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Abstract
Environmental conservation and stewardship have long been a part of Palau’s culture and
traditions. With the added knowledge gained from scientific research and modern discoveries,
resource management and conservation has evolved into what we now call marine protected
areas (MPA), where state governments have implemented permanent closures on their reefs to
relieve fishing pressures on the reef to ensure the ecosystem can recuperate and become more
productive. This productivity will then spillover into nearby fishable reefs, providing ecological
benefits to the community members who depend on the resources for their livelihoods. In
September 2019, the Ngermedellim Marine Sanctuary in Melekeok State was surveyed. A baseline
survey of the Sanctuary was conducted in 2014 and subsequent follow-up assessments were
conducted in 2017 and 2019. The main objective of these survey efforts is to understand the
status and trends of ecological indicators within the conservation area (CA) in comparison to
nearby reference areas (REF) through time. The assessment consisted of underwater surveys
conducted on the reef flat habitat where data on fish, macro-invertebrates, juvenile coral density,
and benthic coverage were collected. Results of the study show that the reef flat – seagrass
habitat has a healthy seagrass cover that has remained consistent over time in both CA and REF
sites. No variability in fish density and biomass was found in the CA and REF, but still remained
the same over time. On the reef flat – coral habitat, fish abundance and biomass remained the
same since 2017. On the other hand, the CA hosted a higher abundance of macro-invertebrates
compared to the REF areas since 2017. Additionally, there was also increased macroalgae and turf
algae cover since 2014. Coral cover has remained the same in the CA, where overall coral cover
was <5%, but significantly decreased within the REF since 2017. Coral recruits’ density was also
low and had not increased since 2014. Results of this assessment indicate that resources in the
Ngermedellim Marine Sanctuary is slow to recover, which may be due to some natural factors
including lack of larval supply connectivity, macroalgal overgrowth, and low herbivory. As such,
one recommendation is to investigate possible restoration efforts for corals and clam species as
a means to boosting recovery within the CA that may help the adjacent reefs.
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Introduction
For many decades throughout Palau’s history, natural resource management and conservation
have been a major part of Palauan culture and tradition. Because of its deep roots, in recent years,
marine resource conservation practices have evolved from the traditional method of ‘bul’ – where
a ban on harvest of a particular resource is implemented by the chiefs for a certain amount of
time – to modernized marine protected areas (MPA), where the state or national government
impose a permanent closure on an area to protect certain species in hopes to relieve harvest
pressures to restock species abundance (Johannes, 1981). In Palau, the very first permanent
closure was implemented in 1956 with the legislated closure of the Ngerukewid Island Wildlife
Preserve, located in the Rock Islands Southern Lagoon in Koror State. Since then, other states have
implemented MPAs leading to the creation of the Protected Areas Network (PAN) by the National
Government in 2003. Under the PAN, 14 no-take MPAs and 13 terrestrial protected areas are
protected.
The Palau International Coral Reef Center (PICRC) began monitoring all the PAN-member MPAs in
2014, providing baseline information for each of the 14 no-take, no-entry MPAs (Gouezo et al,
2016). Thereafter, every two years, research teams conduct reassessments of these same
protected areas to monitor long-term trends and status of resources in the MPA, as well as
understand MPA effectiveness in protecting marine resources. This is the second follow-up study
conducted in Ngermedellim Marine Sanctuary, located in Melekeok State (7°31.2200'N,
134°38.1900'E) (Fig.1). The Ngermedellim Marine Sanctuary has been traditionally protected by
village chiefs as a clam conservation area, but in 1999, after residents voiced concerns at the state
of their marine resources, the Melekeok State Legislature officially legislated Ngermedellim as a
full no-take zone (Melekeok Conservation Network Management Plan 2017-2021). In 2015, the
site was inducted into the PAN, and expanded the Melekeok Conservation Network (MCN) to
include both a terrestrial conservation area – Ngardok Lake Conservation Zone – and a marine
protected area (Melekeok Conservation Network Management Plan 2017- 2021). The objectives
of this study were (1) to collect long-term data to assess MPA effectiveness in protecting marine
resources and (2) to make comparisons between resources within the conservation area (CA) with
a nearby non-protected reference area.
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Methods
1. Study site
Ngermedellim Marine Sanctuary is located in Melekeok State along the northwestern barrier reef
of Palau in 07° 31.2200’N, 134° 38.1900’E. The conservation area covers 0.45km2 of reef flat,
which encompasses two sub-habitats – seagrass beds and coral reefs (Fig. 1).

Fig. 1: Map of Ngermedellim Marine Sanctuary with monitoring sites inside (red) and outside the
protected area.

2. Ecological surveys
A total of 12 sites were surveyed, with six sites located within the CA and six in a suitable reference
area. These sites were predetermined in past surveys (2014 for CA sites and 2017 for REF sites)
and are set as the permanent survey sites for the MPA biannual assessments. Because
Ngermedellim has two sub-habitats on the reef flat, three sites were designated within the
seagrass dominated habitat and three on the coral dominated reef flat, and applied accordingly
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in the reference area. Reference areas were chosen based on their similar characteristics and size
to the CA to ensure results are comparable.
a. Seagrass Habitat
Within the seagrass habitat, the maximum depth was 2 meters. At each of the three sites, five25m transects were laid consecutively with 1-2m separating each transect. Along these five
transects, data on various ecological factors were collected. During the baseline assessments in
2014, the seagrass cover was estimated using a camera mounted on a photo quadrat PVC frame
measuring 1m x 1m, with photos taken every meter along the 3x30m transects. Photos were
processed using CPCe, identifying each seagrass to the species level. In 2017, the seagrass method
changed to utilize the established seagrass monitoring protocol methods. For this, a 0.5 m x 0.5m
quadrat was placed every 5 meters (0m, 5m, 10m, 15m, and 20m) and each seagrass species
(Appendix 1) were identified and recorded according to its estimated percent cover within the
quadrat.
Fish survey methods in the seagrass habitat were different in the three years that the assessments
were conducted. In the baseline survey in 2014, the fish were surveyed using Underwater Visual
Census (UVC) method, where the observer identifies, counts and estimates the size (cm) of all
commercially important fish species (Appendix 2) observed within a 5m wide belt along the 5x30m
transects. But in 2017, the fish were surveyed using the Stereo-DOV (DOV) system. The stereoDOV is a video system that uses two GoPro Hero4 cameras that are mounted on a metal frame to
film all fish within a 5m wide belt along the 5x25m transect. However, in the seagrass habitat, no
fish were observed on the videos because the fish were generally very small and hid among the
seagrass. Thus, in 2019, for fish surveys, UVC was used to conduct count and size estimates.
Finally, any edible macro-invertebrates were recorded within a 2m wide belt (Appendix 3).
Table 1. Changes in survey methods from 2014 thru 2019 in the Reef Flat – Seagrass Habitat
Year
2014
2017/2019
2014
2017
2019
2014
2017/2019

Indicator
Seagrass Cover
Seagrass Cover
Fish
Fish
Fish
Macro-inverts
Macro-inverts

Transect x Length
3 x 30 m
5 x 25 m
3 x 30 m
5 x 25 m
5 x 25 m
3 x 30 m
5 x 25 m
5

Method
Photo quadrat + CPCe
Quadrat + visual ID/cover estimate
UVC (5m wide belt)
Stereo-DOV (5m wide belt)
UVC (5m wide belt)
2m belt
2m belt
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b. Coral Reef Flat
On the coral reef flat, five 50m transects were laid consecutively with 1-2m separating each
transect. The average depth in the reef flat habitat was 3 meters. Benthic photos were taken along
the transect using an underwater camera (model Canon G16), mounted on a 0.5m x 0.5m photo
quadrat PVC frame. A total of 50 photos were taken on each transect, with a cumulative total of
250 photos taken at each site. Additionally, juvenile corals, measuring less than 5 cm, were
recorded in the first 10 meters of each transect in a 0.3m wide belt. Fish data were recorded using
a stereo-DOV system, which is a diver operated video system using two GoPro Hero4 cameras
mounted onto a metal frame. With the stereo-DOV, any commercially important fish within a 5m
wide belt was recorded. Finally, edible macro-invertebrates were recorded in a 2m wide belt along
each transect. In addition to macro-invertebrates, crown-of-thorns starfish, if seen, were
recorded along a 4m wide belt along each transect.
Table 2. Changes in survey methods from 2014 thru 2019 in the Reef Flat – Coral Habitat
Year
2014
2017/2019
2014
2017/2019
2014
2017/2019

Indicator
Benthic
Benthic
Fish
Fish
Macro-inverts
Macro-inverts

Transect x Length
3 x 30 m
5 x 50 m
3 x 30 m
5 x 50 m
3 x 30 m
5 x 50 m

Method
Photo quadrat + CPCe
Photo quadrat + CPCe
UVC (5m wide belt)
Stereo-DOV (5m wide belt)
2m belt
2m belt

3. Data processing and analysis
For the seagrass habitat, all the data were entered into excel spreadsheets and imported into R
for analysis (R version 3.5.1). Fish size was used to calculate fish biomass. See below for the
equation and further explanation.
Benthic cover data were processed using CPCe (Coral Point Count with excel extension) software
(Kohler and Gill, 2006), where five random points were allocated on each photo and the substrate
below each point was classified into the appropriate benthic category (Appendix 4). The mean
percentage of the benthic cover of each category was calculated for each transect (n= 50 photos
per transect). The fish videos were processed using the software EventMeasure. Only fish with
economical, subsistence, and/or ecological importance were counted and measured. Length rules
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for size estimates were used according to Goetze et al. (2019). If the measurement precision was
too low to be accurate, the average fish size per transect was used for biomass estimates. The
biomass of fish was calculated using the total length-based equation:

where W is the weight of the fish in grams, TL the total length of the fish in centimeters (cm), and
a and b are constant values derived from published biomass-length relationships (Kulbicki et al.
2005) and from Fishbase (http://fishbase.org).
Data were checked for normality using histograms and the Shapiro test. When data were nonnormal, the data were transformed and re-tested. When data were normal, One-way ANOVA and
a post-hoc test, using Tukey Contrasts, were used to identify significant results in the data sets for
each indicator; whereas, when non-normal, Kruskal-Wallis Test was used with a corresponding
post-hoc test, Nemenyi test, using Tukey distribution.

Results
1. Reef Flat – Seagrass
1.1. Seagrass Cover
Comparisons can only be made between 2017 and 2019 assessments because the methods were
consistent, whereas the baseline survey had used different methods. Overall, the seagrass cover
remain stable over time. In 2019, the seagrass cover was the same within the CA and the reference
site (Kruskal-Wallis, p>0.05). The only difference found was between the 2017 CA and reference
area, where the CA had significantly more seagrass cover compared to the reference (KruskalWallis, p<0.05) (Fig. 2).

Fig. 2: Seagrass cover (%) in 2017 and 2019 inside and outside the CA, n=15, error bars signify standard
error (±SE).
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1.2. Fish
Comparisons are only made between 2014 and 2019 within the CA because the same method
was used.

1.2.1. Density
Fish density was not significantly different over time and between protection levels (KruskalWallis, p>0.05). In 2014, an average of 2.2 (±1) fish were seen in 100 m2, which increased to 3.1
(± 1.5) in 2019 within the CA (Fig. 3). Similar numbers of fish were seen in the CA and REF in 2019,
with ~3 (±1) fish observed per 100 m2 (Fig. 3) in each area.

Fig. 3: Fish density in 2014 (baseline) – CA only, n=9; and 2019 – CA and REF, n=15. Error bars signify
standard error (±SE).

1.2.2. Biomass
In 2014, fish biomass was 513.9 g (±216.1 g) per 100 m2 and in 2019, 162.9 g (±103.5 g) per 100
m2 within the CA. Meanwhile in the reference area, the fish biomass was 39.6 g (±24.7 g) per 100
m2 (Fig. 4). Despite these variances in biomass values over time and between protection levels,
there was no significant difference found in fish biomass (Kruskal-Wallis, p>0.05).
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Fig. 4: Fish biomass in 2014 (baseline) – CA only, n=9 – and 2019 – CA and REF, n=15. Error bars signify
standard error (±SE).

1.2.3. Species abundance
Only two fish species were observed in the CA in 2014 – itotech (Lethrinus harak) and meias
(Siganus fuscescens). In 2019, within the CA, three more fish species were observed in addition to
those observed in 2014– keremlal (Lutjanus gibbus), goatfish (Parupeneus barberinus), and
mellemau (Scarus spp.). In the reference area in 2019, the fish, kesuu (Leptoscarus vaigiensis),
was observed in addition to those found in the CA (Fig. 5).

Fig. 5: Fish species abundance over time and between protection levels; (2014, n=9, 2019, n=15).
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1.3. Macro-invertebrates Density
Since the baseline survey in 2014, macro-invertebrate density has significantly decreased within
the CA (One-way ANOVA, Tukey, p<0.01) (Fig. 6). Recorded species included sea cucumber,
eremrum (Actinopyga echinites) and giant clam, mostly duadeb (Hippopus hippopus).

Fig. 6: Edible macro-invertebrates density over time and between protection levels, where error bars
signify standard error (±SE); (2014, n=9; 2017 & 2019, n=15)

2. Reef Flat - Coral
2.1. Benthic
2.1.1. Major benthic categories
Benthic substrate consisted predominantly of carbonate, crustose coralline algae (CCA), rubble,
sand, and turf. Over time, in the CA, the carbonate cover had significantly increased since 2014
(One-Way ANOVA, p<0.05). However, in the REF, carbonate cover had significantly decreased
since 2017 (One-Way ANOVA, p<0.001), while carbonate cover in the REF in 2019 was significantly
lower than in the CA (One-Way ANOVA, p<0.001) (Fig. 7).

Between 2014 and 2017, CCA cover had increased in the CA, however, in 2019, no CCA was
recorded in the CA showing a decrease in CCA cover since 2017 in both the CA and REF (KruskalWallis, p<0.001). There was no difference in CCA cover in 2019 between the CA and REF. Rubble
cover had significantly decreased from 2014 to 2017 (Kruskal-Wallis, p<0.001) in the CA and
further decreased in 2019 though not significantly (Kruskal-Wallis, p>0.05). However, sand cover
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had remained the same through time in the CA, but had significantly increased in the REF site
since 2017 and was greater in the REF compared to the CA in 2019 (Kruskal-Wallis, p<0.01) (Fig.
7).

In terms of turf cover, it had remained the same within the CA over time and between protection
levels (Kruskal-Wallis, p>0.05). However, in 2019, turf cover was much higher in the REF than in
the CA (Kruskal-Wallis, p<0.001). Macroalgae cover had increased since 2014 within the CA
(Kruskal-Wallis, p<0.001), and within the REF since 2017 (Kruskal-Wallis, p<0.001). There was no
difference in macroalgae cover in 2019 in the CA or REF sites (Kruskal-Wallis, p=1.0) (Fig. 7).

Fig. 7: Major benthic cover (%) through time and protection levels.
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2.1.2. Live hard coral cover
The coral cover had remained the same through time within the CA (Kruskal-Wallis, p<0.05). The
only difference in cover was found between the 2017 and 2019 reference sites, where coral cover
had significantly decreased since 2017 (Kruskal-Wallis, p<0.001) (Fig. 8). In 2017, the coral cover
was higher in the reference site compared to the CA, but the CA had higher cover than the
reference in 2019; however, the difference was not found to be significant (Kruskal-Wallis,
p>0.05) (Fig. 8).

Fig. 8: Live coral cover (%) through time and between protection levels; where error bars signify standard
error (±SE); (2014, n=9; 2017 & 2019, n=15)
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2.2. Coral Recruits
2.2.1. Density
Coral recruit density remained the same through time within the CA (Kruskal-Wallis, p>0.05) and
though there was a decrease in density within the REF in 2019, it was not significant (KruskalWallis, p>0.05) (Fig. 9).

Fig. 9: Coral recruit density through time and between protection levels; where error bars signify
standard error (±SE); (2014, n=9; 2017 & 2019, n=15)

2.2.2. Species compositions
Over time, eleven genera of coral recruits were recorded since 2014. However, the most
abundant recruit genera found were porites, porites-massive, and psammocora.

Fig. 10: Recruits genera abundance through time and between protection levels; (2014, n=9; 2017 &
2019, n=15)
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2.3. Fish
2.3.1. Density
Through time and comparing between CA and REF, there was no difference in fish density
(Kruskal-Wallis, p>0.05) (Fig. 11). In the CA, in 2017, 1.9 (±0.7) fish were found within 100 m2, and
in 2019, 2.2 (±1.2) fish were found; meanwhile, in the REF, in 2017, 2.2 (±0.9) fish were observed
within 100 m2 and in 2019, 1.9 (±1.0) fish were found. Within the CA in 2019, 124 Scarus spp. were
recorded in transect 5 and was subsequently taken out of the analysis to account for outliers.

Fig. 11: Density of commercially important fish in CA and REF in 2017 and 2019, n=15, error bars
signify standard error (±SE)

2.3.2. Biomass
For fish biomass, there was no significant difference found over time or between protection levels
(Kruskal-Wallis, p>0.05) (Fig. 12). In the CA, in 2017, average fish biomass was 248.7 g (±101.6 g),
whereas in 2019, biomass decreases slightly to 230.7 g (±117.9 g). Though the 2019 fish biomass
was slightly lower than in 2017, it was not a significant decrease (Kruskal-Wallis, p>0.05). As for
the REF, fish biomass in 2017 was 90.12 g (±42.2 g), which decreased to 59.4 g (±28.4 g) in 2019.
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Fig. 12: Biomass of commercially important fish in CA and REF in 2017 and 2019, n=15, error bars
signify standard error (±SE)

2.3.3. Species compositions
Since 2014, the most abundant fish was of the family Scaridae (Fig. 13). Lutjanidae were the
second most abundant in 2019 within the CA, while Nemipteridae was the second most abundant
in 2017 in the CA. No Acanthuridae were recorded in 2019 in either the CA or reference area.

Fig. 13: Total fish species by family observed inside the CA and REF; 2014 n=9, 2017 & 2019, n=15
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2.4. Macro-Invertebrates
Through time, there was a significant decrease in macro-invertebrate density since 2014 (KruskalWallis, p<0.05). In terms of protection, there was a significantly lower density of macroinvertebrates in the reference sites compared to the CA in 2017 and 2019 (Kruskal-Wallis, p<0.05)
(Fig. 14).

Fig. 14: Macro-invertebrate density in CA and REF sites through time, error bars signify standard error
(±SE), (2014, n=9; 2017 & 2019, n=15)

The most abundant macro-invertebrate found in the CA and reference sites were giant clams,
duadeb (Hippopus hippopus), duadou (Hippopus porcellanus), oruer (Tridacna crocea), melibes
(Tridacna maxima), and kism (Tridacna derasa). Some sea snails like semum (Trochus spp.), sang
(Lambis spp.), cheool (Dendropoma maximum), and smachel (Ovila spp.) were recorded, as well
as some species of sea cucumbers like bakelungal (Holothuria whitmae) and mermarech
(Bohadschia spp.).
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Fig. 15: Macro-invertebrate species abundance in CA and reference areas through time; 2014, n=9; 2017
& 2019, n=15
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3. Discussion
Table 3. Summary table of results of 2019 survey of ecological indicators.

Habitat

Reef Flat Seagrass

Reef Flat Coral

Trends from
baseline
(2014 to
2019:
↑, =,↓)

Status (2019)
MPA vs. REF

Seagrass Cover

=

No effect

Macroinvertebrates

=

No effect

Fish Density

=

No effect

Fish Biomass

=

No effect

Macroinvertebrates

↓

CA > REF

Ecological
Indicator

Carbonate

↑

CA > REF

Rubble
Sand
Macroalgae
Turf

↓
=
↑
↑

=
CA < REF
=
CA < REF

CCA

↓

CA < REF

Live Coral

=

No effect

Recruits Density
Fish Abundance
Fish Biomass

=
=
=

No effect
No effect
No effect

Explanation

Healthy cover through
time >30% in CA and REF

Comparisons between
2014 and 2019 ONLY
Comparisons between
2014 and 2019 ONLY
CA > REF through time
Increase through time in
CA, decrease through
time in REF

No CCA recorded in CA in
2019
2017 – CA < REF
2019 – CA > REF
CA > REF (not significant)
Not significant
Not significant

In the reef flat – seagrass habitat, 2014 and 2019 fish data indicated no change in abundance and
biomass in the CA and REF. Edible macro-invertebrates abundance was also the same since 2014,
where less than one sea cucumber or clam was recorded per 100 m2, either inside or outside the
conservation area. Overall, the seagrass cover within the CA and REF indicated a healthy seagrass
bed, with 42% cover in the CA and 37% in the REF.
The Ngermedellim Marine Sanctuary is located on the eastern side of Palau, which was severely
affected by super typhoons Bopha (2012) and Haiyan (2013), which had decimated coral reefs
within the Eastern Reefs (Gouezo et al, 2015). Along the coral dominated reef flat, coral cover
remained consistently low since 2014 (3% in 2014, 5% in 2017, and 3.6% in 2019). Within the REF
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in 2017, the coral cover was 7.1% and had significantly decreased in 2019 to 1.5%. An indication
of a healthy reef is a high coral cover. However, since Ngermedellim Marine Sanctuary is still in
recovery from the natural disasters, this low coral cover is to be expected. According to PICRC’s
long-term coral reef monitoring data, coral cover on the Melekeok reefs at 3m reached its peak
cover in 2009 at 54% coral cover (PICRC CRM Data). Though this coral cover was on the shallow
area of the fore reef, it indicates that the reef was productive before the typhoons struck in 2012,
resulting in a decline in 2013 at 1.84% coral cover at 3m on the fore reef of Melekeok (PICRC CRM
Data). In 2018, the cover had increased to 5.6%, which is consistent with the cover in the
Ngermedellim CA reef flat habitat (PICRC CRM Data).
In terms of coral recruitment, it had been low and remained the same since the baseline
assessment, averaging 1-3 recruits per 3 m2. This finding is consistent with Gouezo and others
(2019) findings on the reefs of Melekeok State, where the coral cover was below 5% and recruits
density was below-threshold density due to high rubble cover on the reef. Moreover, Golbuu and
others (2012) conducted a hydrodynamic experiment on coral larvae connectivity in the Palau
archipelago where the authors concluded that though eastern reefs (where Ngermedellim CA is
located) displayed high retention rate for larvae, the reefs were not in a good enough condition
(too much rubble, low CCA cover) to host the larvae, thus further contributing to the low
recruitment rate and subsequent low coral cover on the eastern reef. Additionally, Gouezo and
others (2020) incorporated wave exposure into their analysis on larval supply and settlement and
found that high wave exposure had a negative impact on coral recruit settlement. Because of the
high coverage of each of these indicators as well as frequent wave exposure, it is no surprise that
coral recruitment, settlement, and coral cover has remained low (Gouezo et al, 2020).
The increase in macroalgae and turf algae may be due to several factors, including low fish
abundance (especially herbivorous fish) and increased nutrient flow within the area due to the
sites’ close proximity to land, where sedimentation as well as storm water run offs are prevalent.
Or, the high cover may be due to normal seasonal fluctuations of macroalgae cover, as
temperature and light sensitivity may impact its abundance (Ferrari et al, 2012). A high abundance
of herbivorous fish on a reef keeps macroalgae and turf algae cover controlled as they graze and
feed on the algae (Vermeij et al, 2010). In 2014, there was more reef fish species recorded than
in 2017 and 2019, which may contribute to the increased macroalgae cover. Only Scarus
(parrotfish) and Lutjanus (snappers) species were recorded in 2019. Scarus species are grazers of
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macroalgae and turf (Green & Bellwood). No Acanthurus species were recorded, but based on
observations, small Acanthurus species (masech and elas) were present on the reef, which also
helps with maintenance of macroalgae and turf cover, though it is not factored into the analysis.
Finally, due to the impact of typhoon disturbance on the Eastern reefs, the Ngermedellim Marine
Sanctuary reef flat has not recovered at all and has lost its habitat complexity. The more complex
a reef habitat is, the more fish and other organisms reside on the reef due to increased diversity
in fish home refuge and subsequent increased diversity from prey to predator species (Gouezo et
al, 2020; Rogers et al, 2014; Gratwicke and Speight, 2004). Due to the lack of habitat complexity,
fish may have moved to other reef habitats that have more habitat diversity.
As such, coral cover and recruitment have remained low, this may be due to several factors. One
factor may be the lack of space for recruit settlement. Though carbonate structures have
increased within the CA, the presence of macroalgae and turf may hinder coral recruits’ ability to
settle on the reef (Box & Mumby, 2007). Additionally, the presence of crustose coralline algae on
a reef promotes and encourages recruit settlement, and in 2019 within the CA, no CCA was
recorded indicating a low or non-existence of CCA on the reef (Gouezo et al, in REVIEW). Another
important factor that may affect coral growth and recruitment may be the lack of coral larval
supply to the reef. Connectivity is an important factor to consider when investigating reasons for
low coral cover and coral recruitment on a reef (Gouezo et al. in REVIEW). Gouezo et al (in review)
showed that the connectivity among the eastern reefs are poorly supplied in terms of larval supply
which accounts for the slow recovery of this reef flat. As such, because the adjacent reefs are not
productive, or the ecological conditions do not allow for larval supply, the reef will most likely take
a long time to reestablish a coral dominant state.
One positive result from this study was the significant increase in macro-invertebrates in the CA.
Because one of the priorities noted in the Melekeok Conservation Network management plan is
to revive clam abundance within the Ngermedellim Marine Sanctuary, this increase is a good sign
that the CA is effective in protecting the macro-invertebrate population. Studies have shown that
a healthy population of giant clams on a reef also indicates a healthy and productive reef system
(Neo et al, 2015). Neo and others (2015) found that there was a strong correlation in the
abundance of giant clams and the increase in fish abundance in a reef area. This shows that where
clams species are abundant, the reef was healthy – with abundant fish and coral community. Giant
clams conduct different functions – filter water, contribute to carbonate production, act as a
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refuge for fish, etc. With decreased abundance in giant clams these functions also decrease (Neo
et al, 2015). Hence, in line with the Ngermedellim Marine Sanctuary, it is important that a study
on clam productivity and recovery be done in the Sanctuary to assess the potential for further
restoration activities.
4. Conclusion
This assessment of the Ngermedellim Marine Reserve is the third monitoring effort since 2014.
Results of the survey indicated that the Ngermedellim Marine Reserve, at this time, is not
conducive to a productive reef owing to the low coverage of each of the indicators – fish, coral,
recruits, and macro-invertebrates. Thus, a few recommendations arise from this survey effort –
(1) establishing water quality monitoring protocols to strengthen understanding of the reef’s
water quality in relation to macroalgae growth; (2) continued biennial monitoring of the CA and
REF sites to understand changes in ecological indicators over time; and (3) State run efforts in
coral restoration and clam recovery study to help boost reef recovery.
Understanding water quality will help researchers strengthen their understanding of how water
quality impacts natural resources on the reef. Furthermore, water quality measurements – ph,
alkalinity, and turbidity, nutrients – can help with understanding nutrient flows within the reef,
which may pinpoint reasons for increased macroalgae cover, resulting in solutions. Furthermore,
continued monitoring of the CA and REF sites will be helpful in tracking changes in each of the
aforementioned indicators over time and indicate how to address said changes.
Finally, in recent years, coral restoration projects have been underway and have proved some
success. Since the Ngermedellim Marine Sanctuary has not shown improvement in coral
recruitment or growth over the past five years, coral restoration projects should be investigated
in the Sanctuary as a potential to boost reef recovery. Additionally, the Sanctuary was historically
known for its clam richness, however, clams have not been found in abundance over the past five
years. The Melekeok Conservation Network has conducted clam planting activities in the CA,
which may have aided in the increased abundance of macro-invertebrates within the CA in 2019.
Therefore, more study on clam reproduction and recovery should be conducted within the
Ngermedellim Marine Sanctuary to produce more effective and productive reproduction and
growth of giant clams within the Sanctuary.
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Though the results of this survey did not produce favorable results, it does point out the need for
proactive efforts in reef restoration that the state of Melekeok can conduct with its community
members. These efforts can serve as an outreach tool to raise awareness on the importance of
conservation and following regulations.
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Appendix 1. Table of benthic categories.
CORAL (C)
Acanthastrea (ACAN)
Acropora branching (ACB)
Acropora digitate (ACD)

Montiporasubmassive (MONTISB)
Mycedium (MYCED)
Oulophyllia (OULO)
Oxypora (OXYP)

Acropora encrusting (ACE)
Acroporasubmassive (ACS)
Acropora tabular (ACT)
Alveopora (ALVEO)
Anacropora (ANAC)
Astreopora (ASTRP)
Caulastrea (CAUL)
Coral Unknown (CRUNK)

Pachyseris (PACHY)
Paraclavarina (PARAC)
Pavona (PAV)
Pectinia (PECT)
Physogyra (PHYSO)
Platygyra (PLAT)
Plerogyra (PLERO)
Plesiastrea (PLSIA)

Coscinaraea (COSC)
Ctenactis (CTEN)

Pocillopora-branching (POCB)
Pocillopora-submassive (POCSB)

Cyphastrea (CYPH)
Diploastrea (DIPLO)
Echinophyllia (ECHPHY)
Echinopora (ECHPO)
Euphyllia (EUPH)
Favia (FAV)
Faviid (FAVD)
Favites (FAVT)
Fungia (FUNG)
Galaxea (GAL)
Gardininoseris (GARD)
Goniastrea (GON)
Goniopora (GONIO)
Halomitra (HALO)
Heliofungia (HELIOF)
Heliopora (HELIO)
Herpolitha (HERP)
Hydnophora (HYD)

Porites (POR)
Porites-branching (PORB)
Porites-encrusting (PORE)
Porites-massive (PORMAS)
Porites-rus (PORRUS)
Psammocora (PSAM)
Sandalolitha (SANDO)
Scapophyllia (SCAP)
Seriatopora (SERIA)
Stylocoeniella (STYLC)
Stylophora (STYLO)
Symphyllia (SYMP)
Tubastrea (TUB)
Turbinaria (TURBIN)
SOFT CORAL (SC)
Soft Coral (SC)
OTHER INVERTEBRATES (OI)
Anenome (ANEM)

Isopora (ISOP)
Leptastrea (LEPT)

Ascidian (ASC)
Clams (CL)

Leptoria (LEPTOR)
Leptoseris (LEPTOS)
Lobophyllia (LOBOPH)
Merulina (MERU)
Millepora (MILL)

Corrallimorph (COLM)
Discosoma (DISCO)
Dysidea Sponge (DYS)
Gorgonians (G)
Not Identified Invertebrate (NOIDINV)
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Boodlea (BOOD)
Bryopsis (BRYP)
Caulerpa (CLP)
Chlorodesmis
(CHLDES)
Dictosphyrea (DYCTY)
Dictyota (DICT)
Galaxura (GLXU)
Halimeda (HALI)
Liagora (LIAG)
Lobophora (LOBO)
Mastophora (MAST)
Microdictyton
(MICDTY)
Neomeris (NEOM)
Not ID Macroalgae
(NOIDMAC)
Padina (PAD)
Sargassum (SARG)
Schizothrix (SCHIZ)
Turbinaria (TURB)
Tydemania (TYDM)
SEAGRASS (SG)
C.rotundata (CR)
C.serrulata (CS)
E. acroides (EA)
H. minor (HM)
H. ovalis (HO)
H. pinifolia (HP)
H. univervis (HU)
S. isoetifolium (SI)
Seagrass (SG)
T. ciliatum (TC)
T.hemprichii (TH)
CORALLINE ALGAE
(CA)
Amphiroa (AMP)
Crustose Coralline
(CCA)
Fleshy-Coralline (FCA)
Jania (JAN)
SUBSTRATE (SUBS)
Carbonate (CAR)
Mud (MUD)
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Montastrea (MONTA)
Montipora branching (MONTIBR)
Montipora encrusting (MONTIEN)
Montipora foliose (MONTIF)
Montipora other (MONTIO)

Sponges (SP)
Zoanthids (Z)
MACROALGAE (MA)
Asparagopsis (ASP)
Bluegreen (BG)

Rubble (RUBBLE)
Sand (SAND)
Turf (TURF)

Appendix 2. All Fish species recorded in (1) Reef Flat – Seagrass and (2) Reef Flat - Coral
1. All Fish Recorded in the Reef Flat - Seagrass
Year_Status Fish Species
PalauanName
2014_CA
Gerres acinaces
Kotikou
Lethrinus harak
Itotech
Siganus fuscescens
Meias
2019_CA
Lethrinus harak
Itotech
Lutjanus gibbus
Keremlal
Parupeneus
barberinus
Bang
Scarus spp.
Mellemau
Siganus fuscescens
Meias
2019_REF
Leptoscarus
vaigiensis
Kesuu
Lethrinus harak
Itotech
Lutjanus gibbus
Keremlal
Parupeneus
barberinus
Bang
Scarus spp.
Mellemau
Siganus fuscescens
Meias
2. All Fish Recorded in the Reef Flat - Coral Reef (2014 CA)
Fish Species
Palauan Name
Acanthurus nigricauda
Esengel
Acanthurus triostegus
Elas
Cetoscarus ocellatus
Ngesngis/Beiadel
Cheilinus undulatus
Maml
Chlorurus microrhinos
Otord
Chlorurus sordidus
Mellemau
Kyphosus vaigiensis
Komud
Lethrinus harak
Itotech
Lethrinus obsoletus
Chudech
Lethrinus xanthochilus
Mechur
Lutjanus fulvus
Reall
Lutjanus gibbus
Keremlal
Lutjanus monostigma
Kesebii
Naso lituratus
Erangel
Parupeneus barberinus
Bang
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Scarus altipinnis
Scarus dimidiatus
Scarus oviceps
Scarus rubroviolaceus
Siganus argenteus
Siganus puellus

Udoud ungelel
Sechiir
Mellemau
Mesekelat mellemau
Beduut
Reked

3. All Fish Recorded in the Reef Flat - Coral Reef (2017 and 2019)
Fish Species
Palauan Name
Fish Species
Palauan Name
2017_CA
2017_REF
Acanthurus
Acanthurus
lineatus
Belai
auranticavus
Acanthurus
Acanthurus
maculiceps
Mesekuuk bad
maculiceps
Mesekuuk bad
Acanthurus
nigricauda
Esengel
Acanthurus spp.
Acanthurus
Acanthurus
spp.
triostegus
Elas
Acanthurus
triostegus
Elas
Cephalopholis argus Mengardechelucheb
Chaetodon
vagabundus
Cheilinus fasciatus
Kerdeu
Chlorurus
sordidus
Mellemau
Chlorurus sordidus
Mellemau
Choerodon
Choerodon
anchorago
Budech
anchorago
Budech
Ctenochaetus
Ctenochaetus
striatus
Masech
striatus
Masech
Lutjanus
ehrenbergii
Deringel
Lutjanus ehrenbergii Deringel
Lutjanus spp.
Priacanthus sp
Rhinecanthus
Rhinecanthus
rectangulus
verrucosus
Rhinecanthus
verrucosus
Scarus spp.
Mellemau
Scarus spp.
Mellemau
Scolopsis sp
2019_CA
2019_REF
Acanthurus
Acanthurus
maculiceps
Mesekuuk bad
auranticavus
Acanthurus
Acanthurus
nigricans
Esengel
maculiceps
Mesekuuk bad
Chlorurus
sordidus
Mellemau
Chlorurus sordidus
Mellemau
Ctenochaetus
Ctenochaetus
striatus
Masech
striatus
Masech
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Hipposcarus
longiceps
Lethrinus harak
Lutjanus gibbus
Scarus spp.

Ngiaoch
Itotech
Keremlal
Mellemau

Scarus spp.

Mellemau

3. All macro-invertebrate species recorded in (1) Reef Flat – Seagrass and (2) Reef Flat – Coral
1. All Recorded Macro-invertebrate species in the Reef Flat - Seagrass
Year_Status Invert Species
Palauan Name
2014_CA
Hippopus hippopus
Duadeb
2017_CA
Hippopus hippopus
Duadeb
2017_REF
0
0
2019_CA
Hippopus hippopus
Duadeb
Lambis spp.
Sang
2019_REF
Actinopyga spp.
Cherembrum
Cyprea spp.
Buich
Tridacna spp.
Clam
Tripneustes gratilla
Ibuchel
2. All Recorded Macro-Invertebrate species in the Reef Flat - Coral Reef
Year_Status Invert Species
Palauan name
2014_CA
Dendropoma maximum
Cheool
Hippopus porcellanus
Duadou
Holothuria whitmae
Bakelungal
Tridacna crocea
Oruer
Trochus maculatus
Semum
2017_CA
Hippopus hippopus
Duadeb
Holothuria whitmae
Bakelungal
Tridacna crocea
Oruer
Tridacna derasa
Kism
Tridacna maxima
Melibes
Trochus maculatus
Semum
2017_REF
Hippopus hippopus
Duadeb
Holothuria whitmae
Bakelungal
Tridacna crocea
Oruer
Tridacna maxima
Melibes
2019_CA
Bohadschia argus
Mermarch
Hippopis porcellanus
Duadou
Hippopus hippopus
Duadeb
Lambis spp.
Sang
Ovila spp.
Smachel
Tridacna crocea
Oruer
Tridacna maxima
Melibes
Trochus maculatus
Semum
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2019_REF

Turbo spp.
Hippopus hippopus
Tridacna crocea

Sengeruk
Duadeb
Oruer

4. Permanent GPS Coordinates of Survey Sites in Ngermedellim Marine Sanctuary
State

Protection

Melekeok Ngermedellim_CA
Melekeok Ngermedellim_CA
Melekeok
Melekeok
Melekeok
Melekeok

Ngermedellim_CA
Ngermedellim_CA
Ngermedellim_CA
Ngermedellim_CA

Melekeok Ngermedellim_REF
Melekeok Ngermedellim_REF
Melekeok
Melekeok
Melekeok
Melekeok

Ngermedellim_REF
Ngermedellim_REF
Ngermedellim_REF
Ngermedellim_REF

Habitat
Reef Flat- Coral
Reef
Reef Flat- Coral
Reef
Reef Flat- Coral
Reef
Reef Flat- Seagrass
Reef Flat- Seagrass
Reef Flat- Seagrass
Reef Flat-Coral
Reef
Reef Flat-Coral
Reef
Reef Flat-Coral
Reef
Reef Flat- Seagrass
Reef Flat- Seagrass
Reef Flat- Seagrass
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GPS Name

Latitude

Longitude

MRF1

7.49393

134.64164 NE

MRF2

7.49249

134.64107 NE

MRF3
MSG4
MSG5
MSG6

7.49276 134.641336 S
7.49434
134.6378 NE
7.49327 134.63835 S
7.49282 134.63739 NE

MRF1_ref

7.50421

134.6429 NE

MRF2_ref

7.50254

134.6427 NE

MRF3_ref
MSG4_ref
MSG5_ref
MSG6_ref

7.50288
7.50347
7.50252
7.50166

134.64288
134.63479
134.63555
134.63499

Direction

S
NE
S
NE

