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Extreme weather evenssich as tropical cyclonesebeconing more frequentbut

efforts to understand the impact on wildlife have focused on populatiehchange

rather than the behavioural responses of individuals. In this study, we monitored an

individually marked population of Brown Dippe@nclus pallasiiin upland

Taiwarese streamis order to investigatthe movements of these birds following

typhoons in 2004, 2012 and 2013. Individuals moved significantly longer dist@nces

immediately after floodsompared wittbeforeand (ii) in typhoon years compared

with other yearsMost of thesenovementsnvolvedtemporary displacement from a

major stream to one of its tributaries, where population size anchfmotlanceare

typically lower.These results suggestat moementsafterflooding were notdriven

by foodabundancéut thatrelatively poor qualitystreans mayprovide animportant

refuge forbirds following typhoons.

Keywords: typhoon climate change, tropical cyclonefuge, survival
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Extreme weatheaind naturatlisastes can dramaticallyncrease extinction risk

(Easterlinget al, 200Q IPCC, 2014 Vincenzi, 2013. Alongsideincreasing global

temperaturesextreme weather events have become more frequent and severe, and

this trend is likely to continue into the necgntury(IPCC, 2014. Understanding how

wildlife responds tdhese eventis thereforea major conservation challenge, but

sincetheyare difficult to predict, the impacton animal and plant populations

remaingpoorly understoodReedet al, 2003 Jenouvrier, 201,3Bailey & Pol, 201§.

The ability to adapt to or escape from the conditions imposed by extreme weather

eventsmaybe critical for individual survival and population persisters example,

birds may alter their fmging behaviouwhen floodingrestrictsaccess tdeedingsites

(e.g.Anich & Reiley, 2010, or when the availability of preferred foadlimited by

drought(e.g.Steenhof & Kochert, 1985In other cases, birdsayleawe their

territories toavoidunfavourable conditiondn one extreme&xample, individual

Goldenwinged WarblersVermivora chrysopteravererecorded leavingheir breeding

groundsmore than 24 houtsefore a severe tornadic stqriravellingover 1500 km

in five days(Strebyet al, 2014. However, these studies are raapd more research

is neededo invedigatethe movements made by individual birtsescape the effects
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of extreme weather.

In Taiwan typhoons have become increasingly freg@uatet al, 2009 and can

causedevastating floodbetween June and Octol{@hiang & Chang, 20)1The

Brown DipperCinclus pallasiiis a specialist ofastflowing streamsn upland Taiwan

feeding mainly on aquatimacroinvertebrateChiu et al, 2009, and previous studies

have shown that extmee flooding following typhoons causes significartiuctions in

prey densityleading todecreasgin population siz€Chiu et al,, 2008, survival rate

(Chiuet al, 2013 and reproductive performanfidonget al, 2016. Chiuet al.

(2008)reportedthe movement ageveraindividualsfrom a major strearto a small

tributary after one flood in 2004, but sample sizes were simadirder toinvestigate

this phenomenon further, veéboselymonitored the same study populatfoom 2011

to 2014 and comparetd location and movemenbf ringed birdbefore and aér

typhoons and in typhoon yeargersus otheyears We also comparetthe

relationships between discharge, invertebdatesityand population size on each

streamin order to test whether movements were likely to be driven by food

availability.
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METHODS

Study area

The sudy areacomprised the Cijiawan stream and its tributary the Yousheng in the
Tachia river catchment okatral Taiwan(Fig. S1) The Cijiawan is a protected area
within SheiPa National Park. The@inage aresof the Cijiawan and Yousherage

77 and 31 k) respectivelyand ecords from 2007 and 200&hdicate thamaximum
flow rates followingtyphoors were more than twice as high in the former than the
latter(Huanget al, 2012. Thedaily water flowwasrecorded byhe Taiwan Power
Companyatasitd0 0 m downstr eam toelCijiaivdne@nd Yaushgng e n c e
throughout the study periodihe mean (+ SDdlaily flow from 2012 to 2014 was 6.1

+ 14.4 s, and maximum flows following typhooyeas in 2004, 2012and2013
were 258.7310.8 and240.5m’s?, respectivelyThere were no typhostin 2011 and

2014, and maximum flows in these two years were 21.5 and 583 mespectively.

Population monitoring and colour ringing

Dippers were surveyed along an 8.5 km stretch o€ifiawanand the same length of
the Yousheng from their confluence. The former included a short (1.5 km) section of
the Gaosharg smalltributarywhich usuallyholdsone or twapairs of dippers nedo
where it joins the Cijiawan; this was classified as the @giato simplify the

analysesSurveys were conducted every one or two months (depending on weather
5
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91 conditions and access) fralnne 20110 December 2014(surveys in 2011 of the

92 Cijiawan only;10 survey®f both streams 2012, 9 in 2013 and 10 in 2014). In 2004,

93 the Cijianan was surveyefive times from June to Decembeand the Yousheng

94 twice (in September and NovemhedBirds were countetly slowly walking along the

95 stream edgandignoring individuals whichp e w ad tb @ oiddouble counting;

96 individuals almost invariably doubleackonce they reach the boundary of their

97 territory and thus fly by t observe(Chen & Wang, 201,(Honget al, 2016.

98

99 Acolour ringing programme & conducted from 2011 to 2014 along @igawan

100 and 2012 to 201dn theYoushengAdults were caught in mist nets and given

101 individual colour combinationsnostly in the prébreeding period (September to

102 December)The entire study area was surveyed for nests at least twice per month

103 from January to March; nests were readily found by following adults carrying nest

104 material or foodHonget al, 2016. All nestlings were given unigwslourring

105 combinationsvhen16-18 days old(January to April)During populatiorsurveys, the

106 location of all resighted colour ringed birds was recorded on a map to within 50 m.

107

108 Invertebrate sampling

109 Benthicmacroinvertebratesere sampleat four sitesn each of the two streams
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every other month from February 2012 to October 2013 and in February, June and
October 2014. On each visit, six samples were taken from riffles (where the birds
usually feedwithin each site using Surber sampler (area = 30.48 cm x 30.48 cm,
mesh size = 250 um¥ampleswere preserved in 75% ethan8pecimens were
identifiedat leasto genus usingublished key¢Kang 1993 Merritt & Cummins,

1996 Kawai & Tanida, 200p According toChiu etal. (2009) Brown Dippes feed
mostly onTrichopteraEphemeropterd)iptera,and Plecopteran our study arealhe
mean numer of invertebrates froriese four taxa caught in the 24 samples (4 sites x
6 samplesyvas thereforenultiplied by a factor of 10.764 (i.e. 10,000 #80.48 cm

x 30.48 cnj as a measure afvertebrate densitin m>.

Data analysis

Thedistances moved bgolourringed individuals before and after flood events were
nortnormally distributed and stompaed using a Wilcoxon signed ratést.

Movements before a flood were measured as

locations on the two population surveys before the flood event. Movements after a

1

fl ood were measured as the distance bet wee|

in the maths immediately before and after the flood evéfd.also compared the

movementsfter floodingin typhoon yearsvith movements at the same time of year
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in nontyphoon year$2011 and 2014ysing a ManAWhitney U TestMovementsn

norrtyphoon yearsveremeasurd as themaximumdistanceb et ween an i ndi vi d

locations duringluly to SeptembeTo exclude cases ofataldispersal and the

movementsofnobr eedi ng i ndividuals or o6fl oaterso,

individualswhich were recordelreeding in the year of the flootio determine how

many ringed adults the breeding population were still presenthia study area after

flooding, postflood resighting rate (simply ‘resighting rate' hereaftexje calculated

by totallingthe number bringed adults resighted after three months of floodind

dividing by the number o#ll ringed adultpresenin the previous breeding season.

Wilcoxon signed rank tests were also usedamparehe monthlypopulation size

andinvertebrate densitigetween the Cijiawan and the Youshgtings was done using

thetotal number of birds recorded on population surveys anchéaminvertebrate

densityper sampling siterespectivelyfor each monthin which the two sets of data

(both noAnormal) were recaled.Following Chiu et al. (2008) smple linear

regression was used to investigate the relationshipsebatlogtransformed

maximum flow, invertebrate density adgbperpopulation size on each stream.

Maximum flow was measured in the two month period prior to invertebrate sampling.

Dipper counts were taken from population surveys in the same month asbnatr
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sampling All statistical tests wes performed using SPSS version 19 (IBM Corp).

RESULTS

168 dippers were colar-ringed fom 2011 to 2014 (120 on the Cijiawan, 48 on the

Youshengand 75were colar-ringed on theCijiawan in 2003 and 2004.c¢koss three

mainflood eventaused by typhoon&9 individualswere recorded making

unusually long movements (i.greatethanthe mearerritory lengthof 1045 m,

Chen and Wang 20)@utremainingwithin thestudy aregTable 1 Fig. 1). 16

individuals moved fronthe lowerCijiawan tothe lowerYousheng, an@ birdsmoved

from the lower to the uppéfousheng (Figl). These movements represeht0%,

15.0% and38.9% of theCijiawanbreeding populatiomoving to Yousheng after

flooding in 20@!, 2012 and 201 3espectively(Table 1). All 19 individuals returned to

their original territories within two months of the flodtheresighting ratef all

ringed adults rangeflom 86.7to 88.2% three months after flooks2004, 2012 and

2013 In 2014whenthe flood was relativg small, only one bird5.5%of the

Cijiawan breeding populatignvas recorded makinglang movement and the

resighting ratevas 92.6% (Table 1).

The mean (£ SD) distance moved by individuals after floods (3766 + 851 m) was
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significantly longer than that moved before (198 + 136'1m;19, Z=-3.823 P <
0.001)and also longer thamovementsn nontyphoon years440 + 890 m;n= 15, U
= 9.000,P < 0.00). If excluding thesingleindividual which madea long-distance
movement in 2014, themeandistance moved in netyphoon yeawas only214 +
174 (= 14).Furthermore, the dipper population size on the Cijiawan decreased
during each flood everfonly 8.3, 34.3, and 14.8%f thepopulationin the previous
monthremained during the floods 2004, 2012, and 2018espectively, while that
on the Yousheng remained stable or increased dramatit@llya6d213.3% ofthe
previous month s p o pin2012 and 8043-ig. 2). By contrast, the dipper
population on th€ijiawanwas relatively stablenisummer 2011 wdnno typhoon
occurredand 92.6% remained duriragsmall flood in 2014Fig. 2) Outside of
flooding eventsthe population on the Cijiawan (31.5 £ 8.1) ahsayssignificantly

greater than that on the Yousheng (20.3 £16:227, Z=-4.824 P = 0.003).

Theinvertebrate density ithe Cijiawan (395 + 301 nf) wassignificantly higher than
that in the Yousheng (246 + 167°qm = 13,Z = -2.411 P = 0.016) There were
significant negative correlations betwesiacharge and invertebradensityin both
streamgCijiawan:n = 13,r?=0.76 P < 0.00% Youshengn = 13 r?=0.70 P <
0.001;Figs 3a-3b). However, the relationshipetween invertebrate density and

10
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204

populationsize differed between thwo streans; there was a significant positive
correlationin the Cijiawan (1= 13,r*> = 0.47, P = 0.0() but nosignificant correlation

in theYoushengif = 13,r? = 0.06 P = 0.497 Figs3c-3d).

DISCUSSION

Brown Dippers moved significantly greater distances following flood events caused
by typhoons than in the period prior to floondiand also in the equivalent perioti
norrtyphoon yearsMost movements were from thelatively large population on the
Cijiawan, the main stream, to a significantly smaller populatioits tributary, the
Yousheng; e renainderwere movements upstream within the Yousheng, all in 2012
when flooding was severe in both steaAlsmovemens were temporary, with
individuals returning to their original territories within two months of the fldattier
individuals disappeared from the Cijiawan during flood eveaspecially those living

in the upstream section, anthyhavemoved furtherupstreanbeyondthe study area
(Fig. S1) where the dischargepresumablgmaller.However, in summer 2011 and
2014, the population on the Cijiawan was relatively stable and showed high site
fidelity (only one individual madelong-distance movementsupporting the idea

that unusually long movements were trigged by floods rather than seasonal

11
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movementsThis is one of veryew studies providing clear evidence of individual

birds movingatypicaldistances to avoid the effects of typhoddthes have

describedescape behaviowr the use of refugia during or after cycloiféhite Jret

al., 2005 Strebyet al, 2014 and similar behaviour has been described in freshwater

fish (Koizumi et al, 2013.

Invertebrate density was negatively correlated with the severity of flooding,

supporting previous findings from the same catchr{@hiu et al, 2009. However,

there was no significant relationship between invertebrate density and the population

size of dippers on the Yousheng, where invertebrate density was signifioarety

than on the Cijiawan. This suggests that the moveswéirds from the mainteeam

to its tributary werenot driven by flooeinduced decreases in food availability. Instead,

it may be thaforaging behaviour is adversely affected by high waterlkeaerd this

has been suggested in studies of the closely related-ihit&ted DippeCinclus

cinclus the shallow riffles favoured for feeding become unavailébkePrato, 1981

O'Halloranet al, 199Q. Furthermore, because the drainage area of the Cijiawan is

more than double that of the Yousheng, the former becomed tadse quickly after

heavy rainfall Fig. S2 andthis may be the cue causing dippers to adopt flood

avoidance behaviour.

12
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Surprisingly,resighting rateafter floods vere relativelyhigh. Thedipperpopulation

onthe Cijiawan, for examplealmostrecovered in one or two months after floodilg.

may be that thescape movementsported here increase tharvival probabilities of

dippers duringhese extreme discharges (F&3). However, floods also decreased

invertebrate density ithefollowing breeding season, especiafphoons occurring

late in the yeafHonget al, 2016. A previous study showelthat thebreeding

population sizevould decrease ahe Cijiawan if invertebrate density was low, and

some adultebandorreproductio and disappedHonget al, 2016§. This

phenomenon suggaeshat the reduction in annual survival rates caused by flooding as

reporedin Chiuet al.(2013)does not happen immediately, but instessllts from

longerterm impacts mediated through food abundance.

The use of the Yousheng as a refuge during typhoons has important implications

for the management of riverine ecosystems. While the lower population size and

invertebrate density of thisiprotected streaindicatethat habitat quality is

relatively poorfor dippers and their prey, this part of the catchment may be crucial for

its wildlife during flood events. These results support previous suggestions that

catchment connectivity is vitabf population persistence in freshwater speares

13
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that protection and management should operate at the catchmeiiDeexidsonet

al., 2012 Koizumi et al, 2013.
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Table 1.The rumber ofbreeding pairef Brown Dippersn two streams anthe

number ofindividuals which made londistance but temporary movemeafter

floods. Each individual has a serial numtsgownin Fig 1. Postflood resighting

rateindicates the proportion ofingedadultsin the breeding population which were

present in thetudy area three montaftereachflood.

Breeding pairs

From Cijiawan to

Movement within

Resighting rat€%o)

Cijiawan Youshenc Yousheng Yousheng after flooding
2004 12 - 6 0 88.2 (15/17)
2012 10 5 3 3 86.7 (13/15)
2013 9 6 7 0 88.0 (22/25)
2014 9 6 1 0 92.6 (&/27)
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Figure legends

Figure 1. The movements of Brown Dippers after floods)j2004,(b) 2012, andc)

201 3. Bl ack circles show each individual

temporary locations after flood&) The movements of Brown Dipperssammer

2014. Bl ack circles show each individual 6s

locations in September 2014.

Figure 2. The monthly maximum discharge and population dynamics of Brown

Dippers in the Cijiawan and Yousheng frdnme2011 to Decembef014 and several

months in 2004.

Figure 3. The relationship between dischargeianertebrate density in the (a)

Cijiawan and (b) the Yousheng from 2012 to 2014 (n = 13), and the relationship

betweerinvertebrate density and the number of Brown Dippers in (c) the Cijiawan

and (d) the Yousheng from 2012 to 2014 (n=13).

20

0s

(



348

349

350

351

a. 2004 b. 2012
@
(3]
B Cijiawan Cijiawan w ©
Yousheng (9} Yousheng
Gaoshan Gaoshan
4 1
5 6
7
%
P (0
5 @ o &
0 N 12 ®@ N
0 )
2 + +
Tachia River 0 025 05 1 km Tachia River 0 02505 1 km
c. 2013 d. 2014
o8
(B
Cijiawan Cijiawan
Yousheng (C Yousheng
15 D
Gaoshan \@ Gaoshan |D
13
14) ® 3
18) 3
@) P ©
&) His
/® G i}
@B 1 %)
@ N L) N
) 0 02505 | 1km ) 0 02505 1km
Tachia River i Tachia River

Figurel.

21




352
353

354

[\ [ P wn (=
[= < o (=) (=

Dipper population

—
o

0

6

Figure2.

[
H

'
H
\
i

\

'

8 91112

2004

678910121 3 457891011121

2011

2012

22

234681011121 234579101112

2013

Discharge
-=Cijiawan
-=-Yousheng

2014

350
300
250
200
150
100
50

Discharge (m?/s)



355

356

357

358
359

360

= 35 9, Cijiawan
‘g
g 3.0
o
8
£ 25
i
=
o
E 20 -
® R*=0.7624
= 15 T T T T )

0.5 1.0 1.5 2.0 2.5 3.0

Log discharge

27, Cijiawan
b5y
S
E 15
=
b}
&
ks 1+
= R>=0.4749
3

[ )
0.5 T T T )
1.5 2 2.5 3 3.5
Log invertebrate density

Figure3.

Log invertebrate density

Log dipper number

23

3.5 Yousheng
30 -
° [ )
25 -
20 -
R2=0.6985
1.5 T T T )
0.5 1.0 1.5 2.0 2.5 3.0
Log discharge
27 Yousheng
1.5 - P . . .
T
«* -
1 -
R?=0.0608
0.5 T T T )
15 2 2.5 3 35

Log invertebrate density



361

362

363

364

365

366

367

368

369

370

371

Supplementary material

120°0'0"E 121°0'0"E 122°0'0"E

’\//ﬁ ﬂﬂ; \
[

WAVIE

n
Study Area

2700

2600
/ ( QK(
°0'0" 24°0'0"N  25°0'0"N

23°0'0"N

2200

2000 02040 80 km

S
22°0'0"N

2200 ®

Q0t%
00V

0
)
=
-V
(~
b %

2400 D

2
-w—-_-- -

2400 &
1
1
™\
1
1

'L@Q
s 5 §Taroko
Tachia River § .. .l = + NationalfPark

Figure S1

Map ofthestudy area in central Taiwahhe drainage areas of the Cijiawan
(including Gaoshan) and Yousheng are 77 and 34 tespectivelyArrows indicate
the range of Brown Dipper population surgehich started fronthe corfluenceof

the Cijiawan and Youshengn addition to the streams we surveyed (Cijiawan,

Yousheng, and Gaoshan), other tributaries were too small to support dippemsah n

conditions.Circles are the eighmhvertebratesampling sites. Theontour lines give

altitude in m The shaded area shows the range of the-BadéhationalPark.
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Figure S2
Following heavy precipitationthe Cijiawan became turbid fasteraththe Yousheng.

Arrows indicate flow direction(Photo by Shiatru Hong)
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