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Tertiary Consumers
Eat Smaller Predators

=

Kilocalories available in the bodies of tertiary consumers
8 Kilocalories per square meter per year

Secondary Consumers
Eat Smaller Animals

30 kJ thermal energy
to environment

. ]
Kilacalories available in the bodies of secondary consumers
80Kilocalories per square meter per year

- i Primary Consumers
cellularre

growth and
reproduction

waste matter ang
%,
o <7

Eat phytoplankton

Kilocalories available in the bodies of primary consumers
800 Kilocalories per square meter per year

¥ Primary Producers: Phytoplankton
60 kl energy to Wide seasonal variation in yield
decomposers Assumed Spring Productivity: Rate of 8000 Kilocalories
persquare meterper yearin food for animals to eat.

1st law of thermodynamics 24 law of thermodynamics
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E-flow regime Corridor disruption Ecological dredge
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E-flow regime

In-river weir effects on the alteration of flow regime
and regarding structural stream habitat

Hydrodynamic and habitat models
to determine e-flow dynamics
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E-flow regime

Sanying Bridge Daily flow 1970-1982 (msls)
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Daily flow(m/s)
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Annual average flow
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E-flow regime

b) Wavelet Power Spectrum 1970-1983 d) GDWPS
- 2days —

o

E-flow regime

* Habitat types run and riffle were
most degraded, and the endemic
fish species, F. lacustre, suffered
the most damaging consequences
on suitable-habitat quality and
qguantity induced by the weir
water intake.

* Alternative mitigations such as
random discharge schemes and
rehabilitation programs.

* Local construction for the
degraded vital habitats, especially &
for run and riffle in the dry season. f&

* Hinterland for off-channel water
storage to replace the current in-
river weir.

National Taiwan University FREKNIFREREZZGHRKERE



E-flow regime

* Ecological consequences of river
system degradation manipulated
by in-river weirs.

* Integration of WA and EP
methods and Habitat model to
determine environmental flow
demand and impact (2-days to the
1-week scale; Q90 - Q75).

* Hydrodynamic and habitat models
to quantify the structural habitat
of endemic fishes.

 Offer alternative mitigations such
as random discharge schemes and
rehabilitation programs.

National Taiwan University

Joumnal of Hydralogy 615 (2022) 128670
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Research papers

In-river weir effects on the alteration of flow regime and regarding

structural stream habitat

Shang-Shu Shih ™™, Chi-Hsin Liu", Jing-Hua Ning*

* Deparément of Cil Engincering, Natianal Tabwan University, Tabwan
* Hyedrotech Research tnstinute. Narionai Taisean Universty, Taiwan

ARTICLE INFO ABSTRACT

Keywords: In-river hydrauic struct
Hydralogieal altesation. d

tively impact aquatic ecosystems, including chang
tes I

th hhmlq\lahrynfmdmcﬁhhil.\us “This study

 probablty method to quanly he degie of

between the dry and wet seasons an
ies 10 represent different habitat

habitat patterns to mitigate the

pws g i el

1. Introduction

Ecosystems provide many ecological services for supporting human
society, and healthy ecosystems can directly or indirectly enhance
human well-being and maintain social functioning (Miller and Bur
Khard, 2012; Costanza et al,, 1997). Water resources are fundamental
driving forces for sustaining a healthy aquatic ecosystem, requiring
integrative concepts for their conservation (Geist, 2011). To effectively
solve the problem of providing water for human consumption, in-river
struetures such as weirs have funetions that contribute fo human
development, such as power generation, flood control, and recreation.
Unfortunately, freshwater resources are scarce, and the rapid growih of
cities has increased the per capita water demand, which may generate

water conflicts (Postel et al., 1996; Aleamo et al., 2003). Global climate
change may bring more consequences on flow regime, leading
to escalating demands for hydraulic engineering and increasing envi-
ronmental stress on aquatic ecosystems (McCarthy et al, 2001
Malmauist and Rundle, 2002). Climate-change related changes can be
further exacerbated by dam and weir construction in light of the
worldwide expansion of where changes in
flow regimes and upstream hydrupelkmg need to become befter infe-
grated into management decisions (Geist, 2021 Pander et al, 2022). To
Imeet the increasing demand for human water resourees, measuring and
making reasonable choices for supporting healthy aquatic ecosystems is
a problem that must be prudent in the world today.

Several studies have found that changes in natural flow regimes

* Coresponding author at: Depariment of Civil Engineering, National Taiwan University, Taiwan
0 (S5, Shih),

Email address:

https:/ /doi.cr
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Corridor disruption

Restoration recommendations for mitigating
habitat fragmentation of a river corridor

Legend
" Focused Reach |
Analytic Unit

X Wu-chi Bridge
Discharge Gauge |

=== River Bank

= Wu River Watershed

Flow Direction

Up_strcam 1

vl

Hydraulic Characteristics Simulation :

HEC-RAS model + CCHE2D model

T

Riverscape Indices Calculation
1 \ A
\ GSTATS sofiware
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ELERE LY
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Relationship between Riverscape Indices
and Habitat Suitability:
Logistic Regression Model
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Habitat Suitability




Corridor disruption

Landscape changes

& 51 HTEE 7 Eb95/104 - %)
|

K 26.08/15.6 |
R 24.44/52.13
A 42.64/25.09 5 W S
Bl ) Tim 684/686 L 1 1 |
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Corridor disruption

Fish Habitat

sariichthys pachycephalus W Rhinogobius candidianus

- Score of HSI

=

- Regional fish, Opsariichthys pachycephalus,

2
BN

=
=

and local fish, Rhinogobius candidianus,

Suitability Index (SI)

=
o

were Taiwan endemic species and were |
0.0

0.2
Flow Velocity (m/s)

selected as the indicator species.
- Habitat quality : (1) 0 < HSI < 0.25 poor; (2)
0.25 < HSI < 0.50 fair; (3) 0.50 < HSI < 0.75

good; (4) 0.75 < HSI < 1.0 excellent. fb : “ H H H |
j' wi il 104l s

000 005 010 015 020 025 030 035 040 045 050 055
Water Depth (m)

© Opsariichthys pachycephalus = Rhinogobius candidianus

National Taiwan University FREKNIRERELZGHRBKERZE



Riverscape

- The results revealed the similar
result in the plots for the both
indicator species under different
flow scenarios.

- The maximum median of HSI was
observed in riffle/glide.

- There was a strong positive
correlation between habitat
suitability and AWMPFD and the
negative  correlation  between

habitat suitability and MPFD.

National Taiwan University

Management implications

Corridor disruption

Opsariichthys pachycephalus Rhinogobius candidianus

(a) low-flow (b) low-flow

10—

(d) mid-flow

10

- Yanfeng Bridge to Eastern-Caotun System Interchange - Highway No.6 to Highway No.3

- Huanzhong Road to Maoluo River ‘:I Road 74 to Dadu Bridge

KR ERERLR G KERE

Corridor disruption

Responses on habitat suitability and habitat landscape to flow discharge

- interrupted surface flows => need refuges for fishes in dry season

- Low HSI => low-flow and mid-flow scenario: increase water areas

High-flow scenario: create riffle & glide

Influence of habitat landscape on habitat quality

- fair habitat => landscape has negligible influence on habitat suitability

- poor habitat => patch size, variability and shape are the main aspects

relating to habitat quality

= Measures for fish habitat improvement
1. Channel morphology modification: fish refuges creation, riffle creation
2. Discharge magnitude operation: water area creation during dry season

National Taiwan University
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Corridor disruption

* A novel river habitat management model
for fish was established.

* Various riverscape indices characterized

Restoration recommendations for mitigating habitat fragmentation of a

changes in specific habitat features.

Pin-Han Kuo ", Shan;

* Low flow discharge and weirs disconnect
habitat patches and disrupt river corridors.

» Restoration priority is to create refuge
pools for endemic fishes during dry
seasons.

* Patch size and shape complexity are the
critical indices for pool creation.

* Lowering the height or removal of weirs
contributes to the rehabilitation of river
corridors.

National Taiwan University HFREK X RERE 2GR K B E

Ecological dredge

Nature-based dredging solutions of changing fluvial landforms
in enhancing corridor connectivity and reducing flood risk in
alluvial rivers

Flow analysis Corridor continuity
1. FDC 1. Longitudinal
2. Qe 2. Lateral * Figure out poor habitat

quality areas
* Identify the causes (too

fast velocity; too low
water depth)
3| . Proposswcolosicn
u dredging methods

Effects evaluation
1. Corridor connectivity
2. Flood conveyance

////////

; i,
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Ecological dredge
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O. pachycephalus R. candidianus H. formosanus

A. paradoxus

(a) Q25 (39.6 cms)

PUA (w/t dryland)

[ )
Q
=

—&— H. formosanus

©
=
X

% of area
© o
L S
SN

Dryland

National Taiwan University

(b) Q70 (5.12 cms)

175 350

(c) Q95 (1.37 cms)

% of water area (w/t dryland)

Ecological dredge
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Morphological unit
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(a) Original

(b) LonDred-30cm
+ LatDred-60cm

Riffle
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M upstream
B midstream

® downstream
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Ecological dredge
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Ecological dredge
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* Q70 is the critical environmental flow
determining fish habitat quality and river
corridor connectivity.

Nature-based dredging ions of ing fluvial for corridor continuum

enhancement and flood risk reduction in alluvial rivers
Shang-Shu Shih'?”, Chen-Yu Lee'

! Department of Civil Engineering, National Taiwan University

* Pool-riffle-run structure is the central
consideration in fluvial landform
alternation for satisfying both flood
prevention and ecological rehabilitation..

? Hydrotech Research Institute, National Taiwan University

" Corresponding author: uptreeshih@ntu.edu.tw

Abstract
Water resources are elemental driving forces for sustaining a healthy aquatic ecosystem,

requiring integrative visions for their conservation and dealing with their tradeoff for the

potential conflict. River habitat ivity, including the respect and

* LonDred-30cm creates pool-run for RCC,
while LatDred-60cm and LatFill-30cm
rehabilitate pool-riffle for FPC.

* LonDred-30cm and LatDred-60cm
successfully enhance longitudinal and
lateral corridors for endemic fish species.

lateral flood pulse, is critical for fish survival and organism dispersal. A specific flow condition

and river

may neg: impact these ecologi

| concerns. Regular river dredging
for sandy rivers could raise the water conveyance area to prevent flooding and supply the
pebbles and sands for building materials required for urban development. However,

inappropriate and excessive dredging harms the river ecosystem significantly. The main

objective of this study is to evaluate whether ecological dredging presented by changing local

river porating nature-based sol could grow fish habitat quality for
sweetening river continuity and achieving flood control effects. By combining various
mathematical models and empirical formulas and verifying them with the data obtained

through field surveys, we explore the interconnections of hydrology, river morphology, and

the habitat dynamics of four endemic fishes in an alluvial river. The morphological unit's

* Mainstream and tributaries of a braided
river play a critical role as refugia for
aquatic organisms in dry and wet seasons.

dynamic translation is analyzed to further understand the relationship between habitat

structure and flow discl as the ref for d

loping the proper river dredging
approaches. The results reveal that the primary habitat defects were lack of high-quality habitat,

unsatisfied habitat diversity, deficiency in refugia, and disconnectivity. Longitudinal

o
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Rosgen (1996)
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ountain headuwater streams
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¥ slopes and cut a desp
& ; Ty Weshapedwalley. Lowe-alevation streams
. Rapids and merge and Flow dowen
W - ."IELE-HE"E-EFE gentler slopes. The elevation a river wanders
s common. walley broadens and and meanders sloaly
the river beginsto across a broad, nearly flat
meander. walley. At its mouth it may
divide into many ssparate
channels as it Flows across
a delta built up of river-
Eorne sediments and into
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Visible Implant Elastomer Tags Vears 2020"2091 20292 2093

A 194 178 311 65
B 271 45 79
C 112 163 98 41
D 325 221 402 167
E 417 134 332 126
F 293 201 235 17
G 20) 143 179
Total 1632 942 1600 0995
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Re-capture B
Citp Initial mortality 9W QW 4W L—\W
A 97.99% 21% 0 0 0

B 100%  14.90% 0 0 0
C 99.70% 7.47% 0 0 0
D 99.17% 10.70% 2.41% 1.12% 1.01%
E
F
G

98.41%  34. 60% 0 0 0
100% 0. 00% 0 0 0

100%  13.71% 6.70% 1.42% 0.00%




Re-capture

Site Initial mortality 2W 3V AW
A 97.99% 21% 0 0
B 100%  14.90% 0 0
C 99.70% 7.47% 0 0
D 99.17% 10.70% 2.41% 1.12%
E  98.41% 34.60% 0 0
F 100% 0. 00% 0 0 0
G 100%  13.71% 6.70% 1.42% 0.00%

Re-capture
Sl‘te Initial mortality 2W 3W 4W
A 97.99% 21% 0 0

B 100%  14.90% 0 0
C 99.70% 7.47% 0 0
D 99.17% 10.70% 2.41% 1.12%
E
F
G

98.41% 34.60% 0 0
100% 0. 00% 0 0
100%  13.71% 6.70% 1.42%




Re-capture
Sl‘te Initial mortality 2W 3W 4W
A 97.99% 21% 0 0

B 100%  14.90% 0 0

C 99.70% 7.47% 0 0

D 99.17% 10.70% 2.41% 1.12%

E  98.41% 34.60% 0 0

F 100% 0. 00% 0 0 0

G 100%  13.71% 6.70% 1.42% 0.00%

Re-capture
Site mitial mortality oW 3W AW HW
A 97.99% 21% 0 0 0
B 100% 14. 90% 0 0 0
C 99.70% 7.47% 0 0 0
D 99.17% 10.70% 2.41% 1.12% 1.01%
E  98.41% 34.60% 0 0 0
F 100% 0. 00% 0 0 0
G 100% 13.71% 6.70% 1.42% 0.00%
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