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ABSTRACT: Several internal structures have been used to estimate age in the cephalopod Octopus vulgaris, but with limited accuracy. We estimated age by investigating growth increments
(rings) in the upper beaks of octopus collected between 2003 and 2010 in the Bay of Naples, Italy
(Mediterranean Sea). To validate the daily periodicity of ring deposition, ‘thermal shock marking’
was for the first time applied to live octopuses fished between 2009 and 2010; this method produced a mark on the beak corresponding to the day of thermal shock, enabling us to elucidate the
relationship between ring number and time elapsed (i.e. ~30 d). In addition, rings were counted in
> 700 preserved specimens of O. vulgaris collected between 2003 and 2009, also in the Bay of
Naples. The estimated age of of these octopuses ranged from about 70 to 370 d. Specimens with
similar body weights had different numbers of rings, confirming the view that body size is a not a
good index of age. Additionally, the relationship between body weight and number of rings was
affected by sex and season, with the distance between rings clearly correlated to seasonal temperature oscillations. Our data suggest that different cohorts of octopus exist in the Bay of Naples and
that temperature has a strong influence on growth. Overall the results demonstrate that growth
increments in the upper beak of O. vulgaris provide a reliable method of aging that can be applied
to assessing differences in the growth patterns in wild populations, and one that provides a record
of environmental influences upon an individual.
KEY WORDS: Octopus · Age · Thermal marking · Upper beak · Seasonal variability
Resale or republication not permitted without written consent of the publisher

The cephalopod mollusc Octopus vulgaris Cuvier
1797 is an opportunistic benthic predator which has
been reported from the Mediterranean, Atlantic,
Pacific and Indian Oceans (Guerra et al. 2010). This
species is considered to have, as a species complex,
an almost worldwide distribution (Mangold 1997,
Warnke et al. 2004). According to Norman (2000)
3 forms of O. vulgaris should be added to the original Mediterranean species: Caribbean, South African and Japanese common octopuses. O. vulgaris is

one of the most important target species for commercial fisheries worldwide, with annual catches
that exceed 40 000 t yr–1 (FAO 2009).
Age determination is critical to understanding the
life history of harvested species and for modelling
their population dynamics. Growth increments
(rings) recorded in hard structures (e.g. otoliths and
scales in fish, statoliths in cephalopods) are a useful
and reliable method for estimating the individual age
in some taxa. Age and growth data can help in modelling appropriate management strategies in order to
reduce fishery effects.
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Age determination in cephalopods has been based
on both indirect and direct methods. Indirect methods are not reliable with cephalopods (e.g. Semmens
et al. 2004), mainly because growth in any cephalopod species appears to be affected by a series of both
biotic and abiotic factors, leading to large individual
variability (Mangold 1983, Forsythe & Van Heukelem 1987, Domain et al. 2000, Belcari et al. 2002). As
a consequence, body size (weight and dorsal mantle
length) is not a reliable indicator of age. For this reason indirect methods require validation by at least
one direct method (Krstuloviç Šifner 2008).
Among direct methods, one of the most useful
means of age estimation in cephalopods is statolith
increment analysis. This method has been systematically applied to squids (Arkhipkin & Laptikhovsky
1994, Jackson 1994, Rocha & Guerra 1999, Arkhipkin
2005, Ikeda & Kobayashi 2010) and to cuttlefish
(Raya et al. 1994, Bettencourt & Guerra 2001, Challier et al. 2002). Unfortunately, statolith analysis is not
useful here as octopus species, including Octopus
vulgaris, lack growth rings in this structure (Young
1960, Lombarte et al. 2006). In the case of O. vulgaris,
other internal structures have been analysed over the
past 20 yr for direct age determination. These include
beaks and radulae (Nixon 1969, Raya & HernándezGonzález 1998, Hernández-López et al. 2001), eye
lenses (Gonçalves 1993 as cited in Hernández-López
et al. 2001) and stylets (Reis & Fernandes 2002, Hermosilla et al. 2010).
Validated and standardized methods of age determination for Octopus vulgaris using hard structures
have not been identified (but see Hermosilla et al.
2010, Perales-Raya et al. 2010). Without an accurate age determination, parameters such as population structure, reproductive success, mortality rate,
longevity, productivity and recruitment processes
rely on assumptions derived only from morphometry
and catch data (Leporati et al. 2008). The use of such
potentially inaccurate methods may have disastrous
consequences for the sustainability of octopus fisheries (Doubleday et al. 2006). Recently, Hermosilla et
al. (2010) validated daily increments in the stylets of
O. vulgaris. The investigators injected tetracycline
and oxytetracycline, both of which form chelates
with calcium, one of the major components of the
structure (Napoleao et al. 2005). This resulted in a
‘mark’ visible by fluorescence, permitting correlation
of number of growth increments with a known number of days between date of treatment and date of an
animal’s sacrifice (Hermosilla et al. 2010). Lipofuscin
concentration has also been correlated to age in
O. pallidus (Doubleday & Semmens 2011).

Using specimens collected in the Bay of Naples,
Italy (western Mediterranean Sea) during 2009 and
2010, we tested the hypothesis of daily periodicity
of growth increments (rings) in the upper beak
using ‘thermal shock marking’, correlating the
number of rings formed with the number of days
between the marking event and sacrifice. We also
analysed growth increments in the upper beaks of
Octopus vulgaris specimens that had been collected
between 2003 and 2009, also in the Bay of Naples.
In addition, we investigated whether beak ring density is affected by seasonal variations in seawater
temperature, as suggested by Hernández-López et
al. (2001).

MATERIALS AND METHODS
Validation of age estimation by thermal marking
We collected 56 octopuses (25 males and 31 females), with body weight (BW) ranging from 160 to
610 g, in the Bay of Naples between October 2009
and March 2010. After capture, all octopuses were
acclimatized to captivity in tanks (30 × 100 × 60 cm;
water depth 45 cm) supplied with circulating seawater for at least 14 d. They were fed every second
day with live crabs Carcinus mediterraneus. Following this acclimatization period, they were subjected
to a thermal marking procedure following a technique similar to that used for fishes (Volk et al. 1999).
Forty-six acclimatized specimens were rapidly immersed in a bucket of seawater at 4°C and held
there for 5 min. This procedure constituted the
‘thermal shock marking’ (TSM). For a 10 min recovery period, specimens then were placed in a small
bowl containing seawater at 24°C. During this recovery period, the seawater was stirred to increase
oxygenation. After the recovery period the octopuses were returned to the acclimatization tank. As
a control, 10 individuals were immersed for 5 min
in seawater at the same temperature as the acclimatization tank instead of 4°C (sham marking).
Three runs were carried out using the same specimens: in October 2009 acclimatization seawater
was at 21°C; in December 2009 it was at 17°C; and
in March 2010 it was again at 21°C. After TSM,
octopuses were maintained for 29 to 34 d. During
this time they were fed every second day with
crabs. At the end of the experiment all individuals
were sacrificed using terminal anaesthesia (Grimaldi et al. 2007). Beaks were collected as described in
the next paragraph.
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Sampling of beaks and counting of increments
A total of 735 buccal masses was collected between
January 2003 and December 2009 from specimens
that had been sacrificed during that period and dissected for other purposes. For each specimen the following body measurements were available: total BW
in g, and dorsal mantle length (DML) in mm. Sex was
assessed following Chapko (1962; but see also Mangold 1983). Buccal masses were preserved in 70%
ethanol or frozen (–20°C)
We followed the procedure of Hernández-López
et al. (2001) for beak preparation. In brief, muscles
and other tissues were removed from buccal masses
by forceps, and beaks were cleaned by repeated
washes in 10% H2O2 and by brief immersion in 1 N
HCl solution. After cleaning, and to facilitate examination, upper and lower beaks were flattened between 2 glass slides (75 × 51 mm) which were held
together by adhesive tape, thus maintaining pressure. Beaks were stored in transparent plastic folders and labelled to allow tracing of the individual
octopus.
Rings were identified and counted under a Leica
MZ16A binocular microscope; increments were
clearly visible under epi-illumination. One of the 2
halves of each upper beak was chosen to count the
growth increments. We proceeded along the dorsal
axis from the posterior edge to the rostral tip (sensu
Hernández-López et al. 2001; see also Perales-Raya
et al. 2010).

Precision in counting increments
In agreement with Perales-Raya et al. (2010) precision is defined as the reproducibility of measurements
of the examined structures (i.e. the rings). For this
work, 2 trained readers made independent counts on
the same sub-sample of 40 beaks. We then correlated
the number of rings identified on each beak by the 2
readers using Pearson’s correlation.

Individual variability of increments at different
seawater temperatures
To evaluate possible differences in the pattern of
ring deposition at various temperatures (HernándezLópez et al. 2001), a subsample of 93 beaks was
selected from the whole set of 735 specimens according to the following criteria: (1) animals caught in
either hot (June, July, August; about 26°C) or cold
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(December, January, February; about 15°C) seasons;
(2) individuals of a similar range of BW (from 200 to
500 g); and (3) octopuses that had been maintained in
laboratory under standardized and controlled conditions for < 2 wk (Fiorito et al. 1990). We estimated the
linear distance in mm between the posterior edge
and the 40th clearly identifiable ring. Mean interring width and increment density were determined
in beaks between the edge and this 40th ring. We assumed that these increments were formed during a
known climate period, i.e. the last 40 d before beak
sampling. Increment counts were carried out as
described in ‘Sampling of beaks and counting of
increments’.

Data analysis and bioethical requirements
Normal distribution and homogeneity of variances
were assessed following Zar (1999). Simple linear correlation was utilized to test reliability of different
readers in counting the number of rings. Chi-square
goodness of fit was applied to thermal marking data.
Correlation and curve-estimation were applied to
describe the relationship between the variables considered and growth increments. Finally, a 2-sample ttest was employed to test differences in density of
rings in samples collected in different seasons. All
tests were 2-tailed, with alpha set at 0.05. Statistical
analyses were performed using SPSS Statistics for
Windows 18.0 (IBM).
Procedures for the maintenance, experimentation
and sacrifice of Octopus vulgaris were carried out according to the current EU regulation for scientific use
of living animals and following the national bioethical rules of Italy.

RESULTS
Precision in counting of increments
The 2 readers were consistent in evaluating the
number of increments in the upper beaks examined
(r = 0.85; n = 40; p < 0.001).

Validation of age estimation: thermal marking
experiments
No signs of marked stress reactions such as inking
or thrashing were observed during thermal marking
sessions.
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TSM produced a distinctive mark: a single dark
ring in the midst of a bleached band (Fig. 1A). This
was observed in 85% of the treated specimens (39
out of 46; chi-square = 22.3, df = 1, p < 0.001). In the
39 marked beaks the number of growth increments
counted between the posterior edge and the darker
ring corresponded to an elapsed time of about a
month (mean no. of days ± SEM: 32.0 ± 1.5) from the
thermal shock to the day of sacrifice. We detected no
dark ring in beaks collected from octopuses that
were not exposed to a thermal shock (sham marking;
Fig. 1B). However, a partial mark, limited to only a
part of the lateral wall and corresponding to a ring,
was detected in 2 out of 10 specimens (chi-square =
3.6, df = 1, p = 0.058).

Increments in the upper beak

Fig. 1. Octopus vulgaris. Left half of upper beak (A) after
thermal marking treatment, and (B) from control. Scale bar =
2 mm. In (A) a bleached band is evident extending along the
entire lateral wall (arrows). In (B) no bleaching is seen. Insets show detail of corresponding areas at higher magnification (scale bar = 0.9 mm). Beak is oriented dorsal side up,
with rostral tip to right. Crack in hood is artifact from sample
preparation

The internal surfaces of the lateral wall of upper
beaks revealed a clearly visible pattern of growth
increments (Fig. 2), easily detectable along the axis
chosen for counting. Rings were identified and
counted on all 735 beaks of Octopus vulgaris (375
males, 360 females). As summarized in Table 1, rings
ranged from a minimum of 72 to a maximum of 371,
belonging to 2 females of 200 and 2080 g BW, respectively (DML = 89.4 and 223.3 mm, respectively). It
was not the youngest specimen that showed the lowest BW. For a female with the lowest BW (58 g), we
counted 114 rings.
The best regression (cubic model) was obtained by
plotting BW versus number of rings (y = 78.8 + 5.2x3 –
0.03x2 + 6.9−5x; r2 = 0.33, F3731 = 117.48, p < 0.001).
Fig. 3 shows the relationship between BW and number of increments counted in the upper beaks by sex
and season of capture. Regression for octupuses
caught during winter resulted in lower coefficients
(Fig. 3). Furthermore, females sampled during summer showed higher inter-individual variability than
males (Fig. 3). Again, a greater variability emerged
by comparing BW and rings for males: those collected during winter showed very low correlation
coefficients when compared with those collected during summer (r = 0.382 and 0.739, respectively).

Is individual variability due to seawater
temperature?
Fig. 2. Octopus vulgaris. Growth increments on the inner
surface of lateral wall of octopus upper beak. Numbers
indicate the counts of rings from the posterior edge. Scale
bar = 150 µm

Among the 93 animals considered as subsample for
this part of our study, the distance measured between
the posterior edge of the beak and the 40th ring was
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Fig. 3. Octopus vulgaris. Relationship between body weight
and number of rings for males (A) and females (B) caught in
summer (s) and winter (d); see text for details. Equations
and r2 values after regression (cubic model) obtained from
plotting body weight against number of rings for each season

longer in samples taken from the octopuses collected
during summer than in those collected in winter
(mean ± SEM = 3.3 ± 0.1 and 2.9 ± 0.1 mm, respectively). Consequently, mean widths for each increment counted along the main axis were smaller in
beaks sampled from octopuses collected during winter than from those collected during summer (number of increments mm–1, mean density ± SEM): summer = 10.6 ± 0.4, winter = 13.7 ± 0.4; t = 5.8, df = 91,
p < 0.001).

DISCUSSION AND CONCLUSIONS
Validation of age estimation
Our results provide, for the first time, experimental
evidence of a daily deposition of growth increments
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in the upper beak of adult Octopus vulgaris. This confirms the one-day-one-increment hypothesis of Raya
& Hernández-González (1998), and the strict correspondence between the number of rings in beaks
and days of life for octopus paralarvae (HernándezLópez et al. 2001). In addition, our results parallel
those found in the vestigial shell of O. vulgaris by
Hermosilla et al. (2010) and of O. pallidus by Doubleday et al. (2006). Beak increment analysis may thus
provide alternative or additional data for age estimation in octopuses that may be of special value in cases
where mantles are damaged.
Thermal shock marking, consisting of a sudden
and short immersion of individuals in low-temperature water, has been applied here for the first time to
cephalopods. It allowed us to identify a single distinctive dark ring, surrounded by a bleached area, corresponding to the day of treatment. The intensity and
extent of the induced ring varied among individuals.
In most cases the dark band corresponded to a ring
extending along the entire lateral wall (dorsal to ventral). We recognized the band at approximately the
30th ring from the posterior margin. In some cases,
the band was visible only on 1 of the 2 sides. Finally,
in a few instances, only a short mark was recognized,
but in the same position (30th ring). In only 15% of
the octopuses that underwent a marking procedure
we were unable to recognize any mark. Similar to
what has been reported for fish otoliths, mark detection is not error-free (Volk et al. 1999). Errors may
arise from poorly defined marks, difficulty of discrimination of the mark from the background increment
pattern, poor sample preparation or defective samples. Both fish otoliths and octopus beaks are complex structures but similar in the alternation of clear
and dark bands (rings). Otoliths are composed of
both organic and inorganic components, the characteristic dark bands reflecting an organically rich
component and the light bands a calcium-rich component. Octopus beaks, on the other hand, are composed mainly of chitin fibers (~20%) and proteins
(~45%; Miserez et al. 2007). Thus, like fish otoliths,
beaks are constituted mainly of matrices whose
growth is governed by a biological rhythm (Wells et
al. 1983, Raya & Hernández-González 1998) depending on metabolic activity (Houlihan et al. 1990), and
influenced by environmental conditions (e.g. temperature, stress; Volk et al. 1999, Campana 2005). A
sudden drop in temperature might cause a metabolic
shock, possibly inducing impairment of protein
synthesis.
We cannot exclude the possibility that the extreme
variability of the background ring pattern may have
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4
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n

158−514
102−576

136−564
124−466

162−560
138−526

337.0 ± 21.2
373.1 ± 24.4

326.0 ± 17.9
289.5 ± 25.6

436.7 ± 32.4
374.2 ± 17.2

295.3 ± 24.7
287.9 ± 25.7

320.5 ± 22.7
364 ± 30.9

306.7 ± 19.1
277.5 ± 15.9

230−660
188−612

180−460
160−430

182−876
172−578

180−454
110−556

280−384
278−532

186−522
136−488

649.9 ± 89.3 162−2080
433.9 ± 35.5 218−1030

425.4 ± 80.5 58−1378
441.2 ± 74.9 126−1392

348.3 ± 16.9
319.6 ± 15.1

302.7 ± 16.7 158−1028
282.5 ± 11.6 180−588

345.9 ± 16.4
316.3 ± 17.4

241.6 ± 10.7
238.1 ± 8.7

Body weight (g)
Mean ± SEM Range

79.9−130.6
87.3−121.7

87.9−223.3
95.2−177.7

65.4−117.3
78.5−184.3

91.2−144.1
83.5−144.7

86.1−143.8
88.9−132.5

86.5−141.8
69.7−130.3

79.8−135.1
77.2−136.0

106.3 ± 2.2
109.9 ± 2.4

105.1 ± 2.2
102.1 ± 2.9

117.8 ± 3.2
115.1 ± 2.1

105.1 ± 2.9
103.6 ± 2.8

90.8−131.4
90−131.9

86.6−123
91−117.9

72.8−146.1
85.6−137.4

87.1−121.2
82.5−129.8

104 ± 3.3
98.9−113.9
112.8 ± 4.4 100.9−135.5

105.9 ± 2.6
104.3 ± 1.9

134.8 ± 6.1
122.1 ± 3.9

112.5 ± 6.2
113.4 ± 5.6

114.1 ± 2.0
110.6 ± 1.9

106.3 ± 1.5
105.7 ± 1.3

112.5 ± 2.4
107.7 ± 2.3

100.7 ± 1.3
100.6 ± 1.2

Mantle length (mm)
Mean ± SEM
Range

12.0 ± 0.3
12.1 ± 0.3

11.0 ± 0.3
11.1 ± 0.3

11.9 ± 0.3
11.3 ± 0.2

10.4 ± 0.4
10.0 ± 0.3

16.3 ± 1.1
15.7 ± 1.0

15.3 ± 0.7
15.9 ± 0.5

19.7 ± 0.8
17.3 ± 0.6

15.2 ± 1.1
15.1 ± 0.9

17.3 ± 0.3
16.7 ± 0.3

16.1 ± 0.3
15.9 ± 0.2

17.2 ± 0.4
16.3 ± 0.3

15.5 ± 0.2
15.1 ± 0.2

10.1−16.8
8.9−15.1

9.3−13.6
9.3−12.6

9.1−15.8
9.1−13.8

8.7−13.9
7.6−12.9

13.2−18.1
10.8−18.5

9.4−19.4
8.9−22.9

12.0−30.7
11.2−26.3

8.6−26.7
8.1−27.2

13.1−20.7
10.5−19.9

11.0−25.2
13−21.7

13.3−21.6
11.5−19.7

11.8−22.0
12.7−19.7

Crest length (mm)
Mean ± SEM Range

142−256
137−327

100−279
116−289

148−367
112−295

123−287
118−259

117−224
106−254

179.5 ± 6.1
183.6 ± 5.6

168.6 ± 9.6
164.3 ± 5.8

166.0 ± 5.5
157.7 ± 5.0

132−266
137−236

129−270
131−139

123−227
106−237

143.6 ± 15.1 72−284
120.5 ± 7.3 73−235

211.5 ± 27.4 153−263
182 ± 10.0 146−211

168.9 ± 5.7
172.8 ± 7.1

223.1 ± 11.8 125−371
207.1 ± 8.3 151−312

181.2 ± 9.5 111−291
169.6 ± 11.1 101−307

198.3 ± 5.8
202.1 ± 6.1

173.2 ± 5.7
188.5 ± 5.4

214.9 ± 9.9
198.4 ± 7.1

167.8 ± 4.0
169.8 ± 4.3

No. rings
Mean ± SEM Range

14.9 ± 0.4
15.3 ± 0.5

15.2 ± 0.5
14.9 ± 0.6

13.9 ± 0.4
14.0 ± 0.4

13.4 ± 0.9
11.9 ± 0.5

13.4 ± 2.4
11.9 ± 1.2

11.5 ± 0.7
11.0 ± 0.5

11.3 ± 0.3
12.1 ± 0.4

12.4 ± 0.5
11.4 ± 0.4

11.6 ± 0.4
12.2 ± 0.4

10.7 ± 0.2
11.8 ± 0.3

12.5 ± 0.5
12.2 ± 0.4

10.8 ± 0.2
11.3 ± 0.3

11.2−20.7
12.1−20.6

11.7−19.9
11.6−17.4

9.5−18.1
9.9−20.3

8.1−20.4
7.7−18.9

8.5−19.2
8.5−16.8

7.3−18.8
7.1−16.3

7.3−15.8
9.0−17.9

8.1−19.5
8.1−16.5

7.3−16.5
7.8−19.2

7.2−14.9
8.4−18.5

8.9−19.4
8.1−17.2

7.9−16.9
7.9−18.0

Ring density (no. mm–1)
Mean ± SEM Range

Table 1. Octopus vulgaris. Morphometric data (means ± SEM, and ranges) of individuals (n = 735) collected during summer and winter 2003 to 2007 and 2009.
No samples for 2008. Crest length was estimated to determine ring density (number of increments mm–1)
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interfered with the band resulting from the marking
event, thus leading, at least in 15% of our samples, to
our failure to discern a dark band in the beaks
exposed to thermal shock. Similarly, we cannot
exclude the possibility that marks recognized in controls (2 out of 10 cases) may have been due to stress
or to a peculiar pattern of rings in the background not
clearly distinguishable from a real mark. Daily formation of beak growth increments has been documented for octopus paralarvae (Hernández-López et
al. 2001) and for certain adult size-classes (in this
study), but this process needs to be documented for
specimens of all sizes in order to validate the theory
that daily formation of age increments extends
throughout the entire life cycle of the species.
In a separate set of experiments (data not shown),
we induced pharmacological inhibition of protein
synthesis (using Cycloheximide) and of chitin synthesis (using Calcofluor White). Here, too, we obtained
visible (in this case stained) increments, but the
bleached areas were more extended. These results
may correspond with an alteration of the internal
structure (protein/chitin matrix) of the beak, thus confirming that growth of the beak is continuously supported by the metabolic and secretory activity of cells
distributed along the entire surface of the beak (Dilly
& Nixon 1976, Wells et al. 1983, Houlihan et al. 1990).

Increments in the upper beak and their variability
In this work we determined the number of growth
increments appearing in upper beaks sampled from a
large number (735 individuals) of Octopus vulgaris
specimens collected in the Bay of Naples. The collecting site was a well defined area covering <10% of the
gulf (the total area of which is ~870 km2). Animals
were sampled over ~6 yr and in different seasons.
Concentric bands in all studied beaks were detectable, and, following a central counting axis (sensu
Hernández-López et al. 2001; see also Perales-Raya
et al. 2010), were counted along the internal surface
of the upper beaks’ lateral walls. Although this study
was restricted to a particular range of BW (average
350 g), the observed number of rings showed a quite
remarkable range (between 72 and 371 increments).
On the basis of assumed daily deposition, this suggests an estimated age of ~2 to 12 mo for the sampled
specimens. Back-calculation to date of birth has allowed us to posit 2 spawning seasons in this region,
as previously demonstrated by Guerra (1975).
Considering that — due to erosion of the rostral tip
area during feeding (Perales-Raya et al. 2010) — the
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most distal rings should be difficult to discern, our age
values may well be an underestimation. According to
Perales-Raya et al. (2010), however, this may not significantly affect the measurements made in the distal
region of the lateral wall area. Another possible
source of bias may be the presence of ‘false rings’
along the lateral wall. False rings do not correspond to
authentic growth increments because their formation
may be influenced by environmental or metabolic
conditions, independent of age. This may lead to overestimation of growth increments. Under the conditions
of our experiment, the risk of considering a false ring
as a true one is very limited; examination of the area
along the lateral wall by our readers permitted easy
identification and rejection of false rings, thus reducing the possibility of overestimation of age.
Previous studies have reported a positive correlation between number of increments in beaks and
octopus body size, suggesting that increments are
laid down regularly during individual growth (Raya
& Hernández-González 1998, Hernández-López et
al. 2001, Perales-Raya et al. 2010). The observed variability within our sample, in terms of body size and
age estimation (Table 1), confirms previous evidence
that BW and DML are not reliable estimators of an octopus’s age (Semmens et al. 2004). For example, individuals almost identical in age (e.g. with ~150 rings)
were remarkably different in their body size (ranging
from 100 to 600 g; Fig. 3B). A similar view emerged
from a recent study on Octopus vulgaris collected
from central east Atlantic waters (see Table 1 of
Perales-Raya et al. 2010). However, good regression
values were obtained by plotting BW against number
of rings (Fig. 3). Nevertheless, this relationship appears to be largely influenced by season (with accompanying temperature change) and sex (Table 1).
In fact, we observed higher variability in octopuses
collected during winter than in those collected during
summer. Furthermore, of those collected during summer, females showed higher individual variability
than males (r2 = 0.360 versus 0.547, respectively;
Fig. 3), while males collected during winter had very
low correlation coefficients in comparison to individuals caught in the summer (r2 = 0.146 versus 0.547, respectively; Fig. 3). Variability in body size among individuals and the poor correlation values observed
suggest the presence of different cohorts in the Bay of
Naples, similar to what has been reported for Atlantic
and other Mediterranean sites (Guerra 1975, Belcari
et al. 2002). When compared to octopuses caught off
the Grand Canary (Hernández-López et al. 2001) our
dataset shows a larger variability, despite its representing animals of a more limited range of body size.
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A series of biotic (e.g. age, size, sex, shape, food,
activity, inter- and intra-specific interactions, populational and geographical effects) and abiotic factors
(e.g. temperature, light, salinity, overall water quality) appear to affect cephalopod growth. Among
them, temperature (whether due to latitudinal or seasonal effects), food availability and food quality have
been considered most important. Even weekly temperature oscillations may have significant effects on
the life history of cephalopods (Forsythe & Hanlon
1988). Forsythe (1993) has suggested that individuals
hatching during periods of higher seawater temperatures, as in late spring, produce cohorts that grow
faster and become larger than those that hatched during periods of relatively lower temperatures (as in
early spring). In extreme cases, cohorts of hatchlings
born toward the end of spring might even surpass in
size the cohorts hatched in early spring. In this sense,
Rocha and Guerra (1999) showed that microcohorts
of Loligo vulgaris and L. forbesi, identified according
to estimated hatching date using statoliths, showed
reduced individual variability and different growth
curves, in apparent association with environmental
variation. Future studies using beak growth rings as
age estimators might use this type of analysis to
reduce and understand the high individual variability observed in Octopus vulgaris. Several studies
have provided strong evidence for the so-called
‘Forsythe Effect’ (Forsythe 1993) in a number of
cephalopod species. (For review of these studies, see
Forsythe 2004). As with other molluscan species, evidence is accumulating that cephalopods are good
archives of the history of environmental change (e.g.
Richardson 2001, Forsythe 2004, Arkhipkin 2005,
Lazareth et al. 2006, Leporati et al. 2007, 2008).
Temperature effects were also evident when considering distance between rings on beaks of the individuals caught in different seasons. As has been reported for Loligo vulgaris paralarvae (Villanueva et
al. 2003) and other molluscs (e.g. Pecten maximus,
Owen et al. 2002), our data showed significant differences in ring density among individuals along the
beak (data not shown). In addition, the density of
rings appeared significantly different when samples
from summer and winter were compared. Contrary to
what has been suggested by Hernández-López et al.
(2001) for Octopus vulgaris collected in the Atlantic
Ocean, but in agreement with findings reported for P.
maximus by Owen et al. (2002), we noted that the distance between 2 rings is greater during summer,
while rings appear more densely packed in beaks
from octopuses collected in winter. This is consistent
with the higher growth rate observed in Mangold &

Boletzky (1973) for this species at higher ambient
temperatures, and in agreement with the Forsythe
Hypothesis (Forsythe 1993).
In conclusion, our data support evidence of a daily
increase in the number of rings in the upper beak of
the cephalopod species Octopus vulgaris within the
size range studied and provide evidence of a nondirect relationship between body size and individual
age. Seasonal effects, possibly linked to seawater
temperature, induce variability in the background
pattern of growth increments and produce significant
differences in density of rings along the beak. Thus,
our data support the view that the octopus beak
archives the history of environmental change, and
perhaps the individual’s life experience, as recognized for other structures in this taxon.
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