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Abstract
After summarising previous studies in Vanuatu of the green snail (Turbo marmoratus), this article describes 
a field survey conducted by the authors in Vanuatu in 2017 to estimate the density of green snails on trans-
plantation sites and surrounding areas. As a result, the density of green snails was found to be much higher 
in sites where transplantation had occurred, thereby highlighting its positive effect. The main reason for the 
high density of green snails at transplantation sites is thought to be self-seeding, with eggs and larvae hav-
ing been retained in the spawning ground, and contributing to the increased population. The article then 
describes the field survey analyses and gives the results of a questionnaire survey that was conducted in 
order to understand the motives of villagers who participated in green snail transplantation and conserva-
tion activities on Lelepa Island, in the village of Mangaliliu in north-western Efate Island, and in Uripiv 
Island, located in the east of Malakula Island. An awareness survey was also conducted in villages with no 
experience of green snail transplantation and conservation activities.
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Introduction
In the Republic of Vanuatu, a Japan International 
Cooperation Agency (JICA) technical cooperation 
project, ‘The Project for Promotion of Grace of the 
Sea in the Coastal Villages (Grace of Sea project) 
– Phase 1 (2006–2009)’ and ‘Phase 2 (2011–2014)’, 
was implemented in cooperation with the Vanuatu 
Fisheries Department (VFD) and local coastal fish-
ers to promote community-based coastal resources 
management. As one of its activities, the project 
undertook the enhancement of the green snail 
(Turbo marmoratus) resource, which is in danger of 
extinction in Vanuatu. This species, which is dis-
tributed in the tropical and subtropical zones of 
the Indo-Pacific region, is one of the largest marine 
snails, growing to more than 20 cm in shell height. 
Green snails contain a high quality pearl layer 
inside the shell, and have been used for mother-of-
pearl inlay. It is therefore expensive – especially in 
China and Japan. Recently, however, the resource 

has drastically decreased worldwide. In Vanuatu, 
local resources were also endangered so green snail 
fishing has been banned nationwide since 2005.

For conservation and propagation of the resource, 
the project team transplanted adult green snails to 
a community-based marine protected area (‘taboo 
area’). Research institutions, such as the French 
Institute for Research and Development (IRD) and 
the Pacific Community (SPC), as well as VFD, then 
conducted marine resource surveys around these 
transplantation areas. According to them and to 
comments of villagers living around the transplan-
tation areas, the population of green snails seemed 
to have increased and their population size seemed 
to be larger where they were transplanted and 
protected, compared with areas in which no such 
activities occurred. This is regarded as a positive 
effect of the ‘community-based coastal resources 
management’ activity that was implemented in 
collaboration with local fishers and staff of VFD. 
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However, the contribution of the green snail trans-
plantation to the resource enhancement had not 
been analysed quantitatively before the survey that 
described here. 

Summary of previous studies

The Project for Promotion of Grace of the Sea 
in the Coastal Villages (Grace of Sea project) – 
phases 1 and 2
To conserve green snail populations endangered by 
overfishing, VFD has banned green snail fishing for 
15 years, from 2005–2020. Furthermore, the Grace 
of the Sea Project Phase 1 provided technical assis-
tance related to aquaculture development for shell-
fish, including green snails, as an initial activity of 
the coastal marine resources management by VFD 
with coastal fishers. It then set up the model site for 
implementing community-based coastal resources 
management in Efate Island (Figure 1), where the 
VFD headquarters are located. 

As a result of this activity, techniques of seed pro-
duction and intermediate breeding were transferred 
to VFD staff, and, in the model site, activity for 
the establishment of the community-based coastal 
resources management approach occurred. As part 
of the activities that were run by the project, 1200 
adult green snails were transferred from Aneityum 
Island (Figure 1) – which still has a rich resource in a 
large rearing tank – to Efate Island. Some individu-
als were then stocked in coastal waters of Mangaliliu 
and Lelepa islands, which are close to Efate Island, 
in order to form a breeding population. Green snail 
transplantation records are shown in Table 1.

To confirm the effect of the formation of the mother 
population, a field survey was conducted in the 
coastal waters of Mangaliliu in February 2013. Two 
young green snails were found after 30 minutes 
of observation. This is assumed to be a result of 
reproduction by the transplanted green snails. The 
underwater surveys of green snail presence were 

subsequently implemented in several transplanta-
tion areas, and young individuals were found each 
time, except on Moso Island. 

In October 2013, during Phase 2, SPC conducted a 
field survey to confirm the reproductive condition 
of green snails that were transplanted during Phase 
1 in the area of north Efate. Young green snails were 
found in the transplanted area, which might be the 
result of the breeding of the mother population that 
was transplanted during Phase 1. 

Survey by SPC and VFD
Green snails have been one of the most heav-
ily exploited marine products of Vanuatu. Under 
these circumstances, a survey was undertaken from 
September to October 2013 by SPC and VFD to (1) 
understand the condition of the resource on Ane-
ityum Island, where green snails are still abundant; 
(2) estimate the resources’ recovery; and (3) evalu-
ate the importance of green snail poaching activities 
on Efate Island (Pakoa et al. 2014). 

Figure 1. Map of Vanuatu.

Table 1.  Records of green snail transplantation.

Transplantation site Name of location No. of individuals Year of transplantation

North Efate

Mangaliliu
Kotoa 205

2007–2008

Mangaliliu village 262

Lelepa Is. Lakantamas 195

Moso Is. Sunae village 150

Total: 812

East Uripiv 299 2012

Source: Final report of the Grace of Sea Project – Phase 2
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The results are described below.

a) Amount of green snail resource on Aneityum: At 
six survey locations around Aneityum Island, 
29 and 46 stations were set-up at 3–12 m water 
depth and 0–3 m water depth, respectively. For 
the former, two divers moved along the reef at 
five-minute intervals and recorded the number 
of green snails and other macro invertebrates 
that were observed. For the 0–3 m water depth, 
a belt transect method was used. A total of 667 
individual green snails were observed. The sur-
vey confirmed that green snails were abundant 
around Aneityum.

b) Amount of green snail resources in Efate: A diving 
survey was done to estimate the amount of green 
snail resources at five locations in north-western 
Efate. A total of 38 individuals were observed, 
indicating that the number of green snails was 
extremely low when compared with Aneityum. 
During the 2003 survey that was conducted in 
the area by SPC, however, no green snails had 
been observed. It was suggested, therefore, that 
the green snail resource was recovering gradu-
ally in Efate. It was also suggested that the 
recovery was due to the reproduction of local 
stocks, as well as to the group transplanted from 
Aneityum.

c) Green snails confiscated by VFD: Data on poached 
green snails that were confiscated by VFD has 
not been recorded by VFD. The staff members of 
the research department of VFD noted that it was 
necessary to record such data in future. However, 
some records of green snails that were confiscated 
in the Port Vila market can be found in Pakoa et 
al. (2014) as shown in Figure 2.

Efficiency of taboo areas in Vanuatu (EFITAV) 
project
In Vanuatu, since the 1990s the traditional no-
fishing zone (taboo area) has been revived as one 
management measure for coastal resources. This 
is considered effective for invertebrates with low 
mobility, such as conches or sea cucumbers. This 
survey was conducted by IRD to confirm the effect 
of these taboo areas for coastal resources at north-
western Efate and, as a control site, at Aneityum 
where the green snail resource was still rich (Dumas 
et al. 2012). 

The results showed that the density of green snails 
was very low in Efate Island, and it was suggested 
that serious disruption of the local population of 
green snails had occurred (Table 2). 

However, the results also showed that the density 
of green snails inside the taboo area was consid-
erably higher than those outside, and it was sug-
gested that fishery control by the traditional taboo 
area enabled a slow recovery of green snails. The 
density of green snails at Mangaliliu was particu-
larly higher than that of other survey areas in Efate. 
The small-size individuals observed in Mangaliliu 
suggested that multiple generations of green snails 
inhabited the area. The Mangaliliu area was a trans-
plantation site of green snails during the Grace of 
Sea Project – Phase 1 and the report concluded that 
transplantation had probably been effective in rais-
ing the green snail density in the area.

As described above, the survey that was conducted 
suggested that green snail resources in north-west-
ern Efate had recovered. Also, it suggested that 
this recovery was due to transplantation as well as 

Figure 2.  Shell height of green snails (n = 45) confiscated in Port Vila Central Market  
(Source: Pakoa et al. 2014).
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conservation activities, such as a fishing ban and 
the setting-up of a taboo area. However, there had 
been few detailed statistical surveys and analyses 
to verify the effect of the transplantation and con-
servation activities. 

Given this situation, the purpose and aims of this 
survey were adopted, as described below. 

Purpose and aims of the survey
This survey aimed to verify the effects and benefits 
of the transplantation and conservation activities, as 
well as to analyse the motives of the villagers who 
participated actively in green snail transplantation 
and conservation activities.

To achieve these aims, three surveys were con-
ducted as follows: 

a) A field survey to estimate habitat density of 
green snails in the transplantation sites and sur-
rounding areas.

b) A questionnaire survey to understand the 
motives of villagers participating in green snail 
transplantation and conservation activities.

c) An awareness survey of the resource manage-
ment in communities that have no experience of 
transplanting green snails.

In conducting each survey, the following objectives 
were applied for collection and analysis of the data. 

a) Field survey for estimation of habitat density of green 
snails on the transplantation sites and surrounding 
area: The Grace of the Sea Phase 3 team decided 
on the survey sites, including the transplanta-
tion site for green snails and the surrounding 
areas, and implemented the survey to estimate 
the number of individuals per unit-area, record 
the size of each individual observed, and then 
analyse the effect of resource enhancement activ-
ities, such as transplantation and protection. It 
was hoped that the survey would confirm that 
transplantation and following conservation 

activities contribute to resource enhancement 
of green snail. The survey method used was a 
method mastered by VFD staff, following train-
ing done by experts from Japan, France and SPC.

b) Questionnaire survey for understanding the motive 
of the villagers participating in transplantation and 
conservation activities for green snail: We con-
ducted a questionnaire survey in communities 
where the transplantation of green snails had 
been undertaken, and analysed the motives of 
villagers for their participation in transplanta-
tion and conservation activities for green snail.

c) Awareness survey for green snail resource manage-
ment in communities having no experience of green 
snail transplantation activities: In fishing villages 
in eastern and southern Efate Island that have 
not implemented transplantation and conser-
vation activities of green snail, we conducted 
additional interviews with chiefs and leaders 
of communities to estimate the status of the 
green snail population in their area. At the same 
time, we attempted to understand the ideas of 
interviewees regarding the transplantation and 
conservation of green snail. The target fishing 
village for the survey was determined by discus-
sions with VFD staff.

The survey methods, results and discussions for 
each survey mentioned above are shown in the fol-
lowing sections. 

Field survey to estimate the density of 
green snails in transplantation sites and 
surrounding areas

Survey sites
In recent years, green snails have been reported 
as being present in several locations around Efate 
Island. This may represent an increase of the green 
snail resource, as the species was strikingly absent 
a few years back. It is believed that this increase is 
associated with the transplantation of green snails 
in the area. However, to verify the real effect of 

Table 2. Density of green snails at survey sites (Excerpted from Dumas et al. 2014).

Community name Number of individuals  
per hectare inside taboo area

Number of individuals  
per hectare outside taboo area

Efate

Marou 0.00 0.00

Takara 9.38 2.00

Mangaliliu 21.42 6.00

Aneityum

Anelcowat 147.10 2.00

Mystery Island 12.80 2.00
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transplantation and the following con-
servation activities, it was necessary 
to precisely estimate the green snail 
resource status at transplantation sites 
and their surrounding areas. Accord-
ingly, the restocking areas for green 
snails and their surrounding areas on 
the north-western coast of Efate and 
the outer coast of Uripiv Island and 
nearby north coast of Uri Island, which 
is located in the eastern region of 
Malakula Island, were selected in col-
laboration with VFD’s Research Divi-
sion, as survey areas of approximately 
5 km outer perimeter (Figure 3). In 
each survey area, two to five sites were 
established; a total of 26 survey sites 
were surveyed. 

For survey sites, we selected the trans-
plantation sites of green snails and sur-
rounding areas that were known as 
being green snail habitats by local fish-
ers before the depletion of the resource 
occurred (Figures 4 and 5).

Figure 3. The survey areas for the estimation of  
density of green snails in north-western  
Efate Island and Uripiv and Uri islands.

Figure 4. Survey sites in north-western Efate (arrows show transplantation sites).

Figure 5. Survey sites of the Uripiv and Uri islands off the north-eastern coast of Malakula Island 
(arrow shows the transplantation site).
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Methods
The survey was conducted using the following 
procedures:

1. We identified sites that should be good habitats 
for green snails around transplantation sites, 
following discussions with VFD staff and local 
fishers.

2. Based on information provided by VFD staff 
and local fishers, we surveyed the substrate of 
the areas by skin-diving, and set the survey sites 
on bedrocks that were likely habitat of green 
snails. To facilitate the survey work, each survey 
site was selected in 0.5–3.0 m water depth.

3. For each survey site, we set up five 50 m long 
belt transect lines spaced every 50 m along the 
shoreline (Figure 6).

6. To understand the relationship between green 
snail distribution and the substrate, we recorded 
the substrate cover beneath each transect line, 
as shown in Figure 9. The substrate cover was 
grouped into categories viz. bedrock, coral, 
boulder, dead coral, soft coral, gravel, and sand. 

Figure 6. Set of belt transect lines at each survey site.

4. We recorded GPS positions of the start points 
and azimuth direction of each transect. We also 
took photos and recorded a video of the bottom 
conditions.

5. Two free divers made observations of the 2 m 
wide area along each side of the transect line, 
counting and recording the number of green 
snails (Figure 7). Divers checked for green snails 
beneath rocks and boulders. Simultaneously, 
they measured with callipers and recorded the 
shell height of each green snail found (Figure 8).

2m

2m

Transect lineArea
observed

T0 T7T6T5T4T3T2T1

Figure 7. Belt transect.

Figure 8. Estimating 
the size of green 

snails using 
callipers.

7. Numbers of individuals of green snails recorded 
in the research sites were analysed statistically 
using the analysis of variance method (ANOVA) 
to estimate the density differences between a 
restocking area and surrounding areas.

8. When a significant difference appeared through 
ANOVA, we analysed it by multiple comparison 
analysis (Post-hoc test), to identify the survey 
site where a significant difference occurred.

9. Where possible, the data collected were com-
pared with those from previous research con-
ducted by IRD and SPC.

10. We estimated relations between the substrate 
cover and the frequency of appearance of green 
snails.

Results and discussion
We conducted surveys from May to June 2017. Exact 
dates and times of surveys are shown in Table 3.

Example: 

T0–T1: bedrock (0–8 m)

T1~T2: boulders (8–14 m)

T2~T3: bedrock (14–19 m)

T3~T4: gravel (19–23 m)

T4~T5: bedrock (24–29 m)

T5~T6: sand (29–38 m)

T6~T7: bedrock (38–50 m)

Figure 9. Example of a substrate cover record.
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Table 3. Dates and times of green snail surveys in May and June 2017.

Date of survey Time Location Depth

12-May-17 12:00–16:30 Lelepa 0.5–5.5 m

15-May-17 12:00–16:30 Mangaliliu 0.5–2.0 m

17-May-17 12:00–15:00 Moso 0.5–3.0 m

25-May-17 11:00–14:00 Hat 0.5–4.0 m

25-May-17 14:30–15:30 Mangaliliu 1.0–4.0 m

2-Jun-17 10:30–14:00 Tukutuku Pt. 0.5–6.0 m

8-Jun-17 8:00–14:00 Uripiv and Uri 0.5–6.0 m

15-Jun-17 11:00–15:00 Uripiv and Uri 0.5–2.5 m

16-Jun-17 8:00–11:00 Uripiv and Uri 0.5–2.0 m

Efate Island survey sites are shown in Figure 10. The Uripiv and Uri islands sites are shown in Figure 11.

Figure 10. Sites on Efate Island (the 
arrows show transplantation sites).

Figure 11. Sites on Uripiv and 
Uri islands (the arrow shows 

transplantation site).
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Based on the data collected, the mean number of 
individuals per 100 m2 on each survey site was 
estimated. The mean shell height of green snails 
observed on each survey site was also estimated. 
We also categorised the substrate cover under the 
transect line of each survey site. 

The summary of the status of each survey site in the 
north-western part of Efate Island and Uripiv and 
Uri islands is shown below.

North-western Efate

The mean number of individuals observed per 
100 m2 at each site, the distribution pattern of shell 
height and the mean shell height of green snails 
observed in north-western Efate are shown in Fig-
ures 12, 13 and 14, respectively. 

The substrate cover of each survey site was catego-
rised and then each mean value was estimated. The 
result is shown in Figure 15.

Summaries of the occurrence status of green snails 
and the substrate cover of each survey site are given 
below.

Lelepa Island

On Lelepa Island, four sites were surveyed, each 
one covering a 1000 m2 area (50 m x 4 m x 5 transect 
lines). All of Lelepa Island is designated as a taboo 
area and all coastal fisheries are restricted. Accord-
ing to the local fishers who participated as data col-
lectors in the survey, the green snail had not been 
observed in the coastal area until its transplantation 
was conducted. 
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In L.1 (Figure 10), 195 green snails were trans-
planted in 2007. A total of nine were observed and 
the mean number of individuals per 100 m2 was 
0.90 (SE = 0.24). When compared with other sur-
vey sites of Lelepa, this site showed a high occur-
rence ratio of green snails. The range of shell height 
of green snails observed was 100–200 mm, and the 
mean shell height was 179.11 mm (SE = 11.11 mm). 
The survey site substrate was mainly composed of 
flat bedrock (>50 %) and coral (>30%), and did not 
include gravel or sand.

In L.2 (Figure 10), approximately 1 km distant from 
L.1, only one green snail was observed. The mean 
number of individuals per 100 m2 was 0.10 (SE = 
0.10). The shell height of the green snail observed 
was 200 mm. The survey site substrate was mainly 
composed of flat bedrock (>70 %) and coral (<25%).

Figure 14. Mean shell height and standard error of green snails observed in each survey site 
of north-western Efate Island.

Figure 15. Bottom condition of each survey site of north-western Efate Island.

In L.3, located (Figure 10) approximately 1 km dis-
tant from L.2, no green snail was observed. The 
survey site substrate was mainly composed of flat 
bedrock (>70 %) and coral (≈25%).

In L.4, located approximately 2.6 km west of L.1 
(Figure 10), no green snail was observed. The sur-
vey site substrate was mainly composed of flat bed-
rock (>70 %) and coral (≈20%), and did not include 
either gravel or sand.

As stated above, the highest occurrence of green 
snails was found in L.1, the transplantation site. Two 
or more generations probably existed there owing 
to the size range. Only one individual was observed 
in L.2, and no green snail was found in L.3 and L.4. 
Consequently, it is obvious that the green snail 
resources had increased around the transplantation 
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site, although the distribution area of green snails 
was still limited to a very narrow range. 

Mangaliliu

In Manzgaliliu, five sites were surveyed, each 
covering a 1000 m2 area (50 m x 4 m x 5 transect 
lines). The whole area of Mangaliliu is a taboo area 
implying various fishery restrictions. The green 
snail fishery, as in all other Vanuatu waters, is 
closed due to a moratorium until 2020 (Fisheries 
Act). According to local fishers, the green snail had 
not been observed in the surrounding area before 
transplantation took place.

In M.1 (Figure 10), 262 green snails were trans-
planted in 2007. During this survey, 17 individuals 
were observed, and the mean number of individu-
als per 100 m2 was 1.70 (SE = 0.64). It was a rela-
tively high occurrence ratio in comparison to those 
of other sites. The range of shell height of green 
snails observed was 90–230 mm, and the mean shell 
height was 187.06 mm (SE = 8.02 mm). There are 
hardly any data for the growth curve of the green 
snail anywhere in the world. According to Kakuma 
(2017), however, in the Amami Islands, of southern 
Japan, green snail sizes are as follows:

• 1 year old: around 30 mm;

• 2 years old: around 70 mm; 

• 3 years old: around 120 mm;

• 4 years old: around 160 mm; and 

• 5 years old: around 200 mm.

Generally, the growth of invertebrates, such as 
conches, is highly influenced by the local environ-
ment. It should therefore be expected that green 
snail growth would be faster in Vanuatu than in 
Okinawa and Amami, because water temperature is 
usually higher in Vanuatu. Nevertheless, the range 
of green snail shell heights observed in the survey 
sites suggests that several generations occupy these 
sites. Three individuals had marks indicating that 
they had been transplanted. These individuals were 
approximately 10 years old. The survey site substrate 
was mainly composed of flat bedrock (>50 %) and 
coral (≈40%), and did not include gravel or sand.

In M.2 (Figure 10), 205 green snails were trans-
planted in 2007. In this survey, 13 individuals were 
observed, and the mean number per 100 m2 was 
1.30 (SE = 0.60). This showed a relatively high 
occurrence ratio compared with other survey 
sites, except for M.1, another restocking site. The 
range of shell height of green snails observed 
was 180–220 mm, and the mean shell height was 

195.38 mm (SE = 4.33 mm). The survey site substrate 
was mainly composed of flat bedrock (>60 %) and 
coral (≈30%), and did not include gravel or sand.

In M.3 (Figure 10), located approximately 2 km 
from M.1 and approximately 800 m south of M.2, no 
green snail was observed. The survey site substrate 
was composed mainly of flat bedrock (>60 %) and 
coral (≈30%); it did not include gravel or sand.

In M.4 (Figure 10), located approximately 1 km 
northeast of M.1, no green snail was observed. The 
survey site substrate was mainly composed of flat 
bedrock (≈50 %) and coral (≈40%); it did not include 
gravel or sand.

M.1, M.2, M.3 and M.4 substrates showed no major 
differences.

In M.5 (Figure 10), located between M.1 and M.2, 
approximately 500 m from both sites, no green snail 
was observed. The survey site substrate was mainly 
composed of flat bedrock (≈73 %) and coral (≈15%); 
it did not include gravel or sand. Topographically, 
when compared with those of other sites, M.5’s bed-
rock ratio was larger, and that of coral was lower.

As stated above, many green snails were observed 
in M.1 and M.2, which were transplantation sites 
and no green snail was found in other sites. In par-
ticular, green snails did not occur in M.5, the mid-
way point between the two transplantation sites. 
Meanwhile, in M.1 and M.2, two or more genera-
tions probably co-existed, considering the size dif-
ferences. It was therefore deduced that green snail 
resources are limited in distribution to a small range, 
although they had settled successfully around the 
transplantation sites.

Moso Island

In Moso Island, four sites were surveyed. In 2007, 
150 green snails were transplanted in front of Sunae 
Village. However, according to the VFD staff who 
conducted the activity, there was no accurate infor-
mation about the location of the transplantation. 
The method of transplantation was to sprinkle the 
green snails from the boat in waters of about 10 m 
depth. This was different from the transplantation 
method used in Lelepa Island and Mangaliliu. 

The survey method used in Moso had to be the same 
than this used in Lelepa and Mangaliliu – a survey 
method targeting areas of 0.5–3.0 m water depth. 
Therefore the survey could not be done at the 10-m 
deep transplantation site. We decided to conduct 
surveys of the transplantation area at a later date. 
No taboo area has been declared on Moso Island.



25SPC Traditional Marine Resource Management and Knowledge Information Bulletin #39 – April 2018

Mo.1 (Figure 10) was the nearest site to the trans-
plantation site, according to VFD staff. However, 
we could not estimate the distance between the two 
sites because of the lack of the information about 
the exact location of the transplantation site. We 
could not find any green snails there. The survey 
site substrate was composed mainly of flat bedrock 
(> 85 %) coral (≈5%) and soft coral (≈5%). The cover-
age of bedrock was extremely high in this site.

In Mo.2 (Figure 10), approximately 2 km from Mo.1, 
no green snail was observed. The survey site sub-
strate was mainly composed of flat bedrock (≈80 %) 
and coral (≈18%). The coverage of bedrock was high 
in this site, as in Mo.1.

In Mo.3 (Figure 10), approximately 700 m west of 
Mo.2, no green snail was observed. The survey site 
substrate was composed mainly of flat bedrock (≈80 
%), coral (≈10%) and boulders (≈10%). The coverage 
of bedrock was also high in this site. 

In Mo.4 (Figure 10), approximately 800 m southwest 
of Mo.1, no green snail was observed. The survey 
site substrate was mainly composed of flat bedrock 
(≈60 %), boulders (25%), soft coral (≈7%) and coral 
(≈6%). The coverage of boulders was relatively high 
compared with other sites on Moso Island.

At Moso Island survey sites, substrate was domi-
nated generally by bedrock, and few coral colonies 
were observed. It suggested that the area is always 
subject to strong wave action, which may influence 
the green snail distribution.

Hat Island

Although the transplantation of green snails had 
not been conducted around Hat Island, it was one 
of the good fishing grounds for green snails before 
the enforcement of the moratorium on the fishery, 
and was known as good habitat for green snails. The 
area is located approximately 5 km from the trans-
plantation sites of Lelepa and Mangaliliu. VFD staff 
expected Hat Island to be good habitat for young 
snails produced during spawning events at Lelepa 
and Mangaliliu transplantation sites, and which 
could have drifted during their larval stages. All 
coastal waters around Hat Island were established 
as a taboo area and green snail fishing was banned.

On Hat Island, three sites were surveyed, each one 
covering an area of 1000 m2 (50 m x 4 m x 5 transect 
lines). In H.1 (Figure 10) located on the northeast 
coast of the Island, one green snail was found. The 
mean number of individuals per 100 m2 was there-
fore 0.10 (SE = 0.10). The shell height of the green 
snail observed was 100 mm, and it was considered 

to be a young individual. The survey site substrate 
was composed mainly of flat bedrock (≈60 %), coral 
(≈30%) and dead coral (≈7%).

H.2 (Figure 10) is located on the west coast of Hat 
Island. According to local fishers, the area was usu-
ally difficult to approach because of high waves. 
In H.2, nine green snails were found and the mean 
number of individuals per 100 m2 was 0.90 (SE = 
0.29); the same density was found at L.1 site on 
Lelepa Island. The green snail shell height range 
was 110–200 mm, and the mean shell height was 
171.11 mm (SE = 12.18 mm). The high range of 
shell heights suggests the presence of multiple gen-
erations at the site. The survey site substrate was 
mainly composed of flat bedrock (>70 %) and coral 
(≈20%). 

H.3 (Figure 10), located in northern point of the 
Island, is usually difficult to approach because of 
high waves. In H.3 (Figure 10), one green snail was 
found. The mean number of individuals per 100 m2 
was therefore 0.10 (SE = 0.10). The shell height of 
the green snail observed was 200 mm. The survey 
site substrate was composed mainly of flat bedrock 
(>80 %), coral (≈10%) and dead coral (≈7%). 

On Hat Island, although the transplantation of green 
snails had not been conducted, a number of green 
snails were observed, especially in H.2. Besides, the 
high range of shell heights of green snails observed 
suggests the existence of multiple generations in the 
area. 

According to VFD staff, no survey targeting green 
snails had previously been conducted in Hat Island. 
However, no green snails were observed in 2012, 
when they conducted other surveys around Hat 
Island. Therefore, it was deduced that the green 
snail resource had increased over the last 4–5 years.

Tuku Tuku Point

The transplantation of green snails had not been 
done around Tuku Tuku Point. Like Hat Island, the 
area was a green snail fishing ground before the 
enforcement of the moratorium, and the area was 
known originally as a good habitat for green snails. 
Tuku Tuku Point is located 6–8 km from transplan-
tation areas of Mangaliliu and Lelepa. VFD staff 
estimated the distance suitable for bottom settle-
ment of suspended larvae spawned at transplanta-
tion sites of Mangaliliu and Lelepa. Coastal waters 
around Tuku Tuku point were also a taboo area.

At Tuku Tuku Point, three sites were surveyed, 
each covering an area of 1000 m2 (50 m x 4 m x 
5 transect lines). 
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At T.1 (Figure 10), located 2 km north of the tip of 
Tuku Tuku Point, no green snail was observed. The 
survey site substrate was mainly composed of flat 
bedrock (>85 %), boulders (≈7%) and coral (≈6%). 

At T.2 (Figure 10), located 1.5 km north of T.1, the 
sea was rough and strong currents were flowing 
at the time of the survey. At T.2, eight green snails 
were observed and the mean number of individu-
als per 100 m2 was 0.80 (SE = 0.30). The range of 
shell height of green snails observed was 170–230 
mm, and the mean shell height 200.00 mm (SE = 
8.02 mm). The survey site substrate was mainly 
composed of flat bedrock (>90%), coral (≈ 4%) and 
boulders (≈ 4%). The bedrock ratio was very high, 
suggesting the constant presence of strong waves.

At T.3, located on the east coast of Tuku Tuku Point, 
seas were rough and strong currents were flowing 
during the time of the survey. At T.3, three green 
snails were found and the mean number of indi-
viduals per 100 m2 was 0.30 (SE = 0.20). The range 
of shell height of green snails observed was 170–200 
mm, and the mean shell height was 180.00 mm (SE 
= 10.00 mm). The survey site substrate was mainly 
composed of flat bedrock (>80%), coral (≈ 10%) and 
boulders (≈ 10%).

Because of rough seas, the survey could not be car-
ried out at the tip of Tuku Tuku Point. According 
to VFD staff, the density of green snails at the tip 
might be higher than at T.2, because it was a good 
fishing ground for green snails before the enforce-
ment of the moratorium. 

Based on those results, comparative densities of 
each area are shown in Figure 16.

As described above, the density of green snails in 
all transplantation sites was quite high. At the time 
of the present survey, no survey focusing on the 
effect of transplantation of green snails had been 
conducted. One of the aims of the present survey 
was to scientifically evaluate if transplantation of 
green snails contributed to the resource increase. To 
do so, an analysis of variance (ANOVA) was used to 
evaluate the variation of the green snail population 
at each survey site. 

However, when using normal ANOVA, no equality 
of variance was detected among the data. When no 
compared group shows an equality of variance, it is 
advisable to adopt a non-parametric technique that 
does not require the assumption of the population 
distribution. Therefore, we used the Kruskal-Wallis 
test, a non-parametric ANOVA, rather than the nor-
mal ANOVA. Each test detected a significant differ-
ence (p < 0.05). Therefore, we then performed the 
Tukey HSD test to examine the difference between 
each survey site. As a result, we detected a signifi-
cant difference between M.1 and other survey sites 
without green snails, but we could not detect sig-
nificant differences between M.1 and other sites 
with green snails such as M.2, L.1, H.2, H.3, T.2 or 
T.3. M.2 and L.1 showed significant differences in 
the number of green snails, but it was difficult to 
detect any significant difference between other sur-
vey sites. However, it should be noted that trans-
plantation of green snails probably contributes to 
the resource enhancement, as the density of green 
snails was high in all transplantation sites.

The survey sites of the transplantation at Mangal-
iliu were almost the same sites used in the study 
conducted by IRD, mentioned above, although the 
range of the surveys was different. Therefore, we 
compared the results of this survey and the IRD 
study, as shown in Table 4. It revealed that the green 
snail density in the transplantation sites that we sur-
veyed is extremely high compared with the results 
of IRD, although a simple comparison should not 
be made, because of the difference in survey ranges.

In another study, Kakuma (2017) concluded that 
the density of green snails in transplantation sites 
arises from the broodstock created by either trans-
plantation or wild stocks. He concluded further 
that the transplantation sites in Mangaliliu showed 
relatively high densities compared with surround-
ing areas because the transplantation of green snails 
contributed to the increase of the broodstock and 
resources in the area, although this was difficult to 
quantitatively verify.

Also, there were places where green snails were 
present 4–6 km away from the transplantation 

Figure 16. Mean number of individuals per 100 m2 at 
each station in north-western Efate (arrows  

indicate restocking sites).
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site, including at Hat Island and Tuku Tuku Point, 
whereas almost no green snails were found in sites 
400–500 m away from transplantation sites. There 
may be two sources for the many green snails 
found at Hat Island and Tuku Tuku Point. The 
first is the reproduction of wild populations that 
remain there, and the second is the drifting lar-
vae from broodstock of transplantation sites that 
reach Hat Island and Tuku Tuku Point 1–2 days 
after being spawned. On the north-western coast 
of Efate, a southward flowing current is dominant, 
according to information provided by local fishers 
and VFD staff. Thereby, larvae produced in Lelepa 
Island and Mangaliliu possibly drift southward 
and settle at Hat Island and Tuku Tuku Point. 

In future research, it will be important to monitor 
tidal currents of coastal waters to better understand 
green snail population dynamics. 

Uripiv Island and Uri Island

The mean number of individuals observed per 
100 m2 at each site, the distribution pattern of shell 
height and the mean shell height of green snails 
observed in Uripiv and Uri islands are shown in 
Figures 17, 18 and 19 respectively. The location of 
each survey site is shown in Figure 11.

The substrate cover of each survey site was catego-
rised. The result is shown in Figure 20.

Table 4. Comparison of the results by the IRD and this survey.

Green snail density per hectare

Results from IRD’s 2012 study Results from this survey

Inside of taboo  
area

Outside of taboo  
area

M.1 site (inside taboo  
area in 2012)

M.2 site (outside of taboo 
area in 2012)

21.42 ind. ha-1 6.00 ind. ha-1 170.00 ind. ha-1 130.00 ind. ha-1

Figure 17. Mean number of green snails per 100 m2 (±SE) at each station in Uripiv and  
Uri islands (arrow shows restocking site)

Figure 18. Shell height distribution pattern of green snails found at each survey site  
in Uripiv and Uri islands.
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Brief overviews of the occurrence status of green 
snails and the substrate cover of each survey site are 
given in the following section.

Uripiv Island

Uripiv is a small island with a population of 300–400 
people located off the northeast of Malakula Island, 
at a straight line distance of approximately 2.5 km. 
Four sites, each covering an area of 1000 m2 (50m 
x 4m x 5 transect lines), were surveyed on Uripiv 
Island, of which three (U.1, U.2 and U.3 – Figure 11) 
were taboo areas where fishing activities had been 
banned. According to local VFD staff, green snails 
had not been seen for 20 years in the coastal waters 
of Uripiv until transplantation was implemented.

In U.1 (Figure 11), located at the east end of Uripiv 
Island, 299 and 28 green snails were transplanted in 
2012 and 2013, respectively. The individuals trans-
planted had been kept in a water tank at VFD for 
several years, although the growth rates of these 
snails were poor. In 2012, the average shell height 
of individuals transplanted was 56 mm. In 2013, 20 
and eight individuals had shell heights of 80 mm 
and 60 mm, respectively. 

In U.1, 14 green snails were found and the mean 
number of individuals per 100 m2 was 1.40 (SE = 
0.75). The green snail density was relatively high 
when compared with all survey sites. The range of 
green snail shell heights observed was 110–170 mm, 
and the mean shell height was 153.57 mm (SE = 4.84 

Figure 19. Mean green snail shell height (±SE) recorded at each survey site  
in Uripiv and Uri islands.

Figure 20. Substrate composition of each survey site 
in Uripiv and Uri islands.
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mm). These sizes were relatively small in compari-
son to those observed in Efate. The survey site sub-
strate was mainly composed of flat bedrock (≈85%) 
and coral (≈ 10%). No gravel or sand was observed.

In U.2, located at the northern tip of the island and 
1.6 km northeast of U.1 (Figure 11), four green snails 
were found; the mean number of individuals per 
100 m2 was 0.40 (SE = 0.19). The range of green snail 
shell heights observed was 140–180 mm, and the 
mean shell height was 167.50 mm (SE = 9.46 mm). 
The survey site substrate was mainly composed of 
flat bedrock (≈90%) and coral (≈ 10%). 

In U.3, located on the western side of the island and 
1.0 km southwest of U.2 (Figure 11), no green snail 
was found. The survey site substrate was composed 
mainly of flat bedrock (≈55%) and coral (≈ 40%). In 
this site, coral coverage was relatively high in com-
parison to those of U.1 and U.2.

U.4 is located on the southern side of the island 
and at a 300 m direct distance from U.1 (Figure 11). 
This site was selected in the hope that it would host 
young green snails issued from individuals trans-
planted in U.1. But, no green snail was found in U.4. 
The survey site substrate was composed mainly of 
flat bedrock (≈90%) and coral (≈ 3%). 

As stated above, a relatively high number of green 
snails occurred in U.1, which was a transplantation 
site. Multiple generations probably existed in the 
site owing to the high range of sizes. In sites where 
no transplantation occurred, only four individuals 
were observed in U.2 on the north side, but none 
were observed in U.3 and U.4. It was therefore 
deduced that green snail resources had increased in 
the transplantation site, although their distribution 
was limited to a small range.

Uri Island

Uri is a small island located to the south of Uripiv 
Island. The shortest distance between Uri and 
Uripiv islands is approximately 1 km. On Uri 
Island, transplantation of green snails had not been 
conducted. However, since the island was close to 
Uripiv Island, three survey sites were set on the 
northern coast, facing Uripiv Island. According to 
local VFD staff, green snails had not been observed 
around the northern coast for 20 years.

U.5 is approximately 1.5 km from U.1 of Uripiv 
Island, which is located in the outer edge of the reef 
flat that extended along the east side of the island 
(Figure 11). In this survey, five green snails were 
found. The mean number of individuals per 100 m2 
was 0.50 (SE = 0.27). The range of green snail shell 
heights was 140–180 mm, and the mean shell height 

was 128.00 mm (SE = 12.41 mm). As at U.1, these 
sizes were relatively small in comparison to those 
recorded in Efate. The survey site substrate was 
mainly composed of flat bedrock (≈95%) and coral 
(< 5%). No gravel or sand was observed.

U.6 is approximately 1.2 km north-west of U.5 and 
approximately 1.5 km from U.1 of Uripiv Island 
(Figure 11). In U.6, no green snail was observed. 
The survey site substrate was composed mainly flat 
bedrock (>85%), dead coral (≈ 8%) and coral (≈4%).

U.7 is located on the north-west coast approxi-
mately 600 m southwest of U.6 and approximately 
2 km from U.1 of Uripiv Island (Figure 11). In U.7, 
no green snail was observed. The survey site sub-
strate was composed mainly flat bedrock (>95%) 
and coral (<2%).

As stated above, no green snail was found at U.6 and 
U.7, but five were found at U.5, which is located on 
the outer edge of reef flat that extends along the east 
side of the island. As no green snail had been found 
in the northern coast of Uri Island for 20 years, it 
may be considered that the U.5 green snails may be 
related to those transplanted at U.1. 

Based on these results, green snail densities (aver-
age number of individuals per 100 m2) are summa-
rised in Figure 21.

As in Efate Island, the highest green snail density 
in Uripiv Island was found in the transplantation 
site. We then conducted an analysis of variance 
(ANOVA) to evaluate if green snail densities in the 
different sites were significantly statistically differ-
ent. Equality of variance was not detected among 
the data. Thereby, we used the Kruskal-Wallis test 

Figure 21. Mean number of green snails per 100 m2  
at each station in Uripiv and Uri islands  

(arrow indicates restocking site).
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again. Each test detected a significant difference (p 
<0.05). Therefore, we used the Tukey HSD test to 
examine the difference between each survey site. 
We detected a significant difference between U.1 
and survey sites where no green snails were found 
(U.3, U.4, U.6 and U.7). But we could not detect 
significant differences between U.1 and other sites 
where green snails were found (U.2 and U.5). No 
significant difference was detected when compar-
ing the densities of U.2, U.3, U.4, U.5, U.6 and U.7. 
Thus it can be concluded that the green snail den-
sity of the transplantation site (M.1) was the only 
one that was significantly higher than those of other 
survey sites. This suggests that the transplantation 
of green snails was likely to have contributed to 
resource enhancement of green snails in Uripiv and 
Uri islands. 

In U.2 and in U.5, approximately 1.6 km north-west 
and 1.5 km south-east from the transplantation site 
(U.1) (Figure 11), green snails were found for the 
first time in 20 years. It is possible that green snail 
larvae produced in U.1 drifted with the current 
through the east bank of Uripiv and Uri islands and 
settled in U.2 and U.5. It would be useful to monitor 

the currents in the region in order to confirm this 
hypothesis and better understand green snail popu-
lation dynamics in the area.

Relationships between the density of green 
snails and the substrate
The relationship between the number of green 
snails found and the coverage of bedrock in each 
site surveyed is given in Figure 22. 

The relationship between the number of green 
snails found and the coverage of coral in each site 
surveyed is given in Figure 23.

As shown in Figures 22 and 23, no close correla-
tion was found between the number of green 
snails and the coverage of bedrock. Neither was 
a close correlation between the number of green 
snails and the coverage of coral. In the sites where 
the number of green snails was 0 or 1, it was 
assumed that larvae could not survive. Therefore, 
these areas were excluded. The coefficient of cor-
relation became (R) = -0.5791 between the number 
of green snails and the coverage of bedrock in the 
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Figure 22. Relationship between the number of green snails and the coverage of bedrock.

Figure 23. Relationship between the number of green snails and the coverage of coral.
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range of 50–100%. Likewise, the coefficient of cor-
relation (R) = 0.6510 between the number of green 
snails and the coverage of coral was in the range 
of 0–50%. 

The common criterion of the coefficient of correla-
tion is given in Table 5. Therefore, each relationship 
is thought of as a moderately strong correlation 
when more than one green snail appeared.

Table 5. Coefficient of correlation and correlation 
strength.

Coefficient of correlation Correlation strength

R = 0.7–1 strong correlation

R = 0.4–0.7 moderately strong correlation

R = 0.2–0.4 weak correlation

R = 0–0.2 no correlation

As shown in the Figures 24 and 25, there is a 
moderately strong negative correlation between 
the number of green snails and the coverage of 

bedrock, in the range of 50–100% and, there is a 
moderately strong positive correlation between 
the number of green snails and the coverage of 
coral, in the range of 0–50%, in sites where more 
than one green snail occurred.

In addition, this survey suggests that the suitable 
habitat of green snails is very limited, since it did not 
occur at sites close to the transplantation site. Usu-
ally, the green snail inhabits a substrate of bedrock 
and does not occur on gravel and sandy bottoms. 

It is also considered that the area with abundant 
bedrock with rugosity (irregularities and dimples) 
is a suitable habitat for green snails. Furthermore, 
it is expected that locations with abundant microal-
gae as feed would be a preferred habitat for green 
snails. Because of time limitations, we were unable 
to collect data on the rugosity of the bedrock and the 
availability of microalgae as feed for green snails. It 
would be necessary to collect topographical details 
and distribution pattern of microalgae and correlate 
them with occurrence of the green snail to under-
stand its optimal habitat conditions. 
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Figure 24. Relationship between the number of green snails and 
the coverage of bedrock in the range of 50–100%.

Figure 25. Relationship between the number of green snails and 
the coverage of coral in the range of 0–50%.
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Table 6. Questionnaire administered for understanding the villagers’ motives for participating in green snail 
transplantation and conservation activities.

Questionnaire survey for understanding 
the motives of villagers participating 
in green snail transplantation and 
conservation activities

Survey site
The targets were the people in communities who 
were conducting the transplantation of green snails. 
These were the inhabitants of villages on Lelepa, 
Mangaliliu and north-western Efate, and the village 
of Uripiv Island, located in eastern Malakula Island.

Methods
Information was collected from target villagers 
using a questionnaire, calibrated by age and gender 
(Table 6). The questionnaire survey was based on 
‘Scheffe’s pairwise comparisons test’, a compara-
tive method used in marketing research, to under-
stand the most important motive for managing and 
conserving the green snail and as a reference in con-
ducting future similar resource management. On 

the survey form, we gave examples of motives and 
received the information regarding the most impor-
tant motive from each respondent. For example, A) 
Because I know (or learned) that it’s important and nec-
essary to protect the green snail as a valuable resource; B) 
Because I will be able to make a profit when green snail 
fishing is re-opened; C) Because we decided in a commu-
nity meeting not to catch green snails; and D) Because 
we have to follow the law and custom that imposed a ban 
on green snail fishing. 

The data collected in the survey was arranged by 
age group and gender, and analysed by pairwise 
comparison to understand the most important fac-
tor in the community.

We then compared the results of the questionnaire 
administered in each community using pairwise 
comparisons and analysed the results by ANOVA 
and multiple comparison tests, to estimate the most 
important motive among these of A–D, for the vil-
lagers of each community implementing transplan-
tation of green snail.

Information on respondent

Village/community (if we have the information)

Name of enumerator (if we have the information)

Date of interview (if we have the information)

Name of interviewee (if we have the information)

1. Age

2. Gender (m = male, f = female)

3. Usual number of hours of fishing per day

4. The group activity you participate periodically in the village

General knowledge on green snails

5. What do you know about green snail? 

5.1 The resources have been endangered since the 1990’s owing to overfishing. (y = Yes, n = No)

5.2 Green snail fishing has been banned since 2005 by national law. (y = Yes, n = No)

5.3 Green snails are rare and an expensive worldwide. (y = Yes, n = No)

5.4 Green snails were exported previously from Vanuatu as a raw material for ornamentations. 
(y = Yes, n = No)

5.5 Green snails seem to be increasing recently. (y = Yes, n = No)

5.6  Other.

6. Were you taught about green snails by your family, community elders or school teachers? (y = Yes, n = No)

7. If you selected ‘Yes’ on question 6, what kind of topic and from whom did you receive it?

8. How large does a green snail become, and in how many years?

Attitude to conservation activity for green snails

9. Did you catch green snails until the fishing ban of 2005? (y = Yes, n = No)

10. If you selected ‘Yes’ on question 9, how many did you find in your area around 2005? 

a = 0.

b = Less than 5 within a day’s dive.

c = Less than 10 within a day’s dive.

d = 10 or more within a day’s dive.
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11. Did you participate in the restocking activities for green snails organised by JICA? (y=Yes, n=No)

12a. If you selected ‘Yes’ on question 11, what was the reason for your participation?

a = Because I thought it was a meaningful activity.

b = Because I was ordered to by a village chief or leader. 

c = Because I was invited by friends or acquaintances.

d = Other.

If ‘Other’, write the answer here:

12b. If you selected ‘No’ on question 11, what was the reason for your non-participation?

a = Because I didn’t know about the activity.

b = Because I was too busy with other things.

c = I was not interested in the activity.

d = Other.

If ‘Other’, write the answer here:

13. Do you think the restocking of green snails is a good activity in order to protect and increase the green 
snail population? (y=Yes, n=No)

14. Do you think surveillance is needed to protect green snail resources from now on? (y=Yes, n=No)

15a. If you selected ‘Yes’ on question 14, how do you think you should carry on the surveillance or monitoring 
activities?

15b. If you selected ‘No’ on question 14, why do you think you do not have to do surveillance or monitoring 
activities?

Motive for conservation activities of green snails

16. What is the most important reason for protection of green snail populations?
 Respondents replies must be graded from highly positive (+4) through neutral (0) to highly negative (-4). 

Table 6 (continued).

+4 +3 +2 +1 0 -1 -2 -3 -4

A) Because I know (or learned) that 
it’s important and necessary to pro-
tect green snail as valuable resource.

B) Because I will be able to make a profit 
when green snail fishing is opened after 
its resource increases in the future.

A) Because I know (or learned) 
that it’s important and necessary 
to protect green snails as valuable 
resource.

C) Because we decided in a com-
munity meeting not to catch green 
snails. (Social linkage – perspective of 
Socio-culture)

A) Because I know (or learned) that 
it’s important and necessary to 
protect green snail as a valuable 
resource.

D) Because we have to obey the law 
and custom commandment that 
banned green snail fishing. 

B) Because I will be able to make 
a profit when green snail fishing is 
opened after its resource increases 
in the future.

C) Because we decided in a community 
meeting not to catch green snails.

B) Because I will be able to make 
a profit when green snail fishing is 
opened after its resource increases 
in the future.

D) Because we have to obey the law 
and custom commandment that 
banned green snail fishing.

C) Because we decided in a com-
munity meeting not to catch green 
snails.

D) Because we have to obey the law 
and custom commandment that 
banned green snail fishing.
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Results and discussion
The number of respondents to the questionnaire in 
each community, with the information of age and 
gender, is given in Table 7, daily fishing hours of 
those who responded is in Table 8, and the number 
of respondents by group activity is in Table 9.

Table 7. Number of respondents to the questionnaires in each community by age and gender.

≤ 20 ≥21 and ≤40 ≥41 and ≤60 ≥61 Total

Lelepa

Female 2 18 12 2 34

Male 6 18 17 6 47

Sub-total 8 36 29 8 81

Mangaliliu

Female 3 11 5 2 21

Male 4 17 5 1 27

Sub-total 7 28 10 3 48

Uripiv

Female 2 18 5 0 25

Male 4 21 10 2 37

Sub-total 6 39 15 2 62

Total: 191

Table 8. The daily fishing hours of respondents.

No fishing 
activity 1–3 hours 3–6 hours More than  

6 hours Total

Lelepa

Female 3 13 8 10 34

Male 1 1 13 30 47

Sub-total 4 14 21 40 81

Mangaliliu

Female 3 1 9 8 21

Male 0 6 18 3 27

Sub-total 3 7 27 11 48

Uripiv

Female 5 19 1 0 25

Male 10 26 1 0 37

Sub-total 15 45 2 0 62

Table 9. Number of respondents by community group activity (multiple answers allowed).

Religious 
group

Female 
group

Livelihood 
improvement 

group

Sport 
team

Junior 
chamber Others Total

Lelepa Female 23 6 8 3 2 0 42

Male 12 0 10 12 5 6 45

Sub-total 35 6 18 15 7 6 87

Mangaliliu Female 17 10 2 0 2 0 31

Male 13 0 3 9 3 1 29

Sub-total 30 10 5 9 5 1 60

Uripiv Female 14 0 4 4 0 2 24

Male 23 0 4 8 0 3 38

Sub-total 37 0 8 12 0 5 62
 

Based on these data, the general knowledge and 
attitude toward conservation activity for green 
snails were reviewed, and the motive for transplan-
tation and conservation activities for green snails 
was described by the communities in Lelepa, Man-
galiliu and Uripiv Islands.
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Lelepa Island

Many respondents on Lelepa Island knew that the 
green snail was very valuable although its popu-
lation had decreased owing to overfishing. It was 
commonly perceived that the resource had been 
abundant until the early-1990s, but then suddenly 
decreased and were hardly found when the total 
ban on green snail fishing was enforced, in 2005. The 
information about the resource recovery of recent 
years had not been shared widely enough. Further-
more, many respondents, both men and women, 
recognised the green snail was globally expensive, 
and therefore rare. However, many respondents did 
not know that Vanuatu had exported many green 
snails as raw materials for making accessories.

In addition, many male respondents replied that 
they had been taught about green snails by teachers 
and their family members. In particular, all the male 
respondents aged 20 years or younger admitted to 
getting the information either at school or at home. 
This might indicate that in recent years, educa-
tion regarding the coastal resources has advanced. 
In contrast, many female respondents replied that 
they had not been taught about it. Thus a contrast 
occurred by gender. 

The commonest information learned from family 
members was that the shell of green snails was very 
expensive; therefore, consuming its meat first then 
selling the shell was recommended. Regarding the 
population of green snails before a fishing ban was 
imposed, many responded that they found less than 
five individual green snails per day when diving. 
This suggested that the size of populations was for-
merly very small. 

Many respondents felt that the transplantation 
activity of green snails was useful for its resource 
enhancement and conservation. Respondents who 
participated in the transplantation activities of green 
snails conducted by the Grace of Sea Project felt the 
activity was meaningful in that it would lead to an 
increase of green snail resources. Thus, it is inferred 
that the understanding of the transplantation activity 
was advanced among those villagers. Furthermore, 
many respondents felt that villagers must press 
ahead with monitoring and surveillance activities 
for the conservation of green snail resources. Such 
awareness building might be attributed to the activi-
ties undertaken through the Grace of the Sea Project.

Mangaliliu

In Mangaliliu, many respondents lacked a basic 
knowledge of the green snail and did not know 
that it was very valuable, that it had decreased 
because of overfishing and that it had been subject 
to a fishing ban since 2005. Also, there were few 

respondents who had conducted green snail fish-
ing before the ban. This might indicate that green 
snail fishing was not carried out actively in Man-
galiliu, or it may suggest that most of respondents 
do not know of the days when the green snail was 
abundant, since most were aged in their 20s to 40s. 
Few recognised that the population of green snails 
seemed to have increased.

However, many responded that they had been 
taught about the green snails by their school teach-
ers and family members. Owing to several work-
shops organised by the Grace of the Sea project, 
some responded that they learned that the green 
snail resource would contribute to improvement in 
their lives if it were to increase in the future. This 
could be one result of the awareness activity for 
resource management of the green snail. Regard-
ing the population of green snails before its fishing 
was banned, a few responded that they found less 
than five individuals in one day of diving. This sug-
gested that the population size was very small.

Like the respondents on Lelepa Island, those who 
had participated in the transplantation activities 
of green snails conducted by the Grace of the Sea 
project felt that the activity was meaningful, since it 
would lead to an increase in green snail resources. 
Many responded that surveillance activity was 
required for effective conservation of the green 
snail, and that they would consider cooperating 
with future activities.

Uripiv Island

On Uripiv Island, it was widely known that the 
green snail was very valuable, but that it had 
decreased due to overfishing, that it had been sub-
ject to a fishing ban since 2005 and that it was glob-
ally rare and so expensive. However, information 
about the resource recovery and the history of the 
green snail fishing had not been well shared.

Many respondents had learned that green snail 
meat was edible and that the shell was expensive 
from their teachers, chief and family members. 
However, a few responded that they had conducted 
regular green snail fishing before the fishing ban. 
This might suggest that the green snail had not been 
abundant on Uripiv for a long time.

For those respondents who had participated in the 
green snail transplanting activity conducted by 
the Grace of the Sea project, the major motive for 
participation was that they were members of the 
community. Besides, most of respondents consid-
ered that the transplantation activity of green snails 
was useful for resource enhancement and conser-
vation of the resource. This attitude could demon-
strate that the understanding of the transplantation 
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was advanced among the villagers. In contrast, a 
few responded that surveillance activity to protect 
green snail resources was unnecessary, since the 
fishing ban was already legally established and no 
villagers would break the law by poaching. It might 
be that because Uripiv is a very small island, there 
is a high trust among community members because 
strangers do not often visit.

Table 10. Order of the motive of villagers in Lelepa Island for transplantation and conservation of green snails. 

Lelepa Island Number of 
samples

Order of the strength of the motive  
(the higher the number, the stronger the motive)

1st 2nd 3rd 4th

In total: 81 B: 1.373 D:0.015 A: -0.012 C: -1.377

Breakdown

Gender
Female 34 B: 1.331 D:0.110 A: -0.294 C: -1.147

Male 47 B: 1.404 A: 0.191 D:0.053 C: -1.543

Age group

x <= 20 7 B: 1.857 A: 0.679 D:-0.286 C: -2.250
20< x <= 40 37 B: 1.372 D:-0.074 A: -0.135 C: -1.311
40< x <= 60 29 B: 1.302 D:0.000 A: -0.207 C: -1.095

60< x 8 B: 1.219 D:0.063 A: 0.656 C: -1.938

A) Because I know (or learned) that it is important and necessary to protect the green snail as valuable resources. 
B) Because I will be able to make a profit when green snail fishing is opened after its resource increases in the future. 
C) Because we decided in a community meeting not to catch green snails. 
D) Because we have to follow the law and custom commands that banned of green snail fishing. 

Table 11. Order of the motive of villagers in Mangaliliu for transplantation and conservation of green snail.

Mangaliliu Number of 
samples

Order of the strength of the motive  
(the higher the number, the stronger the motive)

1st 2nd 3rd 4th

In total: 49 D: 0.959 B: 0.643 A: 0.296 C: -1.898

Breakdown

Gender
Female 21 D: 1.345 B: 1.012 A: 0.393 C: -2.750

Male 28 D: 0.670 B: 0.366 A: 0.223 C: -1.259

Age group

x <= 20 7 D=1.821 A: 0.000 B: -0.250 C: -1.571
20< x <= 40 29 D: 1.198 B: 0.966 A: 0.517 C: -2.681
40< x <= 60 9 B: 0.472 A: 0.111 C: -0.278 D: -0.306

60< x 3 A: 0.500 B: 0.000 C: -0.250
D: -0.250

A) Because I know (or learned) that it is important and necessary to protect the green snail as valuable resources. 
B) Because I will be able to make a profit when green snail fishing is opened after its resource increased in the future.
C) Because we decided in a community meeting not to catch green snails. 
D) Because we have to obey the law and custom ordered ban on green snail fishing. 

Table 12. Order of the motive of villagers in Uripiv Island for transplantation and conservation of green snail.

Uripiv Island Number of 
samples

Order of the strength of the motive (higher number shows stron-
ger motive)

1st 2nd 3rd 4th

In total: 62 A: 2.601 B: -0.262 D: -1.085 C: -1.254

Breakdown

Gender
Female 25 A: 2.560 B: -0.290 D: -1.070 C: -1.200

Male 27 A: 2.628 B: -0.243 D: -1.095 C: -1.291

Age group

x <= 20 5 A: 2.900 B: -0.400 D: -1.200 C: -1.300
20< x <= 40 40 A: 2.594 B: -0.250 D: -1.094 C: -1.250
40< x <= 60 15 A: 2.483 B: -0.283 D: -1.000 C: -1.200

60< x 2 A: 2.875 B: 0.000 D: -1.250 C: -1.625

A) Because I know (or learned) that it is important and necessary to protect the green snail as valuable resources. 
B) Because I will be able to make a profit when green snail fishing is opened after its resource increases in the future. 
C) Because we decided in a community meeting not to catch green snails.
D) Because we have to obey the law and follow the custom ordered ban on green snail fishing. 

The ranking order of the four motives for participat-
ing in the transplantation and conservation activi-
ties exemplified above were analysed statistically 
using Scheffe’s pairwise comparisons test. Results 
for each community are given in Tables 10 to 12.
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All responses to the questionnaire were examined 
using the Games-Howell multiple comparison 
test in order to see if the order of the strength of 
the motive in each community was statistically 
significant. 

No significant differences among motives A, B and 
D occurred in Lelepa Island. However, they showed 
significant differences with motive C. This might 
suggest that motive C was not regarded as impor-
tant for green snail transplantation and conserva-
tion. It probably suggests that in some communities 
there were not enough green snails to justify mak-
ing a rule for them. However, a rule might be neces-
sary in these communities to enable them to either 
understand the idea of the activity, to help them 
envision the future economic benefit of regulation, 
or to enforce the law and regulations concerning 
their ownership.

In Mangaliliu, no significant difference was found 
in any combination of the four motives. Although 
motive D came first in the counting of the ques-
tionnaire, the four motives could not to be ranked 
statistically.

In Uripiv Island, motive A (1st) showed a signifi-
cant difference to motive B (2nd), motive D (3rd), and 
motive C (4th). In addition, motive B (2nd) showed 
a significant difference with motive D (3rd) and 
motive C (4th). Therefore, motive A (‘Because I know 
[or learned] that it is important and necessary to 
protect the green snail as a valuable resource’) was 
the strongest in the Uripiv community, compared 
with the other two communities.

Based on those results, it is important to under-
stand the tendency of a motive and its strength in 
the community, in order to promote transplantation 
and conservation activities for green snails.

Awareness survey for resource 
management in a community that has 
no experience of the transplantation of 
green snails

Survey site
In the fishing villages in eastern and southern Efate 
Island, where transplantation and conservation 
activities had not yet been undertaken, an aware-
ness survey was implemented for the chiefs and 
leaders of the eight communities in order to under-
stand how people recognise the present status of 
green snails and the effect of transplantation and 
conservation activities for green snails.

Method
1. The chief, leader and other collaborators were 

interviewed in each target community regard-
ing resource management activities.

2. Inquiries were made in the same manner and 
in accordance with the contents of the question-
naire described in Table 6.

3. Results obtained were analysed regarding 
respondents’ recognition of the present status of 
green snail resources and, the most important 
motive for the resource enhancement and con-
servation activities.

Figure 26. Sites for the awareness survey in  
the eastern and southern Efate.
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Results and discussion
The number of respondents to the awareness sur-
vey in each community is shown in Table 13. 

General knowledge of green snails

Eighty per cent or more of respondents under-
stood that the green snail was already endangered 
by overfishing in Vanuatu in the 1990s and 2000s, 
therefore green snail fishing had been banned 
nationwide in 2005, that the meat was edible and 
that the shell was expensive. However, almost 40% 
of them were unaware that the green snail had 
been an important export product for Vanuatu. In 
addition, around 70% of respondents were aware 
of the recovery of green snail, and all respond-
ents had been taught about green snails by their 
parents, relatives and teachers. This suggests that 
the information about green snails had been intro-
duced successfully to community leaders and oth-
ers interested in the green snail fishery. The main 
content of the information they were taught is that 
the green snail was formerly abundant, although it 
had become scarce in recent years, and therefore its 
fishing had been banned. Also, some respondents 
who mistakenly collected green snails had either 
their father explain that it was prohibited to catch 
it, or VFD staff had warned them and confiscated 
their catch, perhaps indicating that young people, 

Table 13. Number of respondents to the awareness survey in each community by age and gender.

≤ 20 ≥21 and ≤40 ≥41 and ≤60 ≥61 Total

Ekipe
Female 0 1 1 0 2
Male 0 2 0 0 2
Sub-total 0 3 1 0 4

Epau
Female 0 0 0 0 0
Male 0 4 1 0 5
Sub-total 0 4 1 0 5

Pangpang
Female 0 0 1 0 1
Male 0 2 2 0 4
Sub-total 0 2 3 0 5

Eton
Female 0 0 0 0 0
Male 0 2 3 0 5
Sub-total 0 2 3 0 5

Rentapau
Female 0 1 0 0 1
Male 0 0 2 0 2
Sub-total 0 1 2 0 3

White sands
Female 0 0 0 0 0
Male 0 0 1 0 1
Sub-total 0 0 1 0 1

Eratap
Female 0 0 0 0 0
Male 0 2 2 1 5
Sub-total 0 2 2 1 5

Pango
Female 0 0 0 0 0
Male 2 2 2 3 9
Sub-total 2 2 2 3 9

Total: 37

in particular, were unaware that the green snail 
population had decreased. It is important to famil-
iarise the younger generation about the biological 
and economic characteristics of green snails, so as 
to continue its management.

Population and resource management of green snails

Regarding the population of green snails before 
the fishing ban was implemented, more than 70% 
of respondents answered that they found less than 
five to 10 individual green snails in one day of div-
ing – the area that one fisher could cover in one day 
would be more than one hectare, at least. There-
fore, the population of green snails was probably 
very small in the area before enforcement of the 
fishing ban. In addition, most respondents replied 
that the green snail resource had increased. This 
may suggest that recognition of the increase of 
green snail resources is common knowledge in the 
survey area in eastern and southern Efate Island.

All respondents replied that the transplantation 
activities of green snails were effective for resource 
enhancement and conservation. Furthermore, 
more than 90% regarded surveillance as necessary 
for resource management. Almost all respondents 
recognised the need for both transplantation and 
the surveillance activities for the management of 
the green snail resource. 
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On the other hand, only two respondents out of 
37 mentioned issues with green snail transplanta-
tion and surveillance activities. One was a villager 
who declared that he did not care about resource 
management. In the case that green snail manage-
ment transplantation and surveillance activities 
take place, such an attitude could jeopardise the 
operations’ success. The other said that transplanta-
tion might not be always effective because resource 
enhancement of green snails depends on its habi-
tat preference and the availability of food. In the 
future, guidelines regarding green snail transplan-
tation and surveillance must address these issues.

Conclusion drawn from the survey
• As a result of survey, the density of the green 

snails was found to be much higher in the sites 
where transplantation had been conducted 
through ‘the Grace of the Sea’ project phases 1 
and 2. The fishers in both sites related that no 
green snail had been found prior to the trans-
plantation activities. At both areas of Efate and 
Uripiv islands, in geographically remote loca-
tions, similar results and densities had been 
obtained. This strongly supports the positive 
effect of green snail transplantation. 

• The main probable reason accounting for the 
high density of green snails in the transplanta-
tion sites is self-seeding by eggs and suspended 
larvae that had remained on the spawning 
ground. Meanwhile, the fact that the green 
snail was found at locations several kilometres 
from the transplant location could be due to: (1) 
self-seeding from the few broodstock that are 
naturally remaining at the site; (2) settlement of 
drifting larvae produced in neighbouring areas; 
or (3) settlement of drifting larvae produced in 
transplantation sites. All these reasons would 
contribute to the increase of the population to 
varying degrees. Even so, the artificially trans-
planted broodstock might contribute signifi-
cantly to the promotion of the resource increase, 
since the natural population size had been small. 
The dense population of broodstock, resulting 
from transplantation, also might have boosted 
the reproduction rate of green snail. 

• Transplantation of green snails had been con-
ducted in Moso Island, in northern Efate Island, 
in 2007. However, the green snail was not found 
there during this survey. It was reported that the 
depth of the transplantation site was more than 
10 m, but the precise location of the transplanta-
tion site on Moso Island has not been recorded by 
VFD. The location of the survey site that we set 
up may have been several hundred metres away 
from the transplantation site. Furthermore, the 
water depths of other survey sites were no more 

than 6 m and we used the same depth for stand-
ardising the environmental condition among 
the survey sites. Also, when transplanting green 
snails, participants usually place individual 
snails carefully on the sea bottom. But in Moso 
Island, green snails were just sprinkled from a 
boat, so individuals probably remained widely 
scattered. The relatively deep water could have 
also affected green snail survival. All these rea-
sons may explain why we have not been able to 
find green snails at Moso Island. 

• Most transplantation sites were placed in either 
a taboo area or a marine protected area (MPA). 
It is very effective to set up transplantation sites 
in such areas to facilitate surveillance. Green snail 
density increased mainly around transplantation 
sites, but its distribution range remained limited. 
Furthermore, while the green snail population 
tended to increase, it is still very small, and the 
green snail remains endangered in Vanuatu. It 
is therefore necessary to continue the transplan-
tation and conservation activities with a focus 
on taboo areas and MPAs. In addition, periodic 
monitoring of the density of green snails is indis-
pensable for evaluating population trends.

• Where green snail transplantation took place, it 
was well received by the inhabitants. However, 
some people felt uncomfortable with the long 
limitation of fishery activities imposed by large-
scale resource management. They were asking 
for a better balance between opening the fishery 
for economic activities and closing it for resource 
management. In recent years, chiefs and lead-
ers of communities that were not involved in 
transplantation activities perceived, neverthe-
less, transplantation and conservation activities 
positively. They understood the significance of 
green snail resource management activities. 
Their positive reaction might indicate an inter-
est in participating in such activities. However, 
before starting any resource management activ-
ity it is necessary to carefully consider the bal-
ance between fishery-related economic activities 
and resource management.

• In one area where transplantation of green snails 
was undertaken, motives for the implementa-
tion of green snail resource management activi-
ties, as reported by members of the community, 
were mainly:  A) Because I know (or learned) that 
it is important and necessary to protect green snails 
as a valuable resources., B) Because I will be able to 
make a profit when green snail fishing is opened after 
its resource has increased in the future, D) Because 
we have to follow the law and custom-ordered ban 
on green snail fishing. However, it was suggested 
that motive C) Because we decided in a commu-
nity meeting not to catch green snail was generally 
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not a strong motive among inhabitants. When 
considering implementing pilot activities in 
target communities, management and support 
activities must be selected in accordance with 
how communities rate the different motives for 
resource management and support activities, 
using statistical analysis.

• In the future, it will be important to increase 
resource enhancement activities such as green 
snail transplantation. It will be necessary to 
explain to target community members that the 
transplantation technique is actually applicable 
to low-mobility animals such as green snails, 
big-eyes, button shells, sea cucumbers and giant 
clams. It is also necessary to demonstrate the effec-
tiveness of resource enhancement by techniques 
such as transplantation, and not merely to recom-
mend conservation of species. It is vital to utilise 
these examples to ensure the transition from sim-
ple resource management, which passively waits 
for spontaneous growth under restriction of fish-
ing activities, to an enhancement type of resource 
management, which provides better conditions 
for accelerating resource propagation.

• In ‘The Grace of the Sea’ project – Phase 3, as one 
of the resource management tools in the pilot 
project we will consider resource enhancement 
by transplantation for other low-mobility ani-
mals other than the green snail. For example, on 
the east coast of Tanna Island, women of the Wai-
sisi community harvest the big-eye snail (Turbo 
setosus), a low-mobility animal from coastal 
waters. This could be one of candidate species 
for resource enhancement by the community. 
In addition, the transplantation of low-mobility 
animals might be considered on the west coast 
of Tanna Island, where fish populations have 
decreased remarkably in coastal waters. It may 
also be possible to conduct these activities else-
where in Oceania as an example of community-
based coastal resource management.
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