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EXECUTIVE SUMMARY
Tuvalu, a small Pacific Island nation, is severely threatened by sea level rise and increased storm
frequency predicted under ongoing climate change. Recent documented changes include a reduction
in the islands’ surface area available for cultivation, the decline of soil quality through salinisation and
increased erosion and greater frequency of very high tides resulting in saltwater intrusion into freshwater
lenses. As the supply of land-based food becomes more uncertain, Tuvalu reliance on marine resources
is increasing (Mortreux and Barnett 2009).
Tuvalu Marine Life, an Alofa Tuvalu project (referred to in this report as “TML”) aims to support the
Tuvalu Fisheries Department in its management of Tuvalu’s marine resources. Two components were
developed in this second step of the project: 1) a field survey of the fish biodiversity of Tuvalu’s reefs and
lagoons, as well as documenting the species commonly caught by local fishermen and 2) a field survey
of selected macroinvertebrate and fish densities in Tuvalu’s lagoons, to assess the stocks of valuable
species on each atoll and test the effectiveness of the Conservation Areas (CAs). The fish biodiversity
component of the field surveys serves to update and expand existing species lists and provide additional
information on fish biodiversity, abundance, community composition and distribution patterns. The
marine resource assessment was the first survey of its kind on the outer atolls, whereas similar surveys
were conducted in Funafuti at the time of the Funafuti Conservation Area (FCA) implementation in 1997
and over the following years. No previous datasets could be found to rigorously assess changes through
time, therefore our comparisons were mostly qualitative.
The field surveys were carried out in Nanumea, Nukulaelae, and the capital atoll, Funafuti, between April
27th and May 27th 2010. For the fish biodiversity assessment, between 9 and 14 sites were visited in
three major habitats (lagoon, sheltered outer reef, exposed outer reef) at each atoll, with one additional
habitat (lagoon pinnacles) surveyed on Funafuti atoll. Globally accepted standard sampling protocols
were used, including timed swims and belt transects, allowing the estimation of fish species richness
and composition, density and biomass, benthic community structure, and the relationship between the
fish assemblage and benthic communities. For the marine resource assessment, 9 stations were visited
in Nanumea: 5 stations within the CA and 4 stations outside. Ten stations were visited in Nukulaelae (5
stations in the CA, 5 stations outside). In Funafuti 6 sites were visited, comprising 3 stations in each of
three different habitats at each site: reef flat, inner reef slope (referred as ‘reef slope’ or ‘slope’) and
lagoon, bringing the number of stations visited to 18 for Funafuti. Standard sampling protocols were also
used to assess benthic structure, targeted macroinvertebrate density and targeted fish density. The lists
of targeted animals were prepared in collaboration with the Fisheries Department and people of each
atoll visited.
Main findings of the biodiversity survey:
A total of 317 fish species were recorded during this study; 66 species that had not previously been
recorded in Tuvalu were added to the reviewed species list, bringing the overall total to 607. Applying
the Coral Fish Diversity Index to this estimate brings the total expected number of fish species in Tuvalu
to 711, which is similar to values estimated for Pacific island groups nearby. Species richness was
variable between habitats and depths, with the lowest species richness found inside the lagoons of
the three atolls, and in deeper areas of the outer reefs. The greatest differences in species richness
were correlated with habitat complexity, with more complex habitats hosting greater numbers of species.
Funafuti hosted the largest number of species recorded during these surveys, which probably reflects the
greater sampling effort and the greater variety of different habitats.
At least 79 species of interest are listed on the IUCN Red List, of which 29 are included in one of the
Near Threatened or Threatened categories (see Appendix 3 for the species list and IUCN classification).
Most of the sharks and rays are identified as being in need of some degree of protection. Among the
bony fish, the species of concern are the groupers Epinephelus fuscoguttatus (targeted by the CA survey
component), E. polyphekadion (not targeted) and E. socialis (not targeted) and the bigeye tuna Thunnus
obesus (not targeted) (Near Threatened), bumphead parrotfish Bolbometapon muricatum (targeted), and
the groupers Epinephelus lanceolatus, Plectropomus aerolatus and P. laevis (Vulnerable, not targeted)
and the Maori wrasse Cheilinus undulatus (Endangered, targeted).
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Overall fish density was highest on Nanumea atoll and lowest on Funafuti atoll, with individual lagoonal
sites tending to host the highest densities at each atoll. In contrast, fish biomass was highest in
Funafuti and lowest in Nukulaelae. Despite the low fishing pressure on Nanumea compared with the
more populated atolls, larger fish were scarce, and the combination of high densities and low biomass
indicates large numbers of small fish. This pattern seems common of highly isolated, exposed oceanic
reefs with small reef areas and small or closed lagoons. Funafuti had relatively high biomass and low
density, indicating smaller numbers of larger fish than Nanumea. The larger size of this atoll and the
higher diversity of habitat types are likely to have driven this pattern, despite the higher fishing pressure
on Funafuti. Concerns exist about signs of overfishing in Funafuti, such as lower abundances and
smaller individuals than in the past, especially in accessible areas.
Lagoons seemed to not only function effectively as fish nurseries, they also had distinctive fish faunas.
While outer reef habitats of the three atolls had similar fish assemblages, the lagoon of each atoll
had a unique fish community. Funafuti lagoon was especially distinct from the other two lagoons. The
lagoons of Nanumea and Nukulaelae remain virtually closed to the surrounding ocean, while Funafuti
lagoon has numerous channels and passes. Overall, fish communities were numerically dominated by
damselfish, followed by wrasses, surgeonfish and parrotfish. All other fish families occurred in relatively
low abundances.
The three surveyed atolls had similar overall levels of hard coral cover, but other benthic community
characteristics varied. For instance, only Nukulaelae had measurable amounts of soft coral, and Funafuti
had the highest cover of coralline algae. Macroalgal cover also varied among the three atolls, with
the lowest cover of around 7% recorded on Nanumea, intermediate cover on Funafuti (~15%) and the
highest cover, of around 20%, was found on Nukulaelae. As with the fish communities, lagoonal sites
were not only different from sheltered outer reef sites, but each atoll had its own distinct lagoonal benthic
characteristics.
The cover of coralline algae, sand and hard coral were the best predictors of the fish community
composition. The cover of sand could well serve as a proxy for lagoonal area, as the outer reef slopes
had virtually no soft sediment, while the lagoons of all three atolls consisted of a sand bottom with coral
patches. Therefore, sand as a predictor of fish community structure fits well with the overall distinctiveness
found in lagoonal fish faunas. Coralline algae tended to occur in higher cover in areas more exposed
to wave action. Other studies have also found that certain fish species, such as small wrasses and
triggerfish, are better adapted to high wave energy environments than others.
Together, the three surveyed Tuvaluan reefs boast high fish biodiversity. The highly unique fish communities
found within each lagoon suggests that further surveys on the remaining six atolls are highly likely to add
more species of fish to the list. In general, the fish densities and benthic communities recorded here reflect
the relatively low fishing pressure and reasonably healthy reefs in most areas, although there are some
signs of overfishing and nutrient enrichment near population centres. In particular, the predominance of
smaller fish from lower levels of the food web is a clear signs of overfishing, especially in Funafuti. Some
exposed reef sites showed signs of storm damage, and Funafuti lagoon near Fongafale showed strong
evidence of pollution and nutrient enrichment, with turbid water and high macro-algal cover. Of special
concern is the low number of sharks; these top predators are crucial to the health of the ecosystem and
are highly vulnerable on a global scale. Removing sharks from the food web could result in changes
throughout the food chain. The establishment of well-enforced, no-take Conservation Areas provides the
best solution to safeguarding Tuvaluan fish biodiversity and stocks of valuable food fish.
Main findings of the Conservation Areas survey:
Coral cover was variable in Funafuti, ranging from 0.1% to 58%, with a mean cover of 15% for the
whole atoll. Compared to previous surveys, coral cover seems to have declined. Coral cover was higher
outside the Funafuti Conservation Area (FCA) (19%) than inside (11%), however this difference was not
significant. Higher coral cover was measured on reef slope habitats. Acropora branching and staghorn
corals were the dominant growth forms. Hard coral cover in Funafuti lagoon was higher than on the outer
atolls, certainly a consequence of better water flow due to large passages all around the atoll and the
diversity of habitats (channels, pinnacles, deep lagoon, coral bommies on a sandy lagoonal seabed)
that support more diverse and denser coral communities.

On the outer atolls, hard coral cover was relatively low, with a mean cover of 6% and 11% in Nukulaelae
and Nanumea, respectively. The Nukulaelae coral assemblage was dominated by branching forms,
whereas in Nanumea encrusting, massive and bushy growth forms were common.
Algal cover tended to be higher within the FCA than outside, which was consistent with findings from the
first marine survey of the FCA. The average total algal cover was 43% within the FCA and 29% outside the
FCA, however this difference was not statistically significant. The highest total algae cover was observed
on the reef flats of Fualopa, Tepuka and Fuafatu.
Other living organisms (sponges, ascidians, soft corals) were rare on the 3 atolls visited, except for
Nanumea station “NNMCA4” that showed large mats of ascidians (Didemnum sp.) overgrowing rocks,
dead corals, limestone or other living organisms (such as other ascidians).
Abiotic substrata (rocks, limestone, dead corals, rubble, sand and silt) covered about half of the seabed
in Funafuti and almost three quarter in Nukulaelae and Nanumea.
The mean targeted total macroinvertebrate density was higher on Nukulaelae atoll than on Nanumea and
Funafuti. Densities were similar inside and outside the CAs in Funafuti and Nukulaelae. In Nanumea, the
mean targeted total macroinvertebrate density was lower within the CA than outside.
The mean edible macroinvertebrate density was considered similarly low at all stations visited in Nukulaelae
and Funafuti. In Nanumea, most of the stations also exhibited low macroinvertebrate densities; only 3
stations showed high densities of Kohi and Hopu papa. Edible macroinvertebrate densities were similar
inside and outside the CAs on the 3 visited atolls.
Giant clams (Fasua in Tuvaluan) and sea cucumber stocks have declined dramatically through the
combined effects of increasing human populations, pollution, habitat destruction and poachers. Clams
are listed in Appendix II of CITES (1983) and are considered vulnerable3 under the IUCN Red List of
Threatened Species (1996).
Regarding specific macroinvertebrate species of interest, it can be noted that:
• No commercially valuable sea cucumber species were encountered. The only species noted
in some numbers was the lollyfish (Holothuria atra), which reached very high densities at some
stations. Leopardfish and curryfish were observed at very low densities.
• Giant clams were only observed in Funafuti lagoon, mainly within the FCA. Three species were
identified: Tridacna maxima (the most abundant), T. squamosa and T. derasa. The highest density
was recorded on the Fualopa reef slope. Fuafatu reef also exhibited quite high clam densities, in
all habitats. Many dead clam shells were observed in Nanumea but no live specimens were found.
• No Trochus were found in Nanumea and few specimens were recorded in Nukulaelae, on the
inner barrier reef flat exclusively. Trochus were observed in similar densities inside and outside the
CA, the highest densities being recorded on the west-facing side of the atoll, which was considered
the exposed side. In Funafuti, Trochus were found in low densities on almost all reef flats and some
reef slopes and lagoon habitats, both inside and outside the FCA.
• Spondylus species (Hopu nifo, Sopuu) were quite abundant on the outer atolls. In Nanumea
densities tended to be higher within the CA, whereas the opposite was observed in Nukulaelae.
Spondylus were rare in Funafuti.
• Chama sp. (Hopu papa) and arks (Kohi) were only assessed in Nanumea, as Nanumean people
eat them. Very high densities were recorded outside the CA.
• Only one pearl oyster was noted throughout the whole survey, in Funafuti lagoon.
• No crown-of-thorns starfish (Acanthaster planci) were noted in Nanumea and 2 specimens were
seen in Nukulaelae, outside the survey transects. In Funafuti 7 specimens were counted, mainly
at lagoonal stations.
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• No Drupella snails, a coral predator, were recorded in Nukulaelae. In Nanumea they were only
observed at one location (close to the American channel), in high density. In Funafuti lagoon,
Drupella snails were observed in low densities. They were more frequent and more abundant
outside the FCA than inside.
Mean targeted total fish densities were similar at all 3 atolls visited, though slightly higher in Funafuti than
in Nukulaelae and Nanumea. Densities were similar inside and outside CAs on the 3 visited atolls.
Mean edible fish densities showed the same trend as above: densities were similar on all 3 atolls visited,
though slightly higher in Funafuti and Nukulaelae than in Nanumea. Densities were similar inside and
outside the CAs on all 3 visited atolls.
Regarding targeted fish communities composition the most abundant fish species overall were the lined
bristletooth (Ctenochaetus striatus, Pone uli), parrotfishes (Scaridae, Laea), the steephead parrotfish
(Chlorurus microrhinos, Homo), the convict tang (Acanthurus triostegus, Manini) and the humpnose
bigeye bream (Monotaxis grandoculis, Muu). Funafuti also showed high densities of the striped
surgeonfish (Acanthurus lineatus, Ponelolo) and the orangespine unicornfish (Naso lituratus, Manini
lakau), whereas in Nanumea high densities of the blue-barred parrotfish (Scarus ghobban, Ulafi) and the
ringtail surgeonfish (Acanthurus blochii, Maa) were also recorded.
Lastly, no clear pattern emerged from this survey about the effects of CAs on organisms targeted by
locals. In Funafuti, stations outside the FCA showed the highest coral cover (Tepuka reef slope), the
highest edible macroinvertebrate density (Teafualiku reef flat) and the highest total targeted fish density
(Fualefeke reef slope); on the other hand, giant clams and trochus were found to be more abundant
inside the FCA than outside (especially on the Fualopa reef slope), the Fuafatu reef slope hosted the
highest edible fish densities and a healthy coral community; and the Tefala reef flat and slope had a
high cover of crustose coralline algae and an abundant sea urchin population. In Nukulaelae, stations
within the CA showed higher coral cover, higher densities of edible fish and macroinvertebrate and the
presence of the rare marketable sea cucumbers. In Nanumea, one station (OCA1) was distinguished by
high coral cover, high total and edible fish densities and high edible macroinvertebrate density, which is
located outside the CA close to the American channel. Stations within Nanumea CA showed moderate
coral cover, high edible fish abundances and high densities of Hopu nifo and Hopu papa (both edible
bivalves).

INTRODUCTION
Small island nations are more vulnerable to human impacts and natural disturbances, and more reliant
on a healthy marine environment for long-term survival, than larger nations (Kaly et al. 2002). Tuvalu,
a small Pacific Island nation, is severely threatened by sea level rise and increased storm frequency
predicted under ongoing climate change (Radanne 2006). Various indicators classify Tuvalu as the most
vulnerable nation in the region (Hoegh-Guldberg et al. 2000; Kaly and Pratt 2000). With the highest point
of elevation at 3m above sea level, Tuvaluan agriculture relies on predictable rainfall patterns and, on
some atolls, on a clean freshwater lens.
Coral reefs are some of the most diverse habitats on the planet, and documenting patterns of biodiversity
allows a better understanding of the health and resilience of coral reefs. Ecosystems with greater
biodiversity tend to be more stable and productive, more resistant to human disturbance, and quicker
to recover from disturbances. Furthermore, they offer a richer resource to local populations that rely
on coral reefs for their primary source of protein. Measuring spatial patterns of biodiversity also helps
to identify areas of conservation priority, potential nursery grounds and important habitats for rare and
threatened species. Previous work on Tuvaluan reef fish biodiversity resulted in a comprehensive species
list, but little insight into overall patterns of species assemblages. The first complete fish survey on
Tuvaluan reefs recorded 358 species from 168 genera and 63 families (Jones et al. 1991). This number
was progressively updated and wherever possible, deep-sea and open-water fish were added through
fisheries surveys (Ellway et al. 1983, Seluka et al. 1998).
The use of marine resources forms part of the cultural identity of all Polynesian people. Tuvaluans
possess an extensive traditional knowledge of their marine resources (Seluka et al. 1998) and have
access to a traditional system of managing these resources sustainably (Dalzell et al. 1996). Despite
this, increased overfishing and overharvesting has put pressure on the marine environment. An impetus
exists for the improved understanding of patterns of biodiversity and improved management of resources
through the protection of locally managed Conservation Areas, or CAs (Sauni et al. 2008). Such CAs
have been recently implemented on all atolls and islands of the Tuvalu archipelago.
The Tuvalu Marine Life project (TML) aims to support the Tuvalu Fisheries Department in enhancing its
knowledge and management of Tuvalu’s marine life and resources. As a first step, an extensive review
listed all marine species found in Tuvaluan waters, for a first glance at marine biodiversity (Job 2009).
A revision before onsite survey found 1449 marine species, including 541 fish, 398 macroinvertebrates,
379 cnidarians, 59 algae, 41 seabirds, 21 marine mammals, 4 sponges, 4 turtles and 2 species of
mangroves. Additionally, the first phase of the TML project was to propose and budget several field
surveys to be conducted in line with local needs and existing strategies of marine resource conservation
in Tuvalu. In agreement with all stakeholders (Fisheries & Environment Departments, TANGO, FCA and
NBSAP officers), several priorities were identified for phase 2: 1) Field surveys should be conducted in
Funafuti, Nanumea and Nukulaelae; 2) Field surveys should focus on fish; 3) Biodiversity assessments
should include targeted marine resource surveys within defined CAs using low-cost and low-tech methods
in which local islanders can be trained.
The Reef Fish Biodiversity Survey aims to update and expand existing reef fish species lists, and to
provide additional information about abundance, species composition, biomass and distribution patterns
of Tuvaluan reef fish.
The Conservation Areas Survey aims to assess stocks of targeted species of macroinvertebrates and
fish using simple methods replicable by Fisheries officers and local islanders. This work includes training
local people and ‘refreshing’ Fisheries officers in techniques used to assess marine resources within and
outside CAs. The methods were chosen to be simple and accessible to non-scientists, but robust and
reliable enough to enable the assessment of change in marine resources through time.
The goal includes estimating the quantity of edible, commercial or otherwise valuable fish (for food
security purposes, handicraft, bait, etc.), as well as documenting the species commonly caught by local
fishers. A list of targeted species has been produced for each atoll and additional species are added as
indicators of reef health.
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Scientific Report - PART I
Biodiversity
of Tuvaluan Reef Fishes
Dr. Daniela Ceccarelli

1. METHODOLOGY
1.1. STUDY SITES
The field surveys were carried out in Nanumea, Nukulaelae, and the capital atoll, Funafuti (Figure 1), between
April 27th and May 27th 2010, with between 6 and 10 days spent at each location.

Figure 1. Overview map of Tuvalu, showing all nine atolls.

1.1.1. Sampling design
Biodiversity surveys were conducted using two standard methods: 1) timed swims with towed GPS to record reef
fish biodiversity and large predators and herbivores (referred to as “Biodiversity”), and 2) replicated underwater
visual census using belt transects to determine relative abundance and species composition of the mid-slope reef
fish communities and the composition of the benthic community (referred as “Transects”). The use of these two
methods allows for a comprehensive species list, statistical rigor, the identification of habitat associations, and the
comparison between Tuvalu and other reefs on a regional scale. These two methods are widely used throughout the
whole Indo-Pacific region and are recommended methods to survey tropical marine resources (English et al. 1997).
Whenever possible, the sampling design included (at least) three replicate sites in exposed, sheltered and lagoonal
locations on each atoll, resulting in a minimum of nine sites per atoll. Weather conditions imposed a number of
variations on the sampling design (Table 1 and Figure 2).
A total of 12 sites were surveyed on Nanumea atoll. Biodiversity swims were conducted at all 12 sites, including 6
sheltered sites (green dots in Figure 3), 3 exposed sites (red dots) and 3 lagoon sites (yellow dots), with an additional
reef flat location surveyed on snorkel for the addition of reef flat specialists to the species list (pink dot). Transects
for biomass and density assessments were laid out at 6 of the sites, including 3 on exposed sites and 3 on lagoonal
sites.

Figure 2. Illustration of the sampling design developed for the biodiversity assessment and transect surveys.
The number of intended sites in each habitat is represented in brackets.

Site placement in Nukulaelae followed the intended framework (Table 1). A total of 9 sites were surveyed. Biodiversity
swims were conducted at all 9 sites, including 3 sheltered sites (green dots in Figure 5, 3 exposed sites (red dots)
and 3 lagoon sites (yellow dots), with an additional reef flat location surveyed on snorkel (pink dot). Transects for
biomass and density assessments were laid out at 6 of the sites, including 3 on exposed sites and the 3 lagoon sites
(Figure 6).
As Funafuti lagoon is much larger than the other two surveyed atolls, additional sites were chosen for fish biodiversity
surveys to better capture the range of existing habitats, and therefore gain a better representation of fish communities.
A total of 14 sites were surveyed. Biodiversity swims were conducted at all 14 sites, including 4 sheltered sites
(green dots in Figure 7), 3 exposed sites (red dots), 4 lagoon sites (yellow dots) and 3 lagoon pinnacle sites (blue
dots), with an additional reef flat location surveyed on snorkel (pink dot). Transects were laid out for fish biomass and
density assessment at 8 of the sites, including 4 sheltered sites and 4 lagoon sites (Figure 8).

Table 1. Number of sites completed in exposed, sheltered, lagoon and lagoon pinnacle habitats on each atoll surveyed.
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Figure 3. Map of Nanumea sites for fish biodiversity surveys. The orange dashed line delineates the Conservation Area.

Figure 4. Map of Nanumea sites for fish transect surveys. The orange dashed line delineates the Conservation Area.

Figure 5. Map of Nukulaelae sites for fish biodiversity surveys. The orange dashed line delineates the Conservation Area.

Figure 6. Map of Nukulaelae sites for fish transect surveys. The orange dashed line delineates the Conservation Area.
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Figure 7. Map of Funafuti sites for
fish biodiversity surveys.
The orange dashed line delineates
the Conservation Area.

Figure 8. Map of Funafuti sites for
fish transect surveys.
The orange dashed line delineates
the Conservation Area.

1.1.2. Sampling protocol
Two SCUBA dives (see also Table 2 and Figure 2) were performed at each site, including:
1. One fish biodiversity timed swim (45min), with towed GPS, to assess overall fish diversity and relative abundance,
and the density of large predators and herbivores.
2. Replicate fish surveys along four 50m transects at each site, with the surveyor recording larger, more mobile
fishes during the first pass and smaller, more site-attached fishes on the second pass (abundance and species
composition).
3. Four replicate Point Intercept Transect benthic surveys along the same four 50m transects at each site to assess
benthic % cover, particularly hard and soft corals, sponges and algae.
Table 2. Tasks to be performed at each site.

Timed swims were conducted to achieve a rapid visual assessment of fish biodiversity and relative abundance.
During the timed swim (which generally covered 2,000m2 depending on currents), the diver searched all site-specific
microhabitats. All fish were identified to species level. The abundance of fish species was recorded on a log-scale
(Table 3) and later converted to ranks or scores for ease of statistical interpretation of community structure.
Table 3. Abundance scale used in fish biodiversity timed swims.

Table 4. List of benthic categories used for transects.
Four replicate transects were laid out at each site. The abundance of
larger, mobile fish species was recorded along 50 x 10m transects on
the first pass, as the diver simultaneously deployed the transect tape.
Smaller and more site-attached fishes (e.g. damselfishes) were recorded
along a 2m belt along the same transect on the return pass. This widely
used method will facilitate comparisons with fish diversity on other Pacific
reefs, and will result in data that is publishable in the peer-reviewed
scientific literature.
During both fish census methods, incidental sightings of all species were
noted and the previous species list for Tuvalu was updated with this
information.
At each site, four replicate 50m point-intercept transects were conducted
for robust benthic cover and coral abundance estimates. Hard corals
were identified to growth form level and other benthic organisms such as
soft coral/sponges/algae were distinguished (Table 4).
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Additionally, to measure the complexity of the reef framework, a 2m chain was used at every 10m point of the transect
line. The chain was draped over the reef in a straight line underneath the transect tape, following the reef contours.
The complexity index was calculated by subtracting the length of the tape at the endpoint of the chain (distance D1)
from 2 metres (Figure 9).

Figure 9. Illustration of the reef complexity method.

1.1.3. Data analysis
Fish species were analysed both individually and grouped taxonomically (by family) or by functional groups.
Functional groups reflect the specific roles that different species play on the reef and can therefore provide a more
useful measure of reef health and resilience than species composition alone. Thirteen different functional groups
were distinguished (Table 5), and all species were assigned to functional groups as per currently recognised roles
(Appendix 2).
Reef fish biodiversity patterns were described and compared between exposure regimes, atolls, previous surveys in
Tuvalu and regionally relevant reefs.
Reef fish abundances of all species were reported as density estimates (individuals per hectare or 1000m2). The
diversity, density and biomass of reef fish were described spatially using multivariate techniques (e.g. non-metric
Multidimensional Scaling). Density and diversity of reef fish were compared between exposure regimes, atolls,
previous surveys and regionally relevant reefs, using Analysis of Variance (ANOVA) and Multivariate ANOVA
(MANOVA), with appropriate transformations of data that did not conform to the test assumptions of normality and
homoscedasticity.
The percentage cover of all benthic groups (especially hard and soft corals, algae and sponges) were compared
between exposure regimes, atolls, previous surveys and regionally relevant reefs.
The relationship between habitat structure (benthic categories, complexity index) and the fish community was
explored using BEST analysis and LinkTree, using Primer (Clarke and Gorley 2006).

Table 5. List of functional groups used to separate the roles of fish in this study,
with a brief description of the role played by each group.
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2. RESULTS
2.1. BIODIVERSITY
A total of 317 species were recorded from 49 families, during 56 SCUBA dives in Nanumea, Nukulaelae and
Funafuti. Despite the short duration of the survey trip in each place, 66 species that had not previously been
recorded in Tuvalu were added to the previous species list, bringing to overall total for Tuvalu to 607 reef
fish species. Not all species on the existing species list were observed during our survey, but we attributed this
to the short time spent in the field, and updated the species list on the assumption that all the previously recorded
species are still present.
The new records added during this survey are common reef fish species or food fish caught by fishers. Of the
major reef fish families, the overall species list now includes Labridae (60), Pomacentridae (40), Apogonidae (15),
Acanthuridae (44) Serranidae (51), Chaetodontidae (32), and Lutjanidae (36). In accordance with previous surveys
(Jones et al. 1991), no endemic species were recorded. The most recent complete fish survey before the present
one recorded 358 species of fish from 63 families, during 300 SCUBA dives on Nanumea, Nui and Niutao (Jones et
al. 1991)1. Table 6 below presents the number of reef fish species known from each family for the 3 atolls surveyed,
with an indication of the new records added during our survey.

Table 6. Number of species in each family of reef fish recorded in the present survey,
with new records of species previously unrecorded on Tuvaluan reefs.

Some species recorded in previous surveys were not recorded in the present study; these are ignored in the overall species
richness estimate.

1

(6)
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At least 79 species of interest are listed in the IUCN Red List, of which 29 are included in one of the Near Threatened
or Threatened categories (see Appendix 3 for the species list and IUCN classification). Most of the sharks and
rays are identified as being in need of some degree of protection. Among the bony fish, the species of concern are
the groupers Epinephelus fuscoguttatus, E. polyphekadion and E. socialis and the bigeye tuna Thunnus obesus
(Near Threatened), bumphead parrotfish Bolbometapon muricatum and the groupers Epinephelus lanceolatus,
Plectropomus aerolatus and P. laevis (Vulnerable) and the Maori wrasse Cheilinus undulatus (Endangered).

Figure 10. Species accumulation curve for all sites visited in this survey.

Tuvalu Marine Life

	
  

SCIENTIFIC REPORT - PART I / 27

The species accumulation curve, which represents the number of new species added with each new site visited,
suggests that a high number of additional species could be expected if more sites were visited (Figure 10). A
plateau, where only 1 or 2 new species are added with every dive, is generally reached after 50–60 dives in atoll
environments (M. Beger, pers. comm.).
During this survey, 5-10 species per dive were being added when visiting a different habitat, particularly when
visiting a new atoll.
Patterns of fish diversity among atolls
Species richness varied greatly between sites (from 38 species to 99), with the lowest diversity found inside the
lagoons. Overall, the greatest number of species overall (234) was recorded in Funafuti, followed by 207 in
Nanumea and 194 in Nukulaelae.

Figure 11. Species richness recorded on Nanumea atoll. The middle lagoon site is inside the Nanumea
Conservation Area (52 species recorded).

Nanumea had an intermediate level of species richness, with 207 species recorded. It was variable between
lagoon sites (49-59 species) and on the sheltered side of the atoll (77-91 species), but virtually uniform on the
exposed side (77 species at all three sites.
This reflects the differences in habitat. The sheltered side of the atoll was characterised by a complex structure,
including a tract of overhanging wall providing a range of niches and a variety of habitats (Figure 15). The lagoon
consisted of a sandy or silty bottom with coral heads and bommies, which varied among sites. In contrast, the
exposed side of the atoll was relatively featureless, with extensive banks of rubble and tracts of coralline pavement
with sparse turf (Figure 15).

Nukulaelae had the lowest species richness
overall (194 species), but the distinction between
sheltered and exposed sites was not as great as in
Nanumea. Species richness in the lagoon varied
between 75 and 86 species, on the sheltered side it
ranges between 64 and 83 species, and the sheltered
sites had between 38 and 58 species.
The lowest species richness outside the lagoonal
areas was found at one of the sheltered sites, which
was dominated by an extensive monospecific stand
of staghorn Acropora (Figure 15).
The lagoon sites were less species-rich, especially
areas dominated by sand and low-relief coral
outcrops (Figure 15).
Funafuti hosted the largest number of species
recorded during these surveys (234 species),
which probably reflects the greater sampling effort
and more diverse habitats found in this opened atoll.
Furthermore, in Funafuti we surveyed an additional
habitat, lagoonal pinnacles, which was not present on
the other two atolls. Due to the depth and structure
of the lagoonal slope, there was little difference in
species richness between the lagoon (71-99 species)
and outer reef habitats (exposed: 81-95 species;
semi-exposed: 84-97 species).
Figure 12. Species richness at all sites visited on Nukulaelae
atoll. Two sites were located within the Nukulaelae Conservation
Area, hosting 54 and 83 species.

West-facing outer reef sites were more characteristic
of exposed habitats, with high cover of coralline algae,
while east-facing sites had delicate plate and staghorn
Acropora corals (Figure 15) reminiscent of sheltered sites.

However, the shallower areas
of east-facing sites also had a
high degree of coralline algal
cover and structural complexity, suggesting intense
scouring during periods of
heavy seas.
However, there were no
visible differences in the
species richness between
the two sides of the atolls.
Lowest species richness
records were from lago-onal
pinnacles (74-82 species),
which are isolated patches of
habitat with a limited area.

Figure 13. Species richness at all sites visited on Funafuti atoll. The two northern-most exposed and lagoon
pinnacle sites are within the Funafuti Conservation Area (respectively 81, 92 and 79 species.
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Patterns of fish diversity among depths
Shallow and mid-depth habitats were significantly more species-rich than deeper sites. This pattern was
consistent across the three atolls (Appendix 1, Figure 14).

Figure 14. Depth distribution
of species richness across
the three atolls.

Patterns of fish diversity among status of protection
Species richness inside Conservation Areas appeared to be intermediate relative to the other sampled sites.
That is, in Nanumea and Nukulaelae, lagoonal sites were sampled within the Conservation Areas, and species
richness was typical of other lagoonal sites visited. In Funafuti, outer reef sites inside the FCA were not more diverse
than outer reef habitats outside the FCA. These interpretations must be viewed with considerable caution as this
survey was not targeting the differences between sites inside and outside Conservation Areas, and replication was
inadequate for rigorous testing.

Figure 15. Habitats surveyed, clockwise from top left: Steep wall and complex habitat on Nanumea’s sheltered side; Large outcrops on
sand in Nanumea lagoon ; Featureless exposed face of Nanumea atoll ; Delicate branching and plate-forming corals on Funafuti’s semiexposed side ; Small coral outcrops on sand in Nukulaelae lagoon ; Monospecific Acropora habitat on Nukulaelae’s sheltered side.

Total expected fish species richness: the Coral Fish Diversity Index
To address the limitations of compiling species lists in restricted amounts of space and time, a regression method,
the Coral Fish Diversity Index (CFDI), exists for assessing expected species richness (Allen and Werner 2002). This
estimate applies a correction factor to the combined diversity recorded for six families of large, easily identifiable
reef fishes: Acanthuridae (surgeonfishes), Chaetodontidae (butterflyfishes), Labridae (wrasses), Pomacanthidae
(angelfishes), Pomacentridae (damselfishes) and Scaridae (parrotfishes). Groups of fishes used to calculate the
CFDI groups can be comprehensively documented over a short time.
Two formulas exist to calculate the CFDI, one for small areas (e.g. single reefs or atolls) and one for wider scale
regions. The primary limitation of this method is that the final figure arrived at will increases depending on the amount
of time spent searching for new species, until a plateau is reached. The time and effort taken for this plateau to be
reached is also likely to depend on the level of experience of the observer, and the number of different habitats
searched. For restricted localities such as atolls and islands of Tuvalu, the total number of species in these six
families is the CFDI, and the relationship of this Index to total diversity was:
3.39 x CFDI - 20.6
Estimated total fish diversity for Tuvalu using this formula is 711 species (Table 7). Given the time, habitats
searched and expertise of the primary observers, the results obtained here are comparable to those reported in
other locations.

Table 7. Number of species from six target fish families in Tuvalu, combining the results of this survey with previous species lists.
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2.2. FISH DENSITY AND BIOMASS
2.2.1. Patterns of fish density
Overall fish density (individuals per 1000 m2) was slightly higher on Nanumea atoll (2,865.6 +/- 455.8SE) that on
both Nukulaelae (1,965.2 +/- 355.3SE) and Funafuti (1,769 +/- 100.7 SE), which had values similar to each other
(Figure 16, Appendix 1).

Figure 16. Mean density of reef fish on the three atolls surveyed in Tuvalu, calculated as the number of individuals
per 1000m2. Error bars represent 1 S.E.

Despite having lower diversity, the lagoon sites of Nanumea hosted the highest density estimates of the
atoll (Figure 17, Appendix 1). This is probably due to the presence of dense schools of planktivorous pomacentrids
and juvenile scarids associated with the larger coral outcrops in the lagoon. Densities across the sheltered outer reef
sites were relatively uniform.

Figure 17. Mean density of reef fish across sites and habitats surveyed in Nanumea, calculated as the number of individuals per 1000m2.
The Conservation Area site is NNM_L_2. Error bars represent 1 S.E.

Fish density patterns in Nukulaelae were also uniform across sites, with the exception of one lagoonal site that
had very high densities of fish (Figure 18). This is likely to parallel the pattern found in Nanumea, and reflects
observations of very high densities of small planktivorous fish and juveniles of larger fish in the two lagoons.
This is confirmed by patterns of biomass: lagoon sites with high densities tended to have low biomass, suggesting
large numbers of smaller fish.

Figure 18. Mean density of reef fish across sites and habitats surveyed in Nukulaelae, calculated as the
number of individuals per 1000m2. The Conservation Area site is NKL_L_3. Error bars represent 1 S.E.

Funafuti atoll had the most uniform density estimates across all sites, except for a significantly lower fish
density at one of the lagoon sites (Figure 19). This site was characterised by relatively low coral cover and extensive
patches of featureless sand.

Figure 19. Mean density of reef fish across sites and habitats surveyed in Funafuti, calculated as the number of individuals per 1000m2.
The Conservation Area sites are FCA_S_2 and FCA_S_3. Error bars represent 1 S.E.

Overall fish density was highest on Nanumea atoll and lowest on Funafuti atoll, with individual lagoonal
sites tending to host the highest densities at each atoll. Conservation Areas did not stand out as having
particularly high fish densities.
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2.2.2. Patterns of fish biomass
The surveyed sites across the three atolls had an overall average biomass of 560.2 kg per 1000m2 (+/- 40.5 SE).
Funafuti had the highest average biomass across all surveyed sites (691.4 +/- 59.6SE); Nanumea had
intermediate biomass (530.4 +/- 67.7SE) and Nukulaelae the lowest (415.1 +/- 74.6SE). The bumpheaded
parrotfish, Bolbometapon muricatum, and sharks were omitted from these estimates, due to the propensity for single
individuals to disproportionately inflate the biomass for a particular site.

Figure 20. Differences in fish biomass on reefal and lagoon areas of Nanumea, Funafuti and Nukulaelae atolls.
Biomass is measured in kg per 1000m2. Error bars = 1 S.E.
Patterns of distribution of fish biomass did not differ significantly between habitats when habitats were pooled across
atolls, but habitat differences varied between atolls (Appendix 1). In Nanumea, the lowest biomass estimates were
recorded in the lagoon, and the highest on the sheltered side of the outer reef. Where sites had particularly
low biomass (Figure 21) but high density (Figure 17), this reflects the dominance of small fish at the site, such as
planktivorous pomacentrids that are found in very large schools.

Figure 21. Mean biomass (kg/1000m2) of reef fish across sites and habitats surveyed in Nanumea.
The Conservation Area site is NNM_L_2. Error bars represent 1 S.E.

Nukulaelae had relatively low density (Figure 18) and biomass (Figure 22), with one site standing out for both
estimates. The exceptions were not the same, however: high densities with low biomass were recorded at the
lagoonal site NKL_L_2, and low densities of high-biomass fish were found at the sheltered outer reef site NKL_E_1.

Figure 22. Mean biomass (kg/1000m2) of reef fish across sites and habitats surveyed in Nukulaelae.
The Conservation Area site is NKL_L_3. Error bars represent 1 S.E.

Funafuti atoll, while hosting relatively uniform densities across sites with the exception of one lagoonal site (Figure
19), showed a greater degree of variability in biomass (Figure 23). There were no overriding differences between
reef and lagoonal sites overall. Low density but high biomass suggests a greater abundance of large fish, including
herbivores, benthic carnivores and predators: Funafuti lagoon hosted large numbers of grazing parrotfish, possibly
boosting biomass estimates.

Figure 23. Mean biomass (kg/1000m2) of reef fish across sites and habitats surveyed in Funafuti. The Conservation Area sites are FCA_S_2
and FCA_S_3. Error bars represent 1 S.E.

In summary, fish biomass was highest in Funafuti and lowest in Nukulaelae. Areas of high biomass were
localised at individual sites where large schools of benthic carnivores, predators or grazers aggregated
(e.g. NKL_E_1, FFT_S_4). Conservation Areas did not stand out as having particularly high fish biomass.
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2.3. FISH SPECIES COMPOSITION
2.3.1. Reef fishes
Not only were the atolls overall characterised by different species compositions, but the individual habitats had
distinct groupings of species as well (Figure 24). Firstly, the lagoons of all atolls formed separate groups from
the outer reef habitats, and the lagoons of individual atolls also differed from each other. That is, there was
no overriding ‘Tuvalu lagoon’ fish fauna, but each atoll had its own distinct lagoon fish assemblage. Funafuti lagoonal
habitats were further differentiated from its lagoon pinnacle habitats. The species characterising lagoonal areas of all
three atolls were the damselfish Pomacentrus amboinensis, P. pavo, and Dascyllus aruanus; the blenny and goby
Ptereleotris microlepis, Amblygobius phalaena, the wrasses Labroides dimidiatus and Halichoeres trimaculatus, the
surgeonfish Acanthurus xanthopterus, the goatfish Parupeneus barberinus, the parrotfish Scarus ghobban and S.
schlegeli, the grouper Epinephelus merra and the butterflyfish and angelfish Chaetodon trifascialis and Centropyge
bicolor. Especially prevalent on Funafuti’s lagoonal pinnacles was the fusilier Pterocaesio trilineata.
Outer reef habitats of all the atolls formed a more consistent group, but Nanumea’s sheltered habitats appeared
somewhat distinct. Exposed and sheltered habitats of the three atolls did not form different groups.
A different suite of common reef fish separated outer reefs from lagoons, including the damselfish Chromis iomelas,
C. atripes and C. xanthura, the hawkfish Paracirrhites forsteri, the wrasse Thalassoma quinquevittatum, the angelfish
Centropyge flavissimus, the triggerfish Melichthys niger and M. vidua, the grouper Cephalopholis argus and the
surgeonfish Acanthurus nigricans and Ctenochaetus cyanocheilus. Similarities exist between these findings and
those of previous fish surveys. For instance, Yeeting and Poulasi (2007) also found high densities of Pomacentrus
pavo, Chromis iomelas, Chromis margaritifer, and Plectroglyphidodon johnstonianus. Additionally, they reported
differences in the common fish fauna of lagoons and outer reefs.

Figure 24. MDS plot showing distinctive fish faunas
in different habitats of the three atolls. The plot above
shows differences between habitats and atolls based
on their fish species composition. Habitats with the
most different assemblages appear as separate
‘clouds’.
The figure shows the species that are most highly
correlated with the different groups, and therefore have
a strong role in defining the habitat as different. The
direction of the vector shows which habitat / atoll has
large proportions of that species, and the length of the
vector shows how important that species is in driving
the separation between groups.

Fish community composition also varied with depth, and this was strongest on Nanumea atoll (Figure 25).
Here, all three depths hosted characteristic fish faunas, including a predominance of Chromis iomelas below 15m,
higher numbers of C. atripes at mid-depth and the hawfish Paracirrhites forsteri and the parrotfish Scarus altipinnis
at depths shallower than 10m. Nukulaelae and Funafuti had a less pronounced depth distribution, and they
were more similar to each other overall. Five species defined these two atolls as different from Nanumea: the
wrasse Halichoeres trimaculatus, the angelfish Centropyge bicolor, the parrotfish Scarus schlegeli, the butterflyfish
Chaetodon trifascialis and the fusilier Pterocaesio trilineata.

Figure 25. MDS plot showing distinctive fish faunas at different depths of the three atolls.

The highest density of fish for all three atolls was represented by damselfish species; they were twice as
abundant on Nanumea as on the other two atolls (Figure 26). Wrasses, surgeonfish and parrotfish made up the
next most abundant families, and these were relatively uniform across the three atolls. Representatives of the
other fish families occurred in very low densities. Almost all families were significantly different between atolls
(Appendix 1).
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Functional group composition was also dominated by damselfish groups on all three atolls (Figure 27). Omnivorous
pomacentrids were by far the most abundant, especially on Nanumea. Grazing fish and benthic carnivores
were also relatively well represented. The density of predatory fish was very low, with slightly higher densities
of intermediate predators than large predators at the top of the food web. This may be a sign of overfishing,
as these families are favoured food fish (Sauni et al. 2008). Overall, the different atolls had a distinct suite of
functional groups, rather than different species making up the same functional groups (Appendix 1).

Figure 26. Mean fish density of the most important reef fish families at Nanumea, Nukulaelae and Funafuti.

Figure 27. Mean fish density of the major functional groups of reef fish at Nanumea, Nukulaelae and Funafuti.

2.3.2. Sharks and rays
Shark diversity and densities were very low. A previous survey found only 16 individuals belonging to four
species: grey reef shark (Carcharhinus amblyrhynchos), blacktip reef shark (Carcharhinus melanopterus), whitetip
reef shark (Triaenodon obesus) and lemon shark (Negaprion brevirostris) (Wheeler 2007; Wheeler et al. 2010).
During our survey, we counted 17 sharks of three species (grey reef shark, blacktip reef shark and whitetip reef
shark). All shark species observed in Tuvalu (previously and during our survey) are listed on the IUCN Red List of
threatened species, as ‘Near Threatened’ species. The very low abundance of reef sharks is of concern. Sharks are
very vulnerable to overfishing; declines in reef shark numbers have been observed throughout the globe and linked
to fishing, even in remote regions (Graham et al. 2010). Sharks play an important ecological role as apex predators,
and declines in shark numbers often results in changes throughout the food chain. By feeding on the weak and
wounded of prey species, sharks help keep the oceans in balance. Removing sharks from the food web could have
catastrophic effects.
Ray diversity and densities were also very low. A previous survey documented one species of ray, the spotted
eagle ray (Aetobatus narinari) (Wheeler 2007; Wheeler et al. 2010). During our survey, incidental sightings were
recorded of two species of rays: manta ray (Manta birostris) and spotted eagle ray (Aetobatus narinari). About 10
individuals were observed. Of interest is the observation of a school of manta rays (at least 6 individuals were seen)
in front of Falafatu islet. Anecdotal information indicates that these individuals belong to a resident population that
moves in and out of Funafuti lagoon daily, with the tides. As for sharks, almost all species of rays are listed on the
IUCN Red List of threatened species, as ‘Near Threatened’ species.

2.4. BENTHIC STRUCTURE
The three surveyed atolls had similar overall levels of hard coral cover (20-30%), but the study sites varied
significantly in some aspects of the benthic communities (Figure 28, Appendix 1). Nukulaelae was the only atoll
surveyed with measurable amounts of soft coral, and also had the highest cover of coralline algae. Macroalgal cover
also varied among the three atolls, with the lowest cover of around 5% recorded on Nukulaelae and slightly higher
cover (~10%) on Funafuti and Nukulaelae. The cover of turf algae, defined as a multi-species assemblage of fine
filamentous algae typically forming a mat of 2 cm in height or less, was highest in Funafuti.

Figure 28. Percent cover (+/- 1 S.E.) of the five major benthic categories at surveyed sites of Nanumea, Nukulaelae and Funafuti atolls.
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On Nanumea, lagoonal sites were dominated by sandy substrata, with hard coral covering between 5 and 12%, and
macroalgae averaging around 20%. Sheltered sites of the outer reef tended to have very high hard coral cover (3040%), with the only other dominant taxa being coralline algae.

Figure 29. Percent cover (+/- 1 S.E.) of the five major benthic categories each site surveyed on Nanumea atoll.
The Conservation Area site is NNM_L_2.

Nukulaelae lagoon was unusual in its high (40-70%) cover of soft coral at the lagoonal sites.
Soft coral virtually replaced hard coral as the main living taxa covering the reef patches. In contrast, very high hard
coral cover was recorded on the sheltered outer reef sites, with up to 80% cover recorded at one site. Outer reef
sites also had high cover of coralline algae, with low macroalgal cover throughout all sites.

Figure 30. Percent cover (+/- 1 S.E.) of the five major benthic categories each site surveyed on Nukulaelae atoll.
The Conservation Area site is NKL_L_3.

Funafuti atoll had high (20-50%) coral cover throughout both lagoonal and outer reef sites. Turf algae grew on dead
surfaces, especially in the lagoon, while coralline algae covered much of the abiotic substrate of the outer reef. The
growth of macroalgae was variable, with only one lagoonal site recording significant cover (~30%), and lower cover
on the outer reef sites.

Figure 31. Percent cover (+/- 1 S.E.) of the five major benthic categories each site surveyed on Funafuti atoll.
The Conservation Area sites are FCA_S_2 and FCA_S_3.

Overall, coral cover on the three atolls appeared healthy, despite localised overgrowth by fleshy macroalgae
near human settlements. The next most abundant benthic cover was coralline algae on outer reefs and
turf, macroalgae or soft coral in the lagoons. Conservation Areas did not show significant differences in
benthic community composition when compared to similar habitats outside Conservation Areas.
Multi-dimensional scaling analysis showed in more detail which benthic categories were most influential in
distinguishing the habitats (Figure 32). Data clouds suggested that the sheltered outer reef sites of the three
atolls were similar to each other, characterised by branching corals (CB), encrusting corals (CE), table corals
(TC), crustose coralline algae (CA), and generally higher coral cover (HC) than lagoonal sites. One sheltered site
at Nanumea and Nukulaelae atolls was particularly characterised by branching Acropora corals (AB).
Lagoonal sites were not only different from sheltered outer reef sites, but each atoll had distinct lagoonal
benthic characteristics. Nanumea lagoon had high cover of macroalgae (MA) on rock (RC) and rubble (RB)
substrates, while Nukulaelae lagoon was distinguished by large tracts of sand (SD) and a unique assemblage of
soft corals (SC). Funafuti lagoon, with the highest overall cover of live coral (see above), also has large amounts
of dead coral (DC) overgrown by turf algae (TA).

Figure 32. MDS plot showing distinctive benthic groups in different habitats of the three atolls. The plot above shows differences between
habitats and atolls based on their benthic composition. Habitats with the most different benthos appear as separate ‘clouds’.
The figure shows the benthic groups that are most highly correlated with the different habitats, and therefore have a strong role in defining
the habitat as different. The direction of the vector shows which habitat / atoll has large proportions of that benthic type, and the length of the
vector shows how important that type is in driving the separation between habitats.
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2.5. FISH-BENTHOS RELATIONSHIPS
Estimating benthic cover and fish density along the same transects allowed the analysis of the relationship between
the fish species composition and elements of the benthic community in the different habitats surveyed on the three
atolls. As with the fish biodiversity assessment (Figure 24), data collected along the transects separated distinctly
into three groups.
All sheltered reef habitats appeared uniform in terms of their fish species composition despite their latitudinal
differences. The lagoons of Nanumea and Nukulaelae formed a separate group, characterised by small sanddwelling species, juvenile parrotfish and small ambush predators (e.g. Epinephelus merra). The Funafuti lagoon
formed a group on its own, with a distinctive fish fauna dominated by large schools of parrotfish and fusiliers, and
large wrasses and groupers (Figure 33).
BEST analysis showed that the cover of coralline algae, sand and hard coral were the best predictors of the
fish community composition (R = 0.713). This means that different assemblages of species were more highly
correlated with areas that had high coral cover than areas with low coral cover. The large contribution of coral cover
in shaping the fish community is unusual, as it has been found in many studies that it is not live coral per se, but the
overall habitat structure created by stands of live coral, that structure the fish community.
A LINKTREE analysis was conducted on the relationship between benthic structure and fish communities (Clarke
and Gorley 2006). This analysis (essentially a regression tree approach) uses the benthic components to ‘explain’
the variation in fish communities, splitting sites based on which benthic characteristics are causing the greatest
differences. The greatest separation (A) indicated by the model was between lagoonal habitats with low coral cover
(<12.5%), and lagoon and reef with high coral cover (>20%). Three sites within the Funafuti lagoon therefore grouped
with the reef sites in the initial split, but then formed a group on their own (Figure 34). All lagoonal sites were further
separated from each other based primarily on their cover of sand (B, D, E). The groupings within the reef sites were
somewhat indistinct, as suggested also by the MDS analyses, which indicated a relatively uniform fish community
among the reef sites of all three atolls.
In summary, the outer reefs of the three atolls had similar benthic and fish community composition, but each
atoll had a unique lagoon. Funafuti atoll had the most distinctive lagoon, as its structure was much more
open than the other two atolls, and its larger size allowed for a greater diversity of habitats.

Figure 33. Partitioning of Tuvalu atolls and habitats
based on fish densities obtained from transects,
showing a clear distinction in fish communities between
Nanumea and Nukulaelae lagoons, Funafuti lagoon and
the sheltered reef habitats of all three atolls.

Figure 34. Regression tree analysis explaining the environmental factors driving the separation between atolls and habitats, based on
differences and similarities in the fish community. Each split in the tree is designated with a letter (A, B, C, etc.), and numbers refer to sites.
1, 5, 6: Nanumea lagoon. 2-4: Nanumea reef. 7-9: Nukulaelae reef. 10-12: Nukulaelae lagoon. 13-16: Funafuti reef. 17-20: Funafuti lagoon.
R-Statistics are given to define the strength of each split in the tree, and the variables responsible for separating sites are identified. HC: Hard
coral; SD: Sand; CA: Crustose coralline algae.

A: R=0.87; B%=96; HC<12.5(>20)
B: R=0.27; B%=40; SD<47(>62)
C: R=0.29; B%=43; HC<1.5(>3)
D: R=1.00; B%=27; SD<2(>4.5) or HC<3(>3.5)
E: R=0.75; B%=60; SD>10(<6.5)
F: R=0.99; B%=59; CA>2(<0.5)
G: R=0.43; B%=33; HC>78(<43)
H: R=0.31; B%=27; CA>9(<7.5)
I: R=0.64; B%=29; HC<27.3(>29)
J: R=0.67; B%=14; CA<16(>29.5)
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3. DISCUSSION
This ecological survey, focused on documenting the diversity of Tuvalu’s reef fish, recorded 317 species from 49
families, during 56 SCUBA dives in Nanumea, Nukulaelae and Funafuti. Despite the short duration of the survey
trip in each place, 66 species that had not previously been recorded in Tuvalu were added to the previous species
list, bringing to overall total21 for Tuvalu to 607 species. The commonly calculated Coral Fish Diversity Index (CFDI)
brings the estimated number of reef fish species for Tuvalu to 711. The new records added during this survey are
common reef fish species or food fish caught by fishers; their absence on previous species lists is testimony to
the relatively low effort that has gone into documenting Tuvalu’s marine life in the past. Also, many species have a
localised distribution and were seen only on one of the three atolls; surveys of the other six atolls and islands of the
Tuvalu archipelago is likely to reveal further previously unrecorded species. In accordance with previous surveys
(Jones et al. 1991), no endemics were recorded. The most recent complete fish survey recorded 358 species of fish
from 63 families, during 300 SCUBA dives on Nanumea, Nui and Niutao (Jones et al. 1991).
Variability in species richness between sites, and the generally low diversity found inside the lagoons, is a common
pattern and has been noted before during surveys of Funafuti lagoon (Kaly 1997) and other Pacific atolls (Adjeroud
1997). Overall, the greatest number of species (234) was recorded in Funafuti, followed by 207 in Nanumea and
194 in Nukulaelae. This may have been proportional with the number of sites visited, lending support to the idea
that visiting more sites would have added to the overall species count (Rosenzweig et al. 2003), especially if visual
surveys have been supplemented with collections of cryptic or nocturnal species (Williams et al. 2010). Differences
in species richness were most pronounced between complex and uniform habitats, reflecting the positive correlation
between the level of topographic complexity and species diversity found by other studies (MacNeil et al. 2009).
A comparison between Tuvalu’s CFDI of 711 and comparable Indo-Pacific locations shows that Tuvalu’s fish diversity
is close to the upper third of the regional estimates. This CFDI is similar to other Pacific Island nations of a similar
distance from the Coral Triangle, the centre of diversity for coral reef fishes (Bellwood and Meyer 2009). The Coral
Triangle is a roughly triangular area of the tropical marine waters of Indonesia, Malaysia, Papua New Guinea,
Philippines, Solomon Islands and Timor-Leste, which is said to host the highest biodiversity of corals and tropical
reef fish in the world; diversity declines with increasing distance from this area (Figure 35). Most species found in
Tuvalu have a widespread Pacific Ocean distribution (Jones et al. 1991).
More species may be added to the Tuvalu biodiversity estimate by sampling all the atolls and islands and adding more
microhabitats to the surveys. The species richness estimated here could further be enhanced through collections
using clove oil; this is likely to add substantial numbers of nocturnal (e.g. Apogonidae, Holocentridae) and cryptic
(e.g. Gobiidae, Blenniidae) fish to the estimate. Species found deeper than 20m would require specialised SCUBA
equipment or drop cameras, and pelagic species would need to be sampled by fisheries observers during openocean longlining or netting operations.
Overall fish density was highest on Nanumea atoll and lowest on Funafuti atoll, with individual lagoonal sites tending
to host the highest densities at each atoll (e.g. FFT_L_1). In contrast, fish biomass was highest in Funafuti and lowest
in Nukulaelae. Areas of high biomass were localised at individual sites where large schools of benthic carnivores,
predators or grazers aggregated (see above). Matching Nanumea’s density estimate to the relatively low biomass
values suggests large numbers of small fish, which was consistent with the large numbers of juveniles found in the
lagoon and high abundances of small, wave-tolerant species found on the highly exposed outer slopes. Despite the
low fishing pressure on Nanumea compared with the more populated atolls, larger fish were scarce, most likely due
to the relatively small size of the atoll and low diversity of available habitats. This pattern seems common of highly
isolated, exposed oceanic reefs with small reef areas and small or closed lagoons (Leis 1994; Ceccarelli et al. 2008).
Funafuti, despite the higher fishing pressure, had relatively high biomass and low density, indicating smaller numbers
of larger fish than Nanumea. The larger size of this atoll and the higher diversity of habitat types are likely to have
driven this pattern. Higher habitat complexity usually leads to higher densities of prey species that use the reef
structure for shelter, which in turn supports higher densities of larger predatory fish. Given the confounding factors
of the differences in habitat, no conclusions can be drawn about the effects of differing fishing pressure on the fish
communities of Nanumea and Funafuti. However, previous reports have raised concerns about signs of overfishing
in Funafuti, such as lower abundances and smaller individuals, especially in accessible areas of the more populated
atolls (Maragos 1992; Kaly 1997; Sauni et al. 2008).

Some species recorded in previous surveys were not recorded in the present study; these are included in the overall species
richness estimate.

2

The three surveyed atolls had similar overall levels of hard coral cover (20-30%), but the study sites varied significantly
in some aspects of the benthic communities: the lagoons in particular had distinctive benthic assemblages. Overall,
coral cover appears similar to other atolls in the region, with Kiribati’s reefs supporting an average of 30-70% live
coral cover (Lovell 2000). Funafuti atoll had high (20-50%) coral cover throughout both lagoonal and outer reef sites.
Previous surveys recorded coral cover of up to 55% on the lagoon slope (Kaly 1997). As with previous studies, it
was found that macroalgal cover was higher close to inhabited areas, suggesting higher levels of nutrient in the
water (Kaly and Jones 1993). No system exists in Tuvalu for treating wastewater, which enters the ocean and lagoon
directly or through seepage of the freshwater lens. Lagoonal waters adjacent to populated areas are therefore highly
likely to have elevated nutrient content. The high cover of macroalgae near Fongafale, inside Funafuti lagoon, is
thought by some to be exacerbated by spearfishing which targets herbivorous fish (Gillett and Moy 2006). This area
has also been associated with high densities of the coral-eating snail Drupella sp., which can also contribute to low
coral cover and high macroalgal biomass (Fisk et al. 2006).
Fish and benthic communities were similar across the outer reefs of the three atolls, but each atoll had its own
characteristic lagoon community. Lagoons are widely understood to provide unique environments and therefore host
particular species assemblages. For instance, atoll lagoons are well known to act as nurseries (Leis 1994), and other
surveys have found that lagoons contain distinct fish communities, with species that occur nowhere else (Williams et
al. 2010). Water exchange time and lagoon size are good predictors of species composition (Leis et al. 2003). High
island lagoons have different resident species than atoll lagoons. There are species that can complete their whole
life cycles in atoll lagoons, with closed populations that remain isolated from outside sources of larvae (Planes et al.
1998; Leis et al. 2003).
The habitat variables that best predicted the composition of fish assemblages were live coral, sand and coralline
algae. Each of these benthic categories serves as a useful proxy for the broader habitat. For instance, high cover
of live coral was generally found in relatively sheltered environments, and is likely to support fish communities that
rely on live coral colonies for food and / or shelter. However, the importance of live coral in determining fish species
composition was surprising, because only fish species that rely directly on live coral for food are affected significantly
by changes in the cover of living coral (Graham et al. 2009). It is therefore possible that rather than causing the
changes in the fish communities, both coral and fish were responding to a third environmental factor. In the habitats
sampled during this survey, determining environmental factors are likely to be exposure to wave action, temperature
and nutrient content.
The cover of sand could well serve as a proxy for lagoonal area, as the outer reef slopes had virtually no soft
sediment, while the lagoon of all three atolls consisted of a sandy bottom with coral patches. Therefore, sand as a
predictor of fish community structure fits well with the overall distinctness found in lagoonal fish faunas. Coralline
algae tended to occur in higher cover in areas more exposed to wave action, and are a good proxy for highly
exposed habitats. Certain fish species are better adapted to high wave energy environments than others (Fulton and
Bellwood 2004), creating distinct fish communities in exposed habitats.
The structure and composition of the atolls themselves are important drivers for the species richness, density and
composition of fish communities. The size of the atoll and the lagoon as well as the openness of the lagoon, have
been found to be the most important predictors of fish diversity (Galzin et al. 1994; Dufour et al. 2001; MacNeil et
al. 2009; Dalleau et al. 2010). In open lagoons water circulation influences pelagic and benthic primary production.
In healthy lagoon systems, predation pressure shapes the trophic web and community structure (Bozec et al.
2004). When predation is reduced, usually through the overfishing of predatory fish, trophic dynamics can change
dramatically. On the outer reefs, the level of shelter can influence the composition of fish species, as sheltered
habitats are important for fish species with lower swimming ability (Johansen et al. 2007).
Conservation Areas did not stand out as having particularly high fish diversity, density or biomass. This is probably
due to two reasons. Firstly, sampling during these surveys was not carried out to facilitate comparisons between
fish and benthic communities inside and outside Conservation Areas: a separate part of the project focused on this
comparison (see part II – Conservation Areas). Therefore, the power of the sampling regime was not sufficient to
detect anything but the largest differences. Secondly, Conservation Areas in Nanumea and Nukulaelae are relatively
recent, and even in long-term closures to fishing in other locations there is a time lag between the cessation of fishing
and measurable ecological change (Russ and Alcala 2004).
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Table 8. Coral fish diversity index (CFDI) values for restricted Indo-Pacific localities, number of coral reef fish species as determined
by surveys to date, and estimated numbers using the CFDI regression formula. Table modified from Allen and Werner (2002),
with added values from Ceccarelli et al (2009).

Figure 35. Map of the Indo-Pacific region showing diversity isopleths for tropical reef fishes. The lightest shade represents between 200 and
400 species and the darkest shade between 1300 and 1700 species (Allen 2008).
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1. INTRODUCTION

The Nanumea Conservation Area (CA) was established many years ago, but its management plan was initiated in
May 2006, with the help of TANGO (Tuvaluan Association of NGOs), the Department of Fisheries, FSPI (Foundation
for the South Pacific International) and an anthropologist from the University of Washington (Heather Lazrus), in
response to a community request for assistance in managing fisheries sustainably. Since the establishment of the
management plan, a resource assessment had been conducted at a few stations within the CA, but no data could
be accessed to monitor changes through time. The Nanumea community requested a new assessment integrated
in a monitoring program, including the training of local islanders in monitoring their own resources. To meet the
community’s needs and expectations, we used a simple and replicable methodology, which is designed to be
conducted annually by local trained community members with the help of Fisheries officers. Nanumea CA covers
about 2km2 of the central lagoon, accounting for about 10% of the reef area of the atoll, encompassing marine and
terrestrial habitats (including 2 islets).
The Nukulaelae Conservation Area management plan includes some regulations on fishing methods such as the
ban of fishing nets (scoop and gill nets) and spear guns are forbidden during spawning time of groupers. No previous
biological assessments have been conducted in the past, making this the first marine resource assessment (baseline
survey) in Nukulaelae lagoon.
The Funafuti Conservation Area was the first marine protected area in Tuvalu. It was declared in 1996, but it has only
been functionally operational since mid-1997 (Kaly et al. 1999). The FCA covers a total area of approximately 33km2
of the western reef margin, accounting for 20% of the reef area of the atoll, encompassing marine and terrestrial
habitats (including 6 islets). As described by Kaly (1997): “the boundaries of the conservation area have been set
at 50m from the ocean side reef crest in the west, to the 30m depth contour on the lagoon side in the east. In the
north-south direction, the conservation area extends from just north of Tepuka Vilivili to just south of Tefala islets.
The marine habitats incorporated in the conservation area include channels from lagoon to ocean, ocean side
and lagoon side reef crests, reef slopes, back reef areas and the sandy lagoon floor”. The Funafuti Town Council,
working in close collaboration with the traditional Falekaupule system of elders, is the executing agency for the
FCA. The primary aim of the FCA was to preserve the marine and terrestrial biodiversity of Funafuti through the
conservation of marine and terrestrial habitats closed to fishing and collection. Two years after closure (in 1999), a
first assessment on the effectiveness of the FCA was conducted. The results showed that there were improvements
in public awareness and enforcement even though poaching and violations of the FCA were still occurring. However,
given the short time of closure at that time (2 years) combined with low rates of recruitment and the long life spans
of many of the indicator organisms, it was expected that it would take at least 5 years to detect the effects of closure
to fishing on biological organisms.

2. METHODOLOGY
2.1. STUDY SITES
The field surveys were carried out in Nanumea, Nukulaelae, and the capital atoll, Funafuti (Figure 36), between April
27th and May 27th 2010, with 6 to 10 days spent at each location.

Figure 36. Overview map of Tuvalu archipelago.

Tuvalu Marine Life

SCIENTIFIC REPORT - PART II / 51

2.2 SAMPLING DESIGN
CA surveys were conducted using standard methods:
1. Point intercept transects to assess the sessile benthic community
2. Belt transects to assess macroinvertebrate density
3. Underwater visual fish censuses to assess fish density and size
The use of these methods allows for statistical rigor in comparing results between locations and over time, and will
assist the future comparison between Tuvalu and other reefs on a regional scale. These methods are widely used
throughout the Indo-Pacific region and are the standard recommended methods to survey tropical marine resources
(English et al. 1997).
On the outer atolls (Nanumea and Nukulaelae), the sampling design included three replicate 50m transects at
each station. In Nanumea, we surveyed 5 stations within the CA and 4 stations outside the CA. In Nukulaelae, we
surveyed 5 stations inside and 5 stations outside the CA (Figure 37).
In Funafuti 6 sites were visited, comprising 3 stations in each of three different habitats at each site: reef flat, inner
reef slope (referred as ‘reef slope’ or ‘slope’) and lagoon, bringing the number of stations visited to 18 for Funafuti.
Seven 25m transects were surveyed at each station / habitat (Figure 38).

Figure 37. Illustration of the sampling design developed for marine resource assessment on the outer atolls.

Figure 38. Illustration of the sampling design developed for marine resource assessment in Funafuti.

2.3. SAMPLING PROTOCOL
2.3.1. Benthic assessment
Benthic composition was assessed with the Point Intercept Transect method. This involved recording the benthic
composition every 50 cm directly below the transect tape (Figure 39). The benthic community was characterised
using life-form categories (Table 9). This allows the collection of useful information by persons with limited experience
in the identification of coral reef benthic communities. The method is used to quantitatively assess average percent
live coral cover and other components of the benthic community.

© Andy Lewis

Figure 39. Illustration of the Point Intercept Transect method.

Table 9. Categories used to describe benthic composition.
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2.3.2. Macroinvertebrate assessment
Macroinvertebrates were counted along belt transects 4m wide, 2m on each side of the transect line (Figure 40).
Data recorded were abundance (number of animals of selected species within the belt transect) and the size of
valuable sea cucumbers, clams and Trochus (top shells) (Figure 41).

© Andy Lewis

Figure 40. Illustration of a belt transect for gathering data on macroinvertebrates (width: 4m) or fish (width: 10m).

Figure 41. Size measurements of clams, Trochus and sea cucumbers.
The surveys included only target species of macroinvertebrates used as food, bait, handicraft, or of other commercial
value, or useful as indicators of reef health or disturbance. The list of target macroinvertebrates is given in Table 10,
along with the Tuvaluan name and justification for their selection.

Table 10. List of targeted macroinvertebrate species and the justification for their selection.
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2.3.3. Fish assessment
Fish counts were made using an underwater visual census protocol which involved swimming along a transect tape
and recording all selected species seen within a 10 meter belt (5m on each side of the transect line) (Figure 40).
The purpose of this evaluation was to estimate the quantity of edible, commercial or otherwise valuable fish, from
the perspective of food security. As for macroinvertebrates, only target species were recorded, including species
that represent a food source (edible and commercial species), a bio-indicator of reef health (such as butterflyfishes)
or a potential disturbance (such as poisonous fishes). The list of target species and their classification is given in
Table 11.
Table 11. List of targeted fish species and the justification for their selection (E: Edible, EP: Edible but Poisonous,
EC: Edible and Commercially important, I: Indicative of reef health)
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2.4. DATA ANALYSIS
Statistical analyses, using the program Statistica, were carried out on:
• Total live coral cover
• Total algae cover
• Total target macroinvertebrates
• Edible macroinvertebrates
• Total target fish
• Edible fish
Macroinvertebrate and fish abundances were reported as density estimates (individuals per hectare). Corals and
algae were quantified as percent cover for each transect. Densities and percent cover patterns were described and
compared between sites and conservation status (inside or outside the CAs), using Analysis of Variance (ANOVA)
and Multivariate ANOVA (MANOVA), with appropriate transformations of data that did not conform to the test
assumptions of normality and homoscedasticity.

Tuvalu Marine Life

SCIENTIFIC REPORT - PART II / 59

3. RESULTS
3.1. BENTHIC SURVEY
3.1.1. Hard live coral cover
Mean hard coral cover was low in all 3 atolls (respectively 15%, 11% and 6% in Funafuti, Nanumea and Nukulaelae).
Higher coral cover in Funafuti is most probably a consequence of better water flow due to large passages all around
the atoll and a greater diversity of habitats (e.g. channels, pinnacles, deep lagoon, coral bommies on sandy lagoonal
seabed).
Nevertheless, coral cover in Funafuti was highly variable, ranging from 0.1% to 58%, with a mean cover of 15%
across all sites. Coral cover appears to have declined since 2004, when average cover was estimated at between
20 and 30% (Lovell et al., 2004). Results from our survey indicate that coral cover was not significantly different
between inside and outside the FCA, but tended to be higher outside the FCA, with mean values of 11% and 19%
respectively inside and outside the FCA. The highest coral cover estimates were recorded on reef slopes: Tepuka
(58%), Fualefeke (35%) and Fuafatu (34%).
The dominant hard coral growth form was Acropora staghorn branching corals (13 stations out of 18 were dominated
by this form). Some stations (Fuafatu lagoon and Tefala reef slope) also had a significant proportion of plate-forming
corals, whereas others (Fualopa reef flat and reef slope, Tefala reef flat and Tefala reef slope) had a significant
proportion of encrusting forms. The blue coral (Heliopora coerulea), a rare and threatened species (listed as
‘vulnerable’ under the IUCN Red List), was observed at 3 stations: Teafualiku reef flat (0.1%), Tepuka lagoon (1%)
and Fuafatu lagoon (1.5%).

Table 12. Live hard coral cover and dominant growth forms recorded in Funafuti.

On the outer atolls, hard coral cover appeared to be relatively low. In Nukulaelae, coral cover ranged from 0% to 13%,
with a mean cover of 6% across all sites. Coral cover was similar inside and outside the CA, with mean values of 6%
and 5% respectively. The dominant growth form was Acropora staghorn branching coral (6 stations out of 10 were
dominated by branching forms), but some stations were dominated by other growth forms, mainly bushy colonies
such as Pocilloporidae species, plate-forming corals (Acropora species) and massive forms (usually Porites).
In Nanumea, coral cover ranged from 2% to 22%, with a mean cover of 11% across all sites. Coral cover was similar
inside and outside the CA, with mean values of 12% and 9% respectively. Encrusting (mainly Montipora species),
massive (mainly Porites species) and bushy (mainly Pocillopora species) growth forms were evenly represented in
the coral assemblage. Acropora species were seldom seen in Nanumea lagoon.

Table 13. Live hard coral cover and dominant growth forms recorded in Nukulaelae and Nanumea.

There is little information on the past status of benthic communities available for coral reefs of Tuvalu, and almost
all previous surveys focused on Funafuti atoll, more specifically on the FCA. The only existing past assessments
for Nanumea include Apinelu’s (1990) description of Nanumea corals as ‘unhealthy’, probably reflecting low coral
cover and high algal cover on rocky substrate. Nanumea was also the site of a survey on long-term effects of blasted
boat passages on intertidal organisms (Kaly and Jones 1994). More specifically the authors assessed the effects of
explosive blasting to build the American channel during World War II on molluscs, crustaceans, algae and physical
characteristics of the substratum. This study does not contain any information on coral communities.
The FCA was declared in 1996, though it has been functionally operational since June 1997 (Kaly 1999). Marine
resource monitoring was conducted in 1997 (baseline survey) and subsequently in 1999, 2002, 2003 and 2006, by
the Fisheries Department and FCA officers. Unfortunately no raw data resulting from these surveys could be sourced
to investigate changes in coral community structure over time, due to data loss.
The FCA baseline survey revealed that total coral cover was low (between 10 and 20% at most sites), but reached
around 55% in the slope habitat at control sites (outside the FCA) (Kaly 1997).
The second marine survey of the FCA revealed that total hard coral cover varied between 0 and 76% at sites within
the FCA and 0 and 99% at sites outside the FCA. Hard coral cover increased between these two surveys in terrace
habitats at FCA sites, and Acropora nobilis cover increased at reef slope stations (Kaly et al. 1999).

Figure 42. Main coral growth forms encountered in Tuvalu (based on TML investigations).
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Sauni (2000) described the coral reefs of the Tuvalu archipelago as presenting a low hard coral cover with staghorn
and other corals dominating reef tops. The reef slopes appeared dominated by Acropora including A. nobilis and A.
florida, with lower cover of plating A. hyacinthus and several bushy forms. On the ocean side terrace habitats were
described as rich in coral cover and diversity. This habitat was not investigated during the present CA survey.
In 2002, a number of threats to reef communities were identified, includingover-fishing, road and foreshore damage,
land reclamation, sewage pollution and natural impacts. These threats led to changes in coral reef communities,
including increased turf and blue-green algae, decreased hard coral cover and lower populations of butterflyfishes
(Sulu et al. 2002). A minimal coral bleaching event (about 1%) was recorded during the Pacific-wide 2000 event.
However, surveys in May 2002 indicated that about 30-40% of coral reefs were bleached during the 2002 bleaching
event, when there was a 1°C rise in water temperatures to 31-32°C.
In 2004, live coral cover was still very variable among stations within the FCA (0-70% cover) (Lovell et al. 2004).
The highest coral cover was found outside the FCA, compared with low coral cover in the Tefala Reserve and
Fualopa Reserve (6.5% and 6.2%, respectively). High coral cover was found on the western side of the atoll and
reef slopes possibly due to the presence of several deep channels into the lagoons. The coral cover had declined
by 9% between 2002 and 2004. This may be due to strong wave action created by stormy conditions in late 2002,
and compounded by destructive ﬁshing practices. The trends in coral cover from 1997 to 2004 showed reasonable
stability of 20 to 30% average coral cover with a large component of the structure at many sites made up of sand,
dead coral and coral rock.
More recently, the range of coral cover in Tuvalu was again considered large with an average coral cover of 65%
(range 55–98%) (Morris and Mackay 2008), unfortunately the authors did not identify the islands visited nor the
habitats investigated. This result is surprising when considering that reef flats usually show coral cover of 0-10% and
are mostly composed of sand and rubble.
A review of the main pressures acting on Tuvaluan coral reef health (South and Skelton 2000; Sauni 2000) showed
that reefs were mostly threatened by:
• Climate change (sea level rise, increased storm surges and global warming): general major threat
• Sand mining: localised major threat
• Coastal erosion, cyclones and overfishing: average threat
• Coastal constructions (reef channel blasting, channelling and dredging activities)
• Pollution (sewage and waste disposal)
• Ciguatera fish poisoning

3.1.2. Algal cover
During our investigations in Funafuti, we categorised algae as ‘Halimeda’ (all Halimeda species), ‘Macroalgae’ (all
macroalgae except Halimeda) and ‘Turf Algae’. ’Coralline algae’ were treated separately as their ecological role and
abundance on reefs differ from fleshy or turf algae, especially in terms of their contribution to reef health. Coralline
algae are known to facilitate coral settlement, whereas turf and macroalgae tend to prevent it.
Our results indicate that total algal cover tends to be higher within the FCA than outside, which is consistent with
findings from the first marine survey of the FCA (Kaly 1997). Overall average algal cover was 43% within the FCA
(range 16-90%) and 29% outside the FCA (range 10-76%). The highest algal cover was observed on the Fualopa,
Tepuka and Fuafatu reef flats. Halimeda was well represented in Fualopa lagoon and on the Tepuka reef slope; apart
from these 2 stations, Halimeda cover was low (range 0-4%). Species noted were Halimeda minima, H. taenicola
and H. macroloba.
Turf algal cover was higher outside the FCA (mean cover: 18%, range 5-42%) than inside the FCA (mean cover:
7%, range 0-22%). Turf algae were mainly observed on dead staghorn Acropora branches usually colonised
by damselfishes (Stegastes sp., also called ‘farmer fish’ as they culture algae by removing live coral tissue and
unfavourable algae from their territories). The highest turf algal cover was observed in Teafualiku and Tepuka reefs.
Coralline algae were seldom seen in Funafuti lagoon, and only observed at sites within the FCA (mean cover: 3%,
range: 0-14%). Tefala showed particularly high crustose coralline algal cover (reef flat mean cover: 8%; reef slope
mean cover: 14%), which is a good sign for potential coral development or regeneration.

Table 14. Algal cover recorded in Funafuti.

On the outer atolls, we only recorded 2 categories of algae: ‘Macroalgae’ and ‘Turf algae’. Crustose coralline algae
were absent on the reefs visited and Halimeda was scarce and therefore included in the ‘Macroalgae’ category. The
most abundant algal species was Microdyction, which is typically observed in lagoons of closed or semi-closed atolls
(Payri et al. 2000).
In Nukulaelae, as in Funafuti, algal cover tended to be higher within the CA than outside, with an average total algal
cover of 27% within the CA (range 0-16%) and 19% outside the CA (range 1-14%). The highest algae cover was
observed at the stations NKLOCA3, NKLCA2 and NKLCA3.
In Nanumea, algal cover was similar inside and outside the CA (12 and 13%, respectively) and dominated by turf
algae. Turf algae were found on rocky substrates rather than dead coral branches as seen in Funafuti (branching
corals are seldom observed in Nanumea).
Table 15. Algal cover recorded in Nukulaelae and Nanumea (MA: Macroalgae, TA: Turf algae).

Figure 43. Main algae observed in the 3 visited atolls.
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As for corals, there is currently no information on algal assemblages on the outer atolls and little information is
available on Funafuti marine flora through previous FCA surveys. Sparse information is available through literature
reviews from ancient expeditions.
The first survey of the FCA revealed that algal cover tended to be higher in the FCA than outside and it was
highest in the terrace habitat (both inside and outside the FCA). The dominant algae were Microdictyon, Halimeda,
Dictyosphaeria, and Peyssonelia (Kaly 1997).
During the second survey, increases in Dictyosphaeria and Microdictyon were observed and overall, there was an
increase in algal diversity and total cover on the reef slope of the FCA and a decrease in algae on the reef flats (Kaly
et al. 1999).
Sauni (2000) described the Funafuti lagoon as having a high cover by Dictyota, Halimeda and other macroalgae.
Crustose coralline algae were observed on patch reefs and coral heads.
In 2002, reef degradation (overfishing, costal constructions, land reclamation, sewage pollution and natural impacts)
was suggested to have led to significant changes in the coral reef communities, including increased turf and bluegreen algae (Lovell et al. 2004).

3.1.3. Other biotic cover
Other biotic categories included in this survey were sponges, soft corals and ascidians.
During the Funafuti survey only 2 stations had soft corals (species of the genus Sinularia and Sarcophyton) in very
low proportions: Fuafatu lagoon and Fualopa reef slope (0.1 and 0.2% respectively). Sponges were recorded at 3
stations: Fualefeke reef flat and reef slope (respectively 0.7 and 0.3%) and Tefala lagoon (0.3%).
In Nukulaelae, no other living organisms were recorded.
In Nanumea, NNMCA4 showed a significant proportion of other biotic cover (11%), which was composed of ascidians:
large mats of Didemnum sp. covered the rocks, and some specimens of Polycarpa sp. were also recorded.

Figure 44. Other living organisms recorded in the 3 visited atolls.

3.1.4. Abiotic cover
In the 2004 Status of the World’s Coral Reefs report (Lovell et al. 2004), it was stated that a large component of
the Funafuti seabed was made up of sand, dead coral and coral rock. Results of our survey indicate that abiotic
substrate (rocks, limestone, dead coral, rubble and sand) covered almost half of the surveyed substratum (mean
abiotic cover=47%), ranging from 4% (Tepuka slope) to 88% (Fualefeke flat).

Table 16. Abiotic cover recorded in Funafuti (RC: rocks, limestone and dead corals ; RB: rubbles ; SD: sand).

In Nukulaelae, abiotic cover was high, with a mean value of 71% for the whole atoll, ranging from 49% (NKLOCA3
and NKLCA2) to 86% (NKLOCA4).
In Nanumea, abiotic cover was also high, with a mean value of 74% for the whole atoll, ranging from 61% (NNMCA5)
to 89% (NNMOCA2).

Table 17. Abiotic cover recorded in outer islands (RC: rocks, limestone and dead corals; RB: rubble; SD: sand).
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3.2. MACROINVERTEBRATE SURVEY
3.2.1. Target macroinvertebrate density
A. Total macroinvertebrate density
The overall mean density of target macroinvertebrates was higher on Nukulaelae atoll (260.4 individuals per hectare
+/- 213.1 SE) than on Nanumea (137.7 individuals per hectare +/- 79.4 SE) and Funafuti (31.6 individuals per
hectare +/- 15.4 SE).

Figure 45. Mean density of total target
macroinvertebrates on the three atolls
surveyed in Tuvalu, calculated as the total
number of individuals per hectare. Error
bars represent 1 S.E.

Comparing stations inside and outside CAs (Figure 46), we noted that:
• In Funafuti, mean total target macroinvertebrate density was similar inside and outside the FCA (39.9 ind./
ha +/- 18.8 SE versus 23.2 ind./ha +/- 10.2 SE).
• In Nukulaelae, mean total target macroinvertebrate density was slightly higher within the CA than outside
(301.6 ind./ha +/- 222.8 SE versus 219.3 ind./ha +/- 207.8 SE). This difference was not significant.
• In Nanumea, mean total target macroinvertebrate density was lower within the CA than outside (40.6 ind./
ha +/- 17.4 SE versus 259.2 ind./ha +/- 69.8 SE). This difference was highly significant.

Figure 46. Mean density of total
target macroinvertebrates inside
and outside conservation areas, on
the three atolls surveyed in Tuvalu,
calculated as the total number of
individuals per hectare. Error bars
represent 1 S.E.

In Funafuti, mean total target macroinvertebrate density ranged from 1.7 to 96.0 individuals per hectare, with the
highest density recorded at Tefala reef flat, Fualopa reef slope and Tefala reef slope.

Table 18. Total target macroinvertebrate
densities (mean number of individuals/
ha) recorded in Funafuti.

Figure 47. Mean total target
macroinvertebrate density in
Funafuti, calculated as the total
number of individuals per hectare.
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In Nukulaelae, mean total target macroinvertebrate density ranged from 42.7 to 1976.0 individuals per hectare, with
the highest density recorded at CA5, OCA3 and CA4. The highest concentration of total target macroinvertebrates
was recorded on the sheltered side of the atoll, both inside and directly outside the CA (OCA3).

Table 19. Total target macroinvertebrate densities (mean number of individuals/ha) recorded in Nukulaelae.

Figure 48. Mean total target macroinvertebrate density in Nukulaelae, calculated as the total number of individuals per hectare.

In Nanumea, mean total target macroinvertebrate density ranged from 48.0 to 646.0 individuals per hectare, with
the highest density recorded at OCA2, OCA4 and OCA1. All sites outside the CA exhibited very high numbers of
macroinvertebrates compared to sites within the CA.

Table 20. Total target macroinvertebrate densities (mean number of individuals/ha) recorded in Nanumea.

Figure 49. Mean total target macroinvertebrate density in Nanumea, calculated as the total number of individuals per hectare.
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B. Edible macroinvertebrate density
Mean edible macroinvertebrate densities were low in Funafuti and Nukulaelae and moderate in Nanumea. Mean
macroinvertebrate density was higher on Nanumea atoll (120.2 individuals per hectare +/- 122.6 SE) than on
Nukulaelae (18.5 individuals per hectare +/- 11.6 SE) and Funafuti (9.9 individuals per hectare +/- 5.7 SE).

Figure 50. Mean density of edible macroinvertebrates on the three atolls surveyed in Tuvalu,
calculated as the total number of individuals per hectare. Error bars represent 1 S.E.

Comparing stations inside and outside the CAs (Figure 51), we noted that:
• In Funafuti, mean edible macroinvertebrate density was similar inside and outside the FCA (11.2 ind./ha
+/- 5.6 SE versus 8.6 ind./ha +/- 5.8 SE).
• In Nukulaelae, mean edible macroinvertebrate density was similar inside and outside the CA (16.1 ind./ha
+/- 12.7 SE versus 20.9 ind./ha +/- 10.7 SE).
• In Nanumea, mean edible macroinvertebrate density was lower within the CA than outside (49.5 ind./ha
+/- 37.5 SE versus 208.7 ind./ha +/- 69.1 SE). This difference was not significant.

Figure 51. Mean density of edible macroinvertebrates inside and outside CAs, on the three atolls surveyed
in Tuvalu, calculated as the total number of individuals per hectare. Error bars represent 1 S.E.

In Funafuti, mean edible macroinvertebrate density was low at all stations, ranging from 0.6 to 48.0 individuals per
hectare, with the highest density recorded at Teafualiku reef flat, Fualopa reef slope and Fualefeke reef flat.
Table 21. Edible macroinvertebrate densities (mean number of individuals/ha) recorded in Funafuti.

Figure 52. Mean edible
macroinvertebrate density in
Funafuti, calculated as the
total number of individuals
per hectare.
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In Nukulaelae, mean edible macroinvertebrate density was low at all stations, ranging from 2.0 to 55.3 individuals
per hectare, with the highest density recorded at CA5 and OCA5.

Table 22. Edible macroinvertebrate densities (mean number of individuals/ha) recorded in Nukulaelae.

Figure 53. Mean edible macroinvertebrate density in Nukulaelae, calculated as the total number of individuals per hectare.

In Nanumea, mean edible macroinvertebrate density ranged from 1.3 to 513.3 individuals per hectare, with the
highest density recorded on OCA4, OCA1 and CA2.
Table 23. Edible macroinvertebrate densities (mean number of individuals/ha) recorded in Nanumea.

Figure 54. Mean edible macroinvertebrate density in Nanumea, calculated as the total
number of individuals per hectare.

3.2.2. Sea cucumbers
Sea cucumbers play a vital role in the oceanic food web and are referred to as the earthworns of the sea. They
literally clean the ocean floor. They have been used as food and medicine in Asia over many centuries. Currently,
most of the species are exported from Tuvalu for food and a few species for the live aquarium trade. There is also
an emerging market for the use of sea cucumbers in the pharmaceutical, nutriceutical and cosmetic industries. Sea
cucumbers have been overexploited in Asia to supply the market and more recently this activity has expanded to
more distant fishing grounds. Currently, harvesting occurs across most of the resource range, including remote parts
of the Pacific (Kinch et al. 2008).
Due to this high demand from Asian countries, holothurian fisheries have rapidly evolved from traditional activities to
more industrial fisheries throughout the Indo-Pacific (Friedman et al. 2008), involving the use of larger boats, diving
equipment and bottom dredges. Sea cucumber collection is now made easier, even in remote places and deepwater locations.
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Sea cucumbers are prone to over-fishing because of their biology: many species grow slowly and natural recruitment
is highly variable between years. Historically, sea cucumbers were collected irregularly, and collection bouts were
often separated by long periods of time, allowing time for the stock to recover. Moreover, there were areas that
remained unfished. Today the situation is different, and many of the coastal villages in the Pacific have an agent
for businesses that buys sea cucumbers. Fishers now harvest more frequently over wide areas and all year round.
Stocks have little chance to recover.
A large variety of sea cucumber species are exploited worldwide, with new species being brought to market as some
species become scarcer and more difficult to find. About thirty species are exploited in the Pacific, amongst which
some have more value than others. Table 24 lists the most valuable species harvested in Papua New Guinea, where
the beche-de-mer fishery has been well documented (Lovatelli et al. 2004). Unfortunately no information could be
accessed on Tuvalu’s beche-de-mer fishery.
Table 24. High grade species of beche-de-mer (from Lovatelli et al., 2004).

In Tuvalu, sea cucumbers are locally known as funafuna, with almost no distinction between species except for the
lolly fish (Holothuria atra) called loli and the black and white teatfish (Holothuria whitmaei and Holothuria fuscogilva)
called funafuna faiu.
Under the Fisheries Act 1978, the Minister for Natural Resources of Tuvalu has full authority to promote the
development of fishing and fisheries to ensure that fisheries resources are exploited for the benefit of Tuvalu. In
1978, the Fisheries Department received funding from the UNDP to assist the development of the sea cucumber
industry, and resource surveys were conducted in all islands that have lagoons. Only Funafuti and Nukufetau were
identified as having stocks of commercially valuable sea cucumbers. The Fisheries Department trained the local
fishermen in sea cucumber harvesting to promote this industry. In 1979 and 1980 products were sold to overseas
markets but local fishermen did not show much interest, and production and exportation stopped. From 1993 to 1995
local fishermen started again to exploit and export sea cucumbers to Singapore, Hong Kong and Fiji (Belhadjali
1997). The main species targeted for export were the white teatfish (Holothuria fuscogilva) and the black teatfish
(H. whitmaei). Other species were harvested but in lower proportions: the prickly redfish (Thelenota ananas),
the elephant trunkfish (H. fuscopunctata), the blackfish (Actinopyga miliaris), the surf redfish (A. mauritiana), the
brown sandfish (Bohadschia marmorata) and the leopardfish (B. argus). Table 25 shows the Tuvalu beche-de-mer
production and composition between 1993 and 1995 (from Belhadjali 1997).
Table 25. Tuvalu beche-de-mer production and composition between 1993 and 1995.

In terms of management, in 1997 it was stated that there were no regulations to manage the sea cucumber industry
in Tuvalu (Belhadjali 1997). Additionally, in 1997, the Fisheries Department advocated a ban on the use of SCUBA
and hookah to harvest sea cucumbers. At the end of the 2000s, a partnership in between an Asian company and a
local enterprise started sea cucumber harvesting. The project ended in 2011.

During our investigations, whose primary goal was not to specifically assess sea cucumbers stocks but that included
a count of these species and measurements of high-value commercial species when encountered, the following
observations were made:
• The only high value sea cucumber species encountered was the curryfish, only seen once inside the
Nukulaelae CA.
• Funafuti lagoon exhibits very low sea cucumber densities. The only species recorded was Holothuria atra
(lollyfish or loli), which was observed in Fuafatu (within the FCA, 29 ind./ha) and Fualefeke (686 ind./ha) reef
flats, at low densities.
• Nanumea and Nukulaelae lagoons exhibit moderate to high densities of sea cucumbers (Figures 56 and
57), almost exclusively lollyfish. Some sites had very high densities: NNMOCA2 and NNMOCA3 for Nanumea
and NKLCA2, NKLCA4, NKLCA5 and NKLOCA3 for Nukulaelae. Individuals of all sizes were recorded.
• The highest lollyfish densities were found in Nukulaelae lagoon, in similar abundance inside and outside
the Nukulaelae CA.
• Apart from lollyfish, only few specimens of leopardfish (Bohadschia argus), amberfish (Thelenota anax, not
recorded in the following tables because observed outside the transects) and curryfish (Stichopus herrmanni)
were observed, at very low densities, in Nanumea and Nukulaelae only.

Figure 55. Sea cucumbers species recorded in the 3 atolls.

Table 26. Sea cucumber densities (number of individuals/hectare) recorded in Nanumea.
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Table 27. Sea cucumber densities (number of individuals/hectare) recorded in Nukulaelae.

Figure 56. Sea cucumber population abundance and distribution in Nanumea lagoon.

Figure 57. Sea cucumber population
abundance and distribution in Nukulaelae
lagoon.

It has to be stressed that investigations were conducted in shallow waters (<-5m) using free diving, and inside the
lagoon exclusively.
To determine if a sea cucumber fishery is healthy, SPC and the WorldFish Center (Friedman et al. 2008) recommended
the use of indicators, among which some may be useful to assess the health of the Tuvaluan sea cucumber stock
without necessarily assessing the fishery as a whole.
Indicator 1: Presence of breeding groups: breeding groups of lollyfish exist in Nanumea and Nukulaelae, as we
observed large and dense groups of lollyfish of all sizes (adults and juveniles). None was observed in Funafuti or for
other species on the 3 atolls.
Indicator 2: Sea cucumber abundance: is it stable through time? From discussions with local fishermen and Fisheries
officers it seems that funafuna and funafuna faiu abundances have sharply declined and have not recovered through
time, on all 3 atolls. Lollyfish abundance appears stable through time (it is not exploited yet).
Indicator 3: Ratio of species abundance: are high-value and medium-value species still abundant and well
represented in catches? Apparently not, owing that the only species recorded in high densities was the low-value
lollyfish (Holothuria atra). High value species are now only found in deep and remote sites (from discussions with
local divers working for the fishery).
In conclusion, our results support the fact that high value sea
cucumber species are overexploited in Funafuti, Nanumea and
Nukulaelae and there is a clear need for management and perhaps
resource restocking.
Few words about the lollyfish…
The lollyfish, Holothuria atra, has an important role in nutrient
cycling as a sediment-feeder in coral reef ecosystems. This cycling
of nutrients contributes to the high productivity in coral reefs.

3.2.3. Giant clams
Giant clams (Fasua in Tuvaluan) are a significant component of Pacific islanders’ diets. The clams are exploited
for subsistence, for meat exports, for shells and for live exports for the marine aquarium trade (Teitelbaum and
Friedman 2008). As with sea cucumbers, their stocks have severely declined through the combined effects of
increasing human populations, pollution, habitat destruction and poaching. Furthermore, their biology is susceptible
to overexploitation due their low growth rate. Due to these pressuresand slow recovery from overfishing, clams have
been listed in Appendix II of CITES (1983) and are considered vulnerable under the IUCN Red List of Threatened
Species (1996).
In order to assess clam stocks and the potential for clam mariculture in Tuvalu, field assessments were carried
out in 1988 and 1990 in Nukufetau, Nukulaelae, Funafuti, Nanumea and Nui (Braley 1988; Langi 1990; Taconi and
Tisdell, 1991). The species reported to be present at that time were Tridacna maxima and T. squamosa in Funafuti
and Nukulaelae, the former being the dominant specie on both atolls. T. squamosa was recorded as either very
rare or locally extinct in 1990 in Nukulaelae. Shells of T. gigas were found, but no live animals were recorded. In
Nanumea only T. maxima was observed. T. crocea does not naturally occur in Tuvalu (Tacconi and Tisdell 1990).
Stock estimates were considered “quite modest” in Funafuti (101 clams per hectare) and “very low” in Nukulaelae
(3.1 clams per hectare). In Nanumea, clam densities were even lower than in Nukulaelae, with 0.6 clams per hectare.
The authors suggested that these low densities indicated a certain degree of depletion, and that this depletion could
possibly be attributed to human activities. This was confirmed by villagers interviewed during Langi’s survey (Langi
1990), who suggested that clam numbers have decreased over time, resulting in an increase in the importance of
fish over clams in their diet.
In October 1988, one thousand Tridacna derasa (a non-autochthonous species) were introduced to Tuvalu from
Palau for restocking purposes. In 1990, 146 individuals of this stock were still alive, 64 in 2000 and only 8 individuals
were left in 2011. The main reason of this decrease is human exploitation (T. Poulasi, pers. comm.).
More recently, Sauni (2000) pointed out that giant clam stocks were very low on all Tuvaluan islands and that people
were rarely eating them. Giant clams in Tuvalu are especially susceptible to recruitment failure if the stock levels fall
below sustainable limits (Belhadjali 1998).
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During our surveys, clam abundance and size were recorded (location, mean sizes and abundance are given in the
descriptive sheets for each station) along belt transects during the macroinvertebrate survey. No live clams were
observed on the outer atolls (Nanumea and Nukulaelae).
In Nanumea, we observed thousands of dead shells, still attached to rocks or broken and piled onto the seabed,
especially at stations inside the CA. Langi, Apinelu and Naseli also observed this phenomenon in 1990: dead shells
of Tridacna maxima were very numerous. No living giant clams were found in the lagoon (Apinelu 1990). Through
discussion with local people, it appears that clam mortality occurred a long time ago (“when old people were still
young”) and that the clams were not eaten.
Some people said that mortality occurred at the time of the American Passage blasting in 1943. The hypothesis of
an extinction caused by a disease is unlikely, as there is no record on Tridacna maxima extinction in the Pacific due
to “natural” causes. Lastly, old people from the atoll believe that the clams were killed by an act of God. Even though
it is impossible to determine the exact cause of this die-off, our observations support the hypothesis of historical
human exploitation of clams.
During our surveys, clams were only observed in Funafuti lagoon, mainly within the FCA. Three species were
identified: Tridacna maxima (the most abundant), T. squamosa and T. derasa. The highest density was recorded on
the Fualopa reef slope. Fuafatu reef also had high clams densities in all habitats (Table 28).

Figure 58. The 3 species of clams observed in Funafuti.

Table 28. Clam densities (number of individual/hectare) recorded in Funafuti.

Figure 59. Clam population
abundance and distribution in
Funafuti lagoon.

3.2.4. Trochus
Trochus, also known as topshells (Munikau in Tuvaluan), are fished for their shells to be used as buttons, ornaments
(as exports), and their meat is traditionally consumed.
Fisheries Department officers conducted an assessment on Trochus population in Nanumea in 1990. They were
found to be abundant in the surf zone of the outer reef, but no individuals were recorded inside the lagoon. Only one
specimen was observed during the first survey of the FCA (Kaly, 1997). Unfortunately, data from the second survey
(1999) and subsequent years could not be consulted, preventing any further comparison through time.
There have been several attempts to reintroduce Trochus to Tuvalu (Table 29) for restocking purposes. It seems
that they have poorly established in Tuvaluan waters: the Fisheries Department recently conducted several surveys
to assess the transplanted Trochus stock and they only found few specimens left (less than 20 animals), in front of
Amatuku islet (T. Poulasi, pers. comm.).
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Table 29. Trochus introductions to Tuvalu (from Gillett, 1993).

During our survey of the outer atolls, no Trochus were found in Nanumea and few specimens were recorded in
Nukulaelae, exclusively on the inner barrier reef flat where surge and tidal currents are strong. Trochus were
observed in similar densities inside and outside the CA, the highest densities being recorded on the west-facing side
of the atoll, which was described as the exposed side.
In Funafuti, Trochus were found in very low densities on almost all reef flats (except Fualefeke reef flat) and in
low densities in Tefala and Fualopa reef slopes (both included in the FCA) and Teafualiku and Tepuka lagoonal
sites (outside the FCA). These values have to be interpreted with caution as there may be a risk of identification
error between Trochus niloticus and other trochids, such as Tectus pyramis or Trochus maculatus, which are noncommercial species usually occurring together with Trochus niloticus, and occupying the same ecological niche.

Figure 60. Trochid species commonly found in Pacific coral reefs.

Table 30. Trochus niloticus densities (number of individual/hectare) recorded in Nukulaelae and Funafuti.

3.2.5. Other targeted species used as food sources
A. Turbo sp.
The main species of turban shells (Alili in Tuvaluan) harvested in the South Pacific are the green snail (Turbo
marmoratus), the rough turban (T. setosus) and the silver-mouth turban (T. argyrostomus). T. setosus and T.
argyrostomus are mainly targeted for food in the South Pacific region and their shells are discarded whereas the
green snail has a nacreous shell which is highly prized for inlay material for lacquerware, furniture and jewellery.
Green snails have been commercially exploited throughout tehir Indo-Pacific range for at least a century. Due to
tehir slow rate of regeneration after fishing, green snails population are now in decline in many Pacific countries
(Yamaguchi, 1993).
Two species of turban shells were observed throughout the survey: Turbo petholathus and T. setosus. They were
rare, as only two specimens were recorded during the outer atoll surveys. Both were seen inside the Nukulaelae CA
at station NKLCA1 (inner barrier reef flat on the exposed side of the atoll) and none was found in Nanumea lagoon. In
Funafuti, turban shells were also very scarce. They were observed at 4 stations: Fuafatu reef flat, Tefala reef slope and
Fualefeke lagoon (29 specimens per hectare at each station) and Teafualiku reef flat (highest density recorded: 129
specimens per hectare). However, the preferred habitats for turban shells were not investigated (reef crests).

Figure 61. Species of turban
shells recorded in Tuvalu.

B. Strombus luhuanus
The strawberry conch (Strombus luhanus, Panea in Tuvaluan) was found at
almost all sites visited, it is a common species in Tuvaluan lagoons. In Nanumea,
densities were low, ranging from 0 to 43 individuals per hectare. Densities were
similar inside and outside the CA. In Nukulaelae, they were more numerous outside
the CA, except NKLCA5 (reef flat in front of Fangaua islet), which supported the
highest density (1383 individuals per hectare). In Funafuti, strawberry conchs were
found at all stations, with the highest densities recorded in Tepuka lagoon (643
individuals per hectare) and reef flat (457 individuals per hectare).

Table 31. Strawberry conch densities (number of individuals/ha) recorded in Funafuti, Nukulaelae and Nanumea.
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C. Spondyles
There is very little information on Spondyles (Hopu nifo and Hopu teka in Nanumea; Sopuu in Nukulaelae and
Funafuti) from the literature, apart from a survey dedicated to valuable macroinvertebrates in Nui and Nanumea
conducted in 1990 (Apinelu, 1990). At that time they were reported to be very numerous in Nanumea lagoon but
no density estimates were given. Kaly (1997) also reported the presence of Spondylus within the FCA, at very low
densities: only 2 individuals were found throughout the whole FCA baseline survey.
Our survey indicates that high densities of Spondyles are found in Nanumea and Nukulaelae lagoons (up to 800
individuals per hectare; Table 32). In Nanumea, higher densities were recorded inside the CA, with an average
density of 150 individuals/hectare within the CA versus 34 individuals/hectare outside the CA. Station NNMCA2 had
the highest density with 436 individuals/hectare. In contrast, in Nukulaelae, Spondyle densities were higher outside
the CA, with an average density of 260 individuals/hectare outside the CA versus 27 individuals/hectare inside the
CA. Station NKLOCA5 had the highest density with 800 individuals/hectare.
Spondyles are found in Funafuti lagoon, but at very low densities: 14 individuals per hectare at each station (i.e. 1
individual per station). They are most often observed at lagoonal stations (Fuafatu, Tefala, Tepuka).

Figure 62. Spondyle species
observed in Tuvalu.

Table 32. Spondyle densities (number of individuals/ha) recorded in Funafuti, Nukulaelae and Nanumea.

D. Other bivalves: Chama spp. and arks
Chama species (Hopu papa in Tuvaluan) and arks (Arca ventricosa and Barbatia sp., Kohi in Tuvaluan) were only
assessed in Nanumea, as from discussion with local people it seems that only Nanumean people consume them.
These species were observed at all stations except NNMCA1 and NNMOCA2. Very high densities were recorded
outside the CA, in NNMOCA1 (3700 Hopu papa and 4067 Kohi per hectare) and in NNMOCA4 (5150 Hopu papa
and 7633 Kohi per hectare).

Figure 63. Other bivalves recorded in Nanumea.

Table 33. Chama sp. and ark densities (number of individuals/hectare) recorded in Nanumea.

E. Octopus and lobsters
One octopus (Feke in Tuvaluan) and one lobster (Tapa tapa in Tuvaluan) were recorded during the survey, both
in Nanumea lagoon, on NNMCA5 and NNMCA1 respectively (both inside the CA). Locations visited throughout
our survey were not necessarily the ideal habitat for these animals, especially for lobsters that are usually seen in
crevices of the reef crest at low tide and at night. Octopuses hide under rocks and in crevices, which make them
difficult to see when conducting free-diving visual census.
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3.2.6. Species used for handicraft
Shell handicrafts have a strong traditional significance for the people of the islands of Tuvalu. For instance, shell
jewellery used to be prized on Vaitupu. On special occasions the men of Niutao would wear a headband woven from
women’s hair decorated with six or seven cowrie shells. Excavations of ancient graves on Vaitupu and Nukufetau
yielded necklaces and pendants made from mother-of-pearl and cowrie shells, among other things (Tiraa-Passfield,
1996). Today, shell handicrafts are given to relatives or friends departing Tuvalu. They are also given to guests at
special functions, visiting high-ranking officials, and are worn by men and women when performing the fatele (a local
dance).
Five main species of shells are used in handicraft production: 2 species of white cowrie (Pule Kena in Tuvaluan),
Cypraea annulus, the gold-ring cowrie, and C. moneta, the money cowrie, and one species of black cowrie (Pule Uli
in Tuvaluan): C. caputserpentis, the snakehead cowrie. The money cowrie is the most abundant and the most widely
used for handicraft. Two species of land gastropods are also used: Melambus luteus and M. fasciatus, both referred
as misa (Tiraa-Passfield, 1996). Other species used for handicraft in Tuvalu include cones (Uga, Fakamili), spider
conchs (Kalea, Mataga) and pearl oysters (Tifa).
Cowries are collected by women and children, with bare hands, at low tide. They are mainly found under coral rocks
in intertidal pools on the lagoon reef flat. It is said that pule kena is easier to catch when it is rainy or at night, as they
make their way to the surface of the rocks.

A. Cowries
In the present study we did not investigate land gastropods, therefore we will only present our results on cowrie
abundance and distribution. Additionally our values are certainly under-estimates, as we did not overturn rocks to
look for animals.
• The dominant species of cowrie encountered was Cypraea moneta. Other species observed were Cypraea
annulus, C. helvola, C. erosa and C. tigris.
• Cowries were found at all 3 atolls visited, at low densities except at 2 stations in Nanumea where they were
abundant (1350-1933 ind./ha).
• Cowries were more abundant in Nanumea than in Nukulaelae or Funafuti.
Table 34. Cowrie densities (number of
individuals/ha) recorded in Funafuti,
Nukulaelae and Nanumea.

Figure 64. Cowrie species recorded in Tuvalu.

B. Cones
Several species of cones (Uga, Fakamili) were observed: Conus capitaneus, C. cf. frigidus, C. chaldeus, C. ebraeus,
C. leopardus, C. litteratus, C. lividus, C. miles, C. planorbis, C. pulicarius and C. rattus. No species was dominant.
Cones were seen at almost all stations except Funafuti lagoonal sites. They were mainly found on shallow reef flats,
on rubble or partially buried in sand. Their abundances ranged from 2 to 670 individuals per hectare. Some sites
showed higher densities of cones, including:
• For Funafuti: Fualopa reef flat (530 ind./ha) and Teafualiku and Fuafatu reef flats (both 200 ind./ha).
• For Nukulaelae: NKLCA1 (250 ind./ha).
• For Nanumea: NNMOCA3 (670 ind./ha), NNMCA3 (320 ind./ha), NNMOCA2 (270 ind./ha), NNMOCA1 (230
ind./ha) and NNMCA5 (200 ind./ha).

Figure 65. Cone species recorded in Tuvalu.
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C. Spider conchs
Spider conchs (Kalea, Mataga) are used for handicraft and as food items.
Two species of spider conch were observed during our surveys: Lambis chiragra and L. truncata (the giant spider
conch). The common spider conch (Lambis lambis) was not recorded. This absence was also noted in 1984 by
Parkinson who did an extensive survey on shell resources in Funafuti (Parkinson, 1984). He stated that the common
spider shell seemed to have been replaced by the giant spider shell (Lambis truncata).

Figure 66. Spider conch
species recorded in
Tuvalu.

Lambis chiragra

Lambis truncata

Spider shells were mainly found in Funafuti lagoon, whereas none was observed in Nanumea and only 2 individuals
were counted in Nukulaelae (at stations NKLCA4 and NKLOCA4).
In Funafuti, spider conchs were more abundant within the FCA than outside the FCA: Tefala reef flat and reef slope
exhibited the highest densities (43 ind./ha at both stations), Fualopa reef slope and lagoon (29 ind./ha at both
stations) and Fuafatu reef slope (10 ind./ha). Some individuals were also seen outside the FCA: Fualefeke reef
flat and Tepuka lagoon (respectively 29 and 14 ind./ha). From previous reports (Parkinson, 1984) it seems that this
resource has declined as it was considered a common food item 20 years ago.

D. Pearl oysters
The two main commercially significant species of pearl oyster (Tifa in Tuvaluan) in the South Pacific are the black-lip
pearl oyster Pinctada margaritifera and the gold-lip or silver-lip pearl oyster
P. maxima. Pearl oysters have been traditionally used in the production
of fishing lures in the South Pacific. Globally they are in demand for their
shell and cultured pearls (Preston et al., 1990).
In 1990, residents of Nukulaelae stated that the pearl oyster was common
and easy to find in Nukulaelae relative to other Tuvaluan islands. Despite
that, after intensive searching using SCUBA at 19 lagoonal sites, only 4
live specimens were found, which was considered low. Additionally, the
Fisheries Department conducted a survey on the status of clams, pearl
oysters and bêche-de-mer in Nanumea in 1990 and none were recorded
after extensive SCUBA search (Apinelu, 1990).
There is currently a pilot project, initiated in 2008 by the Fisheries Department in Funafuti lagoon, to investigate the
potential for developing the pearl industry. So far, it seems that the natural resource is too low to support this industry.
The Fisheries department is conducting a spat collection program to improve natural stock (T. Poulasi, pers. comm.).
During our survey, only one pearl oyster was recorded, in Funafuti atoll, more specifically at the Tepuka lagoonal
station.

3.2.7. Other targeted species
A. Cerithium nodulosum
The nodulose coral creeper (Sipo in Tuvaluan) is a species of sea snail,
a marine gastropod (mollusc) of the family Cerithiidae. It has a very wide
distribution encompassing the Pacific, the Indian Ocean, the Red Sea, the
Mediterranean Sea and other European waters (source: WoRMS31). It is
generally considered an abundant species in shallow sandy area close to
coral reefs, especially in the Indo-Pacific. Sipo shells can be sold as curios
but must often they are used locally as bait, especially in Nukulaelae and
Funafuti.
They may be also used in Nanumea but at the time of the survey
Nanumean residents had not divulged this information. Therefore sipo
were not assessed in Nanumea.
Sipo were not very abundant in Funafuti despite the presence of favourable
habitats (sandy seabed), which might reflect their exploitation by local
fishermen. In Nukulaelae they were numerous both inside and outside the
CA, with the highest density recorded in NKLCA1 (517 ind./ha), NKLOCA3
(383 ind./ha) and NKLOCA4 (317 ind./ha).

Cerithium nodulosum

Table 35. Cerithium nodulosum densities (number of individuals/ha) recorded in Funafuti and Nukulaelae.

B. Coral predators: Acanthaster planci and Drupella snails
The crown-of-thorns starfish (COTs) Acanthaster planci (Kalauna in
Tuvaluan) is a major predator of corals, and although a normal member
of coral communities, widespread population outbreaks have caused
dramatic reductions in coral cover on Indo-Pacific coral reefs (Endean,
1982). High densities of A. planci tend to modify the coral communities in
terms of diversity and abundance, with flow-on effects on reef-associated
plants and animals (Carpenter 1997). The causes of such explosions are
still not well understood (Pratchett 2005), however it was believed in the
past that the depletion of its 2 main predators (the triton snail (Charonia
tritonis), and the humphead wrasse (Cheilinus undulatus)) might place
a role in the frequency and severity of recent outbreaks. Heavy terrestrial runoff is also believed to be involved
in recent outbreaks as subsequent algal bloom may provide food for Acanthaster larvae. Another possible cause
would be the natural fluctuation of COTs populations. COTs feeding scars are very distinctive, leaving extensive
white areas devoid of live tissue as it progresses. Coral colonies are usually only partially consumed.
3
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Like most other sea stars, the COTs extrudes its gastric folds to digest its prey externally. This feeding method
allows these sea stars to affect very large areas of coral over relatively short time spans.
Sauni (2000) pointed out that signs of COTs outbreaks were frequently found in the lagoon and on the ocean terrace
of Funafuti, ranging from 0 to 119 COTs per hectare (Anon, 1995; Kaly, 1997). COTs were also observed at 37% of
the sites surveyed on Funafuti in an earlier survey (Belhadjali, 1998). Anecdotal evidence suggests that A. planci
densities are also high (>100 individuals/ha) on some of the bommies in Funafuti lagoon. COTs had been observed
in Nanumea lagoon, feeding on table coral at 15m depth (Belhadjali, 1998).
During our survey we did not observe any COT on the outer atolls within the monitoring transects. However, 2
individuals were seen outside transects in Nukulaelae (both in NKLCA1) and many white feeding scars were noted
on corals of this station.
In Funafuti, we counted 7 COTs (22% of the sites surveyed in Funafuti, though we did not visit ocean terraces),
mainly at lagoonal stations. Their densities ranged from 0 to 43 individuals per hectare. This is far from being
considered an outbreak, but their densities should continue to be monitored carefully. Having said that, there is little
we can do to avoid Acanthaster outbreaks apart from maintaining good water quality.

Drupella cornus

Drupella snails are also coral feeders that can cause extensive damage on coral reefs. The species is relatively
common throughout the Indo-Pacific. Drupella uses specialised mouthparts to feed on living coral tissue, leaving
white scars on affected corals, similar to a small to medium COT feeding scars. The snails are not always easy to
see while snorkelling on the reef as they are hiding within the colony. The most conspicuous signs are the white
feeding scars generally at the base of coral branches (usually Acropora staghorn and plate growth forms). As with
Acanthaster, the causes of their fluctuations on reefs are not understood and the influence of human impacts is not
clear yet. Drupella snails are most frequently found in low densities (<100 per ha), however outbreaks have been
reported in several countries (in McClanahan, 1994). At high densities they can cause extensive damage on reefs.
Known predators of Drupella are balistids and some species of labrids.
During our survey of the outer atolls we did not encounter any Drupella nor white feeding scars in Nukulaelae,
whereas in Nanumea the coral-eating snail was found in high density at only one station (NNMOCA1, north-west of
the American Passage).This station had 717 snails per hectare, feeding on Pocillopora verrucosa colonies. Previous
studies suggested that high population densities are most common on reefs with abundant coral, which is the case
in Nanumea as NNMOCA1 showed the highest coral cover of all stations visited (22% live coral cover). Additionally,
preferred corals are reported to be those of the genus Acropora and the family Pocilloporidae (in McClanahan,
1994), which was also the case in Nanumea.
In Funafuti lagoon, Drupella densities were low (range: 14-271 ind./ha). They were more frequent and more abundant
outside the FCA than inside. This result supports the findings of McClanahan (1994), from his study on Kenyan
lagoons that found that Drupella population densities were higher on unprotected reefs than in protected areas.
As with Acanthaster, there are no clear guidelines about how to avoid Drupella outbreaks, apart from maintaining
good water quality and avoiding the overexploitation of its predators.

Figure 67. Acanthaster planci and Drupella snail abundance and distribution in Funafuti lagoon.
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C. Sea urchins
Sea urchins (Vana in Tuvaluan) are important coral reef herbivores,
and through their grazing activity they control algal biomass and
species composition, allowing space for coral larvae to settle. This key
herbivorous group plays an important role in determining the structure
of shallow benthic communities in many coral reef systems. The wellknown example of Jamaican reefs reflects this relationship, as an unusual
mass mortality of Diadema sea urchins in 1983 rapidly led to a dramatic
increase in benthic turf algal cover (from 30% before the die-off to 70%
4 months after the event) and a consistent decrease in coral cover (from
50% in late 1970’s to 5% in 1993). However, recent studies highlighted
the need for caution when using sea urchins and macroalgal abundances
for evaluating reef ecosystem condition (Johansson et al., 2010) as both
were found at high abundances in a relatively intact and preserved coral
reef (Ningaloo Reef, Western Australia).
In Nanumea and Nukulaelae only one species of sea urchin was
recorded: the rock-boring urchin (Echinometra mathaei). In Funafuti we
also observed the needle spine urchin (Echinostrephus aciculatus) and
the longspine black urchin (Echinothrix diadema), however Echinometra
mathaei was the dominant species. Surprisingly, no longspine sea urchin
(Diadema savignyi) were found, whereas they were the most abundant
macroinvertebrate recorded during the first FCA survey (Kaly, 1997). This
is most probably because large numbers of sea urchins were found in the
terrace habitat, which was not visited during our survey.
In Nanumea sea urchins were very rare as we only observed few
individuals at one station, in NNMOCA1, north-west of the American
Passage: 33 sea urchins per hectare.
In Nukulaelae, sea urchins were found at 3 stations, in low densities:
NKLOCA4 (133 sea urchins per hectare), NKLCA1 (83 sea urchins per
hectare) and NKLCA4 (17 sea urchins per hectare).
In Funafuti, sea urchins were more diverse and abundant than on the outer
islands (Table 36). Almost all stations had sea urchin populations in low
densities (14-171 sea urchins per hectare). One station had a moderate sea
urchin population (Teafualiku reef flat: 400 sea urchins per hectare) and 3
stations had high population densities: Tefala reef flat (1914 sea urchins per
hectare), Tefala reef slope (1086 sea urchins per hectare) and Fualopa reef
slope (1214 sea urchins per hectare), all located within the FCA.
Table 36. Sea urchin species composition and population densities (number of individuals/ha) recorded in Funafuti.

Figure 68. Sea urchin abundance and distribution in Funafuti lagoon.
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3.3. REEF FISH SURVEY
3.3.1. Target fish density
A. Total fish density
The overall mean target fish density was higher on Funafuti atoll (127.7 fish per hectare +/- 52.1 SE) than on
Nukulaelae (99.6 fish per hectare +/- 54.2 SE) and Nanumea (78.7 fish per hectare +/- 21.8 SE).

Figure 69. Mean density of total target reef fish on the three atolls surveyed in Tuvalu, calculated as the total number
of individuals per hectare. Error bars represent 1 S.E.

Comparing stations inside and outside the CAs, we note that:
• In Funafuti, mean total target fish density was slightly higher inside the FCA than outside (144.4 fish/ha +/49.9 SE versus 110.8 fish/ha +/- 53.6 SE). This difference was not significant.
• In Nukulaelae, mean total target fish density was slightly lower inside the CA than outside (90.7 fish/ha +/36.5 SE versus 108.5 fish/ha +/- 68.2 SE). This difference was not significant.
• In Nanumea, mean total target fish density was similar inside and outside the CA (77.2 fish/ha +/- 17.4 SE
versus 80.7 fish/ha +/- 27.2 SE).

Figure 70. Mean density of total target reef fish inside and outside conservation areas, on the three atolls surveyed in Tuvalu,
calculated as the total number of individuals per hectare. Error bars represent 1 S.E.

In Funafuti, mean total target fish density ranged from 342.9 to 15.4 fish per hectare, with the highest density
recorded on the Fualefeke reef slope, the Fuafatu reef slope and Fuafatu lagoon. The highest concentration of target
fish was recorded in Fuafatu (within the FCA).
Table 37. Total target fish densities (mean number of individuals/ha) recorded in Funafuti.

Figure 71. Mean target fish density in Funafuti, calculated as the total number of individuals per hectare.
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In Nukulaelae, mean target fish density ranged from 203.3 to 9.3 fish per hectare, with the highest density recorded
at OCA5, CA2 and OCA3. The highest concentration of total target fish was recorded on the sheltered side of the
atoll, outside the CA.

Table 38. Total target fish densities (mean number of individuals/ha) recorded in Nukulaelae.

Figure 72. Mean target fish density in Nukulaelae, calculated as the total number of individuals per hectare.

In Nanumea, mean target fish density ranged from 139.3 to 45.3 fish per hectare, with the highest density recorded
at OCA1, CA3 and CA5 (Table 39). The abundance of total targeted fish was similar at all sites, both inside and
outside the CA, except at the station close to the channel, which showed a slightly higher density of reef fish.

Table 39. Total target fish densities (mean number of individuals/ha) recorded in Nanumea.

Figure 73. Mean target fish density in Nanumea, calculated as the total number of individuals per hectare.
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B. Edible fish density
Mean edible fish densities were higher on Funafuti atoll (90.3 fish per hectare +/- 29.4 SE) and Nukulaelae (87.7 fish
per hectare +/- 57.5 SE), and lower on Nanumea atoll (54.3 fish per hectare +/- 18.6 SE).

Figure 74. Mean density of edible reef fish on the three atolls surveyed in Tuvalu, calculated as the total number of individuals per hectare.
Error bars represent 1 S.E.

Comparing stations inside and outside the CAs, we note that:
• In Funafuti, mean edible fish density was slightly higher inside the FCA than outside (105.7 fish/ha +/- 30.0
SE versus 74.9 fish/ha +/- 28.0 SE). This difference was not significant.
• In Nukulaelae, mean edible fish density was slightly lower inside the CA than outside (79.5 fish/ha +/- 42.4
SE versus 95.9 fish/ha +/- 70.8 SE). This difference was not significant.
• In Nanumea, mean edible fish density was similar inside and outside the CA (56.8 fish/ha +/- 17.4 SE versus
51.2 fish/ha +/- 20.6 SE).

Figure 75. Mean density of edible reef fish inside and outside conservation areas, on the three atolls surveyed in Tuvalu, calculated as the
total number of individuals per hectare. Error bars represent 1 S.E.

In Funafuti, mean edible fish density ranged from 242.3 to 15.4 fish per hectare, with the highest density recorded
on the Fuafatu reef slope, the Fualefeke reef slope and Fuafatu lagoon. The highest concentration of edible fish was
recorded in Fuafatu (within the FCA).
Table 40. Edible fish densities (mean number of individuals/ha) recorded in Funafuti.

Figure 76. Mean edible fish density in
Funafuti, calculated as the total number of
individuals per hectare.

Tuvalu Marine Life

SCIENTIFIC REPORT - PART II / 97

In Nukulaelae, mean edible fish density ranged from 192.0 to 9.3 fish per hectare, with the highest density recorded
at CA2, OCA5 and OCA3. The abundance of edible fish was similar at all sites, both inside and outside the CA.

Table 41. Edible fish densities (mean number of individuals/ha) recorded in Nukulaelae.

Figure 77. Mean edible fish density in Nukulaelae, calculated as the number of edible individuals per hectare.

In Nanumea, mean edible fish density ranged from 88.0 to 25.4 fish per hectare, with the highest density recorded
at OCA1, CA5 and OCA3. The abundance of edible fish was similar at all sites, both inside and outside the CA.

Table 42. Edible fish densities (mean number of individuals/ha) recorded in Nanumea.

Figure 78. Mean edible fish density in Nanumea, calculated as the number of edible individuals per hectare.
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3.3.2. Target fish species composition and distribution
In Funafuti, the most abundant fish species encountered was Ctenochaetus
striatus (Pone uli in Tuvaluan), considered a poisonous fish, which represented 18% of the total number of fish counted. The highest number of C.
striatus was found in Fualefeke reef slope.

Other abundant fish species include:
• Chlorurus spp. (Laea) (16% of the total fish abundance), mostly found
on Fuafatu (reef flat, reef slope and lagoon), Teafualiku reef slope and
Tepuka lagoon.
• Acanthurus lineatus (Ponelolo) (10% of the total abundance), mostly
found on Fualefeke, Fuafatu and Fualopa reef slopes and Teafualiku reef
flat.
• Acanthurus triostegus (Manini) (9% of the total abundance): mostly
found on Fualefeke reef flat and slope, Tepuka lagoon, Fualopa and Tefala reef flats and Fuafatu slope.
• Monotaxis grandoculis (Muu) (6% of the total abundance): mostly found
on Fuafatu (reef flat, reef slope and lagoon), Tefala lagoon and Fualefeke
reef slope and lagoon.
• Naso lituratus (Manini lakau) (6% of the total abundance): mostly found
on Fuafatu (reef flat, reef slope and lagoon), Tefala lagoon, Fualopa and
Teafualiku reef slopes.
In Funafuti, despite the lack of difference in the density of target and edible fish,
there was a significant difference in the species composition of target fish inside
and outside the FCA. The herbivore Acanthurus nigricans and the facultative
corallivore Chaetodon ephippium occurred only outside the FCA. These species
generally feed in coral-rich areas on the outer reef, and the FCA may not have
provided appropriate habitat. In contrast, the benthic carnivore Pseudobalistes
flavimarginatus, the predator Cephalopholis argus and the herbivores Naso lituratus and Scarus ghobban were more abundant inside the FCA. These species
are all targeted by fishers in Funafuti (except Cephalopolis argus which is a poisonous species), and the FCA may be effective for their protection.
In Nukulaelae, the most abundant fish species encountered were all edible species:
• Chlorurus microrhinos (Homo)
(18% of the total abundance): mostly found at CA1 and CA2.
• Ctenochaetus striatus (Pone uli,
which is not considered as poisonous in Nukulaelae) (15% of the
total abundance): mostly found at
CA1 and CA2.
• Acanthurus triostegus (Manini)
(13% of the total abundance):
mostly found at OCA5, CA2 and
CA3.
• Monotaxis grandoculis (Muu) (8%
of the total abundance): mostly
found at OCA5 and OCA2.
The composition of the target fish community in Nukulaelae was similar between sites inside and outside the CA except for 2 species: the predator Cephalopholis argus was more abundant inside the CA, and the obligate corallivore
Chaetodon reticulatus was more abundant outside the CA.

In Nanumea, the most abundant fish species encountered was the poisonous fish Ctenochaetus striatus (Pone uli),
which represented 22% of the total abundance. Most of them were counted at OCA1, OCA4 and CA3.
Other abundant species were:
• Acanthurus triostegus
(Manini) (13% of the
total
abundance):
mostly found at OCA1
and OCA3.
• Chlorurus microrhinos
(Homo) (13% of the
total
abundance):
mostly found at CA4,
OCA1 and CA3.
•
Scarus
ghobban
(Ulafi) (7% of the total
abundance):
mostly
found at CA1.
• Acanthurus blochii
(Maa) (7% of the total abundance): mostly found at CA1, CA3 and CA5.
The composition of the target fish community in Nanumea was similar between sites inside and outside the CA, except
for a few species. The herbivores Acanthurus triostegus and Scarus ghobban were more abundant outside the CA. In
contrast, the herbivore A. blochii, the benthic carnivore Pseudobalistes flavimarginatus and the predators Epinephelus
hexagonatus and Monotaxis grandoculis were more abundant inside the CA. These species are all targeted by fishers
in Nukulaelae (edible and/or commercial species), and the CA may be effective for their protection.

4. DISCUSSION
Our findings support some interesting trends towards an improvement of macroinvertebrate and fish communities
inside CAs, especially in Funafuti and Nukulaelae. However, none of the observed trends were statistically
significant, suggesting that it may still be too early to identify definite effects of protection, especially on the outer
atolls. Poaching may also hamper the recovery of exploited species inside the CAs.
The following trends were identified:
In Funafuti lagoon:
• Clam populations were higher within the FCA (especially at the Fuafatu and Fualopa sites) than outside.
This is probably a positive effect of the protection of the area from collecting or fishing, despite known
poaching incidents.
• Despite their rarity, Trochus appeared more abundant within the FCA, particularly at the Fualopa lagoon
site. It must be noted that preferred Trochus habitats on the ocean terrace were not investigated in this study.
• The FCA hosted the highest edible fish density (in Fuafatu, and to a lesser extent in Fualopa). Parrotfishes
(Laea), Monotaxis grandoculis (Muu) and Naso lituratus (Manini lakau) were particularly abundant in Fuafatu,
whereas Acanthurus triostegus (Manini) and Naso lituratus (Manini lakau) were particularly abundant in
Fualopa.
• Three fish species targeted by fishermen appeared to be more abundant within the FCA than outside: Naso
lituratus (Manini lakau), Pseudobalistes flavimarginatus (Umu) and Scarus ghobban (Ulafi).
• The Fuafatu inner reef slope exhibited dense and healthy coral communities.
• The Tefala reef flat and reef slope showed significant crustose coralline algal cover, associated with
an abundant sea urchin population, both favourable characteristics for maintaining a healthy coral reef
community.
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Figure 79. Synthesis map showing the points of interest at all stations investigated in Funafuti atoll.

In the Nukulaelae lagoon, stations located within the CA showed:
• The highest coral cover (station CA2)
• The highest edible fish density (CA2), with particularly high abundances of Chlorurus microrhinos (Homo),
Acanthurus triostegus (Manini) and Ctenochaetus striatus (Pone uli) (at CA1, CA2 and CA3).
• The highest densities of Cerithium nodulosum (Sipo, at CA1) and Strombus luhanus (Panea, at CA5).
• The highest edible macroinvertebrate density (on CA5).
• The observation of the few rare commercially important sea cucumber species: leopardfish (at CA2 and
CA3) and curryfish (at CA2)
The proximity of the CA to the village where most of the people from Nukulaelae live is certainly beneficial for
compliance with customary regulations within the CA.

Figure 80. Synthesis map showing the points of interest at all stations investigated in Nukulaelae atoll.
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In the Nanumea lagoon, stations located within the CA showed:
• A moderate coral cover (on CA1 and CA2)
• Abundant edible fish species Chlorurus microrhinos (Homo, at CA3 and CA4), Acanthurus blochii (Maa, at
CA3 and CA5) and Scarus ghobban (Ulafi, at CA1).
• Four fish species targeted by fishermen appeared to be more abundant within the CA than outside:
Acanthurus blochii (Kapalagi), Pseudobalistes flavimarginatus (Umu), Epinephelus fuscoguttatus (Fapuku)
and Monotaxis grandoculis (Muu).
• The highest Spondylus densities (Hopu nifo and Hopu teka) (at CA2).
Station OCA1, located close to the American channel, appeared to be the richest station on the Nanumea
lagoon, with:
• The highest and richest coral community
• The highest total and edible fish densities
• A high edible macroinvertebrate density, more specifically archs (Kohi) and Chama sp. (Hopu papa).
• The highest cowrie density.
This station is located in the immediate proximity of the only channel of the atoll (exchange zone between the
lagoon and the ocean), and is therefore expected to host a richer and more diverse community, given the high water
movement, the exchange of nutrients and the mixing of oceanic and lagoonal species. It is probably a place of
passage for many fish species into and out of the lagoon.
A discussion could be conducted in consultation with local fishermen and the Tuvalu Fisheries Department to include
this station in the CA, as closing it to fishing (even partially or seasonally) may be beneficial in maintaining an
abundant and sufficient fish population as food source for the Nanumean people.

Figure 81. Synthesis map showing the points of interest at all stations investigated in Nanumea atoll.

GENERAL CONCLUSIONS
AND GUIDANCE
The TML project has allowed the addition of a substantial number of fish species to the existing list: a total of
317 reef fish species were recorded during this study, including 66 species that had not been listed previously
for the archipelago. These ‘new species’ are all common coral reef species with a broad distribution. No endemic
species were found, and a number of IUCN-listed threatened species were observed. The total number of reef
fish species for Tuvalu is currently 607, and with a greater sampling effort we may expect a total of 711 species for
Tuvalu (equivalent to around two-thirds of the maximum known biodiversity, in the Coral Triangle). The roughly one
hundred species not yet recorded could therefore be cryptic, nocturnal or deep-dwelling species (>20m). Substantial
additions of species are likely to require alternative sampling techniques, including destructive methods such as
collecting, trawling and line-fishing.
The three atolls surveyed support high reef fish biodiversity, and each atoll hosts a unique lagoonal fish assemblage.
Reef fish communities on the two outer atolls, Nanumea and Nukulaelae, are defined by high densities of small
fishes (especially within the lagoons, where there are often large schools of juvenile parrotfish and damselfish).
On the other hand, Funafuti atoll is host to smaller densities and larger fish. These patterns may be the result of
differential fishing pressure on the three atolls, combined with environmental parameters. Unlike the two remote
atolls, Funafuti lagoon is opened to the ocean, and offers a greater variety of habitats.
Density and biomass data reflect a relatively low fishing pressure in most surveyed areas, even though signs
of overexploitation can be found around inhabited areas. Previous reports have raised concerns about signs of
overfishing in Funafuti, such as lower abundances and smaller individuals that occupy lower trophic levels.
Very few sharks were observed around the three atolls surveyed. These top predators are important for maintaining
ecosystem health and equilibrium, but are disappearing globally.
Benthic communities are indicative of healthy coral reefs, but are nevertheless subject to multiple human and natural
disturbances. Some exposed sites showed signs of past storm damage, and in Funafuti, parts of the lagoon closest
to densely inhabited areas showed evidence of higher concentrations of nutrients and pollutants, with turbid water
and a high cover of macro-algae.
The structure of benthic communities appears to be a good indicator for the composition of the fish assemblage,
with the best predictors being live coral, sand and coralline algae. Each of these benthic categories serves as a
useful proxy for the broader habitat. High live coral cover was generally found in relatively sheltered environments,
the cover of sand could well serve as a proxy for lagoonal areas, and coralline algae tended to occur in higher cover
in areas more exposed to wave action. Each of these habitats tended to support a distinct group of fish species.
The CA Survey provided a first assessment of marine resources on the outer atolls, as requested by local people.
Gaining knowledge of their fish and invertebrates stocks was a key goal in the effort to manage their resources more
sustainably. On Funafuti reefs, the FCA had already been monitored several times since its implementation. Previous
surveys were conducted at the same sites; unfortunately these data were not available for comparison. Therefore, we
are not able to provide an estimate of how stocks have changed over time since the establishment of the FCA.
Coral cover is relatively low on the surveyed atolls, and tends to increase with the degree of lagoon openness: on
Nanumea, which has a small opening to the ocean, coral cover is very low (6% on average) while in Funafuti, where
the lagoon joins the ocean through several large channels, coral cover is more than double (15% on average). There
is a general dominance of branching corals of the genus Acropora. The density of edible macroinvertebrates is low
in most places, except for three locations in Nanumea’s lagoon where locally harvested bivalve densities (“Kohi”
and “Hopu papa”) were high. It was noted that clams were absent from the outer islands and very scarce in Funafuti
lagoon. Most clams found in Funafuti were recorded from within the FCA. Almost no commercial species of sea
cucumber were found during the survey. Edible fish densities were low at all surveyed sites, except at two inner reef
slope stations of Funafuti, in front of Fuafatu and Fualefeke. Despite the low densities, there appear to be sufficient
fish for local consumption.
CAs were found to be similar to adjacent unprotected habitats. Nevertheless, as Tuvalu faces a changing climate
and declining resources, no-take Conservation Areas provides the best solution to safeguarding Tuvaluan fish
biodiversity and stocks of valuable food fish: lagoons may play a major role as nurseries, host a number of juveniles
of locally targeted fish species and a unique fauna that should be preserved.
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It may be too early after the establishment of CAs in Nanumea and Nukulaelae to detect a statistically significant
effect. We conclude with a number of suggestions about marine resource management, based on our field
investigations. It is important to note that this study does not aim to advocate for particular management actions.
The following recommendations aim to take into account financial and capacity limitations and attempt to remain
appropriate to the local context.
Strengthen/ Enforce regulations for Conservation Areas: enforcement is more important than monitoring, as the
lack of compliance with no-take areas will severely hinder any benefits of the CA. This process will limit poaching,
especially around Funafuti. Poaching within the FCA has been noticed by the FCA officers, and signs of it were
observed during our investigations; fishing lines were observed around Fuafatu and Tefala islets. Furthermore, dead
clam shells were found on Fuafatu fringing reef.
Monitoring of Conservation Areas maintaining previous methodologies and in collaboration with the local team
already involved with this project. The worksheets for each station contain all the information required to identify the
sampling sites on each atoll. To assist this process, a random sampling design was chosen, leading to a high number
of replicates within the same area and avoiding lengthy searching. It is recommended that the monitoring be
conducted annually by the same team, based on the species list established during this study. It is recommended
that observers attend a one-day training session as a “refresher”, especially to revise counting methods and target
species. Ideally, monitoring and training is to be conducted in collaboration with the Fisheries Department. A number
of items to be used in future field surveys were left with the Fisheries Department of Funafuti. The monitoring of
target species should allow refining the CAs boundaries, to include reefs that support high diversity and/or density
of target marine species. The list of target species can be extended to include new species of interest or threatened
species.
Setting up and strengthening the customary management committee on each atoll. This management
committee would ideally involve community representatives (elders, women, youth, local fishermen, commercial
fishermen including people involved in the sea cucumber industry). It would look after the marine resource
monitoring, and then would set up management plans according to changes in stocks. It would also be responsible
for disseminating information about the state of marine resources within the local community. This committee may
also be able to raise funds to cover the costs of resource management (fieldwork, communication, etc.), as has
already been done in Nukulaelae (GEF fund under the World Bank for marine resource management).
Commercial sea cucumber stock assessment on each atoll where commercial collection of sea cucumbers has
been intense (such as Funafuti and Nukulaelae). We observed very low stocks of high grade sea cucumber species
in the 3 lagoons studied. This could be the consequence of a commercial project that took place for a couple of
years. According to the Tuvalu Fisheries officers, sea cucumber collection was taking place mainly on the outer reef
slope and moving deeper with time, leading to higher risk for local divers. Therefore, plans for the management of
sea cucumber stocks and the improvement of diver safety protocols are highly recommended.
Clam stock assessment around Funafuti. Along with sea cucumbers, clam stocks are very low, especially outside
the FCA. As mentioned previously, poaching activities have been recorded outside and within the FCA. One of the
first management measures must be the enforcement of existing regulations. Because clams are only caught for local
consumption, it might be appropriate to raise community awareness regarding the consequences of overexploitation
of clams.
Trochus and turbo stock assessment within each atoll surveyed. This study demonstrated a low number of these
two resources. However, it is important to note that the specific habitat for these gastropods has not been surveyed.
We recommend a stock assessment within these organisms’ habitats.
Explore options for shark conservation. According to our field observations and discussions with local fishermen,
reef shark stocks are currently very low around Tuvalu. The cause of this is unknown, but it is highly probable that
a combination of mortality sources exist, both through fisheries targeting sharks and through by-catch. Awareness
about the need to protect top predators for a healthy ecosystem appeared largely lacking. Education programs could
cover the importance and vulnerability of sharks, targeting a range of social groups (e.g. schoolchildren, fishermen,
elders, etc.). The imposition of catch limits and banning the finning of sharks is a first effective step towards shark
conservation, but it may be necessary to extend shark management programs to include foreign fisheries operating
within Tuvaluan waters.

GLOSSARY
Abiotic: Physical rather than biological; not derived from living organisms.
Anthropisation: The conversion of open spaces, landscapes, and natural environments by human actions.
Benthic: Of or relating to or happening on the bottom under a body of water.
Biomass: Weigth of biological material form living organism.
Ciguatera: Poisoning by neurotoxins as a result of eating the flesh of a tropical marine fish that carries a toxic
dinoflagellate.
Climate change: The change in global climate patterns apparent from the mid to late 20th century onwards,
attributed largely to the increased levels of atmospheric carbon dioxide produced by the use of fossil fuels.
Cnidarian: An aquatic invertebrate animal of the phylum Cnidaria, which includes jellyfish, corals and anemones.
Coral bleaching event: An environmentally stressful period in which the symbiotic relationship between the coral
and the microscopic algae in its tissues (zooxanthellae) breaks down. When stressed, the zooxanthellae become
toxic and the coral must expel them, thus losing their colour and becoming white or ‘bleached’. A bleached coral no
longer receives the photosynthetic product of the zooxanthellae and may die if exposed to the stressful conditions
for too long. A bleaching event is one in which entire coral reefs are affected by this condition.
Coralline algae: Coralline algae are red algae in the Family Corallinaceae of the order Corallinales. They are
characterized by a thallus that is hard because of calcareous deposits contained within the cell.
Density: Mass per unit volume.
Ecological niche: A position or role taken by a kind of organism within its community. Such a position may be
occupied by different organisms in different localities, e.g., antelopes in Africa and kangaroos in Australia.
Endemic: Native or restricted to a certain country or area.
Eutrophication: The response of an aquatic ecosystem to the addition of excessive nutrients.
Falekaupule: the Council of Elders that functions as a local government council in Tuvalu.
Homoscedasticity (data analysis): The random distribution of variances around the mean.
Inner reef slope: On a coral atoll, the internal slope or wall of the reef, facing the lagoon.
Lagoon: A stretch of salt water separated from the sea by a low sandbank or coral reef.
Macroalgae: Also known as seaweed, macroscopic, multicellular, benthic marine algae. The term includes some
members of the red, brown and green algae.
Macroinvertebrate: An invertebrate (an animal without a backbone) that is large enough to be seen without the
use of a microscope.
Mariculture: The cultivation of fish or other marine life for food.
Monospecific: Relating to or consisting of only one species.
Normality (data analysis): Conforming to a normal distribution, or along a regular ‘bell’ curve.
Overfishing: Unsustainable fishing, whereby fish are harvested faster than they can replenish their population,
leaving to population collapse and wide-reaching ecosystem changes.
Pinnacles: Steep-sided seamounts, or mountains rising from the seabed to just beneath the ocean’s surface.
Reef flat: The top of a reef, usually the shallowest area.
Salinisation: The deposition of salts at the surface of a soil in areas where evapotranspiration exceeds
precipitation so drawing water up through the soil and with it salts that had been dissolved in it.
Staghorn (coral): Coral colonies shaped like long, tapering branches.
Terrace (reef): A level or flat area on a reef slope.
Transects: Lengths of measuring tape laid along the substrate.
Turf algae: An assemblage of small filamentous algae, sometimes including juvenile forms of larger species,
forming a compact turf-like covering over the substratum, usually no more than 1-2cm in height.
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new macroinvertebrate

new fish

Genus specie
Common name
Family

where?

Genus specie
Common name
Family

Nanumea

Nukulaelae

Funafuti

New recorded fish

Acanthurus auranticavus
Orange-socket surgeonfish
Acanthuridae

Ctenochaetus cyanocheilus
Bluelipped bristletooth
Acanthuridae

Zebrasoma flavescens
Yellow tang
Acanthuridae
© J.E. Randall

Archamia bleekeri
Gon’s cardinalfish
Apogonidae

Apogon fragilis
Fragile cardinalfish
Apogonidae

Apogon fraenatus
Spurcheek cardinalfish
Apogonidae
© J.E. Randall

Apogon
luteus
Acanthuridae
Yellow cardinalfish
Acanthurus
auranticavus
Apogonidae
Orange-socket
surgeonfish

Apogon
monospilus
Acanthuridae
Yelloweyedauranticavus
cardinalfish
Acanthurus
Apogonidae
Orange-socket
surgeonfish

Apogon nigrofasciatus
Blackstripe cardinalfish
Apogonidae

Cheilodipterus artus
Wolf cardinalfish
Apogonidae

Cheilodipterus macrodon
Tiger cardinalfish
Apogonidae

Cirripectes chelomatus
Lady Musgrave blenny
Blenniidae
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Ecsenius opisthofrontalis
Comical blenny
Blenniidae

Ecsenius bicolor
Bicolor blenny
Blenniidae

Plagiotremus rhinorhynchus
Bluestriped fangblenny
Blenniidae

Plagiotremus tapeinosoma
Piano fangblenny
Blenniidae

Caracanthus maculatus
Spotted croucher
Carachanthidae

Amblygobius nocturnus
Nocturn goby
Gobiidae

Asterropteryx striatus
Striped goby
Gobiidae

Enneapterygius sp.
Triplefin
Gobiidae

Eviota latifasciata
Brown-banded pygmygoby
Gobiidae

Eviota prasites
Red & white-spotted pygmygoby
Gobiidae

Eviota sigillata
Sigillata pygmygoby
Gobiidae

Eviota zebrina
Zebra goby
Gobiidae

where?

Nanumea

Nukulaelae

Funafuti

Gobiodon sp.

Gobiidae

Paragobiodon echinocephalus
Redhead coralgoby
Gobiidae

Pleurosicya mossambica
Common ghostgoby
Gobiidae

Trimma halonevum
Skinspot dwarfgoby
Gobiidae

Trimma sp.

Acanthuridae
Valenciennea
puellaris
Acanthurus
auranticavus
Orange diamond
goby
Orange-socket
surgeonfish
Gobiidae

Acanthuridae
Neoniphon
argenteus
Acanthurus
auranticavus
Clearfin squirrelfish
Orange-socket
surgeonfish
Holocentridae

Cheilinus oxycephalus
Snooty wrasse
Labridae

Halichoeres nebulosus
Nebulous wrasse
Labridae

Labropsis australis
Southern tubelip
Labridae

Oxycheilinus orientalis
Slender wrasse
Labridae

Eviota sp.
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Oxycheilinus rhodocrous
Oriental wrasse
Labridae

Oxycheilinus unifasciatus
Ringtail wrasse
Labridae

Pteragogus cryptus
Cryptic wrasse
Labridae

Stethojulis interrupta
Cutribbon wrasse
Labridae

Stethojulis trilineata
Fourline wrasse
Labridae

Wetmorella albofasciata
Whitebanded pygmy wrasse
Labridae

Gymnocranius microdon
Blue-spotted large-eye bream
Lethrinidae

Lethrinus lentjan
Pinkear emperor
Lethrinidae

Parupeneus ciliatus
Cardinal goatfish
Mullidae

Centropyge bispinosus
Two-spined angelfish
Pomacanthidae

Centropyge heraldi
Yellow bannerfin angelfish
Pomacanthidae

Amblyglyphidodon leucogaster
White-belly damsel
Pomacentridae

where?

Nanumea

Nukulaelae

Funafuti

Chromis amboinensis
Ambon chromis
Pomacentridae

Chromis atripes
Darkfin chromis
Pomacentridae

Chromis vanderbilti
Vanderbilt’s chromis
Pomacentridae

Chromis weberi
Weber’s chromis
Pomacentridae

Chromis xanthura
Pale-tail chromis
Pomacentridae

Chrysiptera unimaculata
Onespot demoiselle
Pomacentridae

Plectroglyphidodon lacrymatus
Jewel damsel
Pomacentridae

Pomacentrus brachialis
Charcoal damsel
Pomacentridae

Pomacentrus coelestis
Neon damsel
Pomacentridae

Pomachromis richardsoni
Richardson’s reef- damsel
Pomacentridae

Sarda orientalis
Bonito
Scombridae

Bluespot damsel
Pomacentridae
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Sebastapistes cyanostigma
Yellow-spotted scorpionfish
Scorpaenidae

Balenoperca chabanaudi
Arrowhead soapfish
Serranidae

Pseudanthias dispar
Redfin anthias
Serranidae

Pseudanthias evansi
Yellowback anthias
Serranidae

Siganus canaliculatus
White-spotted rabbitfish
Siganidae

Saurida gracilis
slender lizardfish
Synodontidae

where?

Nanumea

Nukulaelae

Funafuti

New macroinvertebrates

Hyotissa hyotis
Honeycomb oyster
Gryphaeidae

Actinopyga varians
Surf redfish
Holothuriidae

Stichopus hermanni
Curryfish
Holothuriidae

Coralliophila violacea
Muricidae

Celerina heffernani
Heffernani’s sea star
Ophidiasteridae

Lopha cristagalli
Cock’s comb oyster
Ostreidae

Spirobranchus giganteus
Christmas tree worm
Serpulidae

Dendropoma maxima
Great worm shell
Vermetidae
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Holothuria hilla
Tiger tail sea cucumber
Holothuriidae

Drupella cornus
Muricidae

Isognomon sp.
Purse oyster
Pteriidae
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Tuvalu marine species list
(update 2012)
1: SPECIES LISTS
1A: REEF FISHES
1B: MARINE MACROINVERTEBRATES
1C: CNIDARIANS
1D: MARINE ALGAE
1E: SEA BIRDS
1F: MARINE MAMMALS
1G: MARINE TURTLES
1H: SPONGES
1I: MANGROVE SPECIES

2: DOCUMENTS CONSULTED FOR THE
SURVEY
3: MARINE SPECIES LISTED UNDER THE CITES
CONVENTION FOR TUVALU
4: IUCN RED LIST OF THREATENED SPECIES
FOR TUVALU MARINE SPECIES

New recorded reef fish species
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New recorded macroinvertebrates
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APPENDIX

APPENDIX
APPENDIX 1:
Biodiversity survey
STATISTICAL SIGNIFICANCE TEST RESULTS

APPENDIX 2:
Biodiversity survey
FUNCTIONAL GROUPS OF FISH

APPENDIX 3:
Biodiversity survey
IUCN RED LIST REEF FISH SPECIES FOR TUVALU

APPENDIX 4:
Conservation areas survey
DESCRIPTION OF THE STATIONS

APPENDIX 1
BIODIVERSITY SURVEY: STATISTICAL
SIGNIFICANCE TEST RESULTS
0.5a. ANOVA for fish species richness by atoll and depth.

1a. ANOVA for total fish density by atoll (Nanumea, Funafuti, Nukulaelae) and exposure (lagoon and sheltered
habitats)<

1b. Tukey’s HSD post-hoc test to separate significant differences between atolls and exposure levels.

2a. ANOVA for total fish biomass by atoll (Nanumea, Funafuti, Nukulaelae) and exposure (lagoon and sheltered
habitats).

2b. Tukey’s HSD post-hoc test to separate significant differences between atolls and exposure levels.

3a. Multivariate test for differences in composition of fish families between atolls and exposure levels.

3b. Univariate tests for differences in composition of fish families between atolls and exposure levels.
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4a. Multivariate test for differences in composition of fish functional groups between atolls and exposure levels.

4b. Univariate tests for differences in composition of fish functional groups between atolls and exposure levels.
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5a. Multivariate test for differences in benthic composition between atolls and exposure levels.

5b. Univariate tests for differences in benthic composition between atolls and exposure levels.
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APPENDIX 2
BIODIVERSITY SURVEY:
FUNCTIONAL GROUPS OF FISH
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APPENDIX 3
BIODIVERSITY SURVEY: IUCN RED
LIST REEF FISH SPECIES FOR TUVALU
Tuvaluan fish species listed in the IUCN Red List, with a focus on fisheries target species and species of universal
conservation value. Species in the threatened categories are in bold and highlighted in orange. Note: most of the
small wrasses, butterflyfish and angelfish recorded in this survey are listed as Least Concern, with a few listed as
Data Deficient; these are not reproduced here in the interest of space.
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APPENDIX 4
CONSERVATION AREAS SURVEY:
DESCRIPTION OF THE STATIONS
The following sheets give a detailed description of each station in terms of substrate composition and nature,
targeted macroinvertebrates population abundance and composition and targeted fish population abundance and
composition.
Species richness was calculated as the mean number of species per transect.
Density was calculated as the mean number of individuals per m2.
Surfaces covered by transects are given in the table below:

Fish pictures included in the following sheets are taken from the database
FishBase (Froese and Pauly 2011), most of them being taken by Dr. J. E. Randall.
Macroinvertebrate pictures were taken by Sandrine Job and Thomas Vignaud.
Aerial pictures are from Google Earth.
Maps were provided by Tuvalu Department of Land and Survey.
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