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INTRODUCTION

Enoploteuthid squids are the mass micronectonic
squids of the epi-, meso - and bathypelagial of open
tropical and subtropical waters. At night they occur
in epipelagic layers. Females are larger than males;
mantle length (ML) of adult animals varies from 25-
35 mm in Abraliopsis, to 50-130 mm in Enoplo-
teuthis. Life span is usually six months and occa-
sionally one year (Nesis, 1987; Arkhipkin and Mur-
zov, 1990; Hayashi, 1993; Young and Mangold,
1994 Arkhipkin, 1994, 1996). 

Fecundity of this species species is poorly under-
stood. Enoploteuthidae lack nidamental glands, that
in representatives of other squid families produce a

gelatinous coat of egg mass, and spawns the single
pelagic eggs during the long intermittent spawning
(Nesis, 1985; Young and Harman, 1985; Young and
Mangold, 1994). There are data on both egg dimen-
sions and yolk oocyte number in the reproductive
system of female Abralia andamanica, A.trigonura,
Abraliopsis sp., Watasenia scintillans, Enoplo-
teuthis chunii, Pterygioteuthis gemmata, Pyroteuthis
addolux, (Amelekhina, 1983; Boucher, 1983;
Okiyama, 1993; Young and Mangold, 1994) and on
spawned egg dimensions in species of the genera
Abralia, Abraliopsis, Watasenia and Enoploteuthis
(Okiyama and Kasahara, 1975; Young and Harman,
1985; Young et al., 1987; Young and Mangold,
1994).

The large mesopelagic macroplanktonic
Ancistrocheirus lesueurii (a single representative of
the family Ancystrocheirinae closely related to Eno-
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ploteuthidae) has a flaccid and soft mantle and
grows to ML 400 mm (Nesis, 1987). In the east trop-
ic Atlantic, ML of mature females is 196-423 mm,
life span is about 2 years (Arkhipkin, in press). This
species has nidamental glands and therefore can pro-
duce egg mass. To date, reproduction has not been
studied. 

The purpose of this paper is to investigate both
fecundity and spawning in the squid of the former
family Enoploteuthidae using the following species
as examples: Enoploteuthis anapsis, Roper 1964;
Abraliopsis atlantica Nesis, 1982 and Abraliopsis
pfefferi Joubin, 1896 (Enoploteuthidae); Ancistro-
cheirus lesueurii Ferussac and d’Orbigny 1839. 

MATERIALS AND METHODS 

Fourteen Abraliopsis atlantica females of 17-35
mm ML were collected in open waters of the central-
east Atlantic by R/V “GRADIENT” (03.08.84,
18°58S, 4°44W), “PROGNOZ” (16.04.85, 5°57S,
6°00W), and “SAULKRASTY” (05.02.87, 00°55S,
01°20W) (Fig. 1). Thirteen Abraliopsis pfefferi of 22-
39 mm ML were caught in the north subtropic Atlantic
by R/V “EVRICA” and “GIZHIGA” on 27.05.83
(41°55 N, 60°09 W) and 02.09.83 (32°52N, 33°24W)
(Fig.1). Females of Ancistrocheirus lesueurii (seven
animals of 165-325 mm ML) were collected on 10-
14.07.95 off north-west Africa (21°13-23°11N,
17°08-17°36W), at a the bottom depth range of 330-
520 m.. Four Enoploteuthis anapsis of 75-81 mm ML
were caught on 12.07.95 (22°41N, 17°21W, 334-338
m). The reproductive system of A. lesueurii and whole
individuals of other species were stored in 6-8%
formaldehyde in sea water.

In the laboratory dorsal mantle length was mea-
sured to the nearest 1 mm, total weight (TW), ovary
weights, nidamental (in A. lesueurii) and oviducal
gland weight, and stomach weight - all to the near-
est 0.1 g. These data were obtained in 1995-1996.

The maturity condition was assigned following
the simplified ommasrephid scale (Burukovsky et
al., 1977): 1) immature animals - in the ovary there
are protoplasmic oocytes only; 2) maturing animals
- in the ovary there are both protoplasmic and yolk
oocytes, but there is no ripe egg in the reproductive
system; 3) mature animals - there are ripe eggs in
oviducts.

Due to the effect of preservation, the eggs when
measured were not always perfectly symmetrical and,
following Clarck (1934) to obviate any selection of

the longest or shortest diameter, the micrometer was
placed in a horizontal position in the eye-piece and the
diameter parallel to the graduation on the micrometer
measured. This average egg diameter was estimated in
50 ripe eggs. In some oocytes with a regular ovoid
form, longest and shortest diameters were measured.
To estimate oocyte number in the ovary, three 15-30
mg samples were taken. In the large females of A.
lesueurii samples were taken from the ovary surface,
from the ovary core, and from the intermediate layer.
In animals of small-sized species samples were taken
from the different parts of the gonad, because all three
samples were equal to 10-50% of the whole ovary vol-
ume. It was possible to count all oocytes in each sam-
ple, because oocytes <0.05 mm in diameter were
absent in all animals investigated. As in other subadult
and adult squids (Burukovsky et al., 1977; Knipe and
Beeman, 1978; Sauer and Lipinski, 1990; Lap-
tikhovsky and Nigmatullin, 1993; Lipinski and Under-
hill, 1995), no oogonia were found. The total number
of oocytes in the reproductive system of prespawning
females, therefore, was considered to be total oocyte
production during ontogeny.

Potential fecundity (PF) was calculated as the
sum of total oocyte number in the gonad and egg
number in oviducts. Relative fecundity (RF) was
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FIG. 1. – Location of samples of A. atlantica (1), A. pfefferi (2) 
E. anapsis and A. lesueurii (3).



estimated as the ration of PF to TW. An index of
potential reproductive investment (PRI) was calcu-
lated as the product of RF and the weight of an indi-
vidual ripe egg (Nigmatullin et al., 1981MS; Lap-
tikhovsky and Nigmatullin, 1993).

RESULTS

Enoploteuthis anapsis

Two of the four examined females (ML 75 and
80 mm) were mature, probably spawning. Another
female (ML 77 mm) was in advanced spawning con-
dition and the fourth (ML 81 mm) was spent. 

The first three females (ML 75-80 mm) had rem-
nants of the old spermatangia attached to their bod-
ies behind the nuchal cartilage. The mature females
had two oviducts filled with ripe eggs. Both the
advanced spawning and spent females had only the
left oviduct. Moreover, the spawning animal had
only one (left) oviductal gland whilst the spent
female had both oviducal glands.

In mature females with both oviducal glands pre-
sent, the reproductive system was 15.9% and 18.1%
TW, of which the ovary was 5.2-8.4% and the ovid-
ucal glands 4.5 and 5.6%. Size distribution of
oocytes in the ovaries of mature females was uni-

modal with a peak corresponding to the small proto-
plasmic cells (Fig.2). In the advanced spawning
female this peak shifted from 0.1 to 0.3 mm due to
the continuous protoplasmic growth of the early
oocytes. In this animal, the posterior part of the
ovary and it’s left border (app. 20% of the gonad
volume) were covered by a thick whitish substance
and contained numerous ripe eggs and large (>0.7
mm) yolk oocytes. No protoplasmic oocyte were
found in this substance. The share of the yolk
oocytes in the mature female gonads was 17.7-
29.6%, in the advanced spawning animal it was esti-
mated at 15-16%, despite an increase of dimensions
of protoplasmic oocytes

There were no oocytes in the remnants of the
ovary of the spent female. These remnants consisted
of unstructured pale grey slim around the axial
blood vessel. Probably all “post-spawning” oocytes
were resorbed. Thirteen eggs were in the oviduct. 

Potential fecundity of mature females was 34500
(ML 80 mm) and 23500 (ML 75 mm). In the
advanced spawning animal it was estimated at about
20000. Relative fecundity was approximately 1500-
2000 egg/g, PRI - 0.6-0.9.

Ripe egg dimensions were 1.0-1.1 × 0.85-0.9
mm (average egg diameter 0.96-0.98 mm, egg
weight 0.44-0.45 mg). The maximum egg number in
oviducts was 2800 (ML 80 mm).
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Fig. 2. – Size distribution of oocytes in mature squid.



There were no visible differences in body shape
between the advanced spawning and spent females
on the one hand, and normal mature females on the
other hand. The stomach of the spent female was
filled by food and there were traces of food in stom-
achs of other animals, indicating that this species
goes on to feed after the end of spawning.

Abraliopsis atlantica

In mature females, the reproductive system is 11-
19.5% TW (mean 14.2%) of which ovary was 4.3-
13.9 (mean 9.1%) and oviductal glands 2.1-6.3

(mean 3.2%). Protoplasmic oocytes of size 0.1-0.2
mm dominated in gonads in all stages of ontogeny
including maturity (Fig.2). Yolk oocytes represented
in mature squid 2.6-18.2% (mean 8.6%) of the total
oocyte stock in the ovary.

There were up to 400 eggs in oviducts. Egg
dimensions were 1.0 × 0.75-0.8 mm (average diam-
eter 0.88-0.91 mm, egg weight - 0.26-0.32 mg).

Potential fecundity increased with ML from
4000 to 29000 (Fig.3). In maturing animals RF was
5900-10800 egg/g (mean 8800 egg/g), in mature
animals RF was 3800-8700 egg/g (mean 4900
egg/g), PRI was 1.2-2.6 (mean 1.5). The type of the
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Fig. 3. – Potencial fecundity in A. atlantica, A. pfefferi and A. lesueurii.



spermatophore attachment during copulation was
the same as in E.anapsis. 

There were no advanced spawning and spent ani-
mals. 

Abraliopsis pfefferi

The weight of the whole reproductive system in
mature squids was 5.2-17.2% TW (mean 12.0%).
Ovary was 4.5-14.2% (mean 8.8%), oviducal glands
1.1-3.5% (mean 2.3%). Size distribution of oocytes
in ovaries and attachment of the spermatophores
during copulation were the same as in A. atlantica.
Yolk oocytes represented in mature squids 7.3-
30.9% (mean 18.8%) of the total oocyte stock in the
ovary.

In oviducts there were up to 130 eggs of 0.9-1.0 ×
1.1-1.5 mm (average diameter 1.0-1.1 mm, egg weight
0.66-0.71 mg). Potential fecundity in prespawning and
mature squids was 6500 - 21000. In maturing animals
RF was 2400-8000 egg/g (mean 4400 egg/g), in
mature animals it was 1000-3900 egg/g (mean 2400
egg/g). PRI was 0.7-2.8 (mean 1.7).

Potential fecundity of the most advanced spawn-
ing females (ML 31 and 38 mm) was 2900 and
3200. Their life stage was assumed not only owing
to the low PF, but from the unusually high abun-
dance of the empty resorping follicles in the ovaries.
No obvious degenerative changes were observed.

Ancistrocheirus lesueurii

Size distribution of oocytes was similar to that of
the other species studied with a single exception:
yolk oocytes were larger following larger ripe eggs.
Protoplasmic oocytes dominated in the gonad dur-
ing all of ontogeny. In the single mature female of
320 mm ML, a share of the yolk oocytes varied from
60% (the ovary surface) to 28 (the ovary core), the
average being 35-40%.

Weight of reproductive system in the mature
female was 17.8% TW, of which the ovary was
6.3%, the oviducal glands was 6.4%, the nidamental
glands 3.1%, and the oviducts with eggs 2%. 

Potential fecundity in prespawning animals var-
ied from 195000 to 790000. Relative fecundity of
the maturing squid (ML 292 mm) was 430 eggs/g,
and 230 eggs/g in the mature female. PRI was 1.7. 

Ripe egg dimensions were 2.0-2.2 × 1.5-1.6 mm
(average diameter 1.75-1.85 mm, egg weight - 3.15-
3.5 mg). There were about 7000 ripe eggs in the
oviducts of mature female.

A spent female of 325 mm ML was collected
(11.07.95; 21°47N, 17°27W; 400-520 m, horizon
50-100 m) in a damaged condition and without a
head. The post-spawning condition was assigned
due to the small gonad (ovary weight 3.5 g in con-
trast to 95.0 g in the mature female of the similar
ML) and presence of 57 ripe eggs in oviducts.

In the laboratory investigation no yolk oocytes larg-
er 0.9 mm were found in the ovary. Remnants of empty
follicles of 1.2-2 mm length were scarce. The share of
yolk oocytes was some 50%. Almost all protoplasmic
oocytes were degenerating. Their covers remained
intact, but became slightly wrinkled and nothing was
seen inside. Residual fecundity was approximately
70000. No traces of slim was in the ovary.

In all squids studied no copulation traces were
found on the nuchal cartilage, buccal membrane, inside
of the mantle cavity or on the outer surface of body. 

DISCUSSION

In mature ovaries of all species studied, there
were oocytes at all stages of both protoplasmic and
vitelline growth. Small protoplasmic oocytes signif-
icantly dominated without any obvious modal size
in the yolk accumulating cells. It was seen that the
vitelline growth of oocytes and ripe egg production
occurs continuously through the mature stage of
ontogeny as it does in the large nectonic oceanic
squid families Ommastrephidae and Thysanoteuthi-
dae (Burukovsky et al., 1977; Harman et al., 1989;
Nigmatullin and Laptikhovsky, 1994; Laptikhovsky,
1995; Nigmatullin et al., 1995).

Relative weight of the reproductive system (10-
30% TW) is the same as that in Ommastrephidae
(Laptikhovsky, 1995) and a bit higher than in
Thysanoteuthidae (Nigmatullin et al., 1991).
Absence of nidamental glands is compensated for by
an increase of the ovary weight (average 8-9% TW
in contrast to 5-6% in Ommastrephidae and Thysan-
oteuthidae). Oviducal glands are much larger (2-3%
TW) than in ommastrephid squids (0.2-0.6%), but
lighter than in Thysanoteuthis (4-5%). 

Ancistrocheirus lesueurii is a single species pos-
sessing nidamental glands, which are twice lighter
than oviducal ones. A similar weight relation was
found in Thysanoteuthis (Nigmatullin et al., 1991)
in contrast to the ommastrephids, whose nidamental
gland weight exceeds oviducal gland weight by a
factor of 10-20 (Laptikhovsky, 1995). Presumably,
this can mean a similarity of pecularities of egg
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mass formation in both species with a leading role of
oviducal glands.

In all enoploteuthids studied, the eggs were
small: their largest diameter was 1.0-1.5 mm (aver-
age diameter - 0.88-1.1 mm) which is similar to data
in the literature for other representatives of the Eno-
ploteuthidae (Amelekhina, 1983; Boucher, 1983;
Burgess, 1982; Okiyama, 1993; Young and Man-
gold, 1994) as for other open ocean cephalopods:
Ommastrephidae and small epipelagic octopod Arg-
onauta spp (Hochberg et al., 1992; Nigmatullin and
Laptikhovsky, 1994; Laptikhovsky, 1995; Nigmat-
ullin et al., 1995). Probably this means that an egg
size of 0.7-1.2 mm (and related hatchling size) is
optimal for the cephalopod species spawning in the
epipelagial zone of the open ocean. 

Our estimations of PF in the genera Abraliopsis
were similar to that of A.trigonura (Young, Man-
gold, 1994) and Watasenia scintillans (Hayashi,
1993). In Enoploteuthis anapsis PF exceeds an esti-
mation for E.chuni (5500-13000) by a factor of 3-4,
despite larger eggs: in E.chuni egg size is 0.75 ×
0.69 mm (Hayashi, 1993). Unfortunately it is not
clear, what kind of oocytes have been counted in the
Pacific species. Thus, in Enoploteuthidae and Pyro-
teuthidae PF varies from several thousand to sever-
al dozen thousand eggs.

The residual PF in advanced spawning A. pfefferi
and E.anapsis suggests that during the breeding
period the female releases most of the initial total
oocyte stock. In the single spent Ancystrocheirus
lesueurii there were about 70 000 oocytes from the
initial stock of 200 000 - 400 000. Thus 60-85% of
PF was spent. A similar level of utilization is pecu-
liar to some squids and cuttlefish Sepia officinalis
(Boletzky, 1987; 1988; Susumu, 1987; Lap-
tikhovsky and Zorikova, 1992; Laptikhovsky and
Nigmatullin, 1993). 

In micronectonic enoploteuthid squids RF is simi-
lar to that observed in the genera Sthenoteuthis,
Hyaloteuthis, Eucleoteuthis which have RF of 1000-
7000 egg/g (Laptikhovsky, 1995). The index of repro-
ductive investment is a little higher in enoploteuthids
due to the larger eggs: in oceanic ommastrephids the
average egg size is usually 0.75-0.9 mm.

A comparison of the fecundity and the egg num-
ber in oviducts shows that spawning is prolonged
and intermittent when oviducts in all species are
filled and emptied at least 10 times. A large number
of ripe eggs in oviducts (usually hundreds and up to
more than 2000 in E. anapsis) contrasts with a
release of single eggs during spawning. Probably

this egg accumulation is related to the daily rhyth-
mics of spawning, and moreover, presumably
spawning occurs not every night as in Abralia
trigonura (Young and Mangold, 1994). 

Spawning and post-spawning degeneration of
somatic tissue is an usual phenomena in many nek-
tonic squid (Hamabe, 1963; Laptikhovsky and Nig-
matullin, 1993; Jackson and Mladenov, 1994). Prior
to spawning, ommasrephid females cease to feed and
the stomachs of spent animals are always empty
(Laptikhovsky and Nigmatullin, 1992; Bower, Saku-
rai, 1996). In S. officinalis, during the weeks immedi-
ately preceeding natural death, a dramatic drop in
hunting success occurs, related to the degeneration of
the central nervous system. The last days of life the
cuttlefish has no interest to prey (Chichery and
Chichery, 1992). Active feeding of Enoploteuthidae
during spawning may be caused by a necessity of the
further food supply to egg production. Similar feed-
ing on spawning grounds was found in Loligo vul-
garis reynaudii (Sauer and Lipinski, 1991).

Reproductive strategies of the micronektonic
enoploteuthid squids are analogous to those of other
inhabitants of the open ocean pelagial - large nec-
tonic ommastrephid squids. Both families are clear-
ly expressed r-strategists with the same type of
ovary development, egg size of 0.8-1.1 mm and RF
of 1000-9000 egg/g. Micronectonic squid have a
slightly higher PRI and much shorter life cycle that
is related to the extreme shift of the reproductive
strategy in the r-direction. The closest reproductive
strategy is peculiar to the ommastrephids Hyalo-
teuthis pelagica and small form of Symplectoteuthis
oualaniensis without photophore (Nigmatullin and
Laptikhovsky, 1994). This is a reproductive strategy
of nektonic squids of an open ocean with significant
diurnal vertical migrations.
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