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Stress Responses of Eurasian Otter (Lutra lutra) in Relation to Habitats and Season. Gun Joo Lee (0000-
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Abstract In order to understand the stress responses, we measured the concentration of stress hormones
by using the fresh feces of wild otters in the Gwangju stream and Seomjin river during summer and winter in
2018. We compared seasonal and regional number of spraints (= otters’ feces), temperature, altitude, water
width, land cover, and water quality with stress hormones. The stress hormone levels were higher in summer
than in winter, and significantly different to season and region. In addition, the number of feces were different
according to the season and region, and showed a negative correlation with stress hormone. This study
suggested assessing stress hormones as another promising method for the analysis of status of wild otters and
it will contribute to establish the management and conservation policy, especially in urban area.
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Fig. 1. Study sites in South Korea (A: Gwangju, B: Goksung, a: GSU, b: GSM, c: GSD, d: SJR).
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Inc., Ann Arbor, MD)E A3t E Ao 2E B
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(Rothschild er al., 2008). 8 € E& AR FEE o|83t
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of Mg AEYA TEE F& AolE H|WEy| Y8l 2z
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A A7 (GSU), 57 (GSM), 315 (GSD))oll IHE 2EFH A
TE2E 5 Aol AT WS A-E-E FRI5H7] ) T-test,
One-way ANOVA, Two-way ANOVAS R8s} o, ARE
A% © £ = Bonferroni correction S ARE-5} T}
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rolr 7] 9J3fl, Spearman correlation analysisS ©]-8-5} T}
o|%, Fogt AB/AE 7= 821ES WS E Principal
Pt 712 (Temp.), L
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ez stk 714 Az F771FH o E Al A ¢
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Bt 4449+747ng mL™ (n=57), ﬁgoﬂ
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Z Fo3HA U4t (Fig. 2, t=2.155, P<0.05).
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Fig. 2. Concentration of corticosterone (mean + SE) during summer
and winter (t=2.155, P<0.05).
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Fig. 3. Concentration of corticosterone (mean+ SE) in GJS and
SJIR (t=4.217,P<0.001).
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Fig. 4. (a) Concentration of corticosterone (mean + SE) in study sites, and (b) number of spraint (otters’ feces) in GSU, GSM and GSD

during summer (filled) and winter (blank).

22 oS ATEH, FFH (GIS)A 405.0£47.6
ng mL™' (n=94), A7} (SIR)IA 176.2+26.0 ng mL™'
(n=26)22, H77} 2| o] @As] Rk} (Fig. 3, t=4.217,
P<0.001).

A A Gof wpetr] AEHA TEEL2 {95 2ol 7}
Soh(AAE, F=6.793, P<0.05; ¥, F=6.228, P=0.001;
A% WAL F=17.132, P<0.001; Fig. 4a). &3} A2
AEYA TER FAFS AT EH, e X% A9
(SIR)O| A 223.0+50.0ng mL™" (n=12), 33FH AF(GSU)
oAl 177.2+27.8ng mL™' (n=19), FFH FF (GSM)°|
A 606.9+186.0ng mL™' (n=12), FFH 37 (GSD)9
A 859.6+209.4ng mL™' (n=14)2.2 Yeh} FFH AF
(GSU)oF A2 A H (SIR)°] BFH F, 5hF A HHeh &
5SS o4 4 UATHE (3, 53)=6.285, P=0.001). E3] ZF
A 312 (GSD)2] AEH A S22 oFo] F=A AR (GSU)
o HAZ AH (SIR)ANA S 2EHA Ry FAHOR
S95HA &=3tth (Bonferroni correction, P<0.05). A&
L A7 AYSIR)ONA 136.2+18.5ng mL ™' (n=14), 3
ZH AR (GSU)OIA 446.0+91.2ng mL™' (n=10), ZF3H
Z2(GSM)O| A 248.3+41.0ng mL™' (n=18), TFH 357
(GSD)9lIA] 299.8+39.7ng mL™' (n=21)& Yeht} A27}
A o] FFH ARt BA UERTH(F (3, 59)=6.394,
P=0.001; Fig. 4a). A& &<, 334 AF(GSU)Y ~E
g& T=2Fo] FFH FH(GSM)Y A7 A9 (SIR)
o TERHEY FAZCE {5 =A UERL, FF
7 37 (GSD)9] AEH A F2F o] HXF XY (SIR)
9] oFRt}t 89514 &A YEFA T (Bonferroni correction,
P<0.05).

2.GJS L 2 4 Hlm U AEY A S220jo| AEtM

Z At} 3km¥] ERZ o5t A4)7] o] & s
Qe = Qe BWH g Eeigt A, qFodle 3%
A9 (SIR)ol| A 14270, B3 A7 (GSU)ONA 4870, 5+
(GSM)OlIA] 317, 817 (GSD)ell A 18707 A= L, AL
o= A7 A (SIR)ONA 3067], FFH AF(GSU)olA
467N, F5 (GSM)Oll A 1067H, 31+ (GSD)ollAl 62717} &
o] AR AH9 vidE 47t FFHY 2 jdE 5
Hr}h X W@kt (Fig. 4b). o] & ©]&3 FFHGIS) W ¢
go] B Aot AEHA FEE 7k A B4 A A
2 39| AWBAE e THr= —0.310, P=0.001).

3. AEY A SER0| S 0Ixl= MAX| 221

2EY A TER FFS vA = AR 820E Rl
7] N AEEA AT}, B 49t 4] (%), DO (mg L)
oA Fo3t &9 AHBAE 712 (°0), BA (%), YA (%),
COD (mg L™, SS (mg Lol A -3t k<] AatAdo] yet
Wrk(Table 2, P<0.05).
Fog S Uehd AR 8Q15S dCE PCA

233 A3}, PC1E 55.63%, PC2E 22.57%, PC3+=
14.02%°] A7 9& Yeth(Fig. 5). PCIo| A& AHR] (%)%
9 NeE AR BE AAA] 8150l 49 2 e
1L (Fig. 5a), 2EH A T 2& 29 Fo| AHiAE veE
Wek(r=0.326, P<0.001). PC2o A= AEH A TEE 423

= AMAS HolA] ggtom (r= —0.148, P>0.05), PC3
M= 59 AHBAE YeEFiThHr= —0.213, P<0.05).
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Fig. 5. Result of principle component analysis on habitat factors. (a)
PC1 and PC2, Eigenvalue: 3.935, Variance explained: 56.209%, (b)
PC1 and PC3, Eigenvalue: 1.600, Variance explained: 22.852%, (c)
PC2 and PC3, Eigenvalue: 1.031, Variance explained: 14.727%.
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(Bonier et al., 2009), 529 A$ EXFE, 7|2, 1%, 4
5 W 37 o) YRS W=tk (Hong et al., 2018). HZ
off EAIA] Aol 4ol 215 vehgol Wt wA] 7 U 4
go) A4 g TelsleAe B Belel] Yo} By &
QS (Park et al., 2011; Jo et al., 2017). wrabA] E A
Ax&= =A sHAQ FFH(GIS)T vy AAE shAQd
HRAZHSIR)O AAISHE opl 28 tiato AQat 2]
o ThE AR ol §E} AL FEES v LBHG L,
AE A Wgo] GHE NIAE HAX 22AET 2 2E
o] FFY= gt

Al g AEHA WS Zol= W ofFTENA
Uehdth(Romero, 2002). ©]= A& ol w2} 90|29l (Chap-
man et al., 2007), H4]S7] (Foley et al., 2001), &4
(Muller and Wrangham, 2004) Sl X}o]& Ho]7] wj&o]
ot & A2 ALEY 9Fo) H £ 2EY A 3R
FAE e, d5ol 8 2 2Ef L 22 $AE
HAl AL £& 7120 AS3t7] 3t 29 whg3} Ho]

At o]-gof FFS vAE o R E Ao 2
< “EHZ* o7 2LTt e Bl FE A 5 Ho]
&5E sHAY Y ZRFSE 2E AR fAE AT T
A& AEol gtk Telt AT 55 AL HolBEL
U Aelot 37 B V15 22 FE 29 3

23 910} (Kruuk, 2006), F& 7120 2$57] S1ak 4
& & 253 Qid), olRo] Ao e 7L
AE B e AEAS WA s Ao2 Az,
E3 57 ofshe SAEEY YiulAd APH JFL
u] 2 212 ™ (Fossi and Marsili, 2003), 7ZHd& 2= 4

19l ofF AHela Alof a2 Qg AR 5
Q17] W&ol (Prigioni et al., 2006; Zalewski,
2011; Acharya and Rajbhandari, 2014), "EH o7 4379
S YehlE DOE 23l CODE} SS7F &2 o0 o
2 2EYA SRR £AE B Aoz OHQ%IEHWang
et al., 2007).

2 g FFA(GIS)F AT (SIR) T o7t &
Ef& TEE FF Aol5 HQl A= Bl edl, A
217} (SIR)of H]3l F=H(GIS) DO7F Wil COD£} SS
£ ¥7) g, AaHoE 9o AEdA B g
S )R Ao 2 H oIt (Fossi and Marsili 2003; Prigioni et
al., 2006; Zalewski, 2011; Acharya and Rajbhandari, 2014).
TR T A 7 =AE FEE Zpo]7t AEH A HhEo
F= U Aoz AzbE 20079 =A3kE Q1% oME
= Aol W Ao S THT B2 oM ES
o] ZA|gtz QI3 Wl Bt A =S AW " &
EYAE fFIA1E 5 ok A&t ¢tk (Bradley and
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Altizer, 2007). W2tA TA] H]&o| =2 FFH (GIS)olA
AdY A AAFEIRET H e 22X T2E
FAE HQl AL A 299 AAIE0] AlE sHe] Hls)
o AEYAE Ao W=t & & Sl

Ho|A Y2 AEHA TR W2 JFFE nA
=4, 4A dF A5 =1, Ho|zHd <
Ef& 32 A= 2o A AT £ Sl
(Kitaysky et al., 1999; Buck et al., 2007), 2007 vjtt2.g
(Uria aalge)E QA2 3t AFoAE AEH A TR 5
217F 2 A F9] HolRYe g AS5T 5 e AEEE
89 £ ok A9t (Kitaysky er al., 2007). & 9
FES AR Ho|A Y AEA T 229
BRI A A AR A= THE ERTET o]
AFHe 2FAA o W2 AEH A 2R 3
W, ol 77 AW oUA LS v|Est= b
Aolgtx Awstgch(Watt, 1991; Kruuk, 1995). ©]
o], o|F A= U oMd 29 AEH A vk
Fo A 5 Sk S g4 o7 olsA &
Arw B, Park er al. (2014)& oJ240| 7} &
o]FAE Felaton, 2016~179 FFH € A

AL AAE AHEYH, A7 A9 (SIR; BAX
ZZ18)ol A 71 w2 A7 E1E T (MOE/NIER,
2016~2017). & &3, A% XY (SIR)e] FFH A A
H(GIS)°ll H]3}| ofF Ho|AHHo] FH3}7] wjZo] AEH A
3 20| w3 drjar & 4= gl

B A A9 (GIS)ol AAlske 2 2AEHAE Bl
3 B, Ao Fo] Fa1 ohH Hlgo] ¥ FFH
AF(GSU)9] 29| 79 ALo| HH AW f5F FA4=E
Q8f, Hol B2 & 4= e AYo] ARFETh(Hong er al.,
2019). kA AP RFOo2 Qs AEH A7 S A
o2 Q7T B3 B SR A, 2AAY YA 9
U&7t Fof Aol bd TRl Wo] o]F3H & A9
of ujg ofFof 7]2o] AHHLRE Fof AEHAE ¢ W
= Ao= Helrh watA FFH AF(GSU)%Y 817 (GSD)
oA Ado| W §oJ3t AEFH A TR o] E YERY T,
Bz AR (GSU)Y= ALY, 312 (GSD)= 29 f =&
2E A 2R £AE Ul A o2 S|4 HErh(Fig. 4a).

A&7 o] & AEE T = e 948 HAYT 29 A
ot AEHA S2E FO TA = SO AHARAE YEHY
=4, ol & A7t X gl A2sk= oY 22 T Wl AR
Hr} R g0 gt AEHAE ¢ = A OF AYZE o
Xt (Table 2). & A& 25 AX17F(SIR)OIA viAHE D=7}
M & £AE B, 222 Boh AdEd = 8
<2 A53] B Aoz AyztETHScorpio ef al., 2016).
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FFH(GIS)Y AL, 5ol AF(GSU), T7F(GSM),
317 (GSD) <=2 &, ALoll= F7(GSM), 37 (GSD), 4
F(GSU) oz g2 Bd Ji57t ERlEdeH, &l
£ AEES 93 L'V} 22 AF g9 2 HEE
(Weinberger et al., 2016; Hong et al., 2019), A-&ol&= Ho]
o] FHIL, A FAE Y8l 7120 =2 5, 5tF A
Aol A F2 &F3t7] W&otk (Merritt and Merritt, 1978;
Tester and Figala, 1990; Ruiz et al., 2001). A/ GE 8|4 & ¥
T Biglel AEHA 2R o] Fo] FARZ YEh FFA
(GIS) Y Holz}do|u A4 F2te] thgt F W AAo] 2B
& TR kS nA|A] g AC = sAHrh

2EFA 2R IS v = e AAA 2=
o2t PCAE A3y At 56%9 A8 S 7HA]+= PCl9
Al 712, =A| Bl&, YA HE, DO, COD, SS 3t 49 #
<, B9 A A vl 59 g UEiler, AEd
& 2R} oF] AIAE v 154 COD, Y
A Hl&, SS T AL R B 2 A& EYed, o=
FA 77 AAst= ol 2 AEFA WS
A2 270 At HolRY 13 F& w4 5 Qe A
Tz o AT Ao A Et wEhA, ZHAY 5
o] g B glof, Hol2tY 9 FHES & 4
= A F2E v 247t & Ao AyZEn

2 dtolMe Ad D XY wet oy Ee AEE
& D220 AAZ] oG E H| Wk, AEH A §Egof ¢
F= A = e AAA 2lEe tisl £45H5H oY
o= W 20| AEHA vhgo S uH £ Q=
o, 2504 A Aol AEHA BRG] @2 JFS 1]
Rtk (Wasser et al., 1988; Barrett et al., 2002). 2EH X &
2 BH|sh= HPA S A5 22-S BH|s= HPG =
FS 0)X]H, AEHA S2EL AHA 9] A A9

Q3 IS 3= Ao 2 4EjA ¢tk (Brann and Mahesh,
1991; Oyola and Handa, 2017). W&tA] 33 AFoA= &
HE &83 A FER s A=E A o Y
o] 2EH A vk S v 4= Sl 8Q1Ee H&) &
o Qs A2 Ak} gk

U oMl = AAIA] dAtollA FE AMESH= 4 =2
AR B 2 S 283 AEYA TER 24
S BAEE YHes opf oA s Ys|A|

gt 3540l ok &3 A F8 AAA W A

=
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