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Background

Singapore, a city in a garden




Background
Fresh waters of Singapore:

t}‘ Yeo DCJ, Lim KKP (2011) Singapore Biodiversity: An Encyclopedia of the Natural
Environment and Sustainable Development (Chapter: Freshwater Ecosystems);
Yeo DCJ, Wang LK, Lim KKP (2010) Private Lives: An Exposé of Singapore’s Freshwaters



Background

Fresh waters of Singapore:
urban freshwater habitats

Drains/Canals

Mostly urban freshwater
habitats

* Higher pH, temp

« Alien species

Yeo DCJ, Lim KKP (2011) Singapore Biodiversity: An Encyclopedia of the Natural
Environment and Sustainable Development (Chapter: Freshwater Ecosystems);
Yeo DCJ, Wang LK, Lim KKP (2010) Private Lives: An Exposé of Singapore’s Freshwaters



Background

Fresh waters of Singapore:
natural freshwater habitats

Forest streams
Stei—

Rural streams

Few natural freshwater
habitats

* Lower pH, temp

* Native species

@ Yeo DCJ, Lim KKP (2011) Singapore Biodiversity: An Encyclopedia of the Natural
Environment and Sustainable Development (Chapter: Freshwater Ecosystems);
Yeo DCJ, Wang LK, Lim KKP (2010) Private Lives: An Exposé of Singapore’s Freshwaters



Background

Singapore...a hotbed for freshwater invasions

International/ regional trade hub Among the world’s busiest ports
Ornamental fish trade 2.5 billion gross tonnage in 2015
o 21% of world export market

7% of world import market

i
v 7 World

/

Value USD

Years

« >325 exotic vascular plants
e >163 introduced animal species Including some of the World’s Worst Invasive Species

o mostly aquatic—mostly freshwater:
= >50 fishes

= 5 decapod crustaceans

= 29 molluscs

Asian clam
Corbicula fluminea

Golden apple snail

* 4 amphibians Pomacea sp.

= 18reptiles

Yeo & Chia 2010 Cosmos; Lok et al 2010 Cosmos; Various authors 2010-2016 Nature in Singapore; Monticini 2010 FAO



Background

« Alien species
— No specific studies prior to 2010
(apart from new records)
— Ecology and impacts poorly known

— Favour urban (artificial/modified)
habitats—but still a potential ' Typical aquatic alien
threat to native biodiversity and species habitat
ecosystems...

Biol Invasions
DOI 10.1007/510530-009-9663-5

Biol Invasions a7 vasIONNOTB
DOI 10.1007/510530-007-9094-0 VADLUIN I

ORIGINAL PAPER

Stingers in a strange land: South American freshwater

Feral populations of the Australian Red-Claw crayfish stingrays (Potamotrygonidae) in Singapore

(Cherax quadricarinatus von Martens) in water supply Heok Hee Ng - Heok Hul Tan - home. PE—

catchments of Singapore Darren C. J. Yeo - Peter K. L. Ng Stingrays breedl;lg
in Upper Sele

Shane T. Ahyong - Darren C. J. Yeo

V53T BEEET

Non-native specics with ey
venomous sting likely released ﬂ
into reservoir by hobbyists i3

Australasian red- S American

claw crayfish (Cherax freshwater stingray

quadricarinatus) (Potamotrygon
motoro)
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From Pathways to Impacts

Aquatic invasions

Understand freshwater invasions —— Act on/Manage freshwater invasions

Invasion Process Challenges/Options
Native Range
\A Alien Species —
in Pathway
@ — Prevention
Transported and -
Introduced Alive =
- Early Detection, Rapid
Response, Eradication
Population _
Established =
- Control,
Slow the Spread
Spread —
l - Adaptation,
Restoration
Impacts (Environmental,

Economic, Human Health)

Lodge etal (2006) Ecol Appl



FROM PATHWAYS TO IMPACTS



From Pathways to Impacts

Aquatic invasions

Invasion Process
Native Range

Alien Species
in Pathway



Native Range

Invasion Process

Alien Species
in Pathway

Biofouling

Ballast water

——» What species are involved?
Reliable checklists:

*  Surveys (field and trade); lit reviews
*  DNA barcoding (COI, 16S genes)
* Risk assessment (high risk BW species)
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Many species remain in the pathways,
i.e. not released into the wild...yet

Ng TH, Tan SK, Wong WH, ..., Yeo DCJ (2016) PLoS ONE

Low BW, Ng NK, Yeo DC] (2013) Biolnvasion Records

Yeo DCJ, Ahyong ST, Lodge DM, ..., Lane DJW (2010) Biofouling
Chong ESM, Teo SLM, Yeo DCJ (in prep)



Introduction modes/vectors

How do alien species actually move from the pathway into the wild in
Singapore?

 Possible introduction modes

— Unwanted/abandoned pets

— Mercy/religious release

— Biological control

— Sport fishing releases

— Bait

— Farm escapes

— Improper disposal of aquarium water

Yeo & Chia (2010) Cosmos



From Pathways to Impacts

Aquatic invasions

Invasion Process

Alien Species
in Pathway

Transported and
Introduced Alive



Invasion Process

Alien Species
in Pathway

ransported and
Introduced Alive

Keeping track of new introductions

Ng TH, FoonJK, Tan SK, Chan MKK, Yeo DCJ (2016) Biolnvasions
Records

Ng TH, Liew JH, Song JZE, Yeo DC] (2016) Biolnvasions Records
Ng TH, Tan SK, Yeo DC] (2015) Biolnvasions Records

Ng TH, Tan SK, Yeo DC] (2014) Malacologia

Liew JH, Tan HH, Yeo DC] (2012) Nature in Singapore

Introduced species

Ng HH, Tan HH, Yeo DC]J, Ng PKL (2010) Biological Invasions

Ng TH, Yeo DCJ (2012) Nature in Singapore

Yeo DCJ, Lim KKP (2010) Nature in Singapore

Tan SH, Yeo DCJ, Tan HH (eds) (2010) Introduced species in Singapore.
Yeo DCJ] (2010) Cosmos

Yeo DCJ, Chia CSW(2010) Cosmos

Zeng Y, Yeo DCJ (in prep)



Invasion Process

Alien Species
in Pathway

ransported and
Introduced Alive

Introduced species

27 new records since 2010 (~3-4/year)
...some successfully establish, some fail...
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Microhyla fissipes

Eichhornia crassipes Po[‘amonygon motoro, Physa acuta

Hydrilla verticillata Aplocheilus lineatus @ Astronotus ocellatus Apistogramma borellii Sinotaia guangdungensis Kaloula pulchra

w

Ng TH, Foon JK, Tan SK, Chan MKK, Yeo DCJ (2016) Biolnvasions & HH, Tan HH, Yeo DCJ, Ng PKL (2010) Biological Invasions

Records Ng TH, Yeo DC] (2012) Nature in Singapore

Ng TH, Liew JH, Song JZE, Yeo DCJ (2016) Biolnvasions Records Yeo DCJ, Lim KKP (2010) Nature in Singapore

Ng TH, Tan SK, Yeo DCJ (2015) Biolnvasions Records Tan SH, Yeo DCJ, Tan HH (eds) (2010) Introduced species in Singapore.
. Yeo DCJ] (2010) Cosmos

Ng TH, Tan SK, Yeo DC] (2014) Malacologia Yeo DCJ, Chia CSW(2010) Cosmos

Liew JH, Tan HH, Yeo DC] (2012) Nature in Singapore Zeng Y, Yeo DCJ (in prep)



Invasion Process

Alien Species
in Pathway

Introduced species
P

Some fail to establish, but are always around!

Red-eared slider American bullfrog
(Trachemys scripta elegans) (Lithobates catesbeianus)

Ng TH, Yeo DCJ (2012) Nature in Singapore
Ng TH, Lim KKP (2010) Cosmos



Invasion Process

Alien Species
in Pathway

ransported and
Introduced Alive

Introduced species

... contributing factors:
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Liew JH, Tan HH, Yeo DC] (2016) Freshwater Biology
Yeo DCJ, Chia CSW(2010) Cosmos



Invasion Process

Alien Species
in Pathway

ransported and
Introduced Alive

Algal Biomass

Eutrophication

Oligotrophication
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Nutrient Loading

feedback mechanisms

Song S, Mowe MAD, Mitrovic S, Tan HTW, Yeo DCJ (in prep)
Song Y, Mowe MAD, Mitrovic S, Tan HTW, Yeo D(J (in prep)
Sim DZH, Mowe MAD, Mitrovic STan HTW, Yeo DCJ (in prep)
Mowe MAD, Mitrovic S, Tan HTW, Yeo DC] (in prep)



Invasion Process

1€S

in Pathway

Alien Species

Introduced spec

ransported and
Introduced Alive

'W, Yeo DC]J (in prep)

Song S, Mowe MAD, Mitrovic S, Tan HT

'W, Yeo DCJ (in prep)

Sim DZH, Mowe MAD, Mitrovic STan HTW, Yeo DCJ (in prep)

Mowe MAD, Mitrovic S, Tan HTW, Yeo DC] (in prep)

Song Y, Mowe MAD, MitrovicS, Tan HT
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Invasion Process

Alien Species
in Pathway

ransported and
Introduced Alive
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Song S, Mowe MAD, Mitrovic S, Tan HTW, Yeo DCJ (in prep)
Song Y, Mowe MAD, Mitrovic S, Tan HTW, Yeo D(J (in prep)
Sim DZH, Mowe MAD, Mitrovic STan HTW, Yeo DCJ (in prep)
Mowe MAD, Mitrovic S, Tan HTW, Yeo DC] (in prep)



Invasion Process

Alien Species
in Pathway

ransported and
Introduced Alive
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Song S, Mowe MAD, Mitrovic S, Tan HTW, Yeo DCJ (in prep)
Song Y, Mowe MAD, Mitrovic S, Tan HTW, Yeo D(J (in prep)
Sim DZH, Mowe MAD, Mitrovic STan HTW, Yeo DCJ (in prep)
Mowe MAD, Mitrovic S, Tan HTW, Yeo DC] (in prep)




Invasion Process

Alien Species
in Pathway

ransported and
Introduced Alive
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Song S, Mowe MAD, Mitrovic S, Tan HTW, Yeo DCJ (in prep)
Song Y, Mowe MAD, Mitrovic S, Tan HTW, Yeo D(J (in prep)
Sim DZH, Mowe MAD, Mitrovic STan HTW, Yeo DCJ (in prep)
Mowe MAD, Mitrovic S, Tan HTW, Yeo DC] (in prep)




From Pathways to Impacts

Aquatic invasions

Invasion Process

Transported and
Introduced Alive

Population
Established



Invasion Process

Established species

Transported and
Introduced Alive

Which species will establish?

Based on species traits

09090
49 9%

Zeng Y, Chong KY, Grey EK, Lodge DM, Yeo DC] (2015) Biological Invasions
Chan], Zeng Y, Yeo DCJ (in prep)



Invasion Process

Established species

Transported and
Introduced Alive

Trait-based risk assessments

Climate match Human factors
Important Invasion history
predictors: Fecundity
Trophic level
Bait Aquaculture

Human Use
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é Established

Zeng Y, Chong KY, Grey EK, Lodge DM, Yeo DC] (2015) Biological Invasions

é Introduced | Cluteh ]



Invasion Process

Transported and
Introduced Alive

Population
Established

Established species

Species distribution modelling

Temperature
Rainfall
Elevation

Cherax quadricarinatus: Current

0.8

06

04

0.2

0.8

06

04

02

Zeng Y, Low BW, Yeo DCJ (2016) Ecological Modelling

Zeng Y, Yeo DC]J (in prep)
Low BW, Zeng Y, Yeo DCJ (in prep)



Invasion Process

Transported and

| Established species

... contributing factors:

Native species richness

(Intercept)
. Native species
s 0.34 .
. ane ——r richness—best
| t.:" - predictor of aliens in
: » > . SE Asian lakes
e 2 ;
‘f_} . -1 0 1 2 3
o Coefficient
‘?‘ i Wns!ive
&
e\ é » —
2 =
i 3
} g 0 —
-1
¢ 7 0.0 0.5 1.0 1.5 2.0
Biotic resistance?
L3

Liew JH, Carrasco LR, Tan HH, Yeo DC] (2016) Biological Invasions



Invasion Process

Established species

Introduced Alive

Population
Established

Ecology

Feeding ecology Reproductive ecology
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Liew JH, Tan HH, Yi Y, Yeo DCJ (2013) Environmental Biology of Fishes
Chen ML, Kwik JTB, Liew JH, Low BW, Tan HH, Yeo DC] (in prep)

Low BW, Tan HH, Yeo DCJ (in prep)



Invasion Process

e Established species
Forming novel foodwebs

» Total 47 species across six lakes
— 8 native species

— 39 non-native species
* Mainly Afrotropical, Neotropical, and Oriental regions
* Mostly dominated by Cichlidae

3 n SK, Chg
rde D, Tan d BT
, Kwik |TB, Lim RBH, Y0t |




Invasion Process

Established species

Transported and
Introduced Alive

Population
Established

Forming novel foodwebs

Bedok Marina Pandan
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Ng TH, Foon JK, Tan SK, Chan MKK, Yeo DCJ (2016) Biolnvasions Records
Liew JH, Jardine TD, Tan HH, Yeo DC]J (in prep)
Liew JH, Kwik JTB, Lim RBH, Yeo DC] (in prep)



Invasion Process

Transported and
Introduced Alive

Population
Established

Q: Are Singapore’s
artificial lake
communities less
complex than
natural lakes?

Different...
— Richness
— Total links

...but comparable
— Trophic levels

— Connectance
(complexity)

Forming novel foodwebs

Established species

Artificial lakes Taxa Maximum Total links Connectance Link
no. trophic Density
level
Bd 25 4.62 84 0.140 3.360
Ma 26 3.98 122 0.188 4,492
Pa 23 4.34 87 0.172 3.782
Pu 23 4.63 91 0.180 3.957
Sr 25 4.61 102 0.170 4.080
Up 22 4.54 92 0.199 4,182
Natural lakes Taxa Maximum Total links | Connectance Link
no. trophic Density
level
Laguna de Bay 57 4.210 370 0.116 6.491
Tonle Sap 99 4.070 901 0.093 9.101
Tasik Chini 64 4.100 401 0.100 6.266
Tasek Toba 42 3.933 232 0.135 5.524

Ng TH, Foon JK, Tan SK, Chan MKK, Yeo DCJ (2016) Biolnvasions Records
Liew JH, Jardine TD, Tan HH, Yeo DC]J (in prep)
Liew JH, Kwik JTB, Lim RBH, Yeo DC] (in prep)



From Pathways to Impacts

Aquatic invasions

Invasion Process

Population
Established



Spreading species

Population
Established

‘ Disturbed urban habitats Natural habitats

Barriers

Abiotic
Biotic
Human




Spreading species

... contributing factors

SSSSSS




