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A simple method for measuring the swimming speed of salmon fry using escape behavior
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We attempted to establish a simple swimming speed measurement method (escape measurement method) for chum salmon fry
by video recording escape behavior and analyzing it. Fry were placed in a circular test tank, and sound stimuli were provided
twice at 10-second intervals to induce escape behavior. A video recording of the swimming behavior was taken with a digital
camera, from which the burst speed and cruise speed were measured by video analysis using free software. The measured burst
speed ranged from 70 cm/s to 110 cm/s (18-22 fork length/second, FL /s), and the cruising speed was 10-22 cm/s (2-4 FL/s).
A strong positive correlation was found between swimming speed measured by the escape measurement method and the stamina
tunnel method, suggesting that the escape measurement method is a valid measure of the swimming speed of salmon fry. The

apparatus used in this measurement method is very simple, and it is expected to be applied to various investigations in the future.
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Fig.1 Schematic illustration of the measuring apparatus for
burst and cruise speeds with the escape measurement
method: A, polyethylene basin; B, digital camera; C,
tripod; D, nylon line (750 mm long); E, sinker (20 g
weight).
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Fig.2 Schematic illustration of the water tunnel apparatus for
measurement burst and cruise speeds of chum salmon

fry.
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Table 1 Burst and cruise speeds of chum salmon fry measured using escape measurement method.

Mean Mean Burst speed Cruise speed
Datf: of Days after fork length body weight ’ ’
experiment emergence (cm) (@) cny's FL/s cny's FL/s
Apr. 2,2013 1 3.50 = 0.11 0.38 + 0.07 703 £ 3.7 201+ 1.6 148 £+ 19 42+ 0.6
Apr.9,2013 8 3.89 = 0.21 0.49 + 0.05 752 +£74 194 £ 1.8 102+37 26+09
Apr. 16,2013 15 392 + 0.25 0.64 + 0.12 839+ 55 214+14 145+52 37+13
Apr. 23,2013 22 434 + 021 0.77 £ 0.09 89.8 £9.0 207+22 166 + 80 38+ 1.8
Apr. 30,2013 29 444 £ 025 0.77 £ 0.12 91.5 + 10.1  20.6 + 2.1 171+ 64 38+ 14
May 10, 2013 39 477 + 0.28 1.03 + 0.18 925+94 194+ 15 196 +59 41+13
May 15, 2013 44 4.94 + 0.36 1.06 £ 0.20 105.8 £ 11.0 215+ 24 208 +79 42+ 15
May 22,2013 51 5.62 £ 0.60 1.67 £ 0.58 109.6 + 10.8 19.7 + 2.6 23+73 40+14
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Table 2 Burst speed of chum salmon fry measured using the
stamina tunnel method.

Date of Days after Mean Mean» Burst speed
experiment emergence fork length  body weight ﬁ
(cm) () om's s

Apr.2,2013 1 345+0.16 0.39+0.01 214+2.1 62+1.1
Apr.9,2013 8 3.66+0.19 0.38+0.08 22.7+4.7 62+1.4
Apr. 16,2013 15 4.17+0.21 0.55+0.11 26.6+3.6 64+0.8
Apr. 23,2013 22 443 +£0.20 0.68+0.10 30.8+7.1 69+14
Apr. 30,2013 29 442+0.27 0.64+0.12 333+8.1 75+1.7
May 10,2013 39 4.99 £0.34 098+0.34 393+12.7 79+24
May 15,2013 44 494 +£0.28 0.82+0.14 423+147 85+£2.7
May 22,2013 51 5.46+0.25 1.31+0.17 534+£13.0 98+22
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Fig.3 Relationship between swimming duration of chum salmon fry and water velocity estimated using the stamina tunnel
method. The day in each figure shows the number of days after emergence.

Table 3 Cruise speed of chum salmon fry measured using the
stamina tunnel method.

Date of Days after Mean Mean Cruise speed
experiment emergence fork length  bodyweight cm/s FL/s
Apr.2,2013 1 376 £0.14  0.36+0.05 23 06
Apr.9,2013 8 383+0.16 0.44+0.07 23 06
Apr. 16,2013 15 4.05+022 0.53+0.10 1.7 04
Apr. 23,2013 22 445+024  0.69+0.13 45 1.0
Apr. 30,2013 29 4.55+024  0.69+0.13 50 1.1
May 10, 2013 39 490+0.23 0.99 £0.15 6.5 1.3
May 15,2013 44 495+023 087+0.11 81 1.6
May 22,2013 51 534+0.44 1.22+0.34 7.3 1.4
701 BS (cml/s)
— [ ]
[} 50 A
=
3 o/°
L
% 30 A
2 D)
10 T T 1
50 80 110 140
escape measurement
109 CS (cml/s)
[ ]
©
c
RS
—
()
© o /o
s °
0 T T "
0 10 20 30
escape measurement

Fig.4 Relationship between burst and cruise speeds (BS, CS)
measured using the escape measurement method and a
simple water tunnel apparatus.
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Fig.7 Comparison of burst speed (BS) and cruise speed (CS)
measured using the escape measurement method using
three different sized tanks. No significant differences
were found in swimming speed among tanks (Steel-
Dwass test, P > 0.05).

Table 4 Burst and cruise speeds of chum salmon fry within tanks of different sizes measured using the escape measurement

method.
Type of Inner diameter at Mean Mean Burst speed Cruise speed
experiment Water depth 3cm  fork length body weight
tank (cm) (cm) (2) cm/s FL/s cm/s FL/s
Type 50 42 497 +£022 1.08 £0.13 100.2 +9.4 20.2 + 1.8 202+49 41+1.1
Type 56 48 491 +£042  1.04 £0.33 96.4+86 19.7+15 233+64 48+1.3

Type 75 61 5.03+0.20 1.12+0.16 108.5 £ 13.9 21.6 +2.3 23.1+4.1 46+09
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7oo —HERINC, 2RI 1~ B EIFE T B okl ks
ELEFSNS (Blaxter, 1969) . #BEATEIES 12 IXBRIEMY
ICHHEL D Al ROME THERT AL EXONLTZ0,
BEREFICB TS, RREGGEEPNAEER 2V L
BRIE A S A WTREEATE V. FERRIC & DERY
TRAEREESHBE L2 EHRE LSS, £LD
AR (86%, n=96) CTEBKMADOINEERLIFERSN
72 (Table 4, Fig. 7)o F 72, ZOHII2EOFHIMIZ L -
THENE - EBEATEIASRE < 720 4 1S L, 25l AR I
BEAEDEETIEKT LA (Fig. 6)o SNHDT LD,

Yo R OLEE R ER: 7

RHFFE T de L 722l (R EZRO 10 H IG5k S
NIRRT EE) (%, BRI 2B o T4
L9 2 ROBEREEZRL, THRLREEEZ LN
%o AMFEIZBCRATEEE X, 20 H OFHEE, T4
bbb, IEDS 20HEO 10 H O EHEE  (ecm
/s) &5EFE L 720 Beamish (1978) |2 & BEiHE DX 5
TE, 20805 20055 EGK T RE i3I8 ST T 5 iEvikaR
% RGP KT & B’ LT\ B Al okl E
T, VMR OEBKENOINERERS 1HHB L U2
b HOFREU T TOFYRREFM LM L7225
(Fig. 6), HxFAY 7 BBIHEBEIL 0.56 205 045~ & 5 4 (MK
TLTW2, ZHUZHRII S LR BEATE) 2 82 0 K¢
) HICIES L ClEREEMET L, 0%, Bl
BETLAZEEZOND, EEENIEETHIE L 72 &
FElE, AR 28 X B R TEIAT 20 B I 2 R O
BEREEZWELTWDL I EIZRY, IR0/ 5200
SR T RE CRBRAIIETT T 5 &\ ) RRE i ik EE O
EFRIHYLT L L BbNb, T/, RIFFECETSR L
LTHIELZAY I F by A VEIC LB RAEE (60
SRR VKT RE 2 V) LM LXK ICEER, &
FLELTFELEVWEEDNS, 612, dEllEds
A IF by ARIVETHEE L7225 EE B & OKHEE
12U, HEMTHEEZBCHBESRRO 5N (Fig 4).
i, UV 7 fEfREROBEREE %l L2 ES,
AR E A S I Y AIVE T RO & il T
EHTLRIRL, HREREEEY R OZEREB X
ORAVEEDOWEFE L LTRBE VW Z L, RIfFECldik
BEIE B OHAMA R EIEA L LT, EHAE (260)
DR EEHH T HELOBEIREEICG- 2 2BV BES N
7272, ZFORGEELIT o720 BXEHKSOmm DY 7%
MW TCHEZE42em, 48cm, 61cm DFEEIRIIC X ik
BErlEL/i-e s, I 20 cmsBETIZLAL
PN o 72 AT 1L /N S WEE42em DFEERIX
TYHEDR RN E Do 72D, AEATEDO N 0o
7oo L7250 C, Mgkl B W TERKEORE S
DFENDZEHEREE B L ORAEE 1252 5B/ S
LEZON, FICHAADERED 10 BL L L2ER
OEBAFE VS Z L TREBIIHHRTE L L Eb s,
EMERN g AT & B KR O HRE L L COHER)
HrRatd 5o BMEEE A IF M AVEEICED
BEVKOREE & iR 5 &, kEEE R TR & 5
TN H > 72 FEEREDRE (BLs) 134  OfFET
10BL/sHifATH D, H 7 B4 ElofafEid 10BLs Ll L
(B - B, 1973) L e T b, JREIE DTl
E SN ZEERBE L 20FL/s AR T, BEERICHRTH %D
BV, THIZAZ IF MU aVEEZED, %L OHIED
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T R OEREZFE L TR THEL TW 5
DIt L, FBEREEIZ KT TORE & v E i
He 2 LiEgEIND, 512, EEEIEETIE, A% 3
T b AR AR THEGKGEFE DO EMEDIEDN S 72 o
7o HEBERISEHECHIE S N7 2SR 13/ MiEAS70.3 ecm
/s, TAAEA109.6cm/s T, RALH LI iR/MEA10.2cm/
s, AMEA223emis TH -7z (Table 1) —J5, A% 3IF
N ¥ ROVEEIC X B ISR I IR/MEA 21 4emds, T RAEAT
53.4cm/s TH Y (Table 2), MALHELL DI/IME & i KEIE
FNFEN1.7cm/s, 8.1 cm/s Tdh -7z (Table 3), f/IMEIC
T BRKMEOIE RS &, ARERE Tl g Ed LD
L6, MHHEEAT2.2H, FFIZZA Y IF b2 FVETIE
INEN25MLATHETH Y, AY IF by AVEILE
N CHBHEE TREMEOIED NS v 2O Eid, M
WIS H V2SO I 71 2 3 Y OEWIC X
LEHGREDEDH S W ERRBLTEY,
SRBEEREZERTNET -8 2 iAERDL LT
TEEHARIE L L COFRMEEZBEEL TV LB D 5,
WEGGRE IS BA G2 A ERERE LT, Kifk, o
WL, AFRCEE R EhD B (FA - #el5, 1973; Beamish,
1978) —MEAYIS, FEHEAY 20l BE | 3K D B & 52T
9, BEAFEIZITIZCWEB 2D B 05 (Brett,
1967), il 2 pkoKim I3 IR HEFBRPEIC L > THRZ S
(Plaut, 2001) o ¥ 7 BHAETIE, KD HHAKIEITT 2
BRI B ERCBEIR D EALT 2 L D|mENDH D
(Houston, 1959; Flagg and Smith, 1982; Flagg et al., 1983;
Pedersen and Malte, 2004), 7 A Tl KB TR —
RERY I BETKRE DM T 45 2 E 0I5 T b (Houston,
1959) 72, WHEDENGAKTCTHET 5 & THIAD
Wk N2\ ESEZMY AL EL2oIThNTWS
(Brett et al., 1958; Nahhas et al., 1982; Farrell et al., 1990;
Azuma et al., 2003 ; BEEL 5, 2010), ZIH DK L —
=73V R E PO AT DIV T & A, ETORE
ML 72HDH 5 — 1, RIRPARD LN\ E DR
HbH D (Davison 1997), 7 Hef ClIFRHC 7 T VR
AT 5 2 & TR L L7 & DEED D B3
(Mizuno et al., 2008), ¥k M EICEDAL ML —=0 7
EDRKMIEEE L v, T HERIURRE, —EH
WA IPICHSTE L 7%, Bl Linedafiz %5, 78
BT ARG INCRE RS E LB L EZ 5T
BY (Healey, 1982; Bax, 1983; Farley et al., 2008), i[JI[[F
TRV ARG R O /N T HE R DR IRERT I, B
HEPRFERD 1212475 L #E 2 5N TWw5 (Taylor and
McPhail, 1985; Hargreaves and LeBrasseur, 1986; Beamish
and Neville, 2001; Willette, 2001; Tucker et al., 2016), il
FEIIBWT, RO L) 2BURGRD T 7 EEERT 5K

MK BATRROBER D OZAL R L, BEER S L UE
EHE LB LD L) ITHEDREIIHEL 52 5
AR Z SO % v, BRIICER LT, imshayr
MR DERE SO L8E - MU ITEORETIT T 25
B Rizdh, EEMIRE S U CoBME 2RI HIEE
DR RD SN T WD, TOET, KEFFRIZ L 5k
BT 5 HOBWMSHRETE 5,

DLk, ARWP7E TG L7z ablill e 2k, o i o s
HEREEB L ORHLEEDOWEL L LTHIITH S EEZ
b7z, RPEFE TH W2 EE BARIEHRE R I s
FRICEHETH D720, 4%, HHEEOBIEGCHIHR
BN BT B HEGHEE OBIEN DI AR S5,

& &

AWFE#ATH 2B 720, Frigmiieitdt L cwnwi72
W HEREEN ST - FIREEERAB &
OB O H £ & H 7= LET,
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