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Abstract

Matsu Islands Tern Refuge was established in 2000, it is well known that
the area is the main breeding site of many kinds of terns; it is also famous for
the Chinese crested tern (CCT), which was regard as an extinct species in the
past. Therefore, the tern-watching tour was prompted by local government.
According to the related studies, negative effects on avian ecology from
tourism disturbance were approved. To mitigate the activity impacts, the
government agency applied zoning strategies as management regime,
including of setting core zone and buffer zone. Such conventional
management design was based on ecological conservation concern. However,
there are scarce discussions on how the observed distance limitation affects
visitors’ experience. Therefore, the overriding objective of the research is to
identify the interaction distance between tourists and the target species,
considering both conservation issues and tourists experience, to ensure the
sustainability of ecotourism. An experiment was conducted in campus of an

university, the experimental subjects were queried their experience quality



when they observed remote terns photos (1:1 ratio); specifically, the photos
were set far from the observer 5 meter (m), 20 m, 50 m, 80 m and 100 m,
respectively. During the study period, a total of 130 questionnaires were
collected. Next, the collected data were analyzed by the descriptive statistics,
to identify the experience difference caused by different observed distance.
The results show that the expected allowable distance from the view of
visitors has the gap and conflict between the policy planners; therefore, the
government agency should reconsider the progression of tern-watching
activity; additionally, the relationship between visitors’ conservation attitudes
and allowable largest observed distance are positively correlated, the
implication is that the tour target customers group should be adjusted under
the current zoning strategies.

Keywords: Ecotourism; Buffer zone; Chinese crested tern; Sustainable

development
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AR 2 Y BCERITIEYE (minimum approaching distance; MAD)A4v
% 7% (buffer zones) » MAD & % i¢ * &2 2 L BB L REHFH 5k B~ %
FREBFRR O FLUEUE AR 2 g A Rk L E R edg(alert
distance; AD)i# # 4 (7 5 A& 24 % e > > T A EEAE(flight initiation
distance; FID) i & 4= X otk @ 7P § 3LpEag -

hm s 1% T2 >3 iFped(safe-working distances) | (% 784 F e

7

15



A G d - BB g LA G RREIEIE o FEC 2T SR
BR T EBFTR 0 4o Burger £ 4 %1995 # 4% 41 ¢
DB AR E RdRiT2 BITEE

(- )¥ # 7 E4E(Approach distance; AD)

% Xy
E
pouil

(= )7 X % §E#(Tolerance distance; TD) : | ¥ ‘AL 27 S FIT 2. B iT
FESE o

)F J&BE&E(Response distance; RD) @ 5 22 A [F ¥ 4 & B | ek R EE

S I T e

B2 BEHE

(=
(z ) B & Hich g B4 (Flushing distance; FD)

Rodgers & Smith (1995, 1997) % 4 » 45 1 B & ficic ka4 (Flushing

distance; FD)&_~ #8141 4 i 5 6 4o B ¥ 4. B4R % 4 & 4+ ch% £ > 1245 FD
RENFEE LA R URF A PR RSB SR B
Wb AP RHRGTER T - B R R

5 =+ =

(Erwin, 1989) » $& ¢1 3535

¥ e 2 ( Knight & Knight, 1984; Rodgers & Smith, 1995) » d 324+
F R AR E R T R L R L LM LA R

25 o] v - 38 1 v% (Erwin, 1989; Rodgers & Smith, 1995) -

e Bx 2R RES

~ e ?
&E-,; ’/szfg&? ’
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A&t o 4o DFID gkt m 2 € 975 B 84 X 7 3 (Gotmark et al.,
1989, Fernandez-Juricic et al., 2005)> = < % $icerf? 3 31i¢ % FID & & %
FRR R AT A F L AFRFEIVHRTES > L AD A 3FF { < D
3z * (Rodgers & Smith, 1997; Fernandez-Juricic et al., 2001, 2005) - # fi{s
ST F ¢ AD @ ARAR 5 Bif B 0 R % K 3 (Rodgers & Smith, 1997;
Fernandez-Juricic et al., 2001, 2005)fe & Rt 48 b ¥ 50 F] 5 & 5 & ¥ 3

N b EE TR & 2 AR 3 ( Gonzalez et al., 2006) o R ‘H 2 G 4P

B FawT gL

[

FATEBITRA R TR PR SRk 21)5 i

F2L KT (Im R 2.2)

17



T L ST * i il =3 “
] gk

g8 H 4p M A %E 39%en 5 SEEOY A SF s #F - BEALY | Acosta,
BEREE California | ## FRY % 58 d v rdcd k| g 2t | Thayer,
-] Human e F 4R A Y | TE &4 4 8 | Merkle,
Brandt's activity /ﬁ%% B 1900 - 5] 13 B B Py Hellwig,
Cormorant, o157 5 47 et F B 4> | Use a visual & Alcatraz
Pelagic W oAiE g BT 5% 2 & | screen. Limit (2007).
Cormorant, Aorarg g jf.’fi TR B R activities to the
Western Gull BEToR 3 AE AT ER PR | non-breeding

EEFRT season.

39% of the birds responded to

event (human activity) related

activities. Most disturbances

were due to sudden noises.

Cormorant numbers decreased

from 1900 to 13 individuals

during the event.157 birds

occupied the island prior to

disturbance in attempts to

breed, but nearly all abandoned

the breeding attempt and only

8 pairs remained after the

disturbance.
~EH it | T fos]4y ¥4 ok AR RiZ4%% 7 & | Rodgers &
i ¥ Florida (#5858 fo2t | Mok E kw7 | e fE % | Smith,
K- W d) K B Kk o % WrIEAE (1995).
¢ 1898 Walkers and Response to disturbance was
ETEEE boating species specific. Colonial The most
2 3% (motorized waterbirds exhibited greater sensitive species,

| &% and non- flush distances in response to the one with the
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Great Blue motorized) walking disturbance compared | greatest flushing
Heron, Great to motorboat disturbance. All distance, should
Egret, Snowy birds initially exhibited an alert | be used to
Egret, Brown and agonistic behavior and establish set back
Pelican, then left the nest. Great Blue distances.
Double-crested Herons and Great Egrets were
Cormorant, two of the species most
Black- sensitive to human and boat
crowned Night disturbances. Brown Pelicans
Heron, and showed the least response.
Least Tern Double Crested Cormorants,
Great Blue Herons, and Brown
Pelicans exhibited smaller
flush distances in response to
boats as compared to walkers.
<0 BELEL | HF b BRI EEY | %%~ 2 73 | Erwin.
0§ A gt <+ | Walking o A3 s | 4 100 o (1989).
2l B g FHAETO SR 4 AR T | ¥ #3200
| # Virginia FEEHEF PR ER £ o i3
Great Egret, and North Birds flushed at varying 100 m buffer for
Snowy Egret, Carolina distances to approaching Least and Royal
Black-crowned people. Wading birds flushed Terns and wading
Night Heron, when people were 53 m away. | birds and 200 m
and Least Tern Least Terns flushed when for Common
people were 70 m away. Phase | Terns and
of the nesting cycle and colony | Skimmers.
size had little effect on the
response to disturbance.
U o R PR R | AT A X AR g Korschgen,
g A Boating o Bk TR AR George, . &
EQe bR Minnesota AR RBHE X LD agg b Green. (1985).
Frekvg Boats resulted in 5.2
H s kg disturbances per day.
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Canvasback,
Mallard,
American
Wigeon,
Mallard,
Blue-winged

Teal, and other

Minimum flight time per
disturbance of Canvasback
flocks was 4.43 minutes.
Minimum flight time for all
diving ducks was 3.4 minutes.
Suggests that Canvasbacks

would need to consume an

diving ducks additional 75 kcal/day to

compensate for 1 hour per day

of disturbance.
Heokvg 4 BT i WE i S B K g A AT Takekawa,
Diving ducks California | Ferry WP R Wilson, Cruz,
( Scaup The total number of Scaup and Anfinson, &
species, Surf Grebe species detected Namgail(2007)
Scoter, and decreased significantly after
Grebe species) ferry passage. Surf Scoters also

showed non-significant

declines after ferry passage.

Ferry routes affected

approximately 3% of the

foraging area in the bay for

these species.
kg ki |drpE kgt A K LA 746 2 # = RAE R | Knapton,
Diving ducks AL Boating Ty HF 50939 o) kikapF 41814 3 4 #p e | Petrie, & Herring
(Scaup Ontario, B HEERLELIEES | i (2000).
species, Canada Fy~#E 334 Provide refuges
Goldeneye, Diving ducks flew 746 m away | with restricted or
Merganser, from the disturbance in the banned boat

Scoter, Ruddy

Duck)

spring and 939 m in the fall.
Flight time in response to
disturbance was 33 seconds in
the spring and 51 seconds in

the fall.

traffic during

peak migration
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Hokvg Ao 4p i3 E~HBF g T RPE > | 222502 % | Evans. (2009)
Diving ducks California | Boating (non- | $ = % ¥ 5§ =~ chF ptjE % o ¥ E AR
motorized) o oo e 4 LS )
Birds flew, dove, or swam in LA 40D
response to disturbance. Larger | ¢ Suggests a
flocks responded at a greater buffer zone of
distance. 250 m to
minimize effects
of non-motorized
small boats based
on the
recommended
distance for the
most sensitive
species plus 40
m.
Wk ER Y EBRBLESTEL R8s | AET YL | Peters & Ofis.
Shorebird PR Boating LRS- g (2007).
species South Selection of annual roost sites Ensure that an
Carolina was affected by environmental | adequate number

conditions and boats within
1000 m for Red Knots,
Whimbrel, Ruddy Turnstone,
and Dowitchers. Red knots, in
particular, tended to avoid
annual roost sites with
increased boat activity within
1000 m of the roost. Dowitcher
daily roost site selection
appeared to avoid areas with
heavy boat traffic within 100

m.

of functional and
diverse roost sites

are available
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W&o w8 G i) & HEfes 1 EErferr 1 5 B 3 { ") 4 B i~ % | Burger (1988)
Shorebird and | New Beach clean- | iEFeuR s 2 gL & %8 P | ¥R 100 = = p
Gull species Jersey up activities Fla 74 ficE B Restrict access to
and Beach clean-up and demolition | 100 m stretches
construction work shifted birds further out of beach.
on to the mudflat. Foraging
efficiency of gulls was reduced
after disturbance. Gull
numbers decreased when
workers arrived and increased
when workers left.
K E o & R iE | AT A hE il RA BRI | RKEEFR Rodgers &
Waterbirds and | Florida Boating(both) | #THEAE Establish set back | Schwikert(2002).
Shorebirds Larger species flushed at distances.
greater distances. Found
variation within and among
species in response to the
approach of both Jet Ski and
outboard boats. 11 of 16
species did not show a
difference in flush distance
between boat types.
KEEHE # R if | 4p 7 Boating | R Rt hERET | B RS 0P | Rodgers &
Waterbirds and | “+ Florida FTEEAE FEFTR 2 Z B | Schwikert
Shorebirds Larger species had greater T (2003).
flush distances. Species with the
largest flush
distances should
be used to
calculated set
back distances
K5 Bl W i3 AR RS s L CN Robert & Ralph
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Western Gull California | Walking Egg loss and hatching failure (1975).
was positively correlated with
frequency of disturbance, but

chick mortality was highest on

the least disturbed plots.

Tk %R ¢ Kathi (2010)

7 2.2 WhE b AP B K

R ©) | Bl S s |
¥~ #4 Species Approach Precautions which minimize F]'. / ) I
Citation
distance (m) | disturbance
Fetterolf (1983)
Gillet et al (1975)
pr - R 100440 - P ERFTRAE Gochfeld (1981)
Gulls, Terns do not enter colonies Robert and Ralph (1975)
Rodgers and Smith
(1995)
-2£ > 100-400 = & 0% @ % | Erwin (1989)
create a buffer zone of Rodgers and
100-400 m Smith(1995)
SRk B B RT e
. ) % 5 100 = &
U . Burger(1998)
100-200 limit approach of watercraft
Common Tern
to 100 m
SRk B BB R e g
T ik R
o ) Burger(1998)
limit speeds of watercraft in
vicinity of colonies
O EF 2 R
, aE 100 2 ¢ i R ,
# % Leastand | 100 Erwin (1989)
create a buffer zone of 100 m
Royal Terns
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d FHRRT FA0N S o BOREEAE 100 2 K WE- ST

TR A AP T AL H B EARHELER TR BARHFERP T

M

ﬁwﬁ‘&éﬁ’ﬁwﬁﬁw My Bz AREr » [BE ATV

-~

g

N
N
s

A ERMY T S TR FERLFAEMPRe AL 100

AREELIE T B MU oy AN AR & Dl B k| SR N sl

i

2.6 2 %

4 e EE Pl AL AL %Alﬁﬁéﬁ%ﬁﬁf’iﬁﬁﬁﬁﬁ
B4 &4 d > oo H JRE P g (L & Ceballos-Lascurain (1988) #
fi s dys P 2 fi %5t € (The International Ecotourism Society ) 3%
E AT R G P ARRE > HEY E A NARALTS- AT E R
A iREh s - AAE KT P BB FRE o 2 Rk T HEGY 4

IS BRS8N 2 - o

2.1 R B E

~ 43 /& (Sustainable Development)sn € & F1 & § % 1 5k @ § #77%
> 1987 & 83 & i+ % R ¢ (Brundtland Commission ) > #& &1 A4
BREOWEL HHE R LRPFEAN P L TRET AT R PRI
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B ER AT R FEY REBEEFELE ¢ (World Commission
on Environmental and Development » WCED ) #% d12. T A 43 B & 7% &
FRZZE X AFZLCABLEZTEDFEBE 01991 F FRP KK
3£ 75 B (International Union for Conservation of Nature » IUCN) ~ 53 & R %%
8 #.41%¥ (United Nations Environment Programme » UNEP) % & % g #&
# £ ¢ (World Wide Fund for Nature » WWF) % 1 &4 75 7 416 4% 2

Mk Buid g a4 ERT o nd A S end SR
AFTARE TAFHFEIRBLFA2FE 2 242 2R
FERAOFPEPE L TR o FH AL B RN RRE g

T R RS R AT RS AT G B
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AFFAERPOLFETENRBERE S RERIHFC DT
Bt i mitY o b

A BT RS TR ERITAERG LE
BRREAEF TR BOATG MR R T R AR A AR

. 2

F &%
KAFFABVRLEACTE? AR BT Y FAE PR A
a7 S ok

PR
BAEZ G FIRE B #HOFRAETE L L
S 100 2 % FE

) R 9/
CEEMAZ EOEBEARL TNV B b IR D @
B o #APa S e g

2

B fLE &G BEF S 5 R
¥ A T o TR B AL

LR EIAR
R BREE AL Bl F e g g
M IRAIE > U R A AFBERER LY RS PRB A EA TR
S
32FF it
AL A G AR R - IPERBHRN IR
FEE R

2ER="2
R E T RYEE A EEgUR R A~ F A
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fe » 3%
e FUESE YIRS > NRE A E ECRE 7 IR %ﬁ
MHELRRBEAPTOL Bip kSl FHFOBEFRE ST

33 % - FEF®
331 $- BERIEAE
FHREF DN FAPFT A DB

3§ B 5 (1260x756) 8 = - tgm & £ 7 £ 200 24 59

N 12

AL RERER O ZE I ARSEEE S 2 2202
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TS AT 2000 B AR F R H o Al R F 4
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334 % - FEFHRNF SR
8 K 22k L Z R FNENR LA éifﬁiﬁ‘l%"ﬁ ﬁj{l«gﬁg E
T X RBFEIRGRERRY S 2 G b FREIR S F o8

FOBEPEHALETME SR FARATHE TR LR

335 % - HE#FERHER(C A EH%)
SRERRTT AR > UIRE AR CRE BT L R LF
Do ARE A e HFE FHETI PR - A R RE R kA
THEIHEELIIFHRHIIN S FRIE LEZMRAERE L 5
HIRs @ 7R % o~ Daniel (2001)3 Mt fe J 125 384 34097 (g K
20~30 = Rk AHRIBE SR ST T AT 2 1Y KA
@4mwé)f P REB T LRV EREFIEETRE SRE L R
B REHER TR R RARGE G0 6] bR R R R R T
FI* PR AT E xaﬁj;“ ijﬁ}*w’;ﬁﬂlr— s ARARFE L 3¢ A

€iFp A

336 - MERBHRFL EH#
ML R P S AN Y L B RN AT 2
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S nABiEFEE K3t 4t 0 12 SPSS 18 B TR 4TI E ;gg; S

(7

FRFEREFFL BRRE > AT AP 2R 40T L
.49 3 1 503+ & 47 (Descriptive Statistics)
LT T Y Y A AT O R 1
Brfidzh & TR 2 L APIRIT o
2.% & 4 #7(Reliability Analysis)
FRAGp-FPRESOREZFLTERTBSTER fphk - ¥F¥X
Bl el - RS RIRES 5 - RORFLE ] - GARLF 0 R
T4 457 & o P Crobach’s o i fit § PEF T ¢ ¥ Lhip &
B2 0 PR - &L TR E hig & 0 Crobach’s o 7 #icE
XS0 A7 R R 0 A 03507 2 &7 T (Hik I 0 2000) ¢
3.32 & 4 +7(Validity Analysis)

R Ay - PR EPHAN T RRFE RS LR ThRHAEES

m

53 PLARR o PR 4 A% 0 RIZTERESS ’ﬁﬂb % 7T ,4 | & ¥ % o
FHce ALY F1F A A5E A4 B s L 2Rk e
4.3 fF A 4
Ay ERMR FRAER R ST FRELRZE L EFRY

s EAE -
2.
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241 48~ TR A 45 £ (N=122)

B ]| A |p A (%R | Afg || oA
g 64 |52.5% P 7 |57%
L 57 |46.7% 1% 2 [1.6%
18 11T 2 (L6% ik 5 |41%
18-20 68  |55.7% PRI 4 6 |4.9%
21-30 27 [2.1% ¥ S}__ ;: i(f J:Z) 1 |0.8%
=8 13140 4 33% | R 2 |1.6%
41-50 9 7.4% g2 89  |73.0%
51-60 7 [57% SRCES 8 |6.6%
61 14 5 41% H 1 |0.8%
) 4 3% 1§ 89 73.0%
B 1 08% |z 41p |1H2F 1 8.2%
IRRCEE 6 |49 |TH 253 9 [74%
%iﬁﬁ'%ﬁ 1 10.8% 3g 0 13 [10.7%
< g 9%  |78.7% - = 19 |15.6%
R L O PR S 5 [41%
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WALIER S & ¢ By & 92.06 | 15.956
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ARARL [ARARBERE 50 o % L SR 53.73 | 21.162 | 56.02
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A# 7 J1* SPSS18 i {7 Cronbach’sa HG#kFE F £ i & ~ &
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