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ABSTRACT

Squid is one of the non-fish resoutces that have economic value and is a target species in demersal fisheties
activities with squid fishing gear and stick-held deep net. This research aims to determine the biological aspects
of squid (Lo/igo edulis) such as length frequency distribution, length-weight relationship, sex ratio, gonadal maturity
level, gonadal maturity index, size at first caught, and size at first maturity of the gonads. The method used in this
research was a descriptive survey. The sample collection method used systematic random sampling and purposive
sampling techniques. This observation was carried out on March 7 to July 30, 2022, at the Belawan Ocean Fishing
Port and Tanjung Balai Port. The results showed that the average length distribution of squid was 17.73 cm. The
relationship between the length and weight of squid is negative allometric. The sex ratio is 1:1.05. The negative
allometric growth pattern is dominated by Gonadal Maturity Level (GML) I and GML II. The highest GML value
for male squid was 2.06% at GML III, and the highest GML value for female squid was 1.92% at GML III. The
average size of the caught squid length (Lc) is 10.42 cm. The size of the first gonad maturity (L.c) was 13.32 cm.

Introduction

Geographically, the waters of the Malacca Strait
are part of fisheries management areas (WPP) 571
(Arsana, 2014) The northeastern area is directly
adjacent to Economic Zones (EEZ) waters of
Malaysia, Thailand, and Singapore, the southwest is
administratively bordered by the three provinces of
the east coast of Sumatra namely the southwest is
administratively bordered by the three provinces of
the east coast of Sumatera (Aceh, North Sumatera,
and Riau) to the northwest to the waters of the
Andaman Ocean and the southeast to the waters of
the southern Natuna Ocean. This region, based on
the estimation of fish resource potential (FRP), has
9 (nine) FRP groups, namely large pelagic fish, small
pelagic fish, demersal, penaeid shrimp, consumable
crayfish, lobsters, crabs, and squid (Faizah and
Sadiyah, 2019).

This region stretches along the east coast of
North Sumatra. The east coast of North Sumatra has
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a 545 km coast and consists of 7 regencies or cities,
namely Langkat Regency, Medan City, Tanjung Balai
City, Asahan Regency, Labuhan Batu Regency, Deli
Serdang Regency, and Serdang Bedagai Regency.
The East Coast of North Sumatra is a busy shipping
lane and one of the areas for fishing activities,
especially in Belawan Waters. Belawan is a magnet
for North Sumatra's fishing activities (Tambunan e
al., 2010).

The fishery resources in the east coastal area of
North Sumatra consist of fish and non-fish
resources. One of the non-fish resources is squid.
Squids are invertebrates that are classified as pelagic
but are sometimes classified as demersal due to their
frequent bottom presence. They are members of the
mollusk phylum's cephalopod class (Faradizza ¢f al.,
2019; Surachmat, 2018). Squid fisheries are now one
of the potential non-fish resources that have
important economic value and are widespread in
Indonesian waters (Nababan ¢/ 2/, 2017). The tools
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used are squid nets, stick-held deep nets, squid
fishing rods, and by-catches from ring trawls and
fish trawls (Ilhamdi and Yahya, 2017).

The increasing intensity of fishing and the
number of fishing fleets as well as the modernization
of fishing gear can lead to overfishing. In addition,
the high rate of degradation of spawning habitats,
the enlargement of squid in coastal areas due to
pollution, environmentally unfriendly fishing,
sedimentation, and land conversion as a result of
development can result in a reduction in squid
populations (Baskoro ez al., 2017).

Squid (Lo/igo spp.) caught in the waters of Eastern
Sumatra is mostly landed at Belawan Ocean Fishing
Port (PPS Belawan) and Tanjung Balai Asahan Port.
Data on squid catches and fishing efforts in the
Eastern Waters of Sumatra landed in Belawan
Ocean Fishing Port (PPS Belawan) from 2016 to
2020 on the ecological dimension, technological
dimension and social dimension are included in the
category of less sustainable (Chairunnisa, 2022).

The need to maintain squid resources (Lo/igo
spp.) is to maintain the potential of squid to be
optimally utilized so that there is no overfishing.
Therefore, it is necessary to study the basic
information on biological aspects, aspects of capture
fisheries, and management efforts to support efforts
to manage squid resources (Lo/igo spp.) sustainably
and the creation of sustainable and environmentally
friendly fishing.

Based on the explanation above, it is necessary to
conduct research that aims to analyze various
aspects of squid biology and reproduction, including
length  frequency distribution, length-weight
relationship, sex ratio, gonadal maturity level
(GML), gonadal maturity index (GMI), the length of
the first maturity, and the length of first captured.

Materials and Methods

Location and time
This research was carried out from March to May

2022 which months are known as transitional

seasons (Ariyanto e/ al., 2021) and was located at two

squid landing locations in the eastern region of

North Sumatra which include:

1. Belawan Ocean Fishing Port, Bagan Deli
Village, Medan District Belawan City, North
Sumatra Province

2. Tanjung Balai Asahan Port, Bagan Asahan
Village, Tanjung Balai Teluk Nibung District,
North Sumatra Province.

Sampling activities are carried out every day, where

1.5 months are located in Belawan Ocean Fishing
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Port and the remaining 1.5 months are located in
Tanjung Balai Asahan Port.
Data collection

The tools and materials used during the
observation are shown in Table 1.

Table 1. Tools and materials.

No. Tools Specifications  Function

1. Stationery To log data

2. Iron Ruler 1cm To measure the length
of the squid

3. Plain Paper As a squid base

4. Digital Scales 1 gram Measuring squid
weight

5. Tissue - To clean the tool

6. Mobile 48 MP For documentation of

Camera practical activities

7. Laptop To process data

8. Squid Samples used

9. Field Form As a medium for

recording data

The data collection method during this research
is a direct survey method, namely by looking at and
making observations in the field of squid samples
that are the target of observations. The data
retrieved are primary data and secondary data.

Primary data are obtained from the field such as
measurements of length and weight, gender, gonadal
maturity level, and others. As well as conducting
direct interviews with fishermen or respondents
using the questionnaires that have been provided
(Mustaqim, 2016; Daud e7 al., 2020).

Squid sampling (L. edulis) used a random
sampling method. Dissected sampling was taken
using the purposive sampling method
Data analysis
Squid mantle length frequency distribution

The length frequency distribution is obtained by
determining the class interval, middle grade of the
class, and the predetermined length frequency
distribution in class intervals then calculated using
descriptive statistics then presented in the form of
graphs (Selvia ez al., 2019).

Relationship between length and weight

Measurements of total length and weight were
performed to compare eating habits based on
groups of class length measures (Ismail ¢7 2/, 2013).
According to Perangin-angin e/ al. (2015) the steps
to determine the structure of the catch population
using data on the length of the mantle are as follows:
1. Specifies the class range (J), with the formula:

Range = largest data — narrowed data |
2. Specifies the number of interval classes (C), with

the formula: C =1 + 3.3 log n (n = number of

samples)
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3. Determining the length of the class interval (C),
using the formula: C = Range/Number of
Interval Classes

4. Enter the length of each specimen instance in a
predetermined class.

The relationship between length and weight uses

a linear allometric model. This model is used to

calculate parameters a and b through measurements

of length and weight (Brinkman, 1993):

W=all

Information:

W: Individual weights of squid (g)

L: Mantle length (cm)

a. Intercept (intersection of the curve of the
relationship of the length of the weight with the
y-axis)

b. Slope
Linear or straight-line equations are obtained

from the following equations:
L, WO=L,q+bL,()

Parameters a and b were obtained from
Regtression Analysis with Ln W as 'y' and Log (i) as
'x', so the regression equation is obtained as follows:
y = a+ bx(i) (Muhsoni, 2019). The coefficients of
determination and correlation can also be
determined through equations.

In this analysis of weight length relationships,
what needs to be considered is the value of b which
can be interpreted as follows:

1. b < 3: Length gain is faster than weight gain
(negative allometry)

2. b = 3: Length gain balanced with weight gain
(isometric)

3. b > 3: Weight gain is faster than length gain
(positive allometry) (Perangin-angin ez a/., 2015)
To determine the growth pattern, Bailey's t-test

was needed (Thomas, 2013; Nair ¢/ a/., 2015). The t-

test was run to determine significant differences

from the isometric value (b = 3) with significant
level at 5% (P < 0.05). The formula of Bailey's t-test

is as follows (Fauziyah ez al., 2021):

3—-b

= 7sp

Information:
ts = Bailey's t-test,
b = the slope of the linear regression
Sb = standard error of the b coefficients

The correlation coefficient (r) to see the closeness
of the relationship between length and weight is
obtained from the formula bellows (Nurhayati ¢/ a/.,
2016).

o (EXY)
ExH(EY?)
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=1/ IZ

r: Correlation coefficient is an abstract measure of
the degree of closeness of the relationship
between x and y (-1 < r < 1); 1 means that there
is a close and positive relationship; -1 means that
there is a close and negative relationship; and 0
means that there is no close relationship.

Length of first captured (Lc)

Length of first captured according to (Sparre-

Venema, 1998):

Information:

[=———
atexp (a-b L)

The Lc value is obtained by plotting the
percentage of the cumulative frequency of squid
caught by its standard length size, where the cut-off
point between the curves of 50% cumulative
frequency is long when 50% of squid are caught
(Tirtadanu and Hrnawati, 2016) the value of Lc can
be calculated through the formula:

. a

c=—
b

Information:

a: Intercept

b: Slope

Length of first maturity (Lm)

The size length of the first maturity is a variable
of the reproductive strategy in squid, besides the sex
ratio and spawning periods and types (Barokah ¢7 a/,
20106). Calculation of the length of the squid length
of the first maturity (Lm) using the Spearman-
Karber equation method developed by Udupa
(Abubakar ¢z al., 2019):

d z
m:Xk+ 5 - (d Pl)
Information:

m: Logarithms of a length class at the first maturity
d: The difference in the logarithm of the addition of
the mid-length value
k: Number of length classes
xi Logarithm of the mid-value of the length of the
fish that has matured gonads (Pi=1)
Sex ratio
According to (Fisher, 1930) the ratio of male to
female individuals is estimated at 1:1 naturally in
water with a normal spreading population. The
equation used to calculate the sex ratio is as follows:

n
Sex Ratio=—
nB

Information:
n J: The number of male squids (individuals)
n B: The number of female squids (individuals)
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To find out whether there is a real difference
between the comparison of male and female
individuals, it is carried out through testing and
testing "X* (chi-square) with a formula according to
(Legendre and Legendre, 2003; Mchugh, 2013):

(0 —E)?
R
Information:
O = Observed (the actual count of cases in
each cell of the table)
E = Expected value (calculated below)
Y2 = The cell Chi-square value

= Formula instruction to sum all the cell
Chi square values

= i-j is the correct notation to represent all
the cells, from the first cell (i) to the last cell
()

The value of y2 obtained from this calculation
compared with the value of y2 in the table with a
confidence level of 95% and a free degree (FD) = 1
(one) with the hypothesis:

Ho: There is no noticeable difference between the
number of male and female squid

Hi: There is a noticeable difference between the

number of male and female squid

22

%21

If,

b

X? calculate < 2 table = Hy Accepted, Hi rejected

X? calculate > y2 table = Ho, Rejected, H;
accepted.
Gonadal maturity level (GML)

The basis used to determine GML

morphologically is the shape, length, color, and
development of the gonadal content. Classification
of the gonadal maturity level of squid is suggested
(Lipinski and Underhill, 1995) in Table 2.

Table 2. The microscopic sexual maturity scale
applied for Loligo edulis.

Histological Examination

Maturity Stage Males Females

I The first spermatogonia  The first oogonia

immature and first primary  developed anywhere
spermatocytes developed  in the gonad.
anywhere in the gonad.

11 Tubules with primary  Follicle cells surround

developing spermatocytes inside are  the oocyte anywhere
clearly defined. in the gonad.

111 First spermatids develop  First invagination of

maturing/ripening,  anywhere in the gonad. the follicular

epithelium.

v First spermatozoa are  Yolk finishes

mature/ripe/gravid ~ formed anywhere in the  displacing  follicular
gonad. folds in the gonad

N4 None First mature oocytes

spent are found anywhere in

the gonad.

Gonadal maturity index (GMI)
Determining the GMI value of fish can be used
the formula below (James ¢/ a/., 2010):
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GW
GMI=——X100%
BW

Information:

GW: Gonadal Weight (grams)
BW: Squid Body Weight (grams)
GMI: Gonadal Maturity Index

Results
Biological aspects of squid

The morphological features of the squid obtained
are elongated cylindrical shape and the back is
tapered with a pair of triangular-shaped fins. Squids
found have soft bodies, a pair of eyes next to the
head, and five pairs of arms, where one pair of arms
is longer than the other called tentacles. The squid
found at the research location is shown in Figure 1.

Trumik

g

R mE m i s T g

Testacls &

Figure 1. Squid (Lo/igo ednlis) found at the research
location.

Squid mantle length frequency distribution
Squid sampling (L. edulis) obtained during research
was taken from 2 landing locations located in North
Sumatra Province. The results of observations on
the distribution of mantle lengths (L. edulis) for
intervals caught and landed at the Ocean Fishing
Port of Belawan and Tanjung Balai Asahan Port are
presented in Figure 2.
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Figure 2. Squid length frequency distribution (ILo/igo
edulis)
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The maximum and minimum values of squid
mantle length are presented in Table 3.
Table 3. Squid frequency distribution (Io/igo edulzs).

Number Mantle Length
Location of Min Max Average
Samples (cm) (cm) (cm)
Belawan Ocean
Fishing Port 455 8 46 18.25
Tanjung Balai
Asahan Port 350 8 41 17.05

Weight length relationship
The relationship between the length and weight
of the squid is presented in Table 4.

Table 4. The weight length relationship of squid
(Loligo edulis) captured.

Growt

Squid h

S 1 W = aLb R? R n T-test chara
amples cterist

ic
Squid Toae>T N egati

R W= - - table ve
g%%“” 0.5640115777 0,8935 09452 805 10 > ome

» 1,96 tric

Sex ratio

The squids that were taken from 2 locations as
samples were 80 squids. The samples were dissected
to see the characteristics of the gonads which
consisted of 42 female squids (53%) and 38 male
squids (47%) with a sex ratio = 1.05:1.

To find out whether the squid is in ideal
conditions to maintain its sustainability, it is
necessary to test the sex ratio value. This test uses a
chi-square test with a free degree (FD) 1 and a
confidence level of 95 % presented in Table 5.

Table 5. Chi-square test of squid sex ratio at two

locations.
Sample £ £ H- (h - (fo- > (fo =  fPable
fi 6P MM f)/f
Male 38 40 2 4 0,1 0,2 3,84
Female 42 40 2 4 0,1
Total 80 0,2

Gonadal maturity level (GML)

A sampling of the overall maturity level of the
gonads dissected was 80 samples from 805 squid
samples measured and weighed obtained from
fishermen in the eastern waters of North Sumatra.
From the level of gonadal maturity of 80 dissected
sample squid caught in the eastern waters of North
Sumatra, a level of gonadal maturity varies from
GML I to GML IV. The followings are the male
GML of squid caught in the Eastern Waters of the
Island of Sumatra shown in Table 6.

Depik Jurnal Ilmu-Ilmu Perairan, Pesisir dan Perikanan
Volume 12, Number 1, Page 40-48

Gonadal maturity index (GMI)

Based on the results of the observation that the
range values of the Gonadal Maturity Index (GMI)
of male and female squids at the research location
showed varying amounts. The gonadal maturity
index chart is presented in Figures 3 and 4.

Table 6. The gonadal maturity level of squid.
GML
Gender 1 2 3 4 5 >
S % 3 % 3 % S %y %

o

Male 16 42 7 185 7 185 21 - - 38
(squid)
Female 6 14 15 36 12 29 9 21 - - 42
(squid)
Male 22 27 22 28 19 24 17 21 - - 80
and
Female
(squid)

3,00
2,50
2,00 ]
1,50

GMI (%)
°

1,00
0,50

0,00

0 1 2 3 4 5
GML

Min Max
Figure 3. The gonadal maturity index (GMI) of
male squid gonads caught in the eastern

waters of North Sumatra.
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Figure 4. The gonadal maturity index (GMI) of
female squid caught in the eastern waters
of North Sumatra.

Length at first capture (Lc)

The following is a graph of the size first caught
on a squid (L. edulis) caught in the waters east of the
island of Sumatra presented in Figure 5.
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Figure 5. The length of the first capture of squid at
two study locations.

Length at first maturity (Lm)
Statistical calculations using a confidence level of
95% to estimate squid (L. edulis) that have entered

the maturity category of gonads are presented in
Table 7.

Table 7. Length of squid mantle when first maturity
gonads (Lm) obtained.

95% trust Lc (cm)
12.79-1391cm 1042 cm

Gender
Combined

Lm (cm)
13.32 cm

The size of the first maturity squid gonads is
presented in the diagram in Figure 0.

N
(O]

Lc=1042;Tm = 13.32

[\
S

Sample number (Ind.)
S o

0
RN NN AEENE
Class lenght

B Immature OMature

Figure 6. The size of the first maturity squid gonads
caught in the waters east of North
Sumatra.

Discussion

Figure 2 shows the frequency of squid class
length landed at 2 squid landing locations in North
Sumatra Province totaling 805 squids with a mantle
length (cm) ranging from 8—47 cm with an average
of 17.73 c¢m, and a weight range between 26-728
grams with an average of 188.65 grams. The most
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caught squids ranged from 12—15 cm mantle length
class interval of 238, while the fewest caught squids
ranged from 3 mantle length class interval.

The average length of this mantle is much bigger
when compared to the same type of squid caught in
the waters of Belanakan Subang from November
2005 —June 20006. The average length of the L. edulis
mantle caught in Belanakan Subanga at 16.5 cm
(Puspasari and Triharyuni, 2013). The difference in
size between squid landed at the Ocean fishing port
of Belawan and at Tanjung Balai Asahan Port in
2022 and squid landed in Belanakan Subang in
2005-2006 can be caused by several actors,
including the differentiation of fishing gear.

Squid landed at the ocean fishing port of Belawan
and Tanjung Balai Asahan Port is the catch of squid
fishing rods and stick-held deep net (Reza e al,
2019) which operates in areas about 12 miles from
the shore, with only a small operating time.
Meanwhile, the squid that landed in Belanakan in
2005 was caught by purse seine and danish seine
operating on the high seas with the help of lights
(Puspasari and Triharyuni, 2013). The lamps used
have a power of 750-1.500 watts and amount to 24-
90 pieces (Triharyuni ez al., 2012).

According to Tasywiruddin (1999), small-sized
squids are more commonly caught in waters farther
from the coast and small-sized squids are more
phototaxis when compared to large-sized squids so
that when caught using the help of light, small squids
will be caught more. Thus the difference in size that
occurred in squid landed in Belanakan in 2005-2006
with squid landed at the ocean fishing port of
Belawan and Tanjung Balai Asahan Port in line with
the results of his research.

The maximum and minimum values of squid
mantle length being presented in Table 3 can be
explained as follows: Squid samples (L. edulis)
measured in two locations, namely the Belawan
Ocean Fishing Port, totaled 45 squids consisting of
25 female squids and 20 male squids, while in
Tanjung Balai Asahan Port 35 squids were
consisting of 17 female squids and 18 male squids.
The average difference in length obtained in the two
locations is in Belawan Ocean Fishing Port of 18.25
cm with a length class interval range of 8-46 cm and
Tanjung Balai Asahan Port of 17.05 cm with a length
class interval range of 8-41 cm. The difference is not
so significant from the size of the squid mantle
length in the two areas because the conditions in
both environments and the fishing gear used are
almost the same.

The relationship between the length and weight
of squid presented in Table 4 shows that the
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calculated T value is greater than the T-table which
can be interpreted as rejecting the null hypothesis
(Hy) by showing a negative allometric growth
pattern. The equation of the relationship between
squid weight lengths in two research locations
caught in the eastern waters of North Sumatra is W
= 0.5640L"""" with b = 1.9797 where the value of b
< 3 (negative allometric) which means that the
increase in squid length is greater than the increase
in squid weight. The correlation value of the squid
weight length relationship is R* = 0.8935 with a
value close to 1 which means that the weight length
relationship is very closely related (Budiwanto,
2017).

The sex ratio of fish can be used as one of the
parameters to give an idea of the abundance (IKudale
and Rathod, 2016) and balance of fish in the water
(Wujdi and Wudianto, 2013). The results of the
squid's sex ratio shown in IMigure 4 explained that
there are 42 female squids (53%) and 38 male squid
(47%) by comparison of sex ratio = 1.05:1. The
above conditions according to Limbong and
Rahmani (2022) illustrate that the condition of the
eastern waters of North Sumatra will quickly recover
from fishing activities. Tampubolon ¢ a/ (2019)
furthermore revealed that the ratio of squid
populations as shown in Figure 4 in water where the
number of male and female fish is balanced, or more
female fish will recover faster than a population
dominated by male fish.

Based on Table 5, X?calculation < X? table, then
H, was accepted, which means that there is no
noticeable difference between the number of male
squids and female squids caught and obtained. The
findings in the field show that the ratio of females
and males is balanced according to Ayorbaba ¢/ /.
(2019).

The maturity level of the male squid gonads
obtained during the study was dominated by GML 1
and only a small part of the mature gonads (GML
IIT and IV) were 15 individuals. While the maturity
level of the female squid gonads obtained during the
study was dominated by GML II and IIT only a small
part of the mature gonads (GML 1IV) were 9
individuals, see (Figure 6). There are differences in
the phase of maturity of the gonads between males
and females. It means that the squid is in the gonadal
maturity phase every month, it is suspected that the
squid spawns throughout the year, while the peak
takes place in March and April.

Figures 3 and 4 above showed that the gonadal
maturity index (GMI) of male and female squid
shows variations. The highest male squid GMI value
was found in GMI III at 2.06% and the lowest at
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1.66% in GMI I, and the highest female squid GMI
value was at GMI III at 1.92% and the lowest at
1.61% in GMI L

The most dominant GMI was GMI I1I, both
male and female. Where, the GMI value of male
squid is greater than the GMI value of female squid
(2.06% > 1.92%), which means that when mature,
the male squid gonads tend to have a greater weight
than female squid because the more mature the
gonads had the squid's body will be heavier and will
decrease during the reproductive process gradually.
The results of the research cnducted at the research
site are the same as the result of the study by
Perangin-angin ez a/. (2015).

The gonadal maturity index (GMI) needs to be
done because it can know changes in the gonads
quantitatively (Satyani, 2017). GMI growth is
directly proportional to GML, meaning that the
higher the GML value, the higher the GMI value
(Muharam ez a/., 2020). When spawning will occur,
the GMI will increase in value and reach the
maximum limit and will decrease after finishing
working (Ridho and Patriono, 2016). The weight of
the gonads was weighed using analytical scales, then
the weight of the gonads was compared with the
weight of the body and the result was obtained in
the form of a percent (%) (Pane and Hasanah, 2019).

The results of the analysis presented in chart 9
above show that the size of the length of the first
captured (Lc) squid as a whole, which amounted to
350 sample squid caught using stick-held deep nets
(squid net) fishing gear in the waters east of North
Sumatra, was 10.42 cm. interval size range of the
mantle length is 8 — 47 cm with a mode in the class
of 13.5 cm. Compared to the results of research
conducted (Pertiwi ¢ a/., 2022), Lc value at the study
site (10.42) is smaller than Lc at Tasik Agung
Rembang Beach Fishing Port (12.53). This
condition shows that there is a higher catch pressure
at the study site than at the Tasik Agung Rembang
Beach Fishing Port. Efforts that need to be made to
the above conditions are to limit arrest attempts by
issuing regulations related to this matter. While the
remaining 455 squid samples were captured using
fishing gear which was not included in the ILc
calculation because the data used to calculate Lc only
used net fishing gear.

It is explained in Table 7 above that the results of
the calculation of the analysis of the size of the first
maturity squid gonads dissected were 13.32 cm. This
size range shows that squid has entered the category
of mature gonads (range length) between 12.79 to
13.91 cm.



Zulkifli et al. (2023)

Based on the calculation results in Table 6, the
value of Lc < Lm or it can be interpreted that the
squid is not yet suitable for catching and could grow
and spawn before being caught. They can also still
increase the population of water. In other words, the
squid caught has not had time to spawn first.
Research conducted by (Pertiwi ¢ al, 2022) at the
Tasik Agung Rembang Beach Fishing Port for squid
showed an Lm value of (16.50 cm) where this result
was greater than the Lm from the place of study
location (13.32). This condition shows that the
habitat in the Tasik Agung Rembang Beach Fishing
Port area is better than the location where the
research was carried out.

The comparison in the two places shows that the
Lc obtained is smaller than the LLm where which
shows that the squid is not yet suitable for catching
and could grow and spawn before being caught.
They can also still increase the population of water.
In other words, the squid caught has not had time to
spawn first.

Conclusion

The most captured squid ranges in the interval of
the mantle length class of 12 — 15 cm, while the least
caught squid ranges in the interval of the mantle
length class 44 — 47. Squids grow allometrically
negatively, with a balanced sex ratio of 1:1.05. The
maturity level of gonads in male squid shows that
GML I is the most dominant (42%), while for
females GML 1II is the most dominant (35.71%).
The differences in the phase of maturity of the
gonads between males and females mean that the
squid is in the gonadal maturity phase every month.
It is suspected that the squid spawns throughout the
year. The Lc value is smaller than the Lm value
(12.45 cm < 13.34cm), which indicates that the
caught squid has not had time to spawn first.
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ARTICLE INFO ABSTRACT
Keywords: Squid is one of the non-fish resources that have economic value and is a target species in demersal fisheries
Squid activities with squid fishing gear and stick-held deep net. This research aims to determine the biological aspects

Biological aspects
Fisheries aspect
Management effort

of squid (Lo/igo edulis) such as length frequency distribution, length-weight relationship, sex ratio, gonadal maturity
level, gonadal maturity index, size at first caught, and size at first maturity of the gonads. The method used in this
research was survey. Sampling measurement of squid using frandom sampling while surgical sampling using

purposive sampling method. This observation was carried out on March 7 to July 30, 2022, at the Belawan Ocean
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Fishing Port and Tanjung Balai Port. The results showed that the average length distribution of squid was 17.73
cm. The relationship between the length and weight of squid is negative allometric. The sex ratio is 1:1,05. Hl‘he

negative allometric growth pattern is dominated by Gonadal Maturity Level (GML) I and GML 1I. The highest
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DO GML value for male squid was 2.06% at GML III, and the highest GML value for female squid was 1.92% at

GML II1. The average size of the caught squid length (Lc) is 10.42 cm. The size of the first gonad maturity (Lc)

was 13.32 cm. results, please elucidate.
Introduction namely Langkat Regency, Medan City, Tanjung Balai

Geographically, the waters of the Malacca Strait
are part of fisheries management areas (WPP) 571
(Arsana, 2014) The northeastern area is directly
adjacent to Economic Zones (EEZ) waters of
Malaysia, Thailand, and Singapore, the southwest is
administratively bordered by the three provinces of
the east coast of Sumatra namely the southwest is
administratively bordered by the three provinces of
the east coast of Sumatra Nangroe Acch
Darussalam, Sumatera Utara dan Riau, to the
northwest to the waters of the Andaman Ocean and
the southeast to the waters of the southern Natuna
Ocean (Wahyudi, 2015).

This region, based on the estimation of fish
resource potential (FRP), has 9 (nine) FRP groups,
namely large pelagic fish, small pelagic fish,
demersal, penaeid shrimp, consumable crayfish,
lobsters, crabs, and squid (Faizah and Sadiyah,
2019). This region stretches along the east coast of
North Sumatra. The east coast of North Sumatra has
a 545 km coast and consists of 7 regencies or cities,
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City, Asahan Regency, Labuhan Batu Regency, Deli
Serdang Regency, and Serdang Bedagai Regency.
The East Coast of North Sumatra is a busy shipping
lane and one of the areas for fishing activities,
especially in Belawan Waters. Belawan is a magnet
for North Sumatra's fishing activities (Tambunan e#
al., 2010).

The fishery resources in the east coastal area of
North Sumatra consist of fish and non-fish
resources. One of the non-fish resources is squid.
Squids are invertebrates that are classified as pelagic
but are sometimes classified as demersal due to their
frequent bottom presence. They are members of the
mollusk phylum's cephalopod class (Faradizza ez al.,
2019; Surachmat, 2018). [Squid fisheries are now one

purpose of the explanation we want to convey
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of the potential non-fish resources that have
important economic value and are widespread in
Indonesian waters (Nababan ¢z a/., 2017). The tools
used are squid nets, stick-held deep nets, squid
fishing rods, and by-catches from ring trawls and
fish trawls (Ilhamdi and Yahya, 2017).
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The increasing intensity of fishing and the
number of fishing fleets as well as the modernization
of fishing gear can lead to overfishing. In addition,
the high rate of degradation of spawning habitats,
the enlargement of squid in coastal areas due to
pollution, environmentally unfriendly fishing,
sedimentation, and land conversion as a result of
development can result in a reduction in squid
populations (Baskoro ez al., 2017). So, information
related to squid fisheries is needed, regarding
biological aspects, aspects of capture fisheries, and
management efforts.

Therefore, it is necessaty to conduct further
research. This research aims to analyze various
aspects of squid biology and reproduction, including
length  frequency  distribution, length-weight
relationship, sex ratio, gonadal maturity level
(GML), gonadal matutity index (GMI), length of the
first maturity, and length of first captured.

Location and time
This research was carried out from March to May
2022, which months are known as transitional
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making observations in the field of squid samples
that are the target of observations. The data
retrieved are primary data and secondary data.

Primary data are obtained from the field such as
measurements of length and weight, gender, gonadal
maturity level, and others. As well as conducting
direct interviews with fishermen or respondents
using the questionnaires that have been provided
(Mustaqgim, 2016; Daud e a/., 2020).

Secondary data is obtained from data derived
from already available documents. Secondary data
can be obtained from various relevant literature,
books, agencies, or related institutions (Subagyo,
2020).

Squid measurement sampling used a random
sampling method: Dissected sampling was taken
using the purposive sampling method.

Data analysis
Squid mantle length frequency distribution

The length frequency distribution is obtained by
determining the class interval, middle grade of the
class, and the predetermined long frequency
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seasons (Ariyanto ez al., 2021) and was located at two
squid landing locations in the eastern region of

distribution in class intervals then calculated using
descriptive statistics then presented in the form of
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North Sumatra which include:

1. Belawan Ocean Fishing Port, Bagan Deli
Village, Medan District Belawan City, North
Sumatra Province

2. Tanjung Balai Asahan Port, Bagan Asahan
Village, Tanjung Balai Teluk Nibung District,
North Sumatra Province.

Sampling activities are carried out every day,
where 1.5 months are located in Belawan Ocean
Fishing Port and the temaining 1.5 months are
located in Tanjung Balai Asahan Port.

Data collection

The tools and materials used during the
observation are shown in Table 1.
Table 1. Tools and materials

No. Tools Specifications  Function

1. Stationery - To log data

2. Iron Ruler 1cm To measure the length
of the squid

3. Plain Paper - As a squid base

4. Digital Scales 1 gram Measuring squid
weight

5. Tissue - To clean the tool

6. Mobile 48 MP For documentation of

Camera practical activities

7. Laptop - To process data

8. Squid - Samples used

9. Field Form - As a medium for

recording data
The data collection method during this research
is a direct survey method, namely by looking at and

graphs (Selvia ez al., 2019).

Relationship between length and weight
According to Perangin-angin ez 4, (2015) the

steps to determine the structure of the catch

population using data on the length of the mantle
are as follows:

1. Specifies the class range (]), with the formula:
Range = largest data — narrowed data |

2. Specifies the number of interval classes (C), with
the formula: C= 1 + 3.3 log n (n= number of
samples)

3. Determining the Length of the class interval (C),
using the formula: C= Range/Number of
Interval Classes

4. Enter the length of each specimen instance in a
predetermined class.

The relationship between length and weight uses

a linear allometric model. This model is used to

calculate parameters a and b through measurements

of length and weight, (Brinkman, 1993):

W=a L}

Information:

W: Individual weights of squid (grams)

L: Mantle length (cm)

a. Intercept (intersection of the curve of the
relationship of the length of the weight with the
y-axis)

b. Slope

Commented [MOU9]: How many times are samples taken from
each regions?

|

Commented [Ma10R9]: OK, we've added an explanation of
L how many times the sample was taken from that area




D. Zulkifli et al. (2022)

Linear or straight-line equations are obtained
from the following equations:
L, WO=L,q+bLy ()

Parameters a and b were obtained from
Regression Analysis with Ln W as 'y and Log (i) as
'x', so the regression equation is obtained as follows:
y = a + bx(i) Muhsoni, 2019). The coefficients of
determination and correlation can also be
determined through equations.

In this analysis of weight length relationships,
what needs to be considered is the value of b which
can be interpreted as follows:

1. b < 3: Length gain is faster than weight gain
(negative allometry)

2. b = 3: Length gain balanced with weight gain
(isometric)

3. b > 3: Weight gain is faster than length gain
(positive allometry) (Perangin-angin ¢z al., 2015)
To determine the growth pattern, Bailey's t-test

was needed (Thomas, 2013; Nair e al., 2015). The t-

test was run to determine significant differences

from the isometric value (b = 3) with significant
level at 5% (P < 0.05). The formula of Bailey's t-test

is as follows (Fauziyah ef al., 2021):

Information:
b: Exponent value obtained from the analysis
Sb: Standard deviation of the Y value

Furthermore, hypothesis testing is carried out
where the t vaue will be compared with the t we by
using a 95% confidence interval. The decision-
making is to reject Ho if the t vae is > t wpie o1 fail to
reject Ho if the t e is < t abie

The correlation coefficient (t) to see the closeness
of the relationship between length and weight is
obtained from the formula bellows (Nurhayati ez a/.,
20106).

XYY
CExXHEY)
=/

1: Correlation coefficient is an abstract measure of
the degree of closeness of the relationship
between x and y (-1 <t < 1); 1 means that there
is a close and positive relationship; -1 means that
there is a close and negative relationship; and 0
means that there is no close relationship.

Length of first Captured (Lc)

Length of first captured according to (Sparre-

Venema, 1998):

Information:
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SL=————
atexp (a-b L)

The Lc value is obtained by plotting the
percentage of the cumulative frequency of squid
caught by its standard length size, where the cut-off
point between the curves of 50% cumulative
frequency is long when 50% of squid are caught
(Tirtadanu and Ernawati, 20106) the value of Lc can
be calculated through the formula:

Lee a
b

Information:

a: Intercept

b: Slope

Length of first Maturity (Lm)

The size length of the first maturity is a variable
of the reproductive strategy in squid, besides the sex
ratio and spawning periods and types (Barokah ez 4/,
2016). Calculation of the length of the squid length
of the first maturity (Lm) using the Spearman-
Karber equation method developed by Udupa
(Abubakar ez al., 2019):

m=xt 5-(4) P,

Information:

m: Logarithms of a long class at the first maturity

d: The difference in the logarithm of the addition of
the mid-length value

k: Number of length classes

xi: Logarithm of the mid-value of the length of the
fish that has matured gonads (Pi=1)

Sex Ratio
According to Fisher (1930) the ratio of male to

female individuals is estimated at 1:1 naturally in

water with a normal spreading population. The

equation used to calculate the sex ratio is as follows:

n]J
Sex Ratio=—=
B

Information:
n J: The number of male squids (individuals)
n B: The number of female squids (individuals)

To find out whether there is a real difference
between the comparison of male and female
individuals, it is carried out through testing and
testing 'X* (chi-square) with a formula according to
(Mchugh, 2013):

(O-E)?
E

<2
Information:
X2: The cell Chi-square value

0: Frequency of observed male and female squid/
frequency of observation results
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E: Expected frequency of male and female squid
with a hypothesis (Ho)

The value of %2 obtained from this calculation
compared with the value of %2 in the table with a
confidence level of 95% and a free degree (FD) =1
(one) with the hypothesis:

Ho: There is no noticeable difference between the
number of male and female squid

Hi: There is a noticeable difference between the
number of male and female squid

If,

X calculate < %2 table = Ho Accepted, H; rejected

X?calculate > y2 table = Hj, Rejected, H; accepted

(Geraghty, 2015).

Gonadal Maturity Level (GML)

The basis wused to determine GML
morphologically is the shape, length, color, and
development of the gonadal content. Classification
of the gonadal maturity level of squid is suggested
(Lipinski and Underhill, 1995) in Table 2.

Table 2. The microscopic sexual maturity scale
applied for Loligo edulis

Maturity Stage Histological Examination
Males Females
1 The first spermatogonia  The first oogonia
immature and first primary  developed anywhere
spermatocytes developed  in the gonad.
anywhere in the gonad.
11 Tubules with primary  Follicle cells surround
developing spermatocytes inside are  the oocyte anywhere
clearly defined. in the gonad.
1 First spermatids develop  First invagination of
maturing/ripening,  anywhere in the gonad. the follicular
cpithelium.
v First spermatozoa are  Yolk finishes

mature/ripe/gravid  formed anywhere in the  displacing  follicular
gonad. folds in the gonad

4 None First mature oocytes

spent are found anywhere in

the gonad.

Gonadal Maturity Index (GMI)
Determining the GMI value of fish can be used

the formula below (James, ez a/., 2010):

Information:

GW
GMI=——X100%
BW

GW: Gonadal Weight (grams)
BW: Squid Body Weight (grams)
GMI: Gonadal Maturity Index

Results

Biological Aspects of Squid (Loligo edulis)

The squid found at the research location is shown

in Figure 1.
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Figure 1 Squid (Lo/go edulis) found at the research
location

Squid Mantle Length Frequency Distribution
Squid sampling (Lo/igo edulis) obtained during
research was taken from 2 landing locations located
in North Sumatra Province. The results of
observations on the distribution of mantle lengths
(Loligo edulis) for intervals caught and landed at the
Ocean Fishing Port of Belawan and Tanjung Balai
Asahan Port are presented in Figure 2.

238
219

[N}
G

200

o

100

Squid Sample (heads)

o
S

8-11 12-15 16-19 20-23 24-27 28-31 32-35 36-39 40-43 44-47

Class Length (cm)

Figure 2 Squid Long Frequency Distribution (Lo/igo
edulis)

The maximum and minimum values of squid
mantle length are presented in Table 3.

Table 3 Squid Frequency Distribution (Lo/igo edulis)

Number Mantle Length
Location of Min  Max  Average
Samples (cm) (cm) (cm)
Belawan  Ocean
Fishing Port 455 8 46 18.25
Tanjung Balai
Asahan Port 350 8 41 17.05

Weight Length Relationship
The relationship between the length and weight
of the squid is presented in Table 4.

Table 4 Relationship of squid weight length (Lo/igo
ednlis)

Growth
W =alb R* R n T-test character
istic

Squid
Samples
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Squid
(Loligo W= 0.5640L177 08935 09452 805
edulis)

Tuu>Tase  Negative
4230>196  allometric

Sex Ratio

The squids that were taken from 2 locations as
samples were 80 squids. The samples were dissected
to see the characteristics of the gonads which
consisted of 42 female squids (53%) and 38 male
squids (47%) with a sex ratio = 1.05:1.

To find out whether the squid is in ideal
conditions to maintain its sustainability, it is
necessary to test the sex ratio value. This test uses a
chi-square test with a free degree (FD) 1 and a
confidence level of 95 % presented in Table 5.

Table 5 Chi-square test of squid sex ratio at two
research locations

Sample £ £ fH—- (fh— (fo- (fo = uble
fi 6P MM Y/

Male 38 40 -2 4 0,1 0,2 3,84

Female 42 40 2 4 0,1

Total 30 0,2

Gonadal Maturity Level (GML)

A sampling of the overall maturity level of the
gonads dissected was 80 samples from 805 squid
samples measured and weighed obtained from
fishermen in the eastern waters of North Sumatra.
From the level of gonadal maturity of 80 dissected
sample squid caught in the eastern waters of North
Sumatra, a level of gonadal maturity varies from
GML I to GML 1IV. The followings are the male
GML of squid caught in the Eastern Waters of the
Island of Sumatra shown in Table 6.

Table 6 The maturity level of squid gonads

3.00
2.50
2.00 L4

GMI (%)
£
[ )

1.00
0.50

0.00
0 1 2 3 4 5
GML
Min Max

Figure 7 Graph of the maturity index of male squid
gonads caught in the eastern waters of North
Sumatra

2.50

2,00 °
S ° o
<150 °®
=
o 1.00
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0.00

0 1 3 5
GML
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GML

Figure 8 Graph of the maturity index of female squid
gonads caught in the eastern waters of North
Sumatra.

Length at First Capture (Lc)

The following is a graph of the size first caught
on a squid (Lo/igo edulis) caught in the waters east of
the island of Sumatra presented in Figure 9.

Gender 1 2 3 4 5 Sum
Sum % Sum % Sum % Sum % Sum %
Male 16 42 7 185 7 185 8 21 - - 38
(squid)
Female 6 14 15 36 12 29 9 21 - - 42
(squid)
Male 22 27 22 28 19 24 17 21 - - 80
and
Female
(squid)
Gonadal Maturity Index

Based on the results of the observation that the
range values of the Gonadal Maturity Index (GMI)
of male and female squids at the research location
showed varying amounts. The gonadal maturity
index chart is presented in Figures 7 and 8 below.

1.20
1.00 o 8 8 80
0.80

0.60

Estimates

0.40

0.20

Cumulative Observations and

0.00
0 10 20 30 40 50

Middle Value Mantle Length (cm)

Figure 9 The length of the first time the squid was
caught and landed at two study locations

Length at First Maturity (Lm)

Statistical calculations using a confidence level of
95% to estimate squid (Lokgo edulis) that have
entered the maturity category of gonads are
presented in Table 6.
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Table 6 Length of squid mantle when first maturity

gonads (Lm) obtained.
Gender 95% trust
Combined 12,79-1391 cm

Lc (cm)
10,42 cm

Lm (cm)
13.32 cm

The size of the first maturity squid gonads is
presented in the diagram in Figure 10 below:

25
= Lc =10.42; Lm = 13.32
<
<20
g
4 15
]
=1
<10
]
[
g 5
<
w2
0
o N A i 9 3] N
S I L RO S
oF > L R N QO
Class lenght

B Immature ™ Mature

Figure 10 The size of the first maturity squid gonads
caught in the waters east of North Sumatra

Discussion
Squid Mantle Length Frequency Distribution

Figure 2 shows the frequency of squid class
length landed at 2 squid landing locations in North
Sumatra Province totaling 805 squids with a mantle
length (cm) ranging from 8—47 cm with an average
of 17.73 ¢m, and a weight range between 26-728
grams with an average of 188.65 grams. The most
caught squids ranged from 12-15 cm mantle length
class interval of 238, while the fewest caught squids
ranged from 3 mantle length class interval.

The average length of this mantle is much bigger
when compared to the same type of squid caught in
the waters of Belanakan Subang from November
2005 —June 2006. The average length of the Lo/igo
ednlis mantle caught in Belanakan Subanga at 16.5 cm
(Puspasari and Triharyuni, 2013). The difference in
size between squid landed at the Ocean fishing port
of Belawan and at Tanjung Balai Asahan Port in
2022 and squid landed in Belanakan Subang in
2005-2006 can be caused by several actors,
including the differentiation of fishing geat.

Squid landed at the ocean fishing port of Belawan
and Tanjung Balai Asahan Port is the catch of squid
fishing rods and stick-held deep net (Reza ez al,
2019) which operates in areas about 12 miles from
the shore, with only a small operating time.
Meanwhile, the squid that landed in Belanakan in
2005 was caught by purse seine and danish seine
operating on the high seas with the help of lights
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(Puspasari and Triharyuni, 2013). The lamps used
have a power of 750-1.500 watts and amount to 24-
90 pieces (Triharyuni ez al., 2012).

According to Tasywiruddin (1999), small-sized
squids are more commonly caught in waters farther
from the coast and small-sized squids are more
phototaxis when compared to large-sized squids so
that when caught using the help of light, small squids
will be caught more. Thus the difference in size that
occurred in squid landed in Belanakan in 2005-2006
with squid landed at the ocean fishing port of
Belawan and Tanjung Balai Asahan Port in line with
the results of his research.

The maximum and minimum values of squid
mantle length being presented in Table 3 can be
explained as follows: Squid samples (Lo/igo edulis)
measured in two locations, namely the Belawan
Ocean Fishing Port, totaled 45 squids consisting of
25 female squids and 20 male squids, while in
Tanjung Balai Asahan Port 35 squids were
consisting of 17 female squids and 18 male squids.
The average difference in length obtained in the two
locations is in Belawan Ocean Fishing Port of 18.25
cm with a length class interval range of 8-46 cm and
Tanjung Balai Asahan Port of 17.05 cm with a long
class interval range of 8-41 cm. The difference is not
so significant from the size of the squid mantle
length in the two areas because the conditions in
both environments and the fishing gear used are
almost the same.

Weight Length Relationship

The relationship between the length and weight
of squid presented in Table 4 shows that the
calculated T value is greater than the T-table which
can be interpreted as rejecting the null hypothesis
(Ho) by showing a negative allometric growth
pattern. The equation of the relationship between
squid weight lengths in two research locations
caught in the eastern waters of North Sumatra is W
= 0.5640L""7 with b value = 1.9797 where the value
of b < 3 (negative allometric) which means that the
increase in squid length is greater than the increase
in squid weight. The correlation value of the squid
weight length relationship is R* = 0.8935 with a
value close to 1 which means that the weight length
relationship is very closely related (Budiwanto,
2017).

Sex Ratio

The sex ratio of fish can be used as one of the
parameters to give an idea of the abundance (Kudale
and Rathod, 2016) and balance of fish in the water

(Wujdi and Wudianto, 2013). The results of the ~
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squid's sex ratio shown in figure 4 explained that
there are 42 female squids (53%) and 38 male squid
(47%) by comparison of sex ratio = 1.05:1. The
above conditions according to Limbong and
Rahmani (2022) illustrate that the condition of the
eastern waters of North Sumatra will quickly recover
from fishing activities. Tampubolon ez af., (2019)
furthermore revealed that the ratio of squid
populations as shown in figure 4 in water where the
number of male and female fish is balanced, or more
female fish will recover faster than a population
dominated by male fish.

Based on table 5, y2calculation < y2table, then
H, was accepted, which means that there is no
noticeable difference between the number of male
squids and female squids caught and obtained. The
findings in the field show that the ratio of females
and males is balanced according to Ayorbaba et 4/,
(2019)

Gonadal Maturity Level (GML)
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(2.06% > 1.92%), which means that when mature,
the male squid gonads tend to have a greater weight
than female squid because the more mature the
gonads had the squid's body will be heavier and will
decrease during the reproductive process gradually.
The results of the research conducted at the research
site are the same as the result of the study by
Perangin-angin ¢f al., (2015).

The gonadal maturity index (GMI) needs to be
done because it can know changes in the gonads
quantitatively (Satyani, 2017). GMI growth is
directly proportional to GML, meaning that the
higher the GML value, the higher the GMI value
(Muharam ef 4/., 2020). When spawning will occur,
the GMI will increase in value and reach the
maximum limit and will decrease after finishing
working (Ridho, 2016). The weight of the gonads
was weighed using analytical scales, then the weight
of the gonads was compared with the weight of the
body and the result was obtained in the form of a
percent (%) (Pane, 2020).

The maturity level of the male squid gonads
obtained during the study was dominated by GML 1
and only a small part of the mature gonads (GML
IIT and IV) were 15 individuals. While the maturity
level of the female squid gonads obtained during the
study was dominated by GML II and IIT only a small
part of the mature gonads (GML 1V) were 9
individuals, see (Figure 6). Based on the data from
Figure 6, there are differences in the gonadal
maturity level between males and females. This
means that the squid is in the gonadal maturity level
every month, it is suspected that squid lay eggs
throughout the year, while the peak occurs in March
and April. This is in line with the reset performed by
Pralampita ez al., (2002) stated that L. edulis in the
waters of the Alas Strait spawns all year round, while
the peak takes place in March and April
Furthermore, Perangin-angin ¢z al., (2015) explained
that the squid spawning throughout the year and
reaches its peak when there is an increase in water
temperature.

Gonadal Maturity Index

Figutes 7 and 8 above showed that the gonadal
maturity index (GMI) of male and female squid
shows variations. The highest male squid GMI value
was found in GMI III at 2.06% and the lowest at
1.66% in GMI 1, and the highest female squid GMI
value was at GMI 1II at 1.92% and the lowest at
1.61% in GMI L.

The most dominant GMI was GMI 111, both
male and female. Where, the GMI value of male
squid is greater than the GMI value of female squid

[Length of first Captured (Lc)

(
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above show that the size of the length of the first
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350 sample squid caught using stick-held deep nets
(squid net) fishing gear in the waters east of North
Sumatra, was 10.42 cm. interval size range of the
mantle length is 8 — 47 cm with a mode in the class
of 13.5 cm. Compared to the results of research
conducted (Pertiwi e al., 2022), Lc value at the study
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13.91 cm.

Based on the calculation results in table 6, the
value of Lc < Lm or it can be interpreted that the
squid is not yet suitable for catching and could grow
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and spawn before being caught. They can also still
increase the population of water. In other words, the
squid caught has not had time to spawn first.

Research conducted by (Pertiwi ez al., 2022) at the
Tasik Agung Rembang Beach Fishing Port for squid
showed Lm value (16.50 cm) where this result was
greater than Lm from the place of study location
(13.32). This condition shows that the habitat in the
Tasik Agung Rembang Beach Fishing Port area is
better than the location where the research was
carried out.

The comparison in the two places shows that the
Lc obtained is smaller than the Lm where this shows
that the squid is not yet suitable for catching and
could grow and spawn before being caught. They
can also still increase the population of water. In
other words, the squid caught has not had time to
spawn first.

Conclusion
Based on the results of the research that has been

carried out, the following conclusions can be drawn:

1. The most caught squid ranges in the interval of
the mantle length class of 12 — 15 cm, while the
least caught squid ranges in the interval of the
mantle length class 44 — 47.

2. Squids grow allometrically negatively, with a
balanced sex ratio of 1:1.05.

3. The maturity level of gonads in male squid shows
that GML 1 is the most dominant (42%), while
for females GML II is the most dominant
(35.71%). The differences in the phase of
maturity of the gonads between males and
females mean that the squid is in the gonadal
maturity phase every month. It is suspected that
the squid spawns throughout the year,

4. The Lc value is smaller than the Lm value (12.45
cm < 13.34cm), which indicates that the caught
squid has not had time to spawn first.
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Squid is one of the non-fish resources that have economic value and is a target species in demersal fisheries
activities with squid fishing gear and stick-held deep net. This research aims to determine the biological aspects
of squid (Lo/igo adults) such as length frequency distribution, length-weight relationship, sex ratio, gonadal maturity
level, gonadal maturity index, size at first caught, and size at first maturity of the gonads. The method used in this
research was a survey. Sampling measurement of squid uses random sampling while surgical sampling uses
purposive sampling method, This observation was carried out on March 7 to July 30, 2022, at the Belawan Ocean
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Fishing Port and Tanjung Balai Port. The results showed that the average length distribution of squid was 17.73
cm. The relationship between the length and weight of squid is negative allometric. The sex ratio is 1:1,03[ fl‘he

negative allometric growth pattern is dominated by Gonadal Maturity Level (GML) I and GML II. The highest
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GML II1. The average size of the caught squid length (Lc) is 10.42 cm. The size of the first gonad maturity (Lc)

was 13.32 cm. results, please elucidate.
Introduction namely Langkat Regency, Medan City, Tanjung Balai

Geographically, the waters of the Malacca Strait
are part of fisheries management areas (WPP) 571
(Arsana, 2014) The northeastern area is directly
adjacent to Economic Zones (EEZ) waters of
Malaysia, Thailand, and Singapore, the southwest is
administratively bordered by the three provinces of
the east coast of Sumatra namely the southwest is
administratively bordered by the three provinces of
the east coast of Sumatra Nangroe Acch
Darussalam, Sumatera Utara dan Riau, to the
northwest to the waters of the Andaman Ocean and
the southeast to the waters of the southern Natuna
Ocean (Wahyudi, 2015).

This region, based on the estimation of fish
resource potential (FRP), has 9 (nine) FRP groups,
namely large pelagic fish, small pelagic fish,
demersal, penaeid shrimp, consumable crayfish,
lobsters, crabs, and squid (Faizah and Sadiyah,
2019). This region stretches along the east coast of
North Sumatra. The east coast of North Sumatra has
a 545 km coast and consists of 7 regencies or cities,
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City, Asahan Regency, Labuhan Batu Regency, Deli
Serdang Regency, and Serdang Bedagai Regency.
The East Coast of North Sumatra is a busy shipping
lane and one of the areas for fishing activities,
especially in Belawan Waters. Belawan is a magnet
for North Sumatra's fishing activities (Tambunan e#
al., 2010).

The fishery resources in the east coastal area of
North Sumatra consist of fish and non-fish
resources. One of the non-fish resources is squid.
Squids are invertebrates that are classified as pelagic
but are sometimes classified as demersal due to their
frequent bottom presence. They are members of the
mollusk phylum's cephalopod class (Faradizza ez al.,
2019; Surachmat, 2018). [Squid fisheries are now one

purpose of the explanation we want to convey
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of the potential non-fish resources that have
important economic value and are widespread in
Indonesian waters (Nababan ¢z a/., 2017). The tools
used are squid nets, stick-held deep nets, squid
fishing rods, and by-catches from ring trawls and
fish trawls (Ilhamdi and Yahya, 2017).
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The increasing intensity of fishing and the
number of fishing fleets as well as the modernization
of fishing gear can lead to overfishing. In addition,
the high rate of degradation of spawning habitats,
the enlargement of squid in coastal areas due to
pollution, environmentally unfriendly fishing,
sedimentation, and land conversion as a result of
development can result in a reduction in squid
populations (Baskoro ez al., 2017). So, information
related to squid fisheries is needed, regarding
biological aspects, aspects of capture fisheries, and
management efforts.

Therefore, it is necessaty to conduct further
research. This research aims to analyze various
aspects of squid biology and reproduction, including
length  frequency  distribution, length-weight
relationship, sex ratio, gonadal maturity level
(GML), gonadal matutity index (GMI), length of the
first maturity, and length of first captured.

Materials and Methods
Location and time

This research was carried out from March to May
2022, which months are known as transitional
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The data collection method during this research
is a direct survey method, namely by looking at and
making observations in the field of squid samples
that are the target of observations. The data
retrieved are primary data and secondary data.

Primary data are obtained from the field such as
measurements of length and weight, gender, gonadal
maturity level, and others. As well as conducting
direct interviews with fishermen or respondents
using the questionnaires that have been provided
(Mustaqgim, 2016; Daud, ¢z a/., 2020).

Secondary data is obtained from data derived
from already available documents. Secondary data
can be obtained from various relevant literature,
books, agencies, or related institutions (Subagyo,
2020).

Squid measurement sampling (Lo/ilogo sp) used a

[ Commented [MOU13]: How do you know that is L. edulis?

)

random sampling method while dissected sampling
was taken using the purposive sampling method.

Data analysis
Squid mantle length frequency distribution

The length frequency distribution is obtained by
determining the class interval, middle grade of the
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seasons (Ariyanto ez al., 2021) and was located at two
squid landing locations in the eastern regior] of

class, and the predetermined long frequency
distribution in class intervals then calculated using
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North Sumatra which include:

1. Belawan Ocean Fishing Port, Bagan Deli
Village, Medan District Belawan City, North
Sumatra Province

2. Tanjung Balai Asahan Port, Bagan Asahan
Village, Tanjung Balai Teluk Nibung District,
North Sumatra Province.

Sampling activities are carried out every day,
where 1.5 months are located in Belawan Ocean
Fishing Port and the remaining 1.5 months are
located in Tanjung Balai Asahan Port.

[Tools and materials

descriptive statistics then presented in the form of

graphs (Selvia ¢f al., 2019).

Relationship between length and weight
According to Perangin-angin et af/, (2015) the

steps to determine the structure of the catch

population using data on the length of the mantle

are as follows:

1. Specifies the class range (J), with the formula:
Range = largest data — narrowed data |

2. Specifies the number of interval classes (C), with
the formula: C= 1 + 3.3 log n (n= number of
samples)

3. Determining the Length of the class interval (C),

Data collection

The tools and materials used during the
observation are shown in Table 1.
Table 1. Tools and materials

No. Tools Specifications  Function
1. Stationery - To log data
2. Iron Ruler 1cem To measure the length

of the squid

3. Plain Paper - As a squid base
4. Digital Scales 1 gram Measuring squid
weight

5. Tissue - To clean the tool

6. Mobile 48 MP For documentation of
Camera practical activities

7. Laptop - To process data

8. Squid - Samples used

9. Field Form - As a medium for

recording data

using the formula: C= Range/Number of
Interval Classes
4. Enter the length of each specimen instance in a
predetermined class.
The relationship between length and weight uses
a linear allometric model. This model is used to
calculate parameters a and b through measurements
of length and weight, (Brinkman, 1993):
W=a P
Information:
W: Individual weights of squid (grams)
L: Mantle length (cm)
a. Intercept (intersection of the curve of the
relationship of the length of the weight with the
y-axis)

each regions?
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b. Slope

Linear or straight-line equations are obtained
from the following equations:

L, W(i)=L,q+bL,()

Parameters a and b were obtained from
Regression Analysis with Ln W as 'y' and Log (i) as
'x, so the regression equation is obtained as follows:
y = a+ bx(i) Muhsoni, 2019). The coefficients of
determination and correlation can also be
determined through equations.

In this analysis of weight length relationships,
what needs to be considered is the value of b which
can be interpreted as follows:

1. b < 3: Length gain is faster than weight gain
(negative allometry)

2. b = 3: Length gain balanced with weight gain
(isometric)

3. b > 3: Weight gain is faster than length gain
(positive allometry) (Perangin-angin e/ al., 2015)
To determine the growth pattern, Bailey's t-test

was needed (Thomas, 2013; Nair e/ a/., 2015). The t-

test was run to determine significant differences

from the isometric value (b = 3) with significant
level at 5% (P < 0.05). The formula of Bailey's t-test

is as follows (Fauziyah e al., 2021):

Information:
b: Exponent value obtained from the analysis
Sb: Standard deviation of the Y value

Furthermore, hypothesis testing is carried out
where the t vau will be compared with the t wie by
using a 95% confidence interval. The decision-
making is to reject Ho if the t vaie is > t wbie 0 fail to
reject Ho if the t vaue 18 < t wble

The correlation coefficient (r) to see the closeness
of the relationship between length and weight is
obtained from the formula bellows (Nurhayati ez 4/,
2010).

ol (EXY)
ExHEY?)

r: Correlation coefficient is an abstract measure of
the degree of closeness of the relationship
between x and y (-1 < r < 1); 1 means that there
is a close and positive relationship; -1 means that
there is a close and negative relationship; and 0
means that there is no close relationship.

Length of first Captured (Lc)

Length of first captured according to (Sparre-

Venema, 1998):

Information:
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SL=————
atexp (a-b L)

The Lc value is obtained by plotting the
percentage of the cumulative frequency of squid
caught by its standard length size, where the cut-off
point between the curves of 50% cumulative
frequency is long when 50% of squid are caught
(Tirtadanu and Ernawati, 20106) the value of Lc can
be calculated through the formula:

Lee a
b

Information:

a: Intercept

b: Slope

Length of first Maturity (Lm)

The size length of the first maturity is a variable
of the reproductive strategy in squid, besides the sex
ratio and spawning periods and types (Barokah ez 4/,
2016). Calculation of the length of the squid length
of the first maturity (Lm) using the Spearman-
Karber equation method developed by Udupa
(Abubakar ez al., 2019):

m=xt 5-(4) P,

Information:
m: Logarithms of a long class at the first maturity
d: The difference in the logarithm of the addition of
the mid-length value
k: Number of length classes
xi: Logarithm of the mid-value of the length of the
fish that has matured gonads (Pi=1)
Sex Ratio
According to Fisher (1930) the ratio of male to
female individuals is estimated at 1:1 naturally in
water with a normal spreading population. The
equation used to calculate the sex ratio is as follows:

n]J
Sex Ratio=—=
B

Information:
n J: The number of male squids (individuals)
n B: The number of female squids (individuals)

To find out whether there is a real difference
between the comparison of male and female
individuals, it is carried out through testing and
testing 'X* (chi-square) with a formula according to
(Mchugh, 2013):

(O-E)?
E

<2
Information:
X2: The cell Chi-square value

0: Frequency of observed male and female squid/
frequency of observation results
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E: Expected frequency of male and female squid
with a hypothesis (Ho)

The value of %2 obtained from this calculation
compared with the value of %2 in the table with a
confidence level of 95% and a free degree (FD) =1
(one) with the hypothesis:

Ho: There is no noticeable difference between the
number of male and female squid

Hi: There is a noticeable difference between the
number of male and female squid

If,

X calculate < %2 table = Ho Accepted, H; rejected

X?calculate > y2 table = Hj, Rejected, H; accepted

(Geraghty, 2015).

Gonadal Maturity Level (GML)

The basis wused to determine GML
morphologically is the shape, length, color, and
development of the gonadal content. Classification
of the gonadal maturity level of squid is suggested
(Lipinski and Underhill, 1995) in Table 2.

Table 2. The microscopic sexual maturity scale
applied for Loligo edulis

Depik Jurnal Ilmu-Ilmu Perairan, Pesisir dan Perikanan
Volume 11, Number 3, Page 1-9

is longer than the other called tentacles. The squid
found at the research location is shown in Figure 1.

Figure 1 Squid (Lo/igo edulis) found at the research
location

Squid Mantle Length Frequency Distribution
Squid sampling (Loligo edulis) obtained during
research was taken from 2 landing locations located
in North Sumatra Province. The results of
observations on the distribution of mantle lengths
(Loligo edulis) for intervals caught and landed at the
Ocean Fishing Port of Belawan and Tanjung Balai
Asahan Port are presented in Figure 2.

Maturity Stage Histological Examination
Males Females
1 The first spermatogonia  The first oogonia
immature and first primary  developed anywhere
spermatocytes developed  in the gonad.
anywhere in the gonad.
11 Tubules with primary  Follicle cells surround
developing spermatocytes inside are  the oocyte anywhere
clearly defined. in the gonad.
1 First spermatids develop  First invagination of
maturing/ripening,  anywhere in the gonad. the follicular
cpithelium.
v First spermatozoa are  Yolk finishes

mature/ripe/gravid  formed anywhere in the displacing  follicular
gonad. folds in the gonad

4 None First mature oocytes

spent are found anywhere in

the gonad.

Gonadal Maturity Index (GMI)
Determining the GMI value of fish can be used
the formula below (James, ez a/., 2010):

GW
GMI=——%x100%
BW
Information:
GW: Gonadal Weight (grams)
BW: Squid Body Weight (grams)
GMI: Gonadal Maturity Index

Results
Biological Aspects of Squid (Loligo edulis)
The morphological features of the squid obtained

238
219

- —_ o o
> o = o
s & 3 S

o
S

Squid Sample (heads)

o

8-11 12-15 16-19 20-23 24-27 28-31 32-35 36-39 40-43 44-47

Class Length (cm)

Figure 2 Squid Long Frequency Distribution (Lo/igo
edulis)

The maximum and minimum values of squid
mantle length are presented in Table 3.

Table 3 Squid Frequency Distribution (Lo/igo edulis)

Number Mantle Length
Location of Min Max Average
Samples (cm) (cm) (cm)
Belawan Ocean
Fishing Port 455 8 46 18.25
Tanjung  Balai
Asahan Port 350 8 41 17.05

(c d [MOU15]: Add ahint & your fig. )

are elongated cylindrical shape and the back is
tapered with a pair of triangular-shaped fins. Squids
found have soft bodies, a pair of eyes next to the
head, and five pairs of arms, where one pair of arms

Weight Length Relationship
The relationship between the length and weight
of the squid is presented in Table 4.
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1




D. Zulkifli et al. (2022)

Table 4 Relationship of squid weight length (Lo/igo
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ednlis)
Squid Growth
Sijles W =alb R R n T-test character
istic
Squid
5 o - - o T T Negative
o — 056401177 ’ 9
{({[I//%x)},z W= 0.5640L 0,8935 0,9452 805 4230> 196 allometric
Sex Ratio

The squids that were taken from 2 locations as
samples were 80 squids. The samples were dissected
to see the characteristics of the gonads which
consisted of 42 female squids (53%) and 38 male
squids (47%) with a sex ratio = 1.05:1.

To find out whether the squid is in ideal
conditions to maintain its sustainability, it is
necessaty to test the sex ratio value. This test uses a
chi-square test with a free degree (FD) 1 and a
confidence level of 95 % presented in Table 5.

Table 5 Chi-square test of squid sex ratio at two
research locations

Sample £ £y fi- (fh - (fo- > (fo = Pable
£ ) M) £)?/fa

Male 38 40 2 4 0.1 0.2 384

Female 42 40 2 4 0,1

Total 80 0,2

Gonadal Maturity Level (GML)

A sampling of the overall maturity level of the
gonads dissected was 80 samples from 805 squid
samples measured and weighed obtained from
fishermen in the eastern waters of North Sumatra.
From the level of gonadal maturity of 80 dissected
sample squid caught in the eastern waters of North
Sumatra, a level of gonadal maturity varies from
GML I to GML IV. The followings are the male
GML of squid caught in the Eastern Waters of the
Island of Sumatra shown in Table 6.

3.00
2.50
2.00 L4

GMI (%)
Z

1.00
0.50

0.00
0 1 2 3 4 5
GML
Min Max

Figure 7 Graph of the maturity index of male squid
gonads caught in the eastern waters of North
Sumatra

2.50

2,00 °
S ° o
<150 °®
=
o 1.00

0.50

0.00

0 1 3 5
GML
Min Max

Figure 8 Graph of the maturity index of female squid
gonads caught in the eastern waters of North
Sumatra.

Length at First Capture (Lc)

The following is a graph of the size first caught
on a squid (Lo/igo edulis) caught in the waters east of
the island of Sumatra presented in Figure 9.

Table 6 The maturity level of squid gonads
GML

Gender 1 2 3 4 5 Sum
Sum % Sum % Sum % Sum % Sum %
Male 16 a2 7 185 7 185 8 21 - - 38
(squid)
Female 6 14 15 36 12 29 9 21 - - 42
(squid)
Male 22 27 22 28 19 24 17 21 - - 80
and
Female
(squid)
Gonadal Maturity Index

Based on the results of the observation that the
range values of the Gonadal Maturity Index (GMI)
of male and female squids at the research location
showed varying amounts. The gonadal maturity
index chart is presented in Figures 7 and 8 below.

1.20
1.00 o 8 8 80
0.80

0.60

Estimates

0.40

0.20

Cumulative Observations and

0.00
0 10 20 30 40 50

Middle Value Mantle Length (cm)

Figure 9 The length of the first time the squid was
caught and landed at two study locations

Length at First Maturity (Lm)

Statistical calculations using a confidence level of
95% to estimate squid (Lokgo edulis) that have
entered the maturity category of gonads are
presented in Table 6.
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Table 6 Length of squid mantle when first cooked
gonads (Lm) obtained.
Gender 95% trust Lc (cm)
Combined 12,79-1391cm 10,42 cm

Lm (cm)
13.32 cm

The size of the first maturity squid gonads is
presented in the diagram in Figure 10 below:

25
= Lc =10.42; Lm = 13.32
<
<20
g
4 15
]
=1
<10
]
[
g 5
<
w2
0
o N A i 9 3] N
S I L RO S
oF > L R N QO
Class lenght

B Immature ™ Mature

Figure 10 The size of the first maturity squid gonads
caught in the waters east of North Sumatra

Discussion
Squid Mantle Length Frequency Distribution

Figure 2 shows the frequency of squid class
length landed at 2 squid landing locations in North
Sumatra Province totaling 805 squids with a mantle
length (cm) ranging from 8—47 cm with an average
of 17.73 ¢m, and a weight range between 26-728
grams with an average of 188.65 grams. The most
caught squids ranged from 12-15 cm mantle length
class interval of 238, while the fewest caught squids
ranged from 3 mantle length class interval.

The average length of this mantle is much bigger
when compared to the same type of squid caught in
the waters of Belanakan Subang from November
2005 —June 2006. The average length of the Lo/igo
ednlis mantle caught in Belanakan Subanga at 16.5 cm
(Puspasari and Triharyuni, 2013). The difference in
size between squid landed at the Ocean fishing port
of Belawan and at Tanjung Balai Asahan Port in
2022 and squid landed in Belanakan Subang in
2005-2006 can be caused by several actors,
including the differentiation of fishing geat.

Squid landed at the ocean fishing port of Belawan
and Tanjung Balai Asahan Port is the catch of squid
fishing rods and stick-held deep net (Reza ez al,
2019) which operates in areas about 12 miles from
the shore, with only a small operating time.
Meanwhile, the squid that landed in Belanakan in
2005 was caught by purse seine and danish seine
operating on the high seas with the help of lights
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(Puspasari and Triharyuni, 2013). The lamps used
have a power of 750-1.500 watts and amount to 24-
90 pieces (Triharyuni ez a/., 2012).

According to Tasywiruddin (1999), small-sized
squids are more commonly caught in waters farther
from the coast and small-sized squids are more
phototaxis when compared to large-sized squids so
that when caught using the help of light, small squids
will be caught more. Thus the difference in size that
occurred in squid landed in Belanakan in 2005-2006
with squid landed at the ocean fishing port of
Belawan and Tanjung Balai Asahan Port in line with
the results of his research.

The maximum and minimum values of squid
mantle length being presented in Table 3 can be
explained as follows: Squid samples (Lo/igo edulis)
measured in two locations, namely the Belawan
Ocean Fishing Port, totaled 45 squids consisting of
25 female squids and 20 male squids, while in
Tanjung Balai Asahan Port 35 squids were
consisting of 17 female squids and 18 male squids.
The average difference in length obtained in the two
locations is in Belawan Ocean Fishing Port of 18.25
cm with a length class interval range of 8-46 cm and
Tanjung Balai Asahan Port of 17.05 cm with a long
class interval range of 8-41 cm. The difference is not
so significant from the size of the squid mantle
length in the two areas because the conditions in
both environments and the fishing gear used are
almost the same.

Weight Length Relationship

The relationship between the length and weight
of squid presented in Table 4 shows that the
calculated T value is greater than the T-table which
can be interpreted as rejecting the null hypothesis
(Ho) by showing a negative allometric growth
pattern. The equation of the relationship between
squid weight lengths in two research locations
caught in the eastern waters of North Sumatra is W
= 0.5640L""7 with b value = 1.9797 where the value
of b < 3 (negative allometric) which means that the
increase in squid length is greater than the increase
in squid weight. The correlation value of the squid
weight length relationship is R* = 0.8935 with a
value close to 1 which means that the weight length
relationship is very closely related (Budiwanto,
2017).

Sex Ratio

The sex ratio of fish can be used as one of the
parameters to give an idea of the abundance (Kudale
and Rathod, 2016) and balance of fish in the water
(Wujdi and Wudianto, 2013). The results of the
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squid's sex ratio shown in figure 4 explained that
there are 42 female squids (53%) and 38 male squid
(47%) by comparison of sex ratio = 1.05:1. The
above conditions according to Limbong and
Rahmani (2022) illustrate that the condition of the
eastern waters of North Sumatra will quickly recover
from fishing activities. Tampubolon ez af., (2019)
furthermore revealed that the ratio of squid
populations as shown in figure 4 in water where the
number of male and female fish is balanced, or more
female fish will recover faster than a population
dominated by male fish.

Based on table 5, y2calculation < y2table, then
H, was accepted, which means that there is no
noticeable difference between the number of male
squids and female squids caught and obtained. The
findings in the field show that the ratio of females
and males is balanced according to Ayorbaba et 4/,
(2019)

Gonadal Maturity Level (GML)
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(2.06% > 1.92%), which means that when mature,
the male squid gonads tend to have a greater weight
than female squid because the more mature the
gonads had the squid's body will be heavier and will
decrease during the reproductive process gradually.
The results of the research conducted at the research
site are the same as the result of the study by
Perangin-angin ¢f al., (2015).

The gonadal maturity index (GMI) needs to be
done because it can know changes in the gonads
quantitatively (Satyani, 2017). GMI growth is
directly proportional to GML, meaning that the
higher the GML value, the higher the GMI value
(Muharam ef 4/., 2020). When spawning will occur,
the GMI will increase in value and reach the
maximum limit and will decrease after finishing
working (Ridho and Patriono, 2016). The weight of
the gonads was weighed using analytical scales, then
the weight of the gonads was compared with the
weight of the body and the result was obtained in
the form of a percent (%) (Pane and Hasanah, 2019).

The maturity level of the male squid gonads
obtained during the study was dominated by GML 1
and only a small part of the mature gonads (GML
III and IV) were 15 individuals. While the maturity
level of the female squid gonads obtained during the
study was dominated by GML IT and III only a small
part of the mature gonads (GML 1V) were 9
individuals, see (Figure 6). Based on the data from
Figure 6, there are differences in the gonadal
maturity level between males and females. This
means that the squid is in the gonadal maturity level
every month, it is suspected that squid lay eggs
throughout the year, while the peak occurs in March
and April. This is in line with the reset performed by
Pralampita ez al., (2002) stated that L. edulis in the
waters of the Alas Strait spawns all year round, while
the peak takes place in March and April
Furthermore, Perangin-angin ¢z al., (2015) explained
that the squid spawning throughout the year and
reaches its peak when there is an increase in water
temperature.

Gonadal Maturity Index

Figutes 7 and 8 above showed that the gonadal
maturity index (GMI) of male and female squid
shows variations. The highest male squid GMI value
was found in GMI III at 2.06% and the lowest at
1.66% in GMI 1, and the highest female squid GMI
value was at GMI 1II at 1.92% and the lowest at
1.61% in GMI L.

The most dominant GMI was GMI 111, both
male and female. Where, the GMI value of male
squid is greater than the GMI value of female squid

[Length of first Captured (Lc)
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The results of the analysis presented in chart 9
above show that the size of the length of the first
captured (Lc) squid as a whole, which amounted to
350 sample squid caught using stick-held deep nets
(squid net) fishing gear in the waters east of North
Sumatra, was 10.42 cm. interval size range of the
mantle length is 8 — 47 cm with a mode in the class
of 13.5 cm. Compared to the results of research
conducted (Pertiwi e al., 2022), Lc value at the study
site (10.42) is smaller than Lc at Tasik Agung
Rembang Beach Fishing Port (12.53). This
condition shows that there is a higher catch pressure
at the study site than at the Tasik Agung Rembang
Beach Fishing Port. Efforts that need to be made to
the above conditions are to limit arrest attempts by
issuing regulations related to this matter. While the
remaining 455 squid samples were captured using
fishing gear which was not included in the Lc
calculation because the data used to calculate Lc only
used net fishing gear.
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It is explained in table 9 above that the results of
the calculation of the analysis of the size of the first
maturity squid gonads dissected were 13.32 cm. This
size range shows that squid has entered the category
of mature gonads (range length) between 12.79 to
13.91 cm.

Based on the calculation results in table 6, the
value of Lc < Lm or it can be interpreted that the
squid is not yet suitable for catching and could grow
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and spawn before being caught. They can also still
increase the population of water. In other words, the
squid caught has not had time to spawn first.

Research conducted by (Pertiwi ez al., 2022) at the
Tasik Agung Rembang Beach Fishing Port for squid
showed an Lm value of (16.50 cm) where this result
was greater than the Lm from the place of study
location (13.32). This condition shows that the
habitat in the Tasik Agung Rembang Beach Fishing
Port area is better than the location where the
research was carried out.

The comparison in the two places shows that the
Lc obtained is smaller than the Lm where which
shows that the squid is not yet suitable for catching
and could grow and spawn before being caught.
They can also still increase the population of water.
In other words, the squid caught has not had time to
spawn first.

Conclusion
Based on the results of the research that has been

carried out, the following conclusions can be drawn:

1. The most caught squid ranges in the interval of
the mantle length class of 12 — 15 cm, while the
least caught squid ranges in the interval of the
mantle length class 44 — 47.

2. Squids grow allometrically negatively, with a
balanced sex ratio of 1:1.05.

3. The maturity level of gonads in male squid shows
that GML 1 is the most dominant (42%), while
for females GML II is the most dominant
(35.71%). The differences in the phase of
maturity of the gonads between males and
females mean that the squid is in the gonadal
maturity phase every month. It is suspected that
the squid spawns throughout the year,

4. The Lc value is smaller than the Lm value (12.45
cm < 13.34cm), which indicates that the caught
squid has not had time to spawn first.
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ARTICLE INFO ABSTRACT

Keymwords:

Squid is one of the non-fish resources that have economic value and is a target species in demersal fisheries

Squid activities with squid fishing gear and stick-held deep net. This research aims to determine the biological aspects

Biological aspects
Fisheries aspect
Management effort

of squid (Io/igo edulis) such as length frequency distribution, length-weight relationship, sex ratio, gonadal maturity
level, gonadal maturity index, size at first caught, and size at first maturity of the gonads. The method used in this
research was a descriptive survey. The sample collection method used systematic random sampling and purposive

sampling techniques. This observation was carried out on March 7 to July 30, 2022, at the Belawan Ocean Fishing,
Port and Tanjung Balai Port. The results showed that the average length distribution of squid was 17.73 cm. The
relationship between the length and weight of squid is negative allometric. The sex ratio is 1:1,05. The negative

allometric growth pattern is dominated by Gonadal Maturity Level (GML) I and GML I1. The highest GML value

Por: for male squid was 2.06% at GML 111, and the highest GML value for female squid was 1.92% at GML IIL. The
average size of the caught squid length (Lc) is 10.42 cm. The size of the first gonad maturity (Lc) was 13.32 cm.
Introduction namely Langkat Regency, Medan City, Tanjung Balai

Geographically, the waters of the Malacca Strait
are part of fisheries management areas (WPP) 571
(Arsana, 2014) The northeastern area is directly
adjacent to Economic Zones (EEZ) waters of
Malaysia, Thailand, and Singapore, the southwest is
administratively bordered by the three provinces of
the east coast of Sumatra namely the southwest is
administratively bordered by the three provinces of
the east coast of Sumatera (Acch, North Sumatera,

City, Asahan Regency, Labuhan Batu Regency, Deli
Serdang Regency, and Serdang Bedagai Regency.
The East Coast of North Sumatra is a busy shipping
lane and one of the areas for fishing activities,
especially in Belawan Waters. Belawan is a magnet
for North Sumatra's fishing activities (Tambunan ef
al., 2010).

The fishery resources in the east coastal area of
North Sumatra consist of fish and non-fish

L
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condition of squid fisheries including in the less sustainable
category.
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and Riau) to the northwest to the waters of the
Andaman Ocean and the southeast to the waters of
the southern Natuna Ocean. This region, based on
the estimation of fish resource potential (FRP), has
9 (nine) FRP groups, namely large pelagic fish, small
pelagic fish, demersal, penaeid shrimp, consumable
crayfish, lobsters, crabs, and squid (Faizah and
Sadiyah, 2019).

This region stretches along the east coast of
North Sumatra. The east coast of North Sumatra has
a 545 km coast and consists of 7 regencies or cities,
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resources. One of the non-fish resources is squid.
Squids are invertebrates that are classified as pelagic
but are sometimes classified as demersal due to their
frequent bottom presence. They are members of the
mollusk phylum's cephalopod class (Faradizza e al.,
2019; Surachmat, 2018). Squid fisheries are now one
of the potential non-fish resources that have
important economic value and are widespread in
Indonesian waters (Nababan ¢z a/., 2017). The tools
used are squid nets, stick-held deep nets, squid
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fishing rods, and by-catches from ring trawls and
fish trawls (Ilhamdi and Yahya, 2017).

The increasing intensity of fishing and the
number of fishing fleets as well as the modernization
of fishing gear can lead to overfishing. In addition,
the high rate of degradation of spawning habitats,
the enlargement of squid in coastal areas due to
pollution, environmentally unfriendly fishing,
sedimentation, and land conversion as a result of
development can result in a reduction in squid
populations (Baskoro ez al., 2017).

Squid (Lo/igo spp.) caught in the waters of Eastern
Sumatra is mostly landed at Belawan Ocean Fishing
Port (PPS Belawan) and Tanjung Balai Asahan Port.
Data on squid catches and fishing efforts in the
Eastern Waters of Sumatra landed in Belawan
Ocean Fishing Port (PPS Belawan) from 2016 to
2020 on the ecological dimension, technological
dimension and social dimension are included in the
category of less sustainable. (Chairunnisa, 2022).

The need to maintain squid resources (Lo/igo
spp.) is to maintain the potential of squid to be
optimally utilized so that there is no overfishing.
Therefore, it is necessary to study the basic
information on biological aspects, aspects of capture
fisheries, and management efforts to support efforts
to manage squid resources (Lo/igo spp.) sustainably
and the creation of sustainable and environmentally
friendly fishing.

Based on the explanation above, it is necessary to
conduct research that aims to analyze various
aspects of squid biology and reproduction, including
length  frequency distribution, length-weight
relationship, sex ratio, gonadal maturity level
(GML), gonadal maturity index (GMI), the length of
the first maturity, and the length of first captured.

Materials and Methods

Location and time
This research was catried out from March to May

2022 which months are known as transitional

seasons (Ariyanto ez al., 2021) and was located at two

squid landing locations in the eastern region of

North Sumatra which include:

1. Belawan Ocean Fishing Port, Bagan Deli
Village, Medan District Belawan City, North
Sumatra Province

2. Tanjung Balai Asahan Port, Bagan Asahan
Village, Tanjung Balai Teluk Nibung District,
North Sumatra Province.

Sampling activities are carried out every day, where

1.5 months are located in Belawan Ocean Fishing

Port and the remaining 1.5 months are located in

Tanjung Balai Asahan Port.
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Tools and materials
Data collection
The tools and materials used during the
observation are shown in Table 1.
Table 1. Tools and materials

No. Tools Specifications  Function

1. Stationery - To log data

2. Iron Ruler 1cm To measure the length
of the squid

3. Plain Paper - As a squid base

4. Digital Scales 1 gram Measuring squid
weight

5. Tissue - To clean the tool

6. Mobile 48 MP For documentation of

Camera practical activities

7. Laptop - To process data

8. Squid - Samples used

9. Field Form - As a medium for

recording data

.The data collection method during this research
is a direct survey method, namely by looking at and
making observations in the field of squid samples
that are the target of observations. The data
retrieved are primary data and secondary data.

Primary data are obtained from the field such as
measurements of length and weight, gender, gonadal
maturity level, and others. As well as conducting
direct interviews with fishermen or respondents
using the questionnaires that have been provided
(Mustaqgim, 2016; Daud, ¢/ a/., 2020).

Secondary data is obtained from data derived
from already available documents. Secondary data
can be obtained from wvarious relevant literature,
books, agencies, or related institutions (Subagyo,
2020).

Squid sampling (Lofilogo edulis) used a random
sampling method- Dissected sampling was taken
using the purposive sampling method

Data analysis
Squid mantle length frequency distribution
The length frequency distribution is obtained by
determining the class interval, middle grade of the
class, and the predetermined long frequency
distribution in class intervals then calculated using
descriptive statistics then presented in the form of
graphs (Selvia ¢f al., 2019).
Relationship between length and weight
Measurements of total length and weight were
performed to compare ecating habits based on
groups of class length measures(Ismail e 4/, 2013).
According to Perangin-angin 7 al, (2015) the steps
to determine the structure of the catch population
using data on the length of the mantle are as follows:
1. Specifies the class range (J), with the formula:
Range = largest data — narrowed data |
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2. Specifies the number of interval classes (C), with
the formula: C= 1 + 3.3 log n (n= number of
samples)

3. Determining the Length of the class interval (C),
using the formula: C= Range/Number of
Interval Classes

4. Enter the length of each specimen instance in a
predetermined class.

The relationship between length and weight uses

a linear allometric model. This model is used to

calculate parameters a and b through measurements

of length and weight, (Brinkman, 1993):

W=a L

Information:

W: Individual weights of squid (grams)

L: Mantle length (cm)

a. Intercept (intersection of the curve of the
relationship of the length of the weight with the
y-axis)

b. Slope
Linear or straight-line equations are obtained

from the following equations:
L, WO=L,q+bLy ()

Parameters a and b were obtained from
Regression Analysis with Ln W as 'y' and Log (i) as
'X', so the regression equation is obtained as follows:
y = a + bx(i) Muhsoni, 2019). The coefficients of
determination and cotrelation can also be
determined through equations.

In this analysis of weight length relationships,
what needs to be considered is the value of b which
can be interpreted as follows:

1. b < 3: Length gain is faster than weight gain
(negative allometry)

2. b = 3: Length gain balanced with weight gain
(isometric)

3. b > 3: Weight gain is faster than length gain
(positive allometry) (Perangin-angin ¢f al., 2015)
To determine the growth pattern, Bailey's t-test

was needed (Thomas, 2013; Nair ez al., 2015). The t-

test was run to determine significant differences

from the isometric value (b = 3) with significant
level at 5% (P < 0.05). The formula of Bailey's t-test

is as follows (Fauziyah ef al., 2021):

3-b

Sb

)

Information:

ts = Bailey's t-test,

b = the slope of the linear regression
Sb = standatd error of the b coefficients

The correlation coefficient (t) to see the closeness
of the relationship between length and weight is
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obtained from the formula bellows (Nurhayati ¢z 4/,
2016).

2 (ZXY)’
ExH(EY?)
=/

r: Correlation coefficient is an abstract measure of
the degree of closeness of the relationship
between x and y (-1 < r < 1); 1 means that there
is a close and positive relationship; -1 means that
there is a close and negative relationship; and 0
means that there is no close relationship.

Length of first Captured (Lc)

Length of first captured according to (Spatre-

Venema, 1998):

Information:

SL=————
atexp (a-b L)

The Lc value is obtained by plotting the
percentage of the cumulative frequency of squid
caught by its standard length size, where the cut-off
point between the curves of 50% cumulative
frequency is long when 50% of squid are caught
(Tirtadanu and Ernawati, 20106) the value of Lc can
be calculated through the formula:

-
b

Information:

a: Intercept

b: Slope

Length of first Maturity (Lm)

The size length of the first maturity is a variable
of the reproductive strategy in squid, besides the sex
ratio and spawning periods and types (Barokah ez 4/,
2016). Calculation of the length of the squid length
of the first maturity (Lm) using the Spearman-
Karber equation method developed by Udupa
(Abubakar ¢f al., 2019):

m=xt S-(4) P,

Information:

m: Logarithms of a long class at the first maturity

d: The difference in the logarithm of the addition of
the mid-length value

k: Number of length classes

xi: Logarithm of the mid-value of the length of the
fish that has matured gonads (Pi=1)

Sex Ratio
According to (Fisher, 1930) the ratio of male to

female individuals is estimated at 1:1 naturally in

water with a normal spreading population. The

equation used to calculate the sex ratio is as follows:

. _n]
Sex Ratio=—=
nB
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Information:
n J: The number of male squids (individuals)
n B: The number of female squids (individuals)

To find out whether there is a real difference
between the comparison of male and female
individuals, it is carried out through testing and
testing 'X* (chi-square) with a formula according to
(Mchugh, 2013):

(0-E)?
=g
Information:
O = Observed (the actual count of cases in
each cell of the table)
E = Expected value (calculated below)
X2 = The cell Chi-square value
>x2 = Formula instruction to sum all the cell
Chi square values
¥2i-j =i+ is the correct notation to represent all

the cells, from the first cell (i) to the last cell
)

The value of y2 obtained from this calculation
compared with the value of y2 in the table with a
confidence level of 95% and a free degree (FD) = 1
(one) with the hypothesis:

Ho: There is no noticeable difference between the
number of male and female squid

Hi: There is a noticeable difference between the
number of male and female squid

If,

X? calculate < y2 table = Hy Accepted, H; rejected

X?calculate > y2 table = H,, Rejected, H; accepted

(Geraghty, 2015).

Gonadal Maturity Level (GML)

The basis used to determine GML
morphologically is the shape, length, color, and
development of the gonadal content. Classification
of the gonadal maturity level of squid is suggested
(Lipiniski and Underhill, 1995) in Table 2.

Table 2. The microscopic sexual maturity scale
applied for Loligo edulis

Maturity Stage Histological Examination

Males Females
1 The first spermatogonia  The  first  oogonia
immature and first primary  developed anywhere
spermatocytes developed  in the gonad.
anywhere in the gonad.
11 Tubules with primary  Follicle cells surround
developing spermatocytes inside are  the oocyte anywhere
clearly defined. in the gonad.
jisg First spermatids develop — First invagination of
maturing/ripening,  anywhere in the gonad. the follicular
epithelium.
v First spermatozoa are  Yolk finishes
mature/ripe/gravid  formed anywhere in the  displacing  follicular
gonad. folds in the gonad
v None First mature oocytes
spent are found anywhere in
the gonad.

Gonadal Maturity Index (GMI)
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Determining the GMI value of fish can be used
the formula below (James, ¢z a., 2010):

GW
GMI=——x100%
BW

Information:

GW: Gonadal Weight (grams)
BW: Squid Body Weight (grams)
GMI: Gonadal Maturity Index

Results
Biological Aspects of Squid (Loligo edulis)

The morphological features of the squid obtained
are clongated cylindrical shape and the back is
tapered with a pair of triangular-shaped fins. Squids
found have soft bodies, a pair of eyes next to the
head, and five pairs of arms, where one pair of arms
is longer than the other called tentacles. The squid
found at the research location is shown in Figure 1.

lFigure 1. Squid (Loligo edulis) found at the research

location

Squid Mantle Length Frequency Distribution
Squid sampling (Loligo edulis) obtained during
research was taken from 2 landing locations located
in North Sumatra Province. The results of
observations on the distribution of mantle lengths
(Loligo edulis) for intervals caught and landed at the
Ocean Fishing Port of Belawan and Tanjung Balai
Asahan Port are presented in Figure 2.

250 28

Squid Sample (heads)
s o 8
s 3 3

o
S

S

8-11 12-15 16-19 20-23 24-27 28-31 32-35 36-39 40-43 44-47

Class Length (cm)

IFigure 2| Squid Long Frequency Distribution (La/igo

ednlis)
The maximum and minimum values of squid
mantle length are presented in Table 3.
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Table 3. Squid Frequency Distribution (Io/igo edulis)

Number Mantle Length
Location of Min Max Average
Samples (cm) (cm) (cm)
Belawan Ocean
Fishing Port 455 8 46 18.25
Tanjung Balai
Asahan Port 350 8 41 17.05

Weight Length Relationship

The relationship between the length and weight
of the squid is presented in Table 4.
Table 4. Relationship of squid weight length (Lo/igo
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Gonadal Maturity Index

Based on the results of the observation that the
range values of the Gonadal Maturity Index (GMI)
of male and female squids at the research location
showed vatrying amounts. The gonadal maturity
index chart is presented in Figures 7 and 8 below.

ednlis)
Squid Growth
qu W =alb R R n T-test character
Samples o
istic
Squid
U 0.564011577 . 5 o TaweTabe Negative
= 05640017 )
(Loligo W= 0.56401. 0,8935 0,9452 805 4230 > 1,96 allometric
edulis)
Sex Ratio

The squids that were taken from 2 locations as
samples were 80 squids. The samples were dissected
to see the characteristics of the gonads which
consisted of 42 female squids (53%) and 38 male
squids (47%) with a sex ratio = 1.05:1.

To find out whether the squid is in ideal
conditions to maintain its sustainability, it is
necessary to test the sex ratio value. This test uses a
chi-square test with a free degree (FD) 1 and a
confidence level of 95 % presented in Table 5.
Table 5. Chi-square test of squid sex ratio at two
research locations

Sample £ £ fH—- (fH— (fo- Y (fo = yPavle
£ ) M) )2/

Male 38 40 -2 4 0,1 0,2 3,84

Female 42 40 2 4 0,1

Total 80 0,2

Gonadal Maturity Level (GML)

A sampling of the overall maturity level of the
gonads dissected was 80 samples from 805 squid
samples measured and weighed obtained from
fishermen in the eastern waters of North Sumatra.
From the level of gonadal maturity of 80 dissected
sample squid caught in the eastern waters of North
Sumatra, a level of gonadal maturity varies from
GML I to GML 1V. The followings are the male
GML of squid caught in the Eastern Waters of the
Island of Sumatra shown in Table 6.

Table 6. The maturity level of squid gonads

3.00

2.50
£200 $ L
—
= 1.50 L4
@)

1.00

0.50

0.00

0 1 2 3 4 5
GML
Min Max
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Figure 3. Graph of the maturity index of male squid
gonads caught in the eastern waters of North
Sumatra
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=
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0.50
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GML
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Gender 1 2 3 2 5 sum
Sum__ % Sum %  Sum % _ Sum % Sum %
Male 16 42 7 185 7 185 8 21 - - 38
(squid)
Female 6 14 15 36 12 29 9 21 - - 42

(squid)
Male 22 27 22 28 19 24 17 oz - )
and

Female

(squid)

Figure 4 Graph of the maturity index of female squid
gonads caught in the eastern waters of North
Sumatra.

Length at First Capture (Lc)

The following is a graph of the size first caught
on a squid (Lo/igo edulis) caught in the waters east of
the island of Sumatra presented in Figure 9.
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Figure 5 The length of the first time the squid was
caught and landed at two study locations
Length at First Maturity (Lm)

Statistical calculations using a confidence level of
95% to estimate squid (Lokigo edulis) that have
entered the maturity category of gonads are
presented in Table 7.

Table 7 Length of squid mantle when first cooked
gonads (Lm) obtained.

Gender 95% trust Lc (cm) Lm (cm)

Combined 12,79-1391cm 1042cm  13.32cm

The size of the first maturity squid gonads is
presented in the diagram in Figure 10 below:

s8]
o3

Lc =10.42; Lm = 13.32

58]
(=]

Sample number (Ind.)
>

10
5
0

o N A ) 9 ) N

@ > e D

o% N N NS

N Y N N

Class lenght

B Immature ™ Mature

Figure 6 The size of the first maturity squid gonads
caught in the waters east of North Sumatra

Discussion
Squid Mantle Length Frequency Distribution

Figure 2 shows the frequency of squid class
length landed at 2 squid landing locations in North
Sumatra Province totaling 805 squids with a mantle
length (cm) ranging from 8-47 cm with an average
of 17.73 c¢m, and a weight range between 26-728
grams with an average of 188.65 grams. The most
caught squids ranged from 12—15 cm mantle length
class interval of 238, while the fewest caught squids
ranged from 3 mantle length class interval.

The average length of this mantle is much bigger
when compared to the same type of squid caught in
the waters of Belanakan Subang from November
2005 —June 2006. The average length of the Lo/igo
ednlis mantle caught in Belanakan Subanga at 16.5 cm
(Puspasari and Triharyuni, 2013). The difference in
size between squid landed at the Ocean fishing port
of Belawan and at Tanjung Balai Asahan Port in
2022 and squid landed in Belanakan Subang in
2005-2006 can be caused by several actors,
including the differentiation of fishing gear.
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Squid landed at the ocean fishing port of Belawan
and Tanjung Balai Asahan Port is the catch of squid
fishing rods and stick-held deep net (Reza e¢# al,
2019) which operates in areas about 12 miles from
the shore, with only a small operating time.
Meanwhile, the squid that landed in Belanakan in
2005 was caught by purse seine and danish seine
operating on the high seas with the help of lights
(Puspasari and Triharyuni, 2013). The lamps used
have a power of 750-1.500 watts and amount to 24-
90 pieces (Triharyuni ef al., 2012).

According to Tasywiruddin (1999), small-sized
squids are more commonly caught in waters farther
from the coast and small-sized squids are more
phototaxis when compared to large-sized squids so
that when caught using the help of light, small squids
will be caught more. Thus the difference in size that
occurred in squid landed in Belanakan in 2005-2006
with squid landed at the ocean fishing port of
Belawan and Tanjung Balai Asahan Port in line with
the results of his research.

The maximum and minimum values of squid
mantle length being presented in Table 3 can be
explained as follows: Squid samples (Loligo edulis)
measured in two locations, namely the Belawan
Ocean Fishing Port, totaled 45 squids consisting of
25 female squids and 20 male squids, while in
Tanjung Balai Asahan Port 35 squids were
consisting of 17 female squids and 18 male squids.
The average difference in length obtained in the two
locations is in Belawan Ocean Fishing Port of 18.25
cm with a length class interval range of 8-46 cm and
Tanjung Balai Asahan Port of 17.05 cm with a long
class interval range of 8-41 cm. The difference is not
so significant from the size of the squid mantle
length in the two areas because the conditions in
both environments and the fishing gear used are
almost the same.

Weight Length Relationship

The relationship between the length and weight
of squid presented in Table 4 shows that the
calculated T value is greater than the T-table which
can be interpreted as rejecting the null hypothesis
(Ho) by showing a negative allometric growth
pattern. The equation of the relationship between
squid weight lengths in two research locations
caught in the eastern waters of North Sumatra is W
= 0.5640L"""7 with b value = 1.9797 where the value
of b < 3 (negative allometric) which means that the
increase in squid length is greater than the increase
in squid weight. The correlation value of the squid
weight length relationship is R* = 0.8935 with a
value close to 1 which means that the weight length
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relationship is very closely related (Budiwanto,
2017).

Sex Ratio

The sex ratio of fish can be used as one of the
parameters to give an idea of the abundance (Kudale
and Rathod, 2016) and balance of fish in the water
(Wujdi; & Wudianto;, 2013). The tesults of the
squid's sex ratio shown in figure 4 explained that
there are 42 female squids (53%) and 38 male squid
(47%) by comparison of sex ratio = 1.05:1. The
above conditions according to Limbong and
Rahmani (2022) illustrate that the condition of the
eastern waters of North Sumatra will quickly recover
from fishing activities. Tampubolon ef /., (2019)
furthermore revealed that the ratio of squid
populations as shown in figure 4 in water where the
number of male and female fish is balanced, or more
female fish will recover faster than a population
dominated by male fish.

Based on table 5, X% calculation < X? table, then
H, was accepted, which means that there is no
noticeable difference between the number of male
squids and female squids caught and obtained. The
findings in the field show that the ratio of females
and males is balanced according to Ayorbaba et 4/,

(2019)

Gonadal Maturity Level (GML)

The maturity level of the male squid gonads
obtained during the study was dominated by GML I
and only a small part of the mature gonads (GML
IIT and IV) were 15 individuals. While the maturity
level of the female squid gonads obtained during the
study was dominated by GML II and III only a small
part of the mature gonads (GML 1V) were 9
individuals, see (Figure 6). There are differences in
the phase of maturity of the gonads between males
and females. It means that the squid is in the gonadal
maturity phase every month, it is suspected that the
squid spawns throughout the year, while the peak
takes place in March and April.

Gonadal Maturity Index

Figures 7 and 8 above showed that the gonadal
maturity index (GMI) of male and female squid
shows variations. The highest male squid GMI value
was found in GMI III at 2.06% and the lowest at
1.66% in GMI 1, and the highest female squid GMI
value was at GMI 11T at 1.92% and the lowest at
1.61% in GMI 1.

The most dominant GMI was GMI 111, both
male and female. Where, the GMI value of male
squid is greater than the GMI value of female squid
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(2.06% > 1.92%), which means that when mature,
the male squid gonads tend to have a greater weight
than female squid because the more mature the
gonads had the squid's body will be heavier and will
decrease during the reproductive process gradually.
The results of the research cnducted at the research
site are the same as the result of the study by
Perangin-angin- ¢z al., 2015).

The gonadal maturity index (GMI) needs to be
done because it can know changes in the gonads
quantitatively (Satyani, 2017). GMI growth is
directly proportional to GML, meaning that the
higher the GML value, the higher the GMI value
(Muharam ef 4/., 2020). When spawning will occur,
the GMI will increase in value and reach the
maximum limit and will decrease after finishing
working (Ridho and Patriono, 2016). The weight of
the gonads was weighed using analytical scales, then
the weight of the gonads was compared with the
weight of the body and the result was obtained in
the form of a percent (%) (Pane and Hasanah, 2019).

Length of first Captured (Lc)

The results of the analysis presented in chart 9
above show that the size of the length of the first
captured (Lc) squid as a whole, which amounted to
350 sample squid caught using stick-held deep nets
(squid net) fishing gear in the waters east of North
Sumatra, was 10.42 cm. interval size range of the
mantle length is 8 — 47 cm with a mode in the class
of 13.5 cm. Compared to the results of research
conducted (Pertiwi e al., 2022), Lc value at the study
site (10.42) is smaller than Lc at Tasik Agung
Rembang Beach Fishing Port (12.53). This
condition shows that there is a higher catch pressure
at the study site than at the Tasik Agung Rembang
Beach Fishing Port. Efforts that need to be made to
the above conditions are to limit arrest attempts by
issuing regulations related to this matter. While the
remaining 455 squid samples were captured using
fishing gear which was not included in the Lc
calculation because the data used to calculate Lc only
used net fishing gear.

[Length at First Maturity (Lm)
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It is explained in table 9 above that the results of
the calculation of the analysis of the size of the first
maturity squid gonads dissected were 13.32 cm. This
size range shows that squid has entered the category
of mature gonads (range length) between 12.79 to
13.91 cm.

Based on the calculation results in table 6, the
value of Lc < Lm or it can be interpreted that the
squid is not yet suitable for catching and could grow
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and spawn before being caught. They can also still
increase the population of water. In other words, the
squid caught has not had time to spawn first.
Research conducted by (Pertiwi ¢f al., 2022) at the
Tasik Agung Rembang Beach Fishing Pott for squid
showed an Lm value of (16.50 cm) where this result
was greater than the Lm from the place of study
location (13.32). This condition shows that the
habitat in the Tasik Agung Rembang Beach Fishing
Port area is better than the location where the
research was carried out.

The comparison in the two places shows that the
Lc obtained is smaller than the Lm where which
shows that the squid is not yet suitable for catching
and could grow and spawn before being caught.
They can also still increase the population of water.
In other words, the squid caught has not had time to
spawn first.

Conclusion
Based on the results of the research that has been

carried out, the following conclusions can be drawn:

1. The most caught squid ranges in the interval of
the mantle length class of 12 — 15 cm, while the
least caught squid ranges in the interval of the
mantle length class 44 — 47.

2. Squids grow allometrically negatively, with a
balanced sex ratio of 1:1.05.

3. The maturity level of gonads in male squid shows
that GML 1 is the most dominant (42%), while
for females GML II is the most dominant
(35.71%). The differences in the phase of
maturity of the gonads between males and
females mean that the squid is in the gonadal
maturity phase every month. It is suspected that
the squid spawns throughout the year,

4. The Lc value is smaller than the Lm value (12.45
cm < 13.34cm), which indicates that the caught
squid has not had time to spawn first.
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Bivlogical Aspecis of Squid (Lolige ediedis) in The Waters of Eastem North Sunwira
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Introwluwction

Creographically, the wmters of the Malscen Serait
are pait of fsherics managemens ancas (W PTG 571
thmand, 2004 The nomhesstem area is directly
aclfacent v Boonoene Sones (BES) waters of
Mlalaysin, Thailamd, and Sogapore, |1|¢ thwest is
admnistrsvely bordered by the theee provmees of
the cast coast of Sumama namely the @Bahwest is
ndministratively bordered by the three provinces of
the ems  ooast of Suiaten BRI Aceh
Darisabumn,  Sumaiera Uk dain Riae, 1o dhe
nsrtbraest b the wasess of the Andaoman Ceean and
the southenss we the waers of the southem ™anna
Clezan (Wahyudi, 20135).

This regnon, based oo the estmation of Ash
rescutce potential (FRF), bhas 9 jmdne) FRT groups,
oamely  larpe  pelare fish, small  pelagic fsh,
demersal, penncid shomp, consumable crayfish,
leshsters, erabs, and squid I:F"a:iarmd Saclivah,
2019, This cozifl stretches along the s ooast of
Hl"'t;l'l. S-umn.m CHEED ﬂF Nﬂl‘lh Slmm hﬂi
545 b coass and corsists of T repeneles or clties,
namely Langkat Regenoy, Medan Ciey, Tanjung Balal
Ciey, Asahan Begeney, Labuban Boio Repeney, Deli
Serddany Begency, and Sercug Bedagai Regency.
The Facr er ext ™ewrrh Surmarea e s h1.'rr.'. ::hirlpi.n.g
e and pne of the aress for fishing petvides,
especilly in Belowan Waters, Belmwan = 2 magnet
forr Psorth Sumatea’s fishing acovioes (Tambanan &
el Eil!‘.]}. ?

The fishery resources in the east coastal anca of
Mvoeth  Semmrd consise of fish snd  ooo-Ash
resources,. One of the non-fish resources & squid.
Squids are inve rebeates thar are chssified as pelagic
l'!‘.l'l: A A0 merimes tlﬂ.‘ﬂl&d a5 ':I.I:I!'II:"IE.IJ d.IJI: (4 I:l'l.l'.'lr
frequent hotom presence, They are mem bers of the

sk phybum’ cophalopod chiss (Faradizea o &,
2079 Sumchemat, 3008}, Squid fisheries nte now one
oof the porencial non-fish fesowrces  that  have
impartans ceonommic value and arc widespeead in
Indonestan waters [Mahaban of al, 2007} The pools
ueed are sguid neoes, stick-hekd deep ners, sguid
fishing rods, and by-carches fom o tawls and
fish vrawls [Thamdi and alys, 2017

The increasing ineensiey of Fehing and  the
ruuenber of fihing e as well as the modermization
cf fishing goar can Jead o asverfishing. In addison,
the bugt rabe ol t‘ll:gl‘dl‘l:.l.fi.ul‘l ar PN Feabitais,
the enlargernent of squid i coastad sreas due m
peelluriom,  enwirnamentlly  onfoendly  fshing,
sechmentarioo, and Lland oonmversdon = a resalt of
development can result i oo redeetion o sguid
perpulaion: [Baskons & of, 20075 S0, dnformaton
related oo spuid dishenes =5 needed, repanding
hinliggical aspects, aspects of capture fishetes, and
reanagenent el e,

Th-c'rl.-r-\ve'ur:r 1 rp:um.q,l s conduc further
pesearch. This research pmt eo sl vanoos
aspeects of squid binlogy and n:pmduc.m:l.-.ld.i.ng
leopth  equency destribution,  leagth-wesrht
relotionship, sex ragn, ponsdal mateory level
(G ML), grensch | marntyindes (GMI, lengeh of che
fiest maeurtty, and lengsh of Hese capiused,
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Materials and Methods
Location and timme

This research was camed o foom March o May
2022, which months are knewn a3 mansitonal
seasons CAmvanm « af, X213 and was Lecated ar ren
squid lnding locapons in the eastem region of
Sorth Sumarra which erclude
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I Belwon Oweean Fishing Pore, Hamn el
Village, Medan Districr Belawan Ciry, North
Samnern Provinee

Tavjurnge Balal Asahan Pore, Egm Aszhan
Millage, Tanjung Balad Teluk Mibung Disesice,
Wit Surmatren Provines.

Sampling aclivioes are Caried our cvery day,
where 15 months are losisd in Belwan Okeean
Fishing Port and the memanng 1.5 mooths e
lecabed in Tanpung Balai Asaban Por,

Tools and materialy
Thata collection
The woenls amd  poeedds wed duding the
cibsaervation are shown m Table 1,
Table 1. Tonls wwl materials

Mo, Tasds oalicaibnns P Dhin
ST EHIET T bigd Chii
r I Rty I e Tn midweans dhe lipsh
of the wpmd
k Plain Papar As o s lmus
1 Dhygital Zaziles | gam Blbaivarrry forpaa]
wrmss
B Tz To dean the ol
fu Pilile 45 Mt Frer dcovminmnnn of
Carmtrd prctical =hviae
Lagacq Tn oo dan
K Sipaxl - Samples weel
L] Fachkd T'om A1 o moceEn for
rL'rIIrL‘i_.IIJ,l_ILllﬁ

The dara collectinn rn-.-.tl'l.-l.s-d"dl..l.r.il.'.lg this research
1= a direct survey method, namely by lockng arand
making observidions o the feld of squid sumples
thar are et of obeervations, The dara
retebeved wre primary dstaand secondary dan

P.'Ii:l'.‘l:l.ﬂl.'j" dam are nheatned from che ficld such as
measurements af lengeh and weight, gender, gonadal
mariry level, and others. As well a5 conducring
direct inrervicws with fichermen or respondents
using the gquestionnaing: thar have been provided
(Muzsagim, 2006, Dasd, o af, 2020,

Secondary dat & obminsd frem dara derived
from aleendy available documenes. Secondary data
can be obrained from vanous relevans heeraure,
broshs, agenwics, of relamd istituinons [(Subagyo,
2.

Squid micsusement sampling (Lafbms spl used a
earrdorn samplivg method while dissected panmpling
was mken using the purposive sampling metesd,

Diata mnl}'lin
Sypuid mantle lengih frequency dismiburion

Tha |l.'|:'|.|.i'd"| ﬁ'\ll:'l.|l.l'|'."l.'ll.'_l' digtribueion 12 obtained |:|:.
determining the class incervsl, middle grade of the
chiss, and  the  predeeermined  Jong I':nm-l.':n
dhistribution in clasg intervals then calculated wming

I

dezerpeive statistes chen presentedd jnthe form of

graphs (Selvia of af, 2000,

Relationship between longily amd weight
Acconding o Persnpin-angin of of, (3015) the

sicps 0o determine e structure of the catch

[ropuluticm using dats omi the leagth of the mantle

ane as folkows:

1. Specifies the cluss rarge ([, with the formula
Banpe = lanzest data - :lm'ed chata |

2 Spedifics the number of migrval chsses (O, with
the fomnule C= 1 + 335 log n (0= number of
samiples)

3, Dteermiing the Length of the elass inberval 80,
uslogr the fomoule: 9= RangeeSumber  of
Ineerval Clasges

4. Enter the lenpth of each speaimen matance 11 2

I.‘IILIEI.'I'JH‘I.'II:I\J. IJ.L"..'I-

The relainnship hetween lengeh and weighs v
a bnear allvioeede meedel. This model 15 ussd fo
caleulate paramseters s and b chrowh messurements
ol bevgrib o welpht, (Brinknan, 1993

W=a LY

Tiafaorrration:

WS Dedividual weighis of '-;l.[ul.d [Erams}

L: Manele length fem)

i Intescepe ntersection of the curve of the
relationship of the lmgth of the weight wich the
v i)

b, Slope
Lincar or straighe-line equations e obtined

o elee following equations
by Wi =lig * bl
Paramcters a2 and b owere obianed  from

ngﬂ.'.'l-liilﬂ |"'I.I.'LI.I:|'HIH '“.1.1JI LI.'I "?':I = 13 I:|'I ﬂ.ll.l'_:l LJ.% I:i} FEY

'e!, a0 the regression equanon = oheamed as fallows:

¥ = a+ badi) (Mahsoni, 2009, The cecfficients of

I'JEWI.'D']II.'LI.IZH:II'I BI.'IIJ CIIE I.'l:l.'luﬁlll.'l Cin iL"iII I.'II.'

derermined throsgh eyquanons,

In iz analysis of weight kogh reluionships,
what needs 1o ke considered 15 the value of b wrhich
-:ira-: interprercd as fosllows:

1. b = 3 Length gain i3 faster than weight pan
B)cuntive allomerry]

2. b= & Lengeh gain balanced with weighe gain
:-Tn:rrin.':l

3o b= 3 Weight gain is faster than lengeh pain
[prsitive allomeery) (Permgin-angn o o, 2015)
T dezermine the growth parern, Bailey's r-2est

wits needed (Thonsas, 2003; €8 e wl, 2015}, The -

ICSD W3k Tun Ire :‘Ien'_'rr.ni.n.e DIE:ITIFIE’FIE m.'ﬂ:!ﬂ:ﬂl.'ﬂ'l

from the isomerric value (b = 3) with significant

Lewe] ae 5% [P <2 005). The formula of Bailey's e

i= as follovws (TFaumyvah o @l 20200
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x
e
].I:I:rl.hl'l'lli.ltil.ll:l.'

b Exponent value obearned from the analvaes
3 Seandard deviacen of the Y value

Furhermore, hypothess testing is camied our
where the © .. will be companed with the © - by
using a5 wficddenee bnerval, The decision-
Lﬁﬂl:i.nF 18 s uj:rt!—[;l‘F the T eme 15 = £ ik o F=l o
peject Ho if che 0 e 05 % 0o,

The comdaion coetficiett (r) to e the closemness
oof the relatonship berveen length and weight is
chstained feom the feormala bellows OSuchayan & 2,
20146,

s (EXYF

TEX fllJ_EL Y1)
g formarion: .

r: Corclition cogificient 15 an abatm:tﬁmamt aof
the degrer of closeness of the reonzhip
Beerween = and v (-1 =< = 15; 1 means that chere
i a elose und psitive relationship; -1 mems that
ther is a close and negative relatonship: and O
racang that thoee s 5o close relationshisp,

Length of first Captured [ L)

Lengeh of frst capred acconding wo (Spasm-

Weners, 1998

i
Sl=

..:+ﬂ|:| -k

The Lo walue is obmined by plotdng the
percentage of the cutoulaive fregquency of suyuid
cavght by w5 srandard lengeh gze, whers the cur-off
poing - berween the curves of 50%  comulave
frequency it long when 3% of wuid aee cavght
(Timadanu and Ernawad, 2006) the vabwe of Lo can
b cabeulated] ehionagh the forrmuola;

] _ |
=5
(B rmanon:
i Ineercept
b Slogae

Langth of firsy Manerity (L)

The size kenpth of the Ffirde marnte is 3 variable
oof the reproductive strategy in soquid, besides the sey
ra bt wited 511'.r'.v|'|.i|:'|.;.; pq:ri-::-;k i yjou= |_'E-ﬁ|'-ll-k3.|l ot ad,
2016 Caleaton of the length of the squid length
of the firse maturity [Lin) using the Spcanvon-
Rarber  equanan method  div eloped by Udupa
i Abubmkar o ad, 2009):

r|:'|=3|,.,‘+§. l‘:dZ]‘.}

Infommanon:

r'naf_h;_.l;rrithn'ﬁ oof 4 longr elass ar the firse maroritye
d: The difference in the bxsaridum of the additien of
the mid-length value
k: a:ml:ul'r uf |.-|_r!||_l;|'J1. classis
sy Lesgarithen of the mid-valee of the leagh of the
fish that has marured gonads (Pi=1)
Bex Ratio
Aecording o Fisher (19307 the ratio of male v
femmle individusls & estdmaeed ae 121 nacumlly o
watcr with o nocmal  sproasling populanoen, The
caiiton uied w0 ealeulare the sex matn is as kollows:
n
. _nj
Sex Ratie= e
Lo dirrmiticn:

ot 5 The number of male sguids (mdividuale)
n B: The number :rr'ﬁ'mani-qudi finchviduals)

Te fitd o whether these s a real differcnee
between the comparison of male and female
individoals, iv is camed our hrough wsing and
pesting X7 (chi-equare) with a Fomuila eeondimg
iAlchugh, 200 3):

. (DB
e g
Infosrroeat e
K‘zmw cell r..hi.—a:{l.lﬁ.ll’.‘ value
0 Freguéensey of obiervid male and Fermale squid/

Frequeney of obeervation asuls
E: E.rpul:hud E'u:'.!mq.r of male wnd female .-:q|.1|d

with o hypoehesis (He)

The vulue of §2 obeined froms this caleulston
nﬂn]'m-l.'d with the value of 2 in the eable wiith o
contidence level of 95% and 1 free degree (FI3 = 1
(nnnmﬂ't the hypothess:

He There is no nodeeahle difference beoween the
pumber of male and Femule squid

Hi» There 15 a notceahle difference bervesn the
number of male and ferale wquid

I,

X7 eabeulate < 32 pahle

:‘i!mh.'ula:i. - ;:2 talbile

(Crersghry, 201 5},

Gonadal Matudty Level (GML)

The  Thass o determine Candl
morpholomcally is the shape, length, coler, and
ﬂlﬂﬂqpmmt of the ponadal content. Classifcation
of the ponadal matunry level of squid is sumgesred
(Lipdnska nned Undertull, 1993) 10 Taksde 2.

He Accepred, H: rejeceed
1 |;:_]l|:r|.'|.'|:|.'r..:|._ H, H.EHL"'L'EII:L'IJ

Table 2, The micrscopic sexual oty scale

applicd for Loigs adelic
Mt -"hm Hisaliggical Exarnirnics
Nlaken Fermlkes
i i The fire pecnubymin Tie ;ri.'..-;;-a-!a-rll
LT il Til ki dJevedoped e
sl by res e vckspaal i e gl

urnrherin e pveand
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Hima g ool T vl ed By

Wity St Mt Uenindues
0] Tilsles whh [y Tadlacie colk susaina)
ihiiwhopiing EEL L PL e T il mii ihi sdamiE il
rhearke ihefmead. m e pead
i Frai spimmaedy dindop  Fim mogemoon aof
orelliil ' ity aremliaid e patad. tha DedBisila
sdiabaiin
I st - jpermeccam. ot Tk Enbibus
Biadiie e ggikhl (il mrfalion oilie dBphiiiy . folRools
praad izidh i ke prnid
L] i L - mamre AT
Fpam v finmnd anpahen m
Ihe giitie]

Cronackiel Matrny Index (GM)
Drerermining chie €GGMI value of sh can be used
the foermuls below (fames, o o, 2000

mn-ﬁ %100

| ntrsrmrsanon

GO Gonadal Welgh {erams)
B Squiid Posdy Weight foeams)
Gl Goradal Mamno Index

Hesults
Biological Aspects of Squid (Lolize edialis)

The marphodagical Fearures of the squid olstanied
are elongated cylindrical shape and the back s
enperred withoa pair of tdangular-shaped fine. Squids
fonmd bave soft bodies, a pade of eves next oo the
husd, amal five paies of asims, wheos one pair of ants
i3 longee than the other called teneacles. The sgquid
ferverd ax the research locaron is shown in Figuoe 1.

Figure | Squed (Fafee sdel) found ac the mesearch
Lescarican

Equid Mantle Length Frequency Disiribution
Squid  sampling  {Lafie  eld obrained  during
rezcarch wan ke From 2 lansding locatons, Leeaeed
tn Boeth Sumares Peovince, The  resals of
cimervaticas on the dismibution of mmoce kngis
(Lot sebelid) for intervals canght and anded at che
Cicean Fishing Pore of Belewan and Tanjung Basi
Asahan Port are presined n Fypne 2,

F ]
= {1
-
3 a
1%
g '™ :
E Ly
2 jia
- oy
. 5
} o 18 2 i i
W
F-=1T 12-1% |§-1% 352 T8-27 IR-51 A28 307 #4097
Cloema Bersgeh (o)

Figure 2 Sgued Lomg Fragueney Dhstibuion (Ladas
et

The rscirmum and minimoem values of sguid
mantk length are presented in Table 3.

Talle 3 Squid Fregueney Dhsigibutom [Tadpm el
M e Bl amile Ll:n.glil
Laszzstion af Min  Max  Averupe
Sarmples femt]  [om) fenm)

Bolawan  Chooan

Fashing Poe 455 3 4 1115
Tenpeng,  Baled
Jutea bmen Pt I ] £1 1700

W it Lengih Relationship
re]ul:i.muh'ip between the [-l:ng:h and wq;lﬂ
ol ehe squid i peesented in Table 4.

Tahle 4 Bdaronship of squid waght lengeh (Ladas

et e irg
[
squid
Wl [ ] L] . | o bamainn
b e [
-.r.r u T L] Lk T w-l
s LR 1 s L j L | & i
Sex Watin

The aquisds thar weee mken from 2 locations as
sorrples were 8 squids, The samples wene dissected
e sce the chamcwrstics of the ponads which
consisted of 42 fermale squids (53 and 38 nale
bquicls (47} with o sex eatio = L1051

Te fGnd gyt whether the sguid i in ideal
corlition: o mabatdn s Suseanabiliy, BB
neceasary to sl the sex eatio vahae, This vess wses g
L‘hi-ﬁl.]uarl: test with o frec I:II.'HTL'\'I: I]:_'[-.l:] 1 and n
contidence level of 95 % presented in Tl 5.

Tahle 5 Chi-square test of squid sexorato ar fwo
research locatiors

Sampic & § e F-— T = e
: 3 e P I S
" E T 1T ik EX T
ks [E] 1 1 4 il
Tizml Rl [T

Gonadal Maturity Level (GML)
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A sampling of the overall maruriey level of the
gomads dissecred was B0 samples from 805 squid
sarples  mcasurcd and  waghed  obtained  from
fishermim dn the castem watens of MNorth Samatea.
Fron the level of gonadal matarsiey of 80 disseceed
sarple squid eaught in ehe casrem witerd of Morth
Suimatm, g level of ponadal macy vagies from
ML T e i__'r:'l-"f'. The folluwings ane the smale
GML of squadd enught in the Easeern Waters of the
Tslandd of Sumatts shown in Table 6,

Table 6 The mutuctiy bevel u:I"H.Lui'.’l gonicls
—

PR T E T T T man
= T L= = = = T = E= =

U= L T ¥ (LT3 ¥ (LA T S '
i SN

e [] H 1] H T ™ [ n ]
oo

[ ] [ [ & L 2] ol Bl L]
-

-

gl

Gonadal Mamnity Index

Based an the tesules of the obacration that the
range vahues of the Gonadal Maturity Endex [GMI]
of male amd fomale souids al the rescarch location
ehowed  warving mmounes. The gonadal matune
index chun is presenoed in Figuees 7 and 8 below,

3
-
a5
ﬁ. A L l B
e . -
= 150 v
o = "
| 1M1
T
il
i 1 x k| 4 £
oML
#4n # ]

Fipgure 7 Ciraph of the matuety indes of nmle squid
gonads csughe tn the eastern warers of Marth
Sumuaten

250
L ]
- k] | ] %
= = ]
opa .
= L ]
4 b -
i I-F"
il
ii | 1 3 1 5
Canl
Bhim 8 ax

FiEHI:L' & Crruph of the andy inde of feomle squid
gonads caughe in the eastern waers of Narh
SumitnL

Length at First Capore (L)
The fellowing i a graph of the see fiese cavghe

ot 4 sgquid [Ladips edld) cavpht in the watess gase of
the island of Sumate prescoted in Figuee 9,

- 130
E
1
x , 234
=1 A
T oan i
& B L
& #
a!! OBl o~
— - T
iuﬂ aan | L= 15
3 A o
E |
G e
a 1k m £ LTs) %5
Wlakdllc Value Manidc Loygids fem)

FiHurI.-' 1 The IIL'I'Iil.I:II‘I al the first ime the u.||.1i-:| WA
mught ancd larcded w two :1.1.|.'r_:|'l.' licaiians

Length at Firet Matority (L)
Seatinncal caloulanons using s confidence level of

5% o estmate sopuid  [Lofee sin®) that have
crtered the matorey catepory of  paosds are
presented in Table &

Table & Length of squid mande when fiese cocked
gonads {Lm) ahoainsd,
Comldied 1279139 ome 1042w 132 om

The size of the frse mamiy squid gonads is
presented o the dingram in Fyrure 10 Teleon

[
in

ad Le = |4,82: Lin = |52
E 1
13 il
=
-E i5
= i
£ 3
3
o
il
"
o -C‘\-H o -C"H ] ik ]
Ly ¥ [N S
o o Lo s b b
Class leragdat

W lvmaare 8 M anee
Flzure 10 The sixze of the Arse roaiucey squld gooads
cagghe i the waters cast of Morh Sumiatr

Discossion

Sijuid Manisle Length Freguency Distribation
Figure 2 shows the frequency of squid das

tength Janded ar 2 squid landing Focatiens in Morth

Surtate Provinee totaling 805 sguids with 2 mande
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length (e} rangdng froom A7 em with o averae
of 17,75 cm, and a weight range berween 26-TZ8
grirns with an sverage of 1B gramn, The maes
cagzhie aqubcds sanped froan 12-15 eon maditle lengeh
chigs ineerval of 238, while the fowese caughi sguids
rafned From 5 mantle length cliss mmerval

The serage keogrh of dhis manede is much bigpe
when compared 0 the ame type of sousd st in
the waters of Belanakan Subang froan Movemlber
205 —fune 2006, The averapgs kogth o the Ladg

frmantde coupht m Belarakan Subanga ae 16,5 cm
gpunﬁ'lmd Teharyuni, 200 3. The difference n
sz between squid hinded at the Ocean fighing port
of Belawan and ar Tanjung Bala Asaban Por in
222 and squid landed in Belarakan Subang in
ME-2HY  catn be cavsed by several  aewors,
i:lH:IIJ':I.i.I'%_' |:|1|: djffurmri.n:i.-::-n. I.I:F ﬁ!«h.il:ll_'. I:LJ.I.'

"_'-'||_||,|j|_-| landied ot the occan fﬁhinj.l; Latin af Belaaan
and Tanjung Balal Asahan Port bs the caich of sguid
'Fl.:-h.in!: mids znd =cick-held dwp ner [Rem o ol
2019 which operabes in areas ghour 12 miles from
the shore, with only o samall operaong time,
Mearmhile, the squid that linded in Belainakan in
20615 was caghe by purse sene and danishe seine
rpeerating on the high seas with the help of hghes
(Puspasan and Talmeyom, 2003 The bmps used
have a power of 730 1500 wars and amount o 24
91 pieces [T rharyon of wh, 2012},

According o Taspwinsddin (1999 smallszed
Fql.lll.'lﬁ &TC [THIRE mmmnn]'. ml“l‘l! 10 Warsrs Fi'! I'ﬂ'
from the const and small-sieed sgudds ane more
ot ams when :n::rn[un:d to L-al.'gu-mzud FI.lIJI.IL:IF 50
chiar when caught using the help of lighe, sreall sguids
will be cawgzhe masre. Thus the difference o size that
nccurred in sqoid landed in Belanakan in 20062006
wiath aquid landed az the ocean fshing oo of
Belzwan and Tanjung Bala Asahan Port in line wich
the resnlts of his rescarch,

The maximum ard mimmom valees of squid
mantie lergth being presenred in Table 3 can be
caplained as follows: Squid samples (Ladpy sl
measured in ren locanens, nn'rne]g; the Belaaan
Ciozan Fishing Poer, wraled 45 squids consisting of
25 fermale squids ad 20 male squide, while in
Tanjung Balai  Asahan Port 33 squids  were
l.'-.:u.i-js-l.i.l'l:q aof 17 female :-l.|uid5 angl |4 mmale :-l._|l.|id.ﬁ.
The average diffsrence in lengrh abrained in the rum
lesgaricns is in Belawan Oicean Fishing Porrof 1825
e with o length elass nterval monge of 846 em and
Fanjung Balai Asahan Port of 17,05 cmoanch g leng
chuss mterval parge of 8-41 con, The diffeemee is mo
so sipmificant from the sizc of the squid mante
length o the pwe arcas bcause the comditiens in

i

basth envitonments and the faling pear used are
almeese the same,

Wkt Length Relatonship

The relationship between the length amd weight
inf wapuned p@ltr:l i Tuble 4 shonws that the
calculated T value i greaver than the T-wble which
catt be interpreted a3 repecting the null hypothesis
fHe by showing a semtive allometric  goowth
pratictn,. The oquaten of the rhvonship bevween
suud - wedghe lengths m oo fesearch locations
cazzhe in the csteen witers of Morth Samatra s W
=EAAl "wath bvalue = L9797 where the value
eof I = 3 inegndve alloememic) which means chae the
inereese insquid length is greater than the inerease
inn sequid weighe, The correlation value of the squid
w:i.#l'n: Jrn.gr.h rul.il:i.-.:-luh.ip is K2 = (B35 with a
vitlue elose to T which imeans that the 'v.'L"i;l.l;l'u |L11;|.|;|'|‘|
r&l:u:iwrbh:ip B overy chosely  felanel fH-udm'.ll.‘lm,
017

Sex Ratin

The sex ratine of fish can b vsed & one of the
parareters oo give an idea of the abundaree (Raadale
and Barhosd, 2006) and balance of fish in the water
W apd and Wodiane, 20050 The results of the
fquic's sex rano shown in figure 4 expluned chat
there are 42 fermale squids (337 and 38 male sguid
(4T by companson of sex ruws = L5, The
H.I'H'I'U'E' E‘:Iﬂ.ﬂail‘iﬂl’l.‘f EI:L'I'H'E:III.'I.E (18] |.1.r:+mng il.'ll'l
Babumant (2028 loustace that the conditlen of the
Cas T Waters ':!lt-'.r"viﬂ.l'l.'l'l SIJI.'I:ETH T.'.'I.u I:llJI.tLJ'. FECOver
froem fishing acrivites, Tampubolon o of, (2019
furthermome:  mevealsd that the raom of s
popularions a5 shevm in fimere &0 waner where the
mumber of male and Ferale fish = balancad, o more
ferrale fich wnll recover fasrer than s populsmon
daminted by male fish,

Based on wmble 5, y2ealculadon =< bk, then
H. was accepred, which means thar there 15 oo
notwealsle difference erween the oumber of male
il:ll.lll.'lﬁ Ilu'ld. EMIE Ei.'ll.'lililﬁ -I.':'-I.I.Ig'l'lr ‘JI.'II.‘I L!l'ﬁ'll’ﬂil'll.'il. ThE
findings n the fekd shivg thar the rado of females
anted mnales s balanced according e Avorbaba o af,
ARy

4
Grnadal Maturity Level (GMIL)

The mamrity level of the mak squid
osbrained duning the sty was deamdmased by GML
and only a-small par of the mamire gerads (G
T aeud 1% wecee 85 incivadduals, While ehe imaarity
level esf thie Fermale saquid prnads obmmed donng the
stundy was Gominated Ty G%IE T and TEL only a small
part of the mowre gonade [GML IV} were 9
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incdividuals, see (Figure 6], Based on the doe from
Figure 6, there are differences in the gonadal
rrpeuriey level berwosi males and females, This
rearns that the '.-|.'|ui.d. i% b1 the [E{EI4H ical mabanty |

v omoath, it i suspocted that squid Tay cpes
:hmn.ghuut thie vear, while the peak occors in March
and April. Thiz is in line with the reser performed by
'|"'1'.|l'|n!r|'.|il:u At e, (20020 seared that [o edwlés W the
wabets ol the Alas St aperons all vear mouncd, while
the peak  mkes place om0 March as]  April,
Furtherwore, |‘nan_|_1r'| g of al, (200 5} explaimed
thae the squid sprwmng cheowhour the vear and
reachis it penk whett there 12 an monsss in water
I:EI:I.'IEH.“'.'L'II.'I.".

Gonadal Matary Index

]?Lr_'IJI'E. -| .I.I'JIJ q ﬂ.‘lHHt "\u|1IJ'|1LIJ LILII: I:l'LI: g‘l)lll’].ll
2=H |!|.|r|tl. irnlex I:':r "rﬂ:l of mole and fenuale =:|.'|l.r||:|
"GI'II.I“"\ '|l'hl'l.'L.I.1'.HJI:I"i -l-I'H. I'IIEI'II_"'GI: I:IJJJE h'i.IIJLl:] {rr‘-E] 'i'.ﬂll.'lL
was found 1o GML I st 20065 and che loaest at
Lai%s o GMI L and the highest fernale squd GMI
walue was ar GAL UL ae 1.92% and che lowese o
Lal% in GAIT L

The mese dormnant GMI was G 111, boch
male and female, Whese, the GAMI walee of male
squid 15 grearer than the GMI value of femabe souid
(24 = 1.92%), which means chat when mare,
the meale squid gonads rend o have 2 greater weighi
I:l'lﬂ.l.'l. |.-I.'I.'I'.||'I|.L .'H.I_I.I.LI'J I:II.'L'J.IJJIIE I:J'H: T ETILIL TS I:|1|.
FI'II.'I:II.'IF I'ﬁl'] I'I'I.!." 1|’.|_I.'li.l.'l'£ ]'H'i']:, jLIS I" I'.ill' hr—nier BI'II.‘I '“'i"
decrense durdng the repeoductive process gradually.
The !'I'.".EIJIIIS I'IICI'-'I:I'IE I'Il'llﬂ.l'.l:l'l -nemdu:n:d Al d.'li!' I'HI'.".’I.I.'I:h
site are the same as the eesule of the sody by
Perngin-angin o of, (2013),

The gansdal mamnn index (GMI) nesds 0 be
diang becaese it can kuow charges in the gonads
gquanttatively (Bavani, 2017, ELH growth s
direcily proportional o GML, mesaning that the
higher the GNL value, the higher the GME valuc
(Mubaram o af, HENN, When spawning will esccur,
the GMI will increase in wvalue amd reach the
maximuam hmar znd waill decrease afrer fmu;hi.n.g
waorking (Ridbo and Pacdono, 2006, The weigh of
ehe ponads was weighed using analymeal scales, thin
the waght of the gonads was compared with the
'q'v:.'i“ht al the but|'_| and the tesule was obtaiied in
the form of & percene ) (Pane and Hasanah, 3010,

Langth of (s Capruned [Lej

The resulis of the analyss presented in chare &
abrave shovy tlat the 2ize of the length of 1he e
caprired (L.e) sqmd as 3 whale, which amnuned o
330 samiple sopid caughr wsing sick-hekl deep nets
fecquid mct] Oshing gear in the wawers case of Maoteh

Surmarra, wis 104X cm inerval sime range of the
manek kengrh is 8 — 47 om with a mesde in the ciass
of 155 e Compared o the nesule of nescarch
coructed (Pertwi of @, 2022, Le value at the seudy
aite (10042 iz smaller than Lo oar Tasik Aguig
Rembang  Heach Fishing  Pore (1253)  This
codilitien shows thar there is 4 higher cacch pressure
it the shady siee than ae the Task Agung Rombang:
Beach Fishing Pore. Effoms that oeed o be made o
the alewe consditions arc o limit arrest attconpes by
iy repulitons related oo thes marter, While the
remainny 455 squid samples were capoured wing
fishing gear which wa not included in the Le
caleulntion becase the dacn vsed oo caleuboe Le only
used nee fishing geat,

Lengih at First Maturity (L)

It i$c1p|:|i11|'.‘|:| in bable W abowe that the results of
the caleubvitom of the ul:'l.uJ-.__'rI:- uf the sime of the st
mu.l:l.l.ri.n.' 5qm|:'| g«l.'-md:-. dizrecred were 13,32 e Thix
siwe pargre shiws that squic has entered the casepory
iof marure gonads (mnge lengech) beraeen 1279 1w
139 em.

Bersex] em the calculiton sesulis i mable &, the
walue of Lo < Lm o ir can be interprered that the
suquicl 35 arst vee suitable for carching and could grow
and spawn before being caught. They can also sall
increase the populagion of warer, Inother words, che
'ILIIJIIJ. LIIJEIIT l'LI_\ it IHIJ i o e l]'.'.nl“-l.'l |JI"II:

Research conducted by (Pertian o @, 002F) seche
Fistk Apgung Bembong Beach Fishing Pore for sguid
shevared an Lm value of (16,50 cm) whese this result
was preater than the Lm from the place of smdy
loscudom {1332}, This condition shisws thar the
hahirar in che Tasik Apung Rembang Beach Pishing
Pom area b= Beoer than the Jocaton where the
research was camed out.

The comparison in the ceo places shows that the
L& obtained is smaller than the Lm where which
shovs that the squid s ot yet suirable for casching
wite] conadd gronw and spasm befere boing caughe
ThE"I, [ =11 :II.'F-'Z!I 1I:I|.| IOCTEA50 r|'u' I'II'IFILI | FYalaal I'!lF Trarer,
In orher words, the squid canghe has noc had dme oo
spawn first

a:nﬂuinn

Beesd rin the results of the pegearch rhar haz hesen
earmied cur, the following conclesions can be draan:
1 The moer cuughe squid ranges in the isterval of

the mantle lengeh class of 12 — 15 om, while the

et et syuic eanges in the meeval of the

manthe length class 44 — 47,

2 Aquids prow sllemeeically negaively, with a

batanced sex ratio of 1-1.06,
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A, The maturity level of gonads in male sguid shows
chaar GML 1= the most dominant (2%, while
for fermales GML IT iz the mose deaninan
(35.71%). The differences in the phae of
eiiaturity of the pooads betwesn males amd
ferules miean that the sguid i in the ponadal
matanty phase cvery month, [vis suspected thar

%ﬂmlﬂ A rI-umuEiI-uuu: the vear,

4, L value is smaller than the Lo value (1245
cin = 13 34em), which indicases that the caugli
aoquicl has aot bacd Bme to spawn first.
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