (10 cm 

radius from the FAD) were analyzed quantitatively using a statistical approach and data on fish 

vertical distribution were analyzed descriptive. Data analysis in this study used the data were 
analyzed using Repeated Measures Two-Way ANOVA, where FAD position and light presence 
were treated as between-subject factors, and observation time was treated as a within-subject 
(repeated) factor with the IBM SPSS application to examine the effect of FAD position, the effect 
of light presence, and the interaction between FAD position and light. The statistical model 
used: 

𝑌 =  𝜇 + 𝐴 + 𝐵 + (𝐴𝑥𝐵) + 𝜀 

Where: 
Y = response variable (number of fish in the zone of interest or vertical distribution) 
μ = general mean value 
A = influence of the position of the fish aggregating device 
B = influence of the presence of light 
A×B = interaction between position and light 
ε = experimental error 

Each treatment was applied to a single experimental unit (n = 1 per treatment), and 

repeated observations over time were used to assess temporal dynamics. Therefore, the 

analysis reflects repeated measurements within treatments rather than true biological 

replication. The test decision is based on a 5% significance level (α = 0.05). The test decision is 

determined as follows: If the p-value < 0.05 then the null hypothesis (H0) is rejected, which 

means there is a significant influence of the tested factor and if the p-value ≥ 0.05 then the null 

hypothesis (H0) is accepted, which means there is no significant influence. 

The statistical hypothesis tested is: 
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H0₁: There is no influence of the position of the fish aggregating device on the number of fish 
approaching. 
H0₂: There is no effect of the presence of light on the number of fish that approach. 
H0₃: There is no interaction between the position of the fish aggregating device and light on the 
number of fish approaching. 

The effectiveness of fish attraction to fish aggregating devices is calculated using the equation: 

𝐸𝑓𝑒𝑘𝑡𝑖𝑣𝑖𝑡𝑎𝑠 (%) =
𝐽𝑢𝑚𝑙𝑎ℎ 𝐼𝑘𝑎𝑛 𝑑𝑖 𝑧𝑜𝑛𝑎 𝑘𝑒𝑡𝑒𝑟𝑡𝑎𝑟𝑖𝑘𝑎𝑛

𝑇𝑜𝑡𝑎𝑙 𝐼𝑘𝑎𝑛 𝑃𝑒𝑟𝑐𝑜𝑏𝑎𝑎𝑛
 ×  100% 

Data on responses to feeding, responses to light vibrations, and social behavior patterns 

(grouping or dispersing) were analyzed descriptively to describe the behavioral tendencies of 

fish in each treatment. 

 
RESULT AND DISCUSSION 

Fish Attraction to Fish Aggregating Devices 

Fish attraction in this study was measured based on the number of fish within the 

attraction zone (a 10 cm radius from the fish aggregating device). Based on the research results, 

fish attraction to the fish aggregating device was influenced by the type of attractant, treatment 

(bottom or surface), and the presence of light (Hamka et al., 2025; Patty et al., 2023; Prihantoko 

et al., 2025). This parameter is used as the main indicator to evaluate the effectiveness of the 

combination of FAD position and light presence in attracting positively phototactic fish. The 

average number of fish for each combination of FAD position and light presence is presented in 

Table 2. 

Table 2. Average Number of Fish Attracted to the Fish Aggregating Device (Individuals) 
Fish 

Aggregating 
Device 

Treatment 

Number of 
Fish 

(Individuals) 

Minutes To 

Average SD 
Effectiveness 

(%) 10 20 30 40 50 60 

P1 : Bottom 
Without Light 

45 22 21 26 23 21 26 23 2.32 51 

P2 : Lighted 
Bottom 

45 22 26 26 27 22 19 24 3.14 53 

P3 : Surface 
Without Light 

45 31 30 34 38 39 37 35 3.76 77 

P4 : Lighted 
Surface 45 22 25 30 36 30 30 29 4.83 64 

 
 Based on Table 2, the highest average number of fish was found in the surface FAD 

treatment without lights (35 ± 3.76 fish), followed by the surface FAD with lights (29 ± 4.83 
fish). Meanwhile, in the bottom FAD, the number of fish was relatively lower both without lights 
(23 ± 2.32 fish) and with lights (24 ± 3.14 fish). In general, the position of the FAD in the water 
column showed a clearer difference than the presence of light alone. 

This pattern indicates that the position of FADs in the water column has a more 

pronounced visual impact on fish aggregation responses than the presence of light alone. The 

deeper-protruding structure of FADs has been shown to accelerate the aggregation process, 

suggesting that the depth and vertical distribution of the devices play a significant role in fish 

grouping dynamics (Orue et al., 2019; Sinopoli et al., 2023). The quite contrasting differences 

between bottom and surface fish aggregating devices indicate that positively phototactic fish 
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tend to be more responsive to structures located in the Surface zone of the water (Silooy et al., 

2024; Xu et al., 2022; Suchocki & Sepulveda-Villet, 2019). 

Treatment P3 (surface FADs without lights) demonstrated the highest effectiveness rate 

of 77%, compared to other treatments. This indicates that the position of the FADs on the water 

surface is more capable of attracting fish aggregations than bottom FADs, both with and without 

lights. Meanwhile, treatments with the addition of lights did not always result in a significant 

increase in effectiveness, indicating that the vertical distribution of fish in the water column is 

a more dominant factor in attraction than the artificial light stimulus. Thus, at this laboratory 

scale, FAD effectiveness is determined more by placement position than by the presence of 

lights. 

Furthermore, the standard deviation value for the illuminated surface treatment (± 4.83) 

was higher than for the other treatments, indicating greater variation in individual fish 

responses to this combination. This variation may reflect visual adaptation or differences in 

individual sensitivity to additional light intensity. High light intensity is known to more 

dynamically influence fish aggregation patterns and vertical distribution (Sugandi et al., 2019). 

This variation may reflect the retina's visual adaptation to differences in light intensity (Nabiu 

et al., 2018; Susanto et al., 2018), as well as differences in individual sensitivity to additional 

light spectrum and intensity (Riyanto et al., 2023). Although the pattern of differences in fish 

numbers between treatments has been seen descriptively, statistical analysis is needed to 

determine whether these variations truly reflect the influence of factors such as the position of 

the fish aggregating device (FAD), the presence of light, or the interaction between the two. 

Therefore, a Two-Way ANOVA analysis was conducted (Table 3) to test the effect of each factor 

and their combination on the number of fish in the zone of interest. 

Table 3. Two-Way ANOVA results on the number of fish in the zone of interest 
Sources of Diversity df F p-value 

Fish Aggregating Device Position 1 32,220 <0.001 
Light 1 3,440 0.078 
Position × Light 1 4,804 0.040 
Error 20 – – 

 
 The results of the homogeneity of variance test (Levene's Test) showed a significance 

value of 0.425 (p = 0.425 > 0.05), so the homogeneity assumption was met and a Two-Way 
ANOVA analysis could be performed. The results of the analysis (Table 3) showed that the FAD 
position factor had a significant effect on the number of approaching fish (F = 32.220; p = 0.000). 
In contrast, the presence of light factor independently did not show a significant effect (F = 
3.440; p = 0.078). However, there was a significant interaction between FAD position and light 
(F = 4.804; p = 0.040). The coefficient of determination (R²) value of 0.669 indicated that the 
model was able to explain 66.9% of the variation in fish responses to the treatment. The 
remaining variation (33.1%) may be influenced by other factors not included in the model, such 
as ambient light conditions, individual behavioral variability, or minor environmental 
fluctuations within the experimental setup. 

Based on the results of statistical analysis, the first null hypothesis (H0₁) which states 
that there is no effect of the position of the fish aggregating device on the number of fish is 
rejected (p = 0.000). The second null hypothesis (H0₂) which states that there is no effect of the 
presence of light on the number of fish cannot be rejected (p = 0.078). Meanwhile, the third null 
hypothesis (H0₃) which states that there is no interaction between position and light is rejected 
(p = 0.040). Thus, the effectiveness of the combination of raffia rope attractor and lighting in 
attracting positively phototactic fish is more influenced by the interaction between the two 
factors than by the light factor alone. 
 



 57 Rizky Janatul Magwa, Farhan Ramdhani, Yoppie Wulanda 

The Influence of the Position of Fish Aggregating Devices 
 The difference in fish numbers between bottom and surface fish aggregating devices is 

visualized in Figure 3. 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3. Distribution of the number of fish based on position factors 

 
 The boxplot (Figure 3) graph shows a higher median fish count on surface fish 

aggregating devices (FADs) than on bottom fish aggregating devices (FADs), with a wider 
distribution range. This pattern reinforces the statistical analysis that FAD position is a 
dominant factor in determining fish attraction. The surface position allows the raffia rope 
attractor to be in a more optimal illumination zone because the highest light intensity is in the 
Surface layer of the water column and decreases with increasing depth (Darondo et al., 2024; 
Yullita et al., 2025). The distribution of light in the water column plays a significant role in 
enhancing the effectiveness of visual stimuli in fish. Light distribution in the water column has 
also been shown to influence the vertical distribution and behavioral responses of fish to visual 
stimuli (Emam et al., 2018; Moss et al., 2025; Sawada et al., 2025). In addition, variations in light 
intensity have been shown to alter the motor responses of fish to visual stimuli (Saputra et al., 
2025), shows that light plays a direct role in the visual interaction process. 

Apart from the illumination factor, the vertical orientation of positively phototactic fish 

also plays a role in increasing the response to structures located in the Surface part of the water 

(Moss et al., 2025). Fish with a tendency to move towards light sources will more easily detect 

and approach objects located in zones with relatively higher light intensity. This is in line with 

the results of research Sulaiman et al., (2015) that positively phototactic fish are more attracted 

to illuminated surfaces and also positive phototaxis makes fish orientate towards the light 

source, the optimum light intensity for foraging and other activities. Thus, the effectiveness of 

surface position in this study indicates that the spatial distribution of attractors has a dominant 

role in the process of fish aggregation. 

The Influence of the Presence of Light 

The distribution of the number of fish based on the presence of light is visualized 
through a boxplot in Figure 4. Descriptively, the treatment without lights showed a higher 
median number of fish than the treatment with lights. In addition, the interquartile range in the 
treatment without lights appeared wider, indicating greater variation in fish responses 
compared to the light conditions. 
 The boxplot in Figure 4 shows that the range of variation in fish numbers in the unlit 
treatment tended to be wider than in the lit treatment, indicating heterogeneity in response 
under conditions without supplemental lighting. Although the distribution differences are 
visually apparent, statistically, the presence of light alone did not have a strong enough effect 
on increasing fish numbers in the zone of attraction. 
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Figure 4. Distribution of the number of fish based on light factors 

 
 Descriptively, the unlit treatment showed a slightly higher median fish count than the 

lit treatment. However, ANOVA results showed that this difference was not statistically 
significant (p > 0.05). This indicates that LED lighting has not consistently increased fish 
aggregation. Biologically, this can be explained by several possibilities. First, the relatively 
bright laboratory conditions during the day may reduce the additional contrast produced by 
the LED lights, so the light stimulus does not produce a significant increase in response. Second, 
guppies, as a positively phototactic species, may have already been sufficiently stimulated by 
the ambient light and the reflectance of the raffia attractor, so the addition of artificial light does 
not produce a linear increase in response. 

Light is a major factor in attracting fish, in line with the characteristics of guppies which 

are positively phototaxis. This is in accordance with the opinion of Sulaiman et al., (2015) who 

stated that fish with positive phototaxis are more responsive to bright light sources. Light 

illumination creates a zone of attraction within a certain radius, as reported by Susanto et al. 

(2017), where the highest light intensity was found at a radius of 0-10 cm from the light source, 

which is in line with the design of this study. The response variations seen in the boxplot 

indicate that the presence of light produces a more homogeneous distribution than without 

light. However, the effectiveness of light appears to depend on the position of the FADs in the 

water column. 

The Interaction of Position and Light as a Form of Combination Effectiveness 
The significant interaction between FAD position and light availability indicates that fish 

aggregation responses are not determined by a single factor, but rather by a combination of 
both. At the bottom of the FAD, the addition of lights did not result in a significant increase in 
fish numbers, whereas at the surface FAD, fish responses showed a different pattern. This 
finding indicates that lighting effectiveness depends on the spatial context of FAD placement 
within the water column. 

The distribution of light in the surface layer of water tends to be more homogeneous and 
spreads laterally before experiencing vertical attenuation, thus increasing the visual contrast 
between floating structures such as fish aggregating devices (FADs) and their surrounding 
environment (Latuconsina et al., 2020; Rumpa, 2023). Optimal light intensity in the surface 
zone has also been shown to influence the horizontal distribution of fish and visual responses 
to artificial structures (Pramono & Saraswati, 2021; Tirtana et al., 2025). Therefore, the 
presence of light is only effective when combined with a position that supports maximum 
illumination distribution. 

These findings align with the theory of positive phototaxis, which is the tendency of fish 
such as guppies and anchovies to migrate toward illuminated areas. Raffia-shaped visual 
attractors increase the effectiveness of the visual field and enlarge the reflective stimulus on 
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the water surface, making it a major attraction for fish. Barki et al. (2013) showed that white 
light can direct guppy larvae to safe areas, reducing cannibalism and increasing the number of 
larvae collected. This supports the hypothesis that light (especially white) is effective in 
attracting fish to certain areas. Meanwhile, Almaas & Harlita (2023) proved that variations in 
light color significantly affect the behavioral responses of guppies, which generally exhibit 
positive phototaxis towards certain spectrums, including white light. 
Interestingly, the average number of fish on unlit surface FADs was higher than on lit surfaces. 
This indicates that the visual structure of the FADs at the surface is already strong enough to 
attract positively phototactic fish, so the addition of light does not always increase the response 
linearly. This phenomenon indicates that the effectiveness of the combination is not simply 
additive, but rather influenced by the dynamics of the fish's visual perception of their 
surroundings. 

Vertical Distribution of Fish as a Phototactic Response 

Fish positional behavior in this study was observed based on their distribution across 

three zones: surface, middle, and bottom. This data provides an overview of how attractor type, 

light availability, and treatment influence fish position selection within the aquarium. The 

number of fish positions in each treatment is shown in Table 4. 

Table 4. Average vertical distribution of fish in each treatment combination during the 

observation period 

Treatment Surface Middle Bottom 
P1 (Basic Without Light) 29 5 7 
P2 (Lighted Bottom) 23 8 10 
P3 (Unlit Surface) 29 6 5 
P4 (Lighted Surface) 32 8 2 

 

 Table 4 shows that the fish are in the surface zone, especially in the light treatment. In 
the lighted surface treatment, the number of fish in the surface zone reached an average of 32 
fish. In the lighted bottom treatment, fish also tended to gather at the surface, although the 
average was lower, namely around 23 fish. Raffia rope has a light and flexible structure so that 
this attractor can easily move with the water current and attract the attention of fish in the 
Surface zone. This movement becomes more clearly visible with the addition of light. The 
addition of a 5 watt white lamp increases the light intensity in the surface zone, which takes 
advantage of the positive phototactic properties of guppy fish. Almaas & Harlita, (2023) stated 
that guppies exhibit a positive phototactic response to various light spectrums, including white, 
which triggers their movement towards the light source. The raffia rope showed a consistent 
distribution of fish in the surface zone, with low fluctuation compared to other zones. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. Average vertical distribution of fish in each treatment combination 
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 In the Distribution Diagram (Figure 5), in general, all treatments show a dominance of 
fish in the surface zone compared to the middle and bottom zones. The highest proportion of 
the surface zone was found in the lighted surface FAD treatment (P4), while the lowest 
proportion in the bottom zone also occurred in the same treatment. In the lighted bottom FAD 
(P2), the distribution of fish appeared more spread out to the middle and bottom zones 
compared to the other treatments. This indicates that when the FAD is placed on the bottom, 
the vertical orientation of the fish is not completely concentrated on the surface. 

The dominance of the surface zone in all treatments reinforced the positive phototaxis 
characteristics of the test fish. Guppies tend to move towards areas with higher light intensity, 
which is naturally found at the top of the water column. Furthermore, the placement of FADs 
on the surface allows the raffia line attractors to receive more optimal illumination, thus 
increasing visibility and visual appeal. A study from MacAulay & Cable, (2024) Studies on 
artificial light at night (ALAN) in guppies have shown that light intensity affects orientation, 
feeding behavior, and stress generation. This suggests that illuminated surface areas provide 
more stimulation than the Bottom areas. 

Supportive Behavioral Responses to Treatment Combinations 

Fish response to feeding is a crucial aspect in assessing the effectiveness of FADs. This 

behavior indicates the extent to which the attractant on the FAD is able to influence fish 

concentration and maintain their focus around the FAD when food is provided. The research 

results showed that fish response to feeding was influenced by the type of attractant, the 

presence of light, and the fish's location zone. Observations of feeding responses showed that 

all treatments, both on bottom and surface FADs with or without lighting, produced a fast and 

consistent feeding response throughout the observation period. No differences in response 

time were found between treatments, indicating that the combination of attractant and lighting 

did not cause physiological disturbances or stress in the test fish. 
The high concentration of fish in the surface zone makes it easier for fish to detect and 

respond to the food provided. The white lighted raffia rope attractor creates a visual effect that 

attracts fish, increasing their focus on their surroundings, including food. The light increases 

the positive phototaxis activity of fish, allowing them to detect food more quickly (Efendy & 

Hafiludin, 2024; Gustiron et al., 2024; Tanjaya et al., 2024). Besides that,Kimbell et al., (2019) 

In his research, he stated that guppies can adjust their foraging strategies during low-light 

conditions. In this study, despite the lack of light, the results showed that guppies still sought 

food without any problems, indicating that they also rely on other responses (e.g., lateral line 

or olfactory senses) when visual conditions are not optimal. Irsandi & Kantun, (2025); Susanto 

et al., (2017) showed that light increases fish responses to food stimuli, especially in positively 

phototactic species. 

Fish response to vibration is a crucial aspect in understanding how they react to physical 

stimuli in their environment. In the context of this study, observing fish responses to vibration 

provides insight into the ability of fish aggregating devices (FADs) to attract fish beyond light 

or visual attractants. Fish movement responses during observation also demonstrate rapid and 

responsive activity to environmental stimuli. Mild vibrations in the aquarium produce direct 

stimulation of the neuromasts, causing the fish to immediately perceive environmental 

changes, as evidenced by a shift in position when the stimulus is applied. Butler & Maruska, 

(2016) explained that the lateral line also plays a role in social coordination, such as schooling 

when water disturbances occur. The primary mechanism of mechanosensory response in fish 

is through the lateral line system, which consists of neuromasts along the fish's body. This 

system is capable of detecting changes in water pressure and vibrations over short distances.  

Grassel A, (2023) explains that the lateral line is sensitive to mechanosensory sources such as 

water movement due to vibrations or light currents. 
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In the context of FAD use, schooling patterns indicate the level of fish interest in the 
attractant used and how they interact with each other around the FAD. Meanwhile, 
observations of schooling behavior indicate that fish tend to disperse during most of the 
observation period across all treatments. Only at certain intervals in the lighted bottom FAD 
treatment did temporary schooling occur. This pattern suggests that aggregation around FADs 
is more individualistic than social. 
 
CONCLUSION 

Based on the results of the study, it can be concluded that the position of FADs 
significantly influenced the number of positively phototactic fish (Poecilia reticulata) 
approaching the attraction zone, while the presence of light did not have a significant effect. 
FADs placed at the surface showed the highest effectiveness in attracting fish, especially in the 
treatment without lights, with an effectiveness level reaching 77%. The results of the Two-Way 
ANOVA analysis showed that there was a significant interaction between FAD position and the 
presence of light, indicating that the effectiveness of the combination of raffia rope attractors 
and LED lighting depended on their placement in the water column. The vertical distribution of 
fish was dominated by the surface zone in all treatments, reinforcing the positive phototactic 
characteristics of the test fish. Overall, this study indicates that at the laboratory scale, the 
effectiveness of FAD visual attraction is more determined by placement position than by the 
addition of light alone, although the combination of both still contributes through an interactive 
effect on fish aggregation responses. and further field-based research is required to evaluate 
the effectiveness of this approach under varying environmental conditions, particularly in 
waters with different natural light intensities. 
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