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Effects of catch-and-release angling on growth, survival and catchability

of white-spotted charr Salvelinus leucomaenis in wild streams

JUN-ICHI TSUBOI,* KENTARO MORITA AND TakasHI MATSUISHI

Graduate School of Fisheries Sciences, Hokkaido University, Hakodate, Hokkaido 041-8611, Japan

We examined the effects of catch-and-release angling on the growth, survival and catchability of white-spot-

ted charr Salvelinus leucomaenis in four wild streams in northern Japan. Investigations were made twice at each

stream. We angled fish with live bait and caught fish using electrofishing as controls. Angled and control fish were

measured for fork length, marked individually and released. Fifty days later, we angled and caught by electrofish-
ing again. A total of 282 angled fish and 376 control fish had fork lengths of 80.5 to 282.5 mm. Hooking mortality
within a few minutes was 6.79%, which agreed well with previous data by studies of catch-and-release mortality.

There was no significant difference in standardized growth rate between angled fish and control fish. The recap-

ture rates of angled and control fish were 77.9 and 74.2% respectively, suggesting that the survival rate of angled

fish is not lower than that of control fish. No significant difference in catchability was found between angled fish

and control fish. The results show no evidence that catch-and-release angling affects growth, survival and catcha-

bility. We conclude that catch-and-release angling is effective to sustain white-spotted charr populations.
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Fig. 1. Map showing location of study areas.
Table 1. Physical characteristics and sample size of each surveyed stream
< . Length of Average Average
Geological type . . Number Number

Stream of stream* surveyzercrl1 )sectlon stre;ttélmv;ndth streazrcnmd)epth of tagged** of recapture**

KM Bb 700 184 13.1 184 (85) 151 (78)

KK Aa 480 365 26.2 226(104) 172 (80)

AT Aa 492 288 17.8 71 (35) 52 (27)

AS Bb 675 191 13.9 158 (39) 109 (59)
Total 639(263) 484(244)

* Categorized following Kani.!®)
** Number of fish captured by angling is in parentheses.

NI'|-El ectronic Library Service



The Japanese Soci ety of Fisheries Science

182 W, #RE, B

HEXR T, — oD AlLOX 23 HIEORE T—E
Y RONEh o olsd, FBELUNOHD A & LHHE
RO ThnEEZ LN S,

HAE AT, BAREL 21077, 1M
Ho#E GAEI) 1220005 H23 07256 H9H
W TT - 72, AE I THHAERBARORGL SN
7ol (SUREMEAE) L890N o ok (o ho—
IARE) (T NN—T 5 52 L AE L, HOW
BEELOEFHE THY 2T 7, fI08HEHRINT
WHBBET Ry Ay (ONF A A H Paranthrene
regale DMWY, ABIFEIF AL, NUALEHI06
5, $H3ERIE (P2 LME A —F—iF0HE)
PERA LI, $-7O DN LTTiIL, $tEfkaiith
TBE DR, T4 V—RFEHLE AL, $EAL
7o, PUEERGKE N VI AN, BPESYA S LA
CRETHRE LS B L, ERTE, %
DHDD BIZBEKEE(AI A« b— M) 2T
200 %£/:12 300V OBEA 20 THJINCEBR =L, #
DI o R ETREAR D FEL, T b3V b
Tk L L7, BREBIC L LB EER T L7
O, BREBOBEE 2 F O— U EERER L& <
L, WiFdOFOWERKICLERRY a v 725270,
PEREEL Loy Fo—UEEOBY E4 0.5 mm B
fETHBIL 7288, B L T BEIC o TREEEGI2
RRECH LTV A—4 T (AAR/N/ v 778, @k 15
mm) %EEE FOWMICHO GBI 7o, Hkite
I OB BAR & T 7 2 > 72, $TEBHE DT
CUEXRAPEH L, ZOEHEXM % Sokal and Rohlf?? = ¢
W TIES A B A TCHERE L 7,

2EHOME GAET) BFAEI»HHB0 D7
A4S 8 A3 HICAT T T- 7. AT L T8
s av P EEOBHE B S L, #IDICk
LT - /o, BRELCLATHREZT- /0, R
I EFRRIC, 2EGORTEZHIIL 72,

BE - £B -$9onvedE gk o bo—L
fER CRUE % liE 4 5708, ERBICHE L HRED
FTOHBREERSL T Ricker ORIZ L DB L 72,20
_In (FLy) —In (FLy)

t

T, GRBIERER, FLLGFEAILI TORYE
(mm), FLiZHE T TORBXE (mm), tEHAET
POFBET ETORR (H) ThHsH, HEERIEIER
ISR L Tuw/o (GR=0.00312 — 1.19 x 1075 x FL,,
r=—0.551, p<0.0001), APIETid, KEMEHEIZTEH
N WER SR ON/C/00, REROEWEEA
DI ER (BHLUHBD) 2B SN AR B 5,
D7z, Yokoyama?? /5 i T S EEHE(L R L [A AR
I, BRI THAHEELRERYEHL 7=,

GR

SGR=GR+b(FLy—FL,)
ZZTSGRIZEBEAKER, bixe@kr—2»5
BONCEXRICKNTA2REROEIFEB OME =
(b=-1.19%x107%), FLy3#AE [ IC BT 5 FHETE
(FLy=150mm) T#H 5, WMIEICSER/MKE, o b
T— U 2 oV TE R E R OEHHE & K
D7z, BERRFITERME L L OS8R ORE ) i
o x /728 (Kolmogorov-Smirnov E, N T x2<
2.314, p>0.05 ; Frux BRE, Frax=2.484, p>0.05), 4%
Bt BTN 21T - 72, REBERZ EBELRE
R, AR s LCHRE LT 0EORE
$EEGEE oy Fo—VEE) LU, “TRES
WO ET->7, 612, MIBICHERGKEaV
O — VA OBREL R R X L 5 /2%, Bonferroni
OARERAFIAL TEEIBBREZT - 7o,

SUEMRE & v P o — VB TETR A B L 7o, B
BIREOEFRIZEEER T 5 N TER WD, hk
KOE Y | CTHEMBE A A7, W I ERE, o
v R EEENENOTBRHEY FTROoRTHVCTE

Hl 7z,
. o VRGO FHREALK
SRR D PR = oot o B e
OV O =) UEEROTEREER =
TV O —)UEEROFHRE A
oY R IV EA OB B AL
T IEBRER A AE T COFHOFE, TR AW
I, AETICBTLEIERE, #AEI KT HPEOTE
YL, BYAT v VERIRSH AT 72,
$EEGE L v o LERTHOLNL T S 2 EL
oo BIDNRLTSORELL T, HAELTOHONSHE
Erx v, 50mm OBRYREEEITHEREE, oV
O—)VEEITNZhOH LN LHERE TinORE AW T
(=N A AN
SPEBADOE HN HHER =
FINIC & THEH S h 79 BEEOE S
SIRE(E A D PR B (3L
av = U EEOH N LHER =
90 ko THEH SN/ -a v b o— IUEEOEEE
o b A=V EE O S
E, WEERARETICRST) A EOFE ($VEF
7 EREE), RUYBHAMNE T CRKT5808OF
g, I, FETCET2RRE, BELREERE L,
OYRAT 4y 7 EBRGWZIT -7, 75k, CNHOFK
FHEFTICIE, SPSS 10.0 ] # 7z,

] S

4 AR CHEMAEOR Y Rid#HiE» 85.0~282.5
mm, FHE (EEERZE) 25 164.0+41.7mm, 3

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

Fo v FT VY Y—=AEDOA TS OB 183
25%10%7 1.0 B Angled
% [] Control
= 20X10%
§ 0.8
3 i
5 15%10%] ©
5 o 061
8 5
N 4]
.E 10X10+4 da
] ® 0.4
2 e
c i
] 5X10+ o
=~
72} 0.2
0 - . :
KM KK AT AS L
. 0— -
Fig. 2. Standardized growth rates of angled and control KM KK AT AS
white-spotted charr in four streams. Error bars indi- )
cate 959% confidence intervals. *p<0.01 Fig. 3. Recapture rates of angled and control white-spot-

ted charr in four streams. Error bars indicate 95% con-
fidence intervals.

Table 2. Two-factor analysis of variance of the effect of
stream, first angling and their interaction on stan-
dardized growth rate

Table 3. Multiple logistic regression analysis of the effect

Variable df MS F p of stream, fork length and first angling on recapture*
Stream 3 1.23x10-5 Zb 37 <0.0001 Variable coefhicient SE df D
First angling* 1 5.53x10°7  1.19 0.277 Stream A** 0.800 0984 1 <0.005
Stream X First angling 3 1.35x10-6 2.90 0.035 Stream B** 0.424 0.255 1 0.096
Error 475 4.66x10°7 , Stream C** 0.203 0324 1 0.531

* angled or control Fork length 0.00240  0.00250 1 0.336
First angling™** 0.0911 0.200 1 0.648
Constant 0.358 0459 1 0.436

0 — )L EEORBN £iT 80.5~275.0 mm (147.4+40.1

* recaptured by angling or electrofishing= 1, not recaptured =0

mm) T 72, A LI s AERREEE LU‘;ﬂﬁ ** these combinations express four surveyed streams
i Table 1 i - HI1ICk (Stream A, Stream B, Stream C); KM= (1, 0, 0), KK= (0, 1,
SBU L IEHEGEEE Table LIORL7, #E 0), AT=(0,0, 1), AS=(0, 0, 0)
W, gl E TRARAR, BHORICIETT 4 ﬂﬂﬁifﬁ *#* angled =1, control=0
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Fig. 4. Relationship between fork length and angled rate
at second angling of angled and control white-spotted
charr in four streams.

Table 4. Multiple logistic regression analysis of the effect
of stream, fork length, first angling and standardized
growth rate on second angling®

Variable coefficient SE daf P
Stream A** 0.776 0.307 1 0.012
Stream B** 0.312 0.284 1 0.271
Stream C** -0.323 0.383 1 0.399
Fork length 0.0177  0.00299 1 <0.0001
First angling*** —-0.147 0.203 1 0.469
Standardized growth 289 142 1 0.041
rate
Constant —3.45 0.615 1 <0.0001

* recaptured by angling =1, recaptured by electrofishing =0

** these combinations express four surveyed streams
(Stream A, Stream B, Stream C); KM= (1, 0, 0), KK=(0, 1,
0), AT=(0,0, 1), AS=(0, 0, 0)

*** angled=1, control=0
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