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Systematic evidence review

Identification

Other
(n=18)

UMass
(n=502)

WoS

(n=173)

Screening

Eligibility

Included

e

Records after
duplicates removed

(n=630)

ﬁ

Records screened
(n=630)

Wilkes et al. (in revision) Rev.

Fish Biology and Fisheries

\ 4

Full-text articles
assessed for eligibility
(n=72, e=121)

\ 4

Records excluded
(n=558)

Insufficient reporting
(e=25)

h

Studies and evidence
included in review
(n=46, e=76)

\ 4

Evidence items
excluded
(e=45)

Study limitation
(e=11)

Disqualified or
ambiguous species
(e=9)




Systematic evidence review
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Systematic evidence review

* Key findings:
* Not enough empirical evidence
* Attraction of fish and downstream movement neglected
* Incomplete monitoring data and insufficient reporting

* Need to combine little evidence with expert knowledge
and numerical modelling



Bayesian networks: Upstream passage
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Bayesian networks: Upstream passage
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72 hour mortality rate

Bayesian networks: Downstream passage
Pressure
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Upstream fishway design

Attraction efficiency

0to 0.05 7.90
0.05t00.1 5.21
0.1t00.15 5.60

v

1.2 1.8

Maximum velocity (m/s)

Head loss (mm)

Low 60 to 90 33.3
Medium 100t0 130  33.3 B
High 130 to 200 33.3

Head loss at entrance

Low20to 100mm  50.0
High 150 to 230 mm  50.0

7

Pool dimensions

Small 333
Medium  33.3
Large 33.3

Distance from u/s limit (m) Mmmﬁoﬁooomm MMW Attraction flow (%)
% ooe 025t003 7.09 2 100
20 9.09 03t00.35 743 4 10.0
30 9.09 0.35t00.4 7.64 6 10.0
40 9.09 04t0045 7.66 8 10.0
50 9.09 045t 0.5 7.46 10 10.0
60 9.09 05t00.55 7.02 12 10.0
70 9.09 055t00.6 6.36 14 10.0
80 9.09 06t00.65 549 16 10.0
20 9.09 065t00.7 4.47 18 10.0
’ 0.7t00.75 3.38 20 100
100 9.09
0.75t00.8 2.31 11457
50 + 32 08t00.85 1.37
085t009 0.66
091t00.95 0.21
0.95t0 1 028
0.378 £0.22
v
Entrance effi Fishway effectiveness Passage efficiency
0to 0.05 0.36 0to 0.05 343 ) 01t0 0.05 477
005t00.1 1.17 005t00.1 194 005t00.1 2.71
0.1t00.15 1.98 0.1t00.15 142 0.1t00.15 2.82
0.15t00.2 2.71 0.15t00.2 103 0.15t00.2 3.15
0210025 3.28 02t00.25 753 02t00.25 3.58
025t 0.3 3.78 025t 0.3 5.27 025t 0.3 4.08
03t00.35 4.11 0310035 361p 03t00.35 4.64
035t004 4.30 035t004 233 035t004 522
0410045 4.40 0410045 147 04t0045 581
045t005 4.44 045t005 0.83 045t 0.5 6.39
0.5t00.55 4.50 05t00.55 043 0.5t00.55 6.90
055t006 4.77 055t006 0.22 055t006 7.34
0610065 5.26 061t00.65 .088 06t00.65 7.68
065t 0.7 6.07 065t00.7 .033 065t00.7 7.88
07t00.75 7.26 0.7t00.75 0.01 0.7t00.75 7.89
0.75t0 0.8 8.97 0.75t0 0.8 .002 0.75t00.8 7.57
08t00.85 105 0.8100.85 0+ 08t00.85 6.45
085t009 108 0.85t00.9 0+ 0.85t00.9 3.88
09100.95 8.57 0.9100.95 0+ 09t00.95 1.15
0.95t0 1 272 0.95t0 1 0+ 0.95t0 1 .093
0.63+0.24 0.125+0.11 0515+0.24

30 100

35 10.0

40 10.0

45 100

50 10.0
275+ 14

0.021 0.126

Fishway discharge (cumecs)

—J

0 246.4

Energy dissipation (W/m3)

Slot or gap width (mm

50 25.0

100 25.0

150 25.0

250 25.0 mm
13874

Number of pools

5 10.0
10 10.0
15 10.0
20 100
25 100

Fishway type
Vertical slot  50.0 jm
Rock ramp 50.0




Upstream fishway design
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Maximum velocity (m s"1)

Upstream fishway design criteria
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Mortality during downstream passage

Design/actual dischage

Turbine design

Francis FO4 14.3
Francis FO5 14.3
Francis FO9 14.3
Francis F12 14.3
Kaplan KO2 143
Kaplan KO3  14.3
Kaplan KO4  14.3

Fish body length (mm)
50 33.3
100 333
150 33.3
100 + 41

0.3 8.33
0.4 8.33
0.5 8.33
0.6 8.33
0.7 8.33
0.8 8.33
0.9 8.33
1 8.33
1.1 8.33
1.2 8.33
1.3 8.33
1.4 8.33
0.85+0.35

Acclimation / nadir pressure

Shear mortality

Blade strike mortality

Barotrauma mortality

Max. strain rate (cm/s/cm)

100 10.0
200 10.0
300 10.0
400 10.0
500 10.0
600 10.0
700 10.0
800 10.0
900 10.0
1000 10.0
550 + 290

0to 0.05 443
0.05t0 0.1 124
0.1t00.15 8.70
0.15t00.2 6.71
0210025 540
0251003 442
03t00.35 3.67
0.35t0 04 3.04
0410045 252
0451005 2.07
05t 055 1.69
055t006 1.37
0.6t00.65 1.08
0.65t00.7 0.84
0.7t00.75 0.63
0.75t0 0.8 0.46
08t00.85 0.32
0.85t00.9 0.20
0910095 0.12
0.951t0 1 .049

0to 0.05 53.1
0.05t0 0.1 227
0.1t00.15 10.8
0.15t00.2 5.19
02t0025 2761}
025003 1.69
03t00.35 1.14
0.35t0 04 0.78
04t0045 0.54
045t00.5 0.38
05t 055 0.29
055006 0.25
0.6t00.65 0.19
0.65t00.7 0.12
0.7t00.75 .053
0.75t0 0.8 .014
0.8t00.85 .002
0.851t00.9 0+
0910 0.95 0+
0.95t0 1 0+

0to0 0.05 29.2
0.05t00.1 6.13
0.1t00.15 3.61
0.15t0 0.2 3.38
02t00.25 3.66
0251003 4.27
03t00.35 5.09
0.35t0 04 6.03
04t0045 6.99
0451005 7.69
0510055 7.46
055006 5.95
06t 065 4.01
0.65t00.7 2.691
0.7t00.75 1.83}
0.75t0 0.8 1.15
08t00.85 0.60
0.85t009 0.24
091t 095 .057
0.95t0 1 .006

OO NOOPWN

111
11.1
11.1
11.1
11.1
1.1
11.1
11.1
0 11.1

6126

4/// 5+32

Acclimation depth (m)

9.09
9.09
9.09
9.09
9.09
9.09
9.09
9.09
9.09
9.09
0 9.09

2 OO NOOUOPrWN-=O

0.155+0.18

0.0799 + 0.094

0.294 £ 0.24

Swim bladder morphology

None 333
Physoclistous 33.3
Physostomous  33.3




Mortality during downstream passage
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Bayesian networks

* Key findings:
* N. Hemisphere criteria an order of magnitude too high

* Attraction flow, turbine design and pressure most
sensitive design parameters

e Solutions could be near 0% or near 100% effective,
depending on design

* Local extinction, decline in fisheries and ecosystem
services expected without sensitive planning and
design



Applications to hydropower planning, design
and monitoring



Applications

* Predict impact of barrier for planning and EIA

* Design fishways for any target species or group

* Set targets for fish screens and bypasses

* Trade-offs between cost, hydraulic & biological performance

* Prior probabilities for basic fish passage research



