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Abstract
Long-term monitoring of Marine Protected Areas (MPA) is important to determine the overall effectiveness
of protection. Long-term monitoring has been developed for Marine Protected Areas within Palau’s
Protected Area Network and these areas have been monitored every two years since 2014. This study
presents survey data from the second follow up survey of Ngerumekaol MPA located in the Rock Island
Southern Lagoon. Benthic cover, coral recruits, and economically important fish and macro-macro-macroinvertebrates were surveyed in August 2020 within fore reef and channel habitats in the MPA and at
reference sites located in Ngeremlengui channel. Benthic cover varied significantly across protection
zones, with much less coral cover within the reference sites of both habitat types. Coral recruit density and
diversity were found to be similar across protection zones, with higher densities found in the fore reef
habitat. Much higher densities of Giant clams were found in the fore reef habitat and significantly higher
densities of macro-invertebrates were recorded within the MPA sites. Large schools of Lutjanus gibbus
dominated both the density and biomass of fish and resulted in much higher fish densities and biomass
recorded within the fore reef reference sites. The MPA sites in both habitat types had lower fish density and
biomass even with the removal of L. gibbus from the data. The channel reference sites supported much
higher fish abundance and biomass in 2020, compared to 2018. Differences across years and between
protection zones within the fore reef habitat were less acute. Data from the 2020 Ngerumekaol survey
suggests that this MPA has limited success in increasing fish densities and biomass compared to the
reference sites. The MPA does, however, seem to be effective in conserving coral as well as macroinvertebrates. Ongoing monitoring is required to determine the long-term effectiveness of the MPA.
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Introduction
Marine Protected Areas (MPAs) are among the different approaches used globally to preserve marine
diversity. In addition, MPAs are considered to be an effective management approach to sustain local fisheries
by providing protection to fish populations against fishing pressure, allowing fish to grow larger and potentially
produce more offspring, as well as creating a spill-over effect whereby fish abundances and biomass increase
in adjacent fished areas. The following five features have been found to increase the benefits from MPAs:
no-take, age (> 10 years), larger in size (> 100 km2), well enforced and isolated by either sand or deep water
(Edgar et al., 2014). Similarly, Friedlander et al. (2017) concluded that no-take MPAs in Palau that are larger
and older are more successful. In addition, no-take MPAs were found to support five times higher piscivorous
fish biomass and abundances compared to unprotected fished areas (Friedlander et al., 2017).
Currently, Palau has 35 areas designated as Marine Protected Areas, each managed on the state level. In
2003, Palau consolidated various terrestrial and marine conservation areas into the Palau Protected Areas
Network (PAN) (https://www.palaupanfund.org/). Fourteen MPAs form part of the PAN and these sites are
included in long-term monitoring conducted by the Palau International Coral Reef Center (PICRC). Ongoing
monitoring aims to assess the effectiveness of the MPA by comparing key indicators within the protected
area to areas that are open to exploitation. Through ongoing monitoring, an adaptive management approach
can be taken to ensure the effective management of these areas.
Ngerumekaol MPA falls within the larger Rock Island Southern Lagoon (RISL), a UNESCO World Heritage
site known for its high conservation importance. One of the objectives of the larger RISL is to maintain the
full range and richness of its biological diversity, species, habitats as well as its ecological processes and
high environmental quality. The Ngerumekaol channel (also known as the Ulong channel) is an important fish
spawning area, especially for groupers, where fishing activities have been regulated since 1976 and
permanently closed to all fishing activities since 1999. An initial baseline assessment to assess the status of
Ngerumekaol MPA was conducted in May 2014, focused on sampling the three major habitat types (fore reef,
channel and back reef) (Gouezo et al., 2014). In 2018, the first follow-up survey was conducted with the
addition of suitable reference sites located at Ngeremlengui Channel. The 2018 survey was focused on only
two habitats (channel and fore reef), and data were compared between the MPA and reference sites (Gouezo
et al., 2020). The aim of this study was to conduct the second follow-up survey of Ngerumekaol Channel and
its reference site as part of PICRC’s long-term MPA monitoring program. This monitoring data will be used
to answer the following overarching question: Compared to the reference sites, is Ngerumekaol MPA effective
in protecting key species and habitats.
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Methods
Study site
The two dominant habitat types found within the Ngerumekaol MPA (3.51 km2) include channel and fore reef
habitats.
During the initial baseline assessment of Ngerumekaol MPA conducted in May 2014, three sites were
identified within the fore reef and channel habitats, in addition to 15 sites sampled in the Back Reef habitat.
In August 2018, three suitable reference sites with similar habitat types and features were identified (the
closest suitable site was Ngeremlengui channel, located 18 NM north of Ngerumekaol MPA) focused only on
the channel and fore reef habitats. The three sites in these two habitat types within the MPA and reference
site were included in follow-up assessments in August 2018 and again in August 2020 to determine if the
Ngerumekaol MPA is providing effective protection to fish, macro-invertebrates, and habitats (Figure 1). Data
gathered from the MPA sites were compared to data from the reference sites to assess the conservation
efficacy of Ngerumekaol MPA. Not all surveys were comparable across time, since different survey methods
were used during the initial baseline survey, but where possible, data were compared with the baseline
assessment conducted in 2014.
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Figure 1. The location of sampling sites within two habitat types (channel and fore reef) surveyed in
Ngerumekaol MPA and Ngeremelengui Reference sites during 2014, 2018 and 2020. Green outline presents
the boundary of Ngerumekaol MPA.
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Sampling took place in depths ranging from 8 to 10 m. To determine the efficacy of Ngerumekaol MPA in the
protection of habitat, coral recruits and commercially important fish and invertebrate species the following
features were surveyed and compared temporally (across surveys) and spatially (MPA vs Reference site):
1. Extent and composition of benthic cover. During the baseline 2014 survey, benthic cover was
assessed at each location by photographing the substrata at 1 m intervals along three 30 m transects.
Transects were spaced out with at least 2-3 m between each transect. Photos were taken with a
Canon G16, mounted on a 0.5 m x 0.5 m photo-quadrat PVC frame and 450 photos were collected
for each habitat type within the MPA site. In 2018 and 2020, the number of transects were increased
to five per site within each habitat type. In addition, three reference sites per habitat type were included
in the survey. For these surveys, 750 photos were taken for each habitat type within the MPA and
reference sites, respectively. Photos were analysed using Coral Point Count with Excel extensions
(CPCe) software (https://hcas.nova.edu/tools-and-resources/cpce/index.html) (Kolher and Gill,
2006). In each photo, five random points were plotted and the substrata underneath each plot was
identified as per the benthic cover classification category list provided in Appendix A. Benthic cover
was averaged as percentage cover for each transect. Benthic categories were grouped into the
following major groups for overall benthic cover comparisons: coral, macroalgae, coralline algae,
macro-invertebrates, soft coral and substrate. Substrate includes features such as turf, carbonate,
rubble, sand and mud. In addition, the diversity of coral genera was investigated. To determine
changes in benthic cover across time within the protected area, the MPA sites were compared across
all three survey periods (2014, 2018 and 2020). To determine differences in benthic cover across
different protection zones, differences in benthic cover between the MPA and reference sites were
compared for 2018 and 2020.
2. Density of coral recruits. During the baseline survey conducted in 2014, at each site all coral recruits
(corals < 5 cm) were identified and counted along three 10x0.3 m belt transects with a total of 9 m 2
surveyed within each habitat type in the MPA sites. In 2018 and 2020, the number of transects were
increased to five per site within each habitat type. In addition, three reference sites per habitat type
were included in the survey. For these surveys, an area of 15 m2 was surveyed for each habitat type
within the MPA and reference sites, respectively. The current survey data could be compared to
baseline data captured in 2014, owing to the use of comparable survey methods, even though the
effort varied across years. Coral recruit density (individuals/m 2) was used for temporal comparisons.
Coral recruit data within the MPA sites were compared across all three survey periods (2014, 2018
and 2020). Differences in coral recruits between the MPA and reference sites were only compared
for 2018 and 2020.
3. Density of commercially important macro-invertebrate species. Within each site, all commercially
important macro-invertebrates were identified and counted along three 30 x 2 m belt transects with a
total of 540 m2 surveyed within each habitat type in the MPA sites during the baseline survey
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conducted in 2014. In 2018 and 2020, the number of transects increased to five per site within each
habitat type and the length of the transects were increased to 50 m. In addition, three reference sites
were included in the survey. For these surveys, an area of 1500 m2 was surveyed for each habitat
type within the MPA and reference sites, respectively. Transects were spaced out with at least 5 m
between each transect. The current survey data could be compared to baseline data captured in
2014, owing to the use of comparable survey methods, even though the effort varied across years.
Invertebrate density (individuals/m 2) was used for temporal comparisons. Invertebrate data within the
MPA sites were compared across all three survey periods (2014, 2018 and 2020). Differences in
invertebrate density between the MPA and reference sites were only compared for 2018 and 2020.
Appendix C provides a list of all invertebrate species included in the assessment.
4. Density and biomass of commercially important fish species. During the 2018 and 2020 surveys
fish were surveyed at each site along five 50x5 m belt transects using a stereo Diver Operated Video
(DOV) system with a total of 3 750 m 2 surveyed within each habitat type in both the MPA and reference
sites. Owing to a change in the survey methods used between 2014 and 2018, only data from 2018
and 2020 were included in the analyses. Transects were spaced out with at least 5 m between each
transect. Footage from each transect were analysed using SeaGIS EventMeasure software
(https://www.seagis.com.au/event.html) and all commercially important fish within a 5 m belt were
identified, counted and measured. Appendix B provides a list of all fish species included in the
assessment. To determine fish biomass the formula W = aFLb was used, where W is the weight of
the fish in grams (g), TL is the fork length of the fish in centimetres (cm), and a and b are constant
values from published biomass-length relationships (Kulbicki et al. 2005; Kamikawa et al., 2015;
Gumanao et al., 2016) and from Fishbase (http://fishbase.org). Instances where fish measurements
were not possible or of low accuracy, the mean species length for each site was used for biomass
estimates.

Statistical analyses
Data that could be compared across different sample approaches were separated for analyses to firstly
determine changes within the MPA across time (2014-2020), and secondly to determine differences across
time and management zones (MPA vs Ref for 2018 and 2020). Descriptive statistics, which included the
mean and standard deviation, were conducted using the “plyr” package in R (Wickham, 2011). Data were
tested for normality using a Shapiro-Wilk test (> 0.05), and all data sets were found to be non-normal in
distribution despite various transformation attempts. Based on specific model assumptions and the survey
data, different modelling approaches were used for the different comparisons. Model residuals were plotted
to determine fit and compliance with model assumptions.
Temporal and spatial changes in benthic cover were compared using a Generalised Linear Model in the
“mass” package (Venables and Ripley, 2002). The most parsimonious model was chosen using Akaike
Information Criterion (AIC) and model results were summarised using ANOVA. Differences in coral
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communities across protection zones were investigated visually using a Non-metric Multi-dimensional
Scaling (NMDS) plot.
Diversity of coral recruits within different protection zones and habitats were investigated using a Shannon
Wiener Diversity Index. Variability of coral recruit abundances across time within MPA sites were compared
using a Negative Binomial Generalised Linear Model in the “mass” package (Venables and Ripley, 2002).
The most parsimonious model was chosen using Akaike Information Criterion (AIC) and model results were
summarised using ANOVA. Variability in coral recruit abundances across MPA and reference sites were
assessed across all three surveys using a Linear Mixed Effects model in the ‘lme4’ package with Site set as
a Random Effect. Habitat, time (year survey was conducted) and protection zone (MPA vs Reference) were
modelled as fixed effects and the most parsimonious model was chosen using Akaike Information Criterion
(AIC). Effect plots were developed using the “effects” package and significant differences were further
investigated using the “emmeans” package.
Invertebrate abundances were converted to density (individuals/m2) to allow for comparison across different
sampling surveys. Variability in invertebrate abundances within the MPA were assessed across all three
surveys using a Linear Mixed Effects model in the ‘lme4’ package with Site set as a Random Effect. Habitat
and Time (year survey was conducted) were modelled as fixed effects and the most parsimonious model
was chosen using Akaike Information Criterion (AIC). Effect plots were developed using the “effects” package
and significant differences were further investigated using the “emmeans” package. A similar approach was
taken to determine changes in invertebrate density between MPA and reference sites and year, habitat and
protection zone were modelled as fixed effects.
Fish density and biomass were compared temporally and spatially using a Linear Mixed Effects Model in the
‘lme4’ package (Bates et al., 2015), with Site set as a Random Effect. Protection zone (MPA, Reference),
year and habitat were included in the model as fixed effects to determine their effect on fish density and
biomass. The most parsimonious model was chosen using Akaike Information Criterion (AIC) and significant
differences were further investigated using the “emmeans” package.

Results
Benthic cover
Coral and substrate were the two dominant benthic categories across all sites. Within the MPA sites, all major
benthic categories varied significantly (p < 0.001) across habitats and years (Figure 2). The comparison of
benthic cover between the MPA and reference sites during 2018 and 2020 found minimal differences in
composition between habitats. Benthic cover composition did, however, vary significantly (p < 0.01) between
the MPA and reference sites, with much less coral cover in the reference sites of the channel habitat
compared to the MPA sites (Figure 3) across all years.
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Figure 2. Average percentage cover of major benthic categories within MPA sites across all three survey periods.

Figure 3. Average percentage cover of major benthic categories within MPA and reference sites within the two different habitat
types recorded in 2018 and 2020.

Forty-seven genera of coral were recorded, and the composition of species varied across protection zones
and habitats, with the lowest coral diversity recorded within channel reference sites. Coral diversity was more
similar between protection zones within the fore reef habitat. Coral diversity also decreased across years
within the channel habitat and increased over years in the fore reef habitat. To visualise similarity between
data points, a NMDS plot was used. This plot visually presents similarity by clustering/grouping similar data
9
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points (points that are closer together are more similar). The NMDS plot shows a clear separation of the
channel sites according to protection zone, with a less clear distinction between protection zones within the
fore reef habitat (Figure 3). In addition, there were clear differences in the composition of coral communities
between the channel and fore reef habitats.

Figure 3. NMDS plot showing the groupings of coral communities across protection zones within two different habitat types.

Coral recruits
Eighteen different families of coral recruits were recorded throughout the study period (Figure 4). Of these,
Acroporidae was the most common and made up almost 40 % of corals recorded. The most abundant genus
of coral was Acropora spp. with a total of 800 recruits counted over the entire study period. Acroporidae was
also found in 88 % of transects, followed by Agariciidae found in 79 % of transects. Overall, the reference
sites had slightly higher species diversity compared to the MPA sites (Figure 5). The two habitat types had
very similar coral recruit diversity (Figure 5).
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Figure 4. Total coral recruit abundances for each family of coral recorded in both MPA and reference sites during 2014, 2018 and
2020.

Figure 5. A comparison of coral recruit diversity found within MPA and reference sites and within channel and fore reef habitats.
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The mean (±SD) coral recruit abundance per transect in the channel MPA sites ranged from 2.35±1.86 to
1.58±1.08. Within the fore reef MPA sites the mean (±SD) abundance of coral recruits ranged from 5.37±8.59
to 1.91±1.29. Within the channel reference sites, coral recruit abundance ranged from 1.53±1.08 to
1.93±1.41. Within the fore reef reference sites, the mean (±SD) coral recruit abundance ranged from
2.37±3.84 to 2.80±3.98. Average coral recruit densities in the MPA sites decreased in both habitat types from
2014 to 2018, significantly (p = 0.02) so within the fore reef habitat (Figure 6). fore reef habitat within the MPA
sites had significantly higher (p < 0.01) coral recruit densities compared to the channel habitat (Figure 6).

Figure 6. Mean (±SE) coral recruit densities (individuals/m2) recorded within two habitat types in the Ngerumekaol MPA sites in
2014, 2018 and 2020.
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Figure 7. Mean (±SE) coral recruit densities (individuals/m2) recorded within two habitat types in the Ngerumekaol MPA and
reference sites in 2018 and 2020.

Macro-invertebrates
Five species of giant clam and nine species of sea cucumber were observed throughout the entire study
period. The highest abundance of giant clam recorded was 24 Tridacna maxima (Melibes) recorded within
the fore reef MPA sites in 2020. Only 5 % of transects within the MPA sites had no invertebrate observations,
whereas 26 % of transects within the references site had no invertebrate observations. Sea cucumber
abundances per transect remained low throughout the study period, ranging from 1 to 2 individuals per
transect, and no sea cucumbers were observed in the fore reef habitat in 2014 or 2018. No giant clams were
recorded in the channel reference sites in 2020. In addition to giant clams and sea cucumbers, the top shell
Trochus niloticus was found in 7 transects throughout the study period with a total of 9 recorded in the fore
reef in 2020 only. Six Crown-of-Thorns star fish (Acanthaster planci) were recorded throughout the study
period, five within the MPA channel sites in 2018 and one within the Fore reef MPA sites in 2020.
The mean (± SD) density of macro-invertebrates within the channel habitat MPA sites ranged from 2.52±2.74
to 3.65±3.04. Within the fore reef habitat MPA sites mean (±SD) density of macro-invertebrates ranged from
5.67±3.56 to 6.89±5.97. Within the reference sites, mean (±SD) density of macro-invertebrates within the
channel habitat ranged from 0.84±0.69 to 0.43±0.62, and within the fore reef habitat ranged from 1.17±1.27
to 1.69±1.10. Habitat had a major effect on the density of macro-invertebrates (p=0.003) within the MPA
sites, with much higher densities found within the fore reef habitat (Figure 8). Invertebrate densities did not
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show major variability across years within the two different Habitat types, although densities did increase in
2020 in the fore reef habitat.

Figure 8. Mean (±SE) giant clam and sea cucumber densities (individuals/m2) recorded within two habitat types in the Ngerumekaol
MPA sites in 2014, 2018 and 2020.

Invertebrate densities were significantly lower (p=0.02) within the reference sites in both habitat types
surveyed in 2018 and 2020. The MPA sites in the fore reef habitat had much higher densities of macroinvertebrates in 2020, compared to the reference sites. Differences in invertebrate densities between MPA
and references sites in the channel habitat were less acute, with somewhat higher densities found in the MPA
sites. Not much variability was observed between the two survey periods (Figure 9). There is strong evidence
that protection zone had a positive effect on invertebrate densities.
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Figure 9. Mean (±SE) giant clam and sea cucumber densities (individuals/m2) recorded within two habitat types in the Ngerumekaol
MPA and reference sites in 2018 and 2020.

Fish surveys
Fish abundance and density
In total, 74 species of fish were recorded throughout the study period. Of these, 92 % (68) are considered
economically significant. Species diversity was similar across the two different habitat types and only slightly
higher for MPA sites (Figure 10). For the entire study period, no commercially important fish were observed
within four transects, all located within channel MPA sites.
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Figure 10. A comparison of fish diversity found within MPA and reference sites and within channel and fore reef habitats.

The maximum number of fish observed within a 250 m 2 transect was 1002 Lutjanus gibbus (keremlal)
recorded within a fore reef reference site in 2020. The mean (±SD) fish abundance per transect within the
channel MPA sites ranged from 10.67±4.96 to 9.53±12.72. Within the fore reef MPA sites, mean (±SD) fish
abundance per transect ranged from 7.47±5.17 to 21.80±38.89. Within the channel reference sites the mean
(±SD) fish abundance per transect ranged from 21.53±52.64 to 78.67±144.46. Within the fore reef reference
sites, the mean (±SD) fish abundance per transect ranged from 17.00±12.87 to 203.13±353.54. The high
variability in fish abundance was caused by the presence of large schools of L. gibbus in some transects
(Figure 11).
Carnivorous fish were the most abundant and two large schools of Humpback Red Snapper Lutjanus gibbus
recorded within the fore reef reference sites in 2020 resulted in a significantly higher number of fish and
higher biomass within this area. Large schools of L. gibbus were also recorded within the channel reference
sites in 2020 and this was the only species to occur in large schools with more than 100 individuals. The
second most abundant group was the herbivorous Parrotfish (Scarus spp.). Even though L. gibbus was the
most abundant species, it was only recorded in 33 % of transects, whereas Scarus spp. were recorded in 84
% of transects over the entire study period (Figure 11).
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Figure 11. Relative abundance of fish species recorded within the Ngerumekoal MPA and reference sites during 2018 and 2020.
Humpback Red Snapper Lutjanus gibbus was the most abundant species (with large schools recorded in 2020) and was removed
from the figure to allow presentation of all other species.

Fish density within the fore reef reference sites increased significantly (p < 0.001) from 2018 to 2020 and
significantly (p = 0.009) more fish were recorded within the fore reef reference sites compared to the MPA
sites in 2020 owing to the large schools of L. gibbus recorded within the reference sites. In 2020, significantly
(p = 0.005) higher fish densities were also recorded within the fore reef reference sites compared to the MPA
sites in 2018 (Figure 12). A similar pattern was observed in the channel habitat, with significantly (p < 0.01)
higher fish density recorded in the channel MPA sites in 2020 compared to the reference sites.
When L. gibbus is removed from the data, fish density increased significantly (p < 0.001) within the channel
reference sites from 2018 to 2020, and more fish were recorded within the channel reference sites compared
to the MPA sites in 2020 (although not significantly (p = 0.07) more) (Figure 13).
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Figure 12. Density (individuals/m2) of commercially important fish species recorded during 2018 and 2020 within two habitat types
in Ngerumekaol MPA and reference sites.

Figure 13. Density (individuals/m2) of commercially important fish species recorded during 2018 and 2020 within two habitat types
in Ngerumekaol MPA and reference sites with Lutjanus gibbus removed from the data.

Fish biomass
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Lutjanus gibbus contributed 69 % of total fish biomass (g/m 2). Scarus spp. (Mellemau), Caranx melampygus
(Oruidel) and Lethrinus olivaceus (Melangmud) contributed 2.6 %, 3.7 % and 3.6 % to total biomass,
respectively. All other commercially important species recorded during the study period each contributed less
than 1 % to the total biomass. Fish biomass increased significantly (p < 0.01) within the reference sites of
both habitat types from 2018 to 2020 and was significantly higher (p = 0.04) within the reference sites
compared to the MPA sites in 2020 (Figure 14). When L. gibbus is removed from the data, fish biomass only
increased significantly (p < 0.01) within the reference sites from 2018 to 2020 in the channel habitat (Figure
15).

Figure 14. Biomass (grams/m2) of commercially important fish species recorded during 2018 and 2020 within two habitat types in
Ngerumekaol MPA and reference sites.
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Figure 15. Biomass (grams/m2) of commercially important fish species recorded during 2018 and 2020 within two habitat types in
Ngerumekaol MPA and reference sites with L. gibbus data removed.

Discussion
This study presents data collected during the second follow-up survey of Ngerumekoal MPA as part of longterm monitoring of Palau’s PAN MPAs. Data collected in 2020 were combined with data collected during the
baseline survey conducted in 2014 and the first follow-up survey conducted in 2018.
The MPA sites supported much higher coral cover compared to the reference sites, which suggests the MPA
is effective in protecting coral. Coral recruit diversity was slightly higher within the reference sites and similar
across habitat types. Recruit densities decreased since the original survey in 2014 to 2018, with a slight
increase from 2018 to 2020. Recruit densities were also similar across protection zones, which suggests that
the MPA has limited success in supporting coral recruitment compared to the reference sites. One reason
for the difference observed between the MPA and reference sites could be because of different environmental
conditions found at each site, especially considering that the MPA and reference sites are at least 20 miles
apart. Invertebrate densities in 2020 were much lower in both habitat types in the MPA and reference sites
compared to Ebiil MPA (a similar MPA located in the northern reefs of Palau, and which also includes channel
and fore reef habitats) (Nestor et al., 2019). The Ngerumekaol MPA sites did, however, have higher numbers
of economically important macro-invertebrates compared to the reference sites, which suggests the MPA is
effective in protecting important invertebrate species, especially giant clams within the local area. In addition,
invertebrate density decreased from 2014 to 2018, with an increase from 2018 to 2020 within the MPA sites
in the fore reef habitat. Within the channel habitat, invertebrate densities decreased from 2014 to 2020.
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Temporal variability in species abundances can be expected and ongoing monitoring is required to
understand these long-term population patterns.
Various threatened species were recorded in both the Ngerumekaol MPA and reference sites. This includes
15 Plectopomus areolatus (Tiau) recorded in both MPA and references sites in both habitats; 4 Bolbometopon
muricatum (Kemedukl) only recorded in the fore reef MPA sites; 2 Epinephelus polyphekadion (Ksau’temekai)
recorded in both the MPA and reference fore reef sites; 3 Epinephelus fuscoguttatus (Meteungerel’temekai)
recorded in both habitats and sites and 9 Plectropomus leopardus (Bekerkard el tiau), mostly found within
the channel reference sites. In addition, 18 Critically Endangered Hawksbill turtles Eretmochelys imbricata
were recorded, majority of which in the channel reference sites.
The reference sites surveyed here seem to support high fish densities, even when compared to other similar
areas within Palau. Compared to 2020 surveys conducted in the Ebill MPA, Ngerumekaol MPA sites had
lower fish densities within the channel sites, and comparable densities within the fore reef sites. The
Ngerumekaol reference sites, however, had much higher fish densities in both habitat types compared to
both the Ebiil MPA and reference sites (Otto et al., 2021).
Ngerumekoal MPA is an important Grouper aggregation and spawning site (Johannes et al., 1999; Golbuu
and Freidlander, 2011), specifically for Plectropomus areolatus, Epinephelus polyphekadion, and
Epinephelus fuscoguttatus. The abundance of these grouper species was, however, low during both 2018
and 2020 surveys, and P. areolatus, E. polyphekadion and E. fuscoguttatus were only recorded in 8 %, 2 %
and 2 % of transects, respectively. Golbuu and Friedlander (2011) found grouper species to be dominant in
terms of abundance and biomass during surveys conducted in 2005 and 2006. During the 2018 and 2020
surveys presented here, groupers were not dominant in either abundance or biomass. The low numbers of
different grouper species could be because of the period in which the surveys were conducted (August) which
does not align with established grouper spawning periods (April through July, with peak numbers typically
seen in May and June. Johannes et al., 1999) and which differs from previous surveys. Surveys might also
not have aligned with the lunar cycle and grouper spawning, which occurs a few days before new moon and
results in high grouper abundance. In addition, different sites were surveyed during 2018 and 2020 compared
to historic surveys. One of the reasons for the establishment of the Ngerumekaol MPA was to provide a
protection zone for grouper species, and the reason for the low grouper numbers recorded during both the
2018 and 2020 surveys should be investigated further. Further investigations should include additional
surveys focused on grouper species, to be conducted during known periods of high grouper abundances and
be done using approaches comparable to historic surveys.
Lutjanus gibbus was dominant during the 2020 surveys and this species was also found to dominate surveys
conducted in 2018 (Gouezo et al., 2019), particularly within the reference sites located in the fore reef habitat.
Lutjanus gibbus was also dominant during 2020 surveys of the Ebill MPA, particularly within the reference
sites. In addition, Lutjanus gibbus was found to be the most abundant fish species during reef fish stock
assessments conducted in the Northern Reefs between 2015 and 2017 and the second most dominant in
21

PICRC Technical Report No. 22-01

terms of biomass (Filous et al., 2020). During these assessments, the SPR for L. gibbus was estimated to be
between 12 and 15 % which is indicative of overexploitation of this species within the Northern Reefs (SPR
< 20 % is indicative of overexploitation). The SPR for this species did, however, increase from 10 % in 2013
(Prince et al., 2015) to a maximum of 15 % in 2017 (Filous et al., 2020), and this improvement could be owing
to minimum size regulations for this species which were developed for Ngarchelong (>25 cm fork length)
implemented since 2017 and Kayangel (> 30 cm fork length) implemented since 2016. Caution should,
however, be taken when comparing data across studies that used either fishery independent or fishery
dependent data. This is the case with the above-mentioned studies, where Prince et al. (2015) used fishery
dependent data and Filous et al. (2020) used fishery independent data. In addition, according to a study by
Linfield (2017) using fishery dependent data, L. gibbus has an estimated SPR of 27 % for the entire Palau,
which suggests this species is not yet overexploited for the larger Palau. Another assessment by KaranassosMuller et al. (2021) conducted in 2017 estimated that the SPR for L. gibbus was 35 %. Preliminary data from
a repeat stock assessment in 2019 suggests the SPR for L. gibbus decreased to 29 %. Accurate assessments
of the status of fish stocks can be difficult and can vary based on various factors including sample size and
effort, updated life history parameters, sample methods etc. Long-term monitoring using approaches
comparable over time is thus integral to provide an accurate stock assessment for a species and ensure
sustainable use.
This site was demarcated as an MPA because of its value as a fish aggregation site. Although less fish was
detected within Ngerumekaol MPA compared to the reference site, this MPA does play an important
protection role during fish aggregation periods. Higher fish abundance and biomass within the reference sites
could, however, also be because of a spill over effect from the MPA. Benthic cover did vary across protection
zones and habitats, and these differences might be the reason for the observed variability in fish density and
biomass. Ongoing monitoring is needed to further investigate the observed differences between MPA and
reference sites and focus should be placed on the comparison of species compositions and those factors
that drive differences. In addition, targeted grouper surveys during optimal sampling periods would also help
to determine if this MPA is effective as a grouper spawning area. Fish size data should also be assessed to
determine if this MPA is an important nursery area for important fish species.
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Appendix A

Major Categories

Subcategory

Coral

Coral genus

Soft Coral

Soft coral genus

Other Macro-invertebrates

Clams, zooanthids, etc.

Macroalgae

Padina sp., Lobophora sp., Sargassum sp., Liagora sp

Seagrass

Enhalus, Cymodocea rotundata, Cymodocea serrulata

Coralline Algae

Coralline algae genus

Substrate

Carbonate, rubble, sand, turf

Appendix C
Common name

Palauan name

Family

Taxa

Epaulette surgeonfish

Chesengel

Acanthuridae

Acanthurus nigricauda

Acanthuridae

Acanthurus spp.

Surgeonfish species
Yellowfin surgeonfish

Mesekuuk

Acanthuridae

Acanthurus xanthopterus

Orangespine unicornfish

Cherangel

Acanthuridae

Naso lituratus

Acanthuridae

Naso spp.

Unicornfish species
Bluespine unicornfish

Chum

Acanthuridae

Naso unicornis

Blue trevally

Yab

Carangidae

Carangoides ferdau

Yellowspotted trevally

Uii

Carangidae

Carangoides fulvoguttatus

Island trevally

Otewot

Carangidae

Carangoides orthogrammus

Barcheek trevally

Carangidae

Carangoides plagiotaenia

Trevally/jack species

Carangidae

Carangoides spp.

Giant trevally

Erobk

Carangidae

Caranx ignobilis

Black jack

Omektutau

Carangidae

Caranx lugubris

Bluefin trevally

Oruidel

Carangidae

Caranx melampygus

Bigeye trevally

Esuch

Carangidae

Caranx sexfasciatus

Carangidae

Caranx spp.

Trevally/jack species
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Rainbow runner

Desui

Carangidae

Elagatis bipinnulata

Snubnose pompano

Luichlbuil

Carangidae

Trachinotus blochii

Milkfish

Aol, Mesekelat

Chanidae

Chanos

Haemulidae

Diagramma pictum

Painted sweetlips
Giant sweetlips

Melimralm, Kosond, Bikl

Haemulidae

Plectorhinchus albovittatus

Harlequin sweetlips

Bechol

Haemulidae

Plectorhinchus
chaetodonoides

Yellowstripe sweetlips

Haemulidae

Plectorhinchus chrysotaenia

Harry hotlips

Haemulidae

Plectorhinchus gibbosus

Lesson's thicklip

Haemulidae

Plectorhinchus lessonii

Haemulidae

Plectorhinchus lineatus

Painted sweetlip

Haemulidae

Plectorhinchus picus

Sweetlips species

Haemulidae

Plectorhinchus spp.

Diagonal-banded sweetlips

Merar

Yaus

Indian Ocean oriental sweetlips

Yaus

Haemulidae

Plectorhinchus vittatus

Blue sea chub

Komud, Beab

Kyphosidae

Kyphosus cinerascens

Kyphosidae

Kyphosus spp.

Sea chub species
Brassy chub

Komud, Beab

Kyphosidae

Kyphosus vaigiensis

Humphead wrasse

Ngimer, Maml

Labridae

Cheilinus undulatus

Yellow cheek tuskfish

Budech

Labridae

Choerodon anchorago

Bream species

Lethrinidae

Gymnocranius spp.

Pacific yellowtail emperor

Lethrinidae

Lethrinus atkinsoni

Orange-spotted emperor

Menges

Lethrinidae

Lethrinus erythracanthus

Longfin emperor

Kroll

Lethrinidae

Lethrinus erythropterus

Thumbprint emperor

Itotech

Lethrinidae

Lethrinus harak

Orangestripe emperor

Udech

Lethrinidae

Lethrinus obsoletus

Longface emperor

Melangmud

Lethrinidae

Lethrinus olivaceus

Lethrinidae

Lethrinus ornatus

Lethrinidae

Lethrinus rubrioperculatus

Lethrinidae

Lethrinus spp.

Ornate emperor
Red gill emperor

Rekruk

Emperor species
Yellowlip emperor

Mechur

Lethrinidae

Lethrinus xanthochilus

Humpnose bigeye bream

Besechamel

Lethrinidae

Monotaxis grandoculis

Green jobfish

Udel

Lutjanidae

Aprion virescens

Mangrove red snapper

Kedesau’liengel

Lutjanidae

Lutjanus argentimaculatus

Red snapper

Kedesau

Lutjanidae

Lutjanus bohar

Blackspot snapper

Dodes

Lutjanidae

Lutjanus ehrenbergii

Blacktail snapper

Reall

Lutjanidae

Lutjanus fulvus

Humpback snapper

Keremlal

Lutjanidae

Lutjanus gibbus

One-spot snapper

Kesebii

Lutjanidae

Lutjanus monostigma

Blubberlip snapper

Korriu

Lutjanidae

Lutjanus rivulatus

Lutjanidae

Lutjanus spp.

Snapper species
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Sailfin snapper

Chedui

Lutjanidae

Symphorichthys spilurus

Squaretail mullet

Uluu

Mugilidae

Ellochelon vaigiensis

Bluespot mullet

Kelat

Mugilidae

Crenimugil seheli

Dash-and-dot goatfish

Bang

Mullidae

Parupeneus barberinus

Gold-saddle goatfish

Bang

Mullidae

Parupeneus cyclostomus

Mullidae

Parupeneus spp.

Goatfish species
Bumphead parrotfish

Berdebed, Kemedukl

Scaridae

Bolbometopon muricatum

Spotted parrotfish

Beyadel, Ngesngis

Scaridae

Cetoscarus ocellatus

Bleeker’s parrotfish

Scaridae

Chlorurus bleekeri

Pacific slopehead parrotfish

Scaridae

Chlorurus frontalis

Palecheek parrotfish

Scaridae

Chlorurus japanensis

Scaridae

Chlorurus microrhinos

Scaridae

Chlorurus spilurus

Pacific steephead parrotfish

Otord

Pacific bullethead parrotfish
Parrotfish species

Mellemau

Scaridae

Chlorurus spp.

Pacific longnose parrotfish

Ngiaoch

Scaridae

Hipposcarus longiceps

Filament-finned parrotfish

Udoud ungelel

Scaridae

Scarus altipinnis

Scaridae

Scarus chameleon

Scaridae

Scarus dimidiatus

Scaridae

Scarus flavipectoralis

Scaridae

Scarus forsteni

Scaridae

Scarus frenatus

Chameleon parrotfish
Yellowbarred parrotfish

Butiliang

Yellowfin parrotfish
Forsten's parrotfish

Mul

Bridled parrotfish
Bluebarred parrotfish

Mertebetabek

Scaridae

Scarus ghobban

Globehead parrotfish

Ngemoel

Scaridae

Scarus globiceps

Dusky parrotfish

Kiuiid

Scaridae

Scarus niger

Scaridae

Scarus oviceps

Scaridae

Scarus prasiognathos

Common parrotfish

Scaridae

Scarus psittacus

Quoy's parrotfish

Scaridae

Scarus quoyi

Dark capped parrotfish
Greenthroat parrotfish

Melechotech a chau

Rivulated parrotfish

Besachel-otengel

Scaridae

Scarus rivulatus

Redlip parrotfish

Mesekelat mellemau

Scaridae

Scarus rubroviolaceus

Yellowband parrotfish

Scaridae

Scarus schlegeli

Greensnout parrotfish

Scaridae

Scarus spinus

Scaridae

Scarus spp.

Scaridae

Scarus tricolor

Scaridae

Scarus xanthopleura

Scaridae

Scarinae spp.

Parrotfish species

Mellemau

Tricolour parrotfish
Red parrotfish

Butiliang

Parrotfish species
Double-lined mackerel

Beterturech

Scombridae

Grammatorcynus bilineatus

Dogtooth tuna

Kerengab

Scombridae

Gymnosarda unicolor

Narrow barred Spanish mackerel

Ngelngal

Scombridae

Scomberomorus
commerson
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Redmouth grouper

Chubei

Serranidae

Aethaloperca rogaa

Slender grouper

Choloteachi

Serranidae

Anyperodon
leucogrammicus

Peacock hind

Mengardechelucheb

Serranidae

Cephalopholis argus

Bluespotted hind

Temekai

Serranidae

Cephalopholis cyanostigma

Coral hind

Temekai

Serranidae

Cephalopholis miniata

Tomato hind

Temekai

Serranidae

Cephalopholis sonnerati

Serranidae

Cephalopholis spp.

Serranidae

Cromileptes altivelis

Serranidae

Epinephelus coeruleopunctatus

Hind species
Humpback grouper

Meleches

Whitespotted grouper
Coral grouper

Imirechorch

Serranidae

Epinephelus corallicola

Brown-marbled grouper

Meteungerel’temekai

Serranidae

Epinephelus fuscoguttatus

Serranidae

Epinephelus melanostigma

Serranidae

Epinephelus polyphekadion

Grouper species

Serranidae

Epinephelus spp.

Masked grouper

Serranidae

Gracila albomarginata

One-blotch grouper
Marbled grouper

Ksau’temekai

Squaretail grouper

Tiau (black)

Serranidae

Plectropomus areolatus

Saddleback grouper

Katuu’tiau, Mokas

Serranidae

Plectropomus laevis

Leopard grouper

Bekerkard el tiau

Serranidae

Plectropomus leopardus

Highfin coral grouper

Serranidae

Plectropomus oligacanthus

Coral grouper species

Serranidae

Plectropomus spp.

White-edged lyretail

Baslokil

Serranidae

Variola albimarginata

Yellow-edged lyretail

Baslokil

Serranidae

Variola louti

Forketail rabbitfish

Beduut

Siganidae

Siganus argenteus

Blue-spotted spinefoot

Reked

Siganidae

Siganus corallinus

Barred spinefoot

Reked

Siganidae

Siganus doliatus

Dusky rabbitfish

Meyas

Siganidae

Siganus fuscescens

Lined rabbitfish

Kelsebuul

Siganidae

Siganus lineatus

Masked rabbitfish

Reked

Siganidae

Siganus puellus

Peppered spinefoot

Bebael

Siganidae

Siganus punctatissimus

Goldspotted rabbitfish

Bebael

Siganidae

Siganus punctatus

Siganidae

Siganus spp.

Rabbitfish species
Great barracuda

Ai

Sphyraenidae

Sphyraena barracuda

Bigeye barracuda

Lolou

Sphyraenidae

Sphyraena forsteri

Blackmargin barracuda

Meyai

Sphyraenidae

Sphyraena qenie
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Appendix C
Common name

Palauan Name

Species

Surf red fish

Badelchelid

Actinopyga mauritiana

Black teatfish

Bakelungal-chedelkelek

Holothuria whitmaei

White teatfish

Bakelungal-cherou

Holothuria fuscogilva

Elephant trunkfish

Delal a Molech

Holothuria fuscopuncata

Curryfish

Delal a ngimes/ngimes ra
tmolech

Stichopus hermanni

Bear paw giant clam

Duadeb

Hippopus sp.

China giant clam

duadou

Hippopus porcellanus

Deepwater red fish

Eremrum, cheremrum

Actinopyga echinites

Hairy blackfish

Eremrum, cheremrum edelekelk

Actinopyga miliaris

Sea urchin

Ibuchel

Tripneustes gratilla

Smooth giant clam

Kism

Tridacna derasa

Elongate giant clam

Melibes

Tridacna maxima

Chalk fish

Meremarech

Bohadschia similis

Leopardfish /tigerfish

Meremarech, esobel

Bohadschia argus

Sandfish

Molech

Holothuria scabra

Brown curryfish

Ngimes

Stichopus vastus

Crocus giant clam

Oruer

Tridaacna crocea

True giant clam

Otkang

Tridacna gigas

Fluted giant clam

Ribkungel

Tridacna squamosa

Slender sea cucumber

Sekesaker

Holothuria impatiens

Trochus

Semum

Trochus macultus

Prickly redfish

Temetamel

Thelenota ananas

Tropical sea snail

Delsangel

Nerita polita

Pacific common olive

Smachel

Conus vexillum

Spider conchs

Sang

Lambis spp.
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