Sediment and Phosphorus Bioturbation by Carp
(Cyprinus carpio L.) in Irrigation Drains near Griffith,
New South Wales

Shaun Meredith, B.Sc. (Hons)

Department of Zoology
University of Adelaide
in conjunction with
CSIRO Division of Water Resources,
Griffith, NSW

Submitted in fulfilment of the requirements
for the degree of Master of Science.

March 1996



“If the correct stocking densities are maintained, common carp should prove

to be an effective, cheap and long-term answer to submerged weed control in

small shallow lakes and ponds. Achieving this level of control may, however,

result in some characteristic changes to the environment. The most common
feature is the distinctive green colouration of the water....”

Seagrave (1988) “Aquatic Weed Control” The Dorset Press, England



Addendum

p.56  Results for ANOVA on sedimentary phosphorus data are tabulated below:

Source d.f. F-ratio P
Landuse 2 4.596 0.013
Length of Upstream Drainage (LUSDR) 3 3.491 0.020
Sampling Date 1 18.519 <0.001
Landuse x LUSDR 6 0.448 0.844
Landuse x Sampling Date 2 0.026 0.974
LUSDR x Sampling Date 3 0.344 0.794
Landuse x LUSDR x Sampling Date 6 0.069 0.999

p. 67 The small holes in the walls of the core sampler presented in Figure 3.1 are to
enable water from above the core sample to escape without disturbing the
sediment.
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Abstract: Carp (Cyprinus carpio L.) are abundant in many natural and constructed
waters in the Murray-Darling Basin. This introduced fish has been implicated in the demise
of aquatic plants and native fish, bank slumping, increasing turbidity, and more recently,
increasing water column phosphorus concentrations. This study aims to assess the
contribution of the benthic feeding behaviour of carp to phosphorus and sediment
resuspension in the irrigation drainage network of the Mirrool catchment near Griffith,
New South Wales.

An observation survey (Chapter 2) revealed carp were abundant in the drainage network
during the irrigation season, but not so during the off-season. The increase in carp
numbers during the irrigation season was shown to be due to upstream migration from
more permanent waters downstream, entry through irrigation supply water, and to a lesser
extent to the reconnection of overwintering sites within the drainage network. Large
numbers of juvenile carp were also observed late in the irrigation season, indicating
successful recruitment of carp within the drainage network. Based on this information, a
model of the movement of carp to and from the drainage network is presented. When
abundant in the drainage network, the distribution of carp was concentrated at the
intersection of smaller lateral drains with the faster-flowing, deeper Main Drain "J". This
distribution was not found to be related to differences in the physical attributes of sites
studied, but to the diversity of habitat at the junction of lateral drains with the Main Drain.

Examination of the temporal and spatial distribution of sedimentary phosphorus (Chapter
3) revealed sediments in drains receiving water from a predominantly urban catchment
contained higher concentrations of total phosphorus than those receiving rice/pasture
runoff. Sedimentary total phosphorus was also found to be greatest at the upstream end of
lateral drains, and least at the downstream end. Similarly, phosphorus concentrations in
the sediments were greatest prior to the commencement of the irrigation season. The
distribution of sedimentary total phosphorus in the Mirrool catchment was linked to spatial
and temporal differences in runoff water quality and velocity, and to spatial differences in
the geochemical and organic composition of sediments.

A pond experiment was conducted (Chapter 4) to further examine factors affecting water
quality resulting from carp feeding behaviour. The variable effects of carp on turbidity,
suspended sediment, total phosphorus and ISDP were attributed to the interaction of carp
and the phosphorus content and particle size distributions of two different sediments used.
The implications of these results on both past and future studies on the impact of carp are
discussed.

Finally (Chapter 5), information on the spatial and temporal distribution of carp and
sedimentary total phosphorus in the drainage network is combined with information
attained during the pond experiment to assess the role of carp in sediment and phosphorus
resuspension in the Mirrool catchment. It is concluded that the distribution of carp is such
that concentration of sediment and phosphorus resuspended is likely to be inhibited,
however, the export of resuspended phosphorus is enhanced.



This work contains no material which has been accepted for the award of any other degree
or diploma in any university or other tertiary institution and, to the best of my knowledge
and belief, contains no material previously published or written by another person, except

where due reference has been made in the text.

I give consent to this copy of my thesis, when deposited in the University Library, being
available for loan and photocopying.

Signed: Date: 29 / 3 / H



Acknowledgments

I gratefully acknowledge the invaluable guidance I received from both of my Supervisors,
Dr. Jane Roberts, and Assoc.Prof. Keith Walker. There were many difficulties associated
with joint supervision, especially when supervisors are separated by the best part of the
Murray-Darling Basin and I thank them both for their considerable effort in maintaining a
working environment that allowed this work to happen. In preparing this thesis, I received
only valuable comments and constructive criticism from both Keith and Jane, so I sincerely
thank them both for their efforts, and particularly for the insight they have given me into
this study, and into the study of ecology in general. Thankyou both very much.

I would also like to thank Dr. Peter Fairweather for answering each of the several hundred
questions I have asked him regarding statistical analysis, and for his comments on drafts of
this thesis. Thankyou also to Dr. Darren Baldwin for his help and patience in guiding an
ecology student through the world of phosphorus chemistry. Thankyou.

For their comments and help with matters technical, I thank Geoff ‘real work’ McCorkelle
for guiding a city boy through Griffith’s ‘Irrigation Wonderland’, Andrew Palmer for not
being afraid to get his hands dirty, Alan Chick for helping to set things up and empty
bottles of wine, Brendan Ebner for his constant supply of new literature and bad humour,
Carl Pender for help electronically and with my chess game, and Jacqui Olley for her help
in Canberra with sample preparation and analysis. Special thanks go to the chem lab, in
particular Sharyn Foster and Peter Thompson for chunking through the large number of
samples and not making a profit. All of these people helped prevent this becoming a four
year study, something for which I am eternally grateful. I would also like to thank every
member of the staff I haven’t mentioned from CSIRO in Griffith. I'm sure I have asked
everyone out there at least one question during this study, so I thank you all for your help.

On the personal front, I thank my Mum and my Dad for their phonecalls every Sunday as I
was serving dinner, for providing the help in moving to Griffith, and for their
encouragement and will for me to succeed, something which has been a constant driving
force for me. Thankyou. Thanks also to Deb Crealy for dealing with my grumpiness,
stress, and late night vigils, and also for helping me when I was monetarily and vehicularly
challenged. And to the people with whom I have lived, especially Andrew Cremasco and
Peter Edwards, I thankyou. I know it wasn’t easy. To Brad Power for his supply of
‘refreshments’, and to all other members of the mighty Galahs hockey team (here we go,
here we go, two in a row) and Leagues Club Cricket teams for their sporting relief,
thankyou. To the recently deceased Brown Hornet, a car that got me from A to B more
often than not, I say thankyou (with special thanks to the guy who bought it from me). To
Glenn Borlace for constant pick-me-ups and reality checks, and for letting me beat him at
chess, and to Jim Woolcock for gin and inspiration, thankyou both. And finally to Kahlua,
my dog. Thankyou for barking at the phone when I was on it, and just for being so cute.
We’ll go for lots of walks now this is over.



Table 1.1:
Table 2.1:
Table 3.1:
Table 3.2:
Table 3.3:
Table 4.1:
Table 4.2:

Table 4.3:

List of Tables

Major crops in irrigation areas of the Riverina.........cceeeseiscccscssacinns
Total carp observed at each site throughout the study period...............

Factors affecting sedimentary phosphorus CONCentration...........eueceees
SIMPER analysis of similarity within landuse groups.........ceeecosccecacs
SIMPER analysis of dissimilarity between landuse groups........c...ceee..

Total phosphorus and particle size distributions of sediments

used in the pond eXPETIMENL........ceeceruecennseretisisnenmenessessssacsmssssssscnses
Two-way model I repeated measures ANOVA for suspended
sediment, turbidity and total phOSPhOTUS........c.ccoiimmeninniisiiesinrenensenns
Single degree of freedom polynomial contrasts for suspended
sediment, turbidity and total phoSphOTUS.........ccccovieneeniiiiaiccesciniinan

vii

11

28

49
59

88

91



Figure 1.1:
Figure 1.2:
Figure 1.3:

Figure 2.1:
Figure 2.2:
Figure 2.3:
Figure 2.4:

Figure 2.5:

Figure 2.6:
Figure 2.7:

Figure 2.8:
Figure 2.9:

Figure 2.10:
Figure 2.11:

Figure 2.12:
Figure 2.13:

Figure 2.14:

Figure 3.1:
Figure 3.2:
Figure 3.3:
Figure 3.4:
Figure 3.5:
Figure 3.6:
Figure 3.7:
Figure 3.8:

Figure 3.9:

Figure 3.10:
Figure 3.11:
Figure 3.12:

List of Figures

The original paradigm.........ccccoceverecinensiinnssenessssnessonnessassecsssnencsssens
Irrigation areas in the Mirrool Catchment.........ucoeieienrensneienseecceee.
The Mirrool irrigation catChment..........ceveeeeriereciarnicsenensacerensnenecses

‘Sill’ at the intersection of lateral drains and Main Drain “J”............
‘Sill’ at the intersection of lateral drains and Main Drain “J............
Permanent sites for carp observation study..........ceeceeeneicenecnccsacannes

Average distance of sites in which carp were observed from

the most downstream site throughout the study period....................

Carp jumping a sill at the intersection of site 23 and Main

Carp being washed over a sill at site 2.......ccoceveeniereeniennnnnccnnnnnnne.

Total number of carp observed and water depth throughout

the StUAY PETIOQ.....cccvverereeniinnisissrstinisiiniciiesseranessnssssneesssenssnsassses
Size class of observed fish throughout the study period...................

Total number of carp observed in lateral and Main Drain

sites throughout the study period.......ccccivvmieennmrnineeneeniiecsseessnenne

Total number of carp in 25m sections of sites throughout the

STUAY PETIO.... . cirreiiiiecinressisssnsrssssisnesssasessssnessssasssnnssssnasssssnssses
Multi-Dimensional Scaling (MDS) representation of observation

sites characterised according to carp abundance...........cceeveenenuennnee.
Average water temperature of sites throughout study period............

Sources of temporal variation in carp abundance in the

drainage NEIWOTK.......ccccevieenrmriirrntiensenisssnnsensossenessssnesssssnssssssssseses

Water temperatures in a lateral drain (site 19) and in the

adjacent Main Drain “J” (5it€ 26)......cccccevuievmmeiiriennnrneenincensieeneecasanas

SEAIMENT COTET......uveeirreenneresriecsutrresssssrisssssnisssnsessanssssessssnsssssasessssos
Sedimentary total phosphorus: landuse..........cccerverveerrnraveeniinsnennn.
Sedimentary total phosphorus: length of upstream drainage.............
Sedimentary total phosphorus: sampling date.........c.cccereeuneerencnaianns
Organic matter: length of upstream drainage........cccceeveeiecenrvenencene.
Organic matter: 1anduse...........cccccuisiierernisnssssessiiiesiesinessssesisssnsees
Organic matter: sampling date.......cccoueeereiereenirieiieiieienneescnesennesaca

Multi-Dimensional Scaling (MDS) representation of sediment

XRF data characterised by landuse........ccuueerieieniiininniinnniinnnninens

Multi-Dimensional Scaling (MDS) representation of sediment

XRF data characterised by length of upstream drainage...................
Water velocity: length of upstream drainage...........cceeveeveececennennce.
Water velocity: sampling date.........ccoveevcnniniviniveniensinnsenssneesrencnenas

Sedimentary CaO concentrations in urban and rice/pasture

SUD-CATCHIMENLS. ...ccuetiiiciieiireceeireeeersesesssssnsserassasssesesasararnsassnsnssnssssans

14
15
16
36
36
37
38
39
39
41
42

43

45

46

47

67
68
69
70
71
72
73

74
75
76
77

78



Figure 3.13:

Figure 3.14:

Figure 4.1:
Figure 4.2:

Figure 4.3:
Figure 4.4:
Figure 4.5:
Figure 5.1:

Figure 5.2:

Sedimentary SO; concentrations in urban and rice/pasture

SUD-CAICRIMENLS. ..uciiveerrsvrerarsrenemsasemssasessssssssessasssessssssrarsrssssssasassasosese 79
Relationship between water velocity and sedimentary total
PROSPROTUS.....ccccicuiiiiiinnitistiniisinesrestessesnsesatesssssssssssssssanssssesennes 80
ExXperimental PONAS........cccoereiieirrcsnsinsansansnessessaeneessscssasssasassnsassnes 101
Suspended sediment in experimental treatments..........co.ceceneecsaescenens 102
Turbidity in experimental treatmENtS........crueseeranesessessssesssssssssssnsssansase 103
Total phosphorus in experimental treatments........ccoeeeceneesriveisseinenanne 104
Iron-strip desorbable phosphorus in experimental

ITEALINETIILS. .. vvsreenssssasesanssssnssnssssnsssssnenssssesssssssassssnssnsasnssnsssnssssnassssns 105
Model of the factors affecting sediment and phosphorus

TESUSPENSION DY CAIP....cccueuriiininnsnesinninssnssisessssesstessssssnsssssssesiassssenes 119
Gradients of carp abundance and physico-chemical
characteristics in lateral drains........ccceceeninnnnesensnnissssesnenisensssssnen 120





