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ABSTRACT

The purpose of this study was to examine the relationship between squid
productivity and light intensity in the waters off the East Coast of North
Sumatra. Research into the effects of different light colors is important
because it is currently unknown which hue of light from flashing LED lights
most effectively influences squid catch. The study was conducted in North
Sumatra in January and February of 2024, with the waters off the province’s
east coast serving as the study site. Survey research, a form of non-
experimental research, was used to collect data in the field. This study
involved 16 repetitions and 2 treatments. The results indicated that the total
weight of squid caught using white lights was 56,418kg, while the catch

Is‘égh\}:;isrlgg’ using yellow lights was 31,968kg. In total, the squid catch from both light
colors amounted to 88,386kg. Interviews with fishermen revealed that squid
caught by Bagan Pung fishermen are sold at IDR 30,000 per Kg.
Additionally, anchovies are sold for IDR 15,000 per kg, tembang fish for
IDR 8,000 per kg, and layur fish for IDR 25,000 per kg.

INTRODUCTION

The western part of Indonesia, known as North Sumatra Province, has a very big
marine and fisheries potential due to its geographical circumstances, which include a very
vast sea area (Stanford et al., 2013; Asbur et al., 2024). Under these circumstances, the
fishing industry has emerged as one of the main drivers of the North Sumatra Province's
GDP. The marine and fisheries potential of North Sumatra is comprised of two
components: capture fisheries and aquaculture. The former comprises the potential for
276,030 tonnes of annual production in the Malacca Strait and 1,076,960 tonnes in the
Indian Ocean, while the latter is primarily produced through 20,000 hectares of pond
cultivation (Fadhilah et al., 2021). On the other hand, the coastal region of North
Sumatra has a coastline of 1300km, consisting of an east coast length of 545km, a west
coast length of 375km, and 350km encompassing the Nias Islands and other new islands.
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On the other hand, marine cultivation covers 100,000 ha, freshwater cultivation spans
81,372.84 ha, and public waters encompass 155,797 ha.

Squid are a group of molluscs from the Chepalopoda class (Phyllum mollusca)
with a thin shell on their back (Fadhilah et al., 2021; Karuwal & Budiman, 2021). The
Loligonidae family has several genera, including Loligo, Sepioteuthis and Uroteuthis,
which are distributed in tropical marine waters (Riad, 2020). Genus Uroteuthis spp.
belong to the animal kingdom, phylum Longinidae and species consisting of U. chinensis,
U. edulis and U. duvaucelii. This genus is distributed in the shallow marine waters of the
Indo-Pacific. The economic value of squid makes it one of the main catches of fishermen
in the East Coast Sea Waters of North Sumatra (Hidayati & Widayatun, 2021; Ingtyas
et al., 2021). Squid fishing in the East Coast Sea Waters of North Sumatra is carried out
by large and small fishermen using vessels measuring less than 5 gross tons equipped
with 23 PK Dongfeng engines (A diesel engine is a type of internal combustion engine or
a compression-triggered engine) and squid fishing equipment (squid jigg). The distance
from the landing location to the fishing ground is 5-15 miles with a one day trip.

It is necessary to carry out proof or research that specifically examines the direct
relationship between the intensity of light and the production of squid fish in marine
waters. However, several environmental factors such as light, water temperature, depth
and salinity can influence squid activity and behavior (Wang et al., 2021). Squid are
generally more active at night, and some squid species can exhibit daily vertical
migration behavior, approaching the sea surface at night and deeper during the day. Light
intensity can influence this behavior (Burford & Robison, 2020). Squid live in groups
(schooling) when looking for food at night. The squid caught had different lengths of
around 27, 35, 40, 60 and 80cm (Jones et al., 2021). This catch also resulted in juvenile
sized squid. The large number of squid catches in November is because this month is the
peak month for squid fishing (Susiloningtyas et al., 2014). The peak season for catching
squid is September-November, this occurs due to the influence of the east monsoon
which is the peak season in Indonesia and the shift of west winds (Kunarso et al., 2019).

Generally, fishing communities in North Sumatra Province use squid fishing rods,
because the process of making fishing gear and the process of operating this fishing gear
does not cost too much (Athirah Sulaiman et al., 2023; Zulkifli et al., 2023). Squid
fishing equipment is generally still traditional but fishermen modify this fishing
equipment with the addition of modern fishing aids such as LED lights to attract squid to
the fishing rod (Arkhipkin et al., 2015). Fishermen usually use LED lights with different
colors. Squid fishing equipment has long been known and is operated by LED lights that
are installed directly on the main fishing line with various light colors (Nguyen &
Winger, 2019). Fishermen in North Sumatra Province use the color of the lights based on
their wishes without paying attention to the effect on the catch.
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The problem is that it is not yet known the effect of the color of light from
flashing LED lights which is suitable and greatly influences squid catches, therefore it is
deemed necessary to carry out research on the effect of several colors of light from
flashing LED lights which provide maximum squid catches based on the color of the
lights (Marshall & Johnsen, 2017). The aim of this research was to study the effect of
the color of flashing LED lights with 4 color combinations, namely: Blue-Green (BH),
Red-Blue (M-B), Red-Green (MH), White-Blue (BH) and to study the success of flashing
LED light colors on the number of squid catches. Natural and artificial light cycles can
influence squid reproductive patterns and feeding behavior (Koueta & Boucaud-
Camou, 2003). Lights around bodies of water can change this natural pattern. The use of
lights in marine waters is often related to fishing activities. Lights can be used to attract
plankton and fish to certain areas, which in turn can influence the squid's feeding patterns
(Villanueva et al., 2017). Apart from light, other factors such as water temperature, prey
availability, and other environmental conditions also play an important role in squid
production in marine waters (Pratasik et al., 2022).

Capture fisheries are an economic enterprise that utilizes aquatic biological
resources and fishing gear to produce fish to meet community needs (Hart & Reynolds,
2002; Singh et al., 2020). Fishing gear is one of the main means for optimal and
sustainable utilization and management of fish resources (Jaya et al., 2022). One form of
fishing technology that is considered successful and is developing rapidly in the fishing
industry to date is the use of light aids to attract the attention of fish during the fishing
process (Cooke et al., 2021). All types of fishing gear that use light aids in fishing
technology are called lightfishing. In Indonesia, the intensity of the light used by
fishermen varies depending on the type of fishing gear, target species, fishing ground and
the financial capabilities of each fisherman (van Oostenbrugge et al., 2002; Yamazaki
et al., 2018; Yulisti et al., 2024). In the type of fishing gear, stick-on and floating gears
use 2-4 pertromax lamps, purse seines use 8-10 lamps and on ship charts it can reach
20,000 watts (Patty, 2010).

Each species of squid has different characteristics and environmental preferences.
Therefore, it is important to consider the specific squid species and local environmental
conditions when evaluating the relationship between light intensity and squid catcher
production in marine waters. Further research and empirical data may be needed to
understand in more detail these interactions. Therefore, this research aimed to analyze the
relationship between light intensity and squid production in the sea waters of the East
Coast of North Sumatra.

MATERIALS AND METHODS

This research was carried out in North Sumatra Province from January to
February 2024. The research location was conducted in the waters of the East coast of
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North Sumatra. The research method used a survey or non-experimental method, namely
collecting data in the field (Kusumawardhani et al., 2017; Gordon et al., 2023). This
study used 2 treatments and 16 repetitions. The treatment used was as follows:

A = White light color treatment at night from 20.00-10.00 WIB.

B = Yellow light color treatment at night from 20.00-10.00 WIB.

The data collected were primary and secondary data. Primary data were obtained
by following fishermen's trips on a floating chart. The data obtained included the total
weight of the squid catch, the number of individuals and bycatch, while the secondary
data were in the form of a literature study by comparing literature or research report
results in accordance with the theme.

1. Research procedure
1.1. Preparation

Preparations were made prior to the departure of the ship towing the floating chart
to the fishing ground, from 15:00 to 16:00 WIB. The preparations included checking the
generator, the container for holding the catch, the fishing lights on the fuel supply chart,
and the supplies needed while waiting for the catch on the floating chart.

1.2. Implementation

This research was carried out during the dark phase of the moon when the night
starts to get dark around. At 20.10 WIB the nets began to be lowered. As the net was
lowered, fish attracting lights began to be turned on. After 2-3 hours, the net was pulled
using a roller. The time required for withdrawal was only 10 minutes. After that the fish
was lifted onto the chart. Then the net was lowered again to wait for the next operation.
1.3. Data retrieval

Primary data collected in this research included the following: first, measuring
light intensity using a lux meter; then, recording the position data on the floating chart
using GPS (Global Positioning System), based on the location of the fishing area (Wilson
et al., 2008); next, collecting data on the total weight of squid caught on the floating
chart, as well as the number of individual squid, categorized by color; comparative data
on the number of squid catches based on the total weight and the number of individual
squid (kg) for each catch type; calculating the number of non-economic catches in each
color category; and finally, analyzing secondary data, which was gathered through a
literature study by comparing relevant research reports that align with the theme of this
study.

1.4. Observed parameters

The parameters observed in this research included catches from floating charts
with white lights and yellow lights at night from 20.00-20.10 WIB. The catch parameters
observed include:

1. Oceanographic data which includes temperature, brightness and salinity and

depth.

2. Total weight of squid for each white and yellow light.
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3. Number of squid individuals per white and yellow light.
2. By catch results seen from the economic price aspect
2.1. Data analysis

Data on the total weight of squid and the number of individual squid were
analyzed using the student t-test, while oceanographic data including temperature,
brightness, salinity and depth were analyzed descriptively (Martins et al., 2010;
Sajikumar et al., 2020). If the calculated t value is greater than the t table value at 0.05,
then there is a significant difference in the catch between the white and yellow light
treatments. If the calculated t value is smaller than the t table value at 0.05, then the
treatments do not show significant differences. The formula used in the Student's t-test
was as follows:

t=(Y1-Y2)/(Sp * N(2/n))

t : Deviation of the mean value

Y1: Squid catch (White) Y2: Squid catch (Yellow)

S: Standard deviation

n : Total number of repetitions (16 times)
RESULTS

Squid (Loligo sp.) is a soft animal with a cylindrical body and triangular fins that
come together at the end (Mironenko et al., 2021). Its characteristic is that it has an ink
sac which functions to release ink which is used to avoid predators. Squid (Loligo sp.)
belongs to the class Cephalopoda, order Teuthoidea, suborder Myopsida, and family
Loliginidae. The distribution of squid (Loligo sp.) is widespread throughout Indonesian
waters, from West Sumatra to the south of Irian Jaya (Papua), from the Strait of Malacca
(North Sumatra) to the east, covering the waters of East Sumatra, the Java Sea, the Banda
Sea, and the waters of Maluku/Arafura (Wulandari et al., 2023). Squids (Loligo sp.) are
demersal or semi-pelagic, inhabiting coastal areas and continental shelves at depths of up
to 400 meters. During the day, they gather in groups at the ocean floor, and at night, they
spread out through the water column (Robison, 2004). Squids are positively phototactic,
meaning they are attracted to light (Brodrick & Jékely, 2023; Martudi et al., 2023).

The utilization of squid resources has primarily relied on jigs, which use artificial
bait designed to mimic the shape of shrimp. These jigs are either homemade by fishermen
or produced in factories. Jigs are fishing tools specifically designed for catching squid or
the cuttlefish, typically shaped like shrimp, fish, or other forms, with hooks on the tail but
without barbs. Several methods have been employed to enhance the effectiveness of jigs,
such as using shapes and color patterns that resemble natural prey, incorporating radium
into parts of the fishing rod, and using flashing lights. These techniques aim to attract the
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attention of squid, causing them to approach the fishing gear and get caught. However,
scientific information regarding the application of these methods is still lacking.
Additionally, it remains scientifically uncertain whether LED lamps are more effective
than Petromax lamps for attracting squid. Therefore, research is needed to investigate the
effect of different lighting in handline fishing gear on squid (Loligo sp.) catches. North
Sumatra is one of the regions with significant potential for squid catches.

The process of catching squid using fishing rods involves several stages:
preparation, squid-catching operations, and returning from the fishing grounds to the
landing site. Before heading to the fishing grounds, fishermen prepare fuel, equipment,
and squid fishing rods. Once all preparations are complete, the boat is ready to set sail for
the fishing grounds. Upon arrival, the fishermen prepare their fishing gear and place the
bait in the water. The bait is then left to set for approximately 5 to 10 minutes at a depth
of around 45 meters.

To attract the squid, fishermen turn on the lights installed on the main fishing line
(blits). Afterward, they slowly pull the fishing line. Hauling the line is done when the
hook is attached to the squid, typically through its head, body, or tail. Once the hook
catches the squid, the fisherman pulls gently until the squid is brought aboard the boat.
The use of lights is essential for catching squid with fishing gear, as squid are positively
phototactic—meaning they are attracted to light. Flashlights are typically used to lure the
squid.

Initially, the light source used for handline squid fishing was the Petromax lamp.
However, its use has been discontinued due to the high cost of kerosene fuel. Fishermen
are now attempting to switch to tube lamps (Tublur Lamp) powered by small generators.
Underwater lights are rarely used as fishing aids because they are more complicated to
construct and more expensive. In theory, underwater lights provide lower light
illumination than above-water lights (Shen et al., 2013; Suanda et al., 2023) because
almost 100% of the light from underwater lights is absorbed by the water and not
reflected out (Miramirkhani & Uysal, 2018).

Squid fishing typically employs two types of lighting models, which are adapted
to squid behavior (Nakajima et al., 2022; Syamsafitri et al., 2023). The first method
involves shining light on the water’s surface, as squid are positively phototactic. Flashing
lights are often tied to strings as a way of communicating with the squid. The light organs
in squid are used for camouflage and communication with other animals.
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— Rope winder
Main rope
No.30 (125 m \|
LED lamp P9 cm 9/' Swivel No. 6
(BH, MB, PB)
Swivel Wire Rope P 1m
No.6
300 gr weight
Bait tying hook
No.18
Bait tying rope A Fishing hook P 9 cm
No.30 (20 cm)

Fig. 1. Series of squid fishing equipment

The fishing gear used to catch squid is not widely used by Indonesian fishermen.
However, considering that squid has a high protein content and is an economically
important aquatic animal or a type of commercial aquatic animal. So catching squid using
fishing gear needs to be further developed in Indonesia. Given that with the development
of the business of catching squid using modern fishing equipment, it is proven that this
business has high efficiency. Apart from that, catching squid with this equipment can
overcome various national problems in the agricultural sector, including increasing the
income of fishermen and fish farmers, creating productive jobs, increasing non-oil and
gas foreign exchange and ensuring the availability of animal protein food.

In the field of fisheries, we not only study fish but also non-fish species such as
shrimp, shellfish, and squid (Loligo sp.). In Indonesia, squid (Loligo sp.) are primarily
caught using trawls, purse seines, fishing gear, and fishing rods. However, fishing rods
are not widely used by Indonesian fishermen. Given that squid are high in protein and are
economically important as a commercial aquatic species (Aubourg et al., 2021; Mather,
2010), the use of fishing rods for squid catching needs to be further developed in
Indonesia. The development of the squid fishing industry using modern fishing
equipment has proven to be highly efficient. Additionally, squid are more difficult to
catch with nets at sea compared to some fish, due to their ability to move quickly in all
directions. This is further supported by the fact that light-based fishing aids have been
well developed in Indonesia, as light is essential for catching squid with fishing gear.
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Table 1. Squid production in marine waters in North Sumatra Province in 2022
(Kementerian Kelautan dan Perikanan Republik, Indonesia, 2022)
Types
Landin . . of Production  Production
Iocatior? REgerEelly ARy Slnije it fishing volume value
gear
Drifting
Gillnets,
Medan Oceanic
Harbor  City PP. Belawan KM_0005 Gillnets 1100 66816418
Medan Fishing
Harbor  City PP.Belawan KM_0005 Rod 7530 461904214
Fishing
Medan PP. Rod
Harbor  City Belawan KM _0005 0010 367545 22713525969
Small]
Pelagic
Purse
Trawl
With
One
Medan PP. Vessel
Harbor  City Belawan KM_0005_0010 22500 1402503011
Squid
Angling,
Squid
Medan PP. Fishing
Harbor  City Belawan KM_0005_0010 47580 2900720082
Fishing
Medan PP. Rod
Harbor  City Belawan KM_0010_0020 229808 14134163779
Small
Pelagic
Purse
Trawl
With
One
Medan PP. Vessel
Harbor City Belawan KM_0010_0020 62600 3839090763
Squid
Angling,
Squid
Medan PP. Fishing
Harbor City Belawan KM_0010_0020 161924 9957847164
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Ring
Trawl

Small
Pelagic
Group
Ring
Central Trawl
Harbor  Tapanuli PP. Sibolga KM _0050 0100 2938
Information: Production Volume (Kg), Production Value (Rp)

Number of Squid Individuals

36% B White Light
64% Yellow Light

Fig. 2. Percentage of the number of individuals caught by squid with white lights and
yellow lights

This research is in line with research conducted by Mulyawan et al. (2015) that
white lights have a greater catch than other colored lights, where the squid catch is 64%
compared to other lights. Other research supporting this study includes work by Hakgeun
et al. (2012), which found that squid are most attracted to blue light (Matsui et al., 2016).
Additionally, white LED lights have the highest intensity compared to green and red
lights. The combination of white and blue light in treatment D (White-Blue) produced a
higher light intensity than the combinations in treatments A, B, and C, leading to a
stronger response from the squid to the white-blue light combination. In contrast,
research by Jhaiaun et al. (2021) found that blue lights resulted in lower catch rates
compared to red and green lights. This can be explained by the fact that blue light, when
present in bright water, reflects less light or emits light that is harder for squid to detect,
resulting in lower catch rates compared to other colored lights.

69133844
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Fig. 3. Number of individuals caught squid

Squid caught in the waters of North Sumatra during this research have a high
economic value for floating fishermen. From an economic perspective, squid are priced
higher than anchovies. The total weight of squid caught using white lights was 56,418kg,
while squid caught with yellow lights amounted to 31,968kg. The combined total catch of
squid using both white and yellow lights was 88,386kg. According to interviews with
fishermen, the price of squid caught by Bagan Pung fishermen is IDR 30,000 perkg. In
comparison, anchovies are sold at IDR 15,000 perkg, tembang fish at IDR 8,000 per kg,
and layur fish at IDR 25,000 per kg. The total catch from all species amounted to
209,627kg, with a total value of IDR 4,267,026. Therefore, squid catches have a high
selling price, significantly contributing to the increase in fishermen's income.

DISCUSSION

The number of squid catches using floating charts in North Sumatra is relatively
low, as squid are considered a by-catch in these operations. In Belawan waters, key
environmental parameters such as temperature, brightness, and salinity were found to be
normal for the survival of fish, especially squid, even during the western monsoon
season. The water temperature during the study ranged from 25 to 27°C. According to
Rosa and Seibel (2010), squid typically inhabit waters with temperatures between 18 and
27°C, and they exhibit daily migration patterns, grouping at the bottom of the water
during the day and spreading out in the water column at night. Shore squid live in bay
waters and migrate to continental shelves, with some species in subtropical areas making
seasonal migrations due to temperature fluctuations. Water temperature is influenced by
solar radiation and the surrounding air temperature.

The salinity of the waters during the study ranged from 26 to 30ppt. The floating
charts were not operated far from the port pier due to strong winds at night, which kept
the salinity range within moderate levels. These findings align with Soewito and Syarif
(1990), who reported that squid thrive in waters with salinity ranging from 8.5 to 30ppt.
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The water clarity, or brightness, during the study ranged from 2.7 meters to 3.4 meters.
The water depth varied between 15.4 meters and 20.9 meters. In general, squid are found
in coastal areas and continental shelves at depths of up to 400 meters, and several species
can live in brackish waters.

Fisheries Management Area (WPP) 571, also known as Fishing Zone (ZP1) 571, is
one of the internationally established zones for regulating and managing fish resources.
The waters within WPP 571 include the coastal waters of North Sumatra Province, which
have significant natural resource potential and are recognized as key squid fishing areas
for fishermen in Medan Belawan. Small-scale fishermen in Medan typically fish in
coastal waters between 5 and 12 miles offshore, as per Minister of Maritime Affairs and
Fisheries Regulation No. 71 of 2016, which defines Fishing Route 1l as extending from 4
to 12 nautical miles measured from the lowest ebb tide.

Squid belong to the class Cephalopoda (phylum Mollusca) and are characterized by
their thin shells on their backs (Kershaw, 1983; Singh et al., 2017; Yamaguchi et al.,
2020). The Loliginidae family includes several genera such as Loligo, Sepioteuthis, and
Uroteuthis, all of which are found in tropical marine waters (Riad, 2020). The Uroteuthis
genus, which includes species like U. chinensis, U. edulis, and U. duvaucelii, is
commonly found in shallow marine waters of the Indo-Pacific. The high economic value
of squid makes it one of the main catches for fishermen in Belawan District, Medan City.
Squid fishing in Medan is carried out by both large and small-scale fishermen using
vessels of less than 5 gross tons, equipped with 23-horsepower Dongfeng engines and
squid fishing gear (squid jigs). The distance from the landing location to the fishing
grounds ranges from 5 to 15 miles, with a one-day fishing trip.

Key stakeholders in the squid fishing business in Medan include fishermen, small
collectors, entrepreneurs (such as squid warehouse owners), and exporters. Squid are
typically sold fresh and whole to small collectors and entrepreneurs. The involvement of
entrepreneurs and small collectors is crucial to the squid fishing industry, as they provide
the capital needed for fishermen to conduct their fishing activities.

CONCLUSION

Most fishermen in North Sumatra Province operate on both small- and large-scale
levels. Small-scale fishermen primarily engage in squid fishing using vessels under five
gross tonnage (GT), equipped with squid jigging gear. These fishermen typically go on
single-day fishing trips, traveling 5-15 miles offshore in 9-12 meter boats powered by 23
PK Dongfeng engines, with two crew members on board. Each crew member operates 8—
10 50-watt lamps. The primary reason for using artificial light is the squid's positive
phototactic behavior, where bright lights attract squid, especially during nighttime
fishing.

Squid fishing is the main source of income for local fishermen due to the high demand
for squid. During the peak season, fishermen can earn around Rp. 2,700,000 per catch,
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whereas in the lean season, earnings decrease to about Rp. 500,000. However, this
income remains lower than the minimum wage (UMR) in Medan City. Once caught, the
squid are sold to small collectors, who then resell them to business owners at
predetermined prices. Additionally, fishermen can borrow money from these small
collectors to finance their fishing operations.

The feeding and reproductive behavior of squid can be influenced by both natural
and artificial light cycles. Artificial lights near water bodies can disrupt these natural
patterns. In maritime environments, fishing activities that involve the use of lights can
attract plankton and other small fish, which in turn influence the squid's feeding behavior.
Along with light, other environmental factors, such as water temperature and prey
availability, also affect squid production in marine environments.

In this study, a total of 31,968 kg of squid was caught using yellow lights, while
56,418 kg was caught using white lights. The combined total catch using both white and
yellow lights amounted to 88,386 kg. According to interviews with fishermen and fish
collectors, squid caught by floating chart fishermen are sold for Rp. 30,000 per kilogram.
In comparison, layur fish are priced at Rp. 25,000 per kg, tembang fish at Rp. 8,000 per
kg, and anchovies at Rp. 15,000 per kg.

Research also indicated that squid are most attracted to blue light. Among the
different light types, white LED lights have the highest intensity compared to green and
red LED lights. The combination of white and blue lights (treatment D) exhibited the
highest light intensity, outperforming other combinations in treatments A, B, and C. As a
result, squid responded more strongly to the white-blue light combination. However,
despite the stronger intensity, blue light is less effective at attracting squid in bright water
areas due to its lower perceptive strength compared to red and green lights. Blue light
tends to reflect more, making it less effective at attracting squid in comparison to the
other colors.

REFERENCES

Arkhipkin, A. I. ; Rodhouse, P. G. ; Pierce, G. J. ; Sauer, W. ; Sakai, M. ; Allcock,
L. and Zeidberg, L. D. (2015). World squid fisheries. Reviews in Fisheries
Science & Aquaculture, 23(2), 92-252.

Athirah Sulaiman, N. A. ; Hassan, S. A. ; Mohamed Shaffril, H. A. and Hanapi, M.
S. (2023). Fishermen's Knowledge of Astronomical Phenomena in Fishery
Activities: A Systematic Literature Review. Pertanika Journal of Social Sciences
& Humanities, 31(1).

Aubourg, S. P. ; Trigo, M. ; Prego, R., Cobelo-Garcia, A. and Medina, 1. (2021).
Nutritional and Healthy Value of Chemical Constituents Obtained from
Patagonian Squid (Doryteuthis gahi) By-Products Captured at Different Seasons.
Foods, 10(9), 2144.



1788 Sitorus & Kodrat, 2024

Asbur, Y., Purwaningrum, Y., Satriawan, H., Rahayu, M. S. and Ariyanti, M.
(2024). Evaluation of the suitability of three weed species as alternative cover
crops in smallholder oil palm plantations through plant spacing management.
Plant Science Today, 11(1), 521-530.

Brodrick, E. and Jékely, G. (2023). Photobehaviours guided by simple photoreceptor

systems. Animal Cognition, 26(6), 1817-1835.

Burford, B. P. and Robison, B. H. (2020). Bioluminescent backlighting illuminates the
complex visual signals of a social squid in the deep sea. Proceedings of the National
Academy of Sciences, 117(15), 8524-8531.

Cooke, S. J. ; Venturelli, P. ; Twardek, W. M. ; Lennox, R. J. ; Brownscombe, J. W.
; Skov, C. ; Hyder, K. ; Suski, C. D. ; Diggles, B. K. ; Arlinghaus, R. and
Danylchuk, A. J. (2021). Technological innovations in the recreational fishing
sector: implications for fisheries management and policy. Reviews in Fish Biology
and Fisheries, 31(2), 253-288.

Fadhilah, A. ; Lorenza, Y. Y. ; Leidonald, R. and Siregar, R. F. (2021). Bioeconomic
analysis of mackerel (Rastrelliger spp) in the Belawan Gabion Ocean Fishing Port,
North Sumatra Province. IOP Conference Series: Earth and Environmental Science,
782(4), 042006.

Gordon, B. R. ; Moakler, R. and Zettelmeyer, F. (2023). Close Enough? A Large-
Scale Exploration of Non-Experimental Approaches to Advertising Measurement.
Marketing Science, 42(4), 768-793.

Hart, P. J. B. and Reynolds, J. D. (Eds.). (2002). Handbook of Fish Biology and
Fisheries, Blackwell Science Ltd., Volume 2.

Hidayati, D., and Widayatun, W. (2021). The Dynamic of Fishermen’s Income and the
Influencing Factors on the West and East Coasts of Sumatra Island. I0P Conference
Series: Earth and Environmental Science, 934(1), 012030.

Ingtyas, F. T., Ampera, D., Wahidah, S., Purba, A. S., and Amal, B. K. (2021).
Development of" Product Design” Learning Based On Kkni through Creative
Industry Students. Rigeo, 11(3).

Jaya, I. ; Satria, F. ; Wudianto, Nugroho, D. ; Sadiyah, L. ; Buchary, E. A. ; White,
A. T.; Franklin, E. C. ; Courtney, C. A. ; Green, G. and Green, S. J. (2022).
“Are the working principles of fisheries management at work in Indonesia?”” Marine
Policy, 140p.

Jhaiaun, P. ; Panthawong, A. ; Saeung, M. ; Sumarnrote, A. ; Kongmee, M. ;
Ngoen-Klan, R. and Chareonviriyaphap, T. (2021). Comparing Light—
Emitting—Diodes Light Traps for Catching Anopheles Mosquitoes in a Forest
Setting, Western Thailand. Insects, 12(12), 1076.

Jones, I. T., Peyla, J. F., Clark, H., Song, Z., Stanley, J. A. and Mooney, T. A. (2021).
Changes in feeding behavior of longfin squid (Doryteuthis pealeii) during laboratory
exposure to pile driving noise. Marine Environmental Research, 165p.



1789
The Relationship between Lamp Light Intensity and Squid Fishing Production in Sea Waters on the
East Coast of North Sumatra

Kementerian Kelautan dan Perikanan Republik Indonesia, (2022). Produksi cumi-
cumi di perairan laut Provinsi Sumatera Utara. Statistik.Kkp.Go.ld.
https://statistik.kkp.go.id/home.php?m=prod_ikan_laut_kab#panel-footer

Kershaw, D. R. (1983). Phylum Mollusca. In Animal Diversity, Springer Netherlands.,
pp. 169-191.

Koueta, N., and Boucaud-Camou, E. (2003). Combined effects of photoperiod and
feeding frequency on survival and growth of juvenile cuttlefish Sepia officinalis L.
in experimental rearing. Journal of Experimental Marine Biology and Ecology,
296(2), 215-226.

Kunarso ; Wirasatriya, A. ; Irwani ; Satriadi, A. ; Helmi, M. ; Prayogi, H. and
Munandar, B. (2019). Impact of Climate Variability to Aquatic Productivity and
Fisheries Resources in Jepara Waters. I0P Conference Series: Earth and
Environmental Science, 246, 012021.

Karuwal, J. and Budiman, B. (2021). The influence of moon period day to paperek fish
(Leiognathus spp) cathed and it’s connection with physical waters of boat live nets
at Dodinga Bay, West Halmahera Districs. In IOP Conference Series: Earth and
Environmental Science, 10P Publishing., Vol. 797, No. 1, 012003p.

Kusumawardhani, M. ; Gundersen, S. and Tore, M. (2017). Mapping the research
approach of asset management studies in the petroleum industry. Journal of Quality
in Maintenance Engineering, 23(1), 57-70.

Marshall, J. and Johnsen, S. (2017). Fluorescence as a means of colour signal
enhancement. Philosophical Transactions of the Royal Society B: Biological
Sciences, 372(1724), 20160335.

Martins, R. S. ; Roberts, M. J. ; Vidal, E. A. G. and Moloney, C. L. (2010). Effects of
temperature on yolk utilization by chokka squid (Loligo reynaudii d’Orbigny, 1839)
paralarvae. Journal of Experimental Marine Biology and Ecology, 386(1), 19-26.

Matsui, H. ; Takayama, G. and Sakurai, Y. (2016). Physiological response of the eye
to different colored light-emitting diodes in Japanese flying squid Todarodes
pacificus. Fisheries Science, 82(2), 303-309.

Martudi, S. (2023). An empirical study of fish breeding and biotechnology: Evidence
from Indonesia. FishTaxa-Journal of Fish Taxonomy, 28.

Mather, J. A. (2010). Vigilance and antipredator responses of Caribbean reef squid.
Marine and Freshwater Behaviour and Physiology, 43(5), 357-370.

Miramirkhani, F. and Uysal, M. (2018). Visible Light Communication Channel
Modeling for Underwater Environments With Blocking and Shadowing. IEEE
Access, 6, 1082—-1090.

Mironenko, A. A. ; Boiko, M. S. ; Bannikov, A. F. ; Arkhipkin, A. I. ; Bizikov, V. A.
and Kost'ak, M. (2021). First discovery of the soft-body imprint of an Oligocene
fossil squid indicates its piscivorous diet. Lethaia, 54(5), 793-805.

Mulyawan, M. ; Masjamsir, M. and Andriani, Y. (2015). Pengaruh Perbedaan Warna



1790 Sitorus & Kodrat, 2024

Cahaya Lampu Terhadap Hasil Tangkapan Cumi-Cumi (Loligo Spp) Pada Bagan
Apung Di Perairan Palabuhanratu Kabupaten Sukabumi Jawa Barat. Jurnal
Perikanan Dan Kelautan Unpad, 6(2).

Nakajima, R. ; Lajbner, Z. ; Kuba, M. J. ; Gutnick, T.; Iglesias, T. L. ; Asada, K. ;
Nishibayashi, T. and Miller, J. (2022). Squid adjust their body color according to
substrate. Scientific Reports, 12(1).

Nguyen, K. Q. and Winger, P. D. (2019). Artificial Light in Commercial Industrialized
Fishing Applications: A Review. Reviews in Fisheries Science & Aquaculture,
27(1), 106-126.

Patty, W. (2010). Analisa Sebaran Iluminasi Cahaya Petromaks Dengan Perlakuan
Bertudung Dan Tanpa Tudung. Jurnal Perikanan Dan Kelautan Tropis, 6(3), 156.
Pratasik, S. B., Lalamentik, L. T. X., Manoppo, L. and Budiman, J. (2022). Deep sea
squid in Sulawesi Sea, North Sulawesi Province, Indonesia. Biodiversitas Journal of

Biological Diversity, 23(4).

Riad, R. (2020). Monograph of the Egyptian Squids Order: Teuthoidea ( Cephalopoda:
Mollusca) Part Il. Egyptian Journal of Aquatic Biology and Fisheries, 24(4), 197—
231.

Robison, B. H. (2004). Deep pelagic biology. Journal of Experimental Marine Biology
and Ecology, 300(1), 253-272.

Rosa, R. and Seibel, B. A. (2010). Metabolic physiology of the Humboldt squid,
Dosidicus gigas: Implications for vertical migration in a pronounced oxygen
minimum zone. Progress in Oceanography, 86(1), 72—80.

Singh, A. ; Mittal, A. and Benjakul, S. (2022). Full utilization of squid meat and its
processing by-products: Revisit. Food Reviews International, 38(4), 455-479.

Sajikumar, K. K. ; Sasikumar, G. ; Venkatesan, V. ; Vidya, R. ; Alloycious, P. S. ;
Jestin Joy, K. M. ; Karamathullah, P. S. ; Nataraja, G. D. and Mohamed, K. S.
(2020). Distribution, age and growth of the diamondback squid, Thysanoteuthis
rhombus (Cephalopoda: Thysanoteuthidae) from the tropical Arabian Sea. Fisheries
Research, 224, 105478.

Singh, A., Benjakul, S. and Kishimura, H. (2017). Characteristics and functional
properties of ovary from squid Loligo formosana. Journal of Aquatic Food Product
Technology, 26(9), 1083-1092.

Shen, S. C. ; Kuo, C. Y. and Fang, M.-C. (2013). Design and Analysis of an
Underwater White LED Fish-Attracting Lamp and its Light Propagation.
International Journal of Advanced Robotic Systems, 10(3), 183.

Stanford, R. J. ; Wiryawan, B. ; Bengen, D. G. ; Febriamansyah, R. and Haluan, J.
(2013). Exploring fisheries dependency and its relationship to poverty: A case study
of West Sumatra, Indonesia. Ocean & Coastal Management, 84, 140-152.

Susiloningtyas, D. ; Boer, M. ; Adrianto, L. and Julianto, F. (2014). The Influence of
Fishing Assets and Migration Time to Catch Squid Fisheries on Seasons Variability.



1791
The Relationship between Lamp Light Intensity and Squid Fishing Production in Sea Waters on the
East Coast of North Sumatra

Indonesian Journal of Geography, 46(1), 22.

Suanda, I. W., Martanto, E. A, Iriani, F., Nurhayati, N., Farni, Y., Wirda, Z. and
Sutiharni, S. (2023). Integrated pest control strategy (IPM) corncob borer
(Helicoverpa armigera Hubner): Fertilization and weeding control. Caspian Journal
of Environmental Sciences, 21(2), 395-402.

Syamsafitri, N., Kesuma, R. P. and Ningsih, S. S. (2023). The Increase of Organic
Shallots (Allium cepa var ascalonicum L.) Production through the Application of
Compost on Inceptisol Soils. Journal of Agricultural Research, 11(1), 185-190.

Van Oostenbrugge, J. A. ; Poos, J. ; van Densen, W. L. and Machiels, M. A. (2002).
In search of a better unit of effort in the coastal liftnet fishery with lights for small
pelagics in Indonesia. Fisheries Research, 59(1-2), 43-56.

Villanueva, R. ; Perricone, V. and Fiorito, G. (2017). Cephalopods as Predators: A
Short Journey among Behavioral Flexibilities, Adaptions, and Feeding Habits.
Frontiers in Physiology, 8.

Wang, D. ; Yao, L. ; Yu, J. and Chen, P. (2021). The Role of Environmental Factors on
the Fishery Catch of the Squid Uroteuthis chinensis in the Pearl River Estuary,
China. Journal of Marine Science and Engineering, 9(2), 131.

Wilson, R. ; Shepard, E. and Liebsch, N. (2008). Prying into the intimate details of
animal lives: use of a daily diary on animals. Endangered Species Research, 4, 123—
137.

Wulandari, D. P. ; Kamal, E. and Suparno, S. (2023). The correlation between
environmental parameters and the abundance of crabs in the mangrove ecosystem of
Gemuruh River, Koto XI Tarusan District, West Sumatera. Depik, 12(1), 49-55.

Yamazaki, S. ; Resosudarmo, B. P. ; Girsang, W. and Hoshino, E. (2018).
Productivity, Social Capital and Perceived Environmental Threats in Small-Island
Fisheries: Insights from Indonesia. Ecological Economics, 152, 62—-75.

Yulisti, M. ; Hidayat, A. S. ; Firdausy, C. M. ; Mu’awanah, U. ; Kurniasari, N. and
Nurjati, E. (2024). Effects of eco-friendly fishing gears on fishermen’s welfare and
sustainable fisheries: Lessons learned from Indonesia. Marine Pollution Bulletin,
198.

Yamaguchi, T. ; Takayama, K. ; Hirose, N. and Matsuyama, M. (2020). Relationship
between empirical water temperature and spring characteristics of swordtip squid
(Uroteuthis eduli s) caught in the eastern Tsushima Strait. Marine Biology Research,
16(2), 93-102.

Zulkifli, D. ; Suharti, R. ; Sihombing, Y. F. T. A. ; Jabbar, M. A. ; Rahayu, S. M. ;
Bramana, A. and Aulia, D. (2023). Biological aspects of squid (Loligo edulis) in
the waters of Eastern North Sumatra, Indonesia. Depik, 12(1), 40-48.



