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Executive Summary

TRNP ighe largest netake marine protected area in the Philippines] T AT OO0OA OEAO 4
biological diversity is maintained, the Tubbataha Management Office conducts annual
ecosystem research and monitoring activitied/onitoring and research helps park autlii@s

determine the efficacy of management interventions andrwlate sciencebased policies This

report includes results from the monitoring of fish population and reef benthos, as well as special

studies on coral recruitment and comprehensive fisteintory.

A total of 292fish species belonging to 38 families were recorded this year. Thefistedpecies

richness across all sites was 63.5 species per 50@hith was very high (>5@ecies per 500 A)

according to the established categories fa healthy reef fish communityThe number of species

found in deeper transects was relatively higher than in the shallow transects. Overall, the mean
biomass this year was 102 ¢nslighttyEECEA O OEAT 1 AOO UAAO8D AOOEI
Acarthuridae (surgeonfish), Scaridae (parrotfish), and Balistidae (triggerfish), were the
prominent contributors to the mean biomass this year. These three families were also observed

to increase emarkably in biomass compared to last year. The deep aréadl the sites have

relatively higher biomass output at 112.5 d¢f/than its shallow counterpart with biomass of 93

g/m?, Target fish species constituted
about 73 g/mor 71% of the total mean
biomass. The biomass alone of
Acanthuridae (surgeonfish), Sddae
(parrotfish), and Carangidae (jacks
and trevallies) made up 63% of the 73
g/m?.  Species with international
conservation status recorded during
the monitoring include Whitetip and
Grey ReefShark, Whaleshark, Eagle
Rays, Green Sea and Hawkshill YL

Turtles, Bumphead Parrotfish and

Plate1. School ofacks (Caranx sexfasciatus) is a usual
Napoleon Wrasse. in Tubbataha.

A total of 146 species under 26 families and subfamilies were identified in the USS Guardian
(USSG) grounding site, while 163 species under 25 families were identified in the Min Ping Yu

Vii



(MPY) grounding site The mean density of USSG was 1,231 individpats500n%, while MPY
was atl1,040 individuals per 500

The average hard coral cover in the deep areas this year was 22.9%, less than the 29.9% last year.
All stations in the deeper areas have decreasedhand coral cover. Most of the decrease
corresponded to increase in the cover of soft corals, algae and abiotic components. Algae in the
deep areas of TRNP were mainly composed of coralline algae, which are important contributors
to reef calcium carbonat¢hat can facilitate coral recruitmentlTurf dgae, which has not been
recorded anywhere in Tubbataha before, was noted in Stations 2A, 3A, 3B and 4A, where it
occurred in minimal numbers.

Hard coral cover in the shallow
areas was 35.2% which is
classict AA O1 AAO OcCI
The occurrence of soft corals in
the shallow transects was
generally minimal, except for
Station JBB. Like in the deep
areas, algae in the shallow areas
were mostly composed of
crustose coralline algae.
However, turf algae wanoted in

both stations of ges 3 and 4, Plate 2. Shallow areas of Tubbataha flourish with lefang

although in minimal numbers.  tapylar and massive cdfarmations.

The presence of turf algae and

what could possibly b&erpios hoshinotgpongein the shallow areats quite alarming because
both suggest that some form of disturbance happened ie tieefs.

A total of 40 cor&Genera belonging to 16 Families were recorded in all the sites in TTRNIB
UAAOBO 111 EOI OET ¢8 4EEO Al OOAODPTITA O1 A Oi OAI
transects. The deep areas were dominated by Gdtarites Echinopora, IsopaandMontipora

In the shallow areas Genddontipora, Isopora, Poritesd Acroporavere the most common.

In July 2019, TMO received a report from one of the dive operators regarding bleaching of the
branching corals in JegsBeazley Reef. This coinedl with the degree heating weeks (DHW)
recorded for Tubbataha in June 2019.

viil



The mean coral recruitment densityg the deep areas wat2.28 indvidualgdm? which washigher
than in 2018 A total of 12 coral families/ere recorded for the deep areasicrossall the sites.
The three most common families weragariciidae, Poccillopiridae and Poccillopiridadhe
meancoral recruitmentdensity inthe shallow areaincreased from 25.42 ind/&in 2018
to 29.39 ind/min 2019. The censities atthe shallowwere lower than the deep areas, although
the genera found at both depths were similar to each other. Fast groAargpora, Isopora and
Montiporawere most frequently recorded in most of tlshallowstations.

Tk Coral recruitment ates were also determined in
the two grounding sites. His year, themean
densites recorded at USSG sitavere 0.88
ind/m? in the impact zone, 0.81nd/m?in the
control zone and 0.69 ind/fin the buffer zone.
The quadrats were dominatedy 16 genera
e.g., GoniastreaFavites PlatygryaandMeruling
which are more tolerant to disturbancesThe
permanent quadraswere also observed to have
Plate3. Goniastrea coral recruit thrives in >5cm of Genus Pocilloporaand Porites The
shallow areas of Tubbataha. mean coral recruitment density recordéMPY
was0.54ind/m? in theimpact zone, and 0.5ihd/m?in the control zone A total of nine genera
belongngto seven famikeswere recordel. Dominant genus foundh the quadratsvere Porites
PocilloporaandMillepora AAT T OEOOAT O1 U EECE 1 01 AAGmjwae EOQOOAT E
found two years in a rowuggestingthat Tubbatahamay have the capacity to replenish itself

In the comprehensive reef fish inventory conducted by Dr. Kent Carpenter and Dr. Jeffrey
Williams, atotal of 338 species, including sharks and rays, were recordéé highest number

of species were identified under family Labridae (wrasses) with foite (49) species recorded,
followed by Pomacentridae (damselfish) (38 sp.), and
Chaetodontiche (butterflyfish) (29 sp.). Sixty-seven
(67) of the total species were not identified in the
DOAOGET OO0 UAAOBO OO jelr, |1
twenty-six (26) species not previously listed in the
Tubbataha fish list of species were recordedfter
only two years of survey,inety-six (96) speciesot
initially listed in the existing fish species list of the
Tubbataha Management Office, weradentified Plate4. Damselfish (Pomacentridae) h
indicating the value of supplementing belt transect on top of banching Acropora corals.

Mancao

surveys with this roving census surveys.
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1.1 Overview

According to the MPA Atlasnarine protected areas (MPAspver a total of 4.8 0f our ocean
Only 2 3%o0f theseare highlyprotected(Marine Conservation Institute, 2020n the Philippines,
there are 372 MPAs covering 1.66% eftérritorial waters These numbers, however, are not
sufficient toprotect our oceans. Studies show that fully protected marine reserves armtst
effective type of protected area for restoring and protecting biodiversity (Malta Declaration,
2017).

TRNP is the largest ntake marine protected area in the Philippined T AT OOOA OEAO
biological diversity is maintained, the Tubbataha Mamagent Office conducts annual
ecosystem research and monitoring activitiesResearch and monitoring, being enof its
conservationprograms is designed to:

1 determine ecosystem health;

1 measure biophysical indicators of management effectiveness, and;

1 provide scientific basis fothe formulation of proactive strategies and
responses to emerging issues.

The TMO annuatcosystenresearch and monitoring report includes the results of monitoring of
fish and reef benthos.  While
considering  comparability to
DOAOGET 6O UAAOOG
adopted the new methods M8
recommended by DENR through
Technical Bullen 201705 in
conducting fish and reef benthos
monitoring.

This report presents the results of
the reef fish and benthos
monitoring in 2019. It also presents

© Noel Guevara

the longterm monitoring data of Plate5. Aerial shot oBlack Rock dive site South Atoll.
TRNP to identify trends.




1.2 Monitoring design
Study Sites

TMO currently monitors five sites located in the North Atoll, South Atoll and the Jessie Beazley
Red (Figure?) to describe the statusf the fish and benthic communities. In each site, two
replicate stations, approximately 200 meters apart, were establish@the geographic location

of each monitoring stations is provided ppendix2. The two shiggrounding sites, USS
Guardian (USSG) and Min Ping Yu (MPY), have been monisimed 2013 as they are ideal for
assessing changes through time. In each ofdtsions, shallow (5meters) and deep (10meters)
areas are assessed to acquire better understagdof the condition of the reefs at varying
depths. This hierarchical sampling design is presented in Fijure

=

Sites within Tubbataha Reefs

- Jessie Beazley _
e

e s st

Tl-.l bbataha Reefs Natural Park

of & w AT g <R
Seafari Alley &S @ - -

I . Site2
. e
= Malayan Wreck .__4_;- 2

RIS e ek
Stations within sites . TUSSCR-R CeSTwreck

Deep

Transects within stations

Figurel. Hierarchical sampling des Figure2. Location map of the monitorisies (blue dot:
(Modified from Licuanan et 2016).




Field Surveys

The fish and benthos surveyseve conducted on 2 to 9 Ma3019. In-house researchers and
marine park rangers were assisted bglunteer researchers from the UCebuy Jose Rizal
Memorial State UniversityDe La Salle Universitgnd WWF; Philippines The members of the
monitoring teamare listed in Annex 1.
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2.1 Overview

TubbatahaReefs Natural Park (TRNI) an importantsource and sinkf fish and otherdrval
recruitswhich arecarried by ocean currents to the reefs surrounding the Sela(Camposet al
2008; Alcalal993;Dantiset al 1999;Nafiolaet al2002). It helpssecure the food source of the
Filipino peopleby supplying degraded reef habitatsvith recruits Being mobile animalsfishes
can migrate froma wellprotected reef to anotheras a result of spillover, thereby enriching
fisheriesin the nearby areas.

Annual monitoringsconducted to check variationa the spatio-temporalaspect of theeef fish
community and to assesghe condition ofthe reef, includingdamagescaused bynatural and
anthropogenic disturbance@Vilkensonet al2003).This survey aims tdeterminethe spatial
distribution of reef fishcommunitiesand its trend inerms d biomass and density through the
years. Moreover, the result of this survey would help gauge #ificacy ofpoliciesformulated
for the protection of the reefs. 4 EEO U A Avas wnd@@ith Ahe help of epert
volunteers from the Universityof the Philippinesz Cebu andthe Jose P. Rizal Memorial
University.

2.2 Methodologies
Data Collection

Using thegeographiccoordinatesof sampling locationsfive (5) regular monitoringsites, plus

the USS GuardiaandMin Ping Yuwrounding sites werere-surveyed. Except for the grounding
areas, all monitoring sites have two stations (A and B) egghroximately 200 meters apart.
Temporary markers were established using a buoy to mark the locatiathefirst transect.
Three (3) 5dneter replicate transets, separated bya 10-meter buffer, were laid inhe deep

¢ 10m) and shallows (5m) areas of each stationEach transechad an imaginary Smeter
coverage on both sidesghereby establishing a 10 x SMeter corrdor. A transect was further
segmented into5-meter stops along its length and was surveyed one segment after another.
Daytime Rsh Visual Census (FV@)scribed byEnglishet al(1997) was employed to determine
the attributes of fish community such as higass, density, and species richness.

Reseachers recorded thescientific name, actual count, and estimated length/size of the fish
encountered inside the established corridor. Highly mobile species were recorded first before
the slower ones (i.e., trarsint and cryptic species). Four (4) diveosnpleted the survey this
year, assessing the deepeasfirst and the shallow afterwards. The same sampling design was
replicated inthe grounding sites.



Data Analysis

Data was collated and organized using therhat adapted from Coral Reef Visualizatiand
Assessment (CoRVA) system introduced by the DENR in 28¥eties richness was determined
using the actual number of species identified during the survey while the fish density was
expressed by theumber of individuals per given area (imiiuals pe’500n¥). The biomass was
simplified in grams per square metemégns per M) and was calculated with the existing length
and weight modelKulbickiet al1993, using the formula:

W = al?

where W was derived weight (g)L wasthe estimated total length ¢m), anda and b were
regression parameter values obtained from CoRVA and FishBase databases (www.fishbase.org).

A paired ttest was applied to calculate significant variations in the density aindhiass of reef

fishes in varying depths, sites, and betwe®EEO UAAO AT A DPOAOEI 6O UAAO
Two-factor analysis of variance (ANOVA) in Microsoft Excel 2@d6used to detect if there were

significant differences in the overall biomasstween sites and between yearfsom 20132019.

The samestatistical analysis was applied in the density and biomass outputs between depths of

eachof the grounding sites.

The fish species were further classified into the following groups to generateaaer picture of
the contribution of eachgroup tothe total biomass and density: (1) according to nature (pelagic
or demersal)(2)target, indicator, and majgrand (3) according to trophic groups.

2.3 Results and Discussions
Present conditions
Species ritiness and density

A total of 292 species belonging to 38nfillies were recorded this year. This was slightly fewer
than the 306 species observed in 2018. Station 2A had the highest total number of species
recorded with 176 species, while the lowest nienlvas in Station JBB with 133 species.

Species richnessap site varied from 47 species per 500(8tation JBB) to 85 species per 500m
(Station 3B). The number of species found in deeper transects was relatively higher than in the
shallowtransects. The total species richness across all sites was 63.5speci&00 rf)y which



was very high (>50 species per 50f) atcording to the established categories for a healthy reef
fish community (Hilomeret al2000) (Appendix 1).

Biomassand Dersity

Overall, the mean biomass this year was §0#?, slightly higheO EAT 1T AOO UAAO6 O AOC
was 94 g/m3 .1 OECI EZEAAT O AEEEAOAT AA xAO A& O1T A Al
(t-test; p>0.5). Acanthuridae (surgeonfish), Scaridaern@éish), and Balistidae (triggerfish),

were the prominent contributas to the mean biomass this year. These three families were also
observed to increase remarkably in biomass compared to last year. The mean biomass value also
exceeded the minimum eablished biomass yield for a healthy reef fish communitiaiiolaet

al 2004)(Appendix 1)

The ceepareas of all the sitelsave relatively higher biomass output at 118/B?than its shallow
counterpart vhich has éiomass of 93 g/fa However, herewas no significant variatiort{test;
p>0.5) found between the deep antialow sites The biomass of deep transects wenainly
attributed to Acanthuridae (surgeonfish), Pomacentridae (damselfish), and Balistidae
(triggerfish). 4 EA OEAIT 1 1 x aSsoutdudasrdedantediblf Balistidae (triggerfish),
Acanthuridae (argeonfish), and Scaridae (parrotfishAppendix 2 lists all the families with their
mean biomass contribution for each depth.

StationJBB recorded the highest biomass output abfInt, followed by Station 4B and Station
4A both at 118 g/ Therewere no significant variations in the biomass output between Stations
A and B Site 1 recorded the lowest biomass output at 83.22 gAvhile the highest biomass was
in Site 4. Site 4 was dominated by Scaridae (parrotfish) and Acanthuridae (surgeonfish).




Biomass in shallow and deep transects
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Figure3. Distribution of mean biomass (gramsm8 per dgth in all sites.

Threadfin anthias®seudanthias huchtiBicolor chromisChromis margaritifeand Dispar anthias
Pseudanthias dispalominated the reefs inerms of numbers. The mean density this year was

1,678 individuals per 500mhigher OE AT 1 AOO ofU1R#80rdiGiduals Aper BB0Mm
Howeveh 11 OECI EZAZEAAT O AEAZAOAT AA xAO A& O1 A
estimates.

Deep density output contributed significantly-{est; p=0.05)o the total density with aroud
1,027 individuals per 500%than its shallow counterpart with only 651 individuals per 530 rin

the deep areas, Station JBA ththe highest mean density recorded at 3,276 individuals recorded,

while Station 2A hd the lowest with 1,352 individualsvieanwhile, in the shallow ption, the
greatest number of individualarererecorded in Station 4A with 1,662 individuals, while only 948
individuals were observed in Station 3B. D#epsectswere dominated by Serranidae (fairy
basslets), and Pomacentridae (damsels). Shalloessibn the other handyere dominated by
Pomacentridae (damselfish) and Serranidae (fairy basslets). Bicolor ch@hmisnis margaritifer
and Threadfin anthia®seudanthiafuchtiicomprised 25% of the total number of individuals
recorded this year.

In general, Site JBadthe highest mean density of reef fish at 2,155 individuals per 500The
lowest mean densityvasrecorded in Site 2 at 1,101 individuals per 560m




Density in shallow and deep transects
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Figured. Distribution of mean density per depth inbbtdha Reefs.

Patterns of fish community

Despite the erratic biomass estimates yedies year, the polynomial trend appeared to be stable
until 2015 Figureb). The decreasing biomass pattern was observed in 2016 until 2018. The most
significant decrease in the presence of the Scaridae (partotfigas from 20162017). This year

had the highest biomass of Scaridae since 2016 but is still not comparable to 2015 figures.

To test the source of variance in biomass estimates from 2013 to the presenfatiar analysis
of variance (ANOVA) was usedake note that this analysis was only applied from 2013 due to
the change in the number of monitoring sites from seven to only five (5) sites.

Both temporal (p<0.05; df=6) and spatial (p=0.05; df=4) factors were revealed to strongly
influence the variabnsbetween biomass values of the Tubbataha Reefs. This was evident in the
fluctuating biomass estimates which could be clearly observed between-2014. An abrupt
increase in biomass was observed in 2015 and a decrease of more thdhnimneas recoded

the following year. One factor that may have attributed to the fluctuations were the presence
and absence of largbodied species other than pelagic fishes. The presence of a school of
Scaridae (parrotfish), specifically the Bumphead parrotfBbltometpon muricatunmin 2015,
which was not encountered the following years, contributed largely to these differing biomass
outputs. Other notable families which were observed to fluctuate year after year and which
largely influenced biomass outputs wereetNasinae (unicornfish), Balistidae (triggerfish), and
Carangidae (jacks and trevallies).
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Differences in biomass yields of regular monitoring sit®m one another were also found to be

a source of varianceFigure6 showed the biomass estimates of regular monitoring sites from
2013. On average, Site 4 cheelatively higher biomass outputs compared to othexgular
monitoring sites. Site JB ltthe lowest average biomass estimate during the last seven (7) years
The decreasing trend fdBites 1, 2, and 4 were greatly influenced by the significant number of
Scaridae (parrotfish) recorded in 2015 but were ati$e subsequent years. The downward trend
in Site 3 was influenced by the absence of the pelagic gr&gsngidae (jacks and trevallies)
and Caesionidae (fusiliers). Site JB, the main cause of the decrease from 2015 was attributed
to the decreasen the number of Nemipteridae (bream) and Nasinae (unicornfish).

Most of the sites, however, showed arciease in biomass estimates from the previous year,

except for Site 1. The decrease in this site was strongly influenced by the pelagic group
Carangid& (jacks and trevallies). Although there was an increase in their number this year, the

jacks and trevdies were of smaller sizes.

Yearly average biomass
(excluding sharks and schools >100 individpals
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Figures. Temporal pattern of mean biomass @y/im Tubbataha Reefs. Error bars représerstandard error
the mean
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Biomass in deep vs. shallow area

Annual biomass estimates in shallow areas showed more stable polynomial trend than its deep
counterpart Figure?). Furthermore, it was ab closer to the annual average. Variability in
biomass values was more prominent in deep areas. The deep area also mirrors thefttbe
annual biomass estimates figure5. The major influencers of biomagstimates in the deep
areas were the Acanthuridae: Nasinae (unicornfisBpesionidae (fusiliers), and Carangidae
(jacks and trevallies). In general, these three families contributed the most to the biomass
estimates in the deep areas. They are pelagectes often ventuiing and traversng the deeper

part of the reefs. Té declines in the biomass in deep sites in the last four (4) years may have
been influenced by the absence of schooling lagiged (>30 cm) Red snapgkeutjanus gibbys
which were &st recorded in 2014 (TMO 2014, unpubThe shallow stations were mainly
influenced by Scaridae (parrotfish), Balistidae (triggerfish), Acanthuridae (surgeondist)the

12



occasional visits of pelagic Carangidae (jacks and trevallies). The preserxsence of these
families could deterrnme the decrease and increase of biomass yields on each depth.

Yearly biomass in deep and shallow transects
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Figurer. Biomass estimates in shalledr) and deep-0m) sitesError bar represents the standard error of the r

Demersal vs. pelagic

Demersal speciesra fishes that live or feed on or at the bottom of coral reefs. They are highly
associated with coral reefs, tisuthere is a higher chance of encountering the same species in
the same area in subsequent surveys. Hence, demersal species are betteranslafateef health

than pelagic species. Pelagic fishes, in contrast, are those that inhabit and feed in thevafer
column of coastal and oceanic waters (Lal and Fortune 2000). They are usually larger than
demersal fishes, are highly mobile, occasitly occur in schools, and more often traverse deeper
part of the reefs.

Except in 20062007, demersal specie®ntributed the most to the total mean biomass output

in the Tubbataha Reefs. Decreasing trends were recorded in-2008, 20072009, and 20@ to

the present. The greatest downtrend was recorded in 2016. This follows the same trend for the

annual meanbiomass presented ifFigure 5. Although the mean biomass values this year

ET AOAAOAA OI ECEOI U A&£0TiT 1 AOO UAAO&éahdecrask ET AOA
in biomass yields observed from 2016 toxX2f) 8 yO xAO 1 AT OEITAA ET OE.
that the very high biomassfalemersal species in 2015 was influenced by the high number of
Scaridae (parrotfish). The increase in biomass this year was attributed to an increase in both the
density and biomass of Balistidae (triggerfish), Pomacentridae (damselfish), Serranidae

13
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as high as in 2016. This year, demersal fishes accounted for 71% of the tatabiomass and
98% of the total mean density. The total mean density was nyoattributed to Serranidae:
Anthiinae (fairy basslets) and Pomacentridae (damselfish).

The trend for pelagic species could not be established and appears to be unpredideaideyic

fish rarely traverse the transects and their presence is more a fumafichance. However, when
observed in the transects, they could influence the biomass significantly. This was noted in
20062007 when more than 50% of the mean biomass atftibuted to pelagic species. There
were some years as well when fewer petagivere recorded e.g., 2005, 2009, and 2014. The
dominant influencers for these groups were the Nasinae (unicornfish), Carangidae (jacks and
trevallies), and Caesionidae (flisis). This year, the mean biomass of pelagic fishes was mainly
attributed to Nasinae (unicornfish) and Carangidae (jacks and trevallies) while mean density was
attributed to Nasinae (unicornfish) and Caesionidae (fusiliers).

Pelagic and demersal fish biomass
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Figure8. Temporal biomass of demersal and pelagic fishes of Tubbataha Reefs. Error bar represents 1
error of the mean.
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Fish Group Target, Indicator, and Major

Target speciesre fishes primarily sought by fishermen andre subject of fishing effa in a
particular fishery FAO 2003a) for their commercial value as food myaonent. This includes, but

is not limited to Lutjanidae(snappers), Qangidae (jacks and trevallies), and Caesionidae
(fusiliers). Indicator speciesften referred to as thecorallivores are fishes that are highly
dependent oncorals for food and sheltdColeet al2008) Thus, they could serve as a measure
for determining the coral cover or condition of the reef in gener@rdsby and Reese 1996;
Ohmanet al1998) In ths report, Pomacanthidagangelfish), Chaetodontidae (butterflyfish),
and some species of Scaridae (parrotfish), Balistidae (triggerfish), Tetraodmnijdufferfish),
Pomacentridae (damselfish), and Labridae (wrasse), were identified under this grautty, the
major group which usually occurs in high concentrations and does not belong to any of the two
groups includes, but is not limited to, the Sanidae: Anthiinae (fairy basslets) and
Pomacentridae (damselfish). They are targeted as ornaments ratfen for human
consumption. They also serve as food for other fish species.

Mean biomass of target species
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Figured. Temporal mean biomass (§/mf the target species.
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The meanbiomass of target fish exhibited an oscillating patterrPelagic groups, such as
Acanthuridae: Nasinae (surgeonfish), Caesionidae (fusiliers) and Carangidae (jacks and
trevallies), and demersal such as Lutjanidae (snappers), Scaridae (parrotfish), andidmss
(groupers), were the top influencers of the bidnOD O &£ O OAOCAO OPAAEAOS
or absence dictates the fluctuations in the biomass yields for the target species. The biomass of
target species ranged from 65 gfr(2008) to as higlas 250 g/rf(2015).

Target fish made up 17.8% of the aredensity this year. Acanthuridae (surgeonfish) was the
dominant group recorded in all sites except in Site 4 where Scaridae (parrotfish) were larger.
Indicator species constituted 1.45% of the nmeaensity, dominated by Pomacanthidae
(angelfish). Pedscale angelfish@entropyge vrolikivas the most dominant indicator fish this
year, with 519 individuals recorded. Chaetodontidae (butterflyfish) and Pomacentridae
(damselfish) were the most abuntlad COT OP O3 4EEO UAAOGaBotdAl OA
highest since 2008 monitoring. Although the increase in the presence of corallivorous/indicator
species could indicate a healthy coral reef, available literature is still limited on whtthigr

Ol OAOS AAOT AAT AA AT Olnfof the/ath tAed feek lorhand ifft tofildlead E A
to further stress to the corals especially after a disturbafCele et al, 1998; Glynn 1996;
Bellwood, et al2006). Major species constitute the lki of the mean density. The group was
dominated by Pomaentridae (damselfish) and Serranidae: Anthiinae (fairy basslets).

This year, target fish species constituted about 73 gdm71% of the total mean biomass. The
biomass alone of Acanthuridae (surgeonfish), Scaridae (parrotfish), and Carangidae (jacks an
trevallies) made up 63% of the 73 g/mThe biomass of the indicator species was at 3.54 g/m
with prominent contributiors from Scaridae (parrotfish), Chaetodontidae (butterflyfish), and
Balistidae (triggerfish). Major species contributed 26 gimthe total mean biomassBalistidae
(triggerfish), specifically the Genudelichthyesdominated all sites except for Site@hd it was

also among the most abundant group in TRNP.

Trophic groups

Fishes could be also grouped according to their feedinbeaic Feeding guild (Bone and Moore
2008), another term for trophic group, is a concept based on the similarity of diefad@adions

of each species, irrespective of their taxonomic affinities (Bellwood and Green 200%e
structure ofthesetrophic categories could imply the availability and abundance of food sasirce
in a site. Thecategories alsousedin the 2018eport, are(Helfmanet al2009):

Al
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BenthicCarnivore Fishes that feed on benthic invertebrates

Corallivore: Fishes that consume corpblyps (with or without skeleton)

Detritivore: Fishes that feed on detritus (decaying organic matter)

Herbivore: Fisheghat feed and digest plant matter

Omnivore: Fishes that feed on both plant and animal matter

Piscivore: Fishes that feed on marinanimals such as other fish or invertebrates; also

called carnivorous fishes (top predators)

Planktivore: Fishes that feed o phyto- and zooplankton

350
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Figurel0. Temporhdistribution of biomass per trophioup.

Among all trophic groups, detritivores and omnivores exhibited a general stable trend across
time. Exept for a slight decrease influence by low biomass values in the last two years, benthic
carnivore appears to be stable as well. Herbivores and nana$s both exhibited an increasing
trend, with the last two years yielding the highest biomass valuesvo decades of monitoring.

Since 2014 the biomass estimates of herbivores showed a significant increase on each site
(ANOVA,; p<0.05). A notable irase in herbivore biomass was observed in Sites 1 and 3, and JB.
Although there was a slight decreasethe biomass of herbivores this year compared to 2018 in
Sites 2 and 4, the current values are still among the highest in the past six years.
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Piscivoes showed the most erratic fluctuations in biomass each year. Since fishes tend to move
from one placedo another, variations in biomass are expected. Piscivorous species are mostly the
large-sized predators such as jacks and trevallies, groupers, snapperd emperor fishes.
Species at the topr near the topof the ecological food web, oftentimes theigcivores and
benthic carnivors, are of special concern to conservation because their presenceesere
losses/reduction could influence changes imlegicalprocessesand diversity ofan ecosystem
(Steneck 1998)." AGAA 11 OEA Al 1 DERO xIA/L36£DO DBdila OKIUAR
(1998), species at the top of the trophic level are the first to be fished, followed by smaller species
(Christengn 1996). Thus, having a high abundance of top predators in an area could imply a
balancal ecosystem.In the case of Tubbataha, top predators such asglseivore and benthic
carnivoreexhibited a relatively high average biomass throughout the years.

Threatened Species

Aside from restoring fish stocks, one of the aims of establishing marine proteatedsas to
ensure the conservation of threatened species, especially those identified by the International
Union for Conservation of Nature (IUCN). balaha is known to host more than 180 threatened
and near threatened marine species. Some of these iggeaf interest were observed outside
the transects. The Near Threatened (NT) Whitetip reef sharka¢nodon obeshsere recorded

in all regular moitoring sites, while the NT Grey reef sha®archarinus amblyrhynchosas
noted in Site 2. The Greaea turtle Chelonia mydgsvere observed in Site 1, 3, and 4, while the
Critically Endangered Hawksbill turtleg€retmochelysmbricata)were seen in Site 1 and 2.
Bumphead parrotfish Bolbometopon muricatunwere also recorded in Site 1. Three (3) eagle
rays @Aetobatus sp were noted in the USS Guardian site. The Endangered Napoleon wrasse
(Cheilinus undulatyisvas noted on most siteincluding the grounding sites.  Whaleshark
(Rhincodon typyswvas noted in Site JB.he presenceof these species codiberve as an indication

of recovery from disturbances, such as from overfishing, and of stringent priotectHence,
their presence imlies a healthy and wefbrotected reef.



Grounding Sites

Present condition

A total of 146 speciesnder 26 familis and subfamiliesvere identified in thedJSSGgrounding

site8 4AEEO xAO EECEAO OEAT OEA DPOAOEIwWaatisbAA 060
species per 500/ In the MPY grounding site, a total of 163 species under 25 families were
idenitEEAA OEEO UAAOh O1I ECEOI U EECEAO OEAT 1AO0O0
species per 500f Values for botlgrounding sites were considered very high (>50 species per

500 nf)according to the categories set for a healthy reef fish comityin the country (Hilomen
et al2000) (Appendix 1).

Mean density of deep and shallow areas in

2000 grounding sites
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Figurell Relative distribution of mean déy of reef fish communities in shallow (~5m) and
(~10m) sites of MPY and USSG grounding site.

Overall, the mean density of USSG was 1,231 individuals per5o@gher than 1,205 individuals
per 500n% of the previous year. Theedparea(1,608individuals pe500n?) contributed most

to the overall density of reef fistthan the shallow (854 individuals per 509n{Figure 11).
However, the difference in density between the deep and the shallow area was not significant (t
test, p>0.05). Theekp site of the USSG area was dominated by Dispar anf&eidanthias
disparand Lyretail anthias®seudanthias huchtiivhile the shallav site was influenced by the
presence of Bicolor chromi€hromis margaritifeand Lyretail anthiasPseudanthias huchtii
Ninety-five percent (95%) of the mean density was attributed to demersal fishes which were
dominated by Anthiinae (fairy basslets) aRdmacentridae (damselfishes).

The total mean density of MPY was040 individuals per 500inslightly lower than theprevious
UAAOB O OAIT OA | BB DeerEared @ Odbdividuais ger 3D0KAs relatively
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higher in mean density thathe shallow area (815 individuals per 50)(figurell). However,
no signifcant variations were found between the deep and shallow aredssft p>005). Both
depths were dominated by Ternate chron®hromis ternatensidDemersal species constituted
about 95% of the total mean density in the area, mainly attributed to Pomaceat
(damselfish) and Anthiinae (fairy basslets).

Basedon the category established by Hilome al(2000) for a healthy reef fish community, the
i AAT AAT OEOU 1 &£ 533" OEOA £EA11 O Ol%vwhile MBEA OEE(
was considerd Oi 1T AAOAOAS | SXRXQQ8Y ET AEOEAOAI OFVYooi

Mean biomass of deep and shallow areas in
200 grounding sites
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Figurel2 Redtive distribution of mean biomass of reef fish communities in ¢
(~5m) and deep (~10m) sited/&fYand USSGrounding sites.

The total mean biomass of USSG was 111.F grefatively higher than the 101.7 gfwutput of
2018. The meariomass in the deep aref 28 g/nf) of USSG was relatively higher than its
shallow (91 gm?) counterpart. However, the difference was not significantest; p>0.05).
Balistidae (triggerfish), Scaridae (parrotfish), and Acanthuridae (surgeonfish), amgn@idae
(jacks and trevallies) dominated the USSG grounding site. Demersal fishestetats about

72% of the total mean biomass in the site, mainly influenced by Balistidae (triggerfish) and
Scaridae (parrotfish Target fishes constitute®9%of the total mean biomass, while 28% were
attributed to major species

This year, the mean bimass of MPY was 70ng?, slightly higher than the 56 g/frof 2018.
Biomassvaluesin the deep area (81 g?) contributed more to the total mean biomass than
shallow area (71 g/n Scaridae (parrotfish), Acanthuridae (surgeonfish), and Carangidzes (ja
and trevallies) contributed the most to the biomass output in the deep transects, while
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Acanthuridae (surgeonfish), Scaridae (parrotfish), and Labridae @as)smainly influenced the
biomass in the shallow station. Severtyree percent (73%) of theiomass in this site was
contributed by the demersal fishes, mainly by Scaridae (surgeonfish) and Labridae (wrasses).
Target species constituted about 81% tbiettotal mean biomass, major species were attributed
to 15%, while indicator comprised the remang four percent (4%).

In addition, biomass outputs of USSG and MPY grounding sites exceeded the minimum yield for

the reef fish community to be considered &léhy as established by Hilomest al(2000).

Patterns of density and biomass

The mean densityn the USSG increased in the last two years. Despite this increase, the mean

density is stillmerely almost half of 2014 records. The downtrend was observed fo
Pomacentridae (damselfish) and Anthiinae (fairy basslets). Both groups are the top coatgbut

to density in Tubbataha and occur in large concentrations, thus, the decrease in their numbers

would greatly affect the density of the area. Other groupsiaithalso decreased from 2014 were
the Acanthuridae (surgeonfish), Chaetodontidae (butterflyfisand Balistidae (triggerfish).

In the case of the MPY, increasing trend from 2014 was observed. Only families of Anthiinae (fairy

basslets), Holocentridaes@uirrelfish), and Scaridae (parrotfish), showed a notable decreasing
trend. Further, there waan observed increase in the number of Pomacentridae (damselfish) and
Caesionidae (fusiliers) which for compensated for the decrease in other families.

500 Density and biomass in grounding sites 3500
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Figure 13 Temporal pattern of biomass (§/rand density (individua&lm?) of USSG and M
grounding sites.
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The difference in biomass from 2014 to 2019 was almost negligible for the USSG groumeling si
The spike in the biomass estimates in 2015 and 2016 was attributed to the high presence of
Balistidae (triggerfish). The same group was also recorded afte6 20t in lesser numbers
compared to 2015 and 2016. The biomass estimates of Chaetodonfiaterflyfish) was also

not as high as in 2014, with 2018 and this ykaving the lowest estimates Acanthuridae
(surgeonfish) wasalso one of the groups that exhibited a decrease from 2014.

MPY site showed an improvement in mean biomass from 201 sixyear survey in this site
revealed a decrease in Nemipteridae (breams). A slight decrease as much a$wag/moted

for Seranidae (groupers) and Holocentridae (squirrelfish). However, these decreases in biomass
were compensated for by the presee of Labridae (wrasses) and Balistidae (triggerfish), and the
occurrence of pelagic groups such as Caesionidae (fusiliers) anddiiaa (jacks and trevallies),
which did not exhibit a decrease in the last six years.

Although the last three years shad lower values of biomass and density for both grounding
sites compared to the 2018016 values, it was still worth noting that tfish community in these
disturbed areas remained healthilijomenet al2000; Nafiolaet al2004) since 2014.

Despite theplunge in biomass outputs in some years, the values of the Tubbataha Reefs are still
considered healthy according to the categories fiealthy reef fish community set by Nafiaa

al (2004). Since stringent protectionapplied in the Tubbataha Reefdshingmaybe ruled out

as the cause of the decrease in biomass. The fluctuating biomass and density values could be
influenced by he movements of fish species from one place to another, driven by various factors
that affects and influences survival demds correlated with feeding, predator avoidance,
spawning, and ontogenetic developments and shifts in habitat requirements (Dahlgreh
Egglestone 2000; Helfmaat al2009; Sale 2002; Sale 1978; Bone and Moore 2008), tidal state
(Choat and Robertson 197%)nd time of the day (Hobson 1972). In some instances, much larger
seasonal migrations occurred that were related to spawning aratling that were depicted in

the form of oscillatory movements (Bone and Moore 2008). Most coral reef fishes were
sedentay and have small home ranges (Sale 1978; Russ 1991), but the factors mentioned above
could also drive longer distance movements amothgse species (Kaundarara and Rose
2004). This could be driven by the larger space needed by bigger individuals tdepfortheir
requirements (Grant 1997) and the lesser effort they need to cover a given distance (Brett 1965).
Further, variationsn observers and lack of opportunity standardize methods in the previous
years may be one of the factors contributing tteese fluctuations as presented in the standard
error.



2.4 Conclusions

In summary, Tubbataha Reefs continued to display biomassegaéxceeding the mimum yield
established for a healthy Philippine reef fish community. The estimates also showed an
improvement from the previous year. Tlaundance of the species found in Tubbatadlao
clearly indicates a healthy fish populatioBommercially important reef fish still constitutes two
third of the total biomass this year. The presence of the top ptedaand endangered species
such as sharks, rays, napoleon wrasses, marine turtlesyaate shark indicates that Tubbataha
Reefshas a balanced ecosystem and is thereftareoredby these species.

The grounding areas of the USS Guardian and Min Pingp¥itinually exhibited improvement in
both abundance and biomass of reef fish communifyhe outputs recorded in these sites were
of exemplary values according to the categories set for the Philippine reef fish community
(Hilomenet al2000; Nafioleet al2004). This may indicate that the healthy surrounding reef is
seeding the damaged areaith fish.

It is known that offshore reefs display higher fisheries potential than fringing reefs (Dahti

1999) mbined with vigilant enforcement through theears and limited inaccessibility, these
factors are likely to contribute to the succdgbkrestoration and recovery of the fish population.
This may be why Tubbataha is considered as one of the best marine protected areas in the
Philippines (ADB 2014) aiwl the world (Marine Conservation Institute, 2017).

2.5 Recommendations
It is recommendedhat these practices be continued for the next surveys in Tubbataha:

1 The pactice of having dedicated personnel to lay and retrieve the transect lines to
increase the dfciency of the survey

1 As much as possible, same observers need to be employed esaryand

1 In case new observers join the survey, at least one dive should be dedifated
standardization of size and count estimates among the observers prior to theabc
surveys to ensure uniformitip estimates
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3.1 Overview

The Special Report on the Ocean ar@ryosphee in a Changing Climateeleased by the
Intergovernmental Panel on Climate Change (IPCC 2019) revealed that the ocean is continuing
to acidify in response to ongoing ocean carbon uptake, the open ocean is losing oxygen, and net
productivity will cecline ly 4-11%. The ocean provides much of the resources we need to survive.
The benefits we derive from it is not limited to what we can harvest from it. Oceans take up
approximately 2630% of the total anthropogenic emissions of the recent two des{d®CC
2017). The rate of ocean warming has also increaseeddosince 1993, which has contributed

to observed changes in the biogeography of organisms ranging from phytoplankton to marine
mammals consequently changing community composition, and innms® cases altering
interactions between organismgIPCC 2017) Coral reefs, containing a lot of organisms
producing calcium carbonate, are greatly affected by these changes.

These changes call for continuous monitoring of coral reefs to ensure that geament dforts
are effective in maintaining the health of the marine environment. This chapter reports the
status of the reef benthos in TRNP.

3.2 Methods
Data collection

Beginning in 2018, phottransect method (following DENR Technical Bulletin 2@567
Gudelineson the Coastal and Marine Ecosystewgs employedn the same transects previously
monitored. As in the previous years, four 2feter transects were laid on the substrate at each
depth. Each transect was placed approximately five (5) meters away frazh ether to provide
four independent transects and avoid pseudeplication. Photographs were taken at every
meter of the transect using a digital camera with an underwater casing mouniesh aluminum
monopod. This produced 20 frames of photos per teatt, or a total of 1,600 photos from all
the monitoring sites.

Data Analysis

The photos were then processed using Coral Point Count with Excel extensions (CPCe) (Kohler
and Gill 2006). T software overlaid ten random scoring points per image (1x1 niedene),
and benthos under each point was identified based on modified taxonomic amalgamation units



(TAUS), introduced by van Woeskal(2009) which corresponds roughly to the common geme

in TRNP (See Appendix 1). A total of 200 data poitsseoredper transect Percent cover per
TAUs and ShannciiVeiner diversity index (H) were compiled and analyzedxeel Further
comparison of the benthic categories was only possible for 2082019 data due to difference

in methods employed before 2018.0@parisons of hard coral cover between 2018 and 2019 and
between stations were made using the Analysis of Variance (ANOVAfaator without
replication) in Excel.

The following categoriesvere used to describe coral health in the shallow areas basedaah h
coral cover (Licuanaet al2017):

Category % Hard Coral Cover
>44%
B >337 44%
C >227 33%
D 0Z22%

3.3 Results and Discussions
Present conditions

The average hard corabver in the deep areas (10 meters) this years22.9% (+2.6 SE), less
than the 29.9% last yea(TMO 2018unpub). The highest hard coral cover was recorded in
Station 1B (41.35%), followed by Station 4B (28.56%). Most of thalscoecorded in these
stations comprise of the GenugchinoporaMontipora(encrusting) andPorites(encrusting). The
lowest hard coral cover was recorded in Station JBA with 9.57%, which was composed of
Paocilloporaand Porites(encrusting). In general, coral genera in the deep areas were composed
of Poritesand Echinopora

As in the previous year, ficcoral cover was highest in Station JBA (74.53%). Algae in the deep
areas of TRNP were mainly composed of coralline algae;twduie important contributors to reef
calcium carbonate that can facilitate coral recruitment (Degtral2015). However, anncrease

in algal assemblages in almost all the sitessl@so been recorded Thismay suggest
disturbances in the past year. falgae,which has not been recorded anywhere in Tubbataha
before, was noted in Stations 2A, 3A, 3B and 4A, where it occunresinimal numbers. The
occurrence and increase in cover of turf algae may occur due to availability of space and limited
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numberor grazers (herbivores), following a disturbance. Mortalities were still very low across all
monitoring sites.

Among allthe sites, the two stations of Site 3 had the highest percentage cover of abiotic
components, mainly composed of rubble. Lastayethe increase in rubble in Station 3B was

already noted and this was attributed to the possible effects of strong waveseelated by the

TT OOEAAOGO i1T1011TT18 AEEO UAAOB8O ET AOAAOGA EIT 0O
eroding branchinglsopora bruggemanniwhich was very common in the Site. Other
invertebrates recorded in the deep transects across all sitesomposed mainly sponges, which

are encrustingn form. Last year, the increase in sponges was already ndEadrusting spoges

are known to compete with corals for space at different rates depending on the angle at which

the sponge approaches the ar(LopezVictoriaet al2006).

Tablel. Characterization of reef benthos of the deep areas in 2019.

DEEP Sitel | Site2 | Site3| Site4 | JB | AVE
Hard Corals 32.13| 20.58| 20.82| 23.53| 17.42| 22.9
Soft Corals 2548| 11.63| 5.48| 15.98| 55.8 | 22.9
Algae 31.89| 52.24| 19.81| 51.44| 15.84| 34.2
Mortalities 0.86 0.26 0.07 0.33| 0.28| 0.4
Abiotic components 2.82 3.07| 45.46 1.42| 222| 11.0
Other invertebrates 6.83| 12.22 8.37 7.30| 8.39 8.6

The average hard coral cover in the shallow areas (5 meveas)35.26 (+3.7 SE), which is

Al AGOEZEAA O1 AAO OCI | Ad al(B017). ATheOrighekt hakdAcOrdl dovet T |, E /
was recorded in Station JBA with 61.33%, followed by Station 1B with 54.55%. The hard corals

that dominated these stations incllelGenusMontipora Echinopora andMillepora The lowest

hard coral cover was recorded in Stations 2B and 3B, with 20.34% and 20.79%, respectively. In
general, coral genera in the deep areas were composedaftipora Isoporaand Porites

The occurrencef soft corals in the shallow transects was generally minimal, except for Station
JBB (38.58%). Like in the deep areas, algae in the shallow areas were mostly composed of
crustose coralline algae. However, turf algae was noted in bothastabf Site8 and 4, although

in minimal numbers. Mortalities recorded in the sites were still very low. Abiotic components
were minimal in most sites except in Station 3. Since last year, rubble increased in both the deep
and shallow areas of Site 3.
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Table2. Characterization of reef benthos of #fellowareas in 2019

SHALLOW Sitel | Site2 | Site3| Site4 | JB AVE
Hard Corals 38.66| 25.54| 33.42| 31.07| 47.19| 35.2
Soft Corals 10.14 9.11 0.97 2.18 | 24.65 9.4
Algae 37.00| 46.79| 23.16| 58.52| 20.51| 37.2
Mortalities 0.38 0.39 1.35| 0.39| 1.01| 0.7
Abiotic components 7.58| 10.11| 36.33] 1.09| 3.89| 11.8
Other invertebrates 6.24 8.07 4.76 6.75| 2.76 5.7

Similar tothe deep areas, sponges were also the main component of the other invertebrate
categoryin the shallow areasOne type of sponge, possibllerpios hoshinotavas recorded in

the shallow areas of Site 3. i§lis quite alarming becaugerpios hoshinotare known to encrust
and kills corals as observed in coral reefs in the Philippines artién parts of the world. This
black-colored sponge is known to occur in reefs which have been subject to somebdistar,

and they compete for space with corals and other benthos (Phriesario 1987, Liagt al2007).

a e o 8|z Al

Figurel4d. Sponges, possiblerpiososhinota encrust rubbles in Site 3.

Temporal patterns

The graphs belowshow the longterm monitoring data of the reef benthos in the deep and
shallow areas of TRNP. The broken vertiga Idemarcates the change in methods (Figures 1
and 2); therefore, comparison to earlier data is inconclusive.

This year, the hard corabver of the deep and shallow areas were relatively low for TRNP, which
averaged to 22.9% and 35.17%, respectively. Overall, hard coral cover in the deep areas exhibited
a downward trend since 2015, while the same trend was observed in the shalloveeea018.
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A decrease in hard coral cover in Station 3B resulting to the increase in rubble was recorded in
2018. This may be attributed to the effects of strong waves associated with the northeast

monsoon and/or the five tropical storms that traversdte Sulu Sea from November 2017 to
&AAOOAOU woXns AEEO UAAO8O ET AOAAOA ET OOAAI
branchinglsopora bruggemannmaggravated by the strong monsoon winds and the storm that

passed the Sulu Sea in November 2018.

Algae, composed of both crustose coralline algae and algal assemblages, has exhibited an
increasing trend since 2014 in the deep areas and since 2018 in the shallow areas. This trend may
be a manifestation of disturbances occurring in the reefs, suchr@spged exposure to stronger
waves, increase in sea temperature and/or changes in water quality.

Figure15presents the maximum monthly mean sea surface temperature and degree heating
weeks (DHW) in TRNP from January 2018 to September 2019. Althbegharine park rangers

did notrecord anybleachingincidentsfrom Jure 2018 to May 2019, based on the data published

by NOAA Coral Bleaching Watch, Tubbataha Reefs was under the categories Bleaching Watch
and Warning, which coincided with thé@ DHW from May August of 2018 and 2019. Another
bleaching warning was decladefor TRNP in October to early November in 2018. These
incidences may have affected the corals in TRNP but were unobserved due to intermittent
monitoring which limits the detection of effesfichanges in the reefs.

Tubbataha, Philippines {Jan 1 2018 — Sep 30 2019)
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Figurel5. Maximum monthly mean sea surface temperature and degree heating weeks in TRNP fron
2018 to September 2019. SmrNOAA Coral Beachina Watch
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Figurel6. Characterization of reef benthos at the deep monitoring areas of TRNP. Error bars represent tl
error of the mean.

In July, TMO received a report from one of the dive operators regarding bleaching of the

branching cora in Jessie Beazley Reef (See Figure 4). This coincided with the DHW recorded for

Tubbataha in June 2019 (Figura.
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Figurel8 Bleaching branching corals in Jessie Beazley Reef in June 2019. Photos: Pierlo f

Hard corals, soft corals and abiotic components at 5 meters
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Figurel?. Characterization of reef benthos at #i@llowmonitoring areas of TRNP. Error bars represerstamelarc
error of the mean.
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Reports from other areas in the Philippines show that coral reef health is generally in decline.

Acoording to the initial results of the nationwide assessment published.isyananet al(2017),

none of the coral reefs surveyed in the Philippines from 2@l2G17 had live coral cover in
OAGAAT 1T AT 66 AT 1T AEOET 1 et ai981).A nel dcdle faD datkgoi@idghbrd O 1 £
coral cover proposed by Licuanahalis now prescribed by the Department of Environment and

Natural Resources and is usieg TMO since 2018. Under this new scale, hard coral cover in the

shallow areas are within cagery B, with more than 22% to 33% hard coral cover.

Results from last year and this year were further compared using ANOVA to determine
significant differenc® AAOxAAT UAAOO AT A OOAOQOEI T Oh AO | P8O
significant changesni hard coral cover for both between years (p=.0011) and stations (p=.003).

The shallow areas, on the other hand, had significant changes between statio@ §)=but not

between years. This suggests that the deep areas have changed more signifidzamlythte

shallow areas.

Scleractinian Coral composition

A total of 40 coral Genera belonging to 16 Families were recorded in all the sites in TRNP during

thi UAAO8O 111 EOI OET ¢8 AEEO AT OOAODPITA O A O
shallowtransects. The deep areas were dominated by Gdpostes Echinopora, Isopond

Montipora In the shallow areas Genlhbntipora, Isopora, Poritesid Aaoporawere the most
common.

Table3. Percent hard coral cover, numbefAfJsand hard coral diversity indices.

i HCC Shannon Simpson HCC Shannon  Simpson
Station TAUs TAUs
(%) (H) (1-:D) (%) (H) (I:D)
1A 22.92 28 2.924 0.929 22.77 27 2.641  0.89548
1B 41.35 32 2.684 0.869 54.55 30 2.124 0.73626
2A 20.74 27 2.671 0.899 30.73 27 2.465 0.85942
2B 20.41 31 3.013 0.932 20.34 24 2.556 0.88577
3A 22.25 22 2.072 0.742 46.04 26 1.813  0.69837
3B 19.38 24 2.751 0.918 20.79 19 1.877 0.68602
4A 18.49 27 2.867 0.917 22.58 23 2.822 0.92785
4B 28.56 29 2.95 0.932 39.55 29 2.783 0.91105
JBA 9.57 19 2.625 0.913 61.33 16 0.842 0.30123
JBB 25.26 21 2121 0.761 33.05 25 2.272 0.79811
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The hard coratover in the deep trasects of Sites 1, 2, 4, JB and Station 3B recorded this year
were mostly composed of massive and encrusting coral formations. On the other hand, hard
corals in Station 3A was mostly composed of brancHidgruggemanni ShannoAVeiner and
Simpson divery indices were relatively high in all the stations indicating high coral diversity and
evenness.

The hard corals in the shallow transects of Sites 1, 2, 4 and JB were mostly composed of
encrusting and massive coral formations. S3teon the other handijas composed of branching
I.bruggemannilLast yeara huge decline in the coral cover of Sitw&@sreported, which resulted

in the increase in rubble, in both the deep and shallow areas. Having monospecific stdnds of
bruggemani in the areamay hawe contributed to its vulnerability. High percentage of
mortalities, mainly dead corals with algae, was recorded in 20it8 most likely that the dead
corals observed last yeavere the rubblesrecordedthis year. ShannonrWeinerand Simpson
diversity indices were relatively low in Site 3 and Station JBA, which suggests domirance
bruggemannand Montipora,respectively.

3.4 Conclusion

Changes in the benthic cover was more evident in the deep areas than in the shallow. This
highlights the importance b monitoring both the deep and the shallow areas for better reef
characterization. Although a decrease has been noted in most of théossitin the shallow
areas, some stations have shown increase in hard coral cover (Stations 1B, 3A and JBB).

All stations in the deeper areas have decreased in hard coral cover. Most of the decrease
corresponded to increase in the cover of soft coraligaa and abiotic components. The presence

of turf algae and what could possibly Berpios hoshinotspongeis quite alarming because both
suggest that some form of disturbance happened in the reefs. Since we have not noted any
particular phenomenon which may have caused this decline in coral cover, it is very important to
continue the annual monitoring in TRNPThe meahod we now employ, which includes
identification of corals to the Genus level, will give more robust results in thetemg. As we

build on the database for corals in TRNP, we might be able to get more conclusive results in the
coming years.

TubbatahaReefs, being offshore and with limited anthropogenic activities, is not exempt from
the effects of global phenomena. It is important to highlight that the management interventions
being undertaken to protect this fragile ecosystem play an importaole in ensuring that
anthropogenic factors do not exacerbate the effects of the changing climate.



35 Recommendations

1 Establish permanent markers showing the direction of the transect at each station, for
the ease of looking for the monitoring sites everyaye Amooring pin where the dinghy
can tie while waiting for the survey to finish will also be advantageous.

9 Study the possibility of completely shifting to the photoansect methods employed by
the team of De La Salle University to avoid duplicationnadnitoring efforts in the
shallow area. However, careful consideration must be made in determining the
appropriate method for the deep areas, which are mostly on the walls. Additional
researchers and equipment will be needed next year if we are to entpisynethod at
both depths.

1 Continuous standardization of identification of corals following the TAUs codes must be
observed to facilitate faster data processing.

1 Include sponges, specificallJerpios hoshinotan the monitoring conducted by the
marine ark rangers during the ofseason.
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4 CORAL RECRUITMENT

Rowell Alarcon, Maria Retchie Pagliawan, Noel Bundal and Jeffrey David
Tubbataha Management Office

4.1 Overview

Disturbance is parof the evolutionary history of coral reefslowever, the increasing frequency
and intensity of anthropogenic and climatelated disturbances, particularly coral bleaching and
altered storm regimegKnutsonet al2010), are predicted to significantly redeicoral population
sizes in the next few etades HoeghGuldberg et al 2007). One of the approaches in
understanding the capacity of the reef to recover from this disturbandeyisnonitoring coral
recruitment. Recruitment is the processy which anew mral passes througlthe settlement
stage, survivesand becomeaready forthe reproductive phase. Thgrowth of acoral larvae into
the adult phase,or coral recruitmentis critical to the health of coral reef ecosystenthisstudy
intends to continue quantifying coral recruitment abundance, recruitment density, and
distribution in TRNR Furthermore, it aims to identify and understand factors, such as the
variability of juvenile coralsamong sites and depths, that may have implications on the coral
populationas awhole.

4.2 Materials and Methods
Sampling Design

At eachtransect, a diver randomly placeda 34 x 34 cm (0.12 m?) quadrat on the substrate
along the transectto get representativesamplesof the station. The quadrats were marked
with scale barg2and5cm)on both sidesfor size refeence (Figure 33.
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For each quadrat, five photos were taken (four
closeup shots at each corner and one full quadrat
shot) to provide more detailed imagesof juvenile

corals (Figure 28-c). This processwasrepeated 10
to 20 times along the transectat both depths in s

eachof the stations. Images were taken usiragl2-
megapixel camera with underwater casimad red
filter for white balance. A total oR0 quadratsper
station were processed, fdom the shallowand 10
from the deep.

For the grounding site quadrats were laidollowing
the method described by Licuanaat al(2018. The
two (2) ship grounding sites were surveyedusing
three 4m x 4m quadratplots (Figure20). They were
strategically podtioned to capture the impact of
the ship groundingson the affectedreefs. In each
of the groundingsites, one quadrat was positioned
in the impact zone (Quadrat 1),0ne quadratin a
buffer zone (Quadrat 2)and another quadratin a
controlzone (QuadraB).

Sampling vas done in the middleand at the four
cornersof the 4 x 4 meterpermanent quadrats in
the grounding sites.A total of 15 quadrats were
sampled at each site.

All photos were downloaded,grouped, and labeled
accordingto quadrat number per station and per

site for the post-processingand scoringusing the Figure20. Permanentquadrats of the tw
grounding sites established in 2014 (Licu

et al. 2014).

Coral Point Count with Excel Extensior? (CPCe)
software. Only coral coloniesmeasuring<5cmwere
consideredrecruits (Burgesst al2009).

Figure 19 Coral recruitment sampling.
randomized quadrat sampling within
transect. (b) closep shot of the quadrat wi
scale bars (c) multiple photos were taken
underwater camera.

Min Ping Yu Grounding Site

Q3
(4 x4m)

Q1
(4 x4m)

Q2
(4 x 4m)

USS Guardian Grounding Site

Q2
(4 x4m)

Q1
(4 x4m)

Q3
(4 x 4m)
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Data Analysis

Quantitative data on coralrecruts were obtained usingCPCe4.1(Kohlerand Gill 2006). Inthe

CPCesoftware, eachphoto was calibratedusingthe 5-cm scalebar located on eachside of the

gquadrat. Thisscalebar providedan adequatesizeestimate of the coralrecruits. Theidentified

recruits were classifieth the closest possible taxonomievel (usually the genusvel) provided
in the modified TaxonomicAmalgamationUnit (TAUs). The Indo-Pacific Coral Finderversion
3.0and the Guideto the Coralsof Bolinao Anda-Reef Complexserved as referencesfor coral

identification. Small coral fragments that appeared to beremnants of adult coralswere

excluded.

Estimates ofcoralrecruit density washen calculatedor each quadrat athe number ofrecruits

per 0.12n%. Differencesin the densitiesof recruits acrossstations and depths were tested
using one-way Analysis of Variance (ANOVA).In addition, ttest (assuming equal
variance) was performed when significant differenceswere found. Densitiesand mean
percentage covers were plotted in  Microsoft Excelacrossdepths and stations. Pearson
correlation was performed to determine the relationship of the mean sample across station and
year.

4.3 Results and Discussion
Coral recruitmentpatterns

A total of 1318 coral recruitfrom 1,140 plotographs were processed, covering a total of 50m
for the whole park. This yeasirvey recorded 42 genera belonging1a families, highethan
last year. The average coral recruitment density (all taxa) acrofisealegular monitoringsites
was 42.28 ind/n? (+3.51 SE) with density ramg from 058 ind/n? (x0.11 SE}o 22.92
individuak/m? (+7.65 SE) at 10 metersThis isalmost the same as last ygai©O O@5.56 A O
ind/m?). These resultsverehigher compared to the estimaseof Burges®t al(2013 in the Great
Barrier Reefs (Cod Hole, Turnexd® and Lizard Islandyvhere theyrecordedrecruitment density
at 37.67ind/m (+2.92 SE).In the shallow areathe mean coral recruitment densitwas 29.93
ind/m? (+4.18) with valus ranging from 0.63 indm? (+0.15 SE) to 14.58 indfnit1.43 SE).
Generdly, alower density of coral recrts wasobservedin the shallow compared to deep area
coincidng with last yead @sults (paired DA OO HP8 dQT h | HP®8dY Q8


























































































