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The Living Environment and Climate Change

in the Northeast Coast
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SERME SRR RIEEB(Climate Change) i E/FIRIENNE - BEREE VT BRIEEBE NEBIEER
RIREA R EENTEN ? RIFZBERIKENTE TS EEE ?

People in Taiwan have all experienced how climate change has affected their living environment,
but do they know the potential impact of climate change on the overall ecological and living

environment? What might be the impact of climate change on tourism?

RIFEBALERTIPBEETRIRS

Several phenomena occurred by climate change the public may obviously recognized:

BERENE(C(OEEBYE L  BKEEMREAS)  RIESEBZERIRRBEZE(RERREAN
THER  NEERJERLRBR) KEEBEEZEINTEEEINEDY -

The warming of the overall temperature, possibly sea level rises, sea or land temperature
increases; the intensification of the phenomenon of transient changes in weather, sudden heavy
rainfall, mudslide, sometimes hot and cold during the four seasons, climate anomalies can directly

affect the creatures that live in them.

BEVME(A - BVBEEY) BB SEENIRIEG (A ZEALEcological Niche ) (2022, #AF) - &
FEBTEEXEINAVENEFZEEHELT - MREEBUARTEE -G ZREREER
EEYFATEGRNRENE  SEREDCHHBFHNERESTE - LEYESE Z(ERMY)E
MNEEEBEBIATERRE  EENE T EYRETHRINEER (2022, LEH - KERE) -
Every species (human, animal, and plant) each has an environmental field (Ecological Niche) (2022,
Da-Li LIN) suitable for survival. Climate change directly affects the living space and way of life of
different species. In addition, it affects not just a single species, but entire ecosystems. Changes in
the timing of flowering and fruiting of plants can affect the dispersal of plant pollen or seeds. The
propagation and migration cycle of (herbivorous) animals that depend on plants would be affected

as well, even the success survival rate of the organism would be altered (2022, Hsuan-Ya YU, Ching-
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Lung LIN).

BERTH CARIIABRER SFEXERREREER(BHERILAMER)NE 102 2EBER -
mEAEENESEMMERZ  REE  MeaRH B LEMNERFRERS  HEEBLSEHICIREE
aE N REBLUSREBEYNTE BEEELER B LB BNEENTTZIRIBENIRS -
It is observed that there are 102 kms of coastline overseen by the Northeast and Yilan Coast
National Scenic Area Administration (NEYC in short) of the Tourism Bureau of the Ministry of
Transportation and Communications. Along which there are rich submarine coral ecosystems and
cetacean habitats. The ecological protection and management the NEYC implemented on Turtle
Island helps reduce the disturbance to animals and plants on the island while leaving rich ecology
under the sightseeing activities. The reproductive status of Formosan flying fox (Pteropus

dasymallus formosus) also showed a stable phenomenon.

MRELETETHRIEBIENMILESS -« G - EBRNETASREEYEIE ?
And what does climate change might do to coral ecosystems, cetaceans, and Formosan

flying foxes in the NEYC area?

o RiFEEHMENITE
The Effects of Climate Change on Cetacean
o REZBMUFESERIEER?
How Does Climate Change Affect the Bat Survival in Taiwan?
o RIFBEGHBIRILABHEEERF "BET. MMHERSR
The Coral Ecosystem in the Northeast and Yilan Coastal “Transition Belt” under Climate

Change Impact



AR RIEEBAR—HER
Let's Work Together on Climate Change Mitigation

BEBEBAERESEBZEZ(IPCC) T  BIXIREEBEZEYEN T  IKAFHE  UNEEEE
BIRE - ERRaE  ERREROKER B - Ib9% - EYZHRMNBRRAFSHEMAN - BE -
BEERIKQBELEEATE - A F 5 I HIEERBEFT —ER B R AREFEMIKCKEN TS -
According to the Intergovernmental Panel on Climate Change (IPCC), dramatic climate change
would affect the distribution of species, the number of populations, and the timing of reproduction
and migration, which further lead to rising growth rate of pests and diseases, and infectious disease
outbreak rate. In addition, the loss of biodiversity will have a significant impact on agriculture, forestry,
fishery and animal husbandry, healthcare and even the global economy. Indirectly, it may also lead
to a series of problems such as food shortage and other threats that endanger human survival and

the sustainable balance of the earth.

HiERibAatBRMNERRK 22 IREENELS  REEMNERENEAMRERNAR  BENE X
BREFAREZBENRN FIVENTE AT BRRESERTRARYE ST RKNTZERE B
ERIEEBNITHIATE -

Lacking continuous ecological monitoring and research data on observing cetaceans, Formosan
flying fox, and coral ecosystems in the northeast coast, there is no scientific explanation to support
what impacts climate change may bring to the above-mentioned species. However, as we have
learned the possible impact of climate change on the ecological food chain, taking actions against

climate change mitigation shall not be further delayed.

HEEERIRFRIEAMERRER - BEEEFERATRELER  BREKAABEERBMREK B
BRFRER - EERE-REIDROEE - F2/E5 - HEHRENEHE - 515 20 2ERNE - 8
ERITAEGFEMERS BEEN IDRRN —HAEES HERN BERHEMEMIEE -



BAROLE /D ik ARERN BB 8.9 AT - AFR—F 21 LB E—ERAAEERHESE (711
IV - MEE B R HEEED 2050 FFBAR—MHO0

When visiting the northeast coast from Taipei, tourists may choose to take public transportation;
bring their own water bottle instead of buying plastic bottled water; bring their own eco-friendly
tableware; choose restaurants and bento shops that reduce disposable waste; rent a bicycle or an
electric bike; tour the 20 kms cycling loop; enjoy the geological landscape along the coast, Magang
Fishing Village, Maoao Fishing Village, Sandiao Cape Lighthouse, and etc.; spend in the local area;
choose restaurants that provide local ingredients. Each tourist can reduce approximately 8.9 kgs of
carbon dioxide emissions during a tour which equals to a 21 watt light bulb being switched on for
about a month (711 hours). Help Taiwan and the world move towards the 2050 Net Zero

transformation.

MBI KL ZRERE—FEKER - BEAH#HREAA - (2022, Riklg)

As great things rise from small beginnings, everyone is an insider. (2022, Hsin-Yi YU)

1 ANTigE X £ 15 5 (B I KgCO2e)

Carbon Emission Estimates Per Person’s Tour (KgCO2e/person)

EE— HEtix £ EE HEtix £
Option One Co2 emission Option Two Co2 emission
&1bFS S E R ClEE 2t KEBEERE

Driving from Taipei to Fulong 7.125kg*2 Taking a train from Taipei to 2.791kg*2*4

round trip Fulong round trip

HEHME
MM E Renting a bicycle Okg 0.12kg

Renting a electric bike




EE— HEfix = BET HEfix =
Option One Co2 emission Option Two Co2 emission
BiRRAER
iz 1 EEEES
1.361kg Bringing eco-friendly 1.3kg
Having a Fulong bento
tableware
—RMEHIIR IR —RMENIIR EIE
0.024Kg 0
Solid Waste Disposal Solid Waste Disposal
B 2 SRR BEshaEK
Purchasing of Two PET 0.3kg Bringing their own water 0.00051kg
Bottled Beverages bottle
#8%T Total 15.935kg #45t Total 7.00251kg

it 1 BEREREERFRR . REROBRASKE TSR 2023
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RIFELBHIENTE
The Effects of Climate Change on Cetacean
Rte (BWEEXHESSHEE)

Hsin-Yi YU (Kuroshio Ocean Education Foundation, Research Manager)

RIEFZBEBFRIETEZNE ME/KEAEEKE  URNEERAFHRNERLTY) (R8E EFELE
Y BRSO ERRENEEMNEE  EMTEIERMPNRES - KEEERRGEE -
IERERAERRE  fRUNENHERAZNTERITE - MRIEEBPSHOEERER (BN
AERERPUREFNIEE  URBUEMNRBKESEHANTE) - ol T EHRERZHEEMEE
B -

What climate change mainly affects in the marine environment are the temperature and acidity of
seawater. For those primitive organisms (algae, invertebrates, fish schools) sensitive to these
factors may suffer from decreases in numbers or habitats, which will further affect their predators
and the structure of the entire ecological system. Additionally, cetaceans that consume a large
number of crustaceans and fish or squid would certainly be affected. In addition, phenological
disruptions caused by climate change, such as impact of earlier or later arrival of the fish season on

the food intake during cetaceans’ migration, could alter the migratory whales' routes and ranges.

R SIG R ENEIR - AIERENREIZEESRRERE - [ERBEB KSR KEREEABFREHK
FEBBEBKREEEEL  RNEFEAETENGER(NRIEBENARISERK - AR EE
HBEK - BIXFHSE8RE)NESZATE  MEBINERE - BRTEEEABN B OIEES
fBle  RBETEEZNEHEESKIERL S -

Due to appearing of extreme climate events, the intensity or attack frequency of typhoon, turbidity
and surface salinity changes caused by a large amount of fresh water flowed into the ocean in a
short time after rainfall would easily impel cetaceans living in coastal areas, such as spinner dolphins

(Stenella longirostris) in the east coast, Indo-Pacific humpback dolphin (Sousa chinensis), Indo-
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Pacific bottlenose dolphin (Tursiops aduncus) and etc. in the west coast, to move towards to outer
open sea. Moving out of familiar waters can be dangerous and require more time and energy to fill

up the stomach.

RibABErRERE e L BBAERNA 15 B(5 A 6 BREZAHR)  A:aEL 0 —FHmKEE - L
RYREBBERER MEKBEPELRREHE E 108 FHEILUEEHKRERAB LHRRIIZMRES
BN EARE 2018-2019 FHUIERTT - REHAZE BB EBHRIWNAHE ;| RAAMKEIBRAR
BIREER - BRIBNERKRESTRILAMENGEKEESEEAXRIEEBNTE -

The sightings of 15 species (and 6 stranding species) of cetaceans in the northeast coast account
for approximately 50% of all cetaceans species in Taiwan. The Long-snouted spinner dolphin
(Stenella longirostris) is the most common species. As indicated in the Study Report of the
Preliminary Ecological Education for Whale Watching on Turtle Island in 2019 released by the
Taiwan Cetacean Society, there were several records of dolphin sightings in the east and southeast
coast of Turtle Island from 2018 to 2019. However, due to limited research data and time scale, the
existing data can not be used for analysis of whether the cetacean activities in the northeast coast

were affected by climate change.

A~ RURIEEE (BFEARERME)

Figure A: Long-snouted spinner dolphin (photo copyright: Hsin-Yi YU)
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(Figure B, Sourced from Taiwan Cetacean Society, Study Report of the Preliminary Ecological
Education for Whale Watching on Turtle Island in 2019 commissioned by the Northeast and Yilan

Coast National Scenic Area Administration)



RIEZEBMUTZESERIEBET ?
How Does Climate Change Affect the Bat Survival in Taiwan?
LERH MERGEEZASEIRIESS)

Hsuan-Ya YU , Ching-Lung LIN (Bat Association of Taiwan)

SEEREALNT MERE UARRBREEAMEELRTRE E2EIRBNERTHRYE
—FPARBENEERN  EEEIKE - BEREESHES BNAEN  SREZBERYE - &
ZERUMOEESR  2IXRSEBIENER T - ERZTIRBEESBRAEM - B geE/\HE
PURE R Z M E LR hERE E 2= R A8 -

As Taiwan has subtropical, tropical climate, and temperate climate from large elevation difference,
bats in Taiwan possess distinct life cycles throughout the year and higher diversity as species in
temperate regions do. Some bat species distributed only at high altitude forests are climate change
sensitive species. They are unable to adapt to the relatively high temperature at the foot of the
mountain. Under the circumstance of global warming, they could only gradually relocate to forests
at higher altitudes and distinguish under the vortex storm of small populations and narrow genetic

diversity.

BLREFELEEEEBINAMZPIREZ  Eff - B4 - MR ZR - RBERESBEIN - 2iZE 3000
ARSI LZEEBYERZNESE  ERREEE S EAEIIRNLENER - Finin
HiEE  BREZHENEVERESR)BESEFHNRE  RETSUERER  ERAZRDUILAES
BYEREZBLHNEIR -

Part of bat species live in low-altitude forests for pregnancy, giving birth, and rearing young. In
autumn and winter, they begin to migrate to mountains where altitudes above 3,000 meters and
hibernate through the winter when supplies are scarce. If the temperature fails to reach the low
temperature suitable for hibernation due to climate change, though temperature on the plains

increases, it may not be suitable for sufficient food resources (insects) to sustain. When bats migrate
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to higher mountains, they might find themselves in an awkward situation to survive the severe winter

when food resources are scarce.

M NEBEREARZETENEEBRNYE ERAREZBNTE - UEERARENEE
BRA NHhEEERILERES ERLURItAMEELEKRHEAIBEEEAN SEEHIRIE:
ZRYAHERE - KEXK - @RFEYRE(E C) - ERKERETRESSZHAEMNEEBMLLE
KREBEBRAARE  SEEERE 20 DERZANEBEYBEFIL - 2 HEMEDIERRIEERMN
RENEZEZTF - MRAEELEZBHEERBEHEL - BHEEKE -
For those species that are widely adapted and do not need to migrate between elevations are not
immune to climate change. For example, the Formosan flying fox (Pteropus dasymallus formosus),
a subspecies endemic to Taiwan, that distributed in the east coast of Taiwan and also the outlying
islands, and that among which the population on Turtle Island is the most stable and the largest is
herbivorous. They eat fruits from Hauil fig tree (Ficus septica), Milk tree (Ficus fistulosa) and
Common garcinia (Garcinia subelliptica) (Figure C). Whether it is because they spit out fibrous food
residues after chewing and sucking fruit juice, or their relatively underdeveloped gastrointestinal
system that expels plant seeds within 20 minutes after eating, all these are critical to help plants
expand and forest grow. The researchers can monitor population fluctuations by observing changes

in the amount of food residues.

SENEBELEENEARE PR  NESRMELENREAFER AZHERVE(L - B) 2020 F
EZPEIRABIERZR ~ BF (2019 & 2021)ERK I 4 E2(E D) - X WP HERIFREHELL
BREERNNAHEEBE - MAREE(R)WERESERERENEE - B 2018-2019 FHEEF
ZREAR - AENEABE—TIRE -

Monitoring surveys of the Formosan flying fox in the past few years showed that the food residues
varied from year to year and from season to season, that is, the amount of food residues found in

the summer of 2020 was 4 times higher than that in the same period of the preceding and following

11



years, 2019 and 2021 (Figure D). It was also found that the change of the amount of food residues
had the same trend as fruition of banyan trees (Ficus microcarpa). That whether the unstable plant
(food) resource was the result of climate change and the El Nifio year in 2018-2019 is something

researchers need to explore further.

RREEZBIRERNEINMERE - BYERAREEMR  YRNERUYREEZINR)NS @ Bk
HENEBZ— -
The disruption of plant phenology caused by climate change, unstable food resource supply, would

be one of the most immediate threats to many herbivorous species, such as Formosan flying fox.

C BUELZEENMENERRRA - (BEREMNEE)

Figure C: The Formosan flying fox on Turtle Island is taking foods from a Milk tree (photo
copyright: Ching-Lung LIN)

https://youtube.com/playlist?list=PLzCoG4zuLyRegrlYvToWGiaLrfaGCAzMO
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£LEERNBEAFERELH(EE)

ERAMKAFERLFERAHKA|FRARAL (R RAHKAL
2020

2018

FR&F &

D ELIEEEINBEGHEE(BERBEALREE) - (BERETHEME)
Figure D.: The fluctuation of the Formosan flying foxes on Turtle Island (assumption based on

records of food residues / no research conducted in winters)
(Bl |/ B hi B [2)

(Figure D, Figure and text copyright: Ching-Lung LIN)
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RIREBFETRIAEBEREE "RBET . MMEER
The Coral Ecosystem in the Northeast and Yilan Coastal “Transition Belt”
under Climate Change Impact
KB (PRMAREDZHEMEAR PO BLEARE )
Chao-Yang KUO (Postdoctoral Research Fellow, Biodiversity Research Center, Academia Sinica)
=HE (PRMRREEVZSEEAED L BLEMEE)
Ya-Yi HUANG (Postdoctoral Research Fellow, Biodiversity Research Center, Academia Sinica)
BL (BEUBGRRBAZEMRREZR BLE)
An-Zi HSIAO (Graduate Student, Department of Biological Science & Technology, National Yang Ming
Chiao Tung University)
BRAAMR ( PRUARBREMZIRUEMIE RO HEE )

Chao-Lun CHEN (Postdoctoral Research Fellow, Biodiversity Research Center, Academia Sinica)

SEBSHEHEREE 120 E/)\SRE51EAZ] 500 AEMNBERIEMAEAMBEARINER - 204
BHERZRMZ -
It is rare to have an ecosystem which has two special coral reef communities within a straight-line

distance less than 500 kms between Taiwan and its 120 surrounding islets.

—RAeE2ERMEEENAE Bl  TEEESRERE - DUKFEERZE | B/ ik e B Ay i 3R 6 ith B PR 2
RO "SRR R L Sl - 2R E R I ABI A0SR IR T IR TN R L B
REMXUESEhEE L (B E)-

One coral reef community formed by typical coral reef geology off the coasts of Green Island, Orchid
Island, Hualien and Taitung situated in the southeast of Taiwan, and Kenting and Liuqiu in the south,
the other is the reef-building corals called "non-reefal coral community" in Penghu, northern and

northeastern Taiwan that grows only on volcanic or sedimentary rocks (Figure E).
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25°0'N

24°30'N

E - RItABEREESFRMESEMNERRNIN -(a) AEHES " IREAMRER - B4
50 [E & B AU i R A (b)) FEBRBRAMBAA " BERMH L €& ; (c) BLUE R BRALINRE
B T IR L FEE ; (d ) SBIEEKR R _E SR E LA a0 MR A X
Figure E.: intersection of Taiwan coral ecosystems in the northeast and Yilan costs; (a) the green
area refers to non-reefal coral communities, while the orange area refers to typical coral reef
communities; (b) a “coral rose” garden with Echinopora lamellosa in Shen-Ao; (c) a “coral rose”
garden with Echinopora lamellosa in Turtle Island; (d) Table coral reef (Acropora hyacinthus)

communities on wave breakers.
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Ch SR T B £ ) 2 A ME BT 9T R OViT 55 B B 6 A 455 FEE 25 B 34 £ S0 5% e A5 B 38 2 = P RO 3th 3B 0 MR RO
xR XBFrIRIABERBFEaE N R R HARTMME SRR X B p oo 2 IR AL 1 £
RAEEN "BETI(BF)-

The research team of the Biodiversity Research Center of the Academia Sinica conducted a Taiwan
geographic distribution mapping on Cauliflower coral (Pocillopora damicornis) and Pocillopora
acuta. This mapping supports the theory of the northeast and Yilan coasts as an important transition
zone of a typical coral reef ecosystem transformed into a subtropical non-reefal coral ecosystem

(Flgure F).

(R« » =

A EE A AR R A I

Photo F.: from left to right Cauliflower coral (Pocillopora damicornis), Pocillopora acuta

SEBENRE RIFBENRE - RIFZBELRS KT RMNEHERE (B G)- LRI
AitEEFESA HEBEEDFIE 1948 F2 2021 FHEBARE B FRBEFTERIERICRER .

/

IS I9/K0R FIERRK 143 B - $#REROBEZEE - BRERPBRENA L MME - MRE
K 18 ERRAREFRL - 1948-1976 FERMBELIRADRERERK 18 EXREA 33 R - M
2011-2021 FEREBRIZR - BARREEZBHNRILAM R BF KA RNIE  TEERELX
ERAVEE L E -

Taiwan is located in the transition zone between tropical and subtropical climate. The warming effect

of seawater caused by climate change is quite obvious (Figure G). Taking the northeastern waters
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as an example, the research team analyzed the sea surface temperature (SST) recorded from 1948
to 2021 by the National Oceanic and Atmospheric Administration of the U.S. showing that the overall
average temperature increased by 1.43 degrees Celsius. Although the overall trend is warming up,
the recorded temperatures show constant fluctuation. If 18 degrees Celsius is taken as the minimum
threshold of monthly average temperature, there are 33 times of monthly average temperature
below 18 degrees Celsius during 1948-1976, but zero times during 2011-2021, indicating that the
effect of climate change on seawater warming in northeast coast was mainly due to the warming

winter effect that resulted in the loss of low winter temperature.

24 1

23.51

23 A

22.51

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

)
G &EZ1bEN B IEAE1E 1948-2020 F/8FKIRIBEE
Figure G.: Sea Surface Temperature (SST) trend of the northern and northeastern Taiwan coasts

from 1948 to 2021
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RibAine g F(E)SEHA O SERIFE MR LR RS IARYBR T B EEPT J - MEEERIBKES
BHAORAIBIR T - RHARGHNEIEBRAERN " &R, EEEYBRIRRIERSIFERRELIEE
(ReE - BR)ZBLESABSHMERORE  DRERZISEUENERE LT - BRREE—
2 i A8 SR b A 3t (& A B 30 A AR A 48 B & M1 A B Y R i

Whether the northeast coast may provide "sanctuaries" for special species adapted to the non-reefal
coral ecosystems, or whether the sea will provide "sanctuaries" necessary for tropical corals’
migration northward under the scenario of continuous sea warming in the future, or whether large
disturbances (typhoons, waves) caused by extreme weather will make this area unsuitable for the
development of coral communities, due to lacking of continuous ecological monitoring and research
in the region it is difficult to further examine the relationship between long-term coral ecological

changes and climate changes in the northeast coast at the moment.
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