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Tablel. Summary table for hard coral cover (HCC), TAU density, rates of change in HCC, and differences
in HCC among years in the shallow areas. Statistically significant (p<0.05) results from linear regression,

ANOVAR, and ongay ANOVA are indicated.
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HCC and Diversity Categories
(Licuanan et al, 2019)
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Figure2. Map of Tubbataha monitoring stations labeled according to hard coral cover (HCC) category and
TAU diversity category (Licuanan et al. 2019). 2024 values for average HCC and TAU diversity (+ SE) of
each station are indicated.
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Table2. Summary table for algal assemblage cover (AA), sponge cover (SP), rates of change in AA and SP,

and differences in AA and SP among years in the shallow areas. Statistically significant (p<0.05) results
from linear regression, ANOVAR, and -oveey ANOVA
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Table3. Summary table for hard coral over (HCC), TAU density, rates of change in HCC, and differences
in HCC among years in the deep areas. Statistically significant (p<0.05) results from linear regression and
ANOVAR are indicated. ns = not significant (p>0.05

Average % HCC Average TAU Rate of change in HCC | Difference Among
(xSE) 2024 Richness (+ SE) 2024 (Linear Regression) Years in HCC (ANOVA
20172024 p<0.05 is significant)
20172024
TUBBATAHA (with JB) 25.3 (£ 1.7) 18.1 (+0.5) ns p<0.001
TUBBATAHA (without JB) 26.4%% (+ 1.5) 20.7 (+ 0.8) ns p<0.001
ATOLL Level
North Atoll 29 (x2.2) 212 (x1) ns p<0.001
South Atoll 23.8 (£ 2.3) 20.2 (£1.3) ns ns
SITE Level
Site 1 33.6 (£ 3.8) 23.7 (£1.1) ns ns
Site 2 25.4 (+ 1.8) 18.7 (x 1) ns p<0.0001
Site 3 222 (£2.8) 18.7 (+ 1.6) ns ns
Site 4 255 (+3.7) 21.7 (+2) ns p<0.05
Jessie Beazley 20.9 (£5.5) 18.1 (+ 0.5) ns ns
STATION Level
Station 1A 25.9 (£5.7) 24.2 (£1.8) ns p<0.001
Station 1B 394 (£2.3) 23.2 (¥1.8) ns ns
Station 2A 23.7 (+ 2.3) 19.5 (£ 2.2) ns p<0.001
Station 2B 27.1 (£ 3) 18 (+ 0.4) ns p<0.01
Station 3A 28.5(%£2.9) 22.7 (£ 0.6) ns ns
Station 3B 159 (¢ 1.2) 14.7 (x1.2) ns ns
Station 4A 20.8 (+5.8) 18.5 (x 2.9) ns ns
Station 4B 30.1(x4.1) 25(x2.1) ns p<0.001
Jessie Beazley A 10.9 (= 0.4) 17.5 (x0.6) ns p<0.01
Jessie Beazley B 31 (£ 8.6) 18.7 (x 0.8) ns p<0.001
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Table4. Summary table for percent cover, rates of change, and differences among years in algal
assemblage and sponge cover in the deep areas. Statistically significant (p<0.05) results from linear
regression and ANOVAR are indicated. ns = not significant.

Average % AA | Rate of Difference Average % | Rate of Difference
(£SE) change in AA | Among Years in | SP (+SE) change in SP | Among Years in
2024 (Linear AA (ANOVAR; | 2024 (Linear SP (ANOVAR,;
Regression) p<0.05 is Regression) p<0.05 is
20172024 significant) 20172024 significant)
20172024 20172024
w;%/;;AHA 415 (x3) ns p<0.0001 5.4 (£ 0.5) ns p<0.0001
Z/tjiiiﬁtTJABF)iA 26.4 (+ 1.6) ns p<0.0001 5.6 (+0.5) a -0.4% p<0.0001
ATOLL Level
North Atoll 29 (x2.2) ns p<0.0001 5.9 (x0.9) ns p<0.0001
South Atoll 23.5 (+2.3) ns p<0.0001 53(+06) | a -0.9% p<0.0001
SITE Level
Site 1 32.6 (+3.8) ns p<0.0001 7.3(x1.3) ns p<0.001
Site 2 25.4 (¥1.8) ns p<0.0001 4.6 (x1.2) ns p<0.0001
Site 3 22.2 (¢¥2.7) ns p<0.0001 4.1 (+0.6) a -0.7% p<0.0001
Site 4 25.5 (+3.7) ns p<0.0001 6.4 (£0.9) a -1% p<0.0001
Jessie Beazley 20.9 (¢5.5) a -1.2% p<0.0001 45 (+1.3) a -0.8% ns
STATION Level
Station 1A 25.9 (+5.7) ns p<0.0001 83(x25) |ns p<0.1
Station 1B 394 (£2.3) ns p<0.0001 6.3 (£0.8) ns p<0.001
Station 2A 23.7 (£ 2.3) ns p<0.0001 6.5 (x2) ns p<0.01
Station 2B 27.1(x3) ns p<0.0001 2.8 (+1) ns p<0.0001
Station 3A 28.5 (+2.9) ns p<0.0001 3.6 (£0.7) a -0.8% p<0.05
Station 3B 15.9 (£ 1.2) ns p<0.0001 4.6 (£ 0.9) ns p<0.0001
Station 4A 20.8 (+5) ns p<0.0001 6.2 (£1.8) ns p<0.0001
Station 4B 30.1 (x4) ns p<0.0001 6.7 (£1) ns p<0.0001
Jessie Beazley A 10.9 (x0.4) ns p<0.0001 2.5(+0.6) ns ns
Jessie Beazley B 31.0 (+ 8.6) a -1.5% p<0.0001 6.6 (+2.3) a -1.6% p<0.05
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Figure3. Percent hard coral cover (% HCC) in the Ming Pin Yu ship grounding site from 2014 to 2024. % HCC
SE) is reported for three fixed plots: small fragments, large fragments, and adjacent control.
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Figure4. Percent hard coral cover (% HCC) in the USS Guardian shlp groundlng site from 2014 to 2024. % HCC
SE) is reported for three fixed plots: small fragments, large fragments, and adjacent control.
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Figureb. Percent cover of algal assemblage (AA), hard coral (HC), and sponge over time in the monitorirgg station
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2017 to 202. Error bars represent +bne standard errar
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Table6. Health categories of reef fish population in the Philippines.

Metric Measure Category
*Species richnessyecies per 0-23.5 Very poor Poor
500n?) 24-37 Moderate
Hilomen et al. (2000) 37.5-50 High
>50 Very high
*Density {ndividuals per 5008) <100.5 Very poor
Hilomenet al. (2000) 101¢ 338 Low
338.5¢ 1,133.5 Moderate
1,134¢ 3,796 High
>3,796 Very high
Biomass (mt/kr 0-10 Very low to low
Nafiola et al. (2006) 11-20 Moderate
21-40 High
>40 Very High
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Figure9. Mean density (left) and biomass (right) in each monitoring stations in shallow .(~5m)
Vertical bar denotes the standard error of the mean.
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Figure1l0. Mean density (left) and biomass (right) in each monitoring statiorthéndeep (~10m).
Vertical bar denotes the standard error of the mean.
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Figurell. Mean biomass and density in the shallow (~5m) monitoring stations.

standard error of the mean. No shallow data in 2016.
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Table7. Shallow Sites: Summary for-i@ar mean density and biomass, rates of change, and differences
among years in TRNP. Stati§tically 'signivficarlt £p<0.05) results from linear regression and ANOVAR are
indicatedas*{ AIYAFAOlI yi O2RSaY n WrrrFQ ndannam WYFFQ nodnm
Overall Site 1 | Site 2 | Site 3 Site 4 | JBR
DENSIT¥Rate of Change @-74.33*** | ns ns ©@-135.21** | ns ns
(ind/500n7) (20132024)
Difference Among Years in Density| *** ns *x i ns ns
(ANOVAR; 2012024) (g/n?)
BIOMASSRate of change ns ns ns ns ns ns
Difference Among Years in Biomasy ** ns ns ns ns ns
(ANOVAR; 2013024)
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Figurel2. Temporal mean density (ind/50@mand mean biomass (gAnof pelagic and demersal fish
groups in shallow stations. Vertical bar denotes the standard error of the mean.

Table8. Pelagic and Demersal in Shallddummary for 1¥ear mean density biomass, rates of change,
and differences among years in TRNP. Statistically significant (p<0.05) linear regression and ANOVA
results are indicatedas{ A Ay AFTA Ol yi O2RSaY n WrrrpQ nodnnm W Q nodam WF

Demersal Pelagic
2024 Mean Density (ind/50Gn 1370.83 17.47
Average Mean Density (ind/508n(20132024) @©-74.69 *=* ns
DENSIT¥Rate of Change (ind/506jn(20132024) ik ns
2024 Mean Biomass (gfin 82.22 18.14
BIOMASSRAate of change (g/fn20132024)- ns ns
Difference Among Years in Biomass (ANOVAR; 201 * *
2024)
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Figurel3. Annual trends in mean density (left) and biomass (right) of each ecological group in shallow sites
in Tubbataha. The vertical bar denotes the standard error of the mean.
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Table9. Ecological Groups in Shallo&ummary for 13ear mean density and biomass, rates of change,
and differences among years in TRNP. Statistically significant (p<0.05) linear regression and ANOVA

results are indicatedas . A Ay A TA Ol yi O2RSaY n WrrprQ nodnam WrrFQ ndam WG

Target Indicator Major

2024 Mean Density (ind/50G)n 174.89 33.58 1179.75

DENSIT¥YRate of Change § 4.614*** ns Z-78.41 *+*

(ind/500n7) (20132024)

Difference Among Years in Densit] *** ns *

(ANOVAR; 2012024)

2024 Mean biomass (ghn 65.22 7.14 28

BIOMASS Rate of change ®/m ns ns ns

20132024)

Difference Among Years in Bioma{ * ns rrx

(ANOVAR; 2013024)
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Figureld. The composition of functional groups in the shallow stations.
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Tablel0. Functional Groups in Shallow: Summary fey&&r mean density and biomass, rates of change,
and differences among years in TRNP. Statistically significant (p<0.05) linear regression and ANOVA

results are indicatedas . A Ay A FTAOF yi O2RSaY n WYWrrprFQ ndnam WrrQ ndam WrC
Functional Groups DENSITYRate of Change | Difference Among Years in Density
(ind/500n7¥) (20132024) (ANOVAR; 2012024)
Piscivore 0.4 ns
Omnivore ok
Herbivore -8.58 ns
Corallivore -0.09 ns
Benthic Invertivore | @-2.21** *k
Benthic Carnivore 0.02 ns
Detritivore *k
Planktivore @ -65.78*** ok
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Figurel5. Annual trends in mean density and mean biomass in the deep areas of Tubbataha.
The vertical bar denotes the standard error of the mean.
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Tablell. Deep SitesSummary for 12/ear mean density and biomass, rates of change, and differences
among years in TRNP. Statistically significant (p<0.05) linear regression and ANOVA results are indicated

as* { AAYyAFAOIyld O2RSaY n WrrpFpQ nonnm YrrFQ ndam YrQ ya
OVERALL| Sitel Site 2 Site 3 Site 4 JBR

2024 Mean Density (ind/5009n | 1605.02 | 2019.83| 1305 1803 1238.33 | 1468.5
DENSITYRate of Change i - P i N
(ind/500m2) (2012024) 69.19 84 ns ns 86.43 ns
Difference Among Years in - - - ns -
Density (ANOVAR; 202824)
2024 Mean biomass (gAn 139.34 118.17 | 150.76 116.53 103.62 79.84
BIOMASS Rate of change (g/m I | . i . i .
20132024)- 13.11 10.73 7.18 10.33 33.41 ns
Difference Among Years in - -
Biomass (ANOVAR; 20@4) ns ns ns ns
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Figurel6. Temporal mean density (ind/500hnand mean biomass (gAnof demersal and pelagic fish groups in
deepstations The vertical bar denotes the standard error of the mean.

Table12. Pelagic and Demersal in Deegqummary for 1%ear mean density and biomass, rates of
change, and differences among years in TRNP. Statistically significant (p<0.05) results from linear
regression and ANOVAR are indicated as *.
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Figurel?7. Annual trends in mean density (upper) and biomass (lower) of each ecological group in deep sites in
Tubbataha. The vertical bar denotes the standard error of the mean.

Tablel13. Ecological Groups in Deep: Summary feyd& mean density and biomass, rates of change,
and differences among years in TRNP. Statistically significant (p<0.05) from linear regression and ANOVA
results are indicated as *.
LYRAOI al22NJ ¢ NBSQ
HnHun aSly 5Sy@AGE O0A HoDpT MMy p®dPo opydnrT
59b{rw¢ iS 2F /KIWIBrd @mdnm Qmodcd ya

HAHNDU

5A0SNBYyOS !'Y2y3 | SIFEN FFF FFF y a
HAOMOTHMNO

HAnHn aSty dRh2YFada 63 ndTwm HH®HH MMGpDn
.Lha! {{ wl S "2 FumOwdmyi y a @mdoy Qiy Py T M
5A0SNBYOS !'Y2y3 | SIEN FFF FFF FFF

HAMWoTHNO

[ Nt eKnut ASx] duNc®d

¢tKS O2YLIRAaAo2Yy 20FCATIddyNIo 2k & RBNPLAZLEG | a2y a 2F ¢d
RAday Ol GNByRa O2YLI NBR (2 akKlftftz2g &aidloezyaz oA
YR 0A2YlIaa | ONRP&aa RAGSNBYyG 3IAINRdZIE 208SNJ 6KS &S
t AAOAG2NB L2 LMz | a2y mKI NI aRKSGtyA yaSaado/mylotit & S v R @& 13
' f K2dz3K LIAAOAG2NBa NB | avYlFffSNI LINIG 2F GKS
LSF14&8 Ay GKS alyYy$S &@SFNAR AYyRAOFGS (KS LINBaSyoOS :

AY SIFENIASNI @Sl NAO®



Figurel8. The composition of functional groups in tbeepstations.
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Tablel4. Functional Groups in Deep: Summary foryEar mean density and biomass, rates of change,

and differences among years in TRNP. Statistically significant (p<0.05) from linear regression and ANOVA
results are indicated as *
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Tablel5. The top 15 families, arranged in descending order of contribution, significantly contributed to
the overall biomass in the deep stations in Tubbataha. The rate of change for the last 2bagchesn
presented.
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Figure20. Size frequency distribution of Carangidae (jacks and trevallies) and Haemulidae (sweetlips) in the2
deep area over the years.
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Figure21. Annual trend in mean density (ind/50@nand biomass (g/&) in the shallow transects of USS
Guardian. Vertical bar denotes the standard error of the mean.
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Figure22. Temporal trends in density and biomass in USS Guardian
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Figure23. Annual trends in mean density (ind/508nand biomass (g/A) in the shallow station of the
Min Ping Yu. Vertical bar denotes the standard error of the mean.
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Figure24. Annual trend in mean density (ind/50@and biomass (g/f) in the deep transects of Min Ping
Yu. Vertical bar denotes the standard error of the mean.
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Figure26. Mean Sea Surface Temperature (SST), SST anomalies, and days exceeding 30°C in tt
Sulu Sea, Philippines, from 20002@24. Rising trends in mean SST and an increasing number of
thermal stress days indicate growing environmental challenges forethiem. Data sourced from
Copernicus Climate Change Service (82,
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Table1l6. Pearson Correlation Results for Algal Assemblages versus Herbivore Biomass andrDensity
Shallow StationsSignificant results are indicated where p<0.05.

STATION Pef‘.-lrson_Corr_ _ P_Value_ Pearso_n_Corr_ P_V_alue_
Biomass_AA | Biomass_A4p<0.05) Density AA Density AA
JBA 0.40 0.2 0.70 0.01
JBB 0.01 0.96 0.47 0.17
S1A -0.02 0.94 -0.41 0.21
S1B 0.58 0.06 0.24 0.47
S2A -0.40 0.22 0.33 0.31
S2B 0.44 0.17 0.37 0.26
S3A -0.29 0.38 0.73 0.01
S3B 0.66 0.027 0.67 0.02
S4A -0.54 0.08 -0.40 0.22
S4B 0.09 0.77 0.37 0.25
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Tablel7. Total count numbers of adult resident seabirds present on Bird Islet and South Islet in May 2024
compared to the inventory result of end of May 2023.

2023 2024
Species / Numbers % Change
Birdlslet South Islet | Total Birdlslet South Islet Total

Brown Noddy 541 621 1,162 1,332 189 1,521 +31

Black Noddy 1,590 1,252 2,842 1,580 832 2,412 -15

Great Crested Tern 3,438 12,718 16,156 | 11,065 5,972 17,037 | +5

Sooty Tern 3,900 715 4,615 >320 760 1,080 -77
Masked Booby 2 0 2 4 0 4 +100
Redfooted Booby 258 231 489 346 156 502 +3

Brown Booby 4,728 126 4,854 8,117 622 8,739 +80

Total 14,457 15,663 30,120 | 22,764 8,531 31,295 | +4
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Tablel8. Highlights of MPR distance and direotints from June 2023 to April 2024

Species Bird Islet South Islet
Brown Noddy| Since 2017, a change in phenology has | Brown Noddy was also present in
been evident with overwintering Brown | South Islet from June 2023 to May
Noddies. Distance counts revealed that | 2024. Breeding extended until
the Brown Noddies were present from | December, with 1,116 adults, 235
June 2023 to May 2024. In November | juveniles, 50 pullus, and 519 eggs
2023, Brown Noddy was recorded recorded.
breeding in Bird Islet with 1,014 ady)l20
immatures, 7 juveniles, 40 pullus, and 26

eggs.
Black Noddy |5Aaidl yOS 0O2dz/ia NI| Usedtobe absentfrom November tq
presence throughout the year, with February, now present throughout th
breeding recorded in August and year. Breeding recorded in June,
November 2023, and February 2024. August, and December 2023, and
February 2024.
Greaer Absent from October to December 2023 Not present on the islet in October,

Crested Tern | 1,030 nonbreeding adults recorded in but 450 individuals noted in
February 2024. Edgying began in April, | December 2023. No breeding

but peaked in May with 195 pullus and | recorded after May 2023 inventory.
4,623 eggs recorded. Next breeding cycle likely began in
April 2024 (slightly earlier than in Bir

o



Islet) with 1,430 pullus and 1,549 eg
recorded in May 2024.

Sooty Tern Absent from October to November 2023] Absent in October, but overwintered
Breeding began in January, with 646 with 9,045 adults and 6,105 juveniles
adults, 253 juveniles, and 56 eggs recorded in December 2023. 11,050
recorded in February 2024. adults recorded during distance cour|
in January, while 10,710 adults, 2,64
juveniles, 646 pullus, and 1,885 eggs
recorded during the February
inventory.
Masked Two (2) adults, one (1) pulltend one (1) | No breeding population
Booby egg recorded in August 2023. From
October 2023 to February 2024, three (3
adults were noted by the rangers during
distance counts. In February 2024, rangg
reported one (1) juvenile and one (1) egg
The juvenile reported is the second
succesful fledgling of this pair. Two (2)
eggs were reported on March 13 and Mg
22, but both failed to produce pulli. In
August 2024, two immatures were
observed pairing 20 meters from their
parents within the plaza. They were
tagged with metal and plastiags in May
2024.
Redfooted Low number of adults, less than 200 Less than 200 individuals, except in
Booby individuals since June 2023. Numbers off August 2023 when there were 237

nests also remained low, less than 50, a
in general with very few offprings.

adults recorded. Nesting rate low as
empty active nests are removed. A
total of 141 active nests, with just on
(1) juvenile, eight (8) pulli, and 32 eg
reported during the quarterly
inventories from June 2023 to
February 2024.

Brown Booby

Low number of active nests in August
(535) and November 2023 (49). In
February 2024, 1,731 active nests were
recorded, with high number of
pulli/juvenile at 1,232 individuals.

Lower number of active nests
compared to Bird Islet, with 38 in Jur
2023 and less than 15 from August
2023 to February 2024.

Pacific Reef | Not reported One observed in June 2023
Egret

Barred Rail Not observed Not observed

Eurasian Treg Not observed Not observed

Sparrow
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Tablel9. Description and coordinates of water quality monitoring stations in TRNP

Site Latitude | Longitude | Site description

South Atoll

WQO01 N8.80891 | E119.81846| Fish and benthos monitoring station 4A; top of the reef; dive sitq
WQO02 N8.76091 | E119.81324| Top of the reef; not frequently visited by divers

WQO03 N8.74000| E119.81987| Top of the reef; near mooring buoy

WQ04 N8.75575| E119.82881| Fish and benthos monitoring station 3A; top of the reef; dive sitq
WQO05 N8.79674 | E119.82051| Original water quality site; inside lagoon; off limits to tourists
WQO06 N8.78019 | E119.82307| Original water quality site; inside lagoon; off limits to tourists
WQO07 N8.74841| E119.81892| South Islet; off limits to tourists

WQO09 N8.85182 | E119.93669| Min Ping Yu grounding site; shallow reef, not visited by divers
North Atoll

WQ10 N8.89209 | E119.90627| Fish and benthos monitoring station 2A; top of reef; dive site
wQ11 N8.94419 | E119.96900| Top of the reef; dive site

WO12 N8.93534 | E120 01301 E:rsgllglrg benthos monitoring station 1A; top of reef dive site; ne
WQ13 N8.93001 | E119.99559| Bird Islet; lagoon, off limits to tourists

wQ14 N8.90688 | E119.95022| Original water quality site; inside lagoon; off limits to tourists
WQ15 N8.89112 | E119.94900| Original water quality site; inside lagoon; off limits to tourists
WQ16 N8.88922 | E119.97076| Original water quality site; inside lagoon; off limits to tourists
wQ17 N8.85177 | E119.91713| Ranger Station; lagoon, off limits to tourists

Jessie Beazley Reef

wQ19 N9.04388 | E119.81595| Fish and benthos monitoring station JB Reef; top of reef; dive s
Buffer Zone

WQO08 N8.71722 | E119.88998| Original water quality site; buffer zone

WwQ18 N8.84606 | E120.02328| Original water quality site; buffer zone; deep waters

WQ2 N9.09834 | E119.78648| Original water quality site; buffer zone; deep waters




Tubbataha Reefs Natural Park

Jessie Beazley Reef

® wais

North Atoll

WQo01

WwWQo6
South Atoll

wQo4

mouwtn et WQO03

Sowess: Eerl 9EBC O, HOAA, Huhnal @59gmphk, Pamnin, HERE,

Deosnuirwe ong, sad ofist conrFuinm, Sourmy Sed, Mudsr, P4oEy

@seoguaphies, CHES/AYMus DS, USDA, USES, AsmeRID, JOM, ard th 2
Kilometers GCommuniky, Ssrl HERE, € amdy, (o) Openirssiidop conirEitien, and @i 98
U 31 ocenmuniy

Figure37. Map of water quality monitoring stations in TRNP




OYUuNEBRYSOqII WEEGGO It W

¢t KSalt yR ¢wbt alNAYS tFN] wlky3ISNaR Y2yAGi2NBR g4I
2 GSNJ al YLX Sa ¢gSNB O2f it S @SS daiyR S(a NBS B2 yNI | TAYNE
IANBlF aSEAGSNIdipst 9 O2yidl AYSNI F2NJ LK@ aAEAOKS YA O f
ddzA LISY RSR 2 avfA RAGS NAYIRA TISRupant  aa 0629t S F2NJ G240 ¢

¢
i}

f BShnAQG2af ik 2y 2 LINBaASNWlI a2y YR KIFIYyRfAYy3 ;
S & dzo

B aSljdsSyiate GNIyaLRNISR (G2 GKS t/{5 9ygA

Zz ©

Table20.. Sample container, preservation techniques and handling of water samples per parameter.

t F N} YS ézf{:jz\rg‘igz)tNBéSNﬂl-aZjl2fR7\y
/[ 2f 2NJ pnna Y[ 400 WSFNRISNI GinyK
O2y il Ay SNF
{2t ARA onnn Y[ aa0 WSFNRAISNI G{TR

O2y il Ay SNF
hAt YR CwmiAlGSNIZAKKS ! RR mMmYM |/ IlHYR

Jflaa gA0GK NBFNAISNI G
O2y Gl Ay SNA
¢2GFE T YRMpnm@mYISNATtAT ! yI el S a unk
/| 2t AT2NY 062gf Sa LI2aaroft s 2|

1 2 NYQOFED SY An/rt R LB 128 &1 NO tl /TR ¢
24383 2F O2f2NE A2f{RRAE Ao ONOEFEAEAY 3@

i AKhdx ANASNKEx AAGAThKRAo

2} GSNJ ljdzl t Ade LI NFYYSGSNE FNB @I NA2dza YSI &adz2NBa
AdzZNNRdzy RAYy3 4FGSNI Ay ¢cwbtod 5dzNAy 3 G@KASGSUSE R Y
LJ N} YSGSNE 6SNB YSI adz2NBRX &dzOK I & & Sil dzNabdxNJFAl IGBS
altAyAtes O2yRdz0ea@Alesr yR G20t RA&Z&A2f OSR az2f
aKSSGa I NBLLWEAK2RYE Awn2f f SOGSR 6+ GSNJ &l YLX S& 4S80
4dzaLJISYRSR &2t ARazx Ozt N SINBMSYy By R KES QISR G2 i

LI N} YSGSNESX YSGK2R 2F lytrfearazr FyR GKSANI aAdy

¢KS &1 GSNJI |jdzk £ AdRY RESIHANZNBOVUS yAlYyES R yTRNREYT 6 2 NI G 2 NB
O2YLI NBR (G2 GKS 21 GSNhMdd XKA8BO DWzA REBYAY Sai NP DS

05! homynmMygR mWldhd Hawm GKS +0aSyO0S 2F | aLISOAUO ¢
dzy RSNJ 6 KS 2dzNAaRAOe2y 2F 59bwny 6KSNE €FFLALAE A{SIR ®&
{1 NBFTSNER (2 LINRBPSEROUSR ydloRYNE RNIAGYFOIGE Y N\

aFyOlhdz- NASAaT 2NJ AAYAL N I NBS o ISta it BF AfAIKBIRe DY W
RSOf FNBR ad a4dzOK o6& NBfS@Fyd I208SNYYSyd F3ISyOa
I dzi K2 NA a2 Sa o



Table21. Significance and water quality guidelines for parameters monitored in TRNP

Parameter Significance/Methods WQ Guideline
* (Class SA)
pH * Measures the acidity or alkalinity of water. Most 7¢8.5
aquatic organisms thrive within a specific pH range
Deviations can indicate pollution or affect the
availability of nutrients and metals.
Temperature* Affects the solubility of oxygen and other gases, th| 26°C¢ 30°C

rate of chemical reactions, and the health of aquati
organisms. Extreme temperatures can stress aqua|
life and alter species composition.

Dissolved Oxygen
(DO)*

Essential for the respiration of aquatic organisms. |
DO levels can stress or kill fish and other aquatic li
while high levels can indicate excessive algal grow

6 mg/L

Turbidity*

Refers to the cloudiness or haziness of a fluid caug
by large numbers of individual particles. High turbig
can reduce light penetration, affecting aquatic plan
growth, and may indicate pollution.

none

Salinity*

The concentration of salts in water. It affects the
density of water and the distribution of aquatic
organisms. Changes in salinity can impact marine
ecosystems.

none

Conductivity*

Measures the water's ability to conduct electricity,
which is related to the concentration of dissolved
ions. High conductivity can indicate pollution or
changes in water chemistry.

none

Total Dissolved
Solids*

High or low TDS can stress or harm aquatic specie
it affect fish migration, reproduction, and overall
health. TDS affects the availability of nutrients and
trace elements essential for marine life..

none

Total Suspended Particles that remain suspended in water, thereby | 25 mg/L
Solids (TSS) causing turbidity or increase the color of the water.

High TSS indicates high turbidity.

Method: Gravimetric dried at 163.05°C.
Color Caused by the presence of dissolved organic matt¢ 5 PCU

metallic salts, or suspended.
Method: Visual Comparison Method (Platinum Coh
Scale).

Nitrogen as Nitrates

Indicates the presence of nutrients in the water
bodies. High concentration can cause severe illnes
animals.

Method: Colorimetric using Hach Nitrate Powder
Pillows

10 mg/L

Phosphorus as
Phosphates

Indicates the presence of one of the primary nutrie
in the water bodies. High concentration fuels the
growth of algae and other microorganisms.
Method:Colorimetric using Hach Phosphate Powdé

Pillows

0.1 mg/L




Oil and Grease (O&G] Fats, oils, waxes, and other related constituents fol 1 mg/L
in water that areecovered in the solvent.
Method: Gravimetric Method (Petroleum Ether
Extraction)

Total Coliform (TC) | TC comprises all members of the coliform bacteria| TC: none
and Fecal Coliform group, or the microorganisms from vegetation, soil; FC20

(FO) and water. FC are members of the TC group that | MPN/100mL
originate in the intestinal gut of warbiooded
animals.

Method: Multiple Tube Fermentation Technique
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Table22. Water quality in TRNP in May 202
Parameters | pH DO Temperature | Salinity | Conductivity | TDS TSS | Color | Oil & Fecal Coliform
(mg/L) (°C) (ppt) (mS/cm) (mg/L) | (mg/L) | (PCU) | Grease | (MPN/100 mL)
(mg/L)
South Atoll
WQO01 7.77 5.47 34.41 32.32 49.4 30.2 10 <5 <1 <1.8
WQO02 8.02 6.32 33.9 31.88 48.9 29.8 15 <5 <1 <1.8
WQO03 7.84 4.84 34.44 32.33 49.2 30 15 <5 <1 <1.8
WQO04 8.06 4.83 34.08 31.94 49 29.9 <1 <5 <1 <1.8
WQO05 7.91 4.75 34.42 32.33 49.4 30.01 5 <5 <1 <1.8
WQO06 7.91 4.75 34.50 32.1 49.1 30 10 <5 <1 <1.8
WQO07 8.23 5.44 34.93 31.78 48.4 29.5 <1l <5 <1 <1.8
North Atoll
WQO09 7.73 4.56 34.11 31.7 48.7 29.7 <1l <5 <1 <1.8
WQ10 8.11 4.72 33.75 32.66 49.9 30.5 <1 <5 <1 <1.8
WQ11 7.34 4.73 33.78 32.24 494 30.1 25 <5 <1 <1.8
WQ12 7.78 4.36 33.95 32.29 49.4 30.2 15 <5 <1 <1.8
WQ13 7.71 4.2 33.15 31.75 48.7 29.7 10 <5 <1 <1.8
WQ14 8.16 4.03 34.41 31.26 48 29.3 10 <5 <1 <1.8
WQ15 8.00 4.13 34.36 32.53 49.8 30.4 15 <5 <1 <1.8
WQ16 8.19 4.32 34.03 31.18 47.9 29.5 10 <5 <1 <1.8
WQ17 7.77 4.8 33.96 31.75 48.7 29.7 20 <5 <1 <1.8
JssieBeazleyReef
wQ19 [8.15 [496 |[33.74 [31.75 [487 207 [« <5 <1 <1.8
Buffer Zone
WQO08 7.88 4.67 34.46 31 48.9 29.8 <1 <5 <1 <1.8
WwQ18 7.95 4.62 34.12 32.45 49.7 30.3 15 <5 <1 <1.8
WQ20 8.14 | 4.56 33.94 32.52 49.7 30.3 10 <5 <1 <1.8
WQG Class | Class 7.08.5 6 26-30 25 50
SA SB

*Based on DAO 2608 and DAO 20219 (for Fecal Coliform and Phosphates). Abbreviations; DO
Dissolved Oxygen; T&Sotal Suspended Solids; MPMost Probable Number; WQGWater Quality

Guidelines; JB Reejessie Beazley Ree
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Figure38. Trends of water quality parameters measuredsite from 2014 to 2024. Water Quality Guideline (Class SA)
for Temperatureg 26 to 300C, phd 7 to 8.5, Dissolved Oxygeré mg/L (DAO 20186).
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Figure39. Values of color and total suspended solids (TSS) in TRNP from 2014 to 2024. Water Quality
Guideline (Class SA) for T&5mg/L, Colog 5 PCU (DAO 2618).
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Figure40. Concentration of Oil and Grease in Tubbataha Reefs Natural Park from 2014 tov2024.
Quality Guideline (Class SA) for Oil and Gredsmg/L (DAO 2@08).
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Figure41l. Concentrations of fecal coliform in TRNP from 2015 to 2024. Water quality guideline for fecal
coliform: Class SA (Marine Protected Areas): 20 MPN/100 mL, Class SB (Bathing/Recreational Waters):
100 MPN/100 mi(DAO 202419).
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NOAA Coral Reef Watch Dally Skm Sea Surface Temperatures (v3.1) 10 May 2024
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Figure42. Sea surface temperature projected in Coral Triangle in 2023 (above) and 2024 (below). Source:
NOAA Satellite and Information Service. https://coralreefwatch.noaa.gov/product/Skm/index.php
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Table23. Correlation between parameters measuredsite in Tubbataha Reefs Natural Park from 2014
to 2024.

DO Temp pH Salinity
DO 1
Temp -0.5745 |1
pH 0.2813 | -0.1209 1
Salinity 0.3997 -0.4870 -0.1595 |1
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Figure43. Relationship between dissolved oxygen and temperature measured at all sites in Tubbataha
Reefs Natural Park from 2014 to 2024.

¢KS lylrfeara 27F (KS ONSBIYIALDEfa KIAVLR 2FA ONBRD A RK2 AA
200FAYySR FTNRY (K al YLX Sa 02ttt SOGSR Ay ¢wbt a&akKk
2Af YR 3INBIFaS FyR FSOIt O2ft AT28WSOhapyhicHAL ald
INBF&AS AYyONBI &S FyR o0IldG&GRSNRil I f {dSF St nam qoyd  éhl GIKSS\NJ
4 LIK2adKPHIB@ET 0 = K26SR | 6SIF]1 L2aAoa@®S O2NNBf I
20KSNJ FIF OG2NR 0SaARSa LK2ALKIGS tS@Sta vYre oS

tKS ®SOAF2N)XY f S@S Ay &aSFglFGSNI A& Iy AYRAOIG21
LINB&aSyO0S 2F LI {iK23ISyaod | A3K fS@Sta ada3asaid

RSGSN¥YAySa GKS adaAaidlroAfAGe 2F (GKS a0 20R@0 KAF Jg | (i ¢
FYR &6AYYAYy3od

¢CKS 1S@& LI NF¥YSGSNE AyomiSyONIYy a2 NIKIS NES T d KA 2t dekk
Al EAYyAGeY ydziNASYd (50Stas fAIKG I SFrAfloAtAGeS
AYGSNI OGd AYGNROIGSte (80l 0RBISOSK

M M b



f SIR (G2 O2N}f o0fSIOKAYy3A:L sKAES OKIy3ISa Ay &l faA
NESFT INBSGK | yR aﬁl-o)\f)\uecb bdzﬂNJ\SyG 2OSNI 21 Ra
AaY20KSNJ O2Nrf&a FyR &SI anNg GaAfA FAMNIG KISNI O2 R EINEIY
ONHzOA I £  F2NJ LJKzuzéeyGKéeo 2 NHFyAaYas sKAOK T2

6/ 2dz0S SO FfdX wnamuT YiSeLla Si td mphpdpT CNB

A

S RSOt AWISG 2N GANINE NBSFaX LI NbOdzZ F NI & Ay {GNJ
SaSINDK AYyRAOFGSa GKIFIG GKSasS SOz2aeaisSvya KI @S
YR 0A2RAGSNEAGET 6AGK &l dzRoA-SYaY KBRS IO2NYH NBRFE
GKS LI ad on G2 pn @SFENE O6DFNRYSNI SO Ff®dX HnnoT
NBadzZ G (2 f2aa 27 NDBZF ROKAYMNE AMIVELIE Ad2l sRiy&E2 TRINA Y1
LIN2(GSOa2yz IyR ( 2R81ISSRO2% ¢ YKSETf iikd O2N}f NBST
G2dz2NRAaY®

< QX

¢
w
I

CONCLUSION

SNJ ljdz t AGie A& SaalSyeslf F2NJ GKS adzadl Ayl oAt A
FYR YINRARYS Sy@ANRYyYSyia 6KSNBE AdG RANBO
X YR NBST UaKod CKESNAREOEYSWOHHE AYY
u

~—h

SR Of2&8dzNB 2F (2dzNAayY Ay Hnun AYRAOL
G2 NBRdzOSR KdzYly | Oa@AlGed |1 26SOSNE 2y3A2Ay 3 )
LI Nb Odzf F NI @ NBIFNRAYI NEBRAVTRES AN OZNNFT 10852 yi SHA
2E@3S8Sy | yR altAyAride tS@gStao

¢tKS NBO2NRSR AYyONBFaS Ay F@SNFr3aS GSYLISNI (dz2NBa

2F O2N}f NBSFTaod 2AGK {{¢a FTNBldSyite SEOSSRAy3
0502YSa Y2NB LINRy2dzyOSRI I a SNMRSIYysRSR oRS (1S
GSYLISNI GdzZNB YR @GAGFE 61 GSNJ ljdzr £t AG@ LI NI YSGSH
LINEYy 2dzy OSR 20SlIy I OARAUOlIa2ysS (GKS LRGSyslf F2I
GAAAT LYyl YFyYyF3aSYSyd FyR O2yaSNBls2y Si2NIao

/| 2y OSNI SR Stu2NIlia Ydzad 6S YIRS (2 YAe3dlLrGsS OfAYl
YR SyT2NDS LIN2GSO0adS YSI&dNBE Ay YINARYS | NBI &
ONRoaOlf SO2aealiSyYyad ¢KS aridZ oggO0agydwdS i NEYW
KdzYl'y I+ Oea@AlGer 6FGSN) ljdz-tAGer FyR S0248eaiGSy KS
FLILINE I OK (2 YINRYS O2yaSNDlo2y (GKIG LINA2NRAoI Sa

MH N



RECOMMENDATIONS

MP/ 2y Sy diBSSI dzf  NJ Y2YAG2NAY 3 2F 61 GSNJI ljdzr £ Ade LS
arftAyAGer LI I YyR ydzZiNASyd €S@Stas G2 RSGS
RSOA&aA2YyaD CKA&d Oly 0SS R2wY SO oNHENK |jdzr & &
RIFfiR33SN®

HOLYLINREGS GKS GSOKYAOFf OFLIOAGEe 2F adla LI NX
g GSNJ al YL Sao

od/ 2ff 102N GS 6A0GK aOASyaUO Ayaesildm2z2yar I|yR
2NHIFYAT la2ya YR dzyyAdSNAAaSE (2 fSOSNI3IS SE

noLyOf dzRS yAGNI 088 yR LK2aLKIGSE Ay &dzOO0SSRA



REFERENCES

.NY¥zy2X W CoX yR {StAIZT 9d wod dH ORTUOY wSIMAHAL
SEGSYdzZ I'yR &adzoNBIA2Yy Il f O2YLI NR&2y&ad t[2{ hySo

/| 2dz0S 9o wAR3ISgStt ! o | SyRé 9OWD HAMHD 9y FA NI
AKF Wi HBSN O2NIF f NBESTMpH o . A23S23INJ oY mMpny

DFNRYSNE ¢ | o®H S8 HMBBEAPREOIOFSE2KY / F NAOOSIH Yy
[ SISNE>OPa@O> opwM

Ddzt y ,®3 | 2Ky {®X aSNARO2 ! & wanmpd {daAillofS 9y
lFToAdrda Ay GKS ¢NRLAOFE hOSFyd t[2{ hb9 wmMnoco
W 0206482y ad %o 6HnnpuX {ddzRéAy3a 20SIy I OARAL

a
d0KSYSa T2N) yiRYSHYWASROMAUAS IAWR 20S8Fy Sljdzh £ A 6 N
wSa®X MMAIE 5NTONHI RZAYMAPOMAHMPKHANNWSAAPHHAD

YESeLl a Wo! dx alalyda Woezos aS3ST [ 0! . & wmdd
5308t 2LIYSydyY 2KSNB 52 2SS capdhd GKS [AySod 1Y 122

CNBSYlLYy [ ®! &3 Y SeLla Wo! &z aAftfSNI | WD Hamo ®
Aa0SYyIFNA2ad t[2{ hyS yY Syunnnd® R2AY MAndOMOT MK 22

| dZ66F NR 50 MppTd wSSFE &4 ReEylIYAOP528a0SYad [ AT

| dzZAKS&4X ¢d tdX YSNNEZI WP ¢dI DPI WhI ! yRSNE2Y
50 wodx . SNIStYlyazr wods . NAR3IST ¢ / &3 . dzif SNE |
WP /dzYYAYy3II D { I BAHIGBYNl £ D2 WOCOPD I PAFI D/ DA E
gFNYAYy3I YR NBOdZNNByY (G Yo laozpBoerSInpEy 8o tDF 02
KGLAYKKR2ADP2NBKkMAOMNoyKY FGdzZNBHMT N T

YKFEEAE L® wnmpd {0SttAGS 20aSNBlLaz2y 2F (NBYyRA
GKS LYR2t | OAUO NBIA2YD ! yADSNEAGE 2F { 2dzi KI YLI

{S27 adr [SSTI 1 ®I 39 YAYI ,d OHAMPLD wSfEla2yaKA
CHOG2NE G 28AN] {dFe2ya Ay 20 KESWIEIOZR2 W@T MbA & &
KdLJéYKKI§27\¢2N\HK|\/|ndJooqonKéMMHCMMT|v|



https://doi.org/10.3390/w11061171

5| COMPREHENSIVEISH
INVENTORY YEAR 4

YSy G [/ MENLYS yf (BN SNETASS |IDSRINRIFdzS {2y 302

i R 52YAYA2Y | YADBSNBAGESE +ANHAYALIZ | {!=Z
b SdzZNB f AYE wSaSI NDOK LydsilidziSs [ w2ffl R

!
2
o¢dzo ol Gk KI alyk3SYSyli hYOSE tdz2SNI2 tNAyOSal /Ade




Overview
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Table24. Stations surveyed this year. The station names (i.e;TBZ8 are sequentially assigned based
on the count of surveyed stations each year. Since 2018, 37 stations were surveyed in total.

DATE | STATION LOCATION REMARKS
NAME
23-Jun24 | 128 Lagoon, North | Lagoon Station, North Atoll about 1 km S of Ranger stat
Atoll to 48' high coral cover, lots of branching corals in shallo
23-Jun24 | T29 North Atoll N. Atoll Dive Site Ranger Station. Typical drop off. High
coral cover in shallow in areas in spots.
24-Jun24 | T30 Lagoon, North | Lagoon Station, North Atoll about 2 km S of Ranger stat|
Atoll to 80' to 6" high coral cover, shallow a lot of bleaching by
lots of fish
24-Jun24 | T31 North Atoll N. Atoll Dive Site Seafan Alley, very steep dropoff, 90" tq
high coral cover.
25Jun24 | T32 South Atoll S. Atoll southern part near light house Dive Site Delsan
Wreck
25Jun24 | T33 Lagoon, South| Lagoon Station, S. Atoll, southern part just inside lagoor]
Atoll north of Southwest Wall. Flat sandy area with rock
outcrops and lots of long branching corals
26-Jun24 | T34 Lagoon, South| Lagoon Station, S. Atoll, southern part just inside lagoon
Atoll near Black Rock Dive Site
26-Jun24 | T35 South Atoll S. Atoll Dive Site Staghorn North
27-Jun24 | T36 Jessie Beazley| Jessie Beazley, Eastern side to 80'
27-Jun24 | T37 Jessie Beazley| Jessie Beazley, SW side to 80
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Table25. Species and families identified in each location in TRNP surveyed from 2018 to 2024.

Location Total Species Total Families

Jessie Beazley 277 37

North Atoll 401 48

South Atoll 371 45
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Shannon Index Over the Years: Outer Reefs
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Figure44. Shannon Diversity Index for Outer Reefs from 2018 to 2024
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Table26. These species were present in all stations during the survey this year.

Taxon Common Names Taxon Common Name

Aethaloperca rogaa Redmouth grouper Macolor macularis Midnight snapper

Amblyglyphidodon aureug Golden damselfish Melichthys vidua Pinktail triggerfish

Arothron nigropunctatus | Blackspotted puffer Paracirrhites forsteri Freckled hawkfish

Balistapus undulatus Orangelined triggerfish | Parupeneus Manybar goatfish

multifasciatus

Cephalopholis urodeta Darkfin hind Parupenus crassilabrus | Doublebar goatfish

Chaetodon kleinii Sunburst butterflyfish Pomacentrus auriventris| Goldbelly damsel

Chaetodon lunulatus Oval butterflyfish Pseudanthias hutchi Redcheeked fairy

basslet
Chaetodon ocellicaudus | Spottail butterflyfish Pseudanthias smithvaniz Princess Anthias
Chromis amboinensis Pseudanthias tuka Yellowstriped fairy
Ambon chromis basslet
Chromis caudalis Blueaxil chromis Pseudocheilinus evanidg Striated wrasse
Chromis ternatensis Ternate chromis Pseudocheilinus Sixline wrasse
hexataenia

Chromis weberi Weber's chromis Pygloplites diacanthus | Regal angelfish

Ctenochaetus striatus Striated surgeonfish Zanclus cornutus Moorish idol

Gomphosus varius Bird wrasse Zebrasoma scopas Brown tang

Labroides dimidiatus Bluestreak cleaner Zebrasoma veliferum Sailfin tang

wrasse
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Table27. Species recorded as "abundant” (Perfect 4 Index) in 2024.

Taxon Common Name Taxon Common Name
Acanthurus thompsoni | Thompson's Pomacentrus auriventris | Goldbelly damsel
surgeonfish

Chromis amboinensis Ambon chromis Pomacentrus coelestis | Neon damselfish

Chromis analis Yellow chromis Pseudanthias dispar Dispar Anthias

Chromisatripectoralis Blackaxil chromis Pseudanthias hutchi Redcheeked fairy
basslet

Chromis caudalis Blueaxil chromis Pseudanthias smithvaniz| Princess Anthias

Chromis margaritifer Bicolor chromis Pseudanthias tuka Yellowstriped fairy
basslet
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Chromis retrofasciata Pterocaesio pisang Banana fusiliers
Blackbar chromis v

Chromis weberi Weber's chromis Pterocaesio randalli wl yREFEff Qa

Chromis xanthura Paletail chromis Pterocaesio tessellata Onestripe fusilier

Dascyllus reticulatus Reticulated damselfisli Pterocaesio tile Darkbanded

fusilier

Heniochus diphretues Schooling bannerfish | Pterocaesio trilineata Threestripe Fusilier

Heteroconger hassi Spotted garden eel Sphyraena obtusata Obtuse barracuda

Pomacentrus alexandera Alexander's damsel
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Table28. Speciesategorized in perfect index 4 (More than 100 individuals present every observation).

Taxon Common Name

Chromis caudalis Yellowtail Chromis

Naso lopezi Lopez's Unicornfish

Pomacentrus armillatus Bracelet Damsel

Pomacentrus auriventris Goldbelly Damsel

Pseudanthias tuka Purple Queen

Sphyraena obtusata Obtuse Barracuda

Spratelloides delicatulus Delicate Round Herring
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Figured5. Results of the species abundance analysis in Tubbataha Reef2(1;&xcluding lagoons) using
EstimateS software: (a) species accumulation curve collected from 31 sites; (b)-sasgdierarefaction using

data collected from 31 sites with 95%Confidenintervals (Upper and Lower Bound); and (c) species
accumulation in 31 sites with extrapolation up to 70 sites with 95% confidence intervals (Upper and Lower
Bound).
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Figure46. Results of the species abundance analysis in the lagoons of Tubbataha Reef20@202Busing EstimateS software: (a)
species accumulation curve collected from 6 sites; (b) saimgbed rarefaction using data collected from 6 sites WBRoConfidence
Intervals (Upper and Lower Bound); and (c) species accumulation in 6 sites with extrapolation of ugités ¥8th 95% confidence
intervals (Upper and Lower Bound).
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Figure47. Map of Tubbataha showg the survey sites with corresponding values on the degree of
bleaching.
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Figure49. The genus Aglaophenia, commonly known as hydroides @ompletely bleached from 5 to 10 meters
depth along the reef crest.
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Figure50. A map of the North (A.) and South (B.) Atolls of the Tubbataha Reefs Natural Park, showing the
500m segments dividing the upper reef slopes that were used in the stratified random sampling to
determine the positions of the survey stations.
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Figure51. A map of the assessment stations on the upper reef slopes of the North and South Atolls of
the Tubbataha Reefs Natural Park. The strata are the upper reef slopes facing the northeast monsoon,
the southwest monsoon, and others (i.e., the North Atoll\&/Mr SE and the South Atoll's W and E sides).

? ¢t WLt RUD

¢KS (NIXyasSOl AYI3ISa FNRBY G(GKS laaSaavySyid adleszy:
9EOSt SEGSyarzya &2Dél NB HISNARE® y¢ Sy MNIOy R 2 YS TLIZYAZ
2OSNI AR 2y SIOK 2F wHpn AYIF3ISAa LISNI adzNBSe adl
GFE2Yy2YAO FYLFf3ALYla2y dzyAdGa o¢!! a0 RSEAONAROSR o
Ot aaAUSR Ayid2 2ySY 2K NREOAMIYISNSE/ OF G EHANK Sa& 2
OFNB2Yy+FGS NBO]l 2N OFNDANF (6t HRPOE BEODRYKHf &@KRSI RI
F€3ALST 1103 FoA200 YIFGSNALE OAGDBOXYBRYRIY | FRE G

20KSN) 0A20GF O0ADPSP O0SYGKAO AYDSNISONIGSa 20GKSNJ
OfraaAUSR Ayid2 po ®NE &I KNBLANSNM SPayar \AlSyHzEa 2Ll
ARSYoaUOloe2y 2F O2Nlfa Ay ARIVaABOG2FAFAJa 2! RBA
F YRSNBIALR ¥ IS4 6SNB | fa2 ARSyaUSR® ¢KS @SN IS KI
OYydzYo SN 2F KI NR OQNJf ¢! aT NBFSNNBR (2 Fa a0z

iKS U@S GN¥yasSoid Ay SIOK &atlea2y ¢SNB NBLRZNISR

MMy



HCC

Results

¢KS | @SN} IS KIFENR O2N}ft O2@0SNIJ oI/ /0 FNRY (GKS wmo
pdm {90d . SOlIdzasS 2F GKS &d0GNYoaUSR alYLX Ay3d RSaa
G§KS NBfl a@S IWBOAY 2 17&RRBY RSNFIHY IS N2 NESSND &t 2 LIS & ¢
F @SN 3IS 1/ / @FtdzS 6Fa i GKS dzLJLISNI €t AYAG 2F |/
[ AOdz YEAYA M3D] FIWVIREM D A OdzZFEINY |y SELIX I yIea2y 2F GKS |
CAIdR2pa GKS 1// AyyBlIDK 2Fy d&KS | aaSaayvys

80

60
-

20

B
—n—a
[

SHINE-1834 |
SHINE-1836 ]
SHINE-1838 ]
SHINE-1851 ]
SHINE-1840 ]
SHINE-1842 ]

<~ ISHINE-1839 1
- ISHINE-183? 1
[m |ISHINE-1841 1
[m ISHINE-1B4S T
- ISHINE-1850 1
ISHINE-1847
= JsHINE- 1843

NW

o

o
@]
-
_‘
Il

NORTH

Figure52. Plot showing the hard coral cover (HCC) of the 13 assessment stations. The black dots represent
the average hard coral cover in the five randomly placed 50m ptrattsects in each station. The
average HCC per station is represented by the red treangl

Mn &



TAU

“ ~

¢tKS $SAIKISR | @SNIF3IS ¢!'! RADGSNEBAGE OLINPBLISNI &x
dzLJLISNI f AYAG 2F O2NI CA @UK2 @S NBKASH 8¢ ! /! | IFRGAIZS\NBR AR
FaaSaaySyid adGlsaz2yo

o

-

c“ {

[ar]

] !

L=}
J T T T ¥ L ¥ T L] J T T T
i3 =5 w <] - o= o & oo = [ o
3 3 5] oy T} o =5 =5 e = 'y =5 =
w0 o o0 o0 w0 o o0 o0 o0 w0 (=) o0 o0
oW W oW oW oW od od d ol d oW W
= = = = = < - < = = = = =
L L L L L I L I I L I L L
wn i o Lo o) w i [ 4] [ w ] 1)
N NW S SE E N S W
NORTH SOUTH

Figure53. Plot showing the number of coral taxonomic amalgamation units (TAUs) of the 13 assessment
stations. Each black dot represents the cumulative number of coral TAUs in each station's five random
50m photectransects. The red triangle represents the age diversity per station.
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Figure54. A dendrogram summarizing the results of an unweighted pair group method with arithmetic
mean (UPGMA) cluster analysis (using the Brastis dissimilarities) of benthic composition data using
Taxonomic Amalgamation Units
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Figure55. lllustration of transects surveyed by marine park rangers on the islets (left) and over the reef flats
(right).
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Figure58. Turtle sightings recorded over reef flats in North and South Atoll.

7 RET0WMIcUHAS M3 0 RUDN

CAdppii&26a GKS GSYLERNIYt RFEGF 2F GKS 0SIOK LINRUCf
L2Ayida 2y . ANR LatSGd FNRY CSoNHzZ NBE wunun (2 Wdz
aA3AYyAUOLyld &alyR RSLR&As2Y AY hOG20SNIyY2F HAaun |
YEN] SN SELISNASYOSR || Y2NB O2yaAraiaSyd GSYLRNE
b23SYOSNI HAHMD

MPpT



Temporal Beach Profile of Bird Islet (North)

250
200
150
100
50
0
0 5 10 15 20 25 30 35 40
-50
—8—Feb-20 ——Jun-20 —0— 0Oct-20 Nov-21
—&—Jun-22 —A—Jun-23 —@— Nov-23 —— Jun-24
Temporal Beach Profile of Bird Islet (South)
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Figure59. Scatterplot graphs showing the beach profiles of the north and south markers on Bird Islet.
(Triangle markers represent surveys conducted during Habagat and circle markers represent Amihan)
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Temporal Beach Profile of Bird Islet (Southwest)
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Temporal Beach Profile of Bird Islet (Northeast)
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Figure60. Scatterplot graphs showing the beach profiles of the northeast and southwest markers on Bird Islet.
(Triangle markers represent surveys conducted during Habagat and circle markers represent Amihan).
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Table29. Marine debris collected in 2023 and 2024

2023 2024
Composite Materials 0.8 5
Glass items 21.8 0.3
Metal 2.3 605.2
Nylon 10 54.7
Other Plastic Items 1.2 1
Plastic Container 5.9 6.9
Plastic Food Wraps 1 1
Rigid Plastic Items 2.6 0.5
Rubber 11.85 2.4
Styrofoam 15 36.3
Total Weight 58.6 677
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Figure62. Weight of marine debris collected per year from 2016 to 2024
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Figure63. Total weight of nylon from 2016 to 2024 compared to all other collected marine debris
combined (left) and total weight of plastic debris per categofiem 2016 to 2024right).

§qO68HIWWI 2¢ qRY Ut
QUAdASXx7ShAénnt L

¢tKSNBE 6SNB ydzYSNRdza NBLR2NIa 2F O2N}Xf ofSIOKAy3
alye LK2(G2a ¢SNBNRPFSEUEARYYIDNMA YR QISF N] NI y3ISNA R:
SEGSYl 2F G(KS o0fSIOKAYId C¢cREE20RHFURISI OKBY 2 O
yy2dzyOSR 6@ bh!! Ay CSoNMHzZ NBEd ¢KS S@Syili O2yay
aSlazy odzi KIa adzfAXRERGEBYDENPARIS WdzA & 2F HAr
wSaSI NOKSNE NBGOdz2NYSR Ay b2@SYOSNIuwnun FyR KIF@S



Flgure4 ProtectedArea SuperlntendenAngellque Songcomspectlng the extent of coral
bleaching in Tubbataha. Photo by Dylan CAdO.
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Appendixl. 2024 Research Team
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Appendix2. Mean density (ind/500f and mean biomass (gAnof fish families in deep and
shallow stations
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Appendix3. Mean density (ind/500A) and mean biomagg/m?) in the shallow and deep areas
of the USS Guardian grounding site this year.
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Appendixd. Approximate changes in the land area of Bird Islet from 1911 to 2024
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SE : As above
NW: Two small
sandbars off the

coast

SE: Three sandbar

off the coast

NW: Two stable

sandbars

No data

South coast
South coast

South coast
South coast

South coast
South coast
South coast
South coast

West
coast
South coast

Northeast
coast
Northeast
coast
Northeast
coast
Northeast
coast
Northeast
coast
Northeast
coast
Northeast
coast
Northeast
Coast

None
compared to
2018

No erosion

MC b



SE: One stable ant
one expanding

sandbar

2021% 513 >14,009 3,253 NW: stable Northeast
sandbars coast
SE: Stable
sandbars

2022 494 13,334 7,014 NW: one stable Northern
sandbar coast
SE: One stable
sandbar

2023 540 13,993 5,435 NW: One stable Northeast
sandbar coast
SE: One stable
sandbar

2024 591 16,905 6,842 NE: One sandbar Northeast

SW: Two sandbars coast

Source: Worcester 1911, Kennedy 1982, Heegaard and Jensen 1992, Manamtam 1996, WWF Philippines
2004 and Tubbataha Management Office 2004 to 2024.
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Appendids. Condition of vegetation on Bird Islet and South Islet
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Appendix6. Population results and population trend of breeding seabirds in TRNP April to Jup20281

Inventory baseline years are underlined. Source: Kennedy 1982, Manamtam 1996, WWF Philipp2@341298 TMO 2002024

Year/Species Ground Brown Great Crested Sooty Tree RedFooted Black TOTAL
breeders Booby Tern Tern breeders Booby Noddy

1981 13,388 150 3,768 2,136 2,264 5,070 156 9 147 13,544
1995 3,949 1 2,060 643 335 910 7,128 0 7,128 11,077
1998 1,744 0 1,716 0 0 28 3,250 0 3,250 4,994

2000 4,695 0 1,045 500 150 3,000 3,502 2 3,500 8,197

2001 7,529 0 850 37 414 6,228 7,042 44 6,998 14,571
2002 7,635 0 577 775 4,160 2,123 5,003 43 4,860 12,638
2003 2,804 0 623 115 2,064 2 1,630 20 1,610 4,434

2004 5,200 0 856 336 2,808 1,200 3,240 2,435 805 8,440

2005 13,825 0 1,877 590 7,858 3,500 8,353 1,947 6,406 22,178
2006 16,957 0 1,108 1,035 6,894 7,920 8,727 1,877 6,850 25,684
2007 7,746 0 1,016 530 4,700 >1,500 7,902 2,902 > 5,000 15,648
2008 10,534 0 1,059 800 4,875 3,800 10,403 2,513 7,890 20,937
2009 9,721 0 1,018 1,570 4,433 2,700 9,525 2,220 > 7,305 19,246
2010 18,669 0 1,438 1,575 4,790 10,866 9,975 2,331 7,644 28,644
2011 13,592 0 1,846 2,042 6,160 3,544 10,746 2,395 8,351 24,338
2012 18,383 0 1,879 1,492 8,653 6,359 11,776 2,340 9,436 30,159
2013 15,988 0 1,690 1,688 9,794 2,816 12,858 2,202 10,656 28,846
2014 16,448 0 1,632 1,862 7,73C¢ 5,224 10,630 3,074 7,556 27,078
2015 27,193 0 2,403 2,583 <12,387 9,82¢¢ 11,718 3,492 8,226 38,911
2016 27,654 1 3,122 2,096 13,880 8,555 11,101 2,141 8,716 38,549
2017 29,940 1 3,535 4,209 17,097 >5,098 7,278 2,087 5,191 37,218
2018 35,878 1 3,367 3,470 17,752 11,288 5,916 1,443 4,473 41,794
2019 24,569 1 3,138 2,208 14,880 4,342 3,152 1,080 2,072 27,721
2020 29,323 2 >2,977 3,262 17,810 >5,272 3,310 660 2,65C¢ 32,633



2021 24,880 2 3,800 1,702 13,376 6,000 3,298 422 2,876 28,178
2022 35,994 2 4,906° 2,0841 17,812 11,448%> 2,950 736 2,2143 39,202
2023 26,789 2 4,854 1,162 16,156 4,615 3,331 489 2,842 30,120
2024 28,381 4 8,739 1,521 17,037 1,080 2,914 502 2,412 31,295
Trend (%) -97% 132% -29% 653% -719% -79% -66% 131%
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AppendixX7. Seabird breeding data from Bird and SouthdsBetd Quarter (mainly May) 2004

2024
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Appendix8. Inflight to roost statistics of boobies and noddies on Bird Islet 2005 to 2024
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Appendi@. Inflight to roost statistics of boobies and noddies on South Islet May 2014 to 2024

Species/ 2014 2015 2016 2017 2018 2019 2020 2022 2023 2024
Numbers
Redfooted Booby
May 8: May 8: May 13: May 9: May 12: May 15: May 21: Apr 30 May 12: May 12:
16.30- 16.30- 16.30- 16.30- 16.30- 16.30- 16.30- 16.30- 16.30- 16.30-
17.30 18.30 18.30 18.30 18.30 18.30 18.30 18.30 18.30 18.30
Adult: 156
Daytime 401 366 508 584 262 154 32 41 84
In-flight 910 1,020 1,018 633 355 282 198 285 147 o8
Adjusted to ) - )
2-hour period 1,820 - - - - - -
214
Total 2,221 1,386 1,526 1,217 617 436 230 326 231
o i .
% inflight population | g, 736 66.7 52.0 575 64.7 86.1 12.6 64 27
Average 58.62
Immature: 2
Daytime 68 58 32 27 22 43 5 6 7
No 3
In-flight 1 count 21 1 23 27 4 2 0
Adjusted to zhour - )
period 2 - - - - - - -
Total 70 > 58 63 28 45 70 9 8 7 5
% inflight population | , o - 333 3.6 51.1 38.6 44.4 25.0 0 60
Average 28.8
Species/
Numbers 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Brown Booby
May 8: | May 8: May 13: | May 9: | May 12: | May 15: | May 21: | May 31: | April 29: May 12: May 12:
16.30- | 16.30- 16.30- 16.30- | 16.30- 16.30- 16.30- 16.30- 16.30- 16.30- 16.30-
17.30 18.30 18.30 18.30 | 18.30 18.30 18.30 18.30 18.30 18.30 18.30
Adult:
Daytime 7 22 40 31 160 41 73 81 174 219 622
In-flight 2 28 24 11 144 158 376 20 109 130 185
Adjusted to ) )
2-hour period 4 - - - - - - - -
Total 11 50 64 42 304 199 449 101 174 349 807
o il .
voinflight population | 155 | 569 375 262 | 474 79.4 83.7 19.8 62.6 37.2 23
Average 44.6
Immature:
Daytime 0 2 0 4 32 1 16 3 0 18 11
No count No
In-flight 0 count 1 0 4 16 2 1 0 0
Adjusted to zhour ) )
period 0 - - - - - - - -
Total 0 >2 0 5 32 5 32 5 1 18 11
o il .
% inflight population | - - 200 |0 800 | 500 |400 |500 0 0
Average 30
MT @




Species Black and Brown Nogd
Year 2015 2016 2017 2018 2019 2022 2023
(Note 1) (Note2) (Note 3) (Note 4) (Note 5)
May 8: May 13: May 9: May 12 May 15: May 21: 30 April: 12 May:
16.30- 16.30- 16.30- 16.30- 16.30- 16.30- 16.30- 16.30-
18.30 18.30 18.30 18.30 18.30 18.30 18.30 18.30
Adult:
Daytime 6,856 > 4,421 4,126 2,179 0 - - -
In-flight 4,678 >3500 | <2066 | 1335 0 - ) )
Adjusted to
2-hour period 4678 ) ) ) ) ) - -
Total 11,534 7,921 6,192 3,514 0 - - -
% inflight population 40.6 44.2 334 38.0 - - - -
Average 39.0
Brown Noddy
Adult:
Daytime 2,921 1,347 0 427 1,270 1,162
In-flight 1,461 681 0 249 176 104
Adjusted to zhour period
Total 4,382 2,028 0 676 1,446 1,266
% inflight
population 33.3 33.6 0 36.8 12.2 8
Average 20.65
Black Noddy
Adult:
Daytime 1,205 832 60 948 1,125 2.842
In-flight 605 654 19 171 113 168
Adjusted
2-hour period - - - - - -
Total 1,810 1,486 79 1,119 1,238 3,010
% inflight
population 334 44.0 24.0 15.3 9.1 5.6
Average 219

Note 1: Predominantly Black Noddy
Note 2: From 16.30 to 17.30 more birds left the islet compared to the number of birds arriving. From 17.30 to
18.00 more birds arrived than left the islet
Note 3: 578 individuals left the islet while 2,644 flew in = 2,088t
Note 4: 101 birds did not settle for landing as a results of ongoing construction and reclamation works

Note 5: Black Noddy: flying in to islet 421, flying out 172. Brown Noddy: flying in to islet 464, flying out 293
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Appendix10. Systematic list of other avifauna than resident seabirds observed at Bird Islet,
South Islet, and Ranger Station, Tubbataha Reefs Natural Park from May 8 to May 13, 2024
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AppendixL1l. Comparison of the landscape and habitats seen from the Permanent Photo Documentation Sites on Bird andsSidlaty 26lett and 2024
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AppendixL2. Feld datasheets during water quality monitoring on ¢23 May 2024
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FIELD DATA SHEET
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