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The pattern of upstream migration and spawning of ayu Plecoglossus altivelis altivelis

in the Yahagi River, based on the analysis of daily otolith increments

HATTORI Katsuya™, IWATA Yuzou™, KOIE Hideaki*, and INABA Hiroyuki™

Abstract : The upstream migration pattern of ayu fish in the Yahagi River was estimated by the number of
fish trapped in the Fujii-tokogatame fishway from 2009 to 2016. The daily number of upstream migrating
fish was estimated by the total weight of the fish caught per day and the daily mean body weight. The
upstream migrating fish were divided into four groups by cohort analysis of the upstream migration date.
These groups were named as very early, early, medium, and late migration ‘runs’. The relationship between
the hatching date and the upstream migration date was estimated by otolith annulus analysis of the
upstream migrating fish. Based on the relationship, it was supposed that the matured fish caught at the
spawning grounds in the Yahagi River would consist of 90% in the late run, 7.5% in the medium run and
only 2.5% in the early run. In the standard upstream migration pattern, the percentage of fish in the very
early and early runs was 29.2%, and in the medium run was 36.4%. However, in matured fish, these

proportions were significantly changed. The results suggest that early migrating fish in the Yahagi River

were less able to join the spawning.
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Table 1. The specimens of the migrating ayu fish trapped in the Fujii-Tokogatame fishway and the expected number of the total

trapped fish in each year. The relationship was used to calculate the daily mean body weight (BW) in each day. The daily expected
number of the trapped fish was calculated as the daily catch weight divided by the daily mean body weight (BW)

Nunber of Mean body weight Expected number of the total
Year specimens of specimens Relationship between BW* and Dm** trapped fish***
(inds.) (g) (inds.)
2009 136 275+ 1.70 BW = 0.0007Dm’ - 0.1704Dm + 9.7371  (R*=0.94) 299,723
2010 120 1.65 + 1.06 BW = 0.0021Dm? - 0.2899Dm -+ 11.0900 (R 2= 0.99) 250,200
2011 184 2.46 + 1.32 BW = 0.0004Dm” - 0.0877Dm + 5.9923 (R 2= 0.84) 346,004
2012 150 3.37+1.79 BW = 0.0016Dm” - 0.2220Dm + 8.8972 (R 2= 0.99) 401,476
2013 282 236+ 1.25 BW = 0.0004Dm* - 0.0759Dm + 4.8173 (R 2= 0.96) 718,507
2014 324 3.28+2.48 BW = 0.0010Dm” - 0.1598Dm + 7.8123 (R 2= 0.96) 270,122
2015 187 3.94 +2.06 BW =-0.0011Dm?> + 0.0306Dm + 5.2138 (R 2= 0.88) 232,313
2016 190 4.02 +2.62 BW = -0.00008Dm” - 0.0732Dm + 7.4021 (R 2= 0.92) 300,412
*: Daily mean body weight **: Days after March 1 ***: Body weight conversion
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Fig.2 The standard upstream migration pattern of ayu fish in the Yahagi River, estimated according to the number of fish collected at the

Fujii-Tokogatame fishway from 2009 to 2016. The upstream migrating fish population was divided into four migration run groups by

cohort analysis. (¥**%) shows the proportion of each run in the population
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Table 2. The proportion of each migration run in the ayu
population in each year. (**) shows deviation from the value of
the standard upstream migration pattern. The shaded values

show a greater proportion than the standard

(%)
Year Very early run Early run Medium run Late run
2009 4.6 (+1.1) 51.2 (+25.5) 22.8(-13.5) 21.4 (-13.1)
2010 0.8 (-2.7) 20.3 (-5.4) 45.1 (+8.8) 33.8(-0.7)
2011 1.4 (-2.1) 12.8 (-12.9) 31.0(-5.3) 54.8 (+20.3)
2012 5.1 (+1.6) 19.1 (-6.6) 35.5(-0.8) 40.3 (+5.8)
2013 2.6 (-0.9) 7.4 (-18.3) 40.8 (+4.5) 49.2 (+14.7)
2014 1.0 (-2.5) 23.4(-2.3) 43.4 (+7.1) 322(-23)
2015 1.4 (-2.1) 29.8 (+4.1) 50.4 (+14.1) 18.4 (-16.1)
2016 5.0 (+1.5) 43.1 (+17.4) 24.0 (-12.3) 27.9 (-6.6)
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Fig.3 The relationship between days after March 1 (Dm) and the
mean body weight (BW) of the upstream migrating ayu fish
from 2009 to 2016

Table 3. The upstream migrating ayu fish collected in each year

for hatching date estimation by otolith annulus

Lot No.  Year Collection date N Mean body weight
2014-A 2014 Mar. 18 20 50 + 0.9
2014-B 2014 Apr. 16 20 20 + 0.5
2014-C 2014 May 29 19 .1 £+ 03
2016-A 2016 Apr. 6 15 57 £ 2.0
2016-B 2016 May 6 10 1.4 £ 03
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Fig.4 The relationship between the expected hatching date (Do) and the upstream migration date (Dm)
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Table 4. Matured ayu fish collected for hatching date estimation by otolith annulus. The migration group was estimated from the

expected hatching date (Do) by using the relationship (Fig.4 ) for each individual

Number of Expected hatching N
Samplin, Bod: ight GSI Migration run group
Year a(rinalt)e e Sampling point Sex Scale * o (w)elg %) otolith date (Do) **
& ° annulus (A)*** (B)*** (A)*** (B)***
Female 17 61.7 24.0 265 105 87 Late run Late run
Female 17 50.9 15.8 304 66 48 Medium run Early run
Female 18 16.0 19.8 280 90 72 Late run Late run
Upstream side
Oct. 9 . . Male 19 77.8 11.1 260 110 92 Late run Late run
of Aoi-oohashi
Male 19 30.9 10.1 266 104 86 Late run Late run
Male 17 35.1 10.2 273 97 79 Late run Late run
014 Male 18 17.5 9.5 277 93 75 Late run Late run
Female 18 17.9 6.3 305 93 75 Late run Late run
Female 18 9.0 4.1 290 108 90 Late run Late run
Male 18 38.1 2.4 297 101 83 Late run Late run
Upstream side
Nov. 6 . . Male 18 39.1 3.7 299 99 81 Late run Late run
of Aoi-oohashi
Male 17 60.8 3.7 273 125 107 Late run Late run
Male 17 31.3 3.0 268 130 112 Late run Late run
Male 18 35.4 2.6 312 86 68 Late run Medium run
Female 19 26.7 6.6 281 105 87 Late run Late run
Female 17 15.4 1.3 272 114 96 Late run Late run
Female 17 23.0 9.4 279 107 89 Late run Late run
Female 18 32.7 11.1 290 96 78 Late run Late run
Female 17 452 6.8 292 94 76 Late run Late run
Female 20 39.3 6.6 263 123 105 Late run Late run
Male 18 222 5.7 296 90 72 Late run Late run
Oct. 24 Matudaira
Male 19 19.2 43 307 79 61 Late run Medium run
Male 17 18.2 2.0 293 93 75 Late run Late run
Male 20 59.4 6.0 308 78 60 Late run Medium run
Male 19 20.5 6.0 274 112 94 Late run Late run
Male 17 29.8 8.8 229 157 139 Late run Late run
2016 Male 17 21.9 4.7 277 109 91 Late run Late run
Male 20 57.7 3.6 299 87 69 Late run Late run
Female 20 25.9 19.6 278 108 90 Late run Late run
Female 19 19.8 4.6 294 92 74 Late run Late run
Oct- 22 Upstream side Mal 18 19.9 8.4 264 122 104 L L
~24 of Aoi-oohashi ak : ’ ate run ate run
Male 18 14.3 4.8 259 127 109 Late run Late run
Male 18 17.7 5.7 252 134 116 Late run Late run
Female 19 19.9 3.8 283 107 89 Late run Late run
Female 20 17.4 12.2 272 118 100 Late run Late run
Female 18 11.9 7.2 260 130 112 Late run Late run
Oct. 27 Upstreamside 18 17.9 38 298 9 74 Lat L
~28  of Aokoohashi ToC ' ' aterun aerun
Male 18 322 9.2 275 115 97 Late run Late run
Male 18 25.4 4.4 280 110 92 Late run Late run
Male 20 23.9 5.0 269 121 103 Late run Late run

*: Number of the survey line on the row scales

**%: (A) is the correction value subtracted 3 days from Do, and (B) is the correction value substracted 21 days from Do

**: Expected hatching date is shown as days after October 1
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