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Abstract
Bobtail squids (Cephalopoda: Sepiolidae) are emerging model organisms for a wide range of genetic, anatomical, neuro-
physiological and behavioural studies. However, the knowledge about their behavioural ecology is scarce and derives mainly 
from laboratory-based studies, whereas observations from the wild are rare. Here, we use photo and video footage collected 
through the Cephalopod Citizen Science Project to describe the hunting, burying, mating and spawning behaviour of the 
stout bobtail squid Rossia macrosoma (Delle Chiaje, 1830) from Scottish waters. Based on our long-term observations, we 
were able to determine a spawning period from August to November based on different behavioural traits for this species. 
Furthermore, we observed R. macrosoma to be able to adhere a sand grain layer (‘sand coat’) to its dorsal mantle. This 
behavioural feature has only been reported for two genera of the sepiolid subfamily Sepiolinae so far, and therefore repre-
sents the first of this kind for the subfamily Rossiinae. Lastly, we identified a local sea urchin species as an active predator 
of egg batches of R. macrosoma and discussed the cryptic egg laying behaviour of this bobtail squid species in terms of its 
protective traits to avoid egg predation.
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Introduction

Sepiolid cephalopods, commonly known as bobtail squids, 
occur circumglobally in tropical, temperate and polar 
waters. While members of the subfamily Heteroteuthi-
nae exhibit an oceanic or pelagic lifestyle, the other two 
subfamilies Sepiolinae and Rossiinae can be considered 
predominantly benthic and are reported to inhabit the con-
tinental slope from intertidal waters to depths of more than 
1600 m (Reid and Jereb 2005). Members of the latter two 

subfamilies have been reared and investigated in laboratory 
settings over the last few decades (e.g. Boletzky et al. 1971; 
Hanlon et al. 1997), and some of these species are now 
emerging model organisms for a range of biological studies 
(McAnulty and Nyholm 2017; Belcaid et al. 2019). Despite 
the strong interest in using these small-sized cephalopods 
for genetic (e.g. Belcaid et al. 2019), anatomical (e.g. Kerbl 
et al. 2013), neurophysiological (e.g. Howard et al. 2019) 
or behavioural studies (e.g. Drerup et al. 2020), the knowl-
edge of their lifestyle and behavioural repertoires is still 
scarce. Most observations derive from less than 10 of the 
roughly 70 extant species and are commonly obtained from 
captive animals in the lab, whereas publications of wild 
bobtail squid behaviour are rare (Shimek 1983; Ander-
son 1987; Anderson and Mather 1996). However, under-
standing the behavioural ecology of bobtail squids is of 
great value as a reference for research studies, especially 
for those in which their behaviour will be experimentally 
manipulated. Moreover, a better comprehension of the 
behaviour of cephalopods is vital to establish good wel-
fare practise when holding them in captive environments 
(Cooke et al. 2019; Ponte et al. 2019).
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As with all species of the subfamily Rossiinae, the stout 
bobtail squid Rossia macrosoma (Delle Chiaje, 1830) is 
associated with colder waters down to a depth of approxi-
mately 900 m. Its distribution ranges from the Greenland 
Sea to the coast of Norway, the North Sea, the European 
and North-African Atlantic coastline and most parts of the 
Mediterranean Sea (Reid and Jereb 2005). This species has 
been examined in some detail in terms of its developmental 
biology (Boletzky and Boletzky 1973), anatomy and mor-
phology (Jensen and Tjønneland 1977; Hou and Maxwell 
1992; Wild et al. 2015) as well as its population ecology 
and reproductive systems (Rosa et al. 2006; Laptikhovsky 
et al. 2008; Salman and Önsoy 2010; Akalin et al. 2016). 
Its behavioural ecology, however, has only been sparsely 
investigated (Racovitza 1894; Mangold-Wirz 1963).

Materials and methods

Here, we report field observations of R. macrosoma from 
Scottish waters and compare those findings with existing 
reports from laboratory-based studies. All presented obser-
vations of R. macrosoma were collected through The Ceph-
alopod Citizen Science Project (https:// www. cepha lopod 
citiz ensci ence. com/), both pro- and retroactively. Video 
and photo material was obtained from SCUBA divers in 
different locations in Scottish waters, namely Loch Broom 
(57° 51′ 22.1″ N, 5° 05′ 52.2″ W), Loch Ewe (57° 48′ 49.5″ 
N, 5° 37′ 30.9″ W), Loch Carron (57° 22′ 52.6″ N, 5° 29′ 
50.8″ W), Loch Duich (57° 14′ 31.7″ N, 5° 28′ 27.9″ W) and 
Loch Linnhe (56° 37′ 56.9″ N, 5° 22′ 15.5″ W) (Fig. 1). All 
footage used in this study was obtained during daytime in 
depths between 9 and 30 m. The water temperature showed 
no spatial variation in between the lochs but ranged from 8 
in January to 13 °C in September and October. The obser-
vations analysed for this study span from March 2011 until 
January 2021. Encountered individuals were identified as 
R. macrosoma by assessing morphological characteristics 
following Bello (1995) and Reid and Jereb (2005).

Results and discussion

A total of 7 hunting events were observed for R. macrosoma, 
all targeted at caridean shrimp species. Hunting attempts 
followed the common sequence for other bobtail squids 
and cuttlefish, namely attention, positioning and seizure 
(Messenger 1968). After visually noticing a shrimp, the 
observed individuals of R. macrosoma pointed their arms 
towards it while forming an elongated cone with the tips 
of the tentacles protruding from it (Fig. 2a). After slowly 
approaching the prey and reaching the desired attack dis-
tance (roughly one mantle length), the tentacles would 

shoot at the prey along with simultaneous lateral flinging of 
their arms (Fig. 2b). These observations follow the general 
hunting behaviour described for Rossia pacifica (Brocco, 
1971) and other bobtail squids (e.g. Boletzky et al. 1971; 
Bergström 1985; Drerup et al. 2020). Of the 7 observed 
hunting events, the shrimp were caught three times by their 
carapax, whereas on the remaining 4 occasions, the bobtail 
squid missed the prey due to its rapid escape movements. If 
successfully seized, the prey was then pulled back into the 
buccal area of the bobtail squid (Fig. 2c), wrapped by the 
arms and subsequently moved for ingestion which occurred 
while resting on or hovering close to the bottom (Fig. 2d). 
All observed individuals maintained their dark body col-
ouration throughout the entire hunting procedure. This is 
contrary to most other bobtail squids which either blanch 
(Brocco 1971; Bergström 1985) or exhibit a variety of col-
our patterns during hunting (Moynihan 1983; Mauris 1989).

While burying is a common feature for species of the 
subfamily Sepiolinae (Boletzky and Boletzky 1970; Rodri-
gues et al. 2010; Drerup et al. 2020), there is some debate 
about this behavioural aspect for species of the subfamily 
Rossiinae. While Summers and Colvin (1989) and Ander-
son et al. (2004) observed R. pacifica to bury in different 
sediment types, no such behaviour has been detected for the 
same species by Brocco (1971). According to Boletzky and 
Boletzky (1973), captive R. macrosoma rarely show burying 
activity and rather seek shelter under bivalve shells. From 

Fig. 1  Map of Scotland (excluding Orkney, Shetland, North Rona and 
Sula Sgeir) containing the survey sites of the present study, namely 
(1) Loch Broom, (2) Loch Ewe, (3) Loch Carron, (4) Loch Duich, (5) 
Loch Linnhe
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our observations, we can conclude that wild R. macrosoma 
both seek shelter in crevasses or under rocks and coral arms, 
as well as bury in the sediment (Fig. 3a, Supplementary 
Material Fig. S1). The burying sequence follows the com-
mon two-phased pattern described for R. pacifica (Ander-
son et al., 2004) and bobtail squid species of the subfamily 
Sepiolinae (Boletzky and Boletzky 1970; Anderson et al. 
2002; Rodrigues et al. 2010; Drerup et al. 2020). In phase 
1, the observed individuals created a depression in the 
sediment by tilting their bodies slightly forward and eject-
ing a forward-directed funnel jet, followed by a stronger, 
backward-directed funnel jet to swirl up sediment. Further 
alternating forward- and backward-directed funnel jets were 
performed to disperse more sediment in the water column 

and increase the depth of the depression. During this pro-
cess, the sepiolids immersed their body in the depression, 
whereas their dorsal body half got covered by the descending 
sediment particles. In the subsequent second phase, the dor-
solateral arm pair was raised and sediment from the vicinity 
of the sepiolids was gathered by synchronous sweeping arm 
movements.

Occasionally, individuals of R. macrosoma emerging 
from the sediment were observed to keep their dorsal body 
site covered with a layer of sediment particles (Fig. 3). This 
so-called sand coat (sensu Singley 1982) has so far only 
been observed in two genera of the subfamily Sepiolinae 
(e.g. Singley 1982, 1983; Shears 1988; Nabhitabhata et al. 
2005; Drerup et al. 2020). Therefore, our observations 

Fig. 2  Hunting behaviour in Rossia macrosoma; a Approach towards 
prey (caridean shrimp, marked by red circle) with arms formed to 
an elongated cone and the tips of the tentacles slightly protruding; b 
Seizure of prey by shooting the tentacles while simultaneously fling-

ing the arms open; c Retraction of successfully captured prey into the 
buccal area of R. macrosoma; d Wrapping of prey item with the arms 
and positioning it for subsequent ingestion; a–d All photos taken as 
still images from video material captured by Andy Jackson

Fig. 3  Sand coating behaviour in Rossia macrosoma; a Buried indi-
vidual, with the eyes (left eye indicated by arrow) uncovered; b–c 
The same individual wearing a layer of sediment particles (‘sand 

coat’) b immediately after emerging from the sediment as well as c 
after moving to a sheltering overhang. a–c All photos taken by Mark 
Skea
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represent the first of this kind for the subfamily Rossiinae. 
In the subfamily Sepiolinae, these sand coats adhere due 
to the secretions of two different gland types in the dorsal 
epidermis (von Byern et al. 2017) and are presumably used 
as cryptic camouflage (Singley 1982; Shears 1988). While 
the purpose of this behavioural feature is probably the same 
in R. macrosoma, the exact nature of how the sediment 
adheres to, and is released from the sepiolid’s body, needs 
to be addressed in future studies.

One mating event was observed for R. macrosoma in July 
2020. As the copulation started before the approach of the 
divers and continued beyond the end of recording (total length 
5:28 min), the total duration of this event cannot be stated. 
Nevertheless, mating occurred in the ‘male-to-female neck’ 
position, and the couple remained moderately motionless on 
the sediment for the length of recording (Fig. 4a–b). There-
fore, the mating behaviour of wild R. macrosoma is similar 
to that of captive individuals of this species (Racovitza 1894; 
Mangold-Wirz 1963), as well as to R. pacifica (Brocco 1971) 
and most species of the subfamily Sepiolinae (Nabhitabhata 
et al. 2005; Rodrigues et al. 2009; Squires et al. 2013).

In the genera Euprymna, Sepietta and Sepiola, the male 
transfers spermatophores to the female’s bursa copulatrix 

Fig. 4  Mating behaviour in 
Rossia macrosoma; a–b Mating 
couple, with the male hold-
ing the female in the ‘male-
to-female neck’ position; 
c–f Female individuals with 
spermatangia attached c cen-
trally on the head (red circle); 
d close to the opening of the 
oviduct (red circle), and e to 
their dorsal head-mantle region 
(red rectangle), with f being a 
close-up of the highlighted area; 
a–f All photos taken by Mark 
Skea (a–b as still images from 
video material)
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Fig. 5  Occurrence rates of reported individuals of R. macrosoma in 
West Scottish waters. Presented are the occurrence rates from the pre-
sent study (obtained through the Cephalopod Citizen Science Project) 
as well as from the data sets of the Joint Nature Conservation Com-
mittee (2018) and Seasearch (2020)
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(summarised in Hoving et al. 2008), a pouch-like structure in 
the mantle cavity close to the genital opening that can store 
spermatophores for up to 145 days (Squires et al. 2014). In 
the subfamily Rossiinae, however, males have been reported 
to implant several spermatangia either to the females’ body 
and mantle tissue or a ridged area near the opening of the 
oviduct on the left side of their body (Zumholz and Frandsen 
2006; Cuccu et al. 2007; Hoving et al. 2009). This behav-
iour has recently also been shown in R. macrosoma by Aka-
lin et al. (2016). Our findings can confirm spermatophore 
implantation in this species as on four occasions between 
July and November 2020 we observed female R. macrosoma 

with spermatangia attached centrally on the head, along their 
dorsal head-mantle region, or close to the opening of the 
oviduct on the left body side (Fig. 4c-f).

While the spawning period of R. macrosoma in the Medi-
terranean Sea presumably extends from March to November 
(Mangold-Wirz 1963), our long-term observations indicate 
a spawning period in West Scottish waters between August 
and November. Although our proposed spawning period is 
solely based on observations from SCUBA divers rather than 
an analysis of the sepiolids internal reproductive organs, it 
follows the general idea that R. macrosoma prefers deeper 
waters but seasonally migrates to shallower habitats (e.g. our 

Fig. 6  Spawning behaviour of Rossia macrosoma; a–c Sequence 
of spawning event; a After spawning one egg (marked with arrow) 
onto an already existing egg batch, the female rests in preparation for 
the next egg; b The female clings with its arms to the substrate and 
spawns another egg; c New resting period. The previously spawned 
egg is indicated with an arrow; d Batch of freshly spawned eggs 

attached to a batch of older eggs; e–f Presence of the sea urchin Echi-
nus esculentus at different egg batches of R. macrosoma; g Upside-
down sea urchin predating on eggs; h Individual showing signs of 
senescence on its dorsal mantle; a–d, f–h Photos taken by Mark Skea 
(a–c as still images from video material); e Photo taken by Chris 
Rickard
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surveyed lochs in West Scotland with individuals frequently 
encountered between 9 and 30 m) to mate and spawn (Reid 
and Jereb 2005). This is further supported by approximately 
95% of R. macrosoma individuals reported in this study 
that were encountered between June and November (with a 
prominent peak in September and October) (Fig. 5), despite 
year-round diving surveys in West Scottish waters. Similar 
occurrence rates (90 and 82%, respectively) of R. macrosoma 
in these waters for the same timeframe can be calculated from 
the data sets provided by the Joint Nature Conservation Com-
mittee (2018) and Seasearch (2020). Taking all three data 
sets into account, we can state for R. macrosoma an occur-
rence rate of 92% in West Scottish waters between June and 
November (Fig. 5).

During spawning, females were observed to cling to the 
chosen substrate with their arms (Fig. 6b) but de-attached 
themselves periodically to rest in front of the egg batches 
(Fig. 6a, c). Freshly laid eggs were soft and black in col-
our but became to some extent rigid and blue over time 
(Fig. 6a–d). All observed egg batches consisted of several 
layers of eggs (Fig. 6a, c–f), as commonly observed in R. 
macrosoma (Racovitza, 1894; Boletzky & Boletzky, 1973), 
R. pacifica (Summers & Colvin, 1989; Anderson & Shimek, 
1994) and some other bobtail squid species (Nabhitabhata 
et al. 2005; Rodrigues et al. 2011). Our findings show that 
females frequently deposit their eggs on already existing 
egg batches (Fig. 6a–d). As R. macrosoma is an intermit-
tent spawner (Salman and Önsoy 2010), like other sepiolin 
species (e.g. Gabel-Deickert 1995; Bello and Deickert 2003; 
Salman and Önsoy 2010; Salman 2011), it is possible that 
females return to a previous egg batch to continue spawning. 
However, it was not possible to determine if, in our obser-
vations, already existing egg batches were laid by the same 
female or derived from a conspecific.

Egg masses of R. macrosoma were commonly found 
in rock crevices or below overhangs (Fig. 6a–f). Bobtail 
squids commonly attach their eggs in cryptic places (e.g. 
Singley 1983; Summers and Colvin 1989; Drerup et al. 
2020), presumably to avoid detection by predators. While 
we agree with this premise, we suggest that these narrow 
crevices are also chosen to physically prevent predators 
from reaching the eggs. This assertion is supported by 
the presence of sea urchins, presumably Echinus escu-
lentus, along crevices containing eggs of R. macrosoma 
(Fig. 6e–g). Although most sea urchins are considered 
herbivorous, some species exhibit an omnivorous or even 
carnivorous diet (Baumiller 2008; Crook and Davoren 
2016), and three species have been shown to prey upon 
cephalopods eggs (Martins et al. 2018). While in narrow 
crevices these predators are restrained from getting to sepi-
olids eggs due to their physical size, we have evidence that 
if the eggs are accessible, they will be preyed upon by sea 
urchins (Fig. 6g).

As with most cephalopod species, bobtail squids die 
shortly after their spawning period, and spent individuals 
can easily be identified by signs of senescence on their body 
(Roumbedakis and Guerra 2019). We observed individu-
als of R. macrosoma with clear indications of senescence 
(Fig. 6h) from August to December. These observations 
therefore support our estimated spawning period of R. mac-
rosoma from approximately August to November.

In conclusion, the behavioural ecology of wild R. mac-
rosoma matches observations of captive individuals of this 
and other species of the genus Rossia. Our study presents the 
first field observations of R. macrosoma outside the Mediter-
ranean Sea and has revealed a so far unobserved behavioural 
feature for this genus, the ability to adhere a sand coat to its 
dorsal epidermis. This observation in particular promotes 
the need for additional studies on both wild and captive 
bobtail squids to understand their behavioural repertoires in 
detail. Considering bobtail squids as emerging model organ-
isms, further laboratory studies on their behavioural ecology 
are likely to be published over the next few years. However, 
as field research is often expensive and time-consuming, 
our study has shown that citizen science is a valuable and 
cost-effective tool to obtain qualitative observations of wild 
cephalopod behaviour.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12526- 021- 01202-y.
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