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a b s t r a c t
Baseline capture and mark-and-release studies of Nautilus pompilius conducted at Osprey Reef, Coral Sea,
Australia reveal that this unexploited population is stable from a catch per unit effort (CPUE) basis over
12 years. In contrast, data from a detailed interview questionnaire of N. pompilius ﬁshers and traders
in Palawan, Philippines highlight a ﬁshery that is unsustainable. The results from the Philippines show
up to 80% declines in reported CPUE from 1980 to the present, fewer than three Nautilus generations,
which can be attributed to ﬁshing pressure. This is evidence for N. pompilius (and by ecological association,
other Nautilus species) to be assessed as ‘endangered’ in the IUCN (International Union for Conservation of
Nature) Red List. Questionnaire responses suggested there is no cultural or historical relevance of Nautilus
ﬁshing to local communities and the ﬁshery only provides approximately 10–20 years of economic return
before becoming non-viable. Identiﬁcation of new Nautilus ﬁshing sites and training of locals by buyers
from distant depleted ﬁshing areas illustrate how the value and demand for Nautilus shells generates
ﬁshing pressure.
© 2010 Elsevier B.V. All rights reserved.

1. Introduction
This paper investigates the changes in catch per unit effort
in Nautilus ﬁshery regions in comparison to an unexploited Nautilus population. Aspects of local culture related to the ﬁshery as
well as life history and ecology of Nautilus are incorporated to
identify future conservation requirements to ensure long term
survival of Nautilus populations. Nautiloids and their extinct predecessors have been a feature of the earth’s oceans for over 500
million years and survived almost unchanged through ﬁve major
mass extinction events (Hanlon and Messenger, 1996; Strugnell
and Lindgren, 2007; Ward, 1980). Now only two to ﬁve species
of Nautilus (taxonomy remains uncertain) (Bonnaud et al., 2004;
Saunders, 1981b; Saunders and Landman, 2010; Sinclair et al.,
2007; Wray et al., 1995) and one separate genus, Allonautilus (Ward
and Saunders, 1997) represent the nautiloids in a distribution
restricted to deep-water tropical habitats of the Indo-Paciﬁc. Their
k-selected life history traits of low fecundity, late maturity and
long life span (Cochran et al., 1981; Saunders, 1983; Shigeno et
al., 2008; Uchiyama and Tanabe, 1996; Westermann et al., 2004)
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lead to the vulnerability of Nautilus to overﬁshing, which is a major
threat to their continued survival. They are facing similar threats to
other k-selected iconic species targeted by ﬁshing, including many
shark species, maori wrasse and sea turtles whose numbers have
seriously declined (Wilkinson, 2008).
At present, Nautilus pompilius and other Nautilus species are not
included within the IUCN Red List (IUCN, 2009). Population demographics are poorly known and sustainable ﬁshing levels have not
been addressed in the Nautilus ﬁsheries of the Indo-Paciﬁc. There
is a strong argument that demand from the ornamental shell trade
worldwide and restricted habitat preferences are contributing to
their rapid decline. This paper documents overﬁshing and related
changes to Nautilus populations in the Philippines as compared to
an unexploited population in at Osprey Reef, Coral Sea, Australia.
2. Materials and methods
2.1. N. pompilius population study – Osprey Reef, Coral Sea,
Australia
Baseline capture, mark and release studies of N. pompilius
conducted at Osprey Reef examine the stability and CPUE of
an unexploited population over 12 years. A barrel shaped trap
(90 cm × 77 cm) constructed from wire mesh (7.5 cm × 9 cm mesh
size), baited with chicken and set to 300 m depth, was used to
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Table 1
Nautilus trapping, captures and recaptures at Osprey Reef.
Year

# samples

Captures

# recaptures
Mean

Median

SEM

1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008

11
19
36
50
59
44
45
33
53
24
27
16

Total
38
122
249
234
426
241
174
276
350
200
264
99

3.5
6.4
6.9
4.7
7.2
5.5
3.9
8.4
6.6
8.3
9.8
6.2

1.0
3.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
5.0
5.5

1.04
1.47
1.15
0.66
0.94
0.83
0.58
1.46
0.91
1.70
1.88
1.55

1
2
17
22
39
43
27
22
37
9
20
13

Total

417

2673

6.4

5.0

0.31

252

trap Nautilus. Sampling was conducted between 1997 and 2006
throughout the year (with the exception of February only having one sample) with a total of 417 traps set and retrieved
(Tables 1 and 2). Sample sites were around the entire circumference of Osprey Reef but with 92% of sampling undertaken at the
Entrance site (Fig. 1). Traps were deployed for 12 h; set at dusk and
retrieved vertically at dawn at 15 m/min with Nautilus immediately
placed in a dedicated, dark refrigerated tank to contain the animals
during the tagging process at temperatures between 16 and 19 ◦ C.
All Nautilus individuals were engraved on the shell with a unique
tag number, photographed, measured for diameter and aperture
width, and maturity and sex were recorded. Recaptured animals
were re-photographed, measured and sexed before release. Tags
were always visible but identity of each recapture was checked
during later analysis using the unique ‘ﬁngerprint’ of each individ-

ual shell pattern (Fig. 2). To reduce the chance of predation by visual
predators upon release, Nautilus were kept on board for 13 h prior
to release after dark. Animals were checked for neutral buoyancy
and normal swimming and descent behaviour during release by
scuba at 30 m at the capture location.
2.2. Nautilus ﬁshery study – Philippines
A 30-point questionnaire was conducted with 26 ﬁshers and
7 shell buyers from the nine main Nautilus ﬁshing locations in
Palawan (Fig. 3). The survey addresses the history and cultural relevance of Nautilus ﬁshing in the Philippines, trade demand, and local
Nautilus ﬁshery revenue as well as ﬁshing methods and changes in

Fig. 2. Nautilus #274 is shown with initial capture image overlaid with ﬁnal capture
image to calculate circumference increase and growth rate.

Fig. 1. Osprey Reef Nautilus sampling sites.

Table 2
Capture and recapture data from Osprey Reef sampling sites.
Location

Distance from
entrance (nm)

# samples

# captures

# recaptures

% recaptures

Entrance
False entrance
West wall
Castles
North Horn
Pavona
Osprey east wall
Rapid Horn
SE corner

0
1
2.1
2.5
5.3
4.3
8.3
12
18

382
5
1
13
3
6
1
2
4

2466
17
7
69
9
60
11
8
26

226
3
1
7
3
8
2
0
2

9.2
17.6
14.3
10.1
33.3
13.3
18.2
0.0
7.7

417

2673

252

9.4

Total
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Fig. 3. Nautilus ﬁshing locations in the Philippines as identiﬁed by study respondents including ‘crashed ﬁsheries at Tawi Tawi (1), Cayangacillo (2) and Tanon Straits/Cebu
(3). Inset shows the Palawan region and the locations of Nautilus ﬁsheries and interviews with ﬁshers and traders.

catch per unit effort (CPUE). Identities of ﬁshers remain conﬁdential. The recruitment of a local research assistant with contacts and
relationships in the Palawan community and extensive local coastal
and marine knowledge allowed access to, and cooperation from, the
Nautilus ﬁshing communities. Mark and recapture studies would
greatly beneﬁt this dataset but logistics and funding precluded this
at the time of publication.
Economic and cultural relevance to the community were considered a vital component of the study to ensure future management
plans are sensitive to the needs of the local people.
Questions (see Table 3) addressed ﬁve main areas of interest:
•
•
•
•
•

history of Nautilus ﬁshing in the area
ﬁshing methods
changes in catch per unit (CPU) effort
cultural relevance of Nautilus to the community
trade demand levels and origin and Nautilus prices paid to ﬁshers

Research was conducted under permit from the Australian Fisheries Management Authority and with ethics approval from the
University of Queensland Animal Ethics Committee.

Catch per unit effort (CPUE) was derived as
CPUE = daily catch rate/# traps.
Total catch rates were derived as:
Total annual catch = daily catch rate
× estimated number of ﬁshing days per year
Data from three sites in Quezon – Caramay, Narra and Quezon
two sites in North Palawan – Roxas and Rizal and two sites in Central
Palawan – Binduyan and Tinitian are combined due to their close
proximity (Fig. 3) and lack of data to analyse each as separate sites.
Income from Nautilus ﬁshing was derived from an average price
of $2 USD per shell at current exchange rates. Current catch rate
and ﬁshing effort were used to derive total catch and total income.
Statistical analysis of CPUE changes over time for both the
Osprey Reef and Philippines Nautilus populations was conducted
using R package (R Development Core Team, 2009). Osprey Reef
CPUE data was investigated for change over time using regression analysis. Philippines CPUE data were analysed using one
way ANOVA comparing CPUE at start of ﬁshing and ﬁnal ﬁsh-
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Table 3
Questionnaire survey of Nautilus ﬁshers and traders of Palawan.
Questions

Total #
responses

1. Do you trap especially for nautilus?
2. When did you start ﬁshing for nautilus
3. When did you stop ﬁshing for nautilus
4. What are your trapping methods, bait used?
5. How many nautiluses would you catch at a
time?
6. How many times a month would you go out
to trap nautilus?
7. Do you do this whole year long? Or is there a
special season for trapping?
8. How many traps are used?
9. Are they harder to catch now?
10. Catch rate at ﬁrst?
11. Catch rate now?
12. Do you think that if you go on catching
them they will soon disappear?
13. When did the demand for nautilus start?
And has it increased?
14. Are the nautilus shells valuable?
15. To whom do you sell them?
16. Were they valuable to your culture before
you started selling them?
17. Do ever eat them?
18. How did you learn this?
19. Do you know other people in other areas
doing this?
20. What is the history of nautilus prices to
ﬁshers
21. Is Nautilus ﬁshing important to you

27
24
24
26
22
23
22
26
26
12
20
21
26
11
25
10
15
26
24
15
26

ing CPUE. One way ANOVA was also performed to compare
key ﬁshery sites of mainland Palawan and the separate Balabac
region.
Methods used to integrate data within IUCN redlist requirements relate to calculation of Nautilus generation time and
population size reduction. Generation time was calculated as the
time taken for most (>50%) individuals to reach maximum reproductive output (IUCN, 2008). Population size reduction is estimated
from the Philippines data for regional levels of decline according to
IUCN principles for vulnerable species A4(d); “An observed, estimated, inferred, projected or suspected population size reduction

of ≥50% over any 10-year or three generation period, whichever
is longer (up to a maximum of 100 years in the future), where
the time period must include both the past and the future, and
where the reduction or its causes may not have ceased” (IUCN,
2001).
3. Results
3.1. N. pompilius population study – Osprey Reef, Coral Sea,
Australia
Studies conducted at Osprey Reef over a 12-year period with
capture, mark-and-recapture methods for N. pompilius have shown
a stable CPUE (# Nautilus/trap) (Table 2, Fig. 4). A mean CPUE of
6.8 N. pompilius per trap with ﬂuctuations between mean CPUE of
3.5/trap in 2003 and of 9.8/trap in 2007 demonstrate the stability
of this unﬁshed population.
Regression analysis of these data demonstrates a slight increase
of 28% over the 12 years of the study, although this increase is not
signiﬁcant (p = 0.0638; F1,10 = 4.339; Fig. 4).
9.4% of marked individuals were recaptured. All recaptures were
Nautilus which were initially captured and released at the Entrance
site. The percentage recapture rate of Entrance individuals at other
sites around Osprey Reef is very similar to the recapture rate at the
Entrance (Table 2). Maximum time between capture and recapture
of an already mature animal with no recorded growth is 5.3 years
with a mean recapture period of 48 weeks. For details of recapture
times see Fig. 5.
The growth rates observed in recaptured sub-mature N. pompilius at Osprey Reef (Fig. 6) show a mean shell circumference
increase of 0.053 mm/day (using linear regression; mean 0.046,
median 0.045, SD 0.026).
3.2. Nautilus ﬁshery study – Philippines
3.2.1. Summary
Four of the ﬁve sites (including sites amalgamated from the initial nine survey sites) have a reported decline by ﬁshers and traders
in CPUE of 80% from a mean of 0.99 to 0.21 Nautilus/trap/day over
periods from 1980 to the present (Table 4, Fig. 7). 81% of respondents stated that Nautilus are harder to catch now, although 88%

Fig. 4. Mean annual catch rates for Nautilus pompilius at Osprey Reef. Catch per unit effort (CPUE) rates for Nautilus trapping at Osprey Reef from 1997 to 2008 (error bars
are SEM) showing mean CPUE and regression line of best ﬁt.
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Fig. 5. Osprey Reef Nautilus periods between initial capture and recapture in weeks.

thought there was no risk of Nautilus ‘disappearing’ if they continued to ﬁsh (Table 5).
Nautilus ﬁshing has no cultural or historical relevance to the
Palawan community and the impetus to initiate Nautilus ﬁshing in
Palawan and the ﬁshing techniques came from buyers from distant
depleted Nautilus ﬁshing areas. Demand for supply of Nautilus shells
is always greater than the supply and the price per shell paid to
ﬁshers has increased from $0.50 USD in 1980 to $3.40 USD for the
best quality and largest shells (Table 5).
Interviews with ﬁshers and traders identiﬁed a range of Nautilus ﬁshing locations throughout the Philippines. Locations at Tawi
Tawi (1), Cagayancillo (2), and Tanon Straits/Cebu (3) (Fig. 3) were
identiﬁed as being greatly depleted in Nautilus and where Nautilus
ﬁshing was no longer viable and had been discontinued.

3.2.2. Changes in CPUE for Nautilus ﬁshery
Over a period of between 6 and 23 years the catch per unit effort
has decreased by around 80% in four of the ﬁve ﬁshery locations
surveyed in Palawan. Balabac is the only site showing no decline
in catch rates however two respondents reported declines in catch
rates without providing catch data (Table 4, Fig. 7)
The ANOVA showed highly signiﬁcant changes in CPUE over
time for all locations except Balabac, both for individual (statistics
not shown) and pooled results (p = 0.0011; F1,11 = 19.033). Balabac
showed no change in CPUE over time.
Analysis of differences in CPUE between locations showed Balabac to be highly signiﬁcantly different in CPUE changes over
time when compared to the other four locations (p < 0.001; F4,7 =
55.91).

Fig. 6. Osprey Reef Nautilus pompilius growth rates (mm/day).
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0%
1
0%
8
75%
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6
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75%
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0.06

90%
18

0.58
0.91
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240
3000
600
1.00
245
240
36,000
3600
0.61

0.50

0.08

0.05

0.25

0.25

0.14

0.29

0.80

86
80
4000
4000
0.58
100
50
4000
4000
0.80
220
210
42,000
42,000
0.91
72
64
2112
640
0.46
60
270
27,000
4050
1.70
200
240
42,440
2400
0.88
250
240
28,800
4800
0.48

2005
2.5
2007
15

150
240
60,000
18,000
1.67

No
20
2006
75

80
270
21,600
5400
1.00

1986
10
2000
10

No
5

No
15

40
100
4000
1000
1.14

No
50
No
80
2008
200
2003
10

11

2007
80
2000
200

10
1986
40
1980
33

9
8

1986
100
1980s
20

7
4

1987
120
1988
250

3
2

1988
12.5

Start Nautilus ﬁshing
Start Nautilus catch
rate (# Nautilus/day)
Stop Nautilus ﬁshing
Final Nautilus catch
rate (# Nautilus/day)
Number of traps
Days/year ﬁshing
Catch/year – start
Catch/year – ﬁnal
Initial CPUE (#
Nautilus/day/trap)
Final CPUE (#
Nautilus/day/trap)
% CPUE decline
Time period for
decline (years)

1990
150
1
Trapper ID number

Municipality of Quezon

Table 4
Catch and ﬁshing effort data from the Palawan Nautilus ﬁshery.

Municipality of Brookes Point

5

1990
180

6

Municipality of Balabac
Municipality of Roxas
Municipality of Binduyan

2006
50
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3.2.3. Fishing methods and economic return
Trapping is conducted from small outrigger ‘bancas’ with an
average of around 120 traps per vessel. Traps are small (approximately 0.6 m × 0.4 m × 0.3 m mesh design) and run out on a line
(‘bandera’) along the bottom, with around 30 traps per bandera.
Fishing is weather dependent rather than dependent on Nautilus behaviour and is conducted generally for between 7 and 10
months of the year for as many dusk to dawn trapping opportunities weather conditions allow. The income from Nautilus ﬁshing is
derived from an average price of $2 USD per shell at current rates
and from current catch rate and ﬁshing effort (Table 6). Each ﬁsher
represents a number of employees to help run the vessel and trapping operation (generally 3–4). These ﬁgures represent an average
return of around $12,000 USD per ﬁshing team. This is most likely
an overestimate as total catch is based on total ﬁshing days which
are weather affected and likely to be less than reported.
3.2.4. Historical, cultural and community aspects of Nautilus
ﬁshing
The summary of responses to questions about the value of Nautilus, cultural history and general observations on the future of
Nautilus are summarized (Table 5). Examples of common responses
or relevant quotes from respondents are included.
4. Discussion
We ﬁnd strong evidence for N. pompilius (and by ecological association, other Nautilus species) to be assessed as ‘endangered’ in the
IUCN (International Union for Conservation of Nature) Red List and
provide impetus for CITES (Convention on International Trade in
Endangered Species) listing.
The data from Osprey Reef support the life history of slow
growth and longevity of individual Nautilus while capture rates
over 12 years indicate a population that is stable and not ﬂuctuating during at least this time period. A slight increase in CPUE
over the time of the study could be due to either an increase in the
population or due to natural ﬂuctuations but this trend was not
signiﬁcant.
This is in stark contrast to the Nautilus populations in active
ﬁshing areas of the Philippines. The data from both Osprey Reef and
the Philippines studies show CPUE and changes over time. Although
data from Osprey Reef were based on mark–recapture work, and
the Philippines data were based on interviews, both datasets rely
on overall catch per unit effort (CPUE) from traps.
The Philippines study demonstrates an 80% decline in CPUE
over less than 30 years. Growth rates from Osprey Reef (this
study) equate closely with previous observations of growth rates
in the wild (Saunders, 1984) and aquarium studies which estimate
growth to maturity to take between 8 and 10 years (Okubo et al.,
1995; Westermann et al., 2004). Recaptures of mature individuals after 3–5 years at Osprey Reef provides an estimate of at least
13–15 years maximum life span for N. pompilius. Following IUCN
guidelines this gives N. pompilius a generation time of approximately 10 years (IUCN, 2008). Hence the declines in CPUE in the
Philippine study occurred over fewer than three Nautilus generations and notably between only one or two generation periods. This
decline is from a relatively low level of and technologically poor
ﬁshing effort of three to four ﬁshers per area with small weatherdependent vessels and an average of 20,000 small trap days per
year per vessel.
Past studies show Nautilus to be a series of genetically different populations which are separated geographically by ocean
depths >800 m (Bonnaud et al., 2004; Saunders and Landman, 2010;
Sinclair et al., 2007; Strugnell et al., 2006; Wray et al., 1995). The
Palawan area affords a contiguous habitat for a single Nautilus
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Fig. 7. Changes in catch per unit effort (CPU) over time for Palawan Nautilus ﬁshery. CPUE changes from ﬁsher reports between the start of ﬁshing efforts to either current
or last recorded (if ﬁshing was discontinued) CPUE for Nautilus in the Palawan and Balabac regions of the Philippines.

population and shows the expected similar catch declines over all
ﬁshing locations around the island. Balabac is the only site where
catch reports indicate no decline with ﬁshing effort but with anecdotal reports of reduction in catch. This area could be a separate

population of Nautilus due to current and depth effects of the trench
separating this from the main Palawan island. The ﬁshery in this
region has been active for less time (<8 years) and with fewer
ﬁshers, so total catch may not have yet reached a point where

Table 5
Key Palawan Nautilus ﬁsher responses to questionnaire.
Questions

Yes

No

Is Nautilus ﬁshing important for you?

100%

0

Key comments

Really important. It is where I get the sustenance for my family. It is
really important. I have 12 children. This is where I get most of our
daily expenses. Some of my children graduated college because of
Nautilus shell.
The only importance of Nautilus ﬁshing to the people of Palawan is money. The economic importance of Nautilus ﬁshing to the ﬁshers and ﬂow-on to the community
is evident. The length of time for this economic reliance is short term due to demonstrated limited time of ﬁshing before it is abandoned due to reduced catch and
economic viability.
Were they valuable to your culture before you started
0
100%
No. We only need money out of them.
selling them?
The overwhelming response to this question indicates the lack of cultural or historic importance of Nautilus ﬁshing to the Palawan people.
Are they harder to catch now?
81%
19%
3 of 5 negative respondents had only been ﬁshing for previous 3 years
or less.
Nearly all respondents, including the trader and one ﬁsher from Balabac area noted the decline in catch rates. Most of the respondents indicating no decline had been
ﬁshing for only a short period of 3 years or less.
If you go on catching them will they disappear?
12%
88%
They may lessen in numbers but they cannot be disappear because the
sea is big. No, almost every nautilus that we catch has eggs. Whenever
the catch is decreasing, we transfer to another sites for catching until
the former site has recovered. No, we also make sure that our traps
only catch the mature ones and not the juveniles.
The responses to this question indicate the lack of knowledge of sustainable ﬁshing practices to protect breeding populations and to understand the biology of the
target organism. There was one indication of knowledge of site rotation to allow replenishment of the population but this practice was not observed in reports of
actual ﬁshing effort at any locations.
When did the demand for Nautilus start? Has it increased?
Earliest reported buying demand in 1975 in Cagayancillo. All
respondents reported ‘always plenty of buyers for all shells’.
The response to this question from all participants was that Nautilus shell demand always outweighs the supply.
To whom do you sell them?
Local buyers – Quezon, Caramay, Puerto Princessa, Roxas, Brookes
Point, Garay, Zamboanga, Balabac and Cebu. International buyers –
United States, China, Hong Kong, Hawaii, Taiwan, Australia and Europe.
Demand for Nautilus shells is world-wide and comes from many of the countries which also initiate the demand for shark ﬁn and beche de mer.
How did you learn Nautilus ﬁshing?
From Cagayancillo, Cebu, Brookes Point, Rizal, Roxas and Tawi Tawi.
The people of Palawan had no history of Nautilus ﬁshing. They were introduced to it by traders and ﬁshers from other locations where the Nautilus ﬁsheries had
already crashed. The demand for the shells prompted the initiation of new ﬁsheries at these Palawan sites.
What bait is used
Dolphin, chicken, stingray, eel, ﬁsh, shark, dog, monitor lizard,
triggerﬁsh, pig, chicken, turtle, frog, toad and snake.
Bait is a real economic issue with many of the ﬁshers noting that this was one expense or shortage of supply which could restrict their ﬁshing efforts. Some of the bait
used is also on the protected species lists such as dolphin and turtle, while other baits may also adversely impact local fauna.

246

A. Dunstan et al. / Fisheries Research 106 (2010) 239–247

Table 6
Summary of ﬁshing effort, catch and income for Palawan Nautilus ﬁsheries.

# ﬁshers
Trapping effort (traps/year)
# Nautilus/year
Income ($USD/year)

Binduyan/Tinitian

Caramay/Narra/Quezon

Rizal

Brookes Point

Balabac

4
103,800
16,022
$40,305

4
85,600
13,000
$32,500

5
60,428
10,376
$25,940

7
157,460
26,700
$66,750

3
58,080
50,000
$125,000

population crashes occur or are evident in catch rates as typiﬁed
by animals with k-selected life histories (Gärdenfors et al., 2001).
Other regions of the Philippines, Tawi Tawi, Cayagancillo and Tanon
Straits/Cebu, which are geographically separated, show population
crashes consistent with separate populations.
The responses of ﬁshers and traders show that while Nautilus
ﬁshing is important as an income source there is no cultural or historical relevance to local communities, and the ﬁshery will only
provide approximately 10–20 years of economic return before
becoming non-viable. There is limited understanding of, or appreciation for, sustainable ﬁshing practices for Nautilus which extends
to the impact this ﬁshery may have on vulnerable species used as
bait for Nautilus traps.
Income ﬁgures of around $290K USD are considerable but possibly inﬂated by the estimation method of using maximal reported
catch rates and ﬁshing days. This income is however only short
term and may provide a new expectation and lifestyle for the local
ﬁshers, which like the Nautilus ﬁshery, is unsustainable.
We ﬁnd strong evidence that if the IUCN criteria were applied to
information for N. pompilius off the Philippines using the guidelines
for regional application of the criteria (IUCN, 2003), it would be
placed in the endangered category.
Extrapolating this to the global level, the Indo-Paciﬁc region
in the case of Nautilus distribution, is beyond the scope of this
data. It is however, within the IUCN guidelines for global assessment to extrapolate future demand, ﬁshing effort, and decline of
Nautilus through analogous experiences (IUCN, 2001). The international trade demand for shark ﬁn and beche de mer provides
this analogous experience and within these same regions has
resulted in massive declines of these species (Wilkinson, 2008).
Identiﬁcation of new Nautilus ﬁshing sites and training of locals
by buyers from distant depleted ﬁshing areas in the Philippines
demonstrates the value and demand Nautilus shells have to generate introduced ﬁshing effort and international market forces may
well drive future development of Nautilus ﬁsheries to encompass
the overall distribution of N. pompilius throughout the Indo-Paciﬁc.
The international demand for Nautilus shells, the ease with which
local Indo-Paciﬁc communities have adopted unsustainable ﬁshing
practices introduced by foreign parties, and the ecology and life history of the animal provide strong arguments towards IUCN globally
endangered Red List categorization.
The geographical isolation of genetically distinct Nautilus populations (Sinclair et al., 2007; Woodruff et al., 1983; Wray et al.,
1995) precludes, or drastically slows, recolonisation of depleted
sub-populations and supports a strong argument for protection of
all Nautilus stocks to maintain the genetic diversity necessary to
allow survival of this living fossil. Close similarities in biology and
ecology of other Nautilus species (Saunders, 1981b; Saunders and
Landman, 2010; Sinclair et al., 2007; Strugnell et al., 2006; Ward
and Saunders, 1997; Wray et al., 1995) argues for the inclusion of
all members of this group in any management decisions. All current evidence suggests the life history of slow growth, long life, low
fecundity and restricted dispersal and recruitment are features of
all Nautilus and Allonautilus species (Saunders, 1981a; Saunders et
al., 1989; Saunders and Spinosa, 1979; Saunders and Ward, 1987;
Sinclair et al., 2007; Tanabe et al., 1990; Ward, 2008; Ward and
Saunders, 1997). The shells of N. pompilius, N. macromphalus and

A. scrobiculatus are all marketed and sold by the international shell
trade. While N. pompilius is the most exploited and comprises by far
the largest segment of the Nautilus shell market, the other species
are also at risk of overﬁshing if ﬁsheries are initiated in their population locations such as Papua New Guinea or Palau.
Protection of Nautilus through CITES listing would have minimal
long-term impact on local cultures or economies. Limiting catch
rates to “sustainable levels” would create economic challenges of
reduced income but may be viable if ﬁshing effort and therefore
costs are reduced while other income options are developed for
non-Nautilus-ﬁshing periods. The marine knowledge of the ﬁshers
could provide opportunities for sustainable income in ﬁelds such
as ecotourism and marine research support. Incentive payment initiatives allowing funding for education and alternative livelihood
development to Nautilus ﬁshers in return for reducing or ceasing
ﬁshing efforts could follow the successful implementation of such
programs in sea turtle conservation (Ferraro and Gjertsen, 2009).
Collaboration with social scientists and marine resource managers
would be required to instigate such plans in a culturally sensitive manner using an approach similar to that of dugong ﬁshery
management (Kwan et al., 2006).
The value of raising public awareness about life in the deep
ocean is a key component in Nautilus exhibits in world-wide public
aquaria. Using minimal take of wild Nautilus for sustainable aquarium populations and scientiﬁc research marine laboratories may
convincingly argue for their continued use to further the knowledge of this remarkable living fossil and the biology, paleobiology
and evolution of organisms in the deep seas (Crook and Basil, 2008;
Crook et al., 2009; Shigeno et al., 2008; Staples and Boutilier, 2005;
Wani, 2007; Westermann and Beuerlein, 2005).
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