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Abstract 

The Palau International Coral Reef Center (PICRC) conducts ecological monitoring of Palau’s Protected 

Areas Network (PAN) MPAs to assess their effectiveness in conserving marine resources. This study is 

the second follow-up assessment of the Ngelukes Conservation Area (CA) in the state of Ngchesar. 

Ecological surveys were carried out within the reef flat and slope of the patch reef of Ngelukes CA, 

recording the abundance and size of commercially important fish and edible macroinvertebrates, as well 

as seagrass cover (in the reef flat), coral recruits and benthic community (in the reef slope). In the reef 

flat habitat, fish biomass and abundance, and macroinvertebrate abundance were similar through time 

and between the MPA and the reference site. Seagrass cover declined significantly from 2011 to 2012 

within the MPA and reference site; however, following this decline, seagrass cover has remained stable 

within the MPA, and was similar between the MPA and reference site in 2019. In the reef slope habitat, 

fish biomass and abundance were similar between the MPA and the reference site and through time. 

Edible macroinvertebrates were significantly higher within the MPA compared to the reference site, and 

there were no changes over time. Live hard coral cover significantly decreased by ~19% within the 

Ngelukes CA since the 2015 baseline assessment. There was also a significant decrease in carbonate 

cover and increase in sand and rubble cover; and macroalgae cover was significantly higher within the 

MPA compared to the reference site. The abundance of coral recruits was similar within the MPA and 

reference site and when compared through time. These results indicate that the Ngelukes CA is not 

effective at protecting marine resources in either habitat, apart from macroinvertebrates within the reef 

slope. Increased siltation and sedimentation originating from the Ngerdorch Watershed may be 

responsible for the decline in coral cover, which may be affecting fish and macroinvertebrate 

populations. In addition, the Ngelukes CA is a small MPA and protection may be limited to certain fish 

species with smaller home ranges. 
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1. Introduction 

Marine Protected Areas (MPAs) are considered to be an important marine conservation and 

management tool around the world. No-take MPAs, which are fully protected, have shown to be the 

most effective at restoring and preserving marine biodiversity and ecosystems (Sala & Giakoumi, 2018). 

In Palau, the conservation of marine resources is a deeply rooted tradition, which has continued into the 

present day in the form of MPAs. Palau currently has 35 MPAs, 14 of which are part of the Palau 

Protected Areas Network (PAN), which is a nationwide network of MPAs set up in 2003 to conserve 

Palau’s unique biodiversity (Friedlander et al, 2017). The PAN is one of the ways Palau is working 

towards achieving the goals of the Micronesia Challenge (MC), an initiative to conserve ≥30% of near-

shore marine resources within Micronesia by 2020. 

In 2014 and 2015, the Palau International Coral Reef Center (PICRC) carried out baseline assessments of 

all PAN MPAs in Palau (Gouezo et al, 2016). Subsequently, PICRC will continue to conduct ecological 

surveys of the PAN MPAs every two years in order to assess their effectiveness in conserving marine 

biodiversity. 

The Ngelukes Marine Conservation Area (CA)in Ngchesar State was established in 2002 under state 

legislation and became a PAN site in 2011. This CA is designated as a “no-entry, no-take” zone, with the 

aim of removing fishing pressure from the area so that it can maintain and increase its historical 

fisheries productivity, and result in a spillover effect to nearby reefs (Palau PAN Fund, 2016). This study 

is the second follow-up assessment of the Ngelukes CA since the baseline in 2015, although the 

Ngelukes CA was one of PICRC’s long term seagrass monitoring sites from 2011 (Rehm et al, 2014). The 

objectives of this study are: 1) to show the current status of natural resources within the reef flat and 

reef slope habitats, 2) to compare data to the baseline in 2015 and first follow-up assessment in 2017, 

and 3) to compare data from within the MPA to non-protected reference sites. 

2. Methods 

2.1 Study site 

The Ngelukes CA is a patch reef approximately 1.04 km² in size and consists of reef slope, reef crest and 

reef flat habitats, containing corals and seagrass. The 2015 baseline assessment surveyed all three 

habitats within the MPA (Otto et al, 2015). In the first follow-up assessment in 2017 (Otto et al, 2019) 

the two main habitats identified in the baseline, reef slope and reef flat, were reassessed, and these two 

habitats will continue to be surveyed every two years. The current survey was carried out from 21st – 
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23rd August 2019 and included three sites per habitat inside the MPA and outside at the reference site 

(Figure 1). 

 

Figure 1. Map of Ngelukes Conservation Area with reef slope and reef flat monitoring sites inside the 

protected area (Ngelukes) and outside at the reference site (Uedangel). 

2.2 Ecological surveys 

Ecological surveys were carried out at all reef flat and reef slope sites. On the reef flat, five-25 m 

transects were laid out consecutively, with a few meters gap between each tape. Along each transect, 

seagrass percentage cover, to species level, was recorded within a 0.5 m2 quadrat placed every 5 m. Fish 

size and abundance were surveyed within a 5 m belt using underwater visual census and edible 
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macroinvertebrate size and abundance were recorded within a 2 m belt (see Appendix 1 for list of edible 

macroinvertebrates).  

On the reef slope, at 10 m depth, five-50 m transects were laid out consecutively with a few meters 

between each tape. For benthic cover, photographs were taken every 1 m using an underwater camera 

(Canon G16) mounted on a 0.5 m² photo-quadrat frame. Coral recruits (<5 cm in size) were recorded in 

the first 10 m of each transect within a 0.3 m belt. Fish abundance and size were recorded using diver-

operated stereo-video (stereo-DOV) within a 5 m belt and edible macroinvertebrate size and abundance 

were recorded within a 2 m wide belt, along each transect. 

2.3 Data processing and analysis 

Data collected for macroinvertebrates, coral recruits, seagrass cover and seagrass fish were entered into 

excel spreadsheets. Fish videos were analyzed using the SeaGIS EventMeasure software (Version 4.42). 

The Length/3D rules in EventMeasure were set up as in Goetze et al (2019), where the maximum range 

= 8000 mm, maximum RMS = 20 mm, maximum precision to length ratio = 10%, minimum x coordinate 

= -2500 mm and maximum x coordinate = 2500 mm. All commercially important fish were counted and 

measured (fork length) (see Appendix 2 for list of commercially important fish). Where the precision to 

length ratio exceeded 10%, the fish was counted and an estimated length was calculated based on the 

mean fish length of that species within the MPA or the reference site. The biomass of fish within the 

seagrass and reef slope habitats was calculated using the total length-based equation: 

W = aTLb 

where W is the weight of the fish in grams, TL is the total length of the fish in centimeters, and a and b 

are constant values from published biomass-length relationships (Kulbicki et al, 2005; Kamikawa et al, 

2015) and Fish Base (Froese & Pauly, 2019). Benthic photos were analyzed using CPCe software (Kohler 

& Gill, 2006), where 5 random points were allocated to each photo and the substrate below each point 

was classified into benthic categories (Appendix 3 for list of benthic categories). This data was then used 

to calculate the mean percentage cover of each benthic category.  

Prior to statistical analysis, data was checked for normality using histograms and the Shapiro-Wilk test. 

Non-normal data were log- or square root-transformed and re-tested for normality. Normal data were 

analyzed using a one-way ANOVA, to compare the MPA to the reference area and to assess changes 

over time. Where a significant difference was found the data were analyzed further using Tukey’s HSD 
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(Honestly Significant Difference) post-hoc test. Following analysis, residuals were plotted to confirm 

their normality. Non-normal data were analyzed using the Kruskal-Wallis test. Where a significant 

difference was found the data were analyzed further using Nemenyi’s post-hoc test. All statistical 

analysis was completed using R software. 

3. Results 

The Ngelukes CA reef flat habitat was monitored annually from 2011 to 2016 as part of PICRC’s long 

term seagrass monitoring program, including seagrass cover, macroinvertebrates and fish. This data 

includes both MPA and reference data, and therefore data from 2015 was used as a baseline for the reef 

flat habitat and seagrass data is shown from 2011. The reef slope habitat is compared to data collected 

in the 2015 baseline survey which includes MPA data only since data was not collected from the 

reference site in the baseline. The reef slope fish data is only compared to data collected in 2017 due to 

a change in methods from the 2015 baseline survey. 

3.1 Reef flat habitat 

3.1.1 Fish 

The mean abundance of commercially important fish within the reef flat habitat in 2019 was similar 

between the MPA (4.2 ± 2.3 per 125 m2) and reference site (3.3 ± 2.0 per 125 m2) (Figure 2). Fish 

abundance did not differ significantly within the MPA and reference site across the three years 

(p=0.1884). Mean fish biomass within the reef flat was similar between the MPA (154.5 ± 18.6 g per 125 

m2) and reference site (124.5 ± 18.2 g per 125 m2) in 2019 (Figure 2). Even though fish biomass was ~17 

times lower within the MPA in the 2015 baseline (9.0 ± 4.8 g per 125 m2), there was no significant 

difference between years and protection status (p=0.1149). It is noted that in the 2015 baseline the fish 

list used was limited to 35 species whereas in 2017 and 2019 this list was expanded to include more 

than 100 species. The data was reanalyzed for only the 35 species for all years and this showed similar 

fish biomass and abundance within the MPA in 2019 compared to the 2015 baseline, however the 

reference site still had a higher biomass in 2015 compared to 2019 (Figure 2). Fish biomass and 

abundance were also higher in 2017 compared to 2015 and 2019 but this difference was not significant. 

The most abundant species observed in 2019 was Lethrinus harak (itotech) within the MPA and Lutjanus 

gibbus (keremlal) within the reference site; whereas the most abundant species observed in the 2015 

baseline within the MPA and reference site was Siganus fuscescens (meyas) (Figure 3). 
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Figure 2. Mean abundance (top left) and biomass (top right) of commercially important fish within the 

reef flat habitat in the MPA and reference site across the three years of monitoring. Mean abundance 

(bottom left) and biomass (bottom right) of the 35 commercially important fish species used in 2015. 

Error bars indicate standard error. 
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Figure 3. Fish species observed within the reef flat habitat in the MPA and reference site across the 

three years of monitoring. 

3.1.2 Macroinvertebrates 

Mean abundance of edible macroinvertebrates within the reef flat habitat was similar within the MPA 

(0.4 ± 0.2 per 50 m2) and the reference site (0.2 ± 0.2 per 50 m2) in 2019 (Figure 4). No significant 

differences in abundance were found within the MPA and reference site across the three years 

(p=0.285). In 2019, the sea cucumber, Bohadschia vitiensis (meremarech), was the most abundant 

species within the MPA, whereas in the reference site the clam, Tridacna crocea (oruer) was the only 

macroinvertebrate observed. Sea cucumber and clams were also observed in the 2015 baseline with the 

sea cucumber, Actinopyga miliaris (eremrum), being the most abundant species within the MPA. 

 



PICRC Technical Report No. 20-03 
 

9 
 

0

0.25

0.5

0.75

1

1.25

1.5

2015 2017 2019

M
ea

n 
m

ac
ro

in
ve

rt
ab

ra
te

 a
bu

nd
an

ce
 p

er
 5

0 
m

²

Year

MPA

Reference

 
Figure 4. Mean macroinvertebrate abundance within the reef flat habitat in the MPA and reference site 

across the three years of monitoring. Error bars indicate standard error. 

3.1.3 Seagrass cover 

Long-term data of the seagrass beds at Ngelukes CA show a fluctuation of mean seagrass cover within 

the MPA and reference site over time (Figure 5). A significant difference in seagrass cover was found 

between years and protection status (p<0.001). From 2011 to 2012, a significant decrease in mean 

seagrass cover was seen both within the MPA (p<0.001) and the reference site (p<0.001). From 2012 to 

2015 there was a significant increase in seagrass cover at the reference site (p<0.001) followed by a 

significant decrease from 2015 to 2017 (p<0.05). Seagrass cover within the MPA has remained relatively 

stable since 2012 (~25-30%) with a slight increase seen from 2013 to 2015 and a slight decline from 

2015 to 2016. There was no significant difference in mean seagrass cover between the MPA and 

reference site in 2019 (p=0.7299). 
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Figure 5. Long-term mean seagrass cover within the reef flat habitat in the MPA and reference site. Error 

bars indicate standard error. 

3.2 Reef slope habitat 

3.2.1 Fish 

Mean abundance of commercially important fish within the reef slope habitat in 2019 was similar 

between the MPA (12.7 ± 3.1 per 250 m2) and reference site (7.6 ± 1.3 per 250 m2) (Figure 6). Fish 

abundance did not differ significantly within the MPA and reference site in 2017 and 2019 (p=0.466). 

Mean fish biomass within the reef slope was similar between the MPA (2760 ± 1286 g per 250 m2) and 

reference site (854 ± 266 g per 250 m2) in 2019 (Figure 6). There were no significant differences between 

years and protection status (p=0.307). The most abundant species observed in 2019 was Lutjanus gibbus 

(keremlal) within the MPA and parrotfish species from the Labridae: Scarinae family within the 

reference site. Lutjanus gibbus (keremlal) was also the most abundant species observed within the MPA 

and reference site in 2017 (Figure 7). It is noted that in the 2017 follow-up assessment report (Otto et al, 

2019), large schools of Lutjanus gibbus (keremlal) were removed from the dataset since this can 

significantly inflate abundance and biomass values. Without these large schools, fish abundance was 

found to be significantly higher within the MPA compared to the reference site. 
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Figure 6. Mean abundance (left) and biomass (right) of commercially important fish within the reef slope 

habitat in the MPA and reference site in the two follow up assessments. Error bars indicate standard 

error. There is no data from 2015 due to a change in methods. 
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Figure 7. Fish species observed within the reef slope habitat in the MPA and reference site in the two 

follow up assessments. There is no data from 2015 due to a change in methods. 

3.2.2 Macroinvertebrates 

Mean abundance of edible macroinvertebrates within the reef slope habitat was found to be 

significantly different for years and protection status (p<0.01). In 2019, mean macroinvertebrate 

abundance was significantly higher within the MPA (0.9 ± 0.2 per 100 m2) compared to the reference 

site (0.1 ± 0.1 per 100 m2) (p<0.05) (Figure 8). In 2019, the sea cucumber, Bohadschia argus (esobel), 
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was the most abundant species within the MPA; this was also the most abundant species within the 

MPA in 2017.  
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Figure 8. Mean macroinvertebrate abundance within the reef slope habitat in the MPA and reference 

site across the three years of monitoring. Error bars indicate standard error. Data was not collected from 

the reference site in 2015. 

3.2.3 Coral recruits 

In 2019, mean coral recruit abundance was similar within the MPA (2 ± 0.4 per 3 m2) and the reference 

site (2.9 ± 0.7 per 3 m2) (Figure 9). There was no significant difference in the mean abundance of coral 

recruits between years and protection status (p=0.1441). The most abundant coral recruit species within 

the MPA in 2019 were Porites spp. and Montipora spp., which were also the most abundant species 

within the MPA in 2017 and 2015 (Figure 10). 



PICRC Technical Report No. 20-03 
 

13 
 

0

1

2

3

4

5

6

2015 2017 2019

M
ea

n
 a

b
u

n
d

an
ce

 o
f 

co
ra

l r
ec

ru
it

s 
p

er
 3

 m
²

Year

MPA

Reference

 
Figure 9. Mean abundance of coral recruits within the reef slope habitat in the MPA and reference site 

across the three years of monitoring. Error bars indicate standard error. Data was not collected from the 

reference site in 2015. 
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Figure 10. Coral recruit species observed within the reef slope habitat in the MPA and reference site 

across the three years of monitoring. Data was not collected from the reference site in 2015. 
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3.2.4 Benthic cover 

Benthic cover in the reef slope habitat in 2019 consisted mainly of sand, turf algae, macroalgae and hard 

coral (Figure 11). Turf algae cover did not differ significantly between years and protection (p=0.188), 

whereas sand cover was significantly higher within the MPA in 2019 compared to 2015 (p<0.001). 

Macroalgae cover was significantly higher within the MPA compared to the reference site in 2019 

(p<0.05) and when compared to 2017 within the MPA (p<0.01) and reference site (p<0.05). Halimeda 

spp. was the most abundant macroalgae within the MPA in 2019. From 2015 to 2019 there was a 

significant decrease in carbonate cover (p<0.001) and a significant increase in rubble cover (p<0.001) 

within the MPA. 

Mean live hard coral cover was similar between the MPA and reference site in 2019 and between 2017 

and 2019 (Figure 12). However, there was a significant decrease in hard coral cover (p<0.01) within the 

MPA from the 2015 baseline (35.8 ± 4.8 %) to 2019 (16.4 ± 2.1 %). 
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Figure 11. Mean cover of major benthic categories within the reef slope habitat in the MPA and 

reference site across the three years of monitoring. Data was not collected from the reference site in 

2015. 
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Figure 12. Mean live hard coral cover within the reef slope habitat in the MPA and reference site across 

the three years of monitoring. Error bars indicate standard error. Data was not collected from the 

reference site in 2015. 

4. Discussion 

4.1 Reef flat habitat 

Ecological monitoring in the reef flat habitat of the Ngelukes CA in 2019 indicates that marine resources 

and ecosystem conditions are similar within the MPA compared to the nearby non-protected reference 

site. Commercially important fish biomass and abundance, and macroinvertebrate abundance did not 

change compared to the baseline. This may indicate that the MPA has not yet been effective at restoring 

marine resources in the reef flat habitat or that fishing pressure is low so the reference site is also doing 

well.  Fish biomass and abundance within the reef flat habitat in 2019 is similar to other inshore MPAs 

on the east coast of Palau, such as Ngemai CA which had an abundance of ~1.25 fish per 125 m2 and 

biomass of 37.5 g per 125 m2 in 2018 (Gouezo et al, 2018a) and Medal Ngedeiull CA which had an 

abundance of ~1.4 fish per 125 m2 in 2017 (Gouezo et al,2018b). However, these levels are low when 

compared to the reef flat of Ngermasech CA which had an abundance of ~8.3 fish per 125m2 and a 

biomass of ~600g per 125m2in 2015, an MPA considered to be doing well (Gouezo et al, 2016a; Gouezo 

et al, 2016b). 

Long term monitoring of seagrass beds by PICRC shows that seagrass cover decreased significantly from 

2011 to 2012 by ~13% within the MPA and by ~22% in the reference site. The loss in seagrass cover may 

have been caused by Typhoon Bopha, which made landfall on the east coast of Palau in December 2012. 

Typhoon Haiyan, which hit Palau in November 2013, appears to have had less of an impact on the 
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seagrass beds in this MPA. Previous studies have shown that cyclones (typhoons) can significantly 

decrease seagrass cover through physical disturbance (Côté-Laurin et al, 2017). Since 2012, seagrass 

cover has fluctuated within the reference site but remained relatively stable within the MPA.  

4.2 Reef slope habitat 

In the reef slope habitat, edible macroinvertebrate abundance was found to be significantly higher 

within the MPA compared to the reference site in 2019. Macroinvertebrates were also higher within the 

MPA in 2017 and numbers haven’t decreased over time, which indicates effective conservation of 

macroinvertebrates in this habitat.  Commercially important fish biomass and abundance were similar 

within the MPA and reference site in both 2017 and 2019, and there were no changes over time. This 

may indicate that the MPA has not yet been effective at restoring fish populations in the reef slope 

habitat. Friedlander et al (2017) also found no difference in fish biomass between the Ngelukes CA and 

nearby unprotected areas in 2014; however, five other MPAs in Palau did have significantly higher 

commercially valuable reef fish biomass compared to reference sites. The time it takes for fish stocks to 

recover within different MPAs can vary considerably. It has been predicted to take 35 years of 

protection on average for fished sites to recover and 59 years of protection for heavily fished sites to 

recover (MacNeil at al, 2015). Other studies have shown that direct effects on target species typically 

occur within 5 years of MPA establishment, however these effects can vary depending on the life 

histories of individual species (Babcock et al, 2010; Russ & Alcala, 2004; Barrett et al, 2007). The 

Ngelukes CA has been protected for a relatively long time (17 years) and therefore, it would be expected 

to have higher numbers of fish compared to the reference site; however, other factors such as size, can 

influence the effectiveness of an MPA. Large no-take MPAs have been found to have higher abundance 

of target taxa compared to small no-take MPAs (Friedlander et al, 2017; Malcolm et al, 2016) and MPAs 

<2 km in diameter have been shown to achieve only partial protection of fish species, with a bias 

towards smaller species of lower fishery value with smaller home ranges (Krueck et al, 2018). Since the 

Ngelukes CA is a small MPA (~1 km2), protection in the reef slope and reef flat habitats may be 

ineffective for larger commercially important species that have larger home ranges. Home range is 

defined as the areain which a fish spends most of its time (Green et al, 2014). 

 

Live hard coral cover has significantly decreased, by ~19%, within the Ngelukes CA since the 2015 

baseline survey. This difference may be attributed to a change in the survey depth from 5-6 m in 2015 to 

10 m in 2017 and 2019, however it could also indicate degradation of the benthic community within the 
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MPA. Siltation from coastal erosion and run-off has been shown to negatively affect corals; increased 

turbidity leads to a decrease in light which can reduce coral photosynthesis, and sedimentation can lead 

to a reduction in growth and survival from smothering by sediments (Fabricius, 2005). The Ngelukes CA 

is located in Ngerdorch Bay which is impacted by siltation from terrestrial run-off originating from the 

Ngerdorch Watershed (Golbuu et al, 2011). Although Golbuu et al (2011) found relatively low 

sedimentation rates at stations within the Ngelukes CA (2.70 ± 0.45 mg cm-2 d-1 and 4.17 ± 0.57 mg cm-2 

d-1), these low levels can still have negative effects on corals and may explain the decrease in coral cover 

seen. Macroalgae cover was also found to be significantly higher within the MPA compared to the 

reference site in 2019, and was higher than coral cover within the MPA. An increase in macroalgae 

cover, combined with decreased coral cover, could indicate the start of a “phase shift” from coral 

dominance to macroalgal dominance (Bruno et al, 2009). Some macroalgae species have also been 

shown to inhibit coral settlement and recruitment (e.g. Lee et al, 2012), which may explain why the 

abundance of coral recruits has not changed within the MPA over time and is similar to the reference 

site, indicating no increase in young coral populations. A significant decrease in carbonate cover and 

increase in sand and rubble cover was also observed since the baseline.  Coral recruits have been shown 

to have reduced survivability on rubble substrate due to its instability (Fox & Caldwell, 2006), which 

could further explain the low number of recruits observed within the MPA. Further monitoring in 2021 

within the MPA will help to determine if these trends are continuing. 

Overall this study indicates that the Ngelukes CA has not yet been effective atprotecting the reef flat and 

reef slope ecosystems or increasing the biomass and abundance of commercially important fish and 

macroinvertebrate species, apart from macroinvertebrates within the reef slope habitat. Recovery can 

be slow and therefore the next follow-up assessment in 2021 will provide further information on the 

status of these marine resources. In the meantime, it is recommended that Ngchesar State introduce 

better management practices within the watershed to reduce the amount of sediment that is 

discharged into Ngerdorch Bay and to consider increasing the size of the Ngelukes CA in order to 

maximize the benefits of the MPA. 
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Appendix 1: Edible macroinvertebrates 

Common name Palauan name Species 

Black teatfish Bakelungal-chedelkelek Holothuria nobilis 

White teatfish Bakelungal-cherou Holothuria fuscogilva 

Golden sandfish Delalamolech Holothuria lessoni 

Hairy blackfish Eremrum, cheremrumedelekelk Actinopyga miliaris 

Hariygreyfish Eremrum, cheremrum Actinopyga spp. 

Deepwater redfish Eremrum, cheremrum Actinopyga echinites 

Deepwater blackfish Eremrum, cheremrum Actinopyga palauensis 

Stonefish Ngelau Actinopyga lecanora 

Dragonfish Irimd Stichopus horrens 

Brown sandfish Meremarech Bohadschia vitiensis 

Chalk fish Meremarech Bohadschia similis 

Leopard fish Meremarech, esobel Bohadschia argus 

Sandfish Molech Holothuria scabra 

Curryfish Delal a ngimes/ngimesratmolech Stichopus hermanni 

Brown curryfish Ngimes Stichopus vastus 

Slender sea cucmber Sekesaker Holothuria impatiens 

Prickly redfish Temetamel Thelenota ananas 

Amberfish Belaol Thelenota anax 

Elephant trunkfish Delal a molech Holothuria fuscopunctata 

Flowerfish Meremarech Pearsonothuria graeffei 

Surf red fish Badelchelid Actinopyga mauritiana 

Crocus giant clam Oruer Tridacna crocea 

Elongate giant clam Melibes Tridacna maxima 

Smooth giant clam Kism Tridacna derasa 

Fluted giant clam Ribkungel Tridacna squamosa 

Bear paw giant clam Duadeb Hippopus hippopus 

True giant clam Otkang Tridacna gigas 

Sea urchin Ibuchel Tripneustes gratilla 

Trochus Semum Trochus niloticus 
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Appendix 2: Commercially important fish 

Common name Palauan name Species 

Epaulette surgeonfish Chesengel Acanthurus nigricauda 

Yellowfin surgeonfish Mesekuuk Acanthurus xanthopterus 

Surgeonfish species  Acanthurus spp. 

Orangespineunicornfish Cherangel Naso lituratus 

Bluespineunicornfish Chum Naso unicornis 

Unicornfish species  Naso spp. 

Blue trevally Yab Carangoides ferdau 

Yellowspotted trevally Uii Carangoides fulvoguttatus 

Island trevally Otewot Carangoides orthogrammus 

Barcheek trevally  Carangoides plagiotaenia 

Trevally/jack species  Carangoides spp. 

Giant trevally Erobk Caranx ignobilis 

Black jack Omektutau Caranx lugubris 

Bluefin trevally Oruidel Caranx melampygus 

Bigeye trevally Esuch Caranx sexfasciatus 

Trevally/jack species  Caranx spp. 

Rainbow runner Desui Elagatis bipinnulata 

Snubnose pompano Luichlbuil Trachinotus blochii 

Milkfish Aol, Mesekelat Chanos chanos 

Redmouth grouper Chubei Aethaloperca rogaa 

Slender grouper Choloteachi Anyperodon leucogrammicus 

Peacock hind Mengardechelucheb Cephalopholis argus 

Bluespotted hind Temekai Cephalopholis cyanostigma 

Coral hind Temekai Cephalopholis miniata 

Tomato hind Temekai Cephalopholis sonnerati 

Hind species  Cephalopholis spp. 

Humpback grouper Meleches Cromileptes altivelis 

Whitespotted grouper  Epinephelus coeruleopunctatus 

Coral grouper Imirechorch Epinephelus corallicola 

Brown-marbled grouper  Meteungerel’temekai Epinephelus fuscoguttatus 

One-blotch grouper  Epinephelus melanostigma 

Marbled grouper  Ksau’temekai Epinephelus polyphekadion 

Grouper species  Epinephelus spp. 

Masked grouper  Gracila albomarginata 

Squaretail grouper Tiau (black) Plectropomus areolatus 

Saddleback grouper  Katuu’tiau, Mokas Plectropomus laevis 

Leopard grouper  Tiau (red) Plectropomus leopardus 

Highfin coral grouper  Plectropomus oligacanthus 

Coral grouper species  Plectropomus spp. 

White-edged lyretail Baslokil Variola albimarginata 

Yellow-edged lyretail Baslokil Variola louti 

Painted sweetlips  Diagramma pictum 

Giant sweetlips Melimralm, Kosond, Bikl Plectorhinchus albovittatus 

Harlequin sweetlips Bechol Plectorhinchus chaetodonoides 

Yellowstripe sweetlips Merar Plectorhinchus chrysotaenia 
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Harry hotlips  Plectorhinchus gibbosus 

Lesson's thicklip  Plectorhinchus lessonii 

Diagonal-banded sweetlips Yaus Plectorhinchus lineatus 

Painted sweetlip  Plectorhinchus picus 

Sweetlips species  Plectorhinchus spp. 

Indian Ocean oriental sweetlips Yaus Plectorhinchus vittatus 

Blue sea chub Komud, Beab Kyphosus cinerascens 

Brassy chub Komud, Beab Kyphosus vaigiensis 

Sea chub species  Kyphosus spp. 

Humphead wrasse  Ngimer, Maml Cheilinus undulatus 

Yellow cheek tuskfish Budech Choerodon anchorago 

Bream species  Gymnocranius spp. 

Pacific yellowtail emperor  Lethrinus atkinsoni 

Orange-spotted emperor Menges Lethrinus erythracanthus 

Longfin emperor Kroll Lethrinus erythropterus 

Thumbprint emperor Itotech Lethrinus harak 

Orangestripe emperor Udech Lethrinus obsoletus 

Longface emperor Melangmud Lethrinus olivaceus 

Ornate emperor  Lethrinus ornatus 

Red gill emperor Rekruk Lethrinus rubrioperculatus 

Emperor species  Lethrinus spp. 

Yellowlip emperor Mechur Lethrinus xanthochilus 

Humpnose bigeye bream Besechamel Monotaxis grandoculis 

Green jobfish Udel Aprion virescens 

Mangrove red snapper Kedesau’liengel Lutjanus argentimaculatus 

Red snapper Kedesau Lutjanus bohar 

Blackspot snapper Dodes Lutjanus ehrenbergii 

Blacktail snapper Reall Lutjanus fulvus 

Humpback snapper Keremlal Lutjanus gibbus 

One-spot snapper Kesebii Lutjanus monostigma 

Blubberlip snapper Korriu Lutjanus rivulatus 

Snapper species  Lutjanus spp. 

Sailfin snapper Chedui Symphorichthys spilurus 

Bluespot mullet Kelat Valamugil seheli 

Squaretail mullet Uluu Liza vaigiensis 

Dash-and-dot goatfish Bang Parupeneus barberinus 

Gold-saddle goatfish Bang Parupeneus cyclostomus 

Goatfish species  Parupeneus spp. 

Bumphead parrotfish  Berdebed, Kemedukl Bolbometopon muricatum 

Spotted parrotfish Beyadel, Ngesngis Cetoscarus ocellatus 

Parrotfish species Mellemau Chlorurus spp. 

Parrotfish species Mellemau Scarus spp. 

Bleeker’s parrotfish  Chlorurus bleekeri 

Pacific slopehead parrotfish  Chlorurus frontalis 

Palecheek parrotfish  Chlorurus japanensis 

Pacific steephead parrotfish Otord Chlorurus microrhinos 

Pacific bullethead parrotfish  Chlorurus spilurus(previously sordidus) 

Pacific longnose parrotfish Ngiaoch Hipposcarus longiceps 
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Candelamoa parrotfish Berkism Hipposcarus harid 

Filament-finned parrotfish Udoudungelel Scarus altipinnis 

Chameleon parrotfish  Scarus chameleon 

Yellowbarred parrotfish Butiliang Scarus dimidiatus 

Yellowfin parrotfish  Scarus flavipectoralis 

Forsten's parrotfish Mul Scarus forsteni 

Bridled parrotfish  Scarus frenatus 

Bluebarred parrotfish Mertebetabek Scarus ghobban 

Globehead parrotfish Ngemoel Scarus globiceps 

Dusky parrotfish Kiuiid Scarus niger 

Dark capped parrotfish  Scarus oviceps 

Greenthroat parrotfish Melechotech a chau Scarus prasiognathos 

Common parrotfish  Scarus psittacus 

Quoy's parrotfish  Scarus quoyi 

Rivulated parrotfish Besachel-otengel Scarus rivulatus 

Redlip parrotfish Mesekelatmellemau Scarus rubroviolaceus 

Yellowband parrotfish  Scarus schlegeli 

Greensnout parrotfish  Scarus spinus 

Tricolour parrotfish  Scarus tricolor 

Red parrotfish Butiliang Scarus xanthopleura 

Double-lined mackerel Beterturech Grammatorcynus bilineatus 

Dogtooth tuna Kerengab Gymnosarda unicolor 

Narrow barred Spanish 
mackerel 

Ngelngal Scomberomorus commerson 

Forketail rabbitfish Beduut Siganus argenteus 

Blue-spotted spinefoot Reked Siganus corallinus 

Barred spinefoot Reked Siganus doliatus 

Dusky rabbitfish  Meyas Siganus  fuscescens 

Lined rabbitfish Kelsebuul Siganus lineatus 

Masked rabbitfish Reked Siganus puellus 

Peppered spinefoot Bebael Siganus punctatissimus 

Goldspotted rabbitfish Bebael Siganus punctatus 

Rabbitfish species  Siganus spp. 

Great barracuda Ai Sphyraena barracuda 

Bigeye barracuda Lolou Sphyraena forsteri 

Blackmargin barracuda Meyai Sphyraena qenie 
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Appendix 3: Benthic categories 

CORAL (C)  Montiporasubmassive (MONTISB)  Boodlea (BOOD)  

Acanthastrea (ACAN)  Mycedium (MYCED)  Bryopsis (BRYP)  

Acropora branching (ACB)  Oulophyllia (OULO)  Caulerpa (CLP)  

Acropora digitate (ACD)  Oxypora (OXYP)  Chlorodesmis (CHLDES)  

Acropora encrusting (ACE)  Pachyseris (PACHY)  Dictosphyrea (DYCTY)  

Acroporasubmassive (ACS)  Paraclavarina (PARAC)  Dictyota (DICT)  

Acropora tabular (ACT)  Pavona (PAV)  Galaxura (GLXU)  

Alveopora (ALVEO)  Pectinia (PECT)  Halimeda (HALI)  

Anacropora (ANAC)  Physogyra (PHYSO)  Liagora (LIAG)  

Astreopora (ASTRP)  Platygyra (PLAT)  Lobophora (LOBO)  

Caulastrea (CAUL)  Plerogyra (PLERO)  Mastophora (MAST)  

Coral Unknown (CRUNK)  Plesiastrea (PLSIA)  Microdictyton (MICDTY)  

Coscinaraea (COSC)  Pocilloporabranching (POCB)  Neomeris (NEOM)  

Ctenactis (CTEN)  Pocilloporasubmassive (POCSB)  Not ID Macroalgae (NOIDMAC)  

Cyphastrea (CYPH)  Porites (POR)  Padina (PAD)  

Diploastrea (DIPLO)  Poritesbranching (PORB)  Sargassum (SARG)  

Echinophyllia (ECHPHY)  Poritesencrusting (PORE)  Schizothrix (SCHIZ)  

Echinopora (ECHPO)  Poritesmassive (PORMAS)  Turbinaria (TURB)  

Euphyllia (EUPH)  Poritesrus (PORRUS)  Tydemania (TYDM)  

Favia (FAV)  Psammocora (PSAM)  SEAGRASS (SG)  

Faviid (FAVD)  Sandalolitha (SANDO)  C.rotundata (CR)  

Favites (FAVT)  Scapophyllia (SCAP)  C.serrulata (CS)  

Fungia (FUNG)  Seriatopora (SERIA)  E. acroides (EA)  

Galaxea (GAL)  Stylocoeniella (STYLC)  H. minor (HM)  

Gardininoseris (GARD)  Stylophora (STYLO)  H. ovalis (HO)  

Goniastrea (GON)  Symphyllia (SYMP)  H. pinifolia (HP)  

Goniopora (GONIO)  Tubastrea (TUB)  H. univervis (HU)  

Halomitra (HALO)  Turbinaria (TURBIN)  S. isoetifolium (SI)  

Heliofungia (HELIOF)  SOFT CORAL (SC)  Seagrass (SG)  

Heliopora (HELIO)  Soft Coral (SC)  T. ciliatum (TC)  

Herpolitha (HERP)  OTHER INVERTEBRATES (OI)  T.hemprichii (TH)  

Hydnophora (HYD)  Anenome (ANEM)  CORALLINE ALGAE (CA)  

Isopora (ISOP)  Ascidian (ASC)  Amphiroa (AMP)  

Leptastrea (LEPT)  Clams (CL)  Crustose Coralline (CCA)  

Leptoria (LEPTOR)  Corrallimorph (COLM)  FleshyCoralline (FCA)  

Leptoseris (LEPTOS)  Discosoma (DISCO)  Jania (JAN)  

Lobophyllia (LOBOPH) Dysidea Sponge (DYS) SUBSTRATE (SUBS) 

Merulina (MERU) Gorgonians (G) Carbonate (CAR) 

Millepora (MILL) Not Identified Invertebrate (NOIDINV) Mud (MUD) 

Montastrea (MONTA) Sponges (SP) Rubble (RUBBLE) 

Montipora branching (MONTIBR) Zoanthids (Z) Sand (SAND) 

Montipora encrusting (MONTIEN) MACROALGAE (MA) Turf (TURF) 

Montipora foliose (MONTIF) Asparagopsis (ASP)  

Montipora other (MONTIO) Bluegreen (BG)  

 


