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on earlier indications (Boletzky, 1998). For those not famil-
iar with cephalopod eggs and egg masses, a simple car-
toon (Boletzky, 1998: p. 371) provides a tentative guide.

First actions

Eggs laid in an aquarium should only be sampled if the 
spawning female is not heavily disturbed by the sam-
pling procedure. This caveat is particularly important 
when a spawning female octopus is under observation. It 
is advisable to wait a day or two before pulling out a few 
egg strings from a freshly laid egg mass (e.g. using long 
forceps); the brooding female will probably grab the sam-
pling tool and try to push or pull it out of the egg mass, 
without leaving her den. Cuttlefish and squids abandon 
the freshly spawned eggs after a spawning session, so 
egg samples can be taken easily. For field collections of 
eggs, removing octopus eggs from a deep den may be 
much more difficult than sampling from an aquarium.
When eggs or whole egg masses are found on the beach 
at low tide or after a storm, the (or some) eggs should be 
placed in sea water, at a temperature close to that of the 
natural environment (13-18°C is acceptable for nearly all 
cephalopod embryos in the Mediterranean). Rapid 
changes of temperature, especially from low to high 
temperature, should be avoided. Conditions that are 
similar to beach collecting may be encountered on a 
ship’s deck during sorting of material from a bottom 
trawl catch. No matter where sorting and collecting takes 
place, it is always advisable to have a sea water filled 
bucket ready to stock the eggs until they are taken to an 
aquarium or laboratory.

Introduction

Cephalopod eggs, of inshore species in particular, are of-
ten produced by captive females in aquaria. Eggs may 
also be collected by divers in the field, or they are recov-
ered by beach-combers if egg masses are cast ashore. Fe-
male octopuses are frequently found together with the 
eggs they have produced. In the Mediterranean, female 
octopus brooding their eggs in an old car tire are fairly 
common finds in trawl catches. After a heavy storm even 
pelagic octopods, which are normally off-shore, e.g. Ar-
gonauta argo Linnaeus, 1758 (Biagi, 1978) or Ocythoe tu-
berculata Rafinesque, 1814 (Biagi, 1980), are sometimes 
found on beaches or in harbors. Stranded Argonauta 
brood shells containing eggs may also be recovered 
without the mother animal (Boletzky & Centelles, 1979). 
In Ocythoe (the only ovo-viviparous octopod) eggs re-
main in the oviducts of the mother animal until the 
young hatch; so embryonic stages cannot be studied 
without dissecting the female (Naef, 1923).
Whatever the special situation in which cephalopod eggs 
are collected, the problem that faces an observer is how 
to keep a record of the find allowing subsequent studies 
to be achieved (by himself/herself, or by others) using 
the collected material. This problem is particularly acute 
if the eggs observed are likely to belong to rare or poorly 
known species. There are some pitfalls to be avoided, 
such as the temptation to simply dump a whole egg 
mass into alcohol or formalin – hoping to determine later 
what information can be obtained from the sample.
This note gives some recommendations to observers for 
recording cephalopod eggs and egg masses, elaborating 
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Abstract
Cephalopod eggs can be collected under the most varied circumstances, in the sea, aboard a ship, on a beach, 
or in an aquarium. Unless one is absolutely certain that the material found is well known and thoroughly 
described (including data on seasonal occurrence) in the literature, one should keep a record of the find. This 
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Riassunto
Uova di cefalopodi possono essere raccolte in svariatissime circostanze, nel mare, a bordo di imbarcazioni, 
sulla spiaggia o in acquario. A meno che non si sia assolutamente sicuri che il materiale rinvenuto sia ben noto 
e soddisfacentemente descritto nella letteratura scientifica (dati relativi alla stagionalità di ritrovamento inclusi), 
si dovrebbe documentare il ritrovamento. Questa nota fornisce raccomandazioni sulle modalità di trattamento 
delle uova di cefalopodi, per chi si trovi a raccoglierle e osservarle. Le procedure raccomandate sono suddivisi-
bili in fasi: raccolta di uova e loro immediata protezione; scelta della destinazione (coltivazione o conservazio-
ne) previa documentazione; mantenimento in laboratorio; assegnazione a stadi di sviluppo embrionale.

Key words
Cephalopod, eggs, embryos, collecting, recording.



40

Sigurd v. Boletzky

croscopy (of course, better results are obtained after a 
first fixation in buffered 3.5% glutaraldehyde and post-
fixation in 1% or 2% osmium tetroxide in the same buffer, 
e.g. a 0.2 M phosphate buffer).
An elaborate fixation protocol may thus comprise (e.g. 
daily) series of live observations/recordings and differ-
ent fixation routines, including simple preservation us-
ing 70% ethanol (thus avoiding decalcification of calci-
fied structures, especially statoliths). Ideally each em-
bryo is recorded (with an individual record number) 
before fixation.
A collection of numbered, preserved specimens accom-
panied by photographs and notes (especially on holding 
conditions, cf. below under the chapter “Keeping eggs in 
the laboratory”) will be exploitable by a specialist.

Staging

Sooner or later the question arises: when should the de-
velopmental stage of each embryo be determined? The 
answer is not as straightforward as one might expect. 
Depending on characters used for defining developmen-
tal stages, it will be easier to determine developmental 
stages in live embryos, or after fixation. An excellent 
staging system was worked out by Naef (1928) based on 
surface structures of carefully preserved embryos of var-
ious species. Arnold (1965) defined a special staging sys-
tem for the squid Loligo pealei Lesueur, 1821, illustrated 
with drawings; it essentially subdivides Naef’s blastula 
stage I into 9 stages starting from fertilization to the end 
of blastulation. Arnold’s “hatching stage” thus is stage 
30, rather than 20 (XX) as in Naef’s system. Arnold’s sys-
tem was used for the description, with photographs, of 
the embryonic development of Euprymna scolopes Berry, 
1913 (Arnold et al., 1972). It also formed the basis for sev-
eral other staging systems (see Boletzky, 1987).
Whatever the staging system adopted, one should re-
member what Naef (1928: pp. 89-90) stated for his own 
system: “These stages are chosen for the dibranchiates in 
such a way that the same numbers correspond approxi-
mately to the same developmental stage in different spe-
cies, notwithstanding the existence of heterochronic 
shifts in different parts of the embryos”. Thus, in prac-
tice, one will determine developmental stages by ap-
proximation to a given system, preferably using obser-
vations on both live and preserved embryos. With in-
creasing insight into details of morphogenetic processes, 
one may finish with the necessity to introduce interca-
lary stages (cf. Naef, 1928).
A potential source of confusion is the so-called hatching 
stage (stage XX of Naef, stage 30 of Arnold). This is the 
developmental stage around which hatching generally oc-
curs under natural conditions, even though there seems 
to be no precise physiological or morphological sign post 
or land mark in the embryo to define ‘normal hatching’ 
(Boletzky, 2003). When hatching occurs before the outer 
yolk sac has ‘completely’ disappeared, this can be con-
sidered premature, but at low temperatures (within the 
range of temperature adaptation of the species), hatch-
ing tends to occur much later, i.e. after absorption of not 

Beach collected and trawled egg masses are likely dam-
aged due to mechanical strain, yet embryos (if protected 
by envelopes/capsules) may be undisturbed, but this 
must be carefully checked during subsequent observa-
tions (Boletzky, 1998).

On second thoughts

As soon as live samples are safe, a decision is necessary 
about their future use. Whatever the decision, photo-
graphs or short video footages of whole eggs (with a 
scale bar or any other mark, cf. Fig. 1A) and of individual 
embryos dissected out of their envelopes (using watch-
makers forceps) should be taken – along with recording 
a brief account of time, place, and temperature condi-
tions. If some or all eggs can be kept alive in an aquarium, 
this first record will later permit the assessment of subse-
quent changes in (normally or abnormally) developing 
embryos. For the eggs that are fixed and preserved later, 
the first records of live embryos will provide a basis for 
comparisons of body proportions, including yolk sac di-
mensions (cf. Boletzky, 2002), before and after fixation.
Live observations can also be written down and illus-
trated with some carefully prepared drawings, but time 
constraints and working conditions rarely allow one to 
indulge in this traditional type of recording. Photograph-
ic (and/or video) records offer the next best solution. 
Even simple cameras allow one to record many embry-
onic structures using one ocular tube (having removed 
the ocular!) of a dissecting microscope. Different lighting 
conditions must be used, however, to show as many de-
tails as possible in an embryo. Transmitted light (Fig. 1A 
and C) show many fine details, but depth of focus is lim-
ited. Lateral illumination, especially above a dark back-
ground (Fig. 1B), often represents a compromise if dark 
field illumination (Fig. 1D) is not available.

Combined procedures

Depending on the number of eggs at hand and on the 
time available for live observations and fixation routines, 
the above-mentioned actions can be repeated for many 
days, until hatching of the young. Under optimal condi-
tions (especially with eggs spawned in an aquarium) a 
complete series of embryonic stages, from spawning/
fertilization to hatching, can thus be made available for 
later investigations.
For subsequent histological and/or ultra-structural 
studies, different fixation procedures are required. In all 
instances, embryos should be taken out of their enve-
lopes before fixation. One of the best compromises is 
fixation of embryos in freshly prepared Bouin’s solution 
(15 parts saturated, aqueous picric acid, 5 parts concen-
trated formalin, 1 part acetic acid); specimens preserved 
in this solution (which rapidly looses its acidity) will 
yield good histological preparations (normally speci-
mens fixed in this or any other special solution [for up to 
24 hours] are afterwards preserved in 70-80% ethanol). 
Moreover, after post-fixation in osmium tetroxide, such 
specimens can be metal coated for scanning electron mi-
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Fig. 1. A. Late embryonic stages of Octopus macropus. B. Late embryonic stage of Alloteuthis media. C. Early organogenetic stage (around stage X of 
Naef) of Alloteuthis media. D. Advanced organogenetic stage (around stage XIV of Naef) of Sepia elegans. Scale bar = 1 mm (A-D). Abbreviations: a = 
arm, c = chorion, e = eye, f = fin, m = mantle, oy = outer yolk sac, t = tentacle.

Fig. 1. A. Stadi embrionali avanzati di Octopus macropus. B. Stadio embrionale avanzato di Alloteuthis media. C. Stadio organogenetico precoce (all’in-
circa stadio X di Naef) di Alloteuthis media. D. Stadio organogenetico avanzato (all’incirca stadio XIV di Naef) di Sepia elegans. Scala = 1 mm (A-D). 
Abbreviazioni: a = braccio; c = corion; e = occhio; f = pinna; m = mantello; oy = sacco vitellino esterno; t = tentacolo.
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here, whereas a complete photographic record of the eggs 
of Sepia elegans Blainville, 1827 would indeed demon-
strate the difference between natural condition and 
present ‘preparation’ (cf. Boletzky, 1998: Fig. 3).
Observing live cephalopod embryos is always thrilling, 
and the enthusiasm thus experienced should be utilized 
for the records. There are certainly many more interest-
ing things to be expected during embryological observa-
tions than the act of putting a stage number on a label to 
go into a fixation vial.
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only the outer yolk sac but also a considerable part of the 
inner yolk sac.

Keeping eggs in the laboratory

Squid and cuttlefish embryos surrounded by the chorion, 
or both the chorion and nidamental jelly envelopes can be 
kept in dishes containing clean sea water at temperatures 
not greater than 20°C, if the water is changed regularly (at 
least twice a day). The same is true for octopus eggs, but 
water quality requirements are much higher (sterile sea 
water being the only truly satisfactory medium). If no so-
phisticated culture system is available, isolated octopus 
eggs can be cleaned mechanically with fine brushes, or by 
rolling/robbing them gently between two fingers.
In spite of all the special care one may provide, cephalo-
pod eggs kept under artificial conditions tend to show 
some developmental aberrations. Naef (1928: pp. 330-
331) observed a particularly interesting phenomenon: 
“If embryos of Sepia officinalis [Linnaeus, 1758] at stage 
XVII are carefully removed from their envelopes and 
transferred to clean sea water […] the differentiation of 
the primary lid takes an aberrant route: it conserves and 
even enhances the normally transient function as a lid 
[…]. It was a surprise to me when I found that the nor-
mal modification of the primary lid was skipped even in 
total darkness […]. It is also skipped when embryos re-
main in their chorion after removal of the outer gelati-
nous envelopes; the volume of the chorionic space then 
increases very strongly so that the embryo is virtually 
surrounded by sea water, without being otherwise ex-
posed to a marked alteration of its living conditions”.
In conclusion, only embryos freshly taken from their 
natural ‘source’ can be considered perfectly normal in 
terms of their developmental conditions. Thus, it is par-
ticularly important to mention in a record (observations, 
photography, fixation report) the time elapsed since egg 
sampling (cf. “Combined procedures”).

Concluding remarks

Records should be as objective as possible. The example 
given in Fig. 1 A (embryos of Octopus macropus Risso, 
1826) is instructive; the scale represented by the stamp 
“100” in the bottom of the container (a 100 ml plastic dish) 
is unmistakable, it measures 9 mm from * to *. In contrast, 
the scale bars in Fig. 1 B-D have to be ‘believed’. The two 
embryos on the left in Fig. 1 A are clearly ready to hatch, 
whereas the other three have more or less sizable outer 
yolk sacs (for details see Boletzky et al., 2002). Hatchlings 
prematurely leaving the chorion at that stage may still be 
viable, however, as the outer yolk sac may be dropped. A 
similar stage of Alloteuthis media (Linnaeus, 1758) (Fig. 1 
B) could thus be taken for a prematurely hatched animal, 
but in fact the original (untrimmed!) photograph would 
show the greatly expanded chorion (as in Fig. 1 C, which 
represents an early stage of organogenesis in lateral 
view). That the outer envelopes of the cuttlefish egg were 
removed before Fig. 1 D was taken must be emphasized 
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