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Abstract 

Relationships between growth increments of internal shell and age was studied in three neritic decapod cephalopods 
cultured in laboratory through their entire life cycles. The studied cephalopods were the nektic Sepioteuthis lessoniana 
d’Orbigny, 1826, Sepia pharaonis Ehrenberg, 1831 and Sepiella inermis Van Hasselt, 1835. Most of the relationship mod-
els are in cubic parabolic, except when numbers of increments were estimated from age in S. pharaonis. Differences 
of numbers of increments from the real age were higher in the pelagic S. lessoniana when compared to the benthic 
sepiids. The differences were higher in juvenile stages (< 60 days after hatching) than adult stages (> 60 days) in the 
three species. The increment rate is close to the “one day one increment” assumption. The differences of numbers of 
increments from the ages and the rate of increment apposition revealed the transition point of the life cycle from 
60 days of age, corresponding to the sexual maturity or adult stages. Numbers of increments with higher accuracy 
are reevaluated to be reliable for age determination at least for the neritic species in the tropical zone, where environ-
mental conditions are more stable, regarding the life styles and stages in life cycles of each species.
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Introduction
In most decabrachian cephalopods, the length of the 
internal shell (cuttlebone, gladius) is approximately 
equal to or at least has a close relationship, to the mantle 
length. The apposition of growth increments or lamella, 
hence “growth rings” in shells and other hard structures 
of cephalopods had been long studied for determina-
tion of growth (see in the following paragraph). In fact, 

the terms “lamella” and “increment” of sepiids used in 
those mentioned studies are septa, which belongs to the 
siphucular complex and the septum attachment sites. 
On the other hand, increments of the gladius in myop-
sid squids relate to the growth of the shell wall (cono-
theca). The term “increment” is considered neutral herein 
referring to both septal structures and structures on the 
conotheca.

The growth increments are likely to occur on a daily 
basis in sepiid cuttlefish (Bello, 2001; Bettencourt & 
Guerra, 2001; Boonprakob et al., 1977; Choe, 1962, 1963; 
Chung & Wang, 2013; Le Goff et al., 1998; Martinez et al., 
2000; Natsukari et  al., 1991; Re & Narciso, 1994; Rich-
ard, 1969; Satayalai & Boonprakob, 1980; Suriyawarakul, 
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2003; Yagi, 1960a, 1960b; Yasunaga et al., 1971), in myop-
sid squids (Jackson et al., 1993; Khatami et al., 2017; Perez 
et  al., 2006; Yamrungrueng, 2004; Yamrungrueng et  al., 
2003) and in oegopsid squids (Arkhipkin & Bizikov, 1991; 
Bizikov, 1991; Gong et  al., 2018; Hughes, 1998; Perez, 
1995; Perez et al., 1996; Schroeder & Perez, 2013). How-
ever, the numbers of increments might vary, at different 
degrees, upon fluctuations of biotic and abiotic factors of 
the environment (Natsukari et  al., 1991). Such variation 
discredited the use of the method of increment counts 
for age estimation, regardless that most of the informa-
tion was obtained from a part not the whole life cycle and 
without the exact known age.

Culture of cephalopods in laboratory with stable water 
properties (temperature, salinity, and pH) is a proper 
method to obtain information useful for age recon-
struction. Three neritic species, Sepioteuthis lessoniana 
d’Orbigny, 1826, Sepia pharaonis Ehrenberg, 1831 and 
Sepiella inermis Van Hasselt, 1835, that can be cultured 
from hatching through entire life cycles (Nabhitabhata & 
Ikeda, 2014; Nabhitabhata, 2014a, 2014b) were studied. 
These species have different life styles. The bigfin squid, 
S. lessoniana (Myopsida) has a neritic nektonic life style, 
while S. pharaonis and S. inermis represented sepiid cut-
tlefish with a nekto-benthic life style. S. lessoniana and 
S. pharaonis are open waters species, and the third spe-
cies, S. inermis was known of its ability to inhabit brack-
ish water or the estuarine zone (Nabhitabhata, 1997). S. 
lessoniana and S. pharaonis are suspected to be species 
complexes with several morphotypes (Cheng et al., 2014; 
Izuka et al., 1994, 1996; Jivalak et al., 2005; Triantafillos & 
Adams, 2005; Tuanapaya & Nabhitabhata, 2017), inhabit-
ing the Indo-Pacific region. However, current molecular 
or morphological studies supported that the differences 
were of population structure, not of species (Aoki et al., 
2008; Imai & Aoki, 2012; Tuanapaya & Nabhitabhata, 
2017). The present study was performed on the Pacific 
“types” from the Gulf of Thailand, western Pacific Ocean.

Our study focuses on the relationships of numbers of 
growth increments and age, hence patterns based on the 
“one day, one increment” assumption. The obtained rela-
tionship models were reevaluated whether the numbers 
of increments could be used as an alternate method for 
age determination of species that inhabited less fluctu-
ated environments of tropical waters. The reason relied 
on advantages of this method which are with much lower 
expenses as well as with a simple specimen-preparation 
procedure compared to other methods using hard struc-
tures, i.e., beaks, statoliths and stylets. According to this, 
the main objective of this study is to propose a brief 
and/or simple model for estimation of cephalopod age 
for each of the three species to be used in the field and 
onboard. The single model for individual species is aware 

to be different from asymptotic biomass-growth models 
which vary upon ontogenetic phases (see ontogenetic 
growth models in Nabhitabhata, 2014a, 2014b; Nabhitab-
hata & Ikeda, 2014).

Materials and methods
Neritic decapod cephalopods, Sepioteuthis lessoniana 
and Sepia pharaonis were cultured in laboratory from 
hatching through their entire life cycles, obtaining speci-
mens of exactly known age after hatching. Broodstocks 
and/or live eggs were collected from the wild, following 
Nabhitabhata and Segawa (2014). Eggs were nursed and 
hatchlings were reared through entire life cycles in con-
crete tanks with opened water systems. The cephalopods 
were fed ad  libitum with live feeds on the first 30  days 
after hatching and, later, with chopped fresh fish meat. 
The detail of culture methods of S. lessoniana followed 
Nabhitabhata (1996) and Nabhitabhata and Ikeda (2014) 
and of Sepia pharaonis followed Nabhitabhata (2014a) 
and Nabhitabhata and Nilaphat (1999), respectively. 
The life cycles of cultured batches were approximately 
120  days after hatching for S. lessoniana (Nabhitab-
hata, 1996) and 180 days for S. pharaonis (Nabhitabhata 
& Nilaphat, 1999). The water parameters were main-
tained, temperature 28‒30  °C, salinity 30‒32  g  l−1 and 
pH 6.5‒8.0. Ten specimens were sampled from the cul-
ture batches every 10 days and sacrificed for their inter-
nal shells. In total 160 specimens of S. pharaonis and 170 
specimens of S. lessoniana have been investigated. The 
study of numbers of increments of laboratory cultured 
Sepiella inermis based on Boonprakob et  al. (1977) and 
Satayalai and Boonprakob (1980) from 100 specimens. 
Their culture method was similar to methods of Nabh-
itabhata (1997, 2014b).

The obtained gladii of S. lessoniana were stained by 
immersing in a 100 g  l−1 solution of tetracycline for 2 h. 
The growth increments of stained gladii were marked 
with the Red Food-Dye (a local brand) before counting 
under the microscopes (Yamrungrueng, 2004; Yamrun-
grueng et al., 2003).

The cuttlebones of S. pharaonis were immersed in 10% 
KOH for 12 h. The dorsal surface of large cuttlebones was 
peeled off and then rubbed with an iron file and fine-sand 
papers to enhance the appearance of the lamellae. The 
preparation of the cuttlebone of S. inermis was also simi-
lar to S. pharaonis. The difference was that the dorsal sur-
face of cuttlebones of the former species were not peeled 
off, because the whole cuttlebones were thinner (Boon-
prakob et  al., 1977) than ones of the latter species. The 
counting of growth increment of prepared cuttlebones 
was performed under light microscopes (Le Goff et  al., 
1998; Suriyawarakul, 2003).
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The relationships between number of increments and 
ages were based on mean values and their standard error 
and expressed through fitting data to the regression 
models, where A = Ages (days after hatching); LN = total 
numbers of increments (nos); ML = mantle length (mm).

Results
Number of increments of hatchling
The internal shells of neritic cephalopods already show 
increments at hatching which developed during the 
late embryonic stages. Hatchlings of the teuthiid squid 
S. lessoniana have on average 5.1 ± 0.9 increments and 
hatchlings of S. pharaonis and S. inermis have on average 
7.6 ± 0.5 and 5.8 ± 0.4 increments, respectively (Table 1).

Relationships between mantle length and number 
of increments
The number of increments could be estimated from their 
relationships with the mantle length. All obtained mod-
els were in a similar pattern, cubic parabolic, without 
asymptotes in the three species.

The relationships between the mantle length and num-
ber of increments (Fig. 1) were:

LN = 12.254+0.362ML+1.402×10
−2

ML
2
−5.893×10

−5
ML

3

(

r2 = 0.982

)

for S. lessoniana.

LN = 1.543ML+5.376×10
−3

ML
2
−4.917×10

−5
ML

3
−5.832

(

r2 = 0.992

)

for S. pharaonis.

LN = 3.533ML−8.452×10
−2

ML
2
+8.930×10

−4
ML

3
−2.947

(

r2 = 0.979

)

for S. inermis.

Table 1 Number of increments at different growth stages of cultured cephalopods. (28‒30 °C)

Increments Age (days) Sepioteuthis lessoniana Sepia pharaonis Sepiella inermis

Mean SE Mean SE Mean SE

Hatchling number of increments 0 5.1 0.9 7.6 0.5 5.8 0.4

Difference of number of increments from age Entire 25.1 5.5 9.6 1.2 5.1 3.2

< 60 6.1 0.5 5.6 0.4 3.8 0.8

> 60 39.6 5.8 11.7 1.6 11.4 4.3

Difference of number of increments from age (hatch-
ling excluded)

Entire 20.8 5.4 2.4 1.2 11.7 3.2

< 60 1.1 0.6 1.7 0.7 2.4 0.8

> 60 33.3 5.7 4.1 1.6 17.3 4.3

Daily increment formation rate (increment/day) Entire 0.9 0.1 1.1 0.1 1.0 0.1

< 60 1.0 0.1 1.0 0.1 0.9 0.1

> 60 0.8 0.2 1.1 0.1 1.0 0.1

Fig. 1 Relationships between mantle length (mm) and number 
of increments, (circle –Sepioteuthis lessoniana, rectangle—Sepia 
pharaonis, triangle—Sepiella inermis)
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Relationships between age and number of increments
The number of increments could also be estimated from 
the relationships with the ages after hatching in similar 
manners to the mantle length. The obtained models were 
in different patterns according to species (Fig. 2).

The model was cubic parabolic in S. lessoniana:

The pattern of relationship was linear in S. pharaonis:

The relationship was also in a cubic parabola pattern in S. 
inermis (Fig. 2):

Relationship between number of increments and age
On the other hand, age could be estimated from relation-
ships with number of increments (Fig.  3). The obtained 
models were in different patterns according to species.

The relationship between number of increments and ages 
was in a cubic parabolic pattern in S. lessoniana:

LN = 7.177+ 0.383A+ 0.019A
2
− 9.045

× 10
−5

A
3

(

r
2
= 0.991

)

.

LN = 1.084A+ 2.902

(

r2 = 0.998

)

.

LN = 1.064A− 1.711× 10
−3

A
2
− 3.744

× 10
−6

A
3
+ 4.740

(

r
2
= 0.988

)

.

The model was linear in S. pharaonis:

A = 1.719LN− 1.433× 10
−2

LN
2
+ 5.250

× 10
−5

LN
3
− 11.903

(

r
2
= 0.994

)

.

A = 0.921LN

(

r2 = 0.998

)

.

Fig. 2 Relationships between age (days) and number of increments, 
(circle –Sepioteuthis lessoniana, rectangle—Sepia pharaonis, triangle—
Sepiella inermis)

Fig. 3 Age (days) as estimated from number of increments, (circle—
Sepioteuthis lessoniana, rectangle—Sepia pharaonis, triangle—Sepiella 
inermis)

Fig. 4 Differences of number of increments from age (days), where 
maturity is from 60 days, (circle—Sepioteuthis lessoniana, rectangle—
Sepia pharaonis, triangle—Sepiella inermis)
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The relationship was in a cubic parabolic pattern in S. 
inermis:

Differences of number of increments from age
The difference of number of increments from ages in the 
three species is lowest in S. inermis 5.1 ± 3.2 followed by 
9.6 ± 1.2 increments in S. pharaonis, and to 25.1 ± 5.5 
increments in S. lessoniana (Fig.  4, Table  1). However, 
the number of increments from the entire life cycles 
(0‒160 days of age) are significantly reduced after 60 days 
(71‒160 days), 11.4 ± 4.3, 11.7 ± 1.6 and 39.6 ± 5.8 incre-
ments, respectively.

The patterns of differences from the real ages were low-
est in S. pharaonis and highest in S. lessoniana, and were 
lower in juvenile (0‒60 days) than in adult (70‒160 days) 
stages (Table 1).

Daily increment formation rate
For the entire life cycles, the daily increment formation 
rate was similar in 0.9 ± 0.1, 1.1 ± 0.1 and 1.0 ± 0.1 incre-
ment/day in S. lessoniana, S. pharaonis and S. inermis, 
respectively (Fig. 5, Table 1). The daily formation rate for 
0‒60 days of age averaged 1.0 ± 0.1, 1.0 ± 0.1 and 0.9 ± 0.1 
increment/day, respectively. The rate in adult from after 
70 days of age was lower than in juveniles only in S. les-
soniana, 0.8 ± 0.2 increment/day, but it is similar in the 
latter two species through their entire life cycles.

A = 0.759LN+ 4.999× 10
−3

LN
2
− 25.883× 10

−6
LN

3

− 3.008

(

r
2
= 0.980

)

for total counts.

Discussion
The age of cuttlefish can be correctly assessed from the 
number of increments of their cuttlebone if they grew 
under known constant temperature conditions. This was 
proven by the studies of Martinez et al. (2000) on S. ellip-
tica Hoyle, 1885 reared at 25 and 30 °C, and Bello (2001) 
on wild S. orbignyana Ferussac, 1826. It is in contrasts to 
the rate of increment formation in Sepia officinalis Lin-
naeus, 1758 that strongly depended on different water 
temperatures as reported by Richard (1969), Le Goff et al. 
(1998) and Bettencourt and Guerra (2001). The incre-
ment formation rate in S. officinalis is approximately 
0.1 and 0.6 increment/day at 13 and 25  °C in the wild 
stocks (Le Goff et al., 1998), and 0.1‒0.2 increment/day at 
13‒15 °C, 0.3 at 18‒20 °C, 0.4 at 20 °C and 0.6 at 25 °C in 
cultured batches (Bettencourt & Guerra, 2001; Richard, 
1969). When compared to the rate 1.1 ± 0.1 increment/
day in S. pharaonis at 28‒30 °C in the present study, the 
differences might be caused by the wider range of tem-
perature fluctuation in cultured tanks in the former 
study. On the other hand, there might also be a species-
specific temperature optimum as suggested by O’Dor and 
Wells (1987), which requires further studies.

However, the number of increments does not depend 
on the temperature alone, but also on nutrition and food 
availability. Choe (1962, 1963), Boletzky (1974), Boletzky 
and Wiedmann (1978) and Wiedmann and Boletzky 
(1982) reported that the formation rate of increment 
in the cuttlebone of S. esculenta Hoyle, 1885, S. lycidas 
Gray, 1849 (as S. subaculeata), S. officinalis and Sepiella 
japonica Sasaki, 1929 (as Sepiella maindori) was affected 
by nutritive value (food deficiency and availability) and 
environmental conditions (salinity, oxygen, tempera-
ture). Martinez et  al. (2000) reported that food scarcity 
exaggerated the effect of small temperature difference on 
cuttlebone growth of S. elliptica. The present study (with 
excess feeding) agreed to Choe (1962, 1963), Boonpra-
kob et  al. (1977) and Satayalai and Boonprakob (1980) 
that under rearing conditions with sufficient feeding and 
less fluctuating temperature, the increments of S. inermis 
were formed at the rate of one increment per day. More-
over, Boletzky (1974), Boletzky and Wiedmann (1978), 
Wiedmann and Boletzky (1982) and Natsukari et  al. 
(1991) stated that the ecological stress (starvation) on S. 
officinalis affected increment intervals (causing lower dis-
tance between increments, so called “lamella crowding”) 
and locular indices, but not the number of increments. In 
oceanic oegopsid squids, after rearing of Illex illecebrosus 
(Lesueur, 1821) for 24‒56  days and Todarodes pacificus 
(Steenstrup, 1880) for 15 days, Perez (1995) and Hughes 
(1998) supported the statement that the number of 

Fig. 5 Daily increment formation rate (increment/day) varied upon 
age (days), where maturity is from 60 days, (circle—Sepioteuthis 
lessoniana, rectangle—Sepia pharaonis, triangle—Sepiella inermis)
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increments of gladius was accurate when the squids were 
actively feeding and was not affected by the temperature.

Ontogenetic growth and maturity stages also have their 
role on the number of increments. Chung and Wang 
(2013) pointed out that the temperature effect was not 
significant at least for hatchlings of S. pharaonis support-
ing our suggestion, namely that ontogenetic and life cycle 
stages are more significant factors than temperature. Re 
and Narciso (1994) reported that the number of incre-
ments was related to growth rate rather than age in juve-
niles S. officinalis (0‒19 days). However, the present study 
revealed that the number of increments from hatching to 
60 days in the three species are considered to be reliable 
for age determination as a daily increment. The transi-
tion and subsequent fluctuation in number of increments 
after 60 days corresponded to sexual maturity stages and 
reproduction phase in the three studied species (Nabh-
itabhata, 1996, 1997; Nabhitabhata & Nilaphat, 1999), 
when energy was consequently diverted and reallocated 
of from growth to reproduction. There were no sex-
related differences and the increments formed at a con-
stant rate in both sexes, as also reported for S. orbignyana 
(Bello, 2001).

Differences of the increment formation rate were also 
a consequence of ontogenetic phase. In juvenile stages 
(0‒60 days) of S. pharaonis and S. inermis in the present 
study, the rate of increment formation was slower than 
in adult stages (after 60 days or maturity), indicating its 
relationship with sexual maturity. Yasunaga et al. (1971) 
had a similar view for S. officinalis (sic S. officinaris). This 
was in contrast to other species of sepiid cuttlefish. Re 
and Narciso (1994) and Bettencourt and Guerra (2001) 
reported a higher variability in the juvenile stages of S. 
officinalis. Yagi (1960a) reported the daily increment 
of cuttlebone of S. esculenta captured from Tokyo Bay 
was 0.7 increment/day in early life stages, and gradually 
decreased to 0.3 through their life cycles. It is notable 
that the age of the cuttlefish in Yagi (1960a) was esti-
mated from observation of hatching in the study area and 
the temperature was not mentioned.

The present study agreed to Bettencourt and Guerra 
(2001) that subtraction of the actual number of incre-
ments with known number of increments at hatching 
is necessary and could enhance accuracy of age estima-
tion. However, it should be mentioned that number of 
increments of hatchlings varied among species within 
the range of 5‒9 increments in average. The number of 
increments were 6‒9 in S. officinalis hatchlings (Betten-
court & Guerra, 2001; Le Goff et al., 1998; Sen, 2013), 6‒8 
in S. esculenta, 7‒11 in S. lycidas, and 7‒9 in S. japonica 
(Choe, 1962), including the three species in the present 
study (Table 1). These figures reflect that the embryonic 
development of shells occurred at about 1  week before 

hatching. In other words, it is the time when the first 
increment was formed. In S. officinalis, the formation was 
observed from embryonic stages 24‒26 before hatching 
at stage 30 (Boletzky et al., 2016; Pabic et al., 2016; Sen, 
2013).

The number of increments in the present study of 
the two species of cuttlefish, S. inermis and, particu-
larly, S. pharaonis, are more reliable compared to the 
squid, S. lessoniana. Such differences might be conse-
quences of the nektonic life styles of S. lessoniana with 
a faster growth rate requiring a higher metabolic rate, 
compared to the nekto-benthic life styles with a lower 
metabolic rate of the cuttlefish. However, this study 
still supported the assumption that increments were 
formed on a daily basis in the pelagic S. lessoniana. 
Perez (1995) and Perez et  al. (1996) also agreed to a 
daily basis assumption from studies on a reared pelagic 
squid, I. illecebrosus.

The number of increments which differ among differ-
ent studies might be due to different methods of count-
ing. Jackson et al. (1993) reported the ontogenetic change 
in the gladius daily increment of cultured S. lessoniana 
(at average 24 °C), decreasing from > 1 increments/day in 
juveniles to 0.02 after 87 days of age. Such result although 
agreed to S. lessoniana of the present study, which the 
daily increment decreased from 1.0 to 0.8 increment/day 
after 60 days, but was at a much different degree. The rea-
son for such differences might because of differences in 
temperature and culture conditions and/or human error 
in counting from gladius specimens that were not stained 
in the former study. Jackson et  al. (1993) stated that it 
was not possible to ascertain the counting of the num-
ber of increments because of their faintness. The faint-
ness of gladius increments was also reported in another 
myopsid squid, Uroteuthis duvaucelii (d’Orbigny, 1835) 
(Khatami et al., 2017). Hughes (1998) suggested that the 
faintness in the oegopsid, T. pacificus occurred, because 
the feeding pattern was disturbed by the stress in culture 
conditions.

From the present study, number of increments are 
reliable for age determination at least for juveniles 
(0‒60 days) of neritic species in the tropical zone, where 
environmental conditions relatively stable. The “one day, 
one increment” assumption is supported by the pre-
sent study of the three studied species. In comparison 
between the stages life cycles, the support was stronger 
in juvenile stages than in (mature) adult stages. In com-
parison among the three species, the strongest support 
was from the benthic S. pharaonis through its entire life, 
regardless of growth stages. The present study agreed to 
Natsukari et al. (1991) that the number of increments is a 
valuable age index for tropical species for age estimation 
as in S. esculenta. The present study also agreed to Yagi 
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(1960a, 1960b) that obtained models could be used for 
estimation of age in adult stages, as well as comparison 
among species of sepiid cuttlefish.

The obtained single model through the entire life cycles 
regardless of asymptotic growth phases should be a prac-
tical tool for preliminary estimation of age in the field as 
well as in laboratory aquaculture. Results of the present 
studies are essential in the management of wild stocks 
of commercially important cephalopod species, since 
age estimation of captured specimens is a parameter of 
utmost importance in most fishery biology models, i.e., 
growth, age-at-maturity, fishing mortality. What to be 
aware for further applications is that the present stud-
ies were obtained from cultured animals (in captivity) 
and certain degree of variations from wild animals are 
expected.

Conclusions
The study was performed on three species of neritic 
cephalopods cultured in laboratory through their entire 
life cycles. Relationships between growth increments 
of internal shell and age are closed to the “one day one 
increment” assumption in lesser fluctuated environmen-
tal conditions. Brief models for each species were esti-
mated as a reevaluation for age determination for using 
the field and laboratory.
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