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Abstract
This assessment of Ngardmau State’s Ngermasech Conservation Area (CA) focused on
recording density and biomass of commercially important fish, density of edible macroinvertebrates, benthic community, and coral recruitment within two main habitats – seagrass
dominated reef flat (RFS) and lagoon. In 2017 and 2019, a reference site (REF) was surveyed
to examine the effectiveness of the protection of the CA. The CA RFS had an increase in all
measured indicators from 2017 to 2019 with significant increases of macro-invertebrate
density and seagrass cover. This is a positive change since the 2017 survey indicated that
macro-invertebrate density was the only indicator that increased. Density of macroinvertebrates including clam and sea cucumber population as well as seagrass cover was
significantly higher within the CA RFS than the REF RFS in 2019. Macro-invertebrate density
was significantly higher within the CA than the REF in 2017. There were significant changes in
benthic cover in the CA lagoon. The most notable was a significant increase in macroalgae
cover and carbonate cover from 2017 to 2019, while rubble, sand, and turf substrate cover
significantly decreased. While there was no significant change in hard coral cover within the
CA through time, there was significantly higher hard coral cover within the CA compared to
the REF in both 2017 and 2019. Lastly, there was no significant change in coral recruitment
within the CA or the REF sites through time, but results indicate that the CA had a lower
recruitment rate in comparison to the REF in both 2017 and 2019. Overall, Ngermasech CA is
effectively protecting key resources, allowing for recovery and growth.
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Introduction
Marine Protected Area (MPA) is a management tool used to protect marine biodiversity and
in Palau, it is used mainly for protection of fisheries resources. Nationwide, Palau has over 44
protected areas, 35 of which cover marine habitats (Friedlander et al., 2017). The Palau
Protected Areas Network (PAN) was established in 2003 by the Palau National Government
and serves as a nation-wide system of protected areas. States may designate their protected
areas as a PAN site pending approval of the network-wide guidelines for management and
development of PAN sites (RPPL No. 7-42). There are currently 34 PAN sites located across 15
of Palau’s 16 states. Fifteen of the 34 PAN sites are MPAs, the remaining being terrestrial sites
(PAN Status Report 2003-2015).
Since 2014, the Palau International Coral Reef Center (PICRC) has been conducting ecological
surveys to assess the effectiveness of state marine conservation areas (CA) that are part of
the PAN. Biological monitoring is an essential component of adaptive management to
measure the effectiveness and progress of MPAs. Baseline assessments were conducted at
the habitat level of 13 out of the 15 PAN MPAs between 2014 and 2015 (Gouezo et al., 2016).
To assess their effectiveness, PICRC has subsequently re-surveyed each of the PAN MPAs
between 2017-2018 and 2019-2020. In order to effectively manage protected areas, resource
managers and relevant stakeholders need information on the changes and trends on the
condition of their resources.
Located in Ngardmau state, Ngermasech Conservation Area (CA) formally became a state
conservation area in 1998 (NPL 4-20) and became a PAN site in 2009 (Ngardmau Conservation
Board, 2011). Ngermasech CA has been completely protected from fishing and harvesting for
the past 21 years. The CA includes three marine ecosystems: mangroves, seagrass beds
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(located on the reef flat) and coral reefs (lagoon fringing reef). This study focuses on the
seagrass dominated reef flat (RFS) and coral reef lagoon habitats (fig. 1). Excluding the
mangrove area, the total area of the CA is 2.92 km2. The objectives of this study were to
evaluate the status and trends of the natural resources within the two main habitat types by
assessing the effectiveness of the CA in protecting resources over time and comparing
resources found within the protected area and nearby, non-protected reference site (REF).

Figure 1: Republic of Palau satellite map
Methods
1. Study sites
This report presents three survey periods – a baseline survey conducted in 2015 and two
follow-up periods in 2017 and 2019. To avoid seasonal variation, all surveys were conducted
in November of each respective year. In 2017 and 2019, a reference (REF) site with similar
habitat types and size to the CA that is currently under no restriction from harvesting or
fishing was surveyed to examine the effectiveness of the protection status of Ngermasech CA.
Along the coral reef lagoon, three stations were surveyed at each site – CA and REF, and nine
stations were surveyed on the RFS at each site – CA and REF. Five stations on the RFS were
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added during the 2019 survey to account for the high variability of sea cucumber density
observed during the 2017 survey to allow for a more accurate and representative sample of
macro-invertebrates (fig. 2).

Figure 2: Satellite image of Ngermasech CA with monitoring sites inside (red boundaries)
and outside the protected area
2. Ecological surveys
Two survey methods were used, specific to each habitat.
2.1 Seagrass dominated Reef Flat (RFS)
At each station on the RFS, where the seagrass bed was surveyed, five 25 m transect tapes
were laid at a maximum depth of 2 m on the substrate with 1-3 m gap between each tape.
Indicators measured along each transect were commercially important fish size and density,
edible macro-invertebrate size and density, and seagrass percent coverage.
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Underwater visual census (UVC) was conducted for 35 commercially important fish where
density and size (cm) were recorded within a 5 m wide belt (Appendix 1a). Edible macroinvertebrates were recorded in density and size (cm) within a 2 m wide belt along each
transect (Appendix 2). Sea cucumbers and clams were measured by body/shell length (cm)
while shelled macro-invertebrates such as ibuchel (Tripneustes gratilla) and semum (Trochus
niloticus) were measured by the diameter (cm) of the shell base. Seagrass percentage cover
was quantified by using a 0.5 m² quadrat placed at every 5 m (Appendix 3). All data were
compared with previous data from the 2015 baseline and 2017 follow-up assessments, with
the exception of seagrass cover. Due to a change in seagrass survey methods from the
baseline, baseline seagrass cover was excluded from the analysis.
Of the nine (9) RFS stations, four (4) (SG) recorded all previously mentioned indicators while
edible macro-invertebrate size and density was the only indicator recorded at the remaining
five (5) stations (SC) (fig. 2) to account for the large variation in macro-invertebrate density
observed in 2017.
2.2 Coral Reef (Lagoon)
In the lagoon, five 50 m transect tapes were laid at a maximum depth of 10 m with a 1-3 m
gap between each tape. Indicators recorded within the lagoon included commercially
important fish size and density, edible macro-invertebrate size and density, benthic
community, and coral recruit size and density.
Commercially important fish size (cm) and density was surveyed using stereo-DOV (Diver
Operated Video) within a 5 m wide belt (Appendix 1b). Edible macro-invertebrates were
recorded within a 2 m wide belt along each transect (Appendix 2). Benthic community was
measured using photographs taken at every meter along each transect using an underwater
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camera (Canon G16) mounted on a 0.5 m² photo-quadrat frame. Coral recruits (juvenile corals
≤ 5 cm) were recorded (at the genus level) in the first 10 m of each transect within a 0.3 m
wide belt (Appendix 4). All data were compared with the previous surveys in 2015 and 2017
with the exception of fish size and density. Fish data is only compared with 2017 due to a
difference in fish survey methods during the baseline. Comparison between the CA and the
respective REF were conducted each survey year except during 2015 where no REF site was
surveyed.
3. Data processing and analysis
Fish videos were processed using EventMeasure, where all commercially important fish were
counted and their fork length measured (Goetze et al., 2019; Whitmarsh et al., 2017) and
exported to excel for further analysis. Fish biomass was calculated using the total lengthbased equation W=aTLb where W is the weight of the fish in grams (g), TL is 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).
Fish data was analyzed as a whole as well at their trophic level. Photographs of the benthic
community to determine substrate percent cover were analyzed using CPCe (Coral Point
Count with excel extensions) (Kohler and Gill 2006) and exported to excel for further analysis.
UVS fish, seagrass percentage cover, coral recruits, and macro-invertebrate data were
entered directly into excel for further analysis. All data was standardized to per m² with the
exception of benthic and seagrass data.
Prior to running statistical tests, data were checked for normality using normal quantile p and
the Shapiro test. When data were non-normal, data were transformed (log, √, ∛, ∜) and retested. Normal data were analyzed using a linear mixed-effects model (LMER) and estimated
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marginal means (EMMEANS) post-hoc tests. Non-normal data were analyzed using MannWhitney U test or Kruskal Wallis test and Dunn’s post-hoc test. All analysis were done using R
software (R Development Core Team 2020).
Results
Data from the 2019 survey are presented according to habitat type and, wherever possible,
compared to data obtained during the previous surveys conducted in 2015 and 2017.
1. Seagrass Dominated Reef Flat Habitat
a. Fish density
There was no significant difference in density of commercially important fish through time in
the CA and at the protection status (Kruskal-Wallis p-value > 0.05). In 2015, within the CA, the
mean fish density was 0.07 (±0.03) fish per m². In 2017, fish density dropped, though not
significantly, to 0.02 (±0.01) fish per m² and in 2019, slightly increased to 0.03 (±0.01) fish per
m². Fish density in the REF in 2017 and 2019 were slightly higher compared to the CA with
0.03 (±0.01) and 0.04 (±0.02) fish per m², respectively (fig. 2).
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Figure 2: Mean fish density (per m²) in the CA in 2015, 2017, and 2019 and reference site in
2017 and 2019 (error bars indicate standard error (±SE))
Fish were grouped according to trophic levels and further examined. There was no significant
difference found in commercially important herbivorous fish nor carnivorous fish within the
CA through time (Kruskal-Wallis p-value >0.05, >0.05, respectively) nor at the protection
status (p-value >0.05, >0.05, respectively) (fig. 3).
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Figure 3: Mean fish density (per m²) in the CA in 2015, 2017, 2019 and the REF in 2017 and
2019
The most abundant fish recorded was Siganus spp. (meyas (S. fuscescens), kesebuul (S.
lineatus), reked (S. doliatus and S. puellus)) with a total of 134, 27, and 13 recorded in the CA
in 2015, 2017, and 2019 respectively, and 44 and 74 within the REF in 2017 and 2019,
respectively. The most abundant carnivorous fish recorded within the CA was Lethrinus spp.
(chudech (L. obsoletus), itotech (L. harak), mechur (L. xanthochilus)) in 2015 and 2017 with 39
and 6 fish respectively. In 2019, Lutjanuse spp. (keremlal (L. gibbus), reall (L. fulvus)) was the
most abundant carnivorous fish with 12 fish recorded. Within the REF, Lethrinus spp. was the
most abundant in 2017 and 2019 with 7 and 14 fish, respectively (fig. 4).
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Figure 4: Total recorded fish genus/species in the CA in 2015, 2017, 2019 and the REF in 2017
and 2019
b. Fish biomass
Results indicated no significant interaction of commercially important fish biomass within
the CA over time and at the protection status (Kruskal-Wallis p-value >0.05). Though not
significant, there was a decrease in overall fish biomass from 10.65 (±6.74) g/m² in 2015 to
1.4 (±0.79) g/m² in 2017, which then increased to 2.18 (±0.88) in 2019. The REF did not
significantly differ from the CA in the respective survey years with 1.76 (±0.33) g/m² in 2017
and 5.06 (±2.49) g/m² in 2019 (fig. 5).
There was no significant interaction in commercially important fish biomass at the trophic
levels within the CA over time and at the protection status (Kruskal-Wallis herbivore p-value
>0.05, carnivore p-value >0.05) (fig. 6).
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Figure 5: Mean fish biomass (g/m²) in the CA in both 2015, 2017, 2019 and the REF in 2017
and 2019 (error bars indicate standard error (±SE))
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Figure 6: Mean fish biomass (g/m²) at the trophic level in the CA in both 2015, 2017, 2019 and
the REF in 2017 and 2019
c. Edible macro-invertebrates
Results indicated a significant interaction in edible macro-invertebrate density over time
within the CA and between protection status (Kruskal-Wallis p-value >0.001). Among the
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different interactions, the CA had significantly higher density of macro-invertebrates per m²
than the REF in 2019 (2.04 ±0.5, 0.04 ±0.02, respectively) (Dunn p-value <0.001) (fig 7).
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Figure 7: Mean macro-invertebrate density (per m²) in the CA in both 2015, 2017, 2019 and
the REF in 2017 and 2019 (error bars indicate standard error (±SE))
The most abundant macro-invertebrate observed was the sea cucumber, cheremrum
(Actinopyga spp.). In 2015, a total of 516 cheremrum were recorded in the CA and in 2017,
951 cheremrum were recorded in the CA. In 2019, with the added five sites, a total of 4,433
cheremrum were recorded in the CA. The giant clam species, oruer (Tridacna crocea), was the
second most abundant macro-invertebrate recorded within the CA in 2015 (186) and in 2019
(14). Within the CA in 2017, sekesaker (Holothuria impatiens) was the second most abundant
macro-invertebrate recorded (115). There were three counts of ibuchel (Tripneustes gratilla),
one within the CA in 2017, one in the reference in 2017, and one within the CA in 2019. Ibuchel
was included in the overall macro-invertebrate analysis but was excluded from the grouping
analysis below.
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Macro-invertebrates were grouped according to clams and sea cucumbers and further
analyzed. There was a significant interaction among sea cucumber density, year, and
protection status (Kruskal-Wallis p-value <0.01). Between protection status, sea cucumber
density per m² within the CA in 2019 (2.03 ±0.5) was 50 times higher compared to the REF
(0.04 ±0.02) (Dunn p-value <0.01). While not significant, the sea cucumber density increased
within the CA throughout the years (fig. 8a).
Clam density per m² had a significant interaction through time and protection status (KruskalWallis p-value <0.001) (fig. 8a). Clam density per m² was significantly higher within the CA in
2015 (0.26 ±0.18) compared to the CA in 2017 (0.01 ±0.005) and 2019 (0.007 ±0.003) (Dunn
p-value <0.05, <0.001, respectively). At the protection status, clam density per m² in the CA
(0.012 ±0.005) was 12 times higher than its REF in 2017 (0.001 ±0.001) (Dunn p-value <0.05,
respectively) (fig. 8b).

Figure 8: Mean (a) sea cucumber and (b) clam density (per m²) in the CA in 2015, 2017, 2019
and the REF in 2017 and 2019 (error bars indicate standard error (±SE))
d. Seagrass cover
There were significant interactions between total seagrass coverage (%) at the protection
status and through time (LMER p-value <0.05). At the protection status, the CA had a higher
percentage cover in 2019 than the REF (EMMEANS p-value <0.001) while there was no
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significant difference between the protection status in 2017 (EMMEANS p-value >0.05). In
2017, there was an average of 13.8% (±2.6%) seagrass coverage within the CA and average of
17.8% (±3.1%) cover within the REF. While in 2019, there was 24% (±5.5%) seagrass coverage
within the CA and 20.5% (±3.3%) cover within the REF (fig. 9).
Six seagrass species were identified during the survey. Thalassia hemprichii, Enhalus
acoroides, Cymodocea rotundata, and Holophila ovalis were identified within both the CA and
the REF, while Halodule pinifolia was the only additional species found in the REF. Among
these, T. hemprichii was the most abundant species in both the CA and the REF for both 2017
and 2019, followed by E. acaroides.
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Figure 9: Mean seagrass cover (%) per 125 m² in the CA and the REF in 2017 and 2019 (error
bars indicate standard error (±SE))
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2. Lagoon Habitat
a. Fish density
Results indicated no significant interaction of commercially important fish density among the
two time periods and protection status (Kruskal-Wallis p-value >0.05). There was a slight
increase in mean density of commercially important fish within the CA from 0.02 (±0.01) per
m² in 2017 to 0.03 (±0.01) per m² in 2019, while in the reference, fish density decreased from
0.04 (±0.01) per m² in 2017 to 0.02 (±0.003) per m² in 2019 (fig. 10).
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Figure 10: Mean commercially important fish density per m² within the CA and the REF in
2017 and 2019 (error bars indicate standard error (±SE))
Fish were grouped according to trophic levels with a primary focus on herbivorous fish while
carnivorous and omnivorous fish were grouped as ‘others’. Results indicated a significant
interaction between herbivorous fish density through time and protection status (KruskalWallis p-value <0.01). The post-hoc test indicated that the CA had significantly lower density
of herbivorous fish per m² than the REF in 2019 (0.005 ±0.002, 0.015 ±0.003, respectively)
(Dunn p-value <0.05). There was no significant difference between herbivorous fish density
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and protection status in 2017 nor within the CA through time (p-value >0.05, >0.05,
respectively). Additionally, no statistical difference in fish density was found in the remaining
fish groups – ‘others’ – through time or protection status. (Kruskal-Wallis p-value >0.05) (fig.
11).
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Figure 11: Mean commercially important fish density per m² at the trophic level within the
CA and the REF in 2017 and 2019 (error bars indicate standard error (±SE))
The most abundant fish species recorded was from the parrotfish family Scaridae (ngesngis
(Cetoscarus sp.); otord (C. microrhinos); sechiir (S. dimidiatus); melechotech a chau (S.
prasiognathos); mesekelat mellemau (S. rubroviolaceus); mellemau (C. spilurus, Chlorurus sp.,
S. flavipectoralis, S. oviceps, S. tricolor, and Scarus sp.)). While the most abundant carnivorous
fish recorded were red snappers, raell (Lutjanus fulvus) and keremlal (Lutjanus gibbus) (fig.
12).
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Figure 12: Major fish genus/species observed within the CA and the REF in 2017 and 2019
b. Fish biomass
Results indicated no significant interaction in commercially important fish biomass through
time and at the protection status (Kruskal-Wallis p-value >0.05). Though not significant,
there was an increase in overall fish biomass within the CA from 2.57 (±1.07) g/m² in 2017
to 4.41 (±1.81) g/m² in 2019. At the protection status, the REF was not significantly greater
than the CA within the respective survey years, with 4.19 (±1.64) g/m² recorded within the
REF in 2017 and 4.73 (±1.61) g/m² in the REF in 2019 (fig. 13).
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Figure 13: Mean commercially important fish biomass per m² within the CA and REF in 2017
and 2019 (error bars indicate standard error (±SE))
At the trophic levels, herbivorous fish biomass was significantly lower within the CA in 2019
compared to the reference site of the same year (0.63 ±0.27, 1.93 ±0.41 g/m², respectively)
(Dunn p-value <0.05). There was no significant change in herbivorous fish biomass through
time nor between protection status (Dunn p-value >0.05). Change in carnivorous and
omnivorous trophic level classified under ‘others’ had no significant interaction over time nor
at the protection status (Kruskal-Wallis p-value >0.1) (fig. 14).
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Figure 14: Mean commercially important fish biomass g/m² at the trophic level within the CA
and the REF in 2017 and 2019 (error bars indicate standard error (±SE))
c. Edible macro-invertebrates
Within the lagoon, there were significant interactions among edible macro-invertebrates,
survey year, and protection status (Kruskal-Wallis p-value <0.001). Macro-invertebrates had
significantly higher density within the CA in 2015 compared to either 2017 or 2019 (Dunn pvalue <0.001, <0.001, respectively) though there was no significant change in macroinvertebrate density between 2017 and 2019 (Dunn p-value >0.05) (fig. 15). Oruer (Tridacna
crocea) was the most abundant macro-invertebrate, accounting for 94 of the 95 macroinvertebrates recorded in 2015. In 2017, mermarch (Bohadschia argus) was the most
frequently observed species within both the CA and REF. Ngimes (Stichopus vastus) was the
only macro-invertebrate recorded in the CA in 2019.
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Figure 15: Mean macro-invertebrate density per m² within the CA (red) in 2015, 2017, 2019,
with the REF (blue) in 2017 and 2019 (error bars indicate standard error (±SE))
When grouping the macro-invertebrates according to clams and sea cucumbers, there was no
significant interaction with sea cucumber density through time or protection status (KruskalWallis p-value >0.05) (fig. 16a). There was a significant interaction among clam density
through time and protection status (Kruskal-Wallis p-value <0.001). Clam density was
significantly higher within the CA in 2015 compared to 2017 and 2019 (Dunn p-value <0.001,
<0.001, respectively) (fig. 16b). There was no significant difference in density within the CA
between 2017 and 2019 (Dunn p-value >0.05), nor was there any significant difference
between protection status in 2017 and 2019 (Dunn p-value >0.05).
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Figure 16: Mean (a) sea cucumber and (b) clam density per m² within the CA (red) in 2015,
2017, 2019, with the REF (blue) in 2017 and 2019 (error bars indicate standard error (±SE))
d. Benthic cover
Benthic cover shifted significantly among some major categories through time and protection
status. The first notable change was the significant shift in macroalgae (MA) cover with results
indicating a significant interaction between protection status and surveyed years (KruskalWallis p-value <0.001). Within the CA, there was a significant increase in MA in 2019 (11.2%
±2.2) from 2015 (0% ±0) and 2017 (0.1% ±0.1) (Dunn p-value <0.01, <0.001, respectively). The
11.2% MA cover recorded in 2019 was of the Lobophora spp., while the 0.1% in 2017 was an
unidentified species of MA. Between protection status, the CA had significantly lower
coverage of MA compared to the REF in 2017, though there was no significant difference in
2019 (Dunn p-value <0.001, >0.05, respectively). The MA cover in the REF in 2017 consisted
of Bryopsis spp. (0.03% ±0.03), Lobophora spp. (0.35% ±0.24), and unidentified MA (22.82%
±0.34), while in 2019, the REF comprised of Lobophora spp. (18.59% ±8.49) and Padina spp.
(0.32% ±0.12) (fig. 17).
The second notable shift was the significant interaction of ‘other substrate’ cover (SUB; i.e.
carbonate, mud, rubble, sand, turf) among protection status and surveyed years (LMER, pvalue <0.05). While there was no significant change in SUB cover within the CA between 2017
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and 2019 (EMMEANS p-value >0.05), both 2017 and 2019 had significantly lower SUB cover
compared to 2015 (EMMEANS p-value <0.05, <0.01, respectively) (fig. 17).
Results of crustose coralline algae (CCA), soft coral, and other invertebrates (OI; i.e. ascidians,
sponges) indicated a significant interaction between protection status and surveyed years
(Kruskal-Wallis p-value <0.01 LMER, p-value <0.01, <0.05, respectively). All three major
categories were significantly lower within the CA in 2017 than the REF (EMMEANS p-value
CCA, <0.05; soft coral, p-value <0.05; OI, p-value <0.001). There were no other significant
interactions in either of these three major categories among the surveyed years and
protection status (fig. 17).
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Figure 17: Major benthic categories coverage (%) within the CA in 2015, 2017, 2019 and the
REF in 2017 and 2019. (“SUB” – other substrate, “CCA” – crustose coralline algae, “MA” –
macroalgae, “OI” – other invertebrates, “SoftCoral”, “Coral” – hard coral)
Due to some significant shifts when the five categories classified under SUB, each category –
carbonate, mud, rubble, sand, turf – were further examined. Results indicated that carbonate
cover changed significantly throughout time while protection had no effect (LMER, p-value
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<0.001, >0.05, respectively). From 2015 to 2017, carbonate cover significantly decreased from
42.15% (±3.35) to 24.76% (±3.14), then significantly increased to 47.03% (±4.87) in 2019
(EMMEANS p-value <0.01, <0.001, respectively). Mud cover was significantly lower within the
CA (0% ±0) than the REF (8.96% ±3.56) in 2019 (Kruskal-Willis p-value <0.01). Rubble cover
within the CA in 2019 (2.27% ±0.63) was significantly lower compared to 2015 (18.96% ±6.15)
and 2017 (11.91% ±1.97) (Kruskal-Wallis p-value >0.05, <0.05, <0.01, respectively). In the CA,
sand cover significantly increased from 1.48% (±0.68) in 2015 to 10.36% (±2.22) in 2017 then
significantly decreased to 0.59% (±0.3) in 2019 (Kruskal-Wallis p-value <0.01, <0.001,
respectively). The only significance protection had on sand coverages was in 2019 where sand
was significantly lower within the CA (0.59% ±0.3) than the REF (4.43% ±1.23) (EMMEANS pvalue <0.01). Within the CA, turf was significantly lower in 2019 (0.64% ±0.26) compared to
2015 (12.37% ±3.85) and 2017 (7.31% ±1.02), though the change between 2015 and 2017
was not significant (Kruskal-Wallis p-value <0.01, <0.01, >0.05, respectively). Protection had
a significant effect in 2019 where turf was significantly lower within the CA (0.64% ±0.26)
compared to the REF (16.59% ±4.13) (Kruskal-Wallis p-value <0.001) (fig. 18).

24

PICRC Technical Report No. 21-03
80
70

Other substrate cover (%)

60
50
Turf

40

Sand

30

Rubble

20

Carbonate

Mud

10
0

2015

2017

2019

2015

CA

2017

2019

REF
Year | Protection

Figure 18: Mean percentage cover of ‘other substrate’ categories identified within the CA in
2015, 2017, 2019, with the REF in 2017 and 2019
Hard coral cover had no significant interaction between protection and survey year; however,
independently, protection and year were significant factors on hard coral cover (LMER p-value
>0.05, <0.05, <0.001, respectively). At the protection status, the CA had significantly higher
coverage of hard coral compared to the REF in 2017 and 2019 (EMMEANS p-value <0.05,
<0.05). Hard coral cover in 2017 and 2019 both remain significantly higher than recorded in
2015 (EMMEANS p-value <0.001, 0.05, respectively), while there was no significant difference
between 2017 and 2019 (EMMEANS p-value >0.05) (fig. 19). Of the hard corals identified
within the lagoon, Poritidae was the most abundant family within the CA throughout all three
years while branching Acroporidae was the most abundant coral family within the REF (fig.
19, Appendix 7: hard coral % cover).
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Figure 19: Mean percentage cover of hard coral identified within the CA in 2015, 2017, 2019,
with the REF in 2017 and 2019
e. Coral recruit
Results indicated no significant interaction of coral recruit density among protection status or
through time (LMER p-value > 0.05). Within the CA, coral recruits averaged 6.7 (± 0.3) recruits
per 0.3 m² over the four years (2015, 6.9 ± 0.6; 2017, 7 ± 1.7; 2019, 6.1 ± 1.2) (fig. 20).
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Figure 20: Mean coral recruit density per 3 m² within the CA in 2015, 2017, 2019, with the
REF in 2017 and 2019 (error bars indicate standard error (±SE))
Diversity of coral recruits has increased since 2015. There were 6 coral genera observed within
the CA lagoon in 2015, 19 coral genera within the CA in 2017, and 13 coral genera within the
CA in 2019. Within the reference site, 18 coral genera were identified in 2017 and 20 coral
genera recorded in 2019 (fig. 21).
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Figure 21: Mean coral recruit abundance by species genera observed with the CA and the
REF. Bolded genera indicate species recorded each year within the CA and the REF. Normal
font genera indicate species recorded within the CA and the REF in 2017 and 2019.
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3. Result Summary
As the changes among examined indicators through time and protection status are
extensive, a table (below) summarizes the results.
Table 1: Result summary of change through surveyed years and between protection status.
(Red bolded trends indicate significance, ↑ increase, = no change, ↓ decrease)
Fish abundance
Seagrass dominated reef flat (RFS)

CA Trends (↑, =, ↓)
2015»2017
2017»2019
↓
↑
↓
=
↓
↑
↓
↑
↓
↑
↓
↑

Ecological Indicator

Habitat

Fish biomass

Overall
Herbivore
Carnivore
Overall
Herbivore
Carnivore
Overall

↑

MPA > REF

MPA > REF

↓

=

MPA > REF

MPA > REF

↑

↑

MPA > REF

MPA > REF

N/A

↑

MPA < REF

MPA > REF

Overall

N/A

↑

MPA < REF

MPA > REF

Herbivore

N/A

↑

MPA < REF

MPA < REF

Others (carnivore, omnivore)
Overall

N/A
N/A

↑
↑

MPA < REF
MPA < REF

MPA > REF
MPA < REF

Herbivore

N/A

↑

MPA < REF

MPA < REF

Carnivore + Omnivore

N/A

↑

MPA < REF

MPA > REF

Overall

↓

↓

MPA > REF

MPA < REF

Clams

↓

↓

MPA > REF

MPA < REF

Sea cucumbers

↑

↓

MPA > REF

MPA < REF

Macroalgae

↑

↑

MPA < REF

MPA < REF

Substrate

↓

↓

MPA > REF

MPA < REF

↓

↑

MPA > REF

MPA > REF

=

=

MPA = REF

MPA < REF

Rubble

↓

↓

Sand

↑

↓

MPA < REF

MPA < REF

Turf

↓

↓

MPA < REF

MPA < REF

Crustose coralline algae

=

=

MPA < REF

MPA < REF

Soft coral

↑

↑

MPA < REF

MPA < REF

Other invertebrates

↑

↓

MPA < REF

MPA < REF

Hard coral

↑

↓

MPA > REF

MPA > REF

Significant increase from baseline
and 2017 to 2019; significantly
higher hard coral cover within MPA
than reference in 2017 and 2019

↑

↓

MPA < REF

MPA < REF

No significant interaction

Sea cucumbers

Seagrass cover

Fish biomass

Macro-invertebrates

Lagoon

Carbonate
Mud

MPA > REF

Substrate

Benthic

Coral recruit

Description
No significant interaction
No significant interaction
No significant interaction
No significant interaction
No significant interaction
No significant interaction
Significant increase from baseline
to 2019
Significantly higher during the
baseline than recorded in 2017 and
2019 within CA
Significantly higher within the CA
compared to reference in 2019
Significant increase from 2017 to
2019 within the CA; Significantly
higher % cover within the CA than
reference in 2019
No significant interaction
Significantly higher abundance /m²
within the reference than CA in
2019
No significant interaction
No significant interaction
Significantly higher g/m² within the
reference than CA in 2019
No significant interaction
Significantly higher during the
baseline than recorded in 2017 and
2019 within CA
Significantly higher during the
baseline than recorded in 2017 and
2019 within CA
No significant interaction
Significantly higher MA in 2019 than
2015 and 2017
Significantly higher during the
baseline than recorded in 2017 and
2019 within CA
Significant change through time; no
significance at protection level
Significantly higer cover of mud in
the reference than CA in 2019
Significant decrease from baseline
and 2017 to 2019
Significant fluctuation through time
within the CA; significantly greater
cover in the reference than CA in
2019
Significant decrease from baseline
and 2017 to 2019; significantly
greater cover in the reference than
CA in 2019
Significantly higer CCA within
reference than CA in 2019
Significantly higer soft coral within
reference than CA in 2019
Significantly higer other
invertebrates within reference
than CA in 2019

↑

Macro-invertebrates Clams

Fish abundance

Protection (MPA vs. REF)
2017
2019
MPA < REF
MPA < REF
MPA > REF
MPA < REF
MPA < REF
MPA > REF
MPA < REF
MPA < REF
MPA > REF
MPA < REF
MPA < REF
MPA < REF
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Discussion
While the objective of Ngermasech CA is to protect natural resources that locals depend on
for future sustainability, one of the key interests is the macro-invertebrate population,
specifically sea cucumbers. Once rich in sea cucumber, Ngardmau state’s seagrass dominated
reef flats experienced a drastic and concerning depletion of the cheremrum (Actinopyga spp.)
population following the 2011 overharvest. Between 2009 and 2012, the mean density of
cheremrum within the CA dropped from 2.61 to 2.04 per m² (130.7 and 102.1 per 50 m²
respectively) and continued to drop in 2015 to 0.98 per m² (49.1 per 50 m²). While within the
non-protected area surveyed, mean density dropped from 1.96 to 0.24 m² (97.8, 11.8 per 50
m² respectively) (Golbuu et al., 2012; Rehm et al., 2014). This decline continued within the
reference site in 2017 and 2019, where the mean density dropped to 0.071 per m² (3.55 per
50 m²) in 2017 and again to 0.04 per m² (2.09 per 50 m²) in 2019. Within the CA, in 2017,
results indicated an inversion in population density, increasing to 1.15 per m² (57.7 per 50 m²)
and continued to increase in 2019 to 2.04 per m² (101.82 per 50 m²) (Appendix 8).
While the 2017 survey indicated a decrease for most indicators from the baseline to the first
follow-up (Otto et al., 2019), this second assessment showed that all measured indicators
within the CA RFS either remained the same or increased through time (table 1). This is a
positive result of the effect of Ngardmau’s conservation efforts within Ngermasech CA and
their interest in preserving the sea cucumber population, in addition to other locally
depended resources.
Within the CA lagoon, results showed that macroalgae coverage continued to increase while
turf continued to decrease since the baseline in 2015. In addition, results for the substrate
cover showed an increase in carbonate cover and stability of crustose coralline algae through
time, which are usually a good indicator of coral recruitment. The decrease in coral
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recruitment could be assumed to be a result of the increased macroalgae coverage, out
competing hard corals for space (Lee et al, 2012). While a common concern with macroalgae
cover increase is a threat of a habitat phase shift from dominated hard coral to dominated
macroalgae cover, a study has shown that the relationship between macroalgae and coral
cover is weak (Bruno et al., 2009). While our findings support Lee et al, 2012 more than Bruno
et al., 2009, it might still be worthwhile to examine the connectivity of coral larval within the
area to determine if in fact the decrease in recruitment is due to macroalgae cover or the
availability of larva for settlement. Furthermore, while the increase of macroalgae cover is
low (11%), it is still an indicator that needs to be continuously monitored into the future.
One key resource that helps manage reefs from macroalgae takeover is the herbivore fish
community (Williams & Polunin, 2001). While we were unable to observe changes in
commercially important fish density and biomass from 2015 to 2017, results showed an
increase in these indicators both overall and at the two trophic levels, herbivores and
carnivores, from 2017 to 2019. As herbivorous fish species are important species on reefs to
maintain turf and macroalgal blooms by grazing, these results could indicate that while the
increase in herbivorous fish density may not be sufficient in keeping the macroalgae down,
they could possibly be positively controlling the turf coverage. Alternatively, other factors
such as nutrient levels and sedimentation could be attributing to the increase in macroalgae
by providing prime conditions for algae growth. The results showed that while macroalgae
has increased over time, it remains lower within the CA than the reference site. One possible
explanation was mentioned in the previous report of 2017 results indicating that the
protection of the mangrove area of Ngermasech CA is providing protection in minimizing
runoff and acts as natural filters prior to entering the ocean (Otto et al., 2019). Water quality
measurements are currently being collected and implemented as a permanent measured
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indicator in future surveys conducted by PICRC. Data is still being processed and analyzed,
and a report of the water assessment will follow.
Changes and trends occur gradually and could take many years, other studies have shown
that sea cucumber populations can take many years to recover (Golbuu et al., 2012). This is
evident as we see the sea cucumber population increasing eight years later, back to the
density following the depletion in 2011. These results show that it takes time for positive
change, and continued surveying and monitoring over the coming years is strongly
recommended.
According to a socio-economic study conducted in 2014, Ngardmau community members
were highly knowledgeable and supportive of Ongedechuul System of Conservation Areas
(OSCA) and the Palau PAN (Kleiber & Koshiba, 2014). This level of public awareness and
support of Ngardmau’s conservation efforts is key in ensuring the effectiveness of their
conservation zones. Even with the strong community support, the Ngardmau community still
reported hearing about or seeing illegal entry and fishing activities within their MPAs (Marino
& Uchel, 2019). It is strongly recommended to increase surveillance and enforcement of the
CA from possible poachers outside of the community. Finally, it is recommended to improve
watershed management to minimize sediment run-off into the ocean.
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Appendix
Appendix 1a: 35 Commercially important fish (UVC)
Palauan Name
Kemedukl
Erobk
Oruidel
Beyadel/ngesngis
Melemau
Maml
Budech
Meteungerel’temekai
Kesau’temekai
Bekism
Ngiaoch
Komud, Teboteb
Udech
Melangmud
Rekruk
Mechur
Uluu
Kedesau’l iengel
Kedesau
Keremlal
Erangel
Chum
Melim ralm,
Kosond/Bikl
Merar
Tiau
Katuu’tiau, Moka
Tiau
Otord
Udouungelel
Beduut
Meyas
Kelsebuul
Reked
Bebael
Kelat

Common name
Bumphead parrotfish
Bluefin trevally
Giant trevally
Bicolor parrotfish
parrotfish
Humphead parrotfish
Yellow cheek tuskfish
Brown-marbled grouper
Marbled grouper
Indian Ocean Longnose
parrotfish
Pacific longnose parrotfish
Rudderfish (lowfin)
Orangestripe emperor
Longface enperor
Red gill emperor
Yellowlip emperor
Squaretail mullet
River snapper
Red snapper
Humpback snapper
Orangspine unicornfish
Bluespine unicornfish

Species
Bolbometopon muricatum
Caranx ignobilis
Caranx melampygus
Cetoscarus bicolor
Cetoscarus/Scarus Spp.
Cheilinus undulatus
Choerodon anchorago
Epinephelus fuscoguttatus
Epinephelus polyphekadion

Giant sweetlips
Yellowstripe sweetlips
Squaretail grouper
Saddleback grouper
Leopard grouper
Pacific steephead parrotfish
Greenthroat parrotfish
Forketail rabbitfish
Dusky rabbitfish
Lined rabbitfish
Masked rabbitfish
Goldspotted rabbitfish
Bluespot mullet

Plectorhinchus albovittatus
Plectorhinchus crysotaenia
Plectropomus areolatus
Plectropomus laevis
Plectropomus leopardus
Scarus micorhinos
Scarus prasiognathus
Siganus argenteus
Siganus fuscescens
Siganus lineatus
Siganus puellus
Siganus punctatus
Valamugil seheli
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Hiposcarus harid
Hipposcarus longiceps
Kyphosus spp
Lethrinus obsoletus
Lethrinus olivaceus
Lethrinus rubrioperculatus
Lethrinus xanthochilis
Liza vaigiensis
Lutjanus argentimaculatus
Lutjanus bohar
Lutjanus gibbus
Naso lituratus
Naso unicornis
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Appendix 1b: Commercially important fish (DOV)
Scientific name
Acanthurus blochii
Acanthurus leucocheilus
Acanthurus lineatus
Acanthurus maculiceps
Acanthurus mata
Acanthurus nigricans
Acanthurus nigricauda
Acanthurus nigrofuscus
Acanthurus olivaceous
Acanthurus pyroferus
Acanthurus thompsoni
Acanthurus triostegus
Acanthurus xanthopterus
Aethaloperca rogaa
Aprion virescens
Balistapus undulatus
Balistoides conspicillum
Balistoides viridescens
Bolbometopon muricatum
Calotomus spinidens
Carangoides ferdau
Carangoides gymnostethus
Carangoides spp.
Caranx ignobilis
Caranx lugubris
Caranx melampygus
Caranx papuensis
Caranx sexfasciatus
Carcharhinus amblyrhynchos
Cephalopholis argus
Cephalopholis aurantia
Cephalopholis cyanostigma
Cetoscarus bicolor
Cheilinus fasciatus
Cheilinus trilobatus
Cheilinus undulatus
Chlorurus microrhinos
Chlorurus bleekeri
Chlorurus sordidus
Chlorurus strongylocephalus
Choerodon anchorago
Ctenochaetus striatus

Elagatis bipinnulata
Ephinephelus spilotoceps
Ephinephelus spp.
Epibulus insidiator
Epinephelus fuscoguttatus
Epinephelus polyphekadion
Epinephelus rivulatus
Keam Palauan
Gnathodentex aurolineatus
Gymnocranius spp.
Hipposcarus harid
Hipposcarus longiceps
Kyphosus bigibbus
Kyphosus cinerascens
Kyphosus spp.
Kyphosus vaigiensis
Leptoscarus vaigiensis
Lethrinus erythracanthus
Lethrinus erythropterus
Lethrinus genivittatus
Lethrinus harak
Lethrinus obsoletus
Lethrinus olivaceus
Lethrinus ornatus
Lethrinus xanthochilus
Lutjanus argentimaculatus
Lutjanus biguttatus
Lutjanus bohar
Lutjanus ehrenbergii
Lutjanus fulviflamma
Lutjanus fulvus
Lutjanus gibbus
Lutjanus kasmira
Lutjanus monostigma
Lutjanus semicinctus
Macolor macularis
Macolor niger
Melichtys niger
Melichtys vidua
Monotaxis grandoculis
Moolgarda seheli
Mulloidichthys flavolineatus
Myripristis murdjan
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Naso annulatus
Naso brachycentron
Naso brevirostris
Naso lituratus
Naso unicornis
Naso vlamingii
Merar Palauan
Neoniphon argenteus
Parupeneus barberinus
Parupeneus bifasciatus
Parupeneus cyclostomus
Platax teira
Plectorhinchus albovittatus
Plectorhinchus
chaetodonoides
Plectorhinchus gibbosus
Plectorhinchus lessoni
Plectorhinchus lineatus
Plectorhinchus orientalis
Plectropomus areolatus
Plectropomus laevis
Plectropomus leopardus
Plectropomus oliganthus
Pseudobalistes
flavimarginatus
Sargocentron
caudimaculatum
Sargocentron spiniferum
Scarus altipinnis
Scarus bowersi
Scarus chameleon
Scarus dimidiatus
Scarus festivus
Scarus flavipectoralis
Scarus forsteni
Scarus frenatus
Scarus ghobban
Scarus niger
Scarus oviceps
Scarus prasiognathos
Scarus psittacus
Scarus quoyi
Scarus rubroviolaceus
Scarus schlegeli
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Scarus spinus
Scarus spp.
Scarus tricolor
Scarus xanthopleura
Scomberoides tol
Siganus argenteus
Siganus canaliculatus
Siganus corallinus
Siganus doliatus

Siganus fuscescens
Siganus guttatus
Siganus lineatus
Siganus puellus
Siganus punctatissimus
Siganus punctatus
Siganus vulpinnus
Sphyraena barracuda
Symphorichthys spilurus

Triaenodon obesus
Variola louti
Zebrasoma scopas
Zebrasoma veliferum
Acanthurus nigricaudus
Lethrinus rubrioperculatus
Liza vaigiensis
Plectorhinchus crysotaenia
Valamugil seheli

Appendix 2: List of edible macroinvertebrates.
Common name
Black teatfish
White teatfish,
Golden sandfish
Hairy blackfish
Hairy greyfish
Deepwater red fish
Deepwater blackfish
Stonefish
Dragonfish
Brown sandfish
Chalk fish
Leopardfish /tigerfish
Sandfish
Curryfish
Brown curryfish
Greenfish
Slender sea cucumber
Prickly redfish
Amberfish
Elephant trunkfish
Flowerfish
Surf red fish
Crocus giant clam
Elongate giant clam
Teardrop giant clam
Smooth giant clam
Fluted giant clam
Bear paw giant clam

Palauan Name
Bakelungal-chedelkelek
Bakelungal-cherou
Delalamolech
Eremrum, cheremrum
edelekelk
Eremrum, cheremrum
Eremrum, cheremrum
Eremrum, cheremrum
Ngelau
Irimd
Meremarech
Meremarech
Meremarech, esobel
Molech
Delal a ngimes/ngimes ra
tmolech
Ngimes
cheuas
Sekesaker
Temetamel
Belaol
Delal a molech
Meremarech
Badelchelid
Oruer
Melibes
Melibes
Kism
Ribkungel
Duadeb
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Species
Holothuria nobilis
Holothuria fuscogilva
Holothuria lessoni
Actinopyga miliaris
Actinopyga sp.
Actinopyga echinites
Actinopyga palauensis
Actinopyga lecanora
Stichopus horrens
Bohadschia vitiensis
Bohadschia similis
Bohadschia argus
Holothuria scabra
Stichopus hermanni
Stichopus vastus
Stichopus chloronotus
Holothuria impatiens
Thelenota ananas
Thelenota anax
Holothuria fuscopunctata
Pearsonothuria graeffei
Actinopyga mauritiana
Tridacna crocea
Tridacna maxima
Tridacna noae
Tridacna derasa
Tridacna squamosa
Hippopus hippopus
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China giant clam
True giant clam
Sea urchin
Trochus

Dudadou
Otkang
Ibuchel
Semum

Hippopus porcellanus
Tridacna gigas
Tripneustes gratilla
Trochus niloticus

Appendix 3: List of seagrass species.
Seagrass Species
1. Enhalus acoroides
2. Halophila minor
3. Halophila ovalis
4. Thalassia hemprichii
5. Cymodocea rotundata
6. Cymodocea serrulatae
7. Halodule pinifolia
8. Halodule uninervis
9. Syringodium isoetifolium
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Appendix 4: Benthic categories (CPCe)
Coral (C)
Acanthastrea (ACAN)
Acropora branching (ACB)
Acropora digitate (ACD)
Acropora encrusting (ACE)
Acropora submassive (ACS)
Acropora tabular (ACT)
Alveopora (ALVEO)
Anacropora (ANAC)
Astreopora (ASTRP)
Caulastrea (CAUL)
Coral Unknown (CRUNK)
Coscinaraea (COSC)
Ctenactis (CTEN)

Montipora submassive (MONTISB)
Mycedium (MYCED)
Oulophyllia (OULO)
Oxypora (OXYP)
Pachyseris (PACHY)
Paraclavarina (PARAC)
Pavona (PAV)
Pectinia (PECT)
Physogyra (PHYSO)
Platygyra (PLAT)
Plerogyra (PLERO)
Plesiastrea (PLSIA)
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)
Isopora (ISOP)
Leptastrea (LEPT)
Leptoria (LEPTOR)
Leptoseris (LEPTOS)
Lobophyllia (LOBOPH)
Merulina (MERU)
Millepora (MILL)

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)
Ascidian (ASC)
Clams (CL)
Corrallimorph (COLM)
Discosoma (DISCO)
Dysidea Sponge (DYS)
Gorgonians (G)
Not Identified Invertebrate
(NOIDINV)
Sponges (SP)
Zoanthids (Z)
MACROALGAE (MA)
Asparagopsis (ASP)
Bluegreen (BG)

Montastrea (MONTA)
Montipora branching (MONTIBR)
Montipora encrusting (MONTIEN)
Montipora foliose (MONTIF)
Montipora other (MONTIO)
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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)
Rubble (RUBBLE)
Sand (SAND)
Turf (TURF)
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Appendix 5: Ngermasech CA and Reference site GPS coordinates (UTM)

Ngermasech_CA

Name of
MPA

Habitat

Reef_flat_seagrass

Ngermasech_REF

Lagoon

Reef_flat_seagrass

Lagoon

Site
CA SG_2
CA SG_5
CA SG_8
CA SG_14
CA SC_1
CA SC_2
CA SC_3
CA SC_4
CA SC_5
CA LG_11
CA LG_12
CA LG_13
REF SG_1
REF SG_2
REF SG_3
REF SG_4
REF SC_1
REF SC_2
REF SC_3
REF SC_4
REF SC_5
REF LG_1
REF LG_2
REF LG_3
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Lat
7.605611
7.584738
7.573795
7.592081
7.60308
7.60482
7.60383
7.60006
7.59667
7.584111
7.583615
7.574046
7.6322
7.62278
7.61594
7.61061
7.62529
7.62158
7.61814
7.61584
7.614428
7.61681
7.61702
7.62331

Long
134.5393
134.5344
134.5358
134.5328
134.5446
134.5424
134.5387
134.5361
134.533
134.5317
134.5331
134.5341
134.5869
134.5758
134.5717
134.5631
134.5741
134.5716
134.5719
134.5701
134.5673
134.5589
134.5601
134.5687
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Appendix 6: Hard coral % cover (±SE)
Coral categories

CA
2015

REF

2017

2019

2015

2017

2019

Acropora branching

0.81

± 0.81

6.98

± 0.88

5.51

± 0.47

N/A

12.70

± 1.1

8.11

± 1.23

Anacropora

0.60

± 0.60

4.50

± 0.63

3.77

± 0.77

N/A

0.69

± 0.65

0.53

± 0.38

Echinophyllia

0

0

0.69

± 0.35

0.75

± 0.44

N/A

0.16

± 0.09

0.13

± 0.13

Echinopora

0

0

0.61

± 0.42

0.56

± 0.33

N/A

0.19

± 0.15

0.37

± 0.3

Favites

0.07

± 0.07

0.13

± 0.1

0.03

± 0.03

N/A

0.24

± 1.96

0.03

± 0.03

Fungia

0

0

0.35

± 0.1

0.35

± 0.12

N/A

0.72

± 0.001

0.43

± 0.07

0

0.93

± 0.58

0.93

± 0.37

N/A

0.59

± 0.27

0.48

± 0.23

1.04

± 0.49

0.32

± 0.12

N/A

0.16

± 0.49

0.11

± 0.31

Lobophyllia

0

Montipora encrusting

1.78

±0

Montipora foliose

0

0

1.69

± 1.25

1.04

± 0.22

N/A

0.21

± 0.07

0.24

± 0.08

Pachyseris

0

0

1.18

± 0.69

0.96

± 0.28

N/A

2.06

± 0.75

1.57

± 0.49

Pavona

0.15

± 0.15

0.69

± 0.65

0.64

± 0.4

N/A

1.45

± 0.84

1.01

± 0.54

Pectinia

0

0

0.29

± 0.07

0.40

± 0.05

N/A

0.27

± 0.1

0.35

± 0.03

10.28

± 6.92

12.17

± 4.44

13.11

± 4.69

N/A

3.34

± 0.65

3.20

± 0.53

0

0

5.71

± 2.38

1.92

± 1.12

N/A

0.03

± 0.03

0.27

± 0.14

Porites-massive

5.19

± 3.97

4.47

± 0.78

4.67

± 0.51

N/A

3.88

± 1.41

3.52

± 0.46

Porites-rus

5.04

± 3.21

0.85

± 0.47

0.27

± 0.19

N/A

0.56

± 0.41

0.21

± 0.1

Symphyllia

0

0

0.13

± 0.1

0.35

± 0.19

N/A

0.19

± 0.15

0.16

± 0.08

N/A

4.48

Porites
Porites-branching

Others

0.96

2.41

1.84

2.67

Appendix 7: Mean macro-invertebrate density per m² within the RFS CA (red) and RFS
reference site (blue) from 2009 to 2019.
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