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The genus Nautilus, of the cephalopod family Nautilidae, is commonly described as a living fossil
and found to only inhabit the deep coral reef slopes of the Indo-Pacific. A Nautilus pompilius was
sighted in February 2019 floating on the surface of Gili Air Harbour, Lombok, Indonesia, where
there are no official records of previous sightings, either underwater or on the surface. The Gili
Shark Conservation team aimed to determine possible cause of death and understand more about
the how and why of its discovery in the Gili Matra Marine Recreational Reserve. There were three
main findings from this study: the Nautilus was an Adult female carrying eggs within its stomach;
there was no physical internal trauma to explain cause of death and there was extensive damage to
its shell. This study reveals new insight into the reproductive strategy of the Nautilus pompilius and
the possible inhabitants of this species within the Lombok strait.

Background to Nautilus
The genus Nautilus, of the cephalopod family Nautilidae, is commonly described as a living fossil
that is known from the fossil record to have existed for more than 500 million years (Douglas Ward,
1987). Its distribution is predominantly limited to deep-water tropical habitats such as the steep coral
drop offs of the Indo-Pacific (Saunders, Greenfest-Allen and D. Ward, 2017). The depths Nautiluses
most commonly inhabit range from between 100m (300ft) and 800m (2600ft) as implosion death is
thought to occur around this depth (Dunstan, D. Ward and Marshall, 2011). There have been
exceptions where Nautiluses have been sighted at depths as shallow as 5m (15ft) in New Caledonia,
the Loyalty Islands and Vanuatu exclusively (Dunstan, D. Ward and Marshall, 2011). During the day,
Nautiluses prefer deeper, low light waters and frequent shallower depths at night, avoiding water
temperatures above 25ºC (Dunstan, D. Ward and Marshall, 2011). Interestingly, a previous article
published in Nature observed vertical migrations of up to 200m per day to be common for their
studied Nautilus population (Ward et al., 1984).
Due to the late sexual maturity (12-15 years) (J. Dunstan, D. Ward and Marshall, 2010), long
gestation period (10-12 years) (Dunstan, Bradshaw and Marshall, 1996), long life span (20+ years) (J.
Dunstan, D. Ward and Marshall, 2010) and low fecundity (10-20 eggs per year) (Dunstan, Bradshaw
and Marshall, 1996), Nautiluses are extremely vulnerable to pressures from the shell trade in the
Philippines and the large-scale trading in shells currently active in Indonesia (Saunders, GreenfestAllen and D. Ward, 2017). Without sufficient efforts to minimise the international trade of these
living fossils, populations will deplete to dangerously low levels and could possibly lead to their
extinction.
Since the Nautilus was extensively described by Saunders & Landman (1987) (Saunders and
Landman, 1987), various elements of its characteristics have been further examined (Sasaki, 2010).
Previous studies carried out from Palau, Papa New Guinea, New Caledonia, Fiji and Australia have
investigated the growth rate (J. Dunstan, D. Ward and Marshall, 2010), time to maturity (Landman
and Cochran, 2010), fertility (Driessen, Awai and Carlson, 1990) and life span (SAUNDERS, 1984)
of a wide range of unknown populations of Nautiluses in both captivity and in the wild.
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A dead Nautilus pompilius was found by Gili Shark Conservation on the morning of the 15 February
2019, floating on the surface of Gili Air Harbour in Lombok, Indonesia. The Nautilus shell appeared
to have been damaged by coming into contact with a boat hull; however, it remained mostly intact
(Figure 1D). The rarity of this discovery has raised questions as to why it would have migrated so
close to the surface when its distribution is described to be restricted to deep-water tropical habitats of
the Indo-Pacific. The remains of the Nautilus were taken to shore and dissected for the purpose of
investigating possible causes of death or propose an explanation to why it might have migrated to
such shallow depths. Its organs were examined for any anomalies and the stomach contents were
looked at for the likelihood that plastic fragments might have been ingested.

Discovery of Nautilus
On the way back from a morning research dive, the Gili Shark Conservation boat captain spotted a
shell floating on the surface which was quickly identified as a Nautilus. It was upright, which
indicated that it was still alive. The GPS coordinates of where the Nautilus was sighted are
S08.3642685, E116.0832499, a reef area in the harbour with a maximum depth of 20m. On that
particular morning, the team experienced a mild current pulling in a southerly direction, calm
conditions on the surface and a sea surface temperature of 30ºC.
The Nautilus was carefully brought onto the boat by hand and placed in the shade to prevent any
further damage by the hot sun. It was out of the water for a total of 3 minutes while the boat was
moored to the beach. As the Nautilus was walked on to land, it appeared to die and separate from its
shell. To prevent the onset of decomposition, the body was placed on ice until the exploratory
dissection was carried out in the lab that same day.

Measurements of Nautilus
Pictures of the Nautilus’s shell were taken from above, underneath and laterally from both sides. A
stanley knife and a ruler were used as a scale for size measurements for the body and shell (figure 1).
The length of the Nautilus body was 18cm (figure 1A) and the shell measured 20cm in length, with a
width of 11.5cm (figures 1B and 1E).
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Figure 1: Illustrates scaled images of the Nautilus body and shell. A. Lateral view of the right side of body. B.
Length of shell. C. Height of shell. D. Lateral view of left side of shell displaying damage to shell. E. Width of
the underside of the shell. F. Width of the top section of the shell.

Dissection of the Nautilus
Using a scalpel, an incision along the outer protective membrane was made in order to expose all
internal organs of the Nautilus. They were laid out and observed for any anomalies or damage that
could have explained the cause of death or the surfacing of the Nautilus. Sasaki, T et al; 2010 was
used to correctly identify the individual organs being investigated. Pictures of the intact organs were
taken as shown on (figures 2A and B). Visually, all organs appeared to be normal and healthy,
showing no signs of injury or disease. To determine if the Nautilus had ingested anything hazardous, a
second incision with a scalpel was made to the stomach wall. The stomach contents were separated
and examined (figure 2C). Small structures which appear to be Nautilus eggs were found within the
stomach; however, there was no evidence of a recently ingested meal. No plastic fragments were
observed among the eggs.
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Figure 1: Images taken from the dissection of the Nautilus. A. Left lateral view of organs. B. Right lateral view
of organs. C. Stomach contents.

Discussion
On account of the rarity of Nautilus sightings worldwide, the Gili Shark Conservation team took the
opportunity to investigate the possible reasons for its appearance at the surface when their normal
habitat is well documented to be mostly restricted to extremely deep-water reefs. The Nautilus was of
adult size (20cm in length) and thought to be female from the eggs found in the stomach during the
dissection. Previously published findings have established that Nautiluses experience late sexual
maturity, around the age of 12-15 years old (reference). The evidence of eggs strongly suggests that
the Nautilus must have reached sexual maturity and thus being older than 12 years of age.
Extensive research has shown that Nautiluses prefer to inhabit deeper, cooler waters to a depth of
800m. The Gili Matra Marine Recreational Reserve (GMMRR) is mostly comprised of shallow coral
reefs and canyons, with a maximum recorded depth of around 200 metres, located west of Gili
Trawangan. This raises the question as to why a Nautilus would migrate to the Gili Islands. Days
prior to this sighting, scuba divers reported cooler currents around the GMMRR, ranging from 23ºC to
25ºC. This elusive cephalopod generally avoids temperatures above 25ºC and therefore the Nautilus
could have migrated to the shallower reefs with the cold currents where it was at a greater risk of
predation and human intervention.
Long line fishing is a common method used around Lombok, which reaches depths over 100 metres.
It is possible that the Nautilus was a victim of by catch from one of the 1000 hooks set to catch other
species. When brought to the surface, the fisherman could have released it back to the ocean as it is a
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protected species in Indonesia; and, if the Nautilus remained on the surface for any length of time, it
could have been hit by a moving boat which would explain the damage to the shell.
The lack of food contents in the stomach suggests that the Nautilus had not eaten recently. Without a
proper food supply, it could have been suffering from starvation and lost its buoyancy capacity, which
may have led it to unintentionally surfacing from the deep, cooler waters. Furthermore, if it had
become victim to long line fishing, it potentially was not able to feed due to being hooked and when
released back into the ocean it did not have sufficient energy to dive back to its preferred depths.
The Lombok strait is known to experience upwelling which could have disorientated the Nautilus and
led it to migrate to shallower depths where it became increasingly vulnerable to fishing by catch and
coming into contact with the high boat traffic around the Gili islands and Lombok.
Another possible explanation for this discovery may be associated to a predatory attack. Nautilus is
known to migrate into shallower waters during the night in search for food, making it increasingly
susceptible to its predators inhabiting shallow reefs. Natural predators of the Nautilus include sharks,
octopus, teleost fish such as the trigger fish, grouper and snapper, which are all commonly found in
the GMMRR. For this reason, it may account for the location of the Nautilus sighting and the damage
to its shell. Additionally, an injury inflicted by a predator could have also caused the loss of buoyancy
control and disorientation to the Nautilus, possibly justifying for its appearance at the surface of Gili
Air harbour and the lack of food in its stomach from lacking the ability to pursue its prey due to
impairment.

Conclusion
As previous research has demonstrated, Nautilus is currently only known to inhabit the deep slopes
of coral reefs in the Indo-pacific region. However, there is no record of a resident Nautilus population
around the Gili Islands. This sighting reveals the potential for a new discovery of a Nautilus habitat in
the Indonesian region. There is no published evidence describing how Nautilus laid their eggs in the
wild. The discovery of eggs inside the Nautilus’s stomach provides valuable insight into a likely
delivery method of its eggs. Nonetheless, it is important not to disregard the possibility that this
individual ingested the eggs.
The cephalopod, Nautilus, is a living fossil and an elusive species that is presently poorly understood.
Further study of their behaviour in the wild is required; however, due to their habitual depths, it puts
them beyond the human diving limits. This discovery reiterates the importance of deep sea
exploration and the new insights it may uncover.
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