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TABLE 1.

gland, SP = spermatophore, SOC = spermatophoric organ complex.)

7

A general scale of maturity stages for male and female cephalopods. (AG = accessory glands, oviducal glands, NG = nidamental glands, SG = spermatophoric

Female

Maturity stage

Octopus and cuttlefish

Squid

Maturity stage

Octopus, cuttlefish and squid

Juvenile

Sex is not distinguishable.
Gonad is a thin filament,
attached to the main blood
vessel of coelom.

Juvenile

The same-as in female.

AG appearance and gonad
development.

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

|

AG appearance and gonad
development.

Primordium of SOC isvisible
on coelom membrane.

AG differentiation further
gonad development.

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

AG differentiation, further
gonad development

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

i

Gonad maturation, AG final
formation.

Gonad is large, opaque and
appear granular. Oocytes are
at intercalary and proto-
plasmic growth phase. AG
are completely formed and
usually white.

Gonad maturation, AG final
formation.

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

v

Mature gonad and eggs in
coelom.

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

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

No accumulation in coelom.

v

Mature gonad and sperma-
tozoa in coelom.

Spermatozoa extrude into
the coelom. Testis edges
erode

Occurs at spawning.

V-1. First ripe eggs move to

Spermatozoa move into the

distal end of oviducts.

Transport of mature eggs in

V-2. Eggs accumulate in

spermaduct. No SP in the
Needham sac.
Transport of mature sperm-

gonoducts. oviducts, gonad still func- atozoa.
tional.
V-3. Eggs accumulate with
gonad eroding.
Vi Occurs at spawning. Occurs at spawning. Vi VI-1. First SP appears in

Transport of eggs to the

Needham sac

Spermatozoa ready for fer- VI-2. SP accumulate with

region of AG secretions. tilization. testis still functional
VI-3. SP accumulate with
testis eroding.

Vil Gonads spent. Gonads spent. Vil Gonad spent.

Gonads spent

Gonads spent.

ent and laminar form, accessory glands are a dull-white
colour and it is possible to distinguish their parts. In
lllex illecebrosus 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 lllex illece-
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 Sepiella ornata (our data).

Stage Ill. 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:

I11-1.  The most advanced oocytes are at the sim-
ple follicle phase.

I11-2.  The most advanced oocytes are atthe 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 Ill falls into
substage 1l1-1 (Burukovksy et al., 1977), and in /llex
illecebrosus into substages 111-2 and -111-3 (Burukovsky
et al., MS 1984). Absence of one or another substagein
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.



72 J. Northw. Atl. Fish. Sci., Vol. 12, 1992

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-
ductandthe 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
V-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 |V 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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