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Reproductive Characteristics of Squid Sepioteuthis lessoniana
(Lesson, 1830) from the Northern Coast of Sri Lanka
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Abstract: The present study was carried out to understand some reproductive
characteristics such as spawning season, variation in maturation indices with
months, fecundity, sperm count and relationships between various measurements
and mantle length of tropical Sepioteuthis lessoniana from the Northern coastal
waters of Sri Lanka. A total of 797 specimens of S. lessomiana (404 males and
394 females) were collected from commercial catches of squid fishery and analyzed.
The dorsal mantle length of male S. lessoniana ranged from 4 to 26 cm while
females ranged from 3.8to 24.3 cm. According to the morphological appearance of
gonads males were categorized into immature, maturing and fully mature whereas
females were categorized into immature, maturing and spawning. High occurrence
of spawming stage in squids was observed mn August, October, November and
March. Fecundity increased exponentially with mantle length from 20 (7 cm mantle
length) to 793 (26 cm mantle length). The least square linear regression analysis
expressed that there are positive, significant (p<t0.001) relationships for ovary
weight, mdamental gland weight and oviducal gland weight with the mantle length
in females and for total weight, testis weight and spermatophoric complex weight
with mantle length i males. It was concluded that S. fessoniana spawns more than
once, exhibits group-synchronous ovulation and intermittent terminal spawning.
Peak or intense spawmng of this squid m Northern coast of S Lanka 13 during
March, August and October to November.
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INTRODUCTION

Sepioteuthis lessoniana 1s a neritic species most widely distributed throughout the
Indo-west pacific (Lee ef @l., 1994) and it has a major commercial value in Northwestern,
Northern and Northeastern waters around Sri Lanka. Squids are important components of
food webs m most marine ecosystems, too (O'Dor et al., 2005; Clarke, 1996). They are
organism with a fast metabolic rate and growth and they play an important role in the transfer
of energy to higher trophic levels (Tackson and Dometer, 2003).

The squid giant axon is a valuable preparation in biomedical research. Squids have been
used as research models not only for neuroscience, but also for physiology (cardiac,
circulatory, sensory and muscle), immunology, molecular biochemistry, nutritional
biochemistry, oncology, aging and ethology (Gilbert ef al., 1990). Squids also have
comimercial importance since they are eaten regularly in many regions of the world, especially
n the orient and Southern Europe (Asian Development Bank/Infofish, 1991).
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The knowledge on reproductive biology of this species is essential for proper
management and its conservation. Ovulation may be distinguished as synchronous, group-
synchronous and asynchronous ovulation according to oocyte formation and development
in cephalopods (Rocha et al., 2001).

Mode of reproduction in fishes can be expressed as two major types, iteroparous and
semelparous. Tteroparous organisms have more than one reproductive event in their life-time
whereas, semelparous orgamsms reproduce only once (Rocha ef al., 2001; Stearns, 1992).
The present study attempts to identify the mode of reproduction in S. lessoniana from the
Northern waters of Sri Lanka.

Little is known about the spawning seasonality of tropical and subtropical squid and
cuttlefish (Jackson and Moltschamwskyj, 2001). In several loligimds mature females and eggs
are found year-round. In the Gulf of Mexico Leligo peali spawns throughout the year.
Sepioteuthis sepioidea in the Western tropical Atlantic and S. lessoniana in the Western
Pacific also spawn year-around (Costa and Fernandes, 1993). However, the greater
abundance of recruits during certain periods of the year suggests that some seasonality
exists.

The present study was carried out to understand some reproductive characteristics such
as spawning season, variation in maturation indices with months, fecundity, sperm count and
relationships between various measurements and mantle length of tropical S. lessoniana from
the Northern coastal waters of Sr1 Lanka. Such information provides detailed understanding
about S. lessoniana and knowledge to formulate management measurements in the squid
fishery in order to maintain sustainable squid fishery in Sri Lanka.

MATERIALS AND METHODS

Random samples of Sepioteuthis lessoniana were collected weekly from Kurunagar,
Ponnalai, Navanthurai and Point pedro coast (Fig. 1) from Iume 2007 to May 2008. Jaffna
lagoon 18 one of the largest shallow water body located m the Northern Province of Sr1 Lanka
with an area of 412.8 km* (Somasekaram, 1997). It is situated between 79° 52' E to 80° 38' E
longitude and 9° 26' N to 9° 46' N latitudes (Somasundarampillai, 2002).

In Jaffna, fishermen use various techmiques to capture squids. Mainly they capture
squids by Sirahu valai. Being a small scale fishery, some fishermen use jiggers and pots to
capture squids. Usually, they are caught incidentally along with other food fishes in trawl
nets, boat seines and cast nets (Sivashanthini et al., 2009).

A total number of 797 squids, covering a size range of 2.1 to 26.0 cm dorsal mantle length
were analyzed. Measurements of dorsal Mantle Length (ML) and total Body Weight (BW)
were recorded. Length measurements were measured to the nearest cm using measuring
board and vernier caliper and weight was measured to the nearest 0.001 g by using top
loading electronic balance (AND FY 300). Sexes were confirmed after dissecting the squid
specimens; for each specimen maturity stage was categorized by macroscopic observation
of the gonads.

Various morphometric measurements were taken for males and females. For males, the
Weight of Testis (TEW) and Spermatophoric Complex Weight (SCW) were measured, then
the spermatophoric complex was dissected to separate the spermatophores and the total
numbers of macroscopic spermatophores were counted. Various reproductive indices such
as the Gonado Somatic Tndex (GSI), Spermatophoric Complex Index (SCI) and Maturity
Coefficient (MCO) for males were computed using the following equations (Durward et al.,
1979; Lipinski, 1979, Juanico, 1983; Gabr et al.,, 1998):
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Fig. 1. Sampling sites (b, ¢, g and h) of Sepiotenthis lessoniana form the Northemn coast of
Sri Lanka; a: Kakkaithevu, b: Navanthurai, ¢: Kurunagar, d: Pasaioor, e: Thodaimannar
lagoon, f: Jaffna lagoon, g: Ponnalai and h: Point pedro
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where, BW is the body weight. The spermatophoric complex includes the
spermatophoric organ, wvas deference, spermatophoric sac or Needam’s sac, sperm
duct and penis.

For females, the total Weight of Ovary {(OW), Weight of OViducal gland (OVW),
Nidamental Gland Weight (NGW) and colour of accessory nidamental gland were
recorded. Various reproductive indices such as the Gonado Somatic Index (GSI),
Nidamental Gland Index (NGI) and Maturity COefficient (MCO) for females were
computed using the following equations (Durward ef al., 1979; Lipinski, 1979; Juanico, 1983;
Gabr ef al., 1998):

Gonado Somatic Index (GEL) = OW =100
BW
Midamental Gland Index MG = 1\]2(3\;” =100
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Maturity COefficient (MCO) =

OW + OVW %100
W

where, BW is the body weight.

The percentage occurrence of various maturity stages of ovaries in different months was
computed by pooling the data for one year and represented graphically. Maturity stages
recognized macroscopically were categorized in to different stages.

Fecundity was defined as the total number of maturing ova (with striation) and mature
ova (large smooth ova) in the ovary and the number of ova in the oviducal glands,
proximal and distal gland (Gabr ef al,, 1998). Collected eggs were preserved in Gilson’s flind
for at least 48 h in order to count the total number of eggs, the fecundity. Fecundity was
counted in 116 females ranged from 7.0 to 26.0 cm mantle length. Tn the ovaries, there were
different stages of ova; striation was used to group ova into small (without striation and
milky in appearance), maturing (with striation) or mature (large and smooth-transparent)
(Gabr et al., 1998).

Length at maturity were analyzed for squids collected from July to November to reduce
the possibility of classifying resting, mature fish as immature. Length at maturity was based
on 165 females and 159 males (9.7 to 26.0 cm TL). The maturity data were grouped mto 2.5 cm
size groups and the percentage occurrence of the specimens m each size group was
calculated. Size at first maturity was arrived by plotting the percentage occurrence of mature
specimens against total length and by obtaining the length at 50% maturity (Ls,).

For male squids, relationships of total Body Weight (BW)-Mantle Length (ML), Weight
of TEstis (TEW)-Mantle Length (ML), Spermatophoric Complex Weight (SCW)-Mantle
Length (ML) and Total Sperm Count (TSC)-Mantle Tength (ML) were fitted by the
logarithmic transformation of Log Y = log a + b log X (Bagenal and Tesch, 1978), where, Y
1s the dependant variable and X 1s the mdependent variable.

Similarly for females, relationships of total Body Weight (BW)-Mantle Length (ML), the
total Weight of Ovary (OW)-Mantle Length (ML), Weight of OViducal gland (OVW)-Mantle
Length (ML), Nidamental Gland Weight (NGW )-Mantle Length (ML), Fecundity (F)-Mantle
Length (ML), Fecundity (F)-total Body Weight (BW) and the total Weight of Ovary (OW)-
total Body Weight (BW) were fitted by the least square regression analysis.

Sex ratio was determined from the number of specimens of each sex sampled every month
to test the significant deviations from an expected 1:1 sex ratio for all male and female fishes.
The sex ratio values obtained every month were subjected to chi-square test (Sokal and
Rohlf, 1981) employing the formula:

% =X [(o-e)"e]
where, 015 observed number and e 1s expected mumber.
RESULTS

A total of 797 specimens of S. lessoniana (404 males and 394 females) were collected
from commercial catches of squid fishery from the Northern coast of Sri Lanka. The size
(dorsal mantle length, ML) of male S. lessoniana ranged from 4 to 26 cm ML while females
ranged from 3.8 to 24.3 ecm ML. From the collected data it was apparent that males are heavier
than the females. Eleven unsexed specimens which range from 2.1-4.3 cm ML were also
collected.
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Unlike most fin fishes, external sex differertistion is possible in 5 Jessornara. In fresh
female specimens, whiti sh colow mass{Nidam ertal gland) and pale colored ovary were able
to ohserve through the vertral side of the transparent martle. In fresh male 5 lessomiaa
chromatophore arrangemernts create transverse bars in the dorsal side of the mantle and
fowthleft arm ishectocotylized. Externd appearance (dorsal wiew) of fresh fem ale and male
& lessoriang is shown in Figo da and b In compatison, mabared males were narrow and
longer than matured females. Dissection through mid vertral axis deardy defined the sexes.
Interestingly some females had bunches of spermatophores at the buceal funnel region and
aphotograph of itis shownin Fig 3.

According to the morphologieal appestance of gonads males were categorized into
imatire, matring and fidlymatire as described in Table 1 while females were categorized
into i atire, mataring atd spawrning as described in Table 2 and Fig da and b In freshly
dissected ovaties the matared eggs were observedin the peripheral regionwhereas immature
and matuing eggs were ohserved as the central mass. Extrusion of matured egzs to the
exterict through the oviduct was also chservedin females anditis showninFig de.

M onthly variation of warious moaturity indices of males andfemales are shown inFig 5
andd. For males, the MCO walues varied from 1.09 t0 4.02 with an average of 1871321,
331 values varied from 065 tol 5 with an average of 1.020.028, 3CT wvalues varied from
044 to 3.36 with an average of 1 0040.23. For femaes, the MO walues varied from 7 .70 to
11.70 with an average of 9,924 37, GEl walues varied from 3 4410711 with an average of
53040 31, NGT values varied from 1.52 t0 455 with an average of 3.45+027,

L onthly distribngtion of matwity stages of ovaties of & lessordania is shown in Fig 7.
In female 5 lessomiarnag, spawning stage was recorded throughowt the vear except in Iay
(Fig ). High percentages ie, 63 and 60% of immatire squids recorded in September and
May, respectively. Lowest percertage (20%) of immature soquids was recorded in Ty
Matuing soaids were recorded throughout the ywear except in August and 3 eptember. High
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Fig 2: (d External appearance of fresh female 5 lessopicri (H) External appearance of fresh
male 5 lessopnana



S Fish Ageeaf. 5o, 2010

Buccalm embrare

St

Fig. 3: Sperms atachedto the female’ s tuccal membrane

Tabk 1: Mk hathwation scak i Sepmoterdins bsamuma

Dlaharity staze Tulorphuologic 3l chara cters

Brmmahire Srra 11, thin, traheparert te stis; wery atall, trateparert spennatophoric comple; Meedhan®s sac
arithonat spenme.

Tlabaritg Test iz white and large , Spennatophoric complex snd Hee dhain s sac clearbe wisble. Heedham
car Caitathe fear cpertratophores.

Fulhy mashme Heedbham s sar is filled writh tighithye packe d spenmatophore s wrbich are wrell deve bpe doarith distinct.

spialfibrert correrd bady

Tablk 2: Fernale rmabmation scale @ Spnctadis assormag

Mlabarity ctage Dlorphuiologic al characters

Irmahmre Hidarnertal gland (HGE) thi trareparert of travchicert, Secessony Hidanertal (AHG) gland
traheparent of trarehicerd with white or gkt broam patche 5. Owrary wery s Il 1o ovs appareht

Tlabaring WG thicker , crearrty white st clearhy wisible , S G travehc ent with, Light oragze patches . Owrarye
writh srmall to stristed ez

Spaaming HG omoller, thick and white color ih appe statwe , S8 G pale yelloar with darks orapgze patches,

Chrary has amall ovs  dneddon owes, latge yellovr retioalated onra and large anooth aseparert ova .
Eroinal ovihict ic filledwrith sabmwe ezze

ocowrence of spawring stage in squids was chserved in August October, Hovember and
hlarch. This suggests that the peak spawring period of 5 lessomianag iz in August, hWarch,
October and Mowvember even though it spawns throughout the year. Presence of all three
stages of mactoscopic eggsin the samie ovaries confitm s that the spawring of & lessovima
in the N orthern coastal waters showld be more than once and sad to be asmckronous or
group syrchronous.

Fecundity inereased exponenti ally with Manfle Length (MWL) from 20 (7 eom) to 793
(26 cm TL) gt aweal: ot el ation was obtaitied withmartle length(r= 059, p<001). A weak
relaticnship (¢ = 039, p<0.01) was aso obtained for fecundity with total body weight.
However a correlation(r = 0.77, 2001 bebreen ovaty weight and total body weight was
obtaitied i the peesert shady. [n males, romber of spertn waries from 5 to 368 for individual s
of 8.8 to0 243 eom dorsal moantle length,

Plots chtained for percentage ocouretnice of mature squids against mantle length class
irdervdl indicates that 5 lessomimia male reached matwity at 15 om moantle length, while
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Fig. 4. (g, b) Immature, maturing and matured stages of ovain female 5 Jessomiana ovary.
(c) Eztrusion of matured eggs to the exterior through the owduct in female
S lessarmana

fermale reached matunity at 17.5 cm mantle length. A1 males and females were matured at
200 o mantle length.

The least square linear regression analysis expressed that there are highly sigmfi cant
(p=0.001) relationships for OW, NGW and COvW with the mantle length in females That s
OW, NGW and OvW proporti onately increased with increasing mantle length in females.
Sirmilatly highly significant (p=0.001) relationships for TW, TEW and 5 CW wath mantle length



J. Fish. Aguat. Sei., 2010

4.5
4.0 - —— Ave MCO
3.5 4 —m— Ave.GSI
g 3.0 —h— Ave.8CI
;i 2.5 4
g 20
1.5 4
1.0 4
0.5 4
Q.0 T T T T T T T T T T ™
PEELIEITE RS
B ENEBEE
F4
Months

Fig. 5: Indices of reproductive status for male S. lessoniana against months
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Fig. 7: Monthly distribution of maturity stages of male S. lessoniana
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Table 3: Correlations of reproductive parameters of Sepicteuthis lessoniana

Sex Correlation N R p-value Equations

Female TW versus ML 404 0.98 <0.001 TW = (0.18) ML*#!
OW versus ML 404 0.77 <0001 OW = (2.38x107) MLS*Y
NGW versus ML 404 0.88 <0.001 NGW = (4.06x107) ML5 15
OVW versus ML 404 0.83 <0001 OVW = (1.00x10%) ML**?
Fecundity versus ML 116 0.59 <0.001 Fecundity =(0.05)xML*#*
Fecundity versus BW 116 0.59 <0.001 Fecundity = (0.48)xML!**

OW versus BW 404 0.77 <0.001 OW = (7.81) x BW2*

Male TW versus ML 393 0.98 <0001 TW = (0.18) x ML
TEW versus ML 393 0.77 <0.001 TEW = (5.67x10% ML2
SCW versus ML 393 0.85 <0001 SCW= (6.06x107) ML
Sperm count versus ML 108 0.76 <(0.001 Sperm count = {(6.78x107) MIL*4*

were obtained for males. Parabolic equations for relationships of various morphometric
measurements versus mantle length, R* and p-values of above relationships for both male
and female squids are presented in Table 3.

Ofthe 797 S. lessoniana sexed, 404 were females and 393 were males. Chi-square value
calculated for overall sex ratio conformed to the expected 1:1 ratio (p=0.05).

DISCUSSION

Sexual differences in length - weight relationship in 5. lessoniana was not evident in the
present study. It tallies with the earlier findings of the researchers. Comparison of length-
weight regression lines for both sexes showed no significant difference (p=0.05) between
males and females (Sivashanthini ef af., 2009). Length weight relationship of S. arctipinnis
males were reported as W = 0.0005 L*** and females as W = 0.0003 L*** by Rac (1954).
Segawa (1987) reported on the length-weight relationship of wild and cultured S. lessoniana
and obtained the regression equations W = 0.0003 1.”°* and W = 0.0004 1.2°%, respectively.
The exponential value ‘b" obtained for S. lessoniana male and female in the present study
2.5119 for males and 2.491 for females are in consistent with the earlier studies. The slight
deviation may be due to food supply and water condition.

Some females had bunches of spermatophores on both sides of the mantle wall at the
base of the gill near the opening of the oviduct suggests that the fertilization in this species
occur at the buccal funnel region. Sometimes more than two bunches of spermatophores
were observed and it infers that females may mate more than once. Hgg clusters of
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S. lessoniana were frequently found attached to hard substrate from August to Tanuary near
the coasts further confirms the spawning period.

Fecundity of S. lessoniana found to be lesser than that of S. pharaonis for example,
number of ova m 14 ecm ML S. dollfissi and S. lessoniana was 730 (Gabr ef al, 1998) and
700, respectively. Fecundity of S. pharaonis ranged between 517 and 1525 ova for females
of 11-24 cm ML (Gabr et al., 1998) whereas for S. lessoniana ranged between 20 and 793 for
females of 7-26 cm ML. Fecundity for S. lessoniana in the Zanzibar coastal waters ranged
from 180to 1180 eggs for mdividuals of size range 14.0-24.9 cm ML (Mhitu et al., 2001 ) which
is higher than the present results. The variation for the same species may have been
attributed due to varying environmental factors, food availability and so on in different
habitats.

The weak correlation between fecundity and mantle length may have been resulted as
some females of similar size have already been laid different number of eggs. Therefore all
these individuals appeared to be in spawning condition and it 1s an evidence of continuous
egg production throughout the adult life confirming the multiple spawning. A similar result
was also observed m S. lessoniana and S. australis of Australian waters by Peel (2001).
Multiple spawning strategy can also be explained by the fact that large eggs in the ovary
causing the oviduct volume to be msufficient to accommodate all eggs. Therefore, number
of egg masses must be spawned in several batches (Rocha et al., 2001).

Maturation in female S. lessoniana individuals was a size-related process, because
weight of ovary, nidamental gland and oviducal gland were all highly correlated with mantle
length. Maturation in male S. lessoniana mdividuals was also a size-related process, because
testis weight was highly correlated with mantle length.

Fnally, 1t can be concluded that squid S. lessoniana exhibits reproductive pattern of
spawning more than once, group-synchronous ovulation and reproductive strategy of
intermittent terminal spawning. Peak or intense spawning of this squid in Northern coast of
Sri Lanka is in March, August and October to November. In a squid population an exploited
stock can be renewed through recruttment. If overexploitation occurs, matured squids could
be reduced and subsequently reproductive capacity of the population diminished. Such
situation can be managed by setting restrictions on mesh sizes of the gears used to catch
squids. Further, breeding females should be protected during the peal spawning period in
order to mantain sustainability. Findings of the present study would defimtely lead to
formulate a management strategy and ensure a long term sustainability of S. lessoniana in
coastal waters of Sri Lanka.
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