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ABSTRACT

Squid, known with scientific name Loligo sp, is a group of cephalopods or a type of Mollusca living in the sea, with
horizontal distribution area from coast to open sea and vertical distribution area from sea surface to thousands of meters
under sea surface in water column. Until now, squid production still depends on the natural stock since there is no study
on technology for its culture, thus it is a concern that if the production keeps increasing, the resource preservation will
be threatened. Therefore, for the purpose of sustainable management, it is necessary to study the parameter of population
and biomass of squid resource through an analysis on the dynamics of population, including age, growth, mortality and
yield per recruit. This research was conducted for 3 months from June - August 2020 aiming at analyzing the parameter
of population of squid resource and the exploitation rate in Ternate Island waters using observation method, stock study
and population analysis. The research result finds that the squid resource in Ternate Island waters still has stable growth
parameters, including maximum length (Loo) 97.13 mm, growth coefficient (K) 0.23 per month, t0 1.26 with total,
natural mortality, and catch respectively 0.74, 0.50, 0.24 and exploitation rate 0.32 in which these values show lower
exploitation rate than expected utilization value of 46.0%.
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1. INTRODUCTION

The potential of fishery resources in Ternate Island
waters is dominated more by wild fisheries and it is one
of the waters which greatly contribute to the production
of wild fisheries with expected potential of up to 631,703
tons/year with usable amount up to 505,363 tons/year [1].
The types of production of wild fisheries from Ternate
Island waters include big pelagic fish, small pelagic fish,
demersal fish and non-fish resource including octopus,
clam, squid and other fishery resources [1].

Squid, scientifically Loligo sp (Figure 1), is a group
of cephalopods or a type of Mollusca with sustainable
potential in Ternate Island waters up to 9,664 tons/year
and allowed utilization rate of 7,731 tons/years [1]. The
squid distribution is generally found from continental
shelf area to depth of 200 m [3]. This wide distribution
area influences the wide distribution of catching area
from coast to open sea and from area close to sea surface
to deep sea. The width of distribution of this catching area
causes the rate of utilization or production of squid
resource to increase from year to year. The increasing

amount of squid resource production is certainly caused
by the number of units of catching tool and trip and also
the result of side (non-target) catches from the active
types of catching tool in the catching operation, such as
purse seine and boat lift nets and other catching tools.

Figure 1 Squid (Loligo sp)

The Indonesian squid production is all derived from
catch from the nature and there is no study on technology
for its culture [4], including in the Ternate Island waters
[1] [5]- Relying only on wild fisheries, there is a concern
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that if the production continuously increases annually, it
will threaten the existence and sustainability of squid
resource in Ternate Island Waters. Therefore, for the
purpose of sustainable management, it is necessary to
study on the parameters of population and biomass of
squid resource through an analysis on the dynamics of
population, including age, growth, mortality, and yield
per recruit.

2. METHOD

This research was conducted from June-August 2020
with research instruments consisting of digital camera for
research sample documentation, HP  with
3DMeasurement software for length identification,
digital weighing scale for weight measurement and 1
computer unit for data processing and analysis, and
research material of squid caught by fishermen of Ternate
Island collected daily for 3 months.

2.1. Data Analysis

2.1.1. Length-Weight Relationship

Length-weight relationship has practice value
allowing converting length to weight and vice versa.
Squid weight may be deemed as a function of its length,
and this length-weight relationship follows cubic law
which is represented in the following formula (1) [6].

W=alb (1)

For parameters a and b, a regression analysis was
employed with In W as y and Ln L as X, the regression
equation (2) below is obtained:

y=a+bx 2

A t-test was conducted to study the value of b = 3 or
b # 3, with hypothesis:

Ho : b = 3, length-weight relationship is isometric.

H: : b # 3, length-weight relationship is allometric,
where:

- Positive allometric, if b>3 (weight increase is
faster than length increase) and

- Negative allometric, if b<3 (length increase is
faster than weight increase)

2.1.2. Age Group

Squid age group is expected using the length
frequency method presented by [7] in [8], by dividing
squid into some groups of mantle length. This is followed
with calculating natural logarithm of the frequency of
each mantle length by finding the difference of natural
logarithm of calculated frequency (A In Fc) among the
existing classes. This is followed with mapping of mean
value of each mantle length (x axis) on difference of the
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natural logarithm of calculated frequency of squid length
(y axis). The intersection of regression straight line with
X axis presents average length value of each age group.
The average sum of the value of each age group is a/b.

2.1.3. Growth Parameter (Lo, K, t,)

The growth model of Von Bertalanffy [8] was
employed to examine the growth parameter (3).

Lt=Loo (1 - e K0 (3)
Where:
Lt = Squid mantle at age t (cm)
Lo = Squid asymptote mantle length (cm)
K = Growth rate coefficient (per year)
To = Squid theoretical age at length equal to
zero (year)
T = Age (year)

The empirical equation [9] in [8] was employed to
expect theoretical age (to) equal to 0 (zero) as follows (4):

Log (-to) = 0,3922 — 0,2752 (Log Loo) — 1,038 (Log K)

4)
Where:
Lo = Asymptote mantle length
K = Growth rate coefficient (per year)
o = Theoretical age at length equal to zero

2.1.4. Mortality and Exploitation Rate

2.1.4.1. Catching mortality

Catching mortality rate (F) is expected using equation
(5) and (6) :

(6), is obtained

2.1.4.2. Total mortality

Total mortality rate (Z) is calculated using Beveton
and Holt formula in [8] as follows (7):

2=k (259 ™

Where:

K = Growth rate coefficient (per year)
Loo = Squid asymptote length (cm)
L = Average length of caught squid (cm)

L’ =lower limit of squid length class size fully
caught (cm)
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2.1.4.3. natural mortality

Natural morality rate (M) is calculated suing the
empirical method [9] as follows (8):

M = 0.8%exp (- 0.152 — 0. 270 In Loo + 0.6543 In K +

0.4634 In T) (8)
Where:
M = Natural mortality rate (year)
Lo = Squid asymptote length (cm)
T = Average temperature of water surface
0

The stock exploitation rate (utilization level) was
expected using formula (9), [9] in [8]:
F F

pTial ®)
Where:
F = Catch mortality

4 = Total mortality
M = Natural mortality
E

= Exploitation rate

2.1.5. Yield per Recruit

Yield per recruit (Y/R) was found from Bevertondan
Holt equation (10) (11) and (12), [8] below:

(YIR)=EUm[1 - 2L 4 3y

1+m 1+2m 1+3m

(10)
Where:
U=1-= 11)
= ﬁ (12)
Explanation:
E = Exploitation rate

Lc = Smallest class size of fishes caught (cm)

M = Natural mortality rate (per year)

K = Growth rate coefficient (per year)

Loo = Fish asymptote length (cm)

The research result data were then analyzed using
Fisat-11 program.

3. RESULT AND DISCUSSION

3.1. Squid production

According to the data, the squid catch yield in 2019
in Ternate City is 1,926.11 kg [10]. The data show that
the squid production is not maximally utilized by the
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fishermen. The possible reason of the low production is
that the fishermen still use traditional catching tools such
as fishing rod, of which mobility is low, and the resource
is the side catch of catching tools purse seine and boat lift
nets. The squid production in Ternate Island Waters from
June-August may be observed in Figure 2.

900 ~ 682.76 690.12
553.23

Juni Juli
Tahun 2020

Figure 2 Squid production (Loligo sp) from June-
August 2020

3.2. Length-Weight Relationship

There were 553 heads of squid measured as the
research samples. From the measurement result, the squid
mantle length ranges from 50 - 113 mm with weight
ranging from 20-305.0 gram. The length-weight
relationship of squid in Ternate Island Waters is W =
1.0995L.%384¢ with regression coefficient < 3, which
means the allometric growth pattern is negative (Figure
3). This growth pattern is similar to the that of squid
caught in Java Sea, Arafura Sea and Mumbai
Waters/India [11]; [12]; [13]; [14].
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Figure 3 Squid (Lolligo sp) Length-Weight
Relationship

3.3. Age Group

Determining age and growth is fundamental in
studying the parameter of population of squid resources,
in which this study finds initial information of the age
structure which may be used to explain the influence of
environmental change on growth, survival and factors
influencing recruitment success. Knowledge of age
group and growth is used to expect the influence of catch
on stock, management policy, occurrences in squid life
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cycle and maximum catch yield in consideration of the
resource’s sustainability [15]. Based on the analysis
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result, the length of squid in Ternate Island Waters is
divided into 5 age groups as presented in Figure 4.

T
11.0 21.0 31.0 41.0
Length {mm}

=1.0 1.0 1.0 21.0 91.0

Figure 4 Histogram of the length frequency by normalized squid length class

Based on Figure 4, we may observe that the squid
resource caught in Ternate Island Waters has theoretical
age of 1 month at length range from 30-41 mm with
average length 36.50 mm, relative age 2 months at length
range from 46-66.5 with average length 50.78 mm,
relative age 3 months with length range from 5.7-66.5
mm and average length 60.87, relative age 4 months at
length range from 7.5-84.5 mm with average length 73.52
mm and relative age 5 months with length range from
8.7-92.5 and average length 87.94 mm.

3.4. Growth Parameter

The analysis using Ford Walfrod method [8] by
plotting L value (t + At) and L (t) results in the maximum
length value (Loo) of squid caught in Ternate Island
Waters of 97.13 mm, with growth coefficient (K) 0.23
per month, and to value 1.26. Based on the K, Loo and to
values, the equation of the growth of squid (Lolligo sp)
in Ternate Island Waters is Lt = 97.13 x (1 — e[ 0-23(1.26)0),
From the growth equation above, we may find the length
of squid of various relative ages, the increase of squid
length monthly until its asymptote length (Figure 5).
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Figure 5 Curve of the growth of squid (Lolligo sp) in
Ternate Island Waters.

From the growth curve in Figure 5, we may observe
that in its initial life cycle, squid’s growth is relatively
rapid and slows down when approaching its maximum
length of 97.13 mm. In its entire life, squid living in
Ternate Island Waters has low growth rate (K) (0.23 per
month) that it is lower than 0.5 cm per year. The squid’s
maximum length value (L) is 97.13 mm and it takes
some months to reach its maximum length. This

conforms to the statement [8] that with growth rate value
or coefficient value k < 0.5, one is categorized into
resource with slow growth rate and it takes a long time to
reach its maximum length. Squid’s low growth rate,
besides caused by food availability, is expectedly caused
by difference in season, temperature and population
density. Further, based on the values of parameter of
squid growth analyzed, squid’s annual recruitment
pattern is presented in Figure 6.

Recruitment (%)

Figure 6 The recruitment pattern of squid (Lolligo sp)
in Ternate Island Waters

3.5. Mortality and Exploitation Rate

The mortality of the population of exploited resource
is the combination between natural mortality and catch
mortality [9]; [8]; [16]. The analysis results in total
expected mortality value (Z) of 0.74 and natural mortality
(M) by inserting K value = 0.23 per month, Loo = 97.13
mm and average water temperature 29°C. Figure 7 shows
the curve of catch yield for expected Z value, we may
observe that the black circle used to calculate Z value
based on R? value in the regression analysis with empty
circle is a circle of non-recruited data and exploitation
rate value (E) it results in 0.32 per month. Based on Table
2, we may observe that the values of population
parameters of total mortality (Z), natural mortality (M),
catch mortality (F) and exploitation ate (E) are
respectively 0.74, 0.50, 0.24 and 0.32, differently from
the research results [17], with population parameter
values consisting of total mortality (Z), natural mortality
(M), catch mortality (F) and exploitation rate (E).
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Length-Converted Catch Curve
(for Z=0.74; M (at 29.0°C)j=0.50; F=0.24; E=0.32}
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Figure 7 Curve of squid catch yield in Ternate Island Waters

Table 2. Values of the Population Parameter of Squid in Ternate Island Waters

Total Mortality (Z) 0.74 3.1361 1.3287
Natural Mortality (M) 0.50 0.0623 0.5145
Catch Mortality (F) 0.24 3.0737 0.8142
Exploitation Rate (E) 0.32 0.9801 0.6128
The natural mortality value is higher than catch The virtual population analysis describes the

mortality value, which means that the squid resource in
Ternate Island Waters is mostly not utilized by the
fishermen, which is supported by the field condition
regarding squid resource utilization, that the fishermen of
in Ternate Island Waters generally only use catching
tools with low mobility, which is squid fishing tool, with
average production per catching tool only up to 2 kg/Trip,
and squid resource is generally only the side catch of
purse seine and boat lift nets.
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dynamics of catch mortality and expected population of
each length group. The amount of squid catch population
and mortality of each length group is different from each
other. The squid’s expected biomass in the nature
according to VPA analysis is 12.01 ton. Figure 8 presents
the graphic of analysis on squid virtual population in
Ternate Island Waters.

[E - survivors
B - nat. losses

[[] - catches
- - f. mortality

205 505 70.5 905
Length groups

Figure 8 Analysis on the virtual population of squid in Ternate Island Waters.
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According to Figure 8, the squid biomass value in
Ternate Island waters is on the mantle length 30.5 mm up
to close to 90.5 mm, in which this amount has natural
death rate higher than the amount caught with
fishermen’s fishing tool. Besides, the catch mortality (F)
is higher at mantle length 46.5-80.5 mm.

3.6. Yield per Recruitment

The analysis result of yield per relative recruit (Y/R)
is designed as the function of Lc/Loo and M/K,
respectively 0.21 and 1.38 with expected Lc value =
30.5mm. By inserting Lc value of 30.5 mm, Emax
value=0.523 per year result in maximum Y/R 0.046 and
biomass per recruit at Emax 0.271 or 27.1% of virgin
period. Current exploitation rate (Figure 8) is E =0.23, in
which this value shows that the exploitation rate is lower
than the expected utilization value of 46.0%.

Relative Yield/ Recrut (Y'/R)
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Exploitation ratio (E)
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Figure 9 Graphics of catch yield per relative recruitment
of squid in Ternate Island waters

Figure 9 shows that the current exploitation rate is
still low or a half of optimal exploitation rate, that the
current E value is 0.32 and optimal E 0.46 to produce
optimal catch yield 0.043 gram per recruit.

4. CONCLUSION

Based on the result of research on some parameters of
the dynamics of population, squid (Lolligo sp) in Ternate
Island Waters has population parameters of squid’s
maximum length (Loo) of 97.13 mm with coefficient k <
0.5 per year of 1.26 with total, natural, and catch
mortality values respectively 0.74, 0.50, 0.24 and
exploitation rate 0.32, in which this value shows that the
exploitation ate is lower than the expected exploitation
value 46.0 %. The population of squid (Lolligo sp) in
Ternate Island Waters needs attention, especially of the
government, with regard to the amount of exploitation,
thus it needs attempts to increase the number of catching
tools and trips.
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