MACROINVERTEBRATES DISTRIBUTION IN
SPATIALLY HETEROGENEOUS GRAVEL-BED
REHABILITATED RIVER REACH

AZAMUDDIN BIN ARSAD

UNIVERSITI SAINS MALAYSIA
2016



MACROINVERTEBRATES DISTRIBUTION IN
SPATIALLY HETEROGENEOUS GRAVEL-BED
REHABILITATED RIVER REACH

AZAMUDDIN BIN ARSAD

Thesis submitted in fulfillment of the requirements
for the degree of
Doctor of Philosophy

May 2016



Acknowledgement

In the name of ALLAH S.W.T, all praise is due to Him the only creator who
bestows me the inspiration, knowledge, strength, and perseverance to bring the study

and this thesis to completion successfully. Alhamdulillah.

I wish to express my sincerest appreciation and deepest gratitude to my
supervisors; Professor Dr. Hj. Ismail b. Abustan, Professor Dr. Che Salmah bt. Md.
Rawi, and Dr. Syalfani, for their relentless guidance, support and motivation
throughout the duration of the study. Not forgetting to all the administrative staffs,
technical staffs, and my colleagues at the School of Civil Engineering and School of
Biological Science, for their assistance. Also, to Dr.-Ing. lanina Kopecki from the
University of Stuttgart, for her help on getting the FST-hemisphere preference
curves. And to all the panels of my Ph.D viva voce; Professor. Dr. Mohd Ekhwan b.
Hj. Toriman, Professor Dr. Wan Manzah bt. Wan Omar, and Professor Dr. Wan
Ruslan b. Ismail, for their time and efforts to review the manuscript and giving their

constructive comments.

I would also like to extend my sincerest appreciation to Universiti Sains
Malaysia for the financial support provided through the Fellowship Scheme and
Postgraduate Research Grant Scheme (PRGS - 1001/PAWAM/8043015). I am in
debt to the Ministry of Higher Education for their sponsorship through MyBrainl5
Programme — MyPhD.

I would also like to express my hearty appreciation to my wife Noor
Shuhadawati bt. Mohamad Amin for all the support, encouragement, understanding,
and prayer that had supported me to complete the study. And to my dear little
princess Nufah Az-Zahra bt. Azamuddin and Najla Az-Zahra bt. Azamuddin, which
their presence during the last period of the study had motivated me to accomplish the
study successfully.

Thank you.

i



TABLE OF CONTENTS

Acknowledgement

Table of Contents

List of Tables

List of Figures

List of Plates

List of Abbreviations

List of Symbols

Abstrak

Abstract

CHAPTER 1 - INTRODUCTION

1.1

1.2

1.3

1.4

1.5

1.6

1.7

Introduction

Problem Statement

The Importance of The Study
Objective of The Study

Conceptual Framework for The Study
Scope of The Study

Structure of The Thesis

CHAPTER 2 - LITERATURE REVIEW

2.1

2.2

23

Stream Order

Stream Classification

Gravel-Bed River

il

11

11

viii

Xii

XiX

xxi

XXiii

XXV

XXVil

10

12

14

16

19



24

2.5

2.6

2.7

2.8

29

2.10

2.11

Fluvial Environments

Habitat Hierarchies and The Mesoscale
Geomorphic Units

Hydraulics Units

Physical Biotopes

Functional Habitat

Controlling Factors of Benthic Macroinvertebrates
2.10.1 Flow Velocity

2.10.2 Near-Bed Hydraulics Conditions

2.10.3 Substrate

2.10.4 Food Availability and Resources Acquisition
2.10.5 Water Quality

2.10.6 Other Factors

Summary

CHAPTER 3 - MATERIALS AND METHODS

3.1

3.2

3.3

Study Site

3.1.1  Catchment Area and Tributaries

3.1.2 Land Use

Parameters Determination

Data Measurement, Sampling and Collection

3.3.1 Riverbed Characterization
3.3.1.1 Bedforms Roughness
3.3.1.2  Substrate Size Distributions

3.3.1.3  Substratum Types

v

24

25

28

31

36

39

42

43

49

53

56

58

63

64

66

66

69

71

73

73

73

76

82



3.4

3.5

3.6

3.7

3.8

3.3.2  Hydraulics Data
3.3.2.1 Discharge

3.3.2.2  Surface Flow Types and Geomorphic
Units

3.3.2.3  Depth of Flow at Bedforms
3.3.24 Flow Velocity at Bedforms
3.3.2.5 Near-Bed Velocities at Bedforms
3.3.3  Abiotic Data
3.3.3.1 Water Quality Parameters
3.3.3.2 In-situ Measurement
3.3.3.3  Laboratory Analysis
3.3.3.4  Observation
3.3.4 Biotic (Benthic Macroinvertebrates) Data
3.34.1 Active Sampling Using D-Net
3.3.4.2 Habitat Types

3.4.42.1 Cobble and Gravel (Hard
Substrate)

3.4.4.2.2 Sand (and Other Fine
Sediment)

3.3.43  Number of Sampling Units in Each
Sample

3.3.4.4 Taxonomic Resolution
Water Quality Index

Outline of The Approach for Developing Hydrodynamic
Model

Topographical Survey
Reach Modelling

Hydrodynamic Modelling

83

83

84

85

85

85

88

89

91

91

92

92

93

93

93

94

94

95

102

104

107

110

113



3.9

3.10

3.8.1  Model Description
3.8.2  Model Parameterization
3.8.3  Hydraulics Simulations
3.8.4  Model Calibration

Outline of The Approach for Assessing The Association
Between Geomorphic Units and Existence of Benthos

Summary

CHAPTER 4 - RESULTS AND DISCUSSIONS

4.1

4.2

4.3

4.4

4.5

4.6

Exploring Physical Habitat at The Mesoscale
4.1.1  Site Investigation

Identification of Physical Biotopes

4.2.1  Physical Biotopes
Geomorphological

4.3.1 Topographical Identification of Biotopes
4.3.2 Bedforms Roughness

4.3.3  Substrate Size Distribution

4.3.4  Substratum Types

Hydraulics

4.4.1 Discharge

4.4.2  Surface Flow Types

4.43 Hydraulics Properties

Water Quality in the Study Reach

Hydrodynamic Model of Spatially Heterogeneous Gravel-

Bed River

4.6.1  Model Output

vi

113

116

117

118

119

120

121

122

129

129

131

131

133

136

140

141

141

141

142

147

153

153



4.7

4.8

4.9

4.10

4.6.1.1  Flow Depth
4.6.1.2  Depth-Averaged Velocity
4.6.1.3  Shear Stress

4.6.14 Froude Number

Model Performance and Validation

Data from Field Measurement and Hydraulics Model

Existence of Macroinvertebrates at Geomorphic Units

4.9.1 Baetis sp.

4.9.2  Caenis sp.

4.9.3 Heptageniidae
4.9.4  Leptophlebiidae
4.9.5 Hydropsyche sp.
Summary

CHAPTER 5 - CONCLUSIONS AND RECOMMENDATIONS

5.1

52

References

Conclusion

Recommendations

Appendices

List of Publications

vil

154

156

159

162

163

166

167

169

171

174

176

179

181

187

190

191



Table 2.1

Table 2.2

Table 2.3

Table 2.4

Table 2.5

Table 3.1

Table 3.2

Table 3.3

LIST OF TABLES

Stream classification by Montgomery and Buffington

(after Montgomery and Buffington, 1997, 1998)

Classification of surface flow types (Wadeson and

Rowntree, 1998)

Surface flow types and their low flow stage associations
with physical biotopes, modified after Environment-
Agency (2003),Newson et al. (1998,) Padmore (1998),
and Newson and Newson (2000)

Description used to classify physical biotopes observed
on each of the geomorphic units, modified from River

Habitat Survey (RHS) in Environmental-Agency (2003)

and Bisson et al. (1981)

Minerogenic, vegetative and detrital habitats and their

principal biological functions (Harper et al., 1995)

Main land use in the state of Kedah, according to districts

2002 (Town and Country Planning Department of

Peninsular Malaysia, 2011)

Wentworth grain size scale classification (Wentworth,

1922)

Substrate categories used for field surveys (Kemp et al.,

2000)

viil

Page

17

34

37

39

41

70

78

83



Table 3.4

Table 3.5

Table 3.6

Table 3.7

Table 3.8

Table 3.9

Table 3.10

Table 3.11

Table 3.12

Water quality parameters that was measured in-situ and

its measuring device

Water quality parameters analysed in the laboratory and

its standard method

Orders of macroorganism and it limit for “easy”

identification

Benthos with standard preference functions (DVWK,
1999)

FST-hemisphere number, density, and its corresponding
minimum near-bed shear stress for sedimentary channels

(Lamourox et al., 1992; Statzner and Miiller, 1989)

Best fit equation for calculating the values of Sub-Index
in Water Quality Index of Interim National Water
Quality Standards (Department of Environment

Malaysia, 2009)

Range Sub-Index of Water Quality Index in Interim
National Water Quality Standards (Department of
Environment Malaysia, 2009)

Classes and suitable use of river according to Interim
National Water Quality Standards (Department of

Environment Malaysia, 2009)

Effective roughness height at each geomorphological

region within the reach

X

91

92

96

98

100

103

103

104

117



Table 4.1

Table 4.2

Table 4.3

Table 4.4

Table 4.5

Table 4.6

Table 4.7

Table 4.8

Table 4.9

Description of physical biotope observed on geomorphic
units within the study reach during base flow discharge,
14m’/s. Referred and modified from Environmental

Agency (2003) and Bisson et al. (1981)

Standard deviation of bedform projections at each of the
geomorphic unit within the study reach (n=10) during
base flow discharge, 14.00m3/s

Particles size distribution at each of the geomorphic units

Dominant substrate (ds4) at each of the geomorphic units

Dominant substrate and functional habitat found within

the study reach during base flow discharge, 14.00m>/s

Surface flow type at each geomorphic unit during base

flow discharge, 14.00m3/s

Hydraulic performance on each geomorphological region
at base flow discharge (14.00m?/s), from field

measurement and calculational approach (n=10)

Water quality parameter and Water Quality Index at
upstream and downstream of the study reach during base

flow discharge, 14.00m>/s

Hydraulics performance on each geomorphological
region at base flow (14.00m?/s), from the hydraulics

model, n=10

130

134

138

139

140

142

143

149

165



Table 4.10

Table 4.11

Comparison of velocity from field measurement and
hydraulics model (n=10). Values based on velocity in

downstream direction recorded over 60s periods

Taxa of benthic macroinvertebrates that was found at

each geomorphic unit

xi

167

168



Figure 1.1

Figure 2.1

Figure 2.2

Figure 2.3

Figure 2.4

Figure 2.5

Figure 2.6

Figure 2.7

LIST OF FIGURES

Conceptual framework for the overall process of this

study

Channel classification using stream order (Horton, 1945;

Strahler, 1957)

Schematic longitudinal (left) and planform (right)
illustration of the five stream types at low flow
(Montgomery and Buffington,1997) after (Bunte and Abt,
2001)

Plan form variability (Brice, 1983)

Typical bedding for fluvial gravels: type cumulative grain
size curves on the right. In (a), d is the conceptual depth
of the surface depth of the ‘surface bed’. The dashed line
outlines a realizable ‘surface volume’ (Church et al.,

1987)

Hierarchical organisations of a stream and its habitat

subsystems (Frissell et al., 1986)

Physical biotopes and functional habitats (Newson and
Newson, 2000)

Hierarchical organisation of geomorphological units and

its subsystems (Thomas et al., 2001)

xii

Page

15

18

20

23

26

28

33



Figure 2.8

Figure 2.9

Figure 2.10

Figure 2.11

Figure 3.1

Figure 3.2

Alternative causal pathways by which flow can affect 45
benthic organisms. Key components of each ecological
process can be modified by flow, thereby affecting the
performance, distribution, and abundance of organisms

(Hart and Finelli, 1999). Potential interactions among

pathways not shown

Schematical representation of benthic macroinvertebrates, 50
the nymph of Ecdyonurus spp. at high velocity (>

20cm/s). The lines around the nymph are a schematical
indication stream lines (Statzner and Holm, 1982). Figure

1s not drawn to scale

Relationship between locomotion, feeding, growth, 58
respiration and selection of physical-chemical ranges in
determining macroinvertebrate distribution and abundance

(Cummins, 1975)

Relationship of an impact zone caused by the direct 60
discharge of organic wastes, as described by increased
biological oxygen demand, ammonia (NH3) and

decreased dissolved oxygen, with biotic integrity. Biotic
integrity refers to the condition of aquatic algal,

invertebrate and fish communities (Dyer et al., 2003)

Location of the study area within the Baling rivers 67

catchment and its network of tributaries
Aerial view of the study reach in Sungai Batu Sebelah. 68

The blue line indicate direction of stream flow, while the

dotted yellow line indicate boundary for the study

xiil



Figure 3.3

Figure 3.4

Figure 3.4

Figure 3.5

Figure 3.6

Figure 3.7

Figure 3.8

Schematic diagram of the device used for measurements
of bedforms roughness. Two aluminium sheets (Smm

thickness) are perforated in the middle (25 holes, @ 6mm)

and fixed together with four adjustable legs at each corner.

Twenty-five aluminium rods (@ Smm) were placed
through the holes in both aluminium sheets and held in
position by locking mechanism on the upper sheet’s

surface

(a) Grade aggregates; 8mm-4mm, 4mm-2mm, 2mm-Imm,
Imm-0.5mm, 0.5mm-0.25mm, 0.25mm-0.125mm,
0.125mm-0.0625mm, and 0.0625mm-0.03125mm
(Wentworth, 1922)

(b) Grade aggregates; 64mm-32mm, 32mm-16mm, and
16mm-8mm (Wentworth, 1922)

Axis of a pebble in Wolman Pebble Count Method. A is
the longest axis (length), B is intermediate axis (width),

and C is the shortest axis (thickness) (Gordon et al., 2004)

Example of data plot by size class to determine the

particle size distribution, from Wolman (1954)
Schematic diagram of gravelometer. The passing holes on
the gravelometer following Wentworth (1922) grain size

scale classification (Yuzyk, 1986)

Modes of operation of the Acoustic Doppler Velocimeter

(ADV) (Bouckaert, 1998). Figure is not drawn to scale

X1V

74

78

79

80

81

82

87



Figure 3.9

Figure 3.10

Figure 3.11

Figure 3.12

Figure 3.13

Figure 3.14

Figure 3.14

Figure 3.15

(a) Working principle of the FST-hemispheres
(Bockelmann-Evans et al., 2008) (b) Placing FST-
hemisphere on a plane in a stream (Statzner and Miiller,

1989). Figures are not drawn to scale

FST-hemisphere number and corresponding minimum
shear stress for sedimentary channels (Lamourox et al.,

1992; Statzner and Miiller, 1989)

Standard FST-hemispheres preference curves for: (a)
Oreodytes sanmarki (adult) and (b) Rhithrogena
semicolorata, after (DVWK, 1999).

Data processing steps in hydrodynamic modelling using

the proposed approach

Surveyed points at the study reach in Sungai Batu

Sebelah. Areas with greater topographic variations receive
denser survey points. Dashes lines indicate bottom edge of
river banks. Topographic survey was conducted during
relatively ‘low’ flow (i.e. base flow), and was conducted
and completed in three days; 6 June 2016, 7% June 2016
and 8" June 2016

(a) Triangulated Irregular Network of bed surface

throughout the reach

(b) Digital terrain model of bed surface throughout the

reach

Computational meshes created for finite element analysis

throughout the reach

XV

99

100

101

106

110

112

112

115



Figure 3.16

Figure 4.1

Figure 4.2

Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

Steps for assessing the association between near-bed

hydraulics and existence of benthos at geomorphic units

Contour maps illustrating planform and topography of the
study reach (contour intervals 0.25 m). Boxed areas on the
topography map are to show the locations of different

geomorphological region within the study reach

(a) Channel thalweg elevations fitted with linear

regression for the study reach

(b) Elevation residuals from the reach-scale trends at

thalweg

Standard deviation with lines and marker for each of the
geomorphic units within the study reach during base flow

discharge, 14.00m3/s

Box-plots of standard deviation of each geomorphic unit
within the study reach during base flow discharge,

14.00m?/s

Grain size distributions of surface particle size at each

geomorphic unit within the study reach

Box-plots of water depth of each geomorphic unit within

the study reach during base flow discharge, 14.00m>/s
Box-plots of depth-averaged velocity of each geomorphic

unit within the study reach during base flow discharge,

14.00m?/s

Xvi

120

122

133

133

135

136

139

145

147



Figure 4.8

Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13

Figure 4.14

Figure 4.15

Figure 4.16

Contour maps depicting water depth throughout the reach
during base flow discharge, 14.00m3/s

Contour maps depicting depth-averaged velocity
throughout the reach during base flow discharge,

14.00m3/s

Contour maps depicting shear stress throughout the reach

during base flow discharge, 14.00m3/s

Contour maps depicting Froude number throughout the

reach during base flow discharge, 14.00m?/s

Nymp of Baetidae, Baetis sp. (Ghee, 2004)

Standardized preference to shear stress derived from FST-
hemisphere curve for Baetis sp., modified after DVWK
(1999), Lamourox et al. (1992), and Statzner and Miiller
(1989)

Nymph of Caenidae, Caenis sp. (Ghee, 2004)
Standardized preference to shear stress derived from FST-
hemisphere curve for Caenis sp., modified after DVWK
(1999), Lamourox et al. (1992), and Statzner and Miiller

(1989)

Nymps of Heptageniidae: (a) Epeorus sp.; (b)
Thalerosphyrus sp.; (¢) Campsoneuria sp. (Ghee, 2004)

Xvil

156

159

162

163

170

171

172

173

175



Figure 4.17

Figure 4.18

Figure 4.19

Figure 4.20

Figure 4.21

Standardized preference to shear stress derived from FST-
hemisphere curve for Heptageniidae, modified after
DVWK (1999), Lamourox et al. (1992), and Statzner and
Miiller (1989)

Nymps of Leptophlebiidae; (a) Thraulus sp.; (b)
Choroterpes sp.; (c) Habrophlebiodes sp. (Ghee, 2004)

Standardized preference to shear stress derived from FST-
hemisphere curve for Leptophlebiidae, modified after
DVWK (1999), Lamourox et al. (1992), and Statzner and
Miiller (1989)

Larvae of Hydropsychidae, Hydropsyche sp. (Morse,

2004). Figure is not drawn to scale

Standardized preference to shear stress derived from FST-
hemisphere curve for Hydropsyche sp., modified after
DVWK (1999), Lamourox et al. (1992), and Statzner and
Miiller (1989)

XViii

176

177

178

180

181



Plate 3.1

Plate 3.1

Plate 3.2

Plate 3.3

Plate 4.1

Plate 4.1

Plate 4.1

LIST OF PLATES

a) The mechanic device was levelly placed on top of

bedform to measure the projection of the bedform surface

b) The locking mechanism (red colour handle) was released
and all the aluminium rods slide down onto substratum. The
residue length of the aluminium rods were then measured

using ruler

Photograph during a field work for measuring near-bed
velocities. The ADV was mounted on steel frame which
allow adjustment of vertical and horizontal position of the

ADYV probe

Topographical survey to obtain topography data of the study

reach

a) Riffle (1) in yellow box (Latitude: 5° 40° 39.58”;
Longitude: 100° 55° 14.17”) as seen during base flow
discharge (14m?/s) on 6 of June 2011

b) Point bar (1) in yellow box (Latitude: 5° 40’ 40.89”;
Longitude: 100° 55 12.90”) as seen during base flow
discharge (14m?/s) on 6 of June 2011

¢) Pool (1) in yellow box (Latitude: 5° 40° 41.16™;

Longitude: 100° 55° 12.78”) as seen during base flow
discharge (14m?/s) on 6 of June 2011

X1X

Page

75

76

88

109

123

124

124



Plate 4.1

Plate 4.1

Plate 4.1

Plate 4.1

Plate 4.1

Plate 4.1

Plate 4.1

d) Boulders in yellow box (Latitude: 5° 40° 40.88”*;
Longitude: 100° 55° 11.68”) as seen during base flow
discharge (14m?/s) on 6 of June 2011

e) Run in yellow box (Latitude: 5° 40’ 40.51”; Longitude:

100° 55° 11.29”) as seen during base flow discharge
(14m3/s) on 6th of June 2011

f) Point bar (2) in yellow box (Latitude: 5° 40’ 40.56”;
Longitude: 100° 55 10.70”) as seen during base flow
discharge (14m?/s) on 6 of June 2011

g) Pool (2) in yellow box (Latitude: 5° 40’ 40.38”;
Longitude: 100° 55° 10.69”) as seen during base flow
discharge (14m?/s) on 6 of June 2011

h) Riffle (2) in yellow box (Latitude: 5° 40’ 40.48”;
Longitude: 100° 55° 9.61”) as seen during base flow
discharge (14m?/s) on 6 of June 2011

1) Pool (3) in yellow box (Latitude: 5° 40’ 40.63”;
Longitude: 100° 55 8.60”) as seen during base flow
discharge (14m?/s) on 6 of June 2011

j) Point bar (3) in yellow box (Latitude: 5° 40° 40.24”;

Longitude: 100° 55” 8.12”) as seen during base flow
discharge (14m>/s) on 6 of June 2011

XX

125

125

126

126

127

127

128



ADV
APHA
AN
BOD
COD
COR
DO
EPT
FST

INWQS

Max
Med
Min
RHS
RMS
SIAN
SIBOD
SICOD
SIDO
SIpH
SISS

SNR

LIST OF ABREVIATIONS

Acoustic Doppler Velocimeter
American Public Health Association
Ammoniacal Nitrogen

Biological Oxygen Demand

Chemical Oxygen Demand
Correlation

Dissolved Oxygen

Ephemeroptera, Plecoptera, and Trichoptera
Fliesswasserstammtisch

Interim National Water Quality Standards
Magnitude

Maximum

Median

Minimum

River Habitat Survey
Root-Mean-Square

Sub-Index Ammoniacal Nitrogen
Sub-Index Biological Oxygen Demand
Sub-Index Chemical Oxygen Demand
Sub-Index Dissolved Oxygen
Sub-Index pH

Sub-Index Suspended Solids

Signal-to-Noise Ratio

xxi



SS Suspended Solids
TDS Total Dissolved Solids

WQI Water Quality Index

xxil



cm
ds

die
dso
ds4
dos

F

H out

ks

Q in
Qmeas
Qout

Re

LIST OF SYMBOLS

Centimeter

Diameter Less Than 5 Percentile
Diameter Less Than 16 Percentile
Diameter Less Than 50 Percentile
Diameter Less Than 85 Percentile
Diameter Less Than 95 Percentile
Froude Number

Gravity Acceleration

Depth of Flow

Depth Out From the Reach
Kilometer

Effective Roughness Height

Liter

Meter

Mililiter

Milimeter

Number of Readings

Manning’s Roughness Coefficient
Discharge into the Reach
Discharge Measured In the Field
Discharge Out From the Reach
Pearson correlation coefficient

Reynolds Number

XXiii



	Macroinvertebrates distribution in spatially heterogeneous gravel-bed rehabilitated river reach_Azamuddin Arsad_A9_2016_MYMY
	1. Front Page
	2. Title Page
	3. Acknowledgement
	4. Table of Contents
	5. List of Tables
	6. List of Figures
	7. List of Plates
	8. List of Abbreviations
	9. List of Symbols
	10. Abstrak
	11. Abstract
	12. Chapter 1
	13. Chapter 2
	14. Chapter 3
	15. Chapter 4
	16. Chapter 5
	17. References
	18. Appendix A
	19. Appendix B
	20. Appendix C
	21. Appendix D
	22. Appendix E
	23. Appendix F
	24. Appendix G
	25. Appendix H
	26. Appendix I
	27. Appendix J
	28. Appendix K
	29. Appendix L
	30. List of Publications


