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female may spawn several times, e.g. Thysanoteuthis,
Berryteuthis, Sthenoteuthis (Arkhipkin et al., 1983;
Reznik, 1983; Harman et al., 1989). A second kind of
r-selection occurs in squid with high fecundity as well
but they have a short maturity period and once-only
spawning (Todarodes, IIlex and others) (Hamabe,
1962; Durward et al., 1980; O'Dor et al., MS 1982). In
these, prolonged spawning periods may occur when
various subpopulations spawn at different times.

Squid of the subfamily Enoploteuthinae have low
fecundity (several hundred eggs) but lay eggs one by
one in the water column (Shimamura and Fukataki,
1957; Young and Harman, 1985). Their eggs accumu­
late in the oviducts and are covered with secretions of
oviductal glands only, nidamental glands being absent.
Egg protection in this subfamily is achieved by dispers­
ing eggs in the water column which would minimize
their selection by small nektonic and planktonic preda­
tors. The high abundance of these small short-lived
squid indicates that this strategy has enabled them to
successfully occupy the micronektonic predator niche.

The kinds of reproductive system structure and
function (of females) found in living cephalopods are
characteristic of each of the three orders. While differ­
ent life styles are found in different species of each
order, reproductive systems are similar. This may be
due to the relative youth (in an evolutionary sense) of
the main groups of living cephalopods. Ancient species
of different orders with the benthopelagic life style
(nautilus and finned octopus) developed similar repro­
ductive systems. In time this could happen with living
species of different orders which have similar life
styles.

General Scale of Maturity Stages

A general scale of matu rity stages for females and
males of the three orders of coleoid cephalopods can
be developed from foregoing descriptions of their
reproductive systems.

During physiological maturation, similar pro­
cesses take place in male and female reproductive sys­
tems. These include appearance, differentiation and
growth of gonad and accessory glands. At this time
oogenesis and spermatogenesis take place in the gon­
ads. As already mentioned, gametogenesis differs sig­
nificantly in different species of cephalopods.
Therefore, it is reasonable to distinguish stages ot phy­
siological maturation by the degree of gonad and
accessory gland development along with the maximum
developmentof mature sexual cells, i.e. physiological
maturity.

During functional maturation and maturity, stages
are distinguished by the fate of mature sexual cells,

particularly by their movement and location in different
parts of the reproductive system up to the moment of
spawning. The sexual products spawned by males and
females differ greatly from each other, e.g. individual
eggs of female octopus, mucous egg mass of female
squid and spermatophores of male squid. Therefore, it
seems inappropriate to include functional maturation
and maturity in a single maturity stage (as in Zuev et al.,
1985). The processes of formation of sexual products
are different in their complexity and significance. How­
ever, movement of mature sexual cells to different parts
of the reproductive system can be divided into stages
which are functionally similar in males and females.

With the foregoing considerations, a general scale
for maturity stages is described using only distinctive
characteristics necessary for the determination of each
stage (Table 1) along with the further commentary and
explanation provided below.

Juvenile period - Stage O. Traditionally, number­
ing of maturity stages began when it was possible to
distinguish the sex of an animal visually (Juanico,
1983). In this scale the juvenile phase is referred to as
stage "0". It includes two substages:

Pre-differential stage (Stages 0-1). Gonad and
accessory gland primordia have appeared but no dif­
ferentiation has occurred and it is not possible to deter­
mine sex. In Sepia this stage covers only a part of
embryogenesis, but in Loligo it occurs later in develop­
ment and starts with the formation of nidamental
glands in the post-embryonic period. In the gonads,
two types of cells are present, one of which disappears
before differentiation is possible.

Post-differential stage (Stages 0-2). Last from the
time it is possible to determine sex histologically up to
the time it can be distinguished visually. At this stage
either gonial cells only, or gonial cells, pre-myotic
oocytes and oocytes at phase I protoplasmic growth
are present in the female gonad. An exception is the
presence of oocytes at the goblet-shaped stage of folli­
cle development in juvenile Loligo opalescens (Knipe
and Beeman, 1978).

Physiological maturation and maturity - Stage I.
Differentiation and growth of accessory glands make it
possible to distinguish sex visually. The gonad is dull
grey and filament shaped. The most advanced oocytes
are at phase I of protoplasmic growth as in IIlex illece­
brosus (Burukovksy et al., MS 1984), Pterygioteuthis
gemmata and Tremoctopus violaceus (our data), or at
phase \I of protoplasmic growth (primary follicle) as in
Sthenoteuthis pteropus (Burukovsky et al., 1977) and
Gonatus fabricii (our data).

Stage II. Some gonad development and accessory
gland growth are evident. The gonad is semitranspar-
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TABLE 1. A general scale of maturity stages for male and female cephalopods. (AG =accessory glands, oviducal glands, NG =nidamental glands, SG =spermatophoric
gland, SP = spermatophore, SOC = spermatophoric organ complex.)

a

Juvenile

AG appearance and gonad
development.

AG differentiation further
gonad development.

III

Gonad maturation, AG final
formation.

IV

Mature gonad and eggs in
coelom.

V

Transport of mature eggs in
gonoducts.

VI

Transport of eggs to the
region of AG secretions.

VII
Gonads spent

Female

AG Primordia. OG visible at
both sides of coelom. Gonad
is dull-grey filament. Oocytes
are at phase II (Protoplasmic
growth).

Possible to distinguish parts
of OG and NG. AG are usually
dull white. Gonad has semi­
transparent dull-white
lamina. Oocytes are simple
follicles.

Gonad is large, opaque and
appear granular. Oocytes are
at intercalary and proto­
plasmic growth phase. AG

are completely formed and
usually white.

IV.-1. First mature eggs
appear in coelom.

IV-2. Mature eggs accumu­
lation in coelom (includes
stage V).

Occurs at spawning.

Occurs at spawning.

Gonads spent.

Squid

No accumulation in coelom.

V-1. First ripe eggs move to
distal end of oviducts.

V-2. Eggs accumulate in
oviducts, gonad still func­
tional.
V-3. Eggs accumulate with
g0nad eroding.

Occurs at spawning.

Gonads spent.

Maturity stage

a

Juvenile

Gonad maturation, AG final
formation.

IV

Mature gonad and sperma­
tozoa in coelom.

V

Transport of mature sperm­
atozoa.

VI

Spermatozoa ready for fer­
tilization.

VII
Gonads spent.

Male

Octopus, cuttlefish and squid

The same- as in female.

Primordium of SOC is visible
on coelom membrane.

Parts of SOC distinguish­
able. Gonad is dull-white. At
the end of this stage the first
spermatozoa appear in
testis. SG is dull-white

Gonad is large, usually dull­
white. Spermatozoa accu­
mulate in testis ampullae.
SG completely formed,
usually white.

Spermatozoa extrude into
the coelom. Testis edges
erode.

Spermatozoa move into the
spermaduct. No SP in the
Needham sac.

VI-1. First SP appears in
Needham sac.
VI-2. SP accumulate with
testis still functional.
VI-3. SP accumulate with
testis eroding.

Gonad spent.

ent and laminar form, accessory glands are a dull-white
colour and it is possible to distinguish their parts. In
II/ex il/ecebrosus active growth of the spermatophoric
organs complex (SOC) starts at this stage (Nigmatullin
et al., MS 1984). The most advanced oocytes in the
ovary are at the primary follicle phase, as in IIlex il/ece­
brosus (Burukovsky et al., MS 1984), and Abraliopsis
atlantica (our data), and at the start of the simple
(goblet shaped) follicle phase, as in Sthenoteuthis pte­
ropus (Burukovsky et al., 1977), Octopoteuthis sicula
and Sepiel/a ornata (our data).

Stage III. The gonad is maturing and accessory
glands become fully formed. The gonad is large. In the
ovary granular structures are clearly visible. Three sub­
stages can be distinguished in females:

111-1. The most advanced oocytes are at the sim­
pie follicle phase.

111-2. The most advanced oocytes are at the com­
plex follicle phase.

111-3. The most advanced oocytes are at the tro­
phoplasmic growth phase but none are
mature.

The reproductive system in all cephalopod females
passes through these three substages. Duration of
these stages varies with species. For example in Sthe­
noteuthis pteropus the main part of stage III falls into
substage 111-1 (Burukovksy et al., 1977), and in IIlex
il/ecebrosus into substages 111-2 and -111-3 (Burukovsky
et al., MS 1984). Absence of one or another substage in
a species is usually the result of it not lasting very long
to be observed and described. In males, formation and
accumulation of spermatozoa occur in the testis
ampullae so the testis edges do not erode. Accessory
glands are opaque, usually white in colour and their
parts completely formed and well-developed.
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Stage IV. The gonad is mature. Mature sexual cells
are expelled from the gonad into the sexual coelom. In
females, ovulation takes place and mature oocytes are
transferred into the coelom. This stage is distinguished
by the presence of mature oocytes in the ovary' and in
the coelom. Empty follicles can be seen in the gonad
microscopically. At this stage mature oocytes accumu­
late in the coelom of female Incirrata octopus and cut­
tlefish. In males, spermatozoa are extruded from the
testis ampullae and the edges of the testis show
erosion.

Functional maturation and maturity. The remain­
ing stages involve expelling the mature sexual cells
from the coelom and their transport through the
accumulation in different parts of the sexual viae. Pas­
sage of the mature cells through the viae may be subdi­
vided by several conventional boundaries. The first
boundary is situated between the entrance of the gono­
duct and the coelom, the second between the gonoduct
and accessory glands and the third at the exit of the
sexual viae (Fig. 1).

In octopus and cuttlefish females, mature oocytes
pass through all the conventional boundaries at spawn­
ing. In female squid, oocytes pass the first boundary
and accumulate in the oviducts prior to spawning. In
male squid, the second boundary is open and sperm (as
it is converted into spermatophores) moves freely
through the spermoatophoric gland to the third boun­
dary (the distal end of the Needham sac) where it
accumulates.

Stage V. The mature sexual cells pass into and
through the gonaducts. In octopus and cuttlefish
females this occurs at spawning. In female squid this
stage is usually long and oocytes accumulate in the
oviducts. In males this stage is usually short because
spermatozoa pass quickly through the spermduct to
the spermatophoric gland.

Stage VI. Mature sexual cells pass through the
accessory glands. In all cephalopod females this stage
occurs at spawning. In males, spermatophores accum­
ulate in the distal part of the Needham sac. However, in
the Argonautoidea superfamily only one large sper­
matophore is formed in the spermatophore gland and
passed to the Needham sac. Afterwards its contents
appear in the hectocotylus cavity. Spawning takes
place with the transfer of the hectocotylus filled with
sperm to a female.

Stage VII. Individuals are spent. Degeneration of
the reproductive system occurs after spawning. The
gonad is greatly reduced in size (compared to stages
IV-VI). In a degenerating ovary, oocytes at the tropho­
plasmic growth phase are practically absent. Some
white "islets" can be present on the dull-grey back­
ground of a degenerating testis. Accessory glands are
usually large and developed as in stages V-VI, How-

ever, their consistency has changed from elastic to soft
and running. Individuals, as a rule, die at the end of this
stage.

General remarks. The foregoing general scale for
maturity stages provides a basis for describing most of
the different processes of development and function­
ing of the reproductive systems. Octopus and cuttlefish
females are functionally mature at the end of stage IV
(stages V and VI occur at spawning). Female squid are
usually functionally mature in the middle of stage V
after portions of the mature oocytes have accumulated
in the oviducts. Cephalopod males are functionally
mature at stage VI except for the Argonautiodea super­
family where males are functionally mature at stage
IV-2.

Some specific examples can be provided to illus­
trate advantages of this scale. Finned octopus females
lay ripe eggs one by one without accumulating them in
the coelom. Stage IV indicates the presence of several
ripe oocytes in the coelom and stage V when they pass
into the oviduct during spanwing. With maturity stages
divided into substages, this general scale accounts for
specific features of each cephalopod group. For
instance, in females of the Ommastrephidae family,
substages V-1, V-2 and V-3 are readily identified (Buru­
kovsky et al., 1977).

Development and functioning of the reproductive
system in male and female cephalopods are generally
similar (Table 1). However, the duration and especially
the ecological significance of each stage are quite dif­
ferent. Since each stage of sexual maturation usually
corresponds to a particular feature of the animals ecol­
ogy (Froerman, MS 1985), infrequent occurrence of
any stage means either that animals cannot be found at
this stage or that the stage is of short duration. For
instance, stage IV (physiological maturation) is impor­
tant for octopus and cuttlefish females because at this
stage ripe oocytes accumulate in the coelom. This
stage is short and of less signficance in female squid
because they accumulate ripe oocytes in the coelom at
stage V. In male cephalopods, stages IV and V are short
and perhaps of little ecological importance since they
have to accumulate a large quantity of spermatophores
in the Needham sac at stage VI. The duration of each
stage is an indication of its ecological significance for
the species and provides a more thorough understand­
ing of its life cycle. Another advantage of this general
scale for maturity stages is that it also allows an evolu­
tionary consideration of the development of reproduc­
tive strategies within various cephalopod groups.
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