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Despite being an exploited and economically important species, little is known about the reproductive behaviour of Loligo
forbesi. During a captive trial performed in a closed seawater system in the Azores, three spawning events were directly wit-
nessed. An account of their main behavioural aspects is given. A number of behavioural components are described for the first
time in this species: ‘pair formation’, ‘mate guarding’, ‘egg holding’, ‘egg touching’, ‘white arms’, ‘red accessory nidamental
glands’, ‘accentuated testis’, and ‘jockeying and parrying’. The chromatic, locomotor and postural components were very
similar to other coastal loliginids observed on spawning grounds. From egg masses recovered on octopus traps, we show
that in the Azores spawning activity occurs at least between 25 and 144 m, but greater depths might be expected. We
suggest that this squid preferentially deposits egg masses on hard structures probably hiding them in cracks and crevices of
volcanic substrata. The existence of spawning aggregations is supported by several factors: (i) these spawning grounds may
coincide with the fishing spots, where the exploitation seasonally takes place, given that most individuals caught by fishermen
are usually mature (more than 80%); and (ii) mate guarding and jockeying/parrying by males was observed, which is a
common feature of spawning aggregation areas, where sperm competition occurs. Furthermore, our results, combined
with available published and non-published data further confirm L. forbesi as an intermittent spawner. We estimate that
throughout their short life cycle, females of L. forbesi are able to perform up to six spawning events, each composed of an
average of �2300 eggs.
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I N T R O D U C T I O N

The veined squid, Loligo forbesi Steenstrup (1856), is found
throughout the north-east Atlantic, at depths not exceeding
800 m, being more abundant above 300 m (Roper et al.,
1984). Although this species shows a wide geographical distri-
bution, high differentiation levels (both morphological and
molecular) between populations of the Azores and elsewhere
have been found (Brierley et al., 1993, 1995; Pierce et al.,
1994; Shaw et al., 1999). Furthermore, subtle sub-structuring
levels were revealed between offshore banks and continental
shelves (Shaw et al., 1999).

Loligo forbesi is the only loliginid species found in the
Azores. It is locally exploited, mainly during the winter, by a
distinctive daylight hand-jigging fishery restricted to a few
limited geographical spots, where squid are empirically
known to seasonally aggregate (Porteiro, 1994). Life history
parameters of this population have been studied by Martins
(1982), Martins & Porteiro (1988) and Porteiro & Martins
(1994), however little is known about its behaviour. O’Dor
et al. (1994) preformed a tracking study of five individuals,
providing baseline information on the behaviour and daily

energy budget of this large squid. However, given the great
depth habitat at which they are found, the use of such
approaches for their study is highly demanding and is the
reason why so little information about their behaviour is cur-
rently available. Laboratory studies offer a good alternative for
obtaining behavioural information (e.g. Hurley, 1977).
Porteiro et al. (1990) performed some captive trials revealing
some interesting aspects of their behaviour. The authors
reported an ethogram composed of 17 chromatic, 6 postural
and 5 movement components showing many similarities
with other loliginids. Although they did not comprehensively
document reproductive behaviour, head to head mating was
briefly observed with fifty egg strings found on the bottom
of the tank. However, spawning was not observed.

Naturally spawned eggs are rarely encountered in the
Azores. In fact, there is only a single record of a recovered
egg mass that was found on an octopus trap at 20–30 m off
the harbour in Horta, Faial Island (Porteiro & Martins,
1992). Since then, naturally laid eggs have not been reported
and spawning grounds remain completely unknown.

Common to many exploited cephalopods, fisheries for
L. forbesi display large inter-annual variation in catches
(Porteiro, 1994; Pierce et al., 1998; Pierce & Boyle, 2003).
Their short life span and semelparous life history strategy
results in little or no overlap between generations and conse-
quently, their abundance is highly dependent on the previous
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year’s recruitment success. As a result, a good understanding
of the reproductive biology is of primary importance for fish-
eries management, especially if fishing grounds overlie spawn-
ing aggregations. To date, the reproductive behaviour of
L. forbesi is poorly known. This paper attempts to compile
and analyse information gathered on various aspects of repro-
duction in L. forbesi in the Azores. We describe spawning
behaviour of L. forbesi (in the laboratory) for the first time,
as well as courtship and mate guarding behaviour by males.
Furthermore, we analyse seven egg masses obtained on three
different occasions: open captivity (N ¼ 2); closed captivity
(N ¼ 3); and directly from the field (N ¼ 2).

M A T E R I A L S A N D M E T H O D S

Closed seawater system and floating cage
design
A total of 51 squid, (275–639 mm,dorsalmantle length, (DML))
were maintained under laboratory conditions during 2 culture
trials; from 16 October to 27 December 1994 and from 2
February to 18 April 1995. All squid were caught by jigging,
and kept in a closed seawater system. The system consisted of
three circular tanks (3.6 m1, 0.90 m high) painted with vertical
dark stripes on the walls and with 4 cm of gravel on the bottom
(for details see Gonçalves et al., 1995). The tanks were covered
by a black lid to keep light at low intensities. A fluorescent
light was constantly on, and a small amount of indirect natural
light entered the laboratory during daytime. Water quality par-
ameters (pH, ammonia, nitrite and nitrate) were monitored
weekly whilst temperature and salinity were recorded daily.
Squid were fed on fresh and frozen fish once or twice a day ad
libitum. Each squid was tagged on the mantle following the
method described by Gonçalves et al. (1995). A group of three
spawning events (C1, C2 and C3) was observed during that
period but no mating activity was observed. For the three
females (346; 330 and 279 mm DML) that spawned, the total
body weight was recorded before and after spawning and the
percentage of body mass decrease was computed.

A floating cage (3.0 m 1; 2.5 m high) was placed in Horta
harbour (1986–1987), in order to assess the suitability of
L. forbesi for tagging studies. During this experiment, two
females (350 and 360 mm DML, respectively) laid eggs (H1
and H2), which were collected and preserved.

Field collected egg masses
During 1998, an experimental fishery for octopuses was
carried out in an area composed of soft sandy bottoms, off-
shore of Praia do Almoxarife, Faial Island. Three kinds of
fishing traps were then used: clay pots, iron frame traps, and
Japanese baited pots, placed between 25–150 m depth
(Carreira, 2000). Four squid egg masses were recovered on
clay pots and three on Japanese baited pots between 74 and
147 m. Two egg masses were kept for further examination,
one collected in March, on clay pots (F1) and one in June,
laid on Japanese baited pots (F2).

Egg mass analysis
All egg masses analysed were preserved in ethanol (70%)
for further examination. The egg masses typically formed

bunches of semi-translucent and gelatinous finger-like strings,
according to the descriptions of Holme (1974) and Segawa
et al. (1988). The egg masses were examined by counting the
total number of embryos forming each egg string (EES). This
procedure was not feasible for the totality of the preserved
egg strings, given that disruption frequently occurred (due to
preservation conditions), which impeded a fraction of the
embryos from being correctly assigned to each string. For this
reason, the disrupted strings were discarded from the counting.
For C2, however, the totality of strings (N ¼ 43) was damaged,
and so the counting was performed for the total number of
embryos composing the spawn. We counted a total of 14727
embryos from 197 intact egg strings (63.5% of the total of egg
strings that had been preserved). Empty strings were only
recorded in the egg masses deposited in captivity (4.7% for
H1; 1.9% for H2 and 35.5% for C3). The empty strings were
not included in the analysis.

Statistical procedures
The mean EES and respective standard deviations were com-
puted for each egg mass. The total number of embryos com-
posing each egg mass was also estimated by multiplying the
mean EES for the total number of strings initially composing
each spawn. In the female C2, however, the total number of
embryos was counted directly (see above), and the mean
EES was estimated afterwards, by dividing the total number
of embryos by the number of strings that initially composed
the spawn (N ¼ 43).

When comparing the six ranks of the EES (2 from the float-
ing cage, 2 from the field and 2 from closed captivity),
a Kruskal–Wallis non-parametric ANOVA, corrected for
tied ranks (after excluding C2 from the analysis) and
post-hoc Q multiple comparisons were performed, in order
to assess for the pattern of differences, according to Zar (1996).

R E S U L T S

Spawning behaviour in the laboratory
All squid initiated spawning during the afternoon and contin-
ued overnight, finishing during the following afternoon. The
first spawning female observed (C1) was maintained in the
presence of three males (441, 432 and 356 mm DML) and
deposited 43 egg strings (Table 1) on the side of the tank’s
window. After spawning, the female died, whilst all the
males were still alive. After dying, the body weight had
decreased by 9.7%. The second female to spawn (C2) was
held with another male (445 mm DML) and was also seen
depositing 43 egg strings under a fold of the PVC liner that
covered the tank’s wall, close to the water surface and
beneath a water outlet. This female lived for 13 days after
spawning and was able to feed on four occasions during this
period (average meal: 5.2% of body weight after spawning
against 7.3% previously). This female showed a 17.6%
decrease in body mass upon death. The third spawning
event was accomplished by a female kept in isolation (C3).
It laid 31 egg strings (of which 11 were empty) on the exact
same spot where the previous female (C2) had deposited her
spawn, 19 days before. Post mortem, this female had
decreased 9.3% in body weight.
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The egg laying processes showed distinct behavioural pat-
terns. Females would typically approach the spawning spot
(or the egg mass previously laid) with the arms held in a
tight cone and, when in contact, splayed the arm tips to
attach a new string, in a locomotor behavioural component
called egg holding (sensu Hanlon et al., 1994), approximately
lasting 20 seconds. In between each ‘egg holding’, the female
swam fast towards the egg strings, and jetted water vigorously
toward the spawn with a backward movement—a locomotor
component called egg touching (sensu Hanlon et al., 1999).
Some distinct chromatic components were consistently
exhibited by the females. These were: dorsal stripe and
mantle spots (see Porteiro et al., 1990 for a full description)
and white arms (sensuHanlon et al., 1999) although restricted
to the arm tips.

Pair formation and mate guarding (Hanlon &Messenger,
1996) was observed for the first time in L. forbesi. On the two
occasions where males were present, ‘pair formation’ was
initiated directly when joined together in the tanks. The
male isolated the female from the other squid, constraining
her against the tank wall, limiting her swimming space.
A short distance was maintained continuously between the
two individuals as in parallel positioning (sensu Hanlon
et al., 1994) and prolonged fin to fin contact took place. At
this time, a circular motion around the tank was prevalent,
contrary to the normal forward–backward radial trajectory.
The chromatic component exhibited by the female consisted
of ‘dorsal stripe’, ‘mantle spots’ and dark fin line (sensu
Porteiro et al., 1990). Other chromatic components were
observed during more intense interactions including ‘white
arms’, red accessory nidamental glands (sensu Hanlon
et al., 1994) and infraocular spot (see Porteiro et al., 1990).
‘Mate guarding’ was observed at the initiation of spawning
when the paired male swam close to the female (within one
body length), and escorting her to the egg mass. Males dis-
played a courtship body pattern with high iridescence
during this behaviour. At least, three dorsal chromatic com-
ponents formed the courtship body pattern: accentuated
testis (sensu Hanlon, 1982), ‘dorsal stripe’ and ‘white arms’.
In addition, strong green iridescence on the dorsal mantle
was exhibited. Of those chromatic components, ‘accentuated
testis’ was the most frequently observed component during
mate guarding. It is a light chromatic component displayed
when the chromatophores of the mantle are expanded
whilst the ones above the testis are retracted, thus accentuating
the testis. Jockeying and parrying (sensu Hanlon et al., 1994)
was a locomotor component not previously reported for
L. forbesi that was observed when two males were present

(C1), often culminating in violent male–male agonistic inter-
actions. ‘Jockeying’ refers to the swimming movements of an
intruder male to approach a paired female. ‘Parrying’ denotes
the behaviour of the paired male when countering the intru-
der’s approaches (Hanlon et al., 1994).

Egg mass analysis
A summary of the information on the analysed egg masses
deposited in captivity, in the floating cage and in the field is
presented in Table 1. Fresh egg strings presented, when
fresh, a mean length of 174.9 mm (mean weight of 11.5 g,
obtained from a set of 40 strings randomly chosen from the
spawn F2).

The mean EES and associated variation (standard devi-
ations) are shown in the Figure 1. The Kruskal–Wallis test
performed on the ranks of EES has proved to be significant
(H c(5, N ¼ 182) ¼ 96.18499, P , 0.01) and the multiple
comparisons detected two homogeneous groups: on one
side, the closed system group together with F2, and on the
other, the floating cage group and F1.

D I S C U S S I O N

This study reports the first description of spawning behaviour
in L. forbesi. The observed chromatic, postural and locomotor
components of both males and females presented many
similarities to other loliginid species (e.g. Hanlon, 1982,
1988; Moynihan, 1985; Arnold, 1990; Hanlon et al.,
1994, 1999; Hanlon & Messenger, 1996; DiMarco & Hanlon,
1997; Jantzen & Havenhand, 2003). However, our list of beha-
vioural components is certainly a small fraction of what may
happen in nature and it is reasonable to expect this deep water
loliginid to share further behavioural traits with its relatives,
inhabiting shallower depths. However, natural spawning
grounds have been poorly characterized and are unknown
in the Azores. Unlike L. opalescens or L.v.reynaudii, which
prefer sandy substrata (Hurley, 1977; Sauer et al., 1992)
most of the recovered egg masses of L. forbesi in other parts
of the eastern Atlantic and Mediterranean have been found
on artificial structures such as crab pots, creel lines, ropes
and are occasionally recovered by bottom trawl nets
(Table 4), thus pointing to a preference for hard substrates,
as suggested by Roper et al. (1984). The observations made
here suggest that in the Azores, females also prefer to spawn
on hard structures. This is confirmed by the fact that egg

Table 1. Summary of egg masses analysed and collecting conditions (H, floating cage in the harbour; C, closed system; F, field).

Egg mass
code

Date DML
(mm)

No. initial
strings

No. empty
strings

No. counted
strings

Eggs
per mass

Environment Temperature
(ºC)

Depth
(m)

H1 23/12/1986 350.0 64 3 46 4019 Floating cage 17.0 ,4.0
H2 26/02/1987 360.0 53 1 46 3707 15.0 ,4.0
C1 23/11/1994 346.0 43 0 7 1671 Closed system 16.0 –
C2 09/02/1995 330.0 43 0 – 1914§ 17.5 –
C3 10/03/1995 279.0 31 11 11 527 16.4 –
F1 14/03/1998 – 50 0 50 2662 Field 15.6� 144.0
F2 21/06/1998 – 41 0 26 2141 16.2� 134.0

�Temperature estimated from the monthly mean temperatures obtained in the area at 140 m depth during 2007 (data obtained from project
CIMBA–DRCT (M.1/I/014/2005); Igor Bashmatchnikov personal communication); §embryos totally counted.
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masses recovered from the field have always been deposited
inside (never outside) the traps (Porteiro & Martins, 1992;
and this study). Therefore, it is probable that L. forbesi
spawns in cavities and negative planes of volcanic substrata
typical of the area, similarly to what has been observed for
L. vulgaris in Madeira (see Wirtz, 1994).

Another unsolved aspect of the ecology of L. forbesi is the
possibility of this species to form spawning aggregations.
Although Holme (1974) assumed a lack of direct evidence
for mass spawning to occur in this species, we find it likely
that, at least in the Azores, L. forbesi aggregate to reproduce
around areas seasonally exploited by local fishermen. The
first suggestion that jigging takes place upon spawning
grounds comes from the fact that a high percentage of squid
caught in these areas (87.4% for females and 81.0% for
males) is composed of mature animals and that all mature
females contained sperm in the spermatheca (also 80% of
the maturity stage III and 46% of the maturity stage II
females presented sperm in their spermatheca) (Porteiro &
Martins, 1994). The second evidence comes from the observed
‘mating guarding’ and ‘jockeying/parrying’ behaviour,
observed for the first time in males of this species. These
two locomotor components are commonly displayed by
other loliginids on spawning grounds (Hanlon et al., 1994,
1999; Jantzen & Havenhand, 2003). Mate guarding behaviour
is probably related to an avoidance of last minute mating by
concurrent males (Hanlon & Messenger, 1996) and thus to
impede sneakers from obtaining successful fertilizations, as
has been recently shown to happen in an aggregating cepha-
lopod (Hanlon et al., 2005). Accordingly, the presence of
small mature males, which may putatively act as mating snea-
kers, has been presented in several studies, showing that two

modal size-classes of mature males are constantly present
throughout the populations of L. forbesi in the Atlantic (see
Boyle & Pierce, 1994 and references therein). Finally, work
by Shaw & Boyle (1997) further supports the existence of
spawning aggregations in L. forbesi. In a single egg mass, com-
posed of only 10 to 15 egg strings, the authors have shown that
neighbouring egg strings can be laid by different females and
that multiple paternities also occur within egg strings. Such
results in conjunction with our behavioural observations,
emphasize that reproduction in L. forbesi may well engage
complex sexual selection mechanisms typical of spawning
aggregations.

The available information on recovered egg masses of
L. forbesi from different locations shows a wide depth distri-
bution for spawning to occur, ranging from 10 to 740 m
(Table 2), which represents the widest depth-range for
spawning, reported so far for any cephalopod. In the
Azores, we show evidence for natural spawning to occur at
least between 25 and 144 m. However, it is likely that spawn-
ing activity may occur well below this depth, since some of
the local fishing grounds are found down to at least 270 m
(Martins, 1982). In fact, spawning could probably occur
even deeper, given that a single individual has been tracked
down to 580 m (O’Dor et al., 1994), an animal that also tra-
velled 30 km over two days. This wide home-range also
suggests that this species may be more widespread and
more abundant than previously thought, given that our
current knowledge has been based almost entirely on
samples collected from fishing grounds. Furthermore, the
short soaking time (2–4 days) practised during the octopus
fishery experiment and the effectiveness of the employed
traps in collecting seven egg masses, across areas where

Fig. 1. Mean EES (embryos per egg string) and total number of embryos calculated for each egg mass. The maximum values for both were obtained in the field
(June) and the lower values were obtained in captivity (November). Vertical lines indicate standard deviations.

174 christopher k. pham et al.

https://doi.org/10.1017/S0025315408002415 Published online by Cambridge University Press

https://doi.org/10.1017/S0025315408002415


L. forbesi has not been regularly found, further suggests a
higher and more widespread potential habitat for this species.

The variability in EES among egg masses could be due to a
large number of factors (both environmental and physiologi-
cal) that should be, elucidated in the future, despite the diffi-
culty in obtaining this kind of data for such a deep water
loliginid.

Loligo forbesi has been suggested to be an intermittent
spawner (Boyle et al., 1995; Collins et al., 1995a; Rocha &
Guerra, 1996). We were not able to trace the spawning
history of the females that have spawned in captivity, but by
comparing our data with previous published information on
fecundity, we can give a preliminary indication of the possible
number of spawning events that a female is able to perform.
Across other populations of L. forbesi, total fecundity (con-
cerning the oviduct and ovarian in conjunction) has been
estimated to vary between 1 000 and 23 000 eggs and oocytes
(Mangold, 1987; Boyle & Pierce, 1994; Boyle et al., 1995;
Collins et al., 1995a). A study examining fecundity
in Azorean L. forbesi (Santos, 1993; Santos & Porteiro,
unpublished data) counted an average of 2317+ 1364
eggs (mean+ SD) in the oviduct and 13844+ 6005
(mean+ SD) immature oocytes in the ovary (N ¼ 32
females; 373.5 mm mean DML). We have obtained captive
egg masses averaging 2368+ 1466 eggs (333 mm mean
DML), which are comparable to the egg number found in the
oviduct of the mature female stage by Santos (1993). If we con-
sider the number ofmean immature oocytes found in the ovary
in the Azorean population by Santos (1993), in conjunction
with the mean number of embryos per spawning obtained
directly from the egg masses, we can estimate that a single
female may be able to perform up to six distinct spawning
events, thus supporting this species as an intermittent
spawner and pointing to the need of taking this aspect in con-
sideration for further population studies.

It is important to be able to determine whether each
spawning represents the same part of a spawning sequence.
The usual method employed for quantification of sexual
maturity in fishery biology studies has been based on gonado-
somatic indices (GSIs). However, for L. forbesi these indices
may not always correlate with the physiological maturity of
the females, given that an unknown number of spawning
events might have occurred before sample collection. We
thus suggest that GSIs should be used with caution when
interpreting the average at a population level. Moreover, the
jigs catching ability according to sex, size and spawning
history should be assessed in order to avoid biased estimation
of population reproduction parameters. In other words, it is
not certain whether samples obtained by collection methods
such as jigging can be seen as satisfactory for non-biased esti-
mation of population structure parameters, especially if
samples are to be collected on areas of reproductive aggrega-
tion (Hanlon, 1998).

In summary, spawning L. forbesi displays the behavioural
features typical of a loliginid squid. Contrary to other
species, however, this species tends to prefer to deposit egg
masses on hard structures and it is likely that spawning aggre-
gations exist down to at least 144 m. Evidence points out that
in the Azores, most fishing effort is concentrated on those
spawning areas. As a result, intense fishing effort must inevi-
tably affect recruitment processes and population abundance.
First, this effect may be induced through the direct exploita-
tion of spawning biomass, and, secondly, by disturbing this
complex mating system by consistently removing the domi-
nant males through selective fishing, as has been suggested
by Hanlon (1998). As a result, it is important to further
characterize spawning sites of this species in the Azores with
more direct approaches, in order to understand the potential
impacts of the fishery on natural populations and contribute
towards the development of stock management strategies.

Table 2. Compilation of reported egg masses of L. forbesi recovered throughout its distribution.

Date Depth (m) Soaked time (days) Recovery method Area Reference

15/04/1992 25–30 PVC pipe Azores—Faial Porteiro & Martins (1992)
05/03/1998 80 4 Octopus clay pot Azores—Faial This study
14/03/1998 80 4 Octopus clay pot Azores—Faial This study
14/03/1998 80 4 Octopus clay pot Azores—Faial This study
14/03/1998 144 4 Octopus clay pot Azores—Faial This study
18/06/1998 140 3 Japanese baited pot Azores—Faial This study
18/06/1998 134 3 Japanese baited pot Azores—Faial This study
21/06/1998 134 2 Japanese baited pot Azores—Faial This study
– – – Fixed objects Plymouth Holme (1974)
28/01/1983 – Crab trap Plymouth Hanlon et al. (1989)
08/12/1984 – Crab trap Torbay, England Hanlon et al. (1989)
– – – Cree line Scotland Lum-Kong et al. (1992)
– 10–15 – Bottom trawl Ireland Collins et al. (1995b)
10/03/1990 80–90 – Cree line Ireland Collins et al. (1995b)
11/05/1990 80–100 – – Ireland Collins et al. (1995b)
24/01/1991 30 – Cree line Ireland Collins et al. (1995b)
09/05/1991 60 – Cree line Ireland Collins et al. (1995b)
– 20–30 – ropes North-western Scotland Shaw & Boyle (1997)
31/03/1995 135 – Bottom trawl France Lordan & Casey (1999)
10/04/1996 302 – Bottom trawl Ireland Lordan & Casey (1999)
12/03/1997 507 – Bottom trawl Celtic Sea Lordan & Casey (1999)
04/03/1996 720–740 – Beam trawl Agean Sea Salman & Laptikovsky (2002)
– – – Creel ropes West Scotland Craig & Overnell (2003)
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