EEN

- i et - - -
T e

e e— e

e ey

A b 72 S}
3

5 e 1T e U ¢







W& s T‘l
D e i

——
e ap

%) j. / I M: \ ! ) \ej m
philiopines Baljaey e
ASSESSIN

1y LOGICAL
- INVASION IN MAJOR
PHILIPPINE PORTS
USING ENVIRONMENTAL
DNA METABARCODING

Lorraine Joyce M. Del Rosario', Lester Arvin S. Pascua', Karina Mae N. Delos Santos', Ardea M. Licuanan',
Ambrocio Melvin A. Matias!, Melody Anne B. Otampo’, lan Kendrich C. Fontanilla', Benjamin M. Vallejo, Jr!

IInstitute of Biology, College of Science, University of the Philippines Diliman @ ~
2Department of Biology, College of Arts and Sciences, University of the Philippines Manila ||

4




The Coral Triangle
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Figure 1. Indo-Australian Archipelago (IAA), also known as the Coral Triangle, with Philippines as the center
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Figure 2. Biofoulers or hullfoulers

| Figure 3. Ballast water as discharges from ships
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Marine Non-Indigenous Species (MNIS) can be harmful and become invasive, with impacts on

% - 4 ’ Figure 2. S. melanotheron from (A) Hagonoy, Bulacan (SL = N K7 - L e R et s,
S o 159 mm) and (B) Manila Bay (SL = 89 mm). Photo: B.J. Catacutan. R G e _ ""' , = :
. Figure 4. Non-indigenous Marine Species detected from Manila bay such as Invasive black-chin tilapia, a

?‘f;‘ representative of a flowerhorn, Striped barnacle (Balanus amphitrite) and Charru mussel (Myfella charruana). e
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e Human population growth
e Increasing consumption
e Reduced resource efficiency
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Figure 5. Tradifional method (a) vs Metabarcoding method using environmental DNA (D)  [IiEGaslere X e oo
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Objectives of the Study
Using eDNA approach, the study aimed to:

phlpp e

ShT
1

EFFECTIVE
CONSERVATION

AND POLICY-
MAKING

develop standard
. procedures/design

establish ballast water
biological community;

determine introduced
and invasive species;

establish an inventory of the marine
communities in the ports;
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Sampling Sites and Dates

Table 1. List of Philippine Ports Studied

Year 1 Ports

Manila Ocean Park

Cunanan Wharf

Manila

Container Terminal

International

Matnog Port

Cebu International Port

Code

Province

Manila

Manila

Manila

Sorsogon

Cebu

Davao International Port Davao
Year 2 Ports Code | Province

Subic Ports SUB  Zambales

Batangas Port Batangas

Kudat

ita Kinabalu

landar
ictona,

Keningau

Laoag

Tabuk
Vigan

llagan
Baguio
Alaminos Dagupan
Tarlac City
Gapan
Olongapd Mgila

Calamba

@Batangas City Naga

Pilipinas Legazpi

Scr(sgon

Catbalogan

Calapan

Roxas
Tacloban
Bogo
Bacolod Ormoc

CebbCuy
Kabankalan Surigao
City

i Sipalay Tagbilaran
Puerto Princesa B.
Dumaguete Tandag

Dipolog Butuan

Cagayan de
Bislig
Pagadian
Zamboanga
DavaaCit
City Cotabato E. Y

City Digos

Or
Mindanao

General Santos

Sandakan

Table 2.

phiiopines Bajlagy

Dates of retrieval of samples
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Wat

YEAR 1
Manila Matnog Cebu Davao
Retrievals
st 2021-05-04 2021-05-12 2021-05-06 2021-05-07
2nd 2021-06-28 2021-07-13 2021-07-10 2021-07-09
3rd 2021-09-10 2021-09-09 2021-08-25 2021-09-07
4th 2021-10-26 2021-10-28 2021-10-21 2021-11-07
YEAR 2
Manila Matnog Cebu Davao Subic Batangas
Retrievals
oth 2022-03-31 - - - 2022-04-01 2022-04-01
qst 2022-05-31 2022-05-29 2022-06-01 2022-05-30 2022-06-01 2022-06-02
2nd 2022-07-27 2022-07-28 2022-07-28 2022-07-28 2022-07-28 2022-07-29
3rd 2022-09-28 2022-09-30 2022-09-28 2022-09-29 2022-09-29 2022-09-30
4th 2022-11-28 2022-12-01 2022-11-28 2022-11-28 2022-11-29 2022-12-01
Ballast
Water Date
(BW)
Ship #1 2023-06-08
Ship #2 2023-06-10

Figure 6. Mapped coordinates of sampling sites (OpenStreetMap)
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eDNA Next
Extraction and Generation Bioinformatics
Amplification Sequencing

Water
Filtration

Check sequence using
Fastqc and summarize
with multiQC

Run fastq_screen to map
reads against known
genomes using bowtie2

.

Classify reads using
Kraken2

Figure 7. Water collection  Figure 8. Filtration using  Figure 9. eDNA Extraction Figure 10. lllumina Figure 11. Steps in

of two litres with replicate glass microfiber filter papers

and Amplification Process
from port i el -

MiSeq System Bioinformatics
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|. Selected Philippine Ports

Manila Ocean Park Cebu International Port
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Figure 12. Relative abundance in terms of phyla composition per port (Year 1 and Year 2)
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Arthropoda (Year 1)

Mollusca (Gastropoda) (Year 1)
Cnidaria (Year 1)

Mollusca (Bivalvia) (Year 1)
Echinodermata (Year 1)
Annelida (Year 1)

Porifera (Year 1)

Bryozoa (Year 1)

Arthropoda (Year 2)

Mollusca (Gastropoda) (Year 2)
Cnidaria (Year 2)

Mollusca (Bivalvia) (Year 2)
Echinodermata (Year 2)
Annelida (Year 2)

Porifera (Year 2)

Bryozoa (Year 2)

|. Selected Philippine Ports

Phyla Composition Per Port (Year 1 vs Year 2)
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@6“\ Figure 13. Summarized relative abundance in terms of phyla composition per port (Year 1 and Year 2)
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Selected Philippine Ports

Table 4. Total and Summary of number of detected species only from selected phyla

Phylum No. of Species P"giof,era Annelida
Detected Mollusca o 9%
: (Gastropoda)
Annelida 89 17%
Arthropoda 509
Bryozoa 29
Cnidaria 80 Mollusca
(Bivalvia)
Echinodermata 43 6%
Mollusca (Bivalvia) 59 Echinodermata
4%
Mollusca (Gastropoda) 177
— Arthropoda
: Cnid
Porifera 33 Pool 50%
8%
Other taxa 153 Bryozoa
3%
Total N Figure 14. Summarized relative abundance across all ports
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Il. Ballast Water (BW) from Ship 1 and Ship 2 ===

P75

Table 5. Summary of a number of detected species only from selected phyla

No. of Species Detected

Comparison of Species Richness (Ship 1 vs Ship 2)
54%

501

&
o

N
o
T

101

Phylum

Figure 15. Ship 1 & Ship 2 Ballast Water Species Richness

Phylum Ship #1 Ship #2
Annelida 3 12 .
Arthropoda 72 112 330
Bryozoa 14 6 g
Cnidaria 15 31
Echinodermata 5 6
Mollusca (Bivalvia) 8 12
Mollusca (Gastropoda) 28 26
Porifera 6 2
BACKGROUND H METHODOLOGY
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Ill. Introduced Species: Potentially Q[
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Organism Presence Across Ports " ragemen esear
e+ Figure 16 shows how
Amphibalanus reticulatus
dominated the ports. No
introduced species were
detected in Batangas port.
 A. reticulatus is recognized
to be potentially invasive

(Trivedi et al., 2021).

« Balanus glandula is an
invasive species (Tricarico,
2016).

=04 + According to World Register

of Marine Species,

L L Ecteinascidia styeloides and

Ascidia gemmata are

"0.2 reported to be invasive.

 Didemnum perlucidum s
invasive due to its rapid
reproductive output.
(Simpson, 2016).

Amphibalanus reticulatus

Ectainascidia styleoides |

Organisms

Didemnum perlucidum

Ascidia gemmata -0 0 0 0 0

Cw MICT MOP CIP DIP SUB MTG
Ports

-0.0

Figure 16. Heat map generated based on the presence of introduced species per port.
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Ascidia gemmata

Didemnum perlucidum

SUB

MOP Amphibalanus reticulatus

/ CIP \

MTG MICT

Ectainascidia styleoides

DIP

Figure 17. Network analysis of Introduced Species based from WRIMS and COL

philippines Bafjae —
ery

Figure 17 shows how A.
reticulatus is connected to
different ports. Given its
widespread distribution and
potential impacts, it is
recognized as an introduced
species with invasive potential
in various regions. This has
already been reported in Manila
bay, using traditional methods
(Rosell, 1973) and is known as
a frequent fouler of ships and
marine structures worldwide in
warm subtropical-tropical
waters.
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l1l. Introduced Species Distribution

Table 6. List of Introduced Species and their distribution based from WRIMS and CoL

Sﬁn

phil hppmes 35“asr /V

Scientific

ID Name Authority

Introduced Localities based from
WRIMS

Taxon
ID

Alien
Distribution
based from

Catalogue of Life

645UV 1 967)

AN p[eJall s EIERIVER(Utinomi,

Israeli part of the Mediterranean Sea -
Eastern Basin, Belgian part of the North
Sea, Gulf of Mexico, Gulf of California,
Mexican part of the Gulf of California,
Brazilian part of the South Atlantic Ocean,
Belgian part of the North Sea, Australian
lpart of the Coral sea

N/A

N/A

137 (Darwin,
0 1854)

Belgian part of the North Sea, Argentinean

part of the South Atlantic Ocean, Japanese
part of the North Pacific Ocean, Uruguayan
part of the South Atlantic Ocean,
Argentinean part of the South Atlantic
Ocean, Belgian part of the North Sea,
South African part of the South Atlantic
Ocean

N/A

N/A

BACKGROUND

Representative Figures
[Mostly from World Register of Marine Species
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Table 6. List of Introduced Species and their distribution based from WRIMS and CoL (Continuation)

Scientific
Name

Ecteinascidia
HRlsteistyeloides

Didemnum
aNeLsiperlucidum

iy gemmata
BACKGROUND

Introduced Localities based Alien Distribution based
Authority from WRIMS Taxon ID| from Catalogue of Life
Mediterranean Sea - Western
Basin, Mediterranean Sea,
(Traustedt,|French part of the Mediterranean French Exclusive Economic
1882) Sea - Western Basin 54319649Zone

(Monniot
F., 1983)

Gulf of Mexico, Philippines,
Indonesia, United States Exclusive
Economic Zone, Australian part of
the Indian Ocean, Australian part of
the Indian Ocean, Costa Rican part
of the North Pacific Ocean,
Madeiran part of the North Atlantic
Ocean, Galapagos part of the
South Pacific Ocean

54319483

Philippines, Texas, Panama, @

Indonesia, North Atlantic
Ocean, North Pacific Ocean,
Gulf of Mexico, Philippine

Representative
Figures

Sea, United States Exclusive il

Economic Zone, United
States Exclusive Economic
Zone (Hawaii), Northern
Marianas and Guam
Exclusive Economic Zone,
Pacific Coast

(Sluiter,
1895)

Indian part of the Laccadive Sea

METHODOLOGY

N/A

RESULTS & DISCUSSION

N/A

|
(Lee etal. 2013)|
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g TAKEAWAYS

Inventory &
Monitoring

Invasive
Species
Identification

Ballast Water
Analysis

Standardized
Protocols

Check the
% accuracy

Label all
species with
their status

Track phyla
richness
changes
=ver time.

Correlate
with
environment
al factorg

Identify
other
potentially
invasive

erform NMDS
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