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ABSTRACT

The fishery and stock status of cuttlefishes along the northern coast of Andhra Pradesh was studied with special reference to
the needle cuttlefish; Sepia aculeata Van Hasselt, 1835. Cuttlefishes caught by trawlers along the coast of Andhra Pradesh
contributed 68.29% of the total cephalopod landings of the state during the study period (2006-2016). The average annual
cephalopod landing in Andhra Pradesh for the study period was 2991 t and the mean annual catch per hour (CPH) during
2006-2016 was 0.47 kg h''. The cumulative sum (CUSUM) analysis indicated increasing trend in cuttlefish landings
of the state during the study period. Stock status plots indicates that cuttlefish stocks along the Andhra Pradesh coast are

in the “fully exploited” phase.
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Introduction

Cephalopods are one of the significant components
of the marine capture fisheries with unevenly distributed
fisheries and landings in the world’s oceans. According
to Jereb et al. (2005), the total number of living species
of cephalopods that have been described is fewer than
1000. However Rubaie et al. (2012), stated that about
700 species of cephalopods are distributed throughout
the world oceans. Global landings of cephalopods have
increased dramatically over the last 5 decades, rising from
approximately 0.5 million t in 1958 (FAO, 1964) to over 4
million t in 2008 (FAO, 2010). Cephalopod landings now
constitute almost 5% of the world’s total fisheries production
(FAO, 2010). More than 50% of the total cephalopod catch
is taken from the north-west Pacific and the south-west
Atlantic. Other important areas are the western central
Pacific, eastern Atlantic and eastern Pacific, but small-scale
fishing activities in other areas also developed consistently
in the past decades (FAO, 2000). Japan remains the leading
cephalopod producing country, closely followed by China,
Korea and Argentina. In 2001 alone Japanese fleets had
landed over 5.6 lakh t of cephalopods, which was about
17% of the total world cephalopod catch. The demand for
cephalopod import is huge in the south-east Asian countries

as it is more sought after by the people. India is one of the
main suppliers of cuttlefishes in international market other
than Thailand, Spain, China, Argentina, Peru and Indonesia
(FAO, 2016).

The average annual cephalopod production in India
during the period 2001-2010 was 1.28 lakh t. This is 3.41%
of the world production of cephalopods during the same
period (Chakraborty et al., 2013). Molluscs contributed
about 7% of the total marine landings (TML) of India during
2015-16 and cuttlefish contributed about 50% of the total
cephalopod landings during the same period (CMFRI,
2016).

To frame a sustainable fishery management plan for a
tropical country like India, having multispecies-multi-gear
nature of fishery, it is necessary to assess the stock status of
different species (Ghosh et al., 2015). During 2015-16, of
the top five states in India contributing to the cephalopod
landings, Andhra Pradesh (AP) ranked fourth contributing
1% of the mean annual marine landings (MAML)
(2.95 lakh t). Gujarat contributed 8.73; Karnataka 6; Tamil
Nadu 5.9 and Kerala 0.08% of MAML. The MAML of
AP during 2000-2010 was 1.99 lakh t, of which molluscs
contributed 1.1% (Maheswarudu et al., 2013).
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The main species of cephalopods exploited in
Indian coast are Sepia pharaonis, S. aculeata, S. elliptica,
S. brevimana, S. prashadi and Sepiella inermis. In Andhra
coast, five species of cuttlefish are commercially exploited
and among these S. aculeata is the most common species.

Information on the cephalopods resources in Indian
waters are available from the works of Joseph (1966); Silas
(1986); Silas et al. (1986); Sudarsan et al. (1988, 1990);
Philip and Somvanshi (1991) and Kripa et al. (1996).
Much of the previous research in India focused on the
stock characteristics of S. aculeata occurring in different
locations such as, by Menon (1988) from Mumbai waters;
Rao et al. (1993) from all along the Indian Coast; Asokan
(2000) along Malabar coast; Abdussamad et al. (2004)
from Kakinada coast and Chakraborty et al. (2013) from
north-west coast. Biology of this species was studied from
Mangalore coast by Rao (1997) and Nalwa et al. (2005)
from Mumbai coast. Oommen (1977) studied the structure
of the alimentary canal, digestive enzymes and food and
feeding habits of this species from the south-west coast of
India.

Due to increase in demand and economic value, the
landings of cephalopods have increased and if not managed
properly, this can lead to decline of the fishery. Though
having good fishery with increasing trend, there is no
recent studies on the biology and fishery of cuttlefish from
Andhra Pradesh coast especially that of S. aculeata. So the
present study focused on the fishery and stock status of
cuttlefishes with particular reference to the needle cuttlefish
Sepia aculeata Van Hasselt, 1835 along Andhra coast.
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Materials and methods

Annual estimates of both total cephalopods and
cuttlefish landings in Andhra Pradesh recorded by
the National Marine Living Resources Data Centre
(NMLRDC) of ICAR-Central Marine Fisheries Research
Institute (ICAR-CMFRI) for the years 2006-2016 were
analysed and results are presented. Species level landings
data was estimated from the weekly visits made to the
Visakhapatnam Fishing Harbour (17.7092°N; 83.2707°E),
the major trawl landing centre in Andhra Pradesh (Fig. 1).
During the visits, the percentage contribution of different
cephalopod species to the cephalopod landings of the day
was estimated. This was then scaled up to the monthly and
annual landings of cephalopods to obtain species-wise
landing data.

The trend in landings of cephalopods and cuttlefish
was studied using the Cumulative Sum (CUSUM) technique
(Hurst, 1950). CUSUM is a visual statistical procedure
commonly used in industry for quality control, which
allows the detection of changes of a persistent process
by time (Woodward and Goldsmith, 1964; Montgomery,
1991). It involves the subtraction of a control reference
level from a series of points which was represented in this
study by the average landing value of cuttlefish fishery over
a certain time. CUSUM is calculated using the following
equation (Barnard, 1959):

T
S =2 (xi- )
=1

where, ‘S’ is CUSUM, ‘x, an individual time-series
value and ‘p’ the long-term mean value of the time-series.
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Fig. 1. Map showing the major cephalopod landing centres of Andhra Pradesh
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The goal of this exercise was to determine the point where
the direction of change for each time series occurred.
For example, a period of positive slope in the CUSUM
chart indicates that values are above the long-term mean,
whereas a period of negative slope indicates values that are
below the long-term mean. The point at which the slope
switches from positive to negative (or vice versa) is termed
the change point (Dell’Apa et al., 2012).

Stock status of various species was studied using
the stock status plots (Kleisner et al., 2013). ‘Stock’ in
the present study is defined as time series of one species
or group off Andhra coast for which the first and the last
reported landings are at least 10 years apart and that there
are at least 5 years of consecutive landings and for which
the accumulated landings is at least (Kleisner and Pauly,
2011) 1000 t (modified from the definition given by Pauly
et al., 2008). To determine stock status in the given year,
the species were classified into one of the following phases,
i.e. 1) “developing’, ii) ‘fully exploited’, iii) ‘overexploited’,
iv) ‘collapsed’ and v) ‘rebuilding’ using the criteria given

Table 1. Criteria used to assign the exploitation stages based
on landed catches (C) relative to the maximum landed
catch recorded in the time series (C_ )

max:

Status of fishery Criterion applied

Developing Year before Year of C|_ and C/C  <0.5
Fully exploited Year before/After Year of C_and C/C__ > 0.5
Overexploited ~ Year after Year of C_ and C/C__0.1-0.5
Collapsed Year after Year of C__ and C/C__ <0.1
Rebuilding Years between collapsed and first subsequent

fully exploited

Final Year rules

Developing If C_, occurs in the final year, increase C_
by 50% and set its year of occurrence as final
year plus one
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in Table 1 (Froese and Kesner-Reyes, 2002; Froese et al.,
2012; Kleisner et al., 2013).

Results and discussion
Fishery

The mean annual marine landings of Andhra Pradesh
during 2006-2016 was 2,56,355 t. The maximum landings
occurred during 2014 (3,42,114 t) while minimum was in
2016 (2,02,888 t). The cephalopod landing was highest in
2012 (4,222 t) and lowest was in 2008 (1,553 t). The average
annual landing of cephalopods for the decade was about
2,991 t. Among cephalopods, cuttlefish contributed 66.9%.
The cuttlefish landings fluctuated widely with maximum
landing in 2010 (3,020 t) and minimum of 959 t during
2008. Such fluctuations in landings of cephalopods have
been reported from Kakinada (Abdussamad et al., 2004);
Veraval and Mangrol (Thomas and Kizhakudan, 2006)
and off Bombay (Sundaram, 2014). Cephalopod landings
showed an increasing trend from 2006 to 2015 (Fig. 2a, b).

The gearwise contribution of cuttlefish landings from
Andhra Pradesh showed that trawl was the major gear for
their capture. About 94% of cuttlefish landed in AP was
contributed by trawls, 2.2% by motorised gillnets, 1.7%
by motorised ring seines, 0.6% by beach seines, 0.04% by
hook and lines and 2% by other gears (Fig. 3). Trawl has
traditionally been the major gear to land cuttlefish in the
country (Rao et al., 1993, Abdussamad et al., 2004).

The results of CUSUM analysis for the landings
(Fig. 4a) showed that the trend for cephalopod landing was
similar to the cuttlefish landings for the decade (Fig. 4b)
suggesting that cuttlefish were the major contributor among
cephalopod catch in trawls. There were three changing
points in the cuttlefish fishery where the slope switched
from positive to negative value or vice versa.
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Fig. 2. Trend of (a) cephalopods and (b) cuttlefishes landings in Andhra Pradesh during 2006-2016
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Fig. 3. Percentage contribution by gears to cuttlefish landed in
Andhra Pradesh
GN-Gillnet, RS-Ring seine, HL- Hook and line, OTHS - Others
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57.20 kg unit' and CPH of 0.61 kg h'. The minimum
exploitation of cuttlefish was during 2008 with a CPUE
of 16.49 kg unit! and CPH of 0.27 kg h'. The CPUE
showed an increasing trend (Fig. 5a) while CPH displayed
a stagnant trend for cuttlefish landings in Andhra Pradesh
(Fig. 5b).

The CUSUM for trawl CPUE of cuttlefish (Fig. 6)
showed a fluctuating trend. It showed that even though
the CPUE of trawl fishery was increasing in general, there
was fluctuation in every two-three year period during
2006-2016.

The cuttlefish fishery of Andhra Pradesh comprised
mainly of S. aculeata, S. pharaonis, S. brevimana,
S. prashadi and S. inermis. The average percentage
contribution of the species during 2006 to 2016 is
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Fig. 4. (a) CUSUM and (b) trend for the trawl landings of cuttlefish in Andhra Pradesh

The average annual catch per unit effort (CPUE) for
the period 2006-2016 was 34.75 kg unit! and the catch
per hour (CPH) was 0.47 kg h''. Maximum exploitation
of cuttlefish was during 2015 with a CPUE value of
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shown in Fig. 7. S. aculeata dominated the cuttlefish
fishery of Andhra Pradesh with a contribution of 33%.
S. aculeata contributed more to the cuttlefish landings
during July-September and December-January.
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Fig. 6. CUSUM of annual CPUE of cuttlefish landed in trawls
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Fig. 7. Species-wise contribution of cuttlefish in Andhra Pradesh
during 2006-2016

Mean size

A total of 2,688 samples of S. aculeata (Fig. 8; 9) were
measured for length frequency determination. The total
dorsal mantle length (DML) ranged between 85-212 mm
with a mean value of 139.88 mm. The DML of 79.69%
of the samples measured were in the range 120-170 mm.

Fig. 8. S. aculeata landed at Visakhapatnam Harbour
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Fig. 9. Different size of S. aculeata landed at Visakhapatnam

The length frequency distribution is represented in Fig. 10
which clearly indicates that the length class from
120-170 mm dominated the fish landings of Andhra
Pradesh. The length at maturity for the species is 140 mm
(Jasmin et al., unpublished) which indicates that majority
of the animals landed in AP are juveniles. Exploitation of
juveniles results in considerable economic loss (Mohamed
et al., 2014) and causes growth overfishing, leading to
serious damage of the fish stock which in turn affects
the long-term sustainability of the resources. Since the
cephalopod as well as cuttlefish fishery of Andhra Pradesh
showed an increasing trend with wide fluctuations, there
is a chance of fishery decline in future if we increase the
fishing effort. Moreover the stocks are in exploited state
during recent years as per the stock status plot (SSP). So
there is need to maintain the fishery in steady state by
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Fig. 10. Length frequency distribution of S. aculeata in Andhra
Coast

restricting fishing effort and also by fixing a minimum
legal size (MLS). MLS is a tool in fisheries management
(Mohamed et al., 2014) that can regulate the sizes of fish
caught which in turn would help to protect fish juveniles
and conserve spawning stocks.

Stock status plot (SSP)

The stock status assessment of commercially exploited
cuttlefish species from Andhra Coast is expressed as
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SSP (Fig. 11). During assessment years, all the species
were mostly in the exploited phase Table 2. Only during
some years certain species had gone beyond exploited
phase and developing phase in certain years. S. aculeata
was in exploited state in all the years of assessment except
in 2007 where it had gone through developing phase. Since,
currently the species is in the fully exploited state and its
juveniles are heavily fished, there is a chance of stock
collapse in the future if the fishery is not managed well by
reducing the effort with strict implementation of optimum
fleet size, mesh size regulations and minimum legal size.
These will help in sustainable fisheries by maintaining the
stock at healthy levels.
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Fig. 11. Stock status plot by landed catch of cuttlefish species off
Andhra coast during 2006-2016

Table 2. Stock status of landed catch of cuttlefish species off
Andhra coast during 2015 and 2016

Species 2015 2016

S. aculeata Exploited Exploited
S. pharaonis Exploited Exploited
S. inermis Exploited Exploited
S. brevimana Exploited Exploited
S. prashadi Exploited Exploited
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