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1. Introduction 

1.1 Site Description 
Katfish Reac h is a demonstra tion reac h for na tive fish situa ted within the Ka ta rapko-Ec kert Creek anabranc h 
system between Berri and Loxton on the River Murray in South Austra lia (Figure 1) (Ka tfish Reac h Steering 
Group, 2008). Ka tfish Reac h is about 9,000 hec ta res with the tota l anabranc h length approximately 38km. The 
River Murray forms the eastern and southern boundaries of Katfish Reach while the 1956 flood level determines 
the northern and western boundaries. The ma jority of the site is c onfined within the River Murray Nationa l Park 
(Ka ta rapko) managed by the South Austra lian Department of Environment, Wa ter and Na tura l Resourc es 
(DEWNR) and Crown Land managed by the Berri-Barmera Counc il. The western side of the site is pa rt of the 
Gerard Aboriginal community and is owned by the Aboriginal Land Trust.  

 

Figure 1: Location and main features of Katfish Reach 

1.2 Demonstration Reach Concept 
The demonstra tion reac h approac h evolved from the Na tive Fish Stra tegy (MDBC, 2003) estab lished in 2002. 
The ob jec tives of the stra tegy a re to restore na tive fish popula tions to 60% of p re-European levels a fter 50 
years of imp lementa tion. Eight key ac tions were identified and it was rec ognised tha t a c omb ina tion of these 
goa ls is required to ac hieve these ob jec tives (Figure 2) (Phillips, 2002). The demonstra tion reac h c onc ep t was 
adop ted as the on-ground vehic le to imp lement this holistic approac h to na tive spec ies rec overy (Barrett, 
2004). The stra tegy has a theme of rehab ilita ting aquatic hab ita ts and ec olog ic a l p roc esses in the Murray-
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Darling Basin through management ac tions designed to restore hea lthy na tive fish c ommunities . At its c ore, 
the Strategy is based around several key issues:   

 
The dec line of na tive fish popula tions in the Basin has been c aused by a c ombina tion of threa tening 
processes, not one single process;  

 
In order to ac hieve the Stra tegy s overa ll goa l (rehab ilita tion of na tive fish popula tions to 60% of p re-
European c ond ition a fter 50 years of imp lementa tion), severa l key management interventions need to 
occur simultaneously and in an integrated and holistic manner;  

 
Rehabilita tion should be based on ec osystem management, with emphasis on ec olog ic a l c ommunities 
rather than single species; and  

 
The demonstra tion reac hes c onc ep t is a positive way to engage the pub lic and lea rn from p rac tic a l 
examples of rehabilitation.   

 

Figure 2: Expected cumulative impact of interventions on the recovery of native fish 
populations (Phillips, 2002)  

1.3 Scope of this Monitoring Plan 
The following plan a ims to p rovide an appropria te means to detec t and assess the impac ts genera ted from 
the implementation of proposed environmental interventions. The proposed interventions for Katfish Reach will 
inc rease the ab ility to c ontrol environmenta l flows to va rious pa rts of the system as deemed appropria te by 
management. Muc h of the River Murray has bec ome degraded due to high levels of flow regula tion. This has 
resulted in a ltered hydrolog ic a l reg imes suc h as reduc ed floodp la in inunda tion, stable weir pool levels, 
dec rease in c onnec tivity and flow and the transition from tempora ry wetlands to permanent wetlands. The 
following monitoring plan will outline the assessment of b iotic and ab iotic va riab les responses to the a ltera tion 
of hydrological regimes through management actions.   

1.4 Background Environmental Values of Katfish Reach 
The Ka ta rapko-Ec kert Creek floodp la in has long been rec ognised for having high c onserva tion va lues.  This 
has been demonstra ted by the inc lusion of the ma jority of the Ka tfish Reac h a rea into the Murray River 
Na tiona l Park (Ka ta rapko), with the first sec tion, Ka ta rapko Island being gazetted as a Na tiona l Park since 
1970.  Ka tfish Reac h is a c omplex mosa ic of hab ita ts c omprising numerous vegeta tion c ommunities, over 40 
kilometres of permanent waterways, and 25 temporary freshwater wetlands.  

The area s d iverse range of hab ita ts supports four na tiona lly vulnerab le spec ies: Southern bell frog, Murray 
c od , Murray Hardyhead , and Regent Parrot.  A further 15 spec ies have a threa tened ra ting a t sta te level.  
These involve two rep tiles and 13 b ird spec ies.  Also oc c urring a t the site a re: migra tory b irds listed under the 
JAMBA (Japan and Austra lia Migra tory Bird Agreement); CAMBA (China and Austra lia Migra tory Bird 
Agreement); and, ROKAMBA (Republic of Korea and Australia Migratory Bird Agreement).  

The Katarapko-Eckert Creek floodplain has been identified as a priority floodplain for environmental flows.  The 
identification of p riority floodp la in within the South Austra lian sec tion of the Murray-Darling Basin was defined 
by the p rinc ip les for p rioritisa tion of assets from the SA Environmenta l Flows for the River Murray Stra tegy.  The 
overall vision for Katfish Reach is:  

A hea lthier and more produc tive floodp la in ec osystem tha t everyone c an enjoy
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The Katfish Reac h initia tive was developed in 2007 with the above vision sta tement in mind , to fac ilita te 
c ommunity involvement in the hea lth of the Ka ta rapko Anabranc h system and assoc ia ted floodp la in. The 
Ka tfish Reac h Steering Committee was c rea ted and together assessed the ma in ec olog ic a l threa ts to the 
flora and fauna and the hab ita ts in whic h they persist.  The Ka tfish Reac h projec t has been guided by 
Conserva tion Ac tion Planning (CAP), an approac h for p lanning , imp lementing and measuring suc c ess for 
c onserva tion p rograms developed by The Na ture Conservanc y (TNC, 2007). Through this p roc ess, seven key 
ecological assets were identified:  

 
Katarapko Creek; 

 
Eckert Creek, The Splash and Sawmill Creek; 

 

Temporary freshwater wetlands; 

 

Murray Hardyhead habitat; 

 

Floodplain woodland; 

 

Floodplain shrubland and open plains; and 

 

Dune systems.  

1.4.1 The Process of Establishing Ecological Outcomes 
In pa rtnership with stakeholders eight p rojec t ec olog ic a l ob jec tives were identified through the p roc ess 
of develop ing the Ka tfish Reac h Imp lementa tion Plan. These ob jec tives guided the dec ision making 
p roc ess to reac h agreement on the p roposed ac tions identified in the Imp lementa tion Plan. The p roject 
ecological objectives are to:  

 

Build ecological resilience across the system; 

 

Increase energy input into the River Murray and Katarapko Creek through tropic upsurges; 

 

Improve soil c ond ition to improve floodp la in vegeta tion growth c ond ition and promote 
recruitment; 

 

Provide hydrolog ic a l d iversity to ma inta in and p romote rec ruitment of submergent and emergent 
aquatic vegetation;  

 

Improve fish habitat through increased: 

 

Hydraulic diversity;  

 

Flowing water habitat; and, 

 

Lateral and longitudinal connectivity;  

 

Provide aquatic habitat diversity to maintain and promote recruitment of amphibians;  

 

Assist in the maintenance of local and landscape waterbird populations by providing; 

 

Drought refuge; and,  

 

Conditions for small scale breeding events; and  

 

Reduce impacts, abundance and recruitment opportunities for pest plants and carp .  

1.5 Hydrological Targets 
During the development of the Ka tfish Reac h Investment Proposa l hyd rolog ic a l ta rgets were estab lished to 
guide the c onc ep t design of infrastruc ture. By the c ommissioning of new infrastruc ture and maximising the 
ec olog ic a l benefits of environmenta l wa ter use it is p roposed tha t the p rojec t s ec olog ic a l ob jec tives will be 
achieved. The Katfish Reach hydrological targets are:  

 

Inc rease base flows through Ka ta rapko Creek (16 kilometres of wa terway) a t river flow grea ter 
than 5,000ML/day and provide fish passage;  

 

Provide Spring pulse flows and fish passage through the Ec kert Creek system (28 kilometres of 
waterway) which will provide fish passage around Lock 4; 

 

Flood at low flows over 1000 hectares of floodplain and associated waterways and wetlands; 

 

Temporary partia l d ry The Sp lash, Northern Arm and Southern Arm waterways (13 kilometres 
covering 25.5 hectares); 

 

Manipula ted pool level of the Ec kert Creek Wide-wa ters (59 hec ta res) and assoc ia ted wa terway 
with 11.5 km of littoral zone edge; 

 

Manage inunda tion dura tion and / or frequenc y of one ephemera l wetland Piggy Creek (33ha ) 
and three semi-permanent wetlands Ka ta rapko Island Horseshoe (114ha), Carpark Lagoon (11ha) 
and Ngak Indau Wetland (21ha); and  

 

Manage the Berri Saline Water Disposal Basin (150ha) as a saline wetland.  

A set of ec olog ic a l outc omes was then developed for eac h hydrolog ic a l intervention in order to identify if the 
p rojec t s ec olog ic a l ob jec ts have been ac hieved . The ec olog ic a l outc omes a re presented in Table 1. The 
hydrolog ic a l interventions presented here will be the foc us of the Intervention Monitoring sec tion of this 
report. Hypotheses have been developed for eac h intervention based on the ec olog ic a l outc omes. These 
hypotheses will be sc ientific a lly tested using a Pa ired -Before-After-Control-Impac t (BACIP) experimenta l 
design, whic h employs pa ired c ontrol sites to determine whether the relevant intervention is c rea ting the 
desired ec olog ic a l response. The monitoring stra tegy has been developed within an Adap tive Management 
Framework, which is p rimarily a lea rning by doing approac h.    
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Table 1: Ecological outcomes of biota predicted to have a measurable response to 
hydrological interventions 

Hydrological Interventions Ecological Parameters Ecological Outcomes 

Intervention 1: Increase base flows in 
Katarapko Creek and Eckert Creek 

Anabranch 
Fish 

Increase the diversity and relative 
abundance of native fish species 

Aquatic and littoral vegetation 
Improve the condition/health of 
aquatic and littoral vegetation 

Fish 
Increase the diversity and 
abundance of native fish species 

Intervention 2: Increase pulse flows 
within Eckert Creek Anabranch system 

Frogs 
Increase the diversity and relative 
abundance of frog species 

Long-lived vegetation (River 
Red Gum and Black Box) 

Improve the condition/health of 
long-lived vegetation 

Lignum 
Improve the condition/health of 
lignum vegetation 

Floodplain understorey 
vegetation 

Improve the condition/health of 
flood dependent understorey  
vegetation 

Fish 
Increase the diversity and 
abundance of native fish species 

Frogs 
Increase the diversity and relative 
abundance of frog species 

Intervention 3: Floodplain managed 
inundation  Eckert Creek Floodplain 

Waterbirds 
Increase the relative abundance 
and species diversity of waterbirds 

Aquatic and littoral vegetation 
Improve the condition/health of 
aquatic and littoral vegetation 

Fish 
Increase the diversity and relative 
abundance of native fish species 

Intervention 4: Temporary partial drying 
of The Splash, Northern Arm and 

Southern Arm waterways (13 kilometres 
covering 25.5 hectares) 

Frogs 
Increase the diversity and relative 
abundance of frog species 

Aquatic and littoral vegetation 
Improve the condition/health of 
aquatic and littoral vegetation 

Fish 
Increase the diversity and relative 
abundance of native fish species 

Intervention 5: Weir pool level variation 
of Eckert Creek Wide Water (59 

hectares) and associated waterway 
with 11.5km of littoral zone edge. 

Frogs 
Increase the diversity and relative 
abundance of frog species 

Intervention 6: Manage inundation 
duration and/or frequency of one 
ephemeral and semi-permanent 

wetlands 

Waterbirds 
Increase the relative abundance 
and recruitment success of 
waterbirds 

 

1.6 The Adaptive Management Approach 
The Ka tfish Reac h p rogram has imp lemented an adap tive management style approac h to enhanc e the 
effec tiveness of management outc omes. Adap tive management is p rimarily a lea rning by doing approac h 
where new information is c ontinua lly ana lysed with respec t to relevant management ac tions. It is a way of 
thinking about and imp lementing na tura l resourc e management tha t recognises our understand ing of 
ec osystems (even simp le ones a t sma ll sc a les) is very inc omplete and tha t any management we impose on 
the system is essentia lly an experiment (Gunderson 1999; Wa lters and Green 1997). There a re three goa ls of 
adap tive management: 1) manage c urrently to the best of our knowledge, 2) lea rn from management, and 
3) improve management in the future. In adap tive management, learning is as important as doing - 
monitoring is as important as management.  

The adaptive management cycle is outlined in the following steps (Elzinga et al, 2001):  

 

A model of the system or spec ies is developed . Conc ep tua l models a re idea l for this step , espec ia lly 
for c omplex ec osystems where there a re many va riab les and d riving fac tors. Even simp le models 
have the ability to help us think critically of the ecosystem in questions and highlight important factors 
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in the ec olog ic a l p roc esses. Conc ep tua l models have been developed for eac h hydrolog ic a l 
intervention to display variables likely to be affected; 

 
Objec tives a re then outlined whic h desc ribe the desired sta te of the ec osystem. It is important to 
stress simplicity and to only choose one or a few objectives for each species or system; 

 
Management is designed and implemented in order to meet the objective; 

 
Monitoring is undertaken to identify the state of the species or system. Appropriate sampling methods 
are chosen dependant on stated objectives; 

 
Monitoring da ta is c olla ted and ana lysed and c ompared with ob jec tives to identify whether or not 
they have been ac hieved . Results should be summarised suc h tha t information is ac c essib le to a ll 
stakeholders involved; and 

 
Management is c hanged (or adap ted) if the ob jec tives a re not met. Alterna tive management 
ac tions should be identified before any add itiona l monitoring is c onduc ted to assess how future da ta 
will be used to adap t management p rac tic es. Conc ep tua l models may be adap ted if new 
information on the species or system is gathered and new objectives can be created.  

Adap tive management is a va luab le tool in understand ing and addressing la rge-sc a le c omplex na tura l 
resourc e management issues (Elzinga et a l, 2001). The approac h is further desc ribed by the following flow 
d iagram illustra ting the c yc le of adap tive management with a foc us on c ontinua lly revising and reviewing 
management actions as knowledge is gained through the application of monitoring studies (Figure 3).  

 

Figure 3: The adaptive management cycle (Margoluis and Salafsky, 1998) 
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1.6.1 Monitoring Objectives within the Adaptive Management Framework 
Suc c essful monitoring p rograms require develop ing spec ific management ob jec tives. Ob jec tive-based 
monitoring should c onsist of a rtic ula ted desc rip tions of a measurab le standard , desired sta te, threshold 
value, amount of c hange, or trend tha t you a re striving to ac hieve for a partic ula r popula tion or 
indicator (Elzinga et al, 2001).   

A suc c essful monitoring program c onsists the following a ttributes; ac c essib le, adap tab le, transparent, 
interd isc ip lina ry, quantita tive, sc ientific a lly defensib le, ac c ountab le and rea listic (Boys et a l, 2008). These 
attributes were considered during the production of this monitoring program.  

 
Accessible 

 
Budgeta ry c onstra ints c an often hinder an ec olog ic a l rehab ilita tion project, as it is often 

a signific ant financ ia l outlay to undertake this task. Rigorous, sc ienc e-based monitoring projec ts c an 
be expensive and c onsidera tions need to be made on the effic ienc y of a ll expend itures. However, 
under no circumstances should the validity or robustness of the monitoring program be compromised 
by budgeta ry c onstra ints. Rea listic hypotheses and ta rget ind ic a tors should be set to ensure the 
p rojec t rema ins viab le from both an ec onomic and soc ia l c ontext. It is obvious tha t the level of 
investment in a g iven monitoring program will influenc e the sophistic a tion and experimenta l design. 
In order to achieve a desired level of robustness from any ecological monitoring project. 

 

Adaptable 

 

Although tempora l c onsistenc y is a requirement of a good monitoring p rogram, 
awareness of tec hnolog ic a l advanc ements and relevant information is c ruc ia l to delivering 
signific ant results. This is pa rtic ula rly true for the adap tive management p roc ess, whereby flexib ility 
should be enab led to a llow questions to be added or c hanged without c ompromising the sampling 
design or scientific validity of the program.  

 

Transparent 

 

Given tha t the p revious point highlights a somewhat adap tab le approac h it is 
important to manage relevant stakeholders and keep them informed of any c hanges tha t may 
oc c ur throughout the life of the p rojec t. All relevant stakeholders should agree upon c lea r, p rec ise 
and financ ia lly ac hievab le hypotheses during the developmenta l stage of the monitoring p rogram 
(Boys et al, 2008). 

 

Interdisciplinary 

 

To fully c omprehend the a ffec t of management ac tions on river ec osystems a 
holistic approac h should be taken. An interd isc ip linary approac h is one where a wide range groups 
should be monitored such as hydrology, geomorphology, in addition to ecological responses of biota 
to human impac ts. Conc ep tua l models a re important c omponents of this stage in the p roc ess as 
they help to form an integra ted view of c onnec tivity between struc ture and func tion and linkages in 
spatial and temporal dimensions (Boys et al, 2008). 

 

Quantitative  Ecological responses to management actions need to be quantifiable and reportable. 
This may a llow identific a tion of ec olog ic a l responses to ind ic a te if a desirab le transitiona l sta te is 
being achieved. 

 

Scientifically Defensible 

 

Sc ientific a lly robust experimenta l design is essentia l to inc rease the 
p robab ility of understand ing something new about the system while dec reasing unc erta inty. It is 
unknown a t the beginning of any monitoring program whether or not the questions and hypotheses 
sought will be answered during the programs lifetime.  

 

Accountable 

 

An important step in the sc ientific lea rning about river ec osystems is to identify and 
document failures and reasons for these failures. Aquatic rehabilitation is a relatively new field and by 
reporting these findings future managers of similar projects will be able to learn from these situations. 

 

Realistic 

 

A perfec t monitoring program is impossib le to ac hieve. Na tura l ec osystems a re highly 
c omplex and va riab le and fac tors suc h as p rojec t ob jec tives, intervention p lans, and c ontrol and 
impac ts sites will a lready be estab lished during the design phase and maybe d iffic ult to c hange 
once the program is underway.    

In add ition to c learly sta ted goa ls and ob jec tives, Lindenmayer and Burgman (2005) a lso note tha t an 
adequate monitoring program requires: 

 

A commitment of funding and resources over the long term; 

 

Substantia l tec hnic a l expertise and financ ia l support to manage and ana lyse long-term da ta sets; 
and 

 

A doc umented long-term c ommitment of the organisa tion to the monitoring p rogram, so it does not 
fail when an individual or a small group leaves the program.  

1.6.2 Components of this Monitoring Plan 
There a re numerous doc uments outlining the nec essary c omponents of an effec tive monitoring stra tegy 
(Margoluis and Sa la fsky 1998, Elzinga et a l. 2001, TNC 2007, CMP 2007, Wilkinson et a l. 2007a,b). Although 
these doc uments show some varia tion in the way they a re c a rried out and the terminology used , there is 
a g rea t dea l of c onsistenc y. All emphasise a robust c onc ep tua liza tion, p lanning and imp lementa tion 
p roc ess where monitoring is fully integra ted into the p rojec t c yc le. The following sec tion b riefly outlines 
the steps taken to produce this monitoring plan.  

1.6.3 Link Monitoring to Management Objectives 
This monitoring p lan has been spec ific a lly linked to the management ob jec tives of Katfish Reac h (Ka tfish 
Reac h, 2008a ,b ). The hydrolog ic a l interventions a re d irec tly rela ted to management ac tions outlined in 
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the Ka tfish Reac h Imp lementa tion Plan (Ka tfish Reac h, 2008), in pa rtic ula r Ac tion Plan Theme 2 tha t 
aims to address hydrological management and fish passage issues.    

1.6.4 Indicators and Methods 
Ind ic a tors were developed for eac h hydrolog ic a l intervention guided by the c onc ep tua l models. An 
ind ic a tor is a measurab le entity tha t is used to measure p rogress towards ac hieving an ob jec tive (CMP 
2007). Ind ic a tors c an be quantita tive measures or qua lita tive observa tions. Important c harac teristic s of a 
good indicator include:  

 
Measurable  able to be recorded and analysed in quantitative or in discrete qualitative terms; 

 
Clear  presented or described in such a way that its meaning will be the same to all people; and 

 

Sensitive 

 

c hanging proportiona tely in response to ac tua l c hanges in the c ond ition or item being 
measured.  

Measurab ility and sensitivity a re partic ula rly important qua lities of a good ind ic a tor to a llow identification 
of intervention impac ts. Biotas vary in their effec tiveness as ind ic a tors due to d ifferenc es in ec olog ic a l 
and biological characteristics.  

After suitab le ind ic a tors were identified , methods were developed to adequa tely measure them. 
Methods a re spec ific tec hniques used to c ollec t da ta to measure an ind ic a tor (TNC 2007). Methods va ry 
in their ac c urac y and reliab ility, c ost-effec tiveness, feasib ility and appropria teness (CMP 2007). Good 
methods meet the following criteria (TNC 2007):  

 

Accurate 

 

gives minimal or no error. 

 

Reliable  results obtained using the methods are consistently repeatable.  

 

Cost-Effective 

 

not overly expensive for the da ta the method yields or for the resourc es ava ilab le to 
the project. 

 

Feasible 

 

projec t team has peop le who c an use the method , as well as the materia l and financ ia l 
resources to use the method. 

 

Appropriate  appropriate to the environmental, cultural and political context of the project.  

To enhanc e c onsistenc y ac ross the reg ion c urrent methods used a t Ka tfish Reac h were examined and 
upda ted to c orrela te with the Chowilla Living Murray Cond ition Monitoring Program (CLMW, 2009). A 
c onsistent approac h will a llow va ria tions, both na tura l and from interventions, to be assessed a t a 
landscape scale.   

In add ition, it was nec essary to determine management agenc ies responsib le for c ollec ting da ta and 
how the da ta will be used and ana lysed . DEWNR will c oord ina te and mange the monitoring p lan, 
however, externa l c ontrac tors will be required to c omplete some of the on-ground tasks. This monitoring 
p lan will a lso provide information on how to store and proc ess eac h type of da ta and p rovide a budget 
for the monitoring activities.  

An important c omponent of a monitoring method is its sampling design (i.e., loc a tion and number of 
sites, amount of rep lic a tion). Boys et a l. (2008) outlines some design op tions for demonstra tion reac hes, 
and c onc ludes tha t Before-After-Control-Impac t experimenta l designs have the grea test likelihood of 
identifying ec olog ic a l responses. This monitoring p lan will outline the experimenta l design tha t has been 
developed.    

1.6.5 Implement Actions and Monitoring 
This step puts a ll the p lanning efforts of the p revious steps (i.e., development of management and 
monitoring p lans) into ac tion. A work p lan has been developed for eac h monitoring type (i.e. 
intervention, condition, risk and compliance monitoring) outlining the following details:  

 

What spec ific ac tivities and tasks a re required to c omplete eac h p lanned stra tegy, monitoring step 
or operational function, 

 

Who will be responsible for completing each activity, 

 

When will eac h ac tivity be c a rried out and in wha t sequenc e should linked ac tivities be undertaken, 
and 

 

How much resources will be required  

1.6.6 Analyse, Use and Adapt 
This step involves manag ing your da ta and regula rly ana lysing it to genera te useful information, and is 
vita l to the adap tive management c yc le (Figure 3). Ana lysis of da ta should bec ome a routine task to 
avoid la rge amounts of raw da tasets from ac c umula ting . In add ition, c onstant ana lysis and 
management of da ta is essentia l for effec tive adap tive management to help identify a reas of c onc ern 
and trigger steps to remedy situa tions as they oc c ur.  At the very least, the p rojec t team needs to meet 
onc e a year to doc ument ac tions taken, c omp ile monitoring results, review and d isc uss da ta , trends and 
issues rela ted to the viab ility and threa ts ana lysis. This p roc ess will guide the ac tion and monitoring 
planning for the next year. 
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The first task in da ta ana lysis is to transform the raw da ta into useful information. This requires a sound 
da ta management system where da ta is rec orded , stored and p roc essed . It inc ludes p roc esses for 
systema tic a lly c hec king , c leaning , and c od ing raw da ta as soon as possib le, to ensure da ta a re stored 
and backed-up. Data management procedures will be outlined in later sections of this monitoring plan.    

Initia lly the da taset needs to be assessed to determine whether it is p rovid ing the required information. 
An ind ic a tor or the c urrent monitoring method may be inappropria te to the needs of the p rojec t, and 
may need to be modified or refined. Initiating pilot studies prior to the commencement of the project will 
hopefully reduce the incidence of these changes.  

Ana lysing the da ta helps determine whether c erta in ac tivities have suc c eeded or fa iled . Results need to 
be evaluated against desired indicator ratings. In most cases analyses are carried out by members of the 
p rojec t team, but often it is va luab le to ga in input from outside experts, pa rtic ula rly those with sta tistic a l 
knowledge. These ana lyses c an range from formal sta tistic a l stud ies to simp le qua lita tive assessments. To 
evaluate the monitoring results the project team needs undertake the following tasks (CMP 2007):  

 

Consider the results in the c ontext of the p rojec t s c onc ep tua l models and results c ha ins, 

 

Review whether assumptions were c orrec t, if the p rojec t is on trac k to meet ob jec tives and if the 
interventions are having the desired impact, 

 

Assess the utility of the chosen indicators, and 

 

Determine if the ob jec tives were set a t an appropria te level and if the timeline for ac hieving them 
was appropriate.  

As the fina l pa rt of this step , the p rojec t needs to use the information used in the ana lyses and 
subsequent d isc ussions to mod ify and op timize the p rojec t s ac tivities. This c an involve revisiting and 
ad justing the c onc ep tua l models, imp lementa tion p lan, monitoring p lan, work p lans and budgets. By 
lea rning from the monitoring results the p rojec t c an improve its effec tiveness over time. As c hanges a re 
made it is important to doc ument the ra tiona le behind them, so others will understand wha t has been 
learnt and why specific changes were made.  

Smit (2003) p resents an overview of adaptive monitoring , and p rovides three theoretic a l frameworks 
whic h reflec t how adap tive monitoring d irec ts the intensity level of monitoring , as well as the level of 
ec osystem management required to ac hieve c onserva tion outc omes. For examp le, the density of a 
species may be estimated at five localities initially on an annual basis (Figure 4). After 5 years, no change 
in density is observed so monitoring intensity is reduc ed from annua lly to every 3 years. However, density 
dec reases substantia lly a fter 10 years requiring more intensive monitoring . After an add itiona l year of 
intensified monitoring , it was c onfirmed the dec line was rea l, so more intensive researc h or management 
is imp lemented . In this example, density inc reased following further researc h/ management and a fter 5 
years the monitoring intensity was reduced.   

 

Figure 4: Theoretical example of adaptive ecological monitoring influencing monitoring 
intensity (Smit, 2003) 
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1.6.7 Sharing Information 
Sharing involves doc umenting the p rojec t s work and c ommunic a ting it to others. Key p rinc ip les inc lude: 

 
Share both successes and failures 

 
assists in p reventing others making simila r mistakes and c an 

promote alternative successful activities/methods; 

 
Share with your project team members 

 
enables wider understand ing of wha t is happening within 

the project by all parties; 

 
Share with others doing similar projects 

 
promotes exc hange of the most up -to-da te ideas of wha t is 

working and not working; and 

 

Share with the project s key audiences 

 

sharing the projec t s story (e.g ., via newsletters or websites), 
bac ked up with good da ta , c an be an insp ira tion to fund ing agenc ies or management to further 
support the project. 

1.7 Data Management 
A key c omponent of good adap tive management involves managing the da ta c ollec ted . For the Ka tfish 
Reac h p rojec t, da ta will inc lude quantita tive measurements of one of the assets, spa tia l da ta , images from 
photopoints and metada ta (i.e. the doc umenta tion tha t ac c ompanies any da taset 

 

desc rip tions of 
da tabase fields and c odes) (see p .121 of TNC 2007 for a list of the d ifferent types of da ta and where they a re 
stored).  

A c onsistent da ta management framework will enab le more effec tive use of the da ta by the p rojec t. 
Generally, the more standard ised the struc ture and c ontent of the da tabase, the more effec tively both 
peop le and c omputers c an use it. Properly managed da ta enab les the p rojec t members to exp lore the 
deta ils and qua lity of the underlying da ta behind dec isions, and thereby helps performing adap tive 
management. It fac ilita tes engagement of stakeholders through easy understand ing and sharing of da ta , 
and it helps generate more comprehensive information products (TNC 2007).  

Some basic tasks to consider for data management include (TNC 2007):  

 

Develop a table of the data sets you expect to have 

 

This tab le should inc lude the types of da ta sets 
expec ted to be c ollec ted (e.g ., quantita tive information on tree c ond ition sc ores), who will c ollec t and 
manage the data, how and where data will be stored, and who will use the data. 

 

Designate data managers 

 

Ideally a da ta manager will be responsib le for da ta management of the 
p rojec t. The tasks of this person c ould inc lude c ollec ting information and da ta from various sourc es, 
performing c omplex ana lyses, p roduc ing qua lity maps, and administering a ll tabula r and spa tia l 
information. 

 

Develop codebooks, protocols and databases for different kinds of data - Eac h p iec e of da ta needs to 
be defined and rec orded in a standard fashion tha t is rec orded in a c odebook for the p rojec t (e.g ., 4-
letter c ode for sc ientific name of p lant spec ies). Onc e c odes are determined long-term da tabases will 
need to be set up to ac c ommodate d ifferent types of da ta , and p rotoc ols set in p lac e for transferring 
da ta from c ollec tion points to the p rojec t s da tabases. 

 

Develop metadata for all data products 

 

Metadata is the doc umenta tion tha t ac c ompanies any da ta 
set and may be tabula r or spa tia l. For example, it c an rec ord the sourc e, reliab ility and sc a le of the da ta , 
the citation, appropriate uses of the data, and a contact person or agency. 

 

Review and transcribe data on a regular basis 

 

To manage inc oming da ta a routine task of the p rojec t 
will be to review and transcribe datasets.  

 

Clean and backup data 

 

Cleaning da ta involves c hec king for errors tha t may have oc c urred during the 
c ollec tion, c od ing or transc rip tion p roc esses. Onc e this is done da ta managers need to develop regula r 
protocols for backing up data, and ideally placing copies in different physical locations. 

 

Use and share data 

 

Onc e stored the da ta needs to be ana lysed and put to good use informing 
adaptive management. 

1.8 Resource Availability and Requirements 
Fund ing for intervention monitoring of the of the fish c ommunity of the Ka tfish Demonstra tion Reac h has been 
p rovided by the Murray Darling Basin Authorities Na tive Fish Stra tegy sinc e the first monitoring event was 
undertaken  in April 2010. 

In order to assess the response of the fish c ommunity to eac h of the interventions, a number of hypotheses 
were developed , and a monitoring p rogram was developed for the system in 2009 by SARDI Aqua tic 
Sc ienc es. For the purpose of intervention monitoring of the Ka tfish Demonstra tion Reac h, three interventions 
were chosen for investigation:  
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Inundation of Ec kert Island to take p lac e for 3 to 4 months (sp ring / summer: between Sep tember and 
February) for at least 1 in every 3 years; 

 
Temporarily partially drying and varying of the pool level of Eckert Creek Anabranch system; and 

 
Achieve fish passage and in-stream flow for Eckert Creek Anabranch system.  

The Ka ta rapko Ec olog ist will undertake intervention and c ond ition monitoring for the following ec olog ic a l 
pa rameters tree c ond ition, aqua tic and floodp la in vegeta tion frequenc y, spec ies abundanc e and d iversity 
monitoring for wa terb irds, fish and frogs and wa ter qua lity ac ross wetland and floodp la in sites as per this 
Ka tfish Reac h Monitoring Plan. The ongoing monitoring for the Ka tfish Reac h monitoring p rogram will be 
funded as part of the DEWNR Murraylands Wetland and Floodp la in Program and the Ka tfish Reac h Riverine 
Recovery Project.  

Resourc es and sc ientific expertise for va rious elements of risk monitoring are c urrently unava ilab le to DEWNR 
and will be undertaken by c ontrac tors and externa l agenc ies. The DEWNR Katarapko Ec olog ist c urrently 
c onduc ts regula r monitoring of ec osystem c omponents inc lud ing wa ter qua lity, frogs, wa terb irds, tree 
condition, vegeta tion and fish. Monitoring required tha t is outside these va riab les inc lude remote sensing and 
aeria l photography, mac roinverteb ra te surveys, a lga l c ounts, labora tory ana lysis of samples and any 
monitoring associated with hydrological risks. 

1.8.1 Long-lived Vegetation (River Red Gum and Black Box)  Remote Sensing 
Remote sensing to assess stand c ond ition of long-lived vegeta tion will be c onduc ted every 5 years. This 
work will be c onduc ted by externa l c ontrac tors and the c osts below a re only estima tes and may va ry. 
There may be opportunities to reduc e the c ost of remote sensing over Ka tfish Reac h by c ombining 
a ircraft hire with other surveys.   

Task Remote Sensing 

Survey preparation $4,000 
Data Management  $4,000 
Ground-truthing $15,000 
Mobilisation of aircraft $7,450 

Digital aerial photography 
capture and image 
processing 

$9,200 

Aerotriangulation & natural 
colour orthophoto 
production 

$6,180 

Near Infrared digital 
orthophotography 

$2,040 

NDVI analysis @ $75 per 2 x 
2 km tile 

$4,000 

Total Cost $51,870 

1.8.2 Emergent Vegetation 
Aeria l photography may be utilised to assess emergent vegeta tion (e.g . typha and phragmites) a t the 
whole of reac h sc a le. An initia l c osting of $10,000 per monitoring event has been a lloc a ted to c onduc t 
aeria l photography, whic h would a lso inc lude image p roc essing . If it is found tha t emergent vegeta tion 
c ommunities p resent minima l or even loc a lised risk, then monitoring may be undertaken by the DEWNR 
Katarapko Ecologist using GPS technology or tape measure to map the extent.    

1.8.3 Algal Blooms, Chlorophyll, Nutrients and Blackwater 

The risk of a lga l b loom and chlorophyll outb reaks Add itiona l fund ing will be required to monitor the 
occurrence of algal blooms and chlorophyll abundance. As algal blooms can develop within a relatively 
short time period , monitoring will need to be c onduc ted regula rly to identify potentia l outb reaks. Twice 
weekly monitoring of a lga l and c hlorophyll during an inunda tion event is c onsidered appropria te to 
detec t rap id c hanges in ana lytes tha t less frequent monitoring would not d isc over (GHD, 2009). Three 
labora tory QA samples will be required a t eac h site per day of sampling (one field dup lic a te, one field 
sp lit and one trip b lank) (GHD, 2009). Costs per sample to have a lga l c ounted and identified by a NATA 
(Na tiona l Assoc ia tion of Testing Authorities, Austra lia ) ac c red ited labora tory a re approximately $85 and 
about $55 for chlorophyll samples.   
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An a lterna tive op tion would be to purc hase a fluoroprobe, whic h measures a lga l and c hlorophyll c ounts 
in the field in rea l time. This would nega te the need to have samples ana lysed by labora tory tec hnic ians 
and p rovide rap id assessment of rela tive abundanc e. However, these devic es a re expensive and c ost 
approximately $20,000 (GHD, 2009).   

Tota l organic c a rbon (TOC) is a useful measure for identifying the p resenc e of a b lac kwater event. 
Blac kwater events have been identified as a potentia lly severe risk during managed inunda tions. 
Samples to test for TOC c an be c ollec ted simultaneously to a lga l samples. The following c ost estima tes 
a re those outlined for sampling TOC, a lga l c ounts, c hlorophyll and nutrients for the environmental 
regula tor a t Chowilla (GHD, 2009). These estima tes involve sampling a t 20 sites twic e a week during 
inunda tion events annua lly within the c hannel. An a llowanc e has been made for three labora tory QA 
samples required eac h day of monitoring (one field dup lic a te, one field sp lit and one trip b lank). Annual 
costs may be reduced if sample collection is performed by DEWNR ecologists or by reducing the number 
of sites monitored.  

Table 2: Estimated annual costs for event-based monitoring of algal blooms, chlorophyll, 
blackwater and nutrients (GHD, 2009) 

Tasks 
Experienced 
Consultant 2 

(hrs) 

Experienced 
Consultant 1 

(hrs) 

Field Consultant 
(hrs) 

Cost ($) 

Survey preparation     4 $520 

Field work   300 300 $85,500 

Data analysis   50   $7,750 

Data management     15 $1,950 

GIS   15   $2,325 

Reporting 4 37.5 37.5 $11,428 

Sample analysis cost       $112,000 

Disbursements       $15,000 

Total (exc. GST)       $236,473 

 

1.9 Focus of this Monitoring Program 
The a im of monitoring is to c ollec t repea ted measures and observa tions to demonstra te the c ond ition or 
change within an ec osystem (Elzinga et a l, 2001). This information should be ac c ompanied by and c ontribute 
to an adap tive management feedbac k loop . Monitoring should be designed to meet management 
objectives, which should form the basis of any sound monitoring program (Elzinga et al, 2001). This program will 
consist of four types of monitoring.   

The first two types of monitoring will be used to assess the ec olog ic a l c ond ition of Ka tfish Reac h (Boys et a l, 
2008):  

 

Trend or Cond ition Monitoring

  

Impac t or Intervention Monitoring

  

In add ition, the following monitoring types will be used as a c hec k to ensure the hydrolog ic a l interventions 
are appropriately completed and that there are no adverse ecological impacts:  

 

Risk monitoring 

 

Compliance Monitoring  

1.9.1 Intervention and Condition Monitoring 
The most effec tive monitoring programs designed for demonstra tion reac hes will c onsist of a 
combination of trend and intervention monitoring.   

Condition monitoring is typ ic a lly used to assess the genera l c ond ition of a site through time over a long 
period . This type of monitoring has been employed effec tively in a number of p rojec ts throughout the 
Murray-Darling Basin, most notab ly through the Susta inab le Rivers Aud it (MDBC, 2004c ). Cond ition 
monitoring needs to foc us on the sc a le of the management unit (Boys et a l, 2008). For the Ka tfish Reac h 
Program this means the entire demonstra tion reac h. Cond ition monitoring a llows the identific a tion of 
temporal changes in condition to the demonstration reach.   
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Although trend ana lysis c an still be used to test hypotheses based on interventions they a re genera lly not 
as robust as other experimenta l designs tha t use c ontrol and / or referenc e sites. Time series ana lysis c an 
be used to hypotheses by identific a tion of tempora l trends a t eac h site (Chessman and Jones, 2001). 
Severa l tec hniques have been developed to test hypotheses in these situa tions inc lud ing multip le linear 
regression, genera lised linear models, and seasona l Kenda ll test (see Chessman and Jones, 2001). The 
downside to using trend ana lysis is tha t log ic a l inferenc es between observed responses to management 
interventions a re genera lly weak, as they do not ac c ount for c onfound ing c hanges oc c urring 
simultaneously. Although some p red ic tab le externa l fac tors c an be inc orpora ted into sta tistic a l ana lyses, 
suc h as seasona l c yc les using a seasona l Kenda ll test, other less p red ic tab le fac tors a re ha rder to 
incorporate.     

Intervention or impac t monitoring is a more deta iled type of c ond ition monitoring tha t is a imed a t 
identifying the c hange resulting from a spec ific management ac tion. This type of monitoring c an be 
linked to an adap tive management style approac h as responses to management ac tions from ta rget 
spec ies or g roups c an be asc erta ined with a higher level of c erta inty than other experimenta l 
approac hes. Intervention monitoring c an identify the effec tiveness of management and guide future 
decisions.  

1.9.2 Risk and Compliance Monitoring 
Altering flows throughout Ka tfish Reac h c onta ins some inherent risk. Ec olog ic a l responses to 
environmental changes are complex and the true effects on biota can only be ascertained with rigorous 
monitoring. Unac c ep tab le levels of c hange c aused by the imp lementa tion of hydrolog ic a l interventions 
can be identified with appropriately implemented risk monitoring.       

Complianc e monitoring is simp ly a c hec k of whether an intervention has been c arried out as p lanned . It 
foc uses on the outputs of the intervention ra ther than the outc omes of the intervention. For example, 
c omplianc e monitoring would address the question of whether flood ing ac hieved the desired extent 
and dura tion ra ther than trying to asc erta in if the intervention improved vegeta tion c ond ition. Improved 
vegeta tion c ond ition in rela tion to hydrolog ic a l interventions will be ana lysed through intervention 
monitoring . Complianc e monitoring keeps a rec ord of how interventions were performed and c an la ter 
be used in correlations with data obtained from intervention monitoring. 
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2. Conceptual Models 
It is genera lly ac c ep ted tha t c onc ep tua l models a re a key element in develop ing effec tive environmenta l 
monitoring p rograms and eva lua ting management stra teg ies (Gross, 2003). Bec ause ec osystems a re 
inherently c omplex, c onc ep tua l models p rovide a med ium to visua lly c ommunic a te the va rious c omponents 
of system dynamic s. Conc ep tua l models p ic toria lly represent the c urrent sta te of knowledge and assumptions 
of how and ec osystem is believed to opera te (Boys et a l, 2008). This c an help to fac ilita te the identific a tion of 
knowledge gaps and c onstruc tion of suitab le hypotheses. Monitoring p rograms developed on a solid 
conceptual model are more likely to identify the most appropriate indicators to measure ecological responses 
and provide more signific ant hypotheses regard ing ec olog ic a l responses to management intervention 
(Wilkinson et a l, 2007). This is espec ia lly true when multip le interventions a re involved , where a c onc ep tua l 
model c an p rovide an overview of the b ig p ic ture and help to identify the possib le suite of important 
interactions (Boys et al, 2008).  

The c onc ep tua l model should p rovide insight into the demonstra tion reac h and inform management by (Boys 
et al, 2008):  

 

Defining the scope of the reach and its problems; 

 

Identifying linkages between d ifferent physic a l, c hemic a l and b iolog ic a l aspec ts of the system and the 
level of certainty surrounding these; 

 

Enabling competing hypotheses and responses to be generated; 

 

Enabling researchers to propose studies to address poorly understood processes; 

 

Identifying potentia lly c onflic ting p roc esses and thus promoting deba te and refinement of the p roposed 
intervention and guiding image; and 

 

Provid ing stakeholders and fund ing bod ies with improved eva lua tion of the ra tiona le behind proposed 
interventions.   

Conc ep tua l models have been previously developed for the Chowilla floodp la in system to desc ribe the 
ecosystem function, including drivers and stressors (Souter, 2009). The d rivers influenc ing ec osystem func tion a t 
Ka tfish Reac h a re assumed to be simila r in na ture to those outlined for the Chowilla Floodp la in. Therefore, 
these conceptual models have been adapted to the application of Katfish Reach.   

In add ition, another set of c onc ep tua l models was c rea ted to outline how we believe the ec osystem will 
respond to eac h environmenta l intervention. This p roc ess assisted in the formula tion of hypotheses and to 
determine which groups will most likely be affected by the interventions.  

2.1 Model Components 
A c onc ep tua l model for Ka tfish Reac h, desc rib ing how the system is believed to func tion has been 
developed from models c onstruc ted by Souter (2009) for the Chowilla Floodp la in (Figure 5). The model 
includes five d rivers, three ma jor ec olog ic a l a ttributes and four ma jor potentia l stressors. The five d rivers 
inc lude River Murray hydrology, loc a l c lima te, fire, soil type and groundwater. The three ma jor ecological 
a ttributes a re soil qua lity, geomorphology and wa ter qua lity, with add itiona l a ttributes suc h as floodp la in 
biota and nutrient cycling also captured in the model. The potential stressors include ground water depth and 
salinity, rainfall, solar radiation and evaporation.  

The model it is worth c onsidering as an overarc hing c onc ep tua l model as a basis for understand ing how 
d ifferent c omponents of the system a re interlinked . Rec ognising tha t this c onc ep tua l model is simp listic and 
generic, it c an help to (i) visua lise the key p roc esses and d rivers app lic ab le to ac hieve desired ec olog ic a l 
outcomes, and (ii) some of the flow-on benefits of ac hieving outc omes for floodp la in trees and understorey 
vegetation in terms of habitat and food resources.   

An add itiona l c onc ep tua l model of the Ka ta rapko-Ec kert Creek system (Figure 6). This model outlines the 
influenc e of the new d isturbanc e reg ime on the overa rc hing management ob jec tive of ma inta ining the high 
biodiversity values of the system.  
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Figure 5: Conceptual model of Katfish Reach ecosystem. The boxes indicate ecosystem 
drivers (green is external and yellow is internal), the diamonds are ecosystem attributes and 

the ovals are potential stressors (Souter, 2009)   
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Figure 6: Simple, generic conceptual model of the influence of the new disturbance regime (altered flow regime) on the overarching management 
objective of maintaining the high biodiversity values of the Katarapko-Eckert Creek system (green box). Adapted from Wallace (2011b) 
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2.2 Conceptual Models for Hydrological Interventions 
Conc ep tua l models were developed to understand and c onsider the likely effec ts of eac h intervention (see 
Figure 7-11). These models were used to develop the hypotheses to test ec olog ic a l responses aga inst 
assoc ia ted interventions. It is important to understand here tha t these c onc ep tua l models a re rep resenta tive 
of theoretic a lly likely outc omes. Ec osystems a re inherently c omplex and over relianc e on simp le conceptual 
models c an sometimes mislead ec ology (Karr, 1999). However, these models a re suitab le to guide hypothesis 
selec tion based on expertise of field ec olog ists, but these p roposed interac tions must not be taken as pseudo-
fact.  

 

Figure 7: Conceptual model for intervention 1. The green boxes show the relevant intervention 
and the red hexagons outline the predicted directional change in ecological components 

from which the hypotheses are based  
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Figure 8: Conceptual model for intervention 2 

 

Figure 9: Conceptual model for intervention 3 
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Figure 10: Conceptual model for intervention 4 

 

Figure 11: Conceptual model for intervention 5 
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Figure 12: Conceptual model for intervention 6
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3. Intervention Monitoring 

3.1 Summary 
Intervention monitoring will be c onduc ted a t Ka tfish Reac h to identify the ec olog ic a l response of c hosen b iota to hydrolog ic a l interventions. The following sec tion outlines the 
processes involved for monitoring the effects of these interventions. The methods listed for each biota are described in detail in later sections in this report. Wetland sta ff from  The 
Department of Environment, Wa ter and Na tura l Resourc es (Berri) will c onduc t most of the fieldwork and subsequent offic e work in-house or utilise c ontrac tors as shown in the 
tab le. SARDI will a lso c onduc t intervention monitoring rela ted to interventions 1, 2 and 4. Hypotheses being tested by SARDI in their monitoring a re further noted in the following 
sec tion outlining the Interventions and Hypotheses . Beyer et a l (2009) has published a hypothesis based monitoring p rogram designed to study fish spec ies in Ka ta rapko Creek. 
The hypotheses p roposed by Beyer et a l (2009) have only been b riefly sta ted here and this doc ument should be c onsulted for further deta il. This report a lso outlines 
methodologies for assessing fish populations and the predicted resource requirements of the entire program.   

Table 3 outlines the b iota tha t will be ta rgeted with intervention monitoring and the methods and ind ic a tors tha t a re required to ac hieve this. Intervention monitoring for a ll b iota 
is c onduc ted annua lly and the tab le identifies the idea l months in whic h surveys should be c onduc ted . A summary of monitoring methods for eac h ec osystem c omponent, 
recommended across the six hydrological interventions and associated hypotheses (Table 4).   

Table 3: Work plan for intervention monitoring 
Ecosystem 
Component 

Method Measured Indicators Frequency J F M A M J J A S O N D Responsibility 

Long-lived Vegetation 
(RRG & BB) 

Tree Condition Transects Tree condition Annual   

                      

DEWNR 

Lignum Lignum Condition Index Lignum condition Annual 

                        

DEWNR 

Floodplain Understorey 
Plants 

Permanent Quadrats 
Species diversity, relative abundance, 
elevational distribution 

Annual 

                        

DEWNR 

Aquatic and Littoral 
Plants 

Permanent Quadrats 
Species diversity, relative abundance, 
elevational distribution 

Annual 

                        

DEWNR 

Electrofishing 
Community structure, habitat availability and 
use, recruitment success, movement 

Annual   

                      

SARDI 

Fish  

Fyke Netting 
Species diversity, relative abundance, 
recruitment success 

Annual   

                      

DEWNR 

Frogs Remote Acoustic Surveys Species diversity, relative abundance Annual                 

        

DEWNR 

Waterbirds Colonial Nesting Surveys 
Nest counts, species diversity, breeding 
success 

Annual 

                        

DEWNR 
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Table 4: Summary of monitoring methods recommended across the six interventions and associated hypotheses 

Intervention 1 Intervention 2 Intervention 3 Intervention 4 Intervention 5 Intervention 6 Ecosystem 
Component 

Method 
H1.1 H2.1 H2.2 H2.3 H3.1 H3.2 H3.3 H3.4 H3.5 H3.6 H4.1 H4.2 H4.3 H5.1 H5.2 H5.3 H6.1 

Long-lived 
Vegetation 
(RRG & BB) 

Tree 
Condition 
Transects          

                    
Lignum 

Lignum 
Condition 
Index 

                              

Floodplain 
Understorey 
Plants 

Permanent 
Quadrats 

                              

Aquatic and 
Littoral Plants 

Permanent 
Quadrats 

                              

Electrofishing 

                              

Fish  

Fyke Netting 

                                 

Frogs 
Remote 
Acoustic 
Surveys 

                                 

Waterbirds 
Colonial 
Nesting 
Surveys                       
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3.2 Management Interventions and Hypotheses 
Hypotheses for ec osystem c omponents were estab lished based on the c onc ep tua l models c onstruc ted for 
the hydrolog ic a l interventions. Ec osystem c omponents were c onsidered for monitoring under eac h 
intervention as per the following attributes:  

 
Likelihood of displaying a measurable ecological response i.e. a reliable indicator; 

 
Relative ease of monitoring biota and the resources required to do this; and 

 
Biota thought to be most affected by each intervention.  

A list of potentia l impac t sites is g iven for eac h set of hypotheses. Current DEWNR monitoring sites guided the 
selection of potentia l impac t sites as well as those outlined by Beyer et a l (2009) tha t will be surveyed by 
SARDI.  
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Figure 13: Existing and proposed hydrological regulators within Eckert Creek Floodplain 
Katfish Reach     
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Intervention 1 
Objective: Improve base flows through Ka ta rapko Creek (16 kilometres of wa terway) and Ec kert Creek 
Anabranch system at river flow greater than 5,000ML/day and provide fish passage 
Action: Stone weir in Ka ta rapko Creek will be lowered to 10.24m AHD to a llow overtopp ing a t low flows 
(<5,000ML/ day). A roc k ramp fishway will be insta lled a t the south end of the weir to a llow inc reased fish 
passage 
Hypotheses 
H1.1 Improvement of base flows through Ka ta rapko Creek will a lter the c ommunity struc ture, hab ita t use and 
ava ilab ility and rec ruitment suc c ess of na tive fish spec ies. Inc reasing c onnec tivity through this ac tion will a lso 
lead to a reduction in fish accumulation directly below the weir (SARDI). 
Impact Sites 

 

Katarapko Creek 

 

Eckert Creek Anabranch 

 

Intervention 2 
Objective: Provide pulse flows and fish passage through Ec kert Creek system (28 kilometres of wa terway) 
which will provide fish passage around Lock 4 
Action: Provide opportunities to va ry flow ra tes through the Ec kert Creek anabranc h system during the 4-5 
months during the sp ring / summer period . This may be undertaken every year to some extent and ac hieved 
through the use of Bank K, Bank J and Bank N inlet regulators.  
Hypotheses 
H2.1 Inc reased sp ring pulse flows within the Ec kert Creek Anabranc h system will inc rease the spec ies d iversity 
and relative abundance of aquatic and littoral vegetation. 
H2.2 Inc reased sp ring pulse flows within the Ec kert Creek Anabranc h system will a lter the c ommunity struc ture, 
habitat use and availability and recruitment success of native fish species (SARDI)  
H2.3 Inc reased sp ring pulse flows within the Ec kert Creek Anabranc h system will inc rease the spec ies d iversity 
and relative abundance of frog species. 
Impact Sites 

 

Eckert Creek (downstream of weir) 

 

The Splash (downstream) 

 

Eckert Creek 

 

Sawmill Creek 

 

Intervention 3 
Objective: Managed floodplain inundation at low flows over 1200 hectares of floodplain and associated 
waterways and wetlands, throughout Eckert Creek anabranch system. 
Action: Floodplain inundation at low flows will be conducted 4 years out of 10 and will be achieved using a 
series of inlet and outlet regulators located throughout Katfish Reach; Bank C, J, K, N and Carpark Lagoons 
inlet regulators, The Splash, Piggy Creek, Sawmill Creek, Sawmill Creek ancillary, Carpark Lagoons and Lock 4 
outlet regulators and Piggy Creek North & South Arm inlet regulators. 
Hypotheses 
H3.1 Increased extent and duration of inundation within the Eckert Creek anabranch system will improve the 
health/condition of long-lived vegetation (River Red Gum and Black Box). 
H3.2 Increased extent and duration of inundation within the Eckert Creek anabranch system will improve the 
health/condition of lignum vegetation. 
H3.3 Increased extent and duration of inundation within the Eckert Creek anabranch system will increase the 
species diversity and relative abundance of floodplain understorey vegetation. 
H3.4 Increased extent and duration of inundation within the Eckert Creek anabranch system will increase the 
species diversity and relative abundance of native fish species. 
H3.5 Increased extent and duration of inundation within the Eckert Creek anabranch system will increase the 
species diversity and relative abundance of frog species. 
H3.6 Increased extent and duration of inundation within the Eckert Creek anabranch system will increase the 
relative abundance and recruitment success of waterbirds 
Impact Sites 

 

The Splash Floodplain 

 

Eckert Creek Floodplain 

 

Sawmill Creek 

 

Piggy Creek 

 

Ngak Indau 

 

Carpark Lagoon  
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Intervention 4 
Objective: Temporary partial drying of The Splash, Northern Arm and Southern Arm waterways (13 kilometres 
covering 25.5 hectares). 
Action: Temporary partial drying of sections of the Eckert Island Complex that will include The Splash and 
Northern and Southern Arms. This will be undertaken 2 out of 5 years during 4-5 months over the spring/summer 
period and will be achieved using a series of regulators located at Bank N inlet, Southern Arm Road Crossing 
and Log Crossing. The regulator at Log Crossing will include a fishway to increase opportunity for fish passage. 
Hypotheses 
H4.1 Temporary partial drying of The Splash, Northern Arm and Southern Arm waterways will increase the 
species diversity and relative abundance of aquatic and littoral vegetation. 
H4.2 Temporary partial drying of The Splash, Northern Arm and Southern Arm waterways will alter the 
community structure, habitat use and availability and recruitment success of native fish species (SARDI)  
H4.3 Temporary partial drying of The Splash, Northern Arm and Southern Arm waterways will increase the 
species diversity and relative abundance of frog species. 
Impact Sites 

 

The Splash (upper section) 

 

The Splash (lower section) 

 

Northern Arm 

 

Southern Arm 

 

Intervention 5 
Objective: Weir pool level variation of Eckert Creek Widewater (59 hectares) and associated waterway with 
11.5km of littoral zone edge. 
Action: Manipulation of weir pool levels at Locks 3 and 4 can be operated at all times in the absence of any 
other hydrological management    
Hypotheses 
H5.1 Weir pool level manipulation of Eckert Creek Wide Water and associated waterways will increase the 
species diversity and relative abundance of aquatic and littoral vegetation. 
H5.2 Weir pool level manipulation of Eckert Creek Wide Water and associated waterways will increase the 
species diversity and relative abundance of native fish species.   
H5.3 Weir pool level manipulation of Eckert Creek Wide Water and associated waterways will increase the 
species diversity and relative abundance of frog species. 
Impact Sites 

 

Eckert Creek Wide Waters 

 

Sawmill Creek 

 

Intervention 6 
Objective: Manage inundation duration and/or frequency of temporary wetlands, e.g. Katarapko Island 
Horseshoe (114ha). 
Action: Increased inundation frequency and/or duration at selected priority ephemeral and semi-permanent 
wetlands using a number of inlet and outlet regulators and/or environmental watering via pumping.    
Hypotheses 
H6.1 Management of inundation duration and/or frequency of temporary wetlands will increase the relative 
abundance and recruitment success of waterbirds. 
Impact Sites 

 

Ngak Indau 

 

Katarapko Island Horseshoe Lagoon 

 

3.3 Experimental Design for Intervention Monitoring 
The most appropriate choice of experimental design is one that has the grea test potentia l for determining the 
effec ts of p lanned interventions. When designing the monitoring program the spa tia l and tempora l extent of 
eac h intervention must be c onsidered in rela tion to the antic ipa ted response of ta rget ind ic a tors (Boys et a l, 
2008).    

A Before-After-Control-Impac t design will be used to determine the impac t (if any) of the p roposed 
interventions. Experimenta l designs lac king either appropria te c ontrol sites or before intervention da ta a re 
rela tively weak in inferenc e as it is impossib le to determine if the c ausa lity of measured c hanges a re a 
func tion of the intervention or some other na tura l bac kground va ria tion (Cottingham et a l, 2005). This is an 
important c onsidera tion as it is essentia l tha t the experiment c an d istinguish between random tempora l 
fluc tua tions and c hanges c aused by the intervention (Downes et a l, 2002). BACI designs with adequa te 
replication of before and after data for both control and impact sites are c onsidered to be the most effec tive 
for separa ting , with rela tively high c onfidenc e, intervention effec ts from na tura l va ria tion (Downes et a l, 2002). 
Impac t sites a re defined as those reac hes potentia lly a ffec ted by the management intervention and 
c ontrol sites a re c onsidered to be una ffec ted (Boys et a l, 2008). Control sites should be c hosen with 

consideration of (Boys et al, 2008):   
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As similar to impact site as possible 

 
Outside the influence of the intervention 

 
Avoid spa tia lly c onfound ing selec tion of c ontrols tha t a re geographic a lly simila r to eac h other but vary 
from the impact site  

3.3.1 Paired Before-After-Control-Impact (BACIP) 
The BACIP design has been suggested by a number of authors as a nec essary improvement to the 
standard Before-After-Control-Impac t (BACI) (Green, 1979; Bernstein and Za linski, 1983; Stewart-Oaten et 
al, 1986). The c hanges were a imed a t inc reasing the ab ility of demonstra ting tha t any c hanges oc c urring 
a t the impac t loc a tion c ould be c onnec ted to human ac tivity / interventions ra ther than na tura l, random 
fluc tua tions a t the site. The BACIP design involves sampling before and a fter a p roposed intervention a t 
both impac t and c ontrol sites with samples pa ired in time (Downes et a l, 2002). Bec ause the impac t and 
c ontrol sites c ould have d ifferent mean va lues of ta rget va riab les, the BACIP design examines c hanges a t 
the impac t site rela tive to the c ontrol site (Downes et a l, 2002). Therefore, the variab le ana lysed is the 
d ifferenc e between c ontrol and impac t va riab les. Some important design c onsidera tions inc lude 
(Downes et al, 2002):  

 

One impact and one control site; 

 

Impact values analysed relative to control site; 

 

Locations should be fixed but survey times should be random; 

 

Subsamples within each locations only influence statistical power if within location variation is high i.e. 
subsamples help to characterise the each site better; 

 

Autoc orrela tion may be a p rob lem if sample times are too c lose together but there a re sta tistical 
procedures to test for this; 

 

More surveying times before and after the intervention increase statistical power; and 

 

Selection of control site is extremely important.  

BACIP experimenta l design is c onsidered to be the appropria te c hoic e in the situa tion where there is only 
one c ontrol site is possib le. An underlying assumption with BACIP experimenta l designs is tha t the c ontrol 
sites a re as simila r as possib le to the impac t sites p rior to the intervention, but signific antly d ifferent from 
eac h other a fter the intervention has oc c urred . Within the Ka tfish Demonstra tion Reac h there a re a 
number of p lanned interventions tha t will a ffec t the a rea a t va rying spa tia l sc a les. Therefore, it is 
important to understand the extent of impac t for eac h intervention (Downes et a l, 2002). This 
c onsidera tion will a lso influenc e the sc a le a t whic h the impac t and c ontrol sites a re c hosen. In add ition, 
as there a re a number of interventions oc c urring within the Demonstra tion Reac h, multip le interventions 
may be a ffec ting loc a tions within Ka tfish Reac h. This will limit the ava ilab ility of suitab le c ontrol sites and 
therefore a reas outside Ka tfish Reac h will need to be c onsidered to p rovide an ind ic a tion of bac kground 
variation in measured indicators.  

Before After

Intervention

Sampling times

Impact Site

Control Site

Sub-
samples

 

Figure 14: Typical BACIP experimental design where sampling occurs both before and after 
the intervention with impact and control sites are paired in time to assess the changes of the 

impact site relative to the control site 
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3.3.2 A-priori Power Analyses 
Power ana lyses a re a measure of the likelihood tha t we have detec ted an important effec t if one existed 
(Quinn and Keough, 2002). Power ana lyses c onsist of two important c omponents in sta tistic a l hypothesis 
testing : (i) Type I error is when the null hypothesis is rejec ted when it is ac tua lly true, and (ii) Type II error 
whic h oc c urs when the null hypothesis is not rejec ted when it is ac tua lly fa lse (Fowler  et a l, (1998). A-priori 
power ana lyses a re useful in the design phase of an experiment as it c an p rovide an ind ic a tion of 
required sample-size when other c omponents of power a re known (a lpha , effec t size and within 
population variance) (Scheiner and Gurevitch, 2001).   

A-priori power ana lysis should be c onduc ted on a range of ta rget ind ic a tors to asc erta in the likelihood of 
detec ting potentia l effec ts from p roposed interventions. This will enab le mod ific a tion of the experimenta l 
design so tha t the appropria te number of trea tment and c ontrol sites c an be imp lemented to ac hieve 
the required statistical power while simultaneously keeping costs low.  

With Pa ired -Before-After-Control-Impac t (BACIP) designs, the Control-Impac t pa irs a re the c onsidered  
rep lic a tes and sta tistic a l power is determined by the varia tion between these pa irs (Downes, et al, 2002). 

If there a re c onsiderab le d ifferenc es between Control-Impac t pa irs, using more subsamples will inc rease 
power by improving the prec ision to estima te va ria tion a t eac h loc a tion. Therefore, inc reasing the 
number of subsamples only influenc es power when within-site va ria tion is pa rtic ula rly high c ompared with 
tempora l va rianc e (Downes et a l, 2002). Subsampling may be partic ula rly important for spec ies with 
variable abundances such as fish.       

As sta tistic a l power in BACIP experimenta l designs is determined by the va rianc e between pa ired c ontrol 
and impac t sites, a p riori power ana lysis was not undertaken a t this point. However, this should be 
c onduc ted a fter the first round of da ta has been c ollec ted to ensure there a re enough sites being 
monitored to detect responses with sufficient statistical power.   

3.3.3 Sample Stratification 
Katfish Reac h is a c omplex system c omprising variety of mac ro and mesohab ita t types. When testing 
hypotheses of impac ts, stra tific a tion ensures tha t a ll a reas of interest within the Reac h a re c overed 
(Chessman and Jones, 2001). Hab ita ts within Ka tfish Reac h will be stra tified ac c ord ing to flow type (e.g . 
backwater, slow-flowing, fast-flowing etc) as previously described by SARDI (Figure 21) (Beyer et al, 2009).     

Monitoring has been undertaken a t Ka tfish Reac h for a number of years and should c ontinue a t these 
sites due to the va lue of long-term p re-intervention da ta . This a lso fits within the BACIP experimenta l 
design approac h where monitoring sites a re fixed over time. Current monitoring sites a re positioned 
ma inly a round Ec kert s Creek wide wa ters, Ec kert s Creek and the Sp lash (Table 23). Add itiona l sites will 
need to be inc luded to inc rease rep lic a tion and to ensure as many flow types as possib le a re being 
monitored for intervention impac ts. The va riety of flow types and assoc ia ted hab ita t and assoc ia ted 
mac rohab ita ts tha t may be assessed will be dependent on the c hosen c ontrol site and its own inherent 
complexity of habitats. 

3.3.4 Sub-Sampling 
The c ollec tion of sub-samples is nec essary to measure the true va lue of an ind ic a tor within eac h loc a tion 
(Boys et a l, 2008). Sub-sampling a ims to elimina te spa tia l na tura l variab ility of an ind ic a tor. Within eac h 
impact and control locations, sub-sample sites should be selected on a basis of random stratification. Sites 
should be stra tified ac c ord ing to either flow hab ita t type or wa terbody type (e.g . slow flowing wa ter, 
bac k wa ter hab ita t, ma in river c hannel, temporary wetland etc ). It must be remembered tha t sub-
sampling itself is not true rep lic a tion, but ra ther the average of pooled sub-sampling da ta p rovide an 
overall measure of an indicator (Boys et al, 2008).  

3.3.5 Site Selection  
Site selec tion for intervention, c ond ition and risk monitoring will be outlined in the relevant sec tions of this 
report. Monitoring has been c onduc ted a t Ka tfish Reac h for many years and there is a wea lth of 
ec olog ic a l da ta ava ilab le on a range of b iota . Current monitoring sites, inc lud ing hab ita t desc rip tions, 
loc a tions and b iota monitored , a re outlined in (Table 23). Where, possib le these sites have been reta ined 
and inc luded in this monitoring report. Firstly, this fits with the BACIP experimenta l design in tha t it requires 
fixed monitoring sites, not sites c hosen a t random as advoc a ted in other simila r designs suc h as the 
Multiple-Before-After-Control-Impac t (MBACI) designs (Downes et a l, 2002). BACIP experiments were so 
designed with the assumption tha t c ontrol and impac t sites a re ra rely c hosen a t random, ra ther impac t 
loc a tions a re selec ted based on spec ia l p roperties and the c ontrol c hosen to best matc h the impac t site 
(Downes et a l, 2002). In other words, c ontrol and impac t sites a re not nec essarily rep resenta tive of any 
wider g roup of loc a tions. Sec ond ly, the historic a l da ta ava ilab le a t these monitoring sites may help to 
identify long-term na tura l va ria tion within the system. This will c ontribute to the overa ll a im of the 
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monitoring p rogram, whic h is to assess the ec olog ic a l response of a range of b iota to hydrolog ic a l 
interventions.    

3.4 Analysis of Intervention Monitoring Data 
There a re two b road types of sta tistic a l ana lysis tha t a re c onsidered appropria te for da ta c ollec ted from the 
above experimenta l design (Cottingham et a l, 2005). Firstly, linear models c an be used to ana lyse spa tia l 
(impac t vs. c ontrol sites) and tempora l (before vs. a fter, or trends through time) da ta rela ting to a sing le 
response va riab le of interest (e.g . spec ies d iversity, rela tive abundanc e). Linear models inc lude ana lysis of 
va rianc e (ANOVA) and regression ana lysis and are useful in ana lysing the va ria tion in a c ontinuous response 
va riab le (Quinn and Keough, 2002). These linear models p roduc e a p -va lue or c onfidenc e interva ls to enab le 
the rejection or acceptance of a null hypothesis.   

Secondly, multivaria te ana lyses c an be used to assess the varianc e when multip le response va riab les a re 
c onsidered simultaneously (e.g . abundanc es of a ll frog spec ies, or fish c ommunity c omposition). Results from 
multiva ria te ana lyses c an be d isp layed visua lly with the use of ord ina tion or c luster d iagrams and a re very 
useful for testing complex hypotheses.   
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4. Condition Monitoring 

4.1 Summary 
Cond ition monitoring will be c onduc ted a t Ka tfish Reac h to identify long-term tempora l va ria tion of a range of b iota . The methods listed for eac h b iota a re outlined in deta il in 
later sections. The proposed condition monitoring program aligns closely with current monitoring efforts to promote a consistent approach.   

Table 5 outlines the b iota tha t will be ta rgeted for condition monitoring and the methods and ind ic a tors tha t a re required to ac hieve this. The frequenc y of c ond ition monitoring 
components varies and the table identifies the ideal months in which surveys should be conducted.   

Table 5: Work plan for condition monitoring 
Ecosystem 
Component 

Method Measured Indicators Frequency J F M A M J J A S O N D Responsibility 

Long-lived Veg 
(RRG & BB) 

Remote Sensing - Tree 
Condition 

Tree condition 5 yrs                 

        

Contractor 

Emergent 
Vegetation 

Aerial Photography Distribution, extent 3-5 yrs               

          

Contractor / 
DEWNR 

Temporary 
Wetland Plants 

Permanent Quadrats 
Species diversity, relative 
abundance, elevational 
distribution 

Annual 

                        

DEWNR 

Fish - General Fish 
Surveys 

Fyke Netting 
Species diversity, relative 
abundance, recruitment success 

Annual   

                      

DEWNR 

Fish - Murray 
Hardyhead 

Fyke Netting Relative abundance Annual 

                        

DEWNR 

Frogs 
Ground Acoustic 
Surveys 

Species diversity, relative 
abundance 

Annual                 

        

DEWNR 

Waterbirds Ground Surveys 
Species diversity, relative 
abundance 

Annual 

                        

DEWNR 

Water Quality 
Water Samples (using 
Horiba) 

EC, pH, DO, Turbidity, temp Annual 

                        

DEWNR 

Substrate 
Topography 

Hydrographic Survey Topographical variation 3-5 yrs       

                  

Contractor 
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4.1.1 Environmental Watering vs. Natural Flood Event 
There is a need to further investiga te the d ifferenc es in ec olog ic a l response between environmenta l 
wa tering and na tura l flood events. Environmenta l wa tering here is defined as the a rtific ia l add ition of 
wa ter by management via pump ing or other suc h means. It has been observed by field ec olog ists tha t 
b iota may respond d ifferently to these types of wa tering , partic ula rly fish, wa terb irds and frogs a t 
tempora ry wetlands. Da ta ga thered from c ond ition monitoring a t temporary wetlands c an be used to 
assess temporal changes in relative abundance and species diversity, nested within watering type.  

4.2 Condition Monitoring  Additional Sites 
Cond ition monitoring has been c onduc ted a t spec ific sites within Ka tfish Reac h for a number of years. 
Management p lans for both Berri Evapora tion Basin and Ka ta rapko Island Horseshoe Lagoons have been 
pub lished . These doc uments inc lude outlines of how eac h site is monitored and why. For example, Berri 
Evapora tion Basin p rovides important hab ita t for the Endangered Murray Hardyhead and the management 
p lan inc ludes p roc esses for ensuring the long-term surviva l of the spec ies. It is nec essary to inc lude relevant 
sec tions of these management p lans as they will be inc orpora ted into the Ka tfish Reac h c ond ition monitoring 
program. 

4.3 Berri Evaporation Basin 
Berri Evapora tion is an ec olog ic a lly important site as it c onta ins one of the last remaining popula tions of the 
Endangered (EPBC Ac t, 1999) Murray Hardyhead (Figure 15). A Murray Hardyhead hab ita t and popula tion 

p lan is c urrently under development tha t will show how this site should be managed for the long-term surviva l 
of the species.  

 

Figure 15: Overview of Berri Evaporation site with locations of current environmental structures  

4.3.1 Current Hydrological Operations at Berri Evaporation Basin 

Current hydrolog ic a l opera tions a t the Berri Basin inc lude ma inta ining the wa ter level a t mean river level 
(c lose to Loc k and Weir 4 upper pool) by means of pump ing to Noora Sa line Wa ter Disposa l Basin (Ken 
Smith Tec hnic a l Servic es, 2008). Pump ing to Noora c eases when it is p red ic ted tha t river flows will exc eed 
15,000 ML/ day. The opera tiona l a rea of the basin c omprises the ma in basin in the westerly portion, and a 
sub-basin and swamp area along the northerly/north-easterly portion (Ken Smith Technical Services, 2008). 
Banks isolate the main basin from an anabranch creek system, which includes Eckert Creek.  
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For river flows in the 15,000 

 
60,000 ML/ day range, flows from the river a re d irec ted into the ma in basin 

a rea through Bank C and then flow through into Ec kert Creek through Bank B to a tta in some measure of 
flushing of sa lt from the basin (Ken Smith Tec hnic a l Servic es, 2008). Stop logs in the upstream inlet struc ture 
a re removed but flushing flows emana ting from the upstream inlet don t bec ome effec tive until the river 
flows exc eed , and are susta ined above 65,000 ML/ day (Ken Smith Tec hnic a l Servic es, 2008). Road ac c ess 
to, and effec tive opera tion of c ontrol struc tures, a t Banks B and C a re lost when river flows exc eed 
100,000 ML/ day. In these c irc umstanc es, Bank B outlet rema ins open, but Bank C is c losed , so tha t the 
flushing process is concentrated from the upstream inlet direction (Ken Smith Technical Services, 2008).   

Over the past 10 years inflow of irriga tion d ra inage wa ter into the Berri Basin has dec lined signific antly 
resulting in the ma jority of the Berri Basin d rying out during the summer months. The site requires ac tive 
management to maintain suitable habitat for Murray Hardyhead, which includes the following:  

 

Maintain salinity levels within Bank C Creek between 6,000uS/cm and 26,000uS/cm; 

 

Maintain current water levels at 13.2 AHD; and 

 

Maintain a carbonate level of 100  500mg/L CaCO3.  

As the hydrolog ic a l reg ime is ac tively managed for this site it would be d iffic ult to imp lement any form of 
intervention monitoring . Therefore, monitoring will c ontinue as c ond ition monitoring to detec t overa ll 
trends in popula tion fluc tua tions. Cond ition monitoring for Murray Hardyhead will inc lude both fyke 
netting surveys, using nets with c a rp sc reens, and wa ter qua lity and hab ita t surveys to monitor 
hydrological parameters, in particular salinity levels. 

4.3.2 Site Monitoring 
The foc us and ind ic a tors to be used in monitoring a t the Berri Evaporation Basin a re summarised below 
(Table 6). Due to the high va lue of Berri Basin to the c onserva tion of Murray Hardyhead it is c ritic a l for 
habitat, wa ter qua lity and fish monitoring to be undertaken to p rovide early warning of potentia l 
popula tion c rashes to a llow for emergenc y management ac tion to be c a rried to c onserve Murray 
ha rdyhead suc h as delivery of environmenta l wa ter,. In add ition monitoring will p rovide c onstruc tive 
information into the effec tiveness of management interventions suc h as the timing and delivery of 
environmenta l wa ter. Monitoring methods for Murray Hardyhead abundanc e, wa ter qua lity pa rameters 
and site condition are outlined in later sections.     

Table 6: Summary of monitoring at Berri Evaporation Basin 
Category Focus Indicators 

Site Condition Aquatic macrophytes 

Littoral plant assemblage 

Physical habitat 

Species diversity 

Relative abundance 

Snags / woody debris 

Fish Murray hardyhead 

Mosquitofish 

Relative abundance 

Size class distribution 

Electrical conductivity 

pH 

Dissolved oxygen 

Turbidity 

Temperature 

Water hardness 

Water quality data loggers 

Hydrology Water quality       

Water Depth Gauge boards 

Water quality data loggers 

 

4.4 Katarapko Island Horseshoe Lagoons 
The Ka ta rapko Island Horseshoe Lagoons is a tempora ry wetland c omplex, whic h c overs an area of 123 Ha . 
The c omplex c onsists of two la rge wetlands, known as the Northern and Southern Lagoons, whic h is 
connected to the River Murray by smaller c reeks and wetlands tha t b ra id ac ross the b road floodp la in. Wa ter 
flow c ontrol struc tures a re loc a ted a t the inlet and outlet flow pa ths of the Horseshoe Lagoons to manipula te 
the complex hydrology.  
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4.4.1 Current Hydrological Operations at Katarapko Island Horseshoe Lagoons 
At River Murray floods of 15,000 ML/ day or grea ter the flow c ontrol struc ture a t Yabby Creek is opened to 
a llow floodwaters to enter the Horseshoe Lagoons via Yabby Creek. At River flows above 45,000 ML/ day 
Bank 6 flow c ontrol struc ture c an be opened . This a llows for wa ter to flow through the Horseshoe Lagoons 
system thus flushing surfac e wa ter to export sa lt and to offer a flow through system for any aqua tic fauna 
tha t respond to suc h c ond itions. At known peak flows, flows c an be impounded a t peak level or a t 
struc ture height for floods tha t top the flow c ontrol struc ture. After this period , wa ter may be released in a 
staggered approac h to a llow for any na tive fish spec ies to respond to the c ue of rec ed ing wa ter and 
move out of the Horseshoe Lagoons and back into the River. 
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Figure 16: Katarapko Island Horseshoe Lagoons and environmental structures  

Simila r to other wetland sites throughout the Murray-Darling Basin, Horseshoe Lagoons have dec lined in 
hea lth due to inc reased river regula tion and a ltera tion of flood dura tion, timing and extent. This site has 
been identified as an a rea of high environmenta l signific anc e, in pa rtic ula r for a variety of na tive 
wa terb ird (e.g . Musk Duc k) and fish spec ies (e.g . Unspec ked Hardyhead and Golden Perc h). 
Management of this site has become important to maintain its ecological values.  

4.4.2 Site Monitoring 
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The Ka ta rapko Island Horseshoe Lagoons Monitoring Program (see Table 7) is designed to measure and 
monitor physic a l responses, like g round and surfac e wa ter qua lity, and b iolog ic a l responses, suc h as 
vegeta tion hea lth and presenc e and abundanc e of wetland fauna . It a lso assists with hydrolog ic a l 
management dec ision making as a basis for informing short-term management ac tions and shap ing 
future management objectives and actions.   

The c onsistent use of wetland monitoring tec hniques and da ta c ollec tion assists in the detec tion of 
c hanges and the identific a tion of long-term trends in the pa rameters measured in the field . The 
techniques used for this site to monitor va riab les suc h as wa ter qua lity, wa terb irds, stand c ond ition etc a re 
outlined in la ter sec tions. This makes possib le the c a rrying out of further short-term c ompara tive stud ies of 
wetlands with d ifferent management stra teg ies so tha t any key ec olog ic a l responses may be identified 
and measured.  

Table 7: Summary of monitoring at Katarapko Island Horseshoe Lagoons 
Category Focus Indicators 

Hydrology Water Quality Electrical conductivity 

  

pH 

  

Turbidity 

  

Dissolved oxygen 

  

Temperature 

 

Salinity Groundwater height and salinity levels 

 

Water depth, height and duration of inundation Water gauge boards 

Native Fish All species present Species diversity and abundance 

   

Waterbirds All species present Species diversity and abundance 

 

Colonial nesting/breeding species 

 

Vegetation River Red Gum, Black Box and River Cooba Health indices 

 

Littoral zone vegetation Frequency score of each species 

 

Aquatic vegetation Frequency score of each species 

 

4.5 Ngak Indau 
The Ngak Indau wetlands c onsisting of the eastern and western lagoons and the western flow pa th a re 
situa ted within the Ka ta rapko Sec tion of the Murray River Na tiona l Park, 500 m from the western side of the 
River Murray, approximately 1 Km upstream from Loc k 4 and 7 Km southwest of the township of Berri (Figure 
2.1).   

The Ngak Indau wetlands monitoring p rogram (see Table 8) is designed to measure and monitor physic a l 
responses, like ground and surfac e wa ter qua lity, and b iolog ic a l responses, suc h as vegeta tion hea lth 
measured by the presenc e and abundanc e of wetland fauna . It a lso assists with hydrolog ic a l management 
dec ision making as a basis for informing short-term management ac tions and shap ing future management 
objectives and actions. Monitoring sites are shown in Figure 17. 
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Table 8: Summary of monitoring at Ngak Indau wetland 

Category Focus Indicators 

Hydrology Water Quality Electrical conductivity 

    
pH 

    
Dissolved oxygen 

    
Turbidity 

  
Water depth and duration of inundation Gauge boards 

    

Date start and finish when operating water 
control structures 

  

Salinity and groundwater Water samples and depth at piezometers 

Vegetation Submerged and emergent aquatic vegetation Frequency scores for each species 

  

Littoral zone vegetation Frequency scores for each species 

  

River Red Gums Visual tree condition 

Fauna Waterbirds 
Diversity and abundance of waterbirds 
present 

    

Diversity and abundance of breeding 
waterbirds 

  

Frogs 
Diversity and abundance of frog species 
present 

    

Diversity of tadpoles 

  

Small-bodied native fish Species diversity 

    

Presence of juvenile fish 

Pest species Introduced fish species Diversity and abundance 
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Figure 17: Current monitoring sites at Ngak Indau  

4.6 Carpark Lagoons 
Carpark Lagoons is a complex of three interconnecting temporary wetlands which fill at river flows of 40,000 to 
45,000 ML/ day. Carpark Lagoons bec ome c onnec ted to the surround ing floodp la in and The Sp lash a t the 
northern end of the Lagoons and water flows through the Lagoons into Katarapko Creek through the southern 
third lagoon. The site has had pumped E-wa tering ac tions undertaken in the past, and is pa rt of the on-going 
wetland management and monitoring program of DEWNR. Carpark Lagoons is dominated by healthy riparian 
vegeta tion c onsisting of River Red Gums of multip le age c lasses and Lignum. When inunda ted the site 
p rovides important hab ita t for listed spec ies suc h as the Southern Bell Frog (Litoria raniformes) and the 
Freckled Duck (Stictonetta naevosa).  
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The main monitoring objectives for Carpark Lagoon are:  

 
Maintain and improve the health of mature and juvenile River Red Gums and Juvenile River Cooba; 

 
Support frog breeding events, particularly for the threatened Southern Bell Frog; and 

 
Provision of foraging grounds for water dependent bird species.  

Table 9: Summary of monitoring activity at Carpark Lagoons 
Category Focus Indicators 

Hydrology Water Quality Electrical conductivity 

    

pH 

    

Dissolved oxygen 

    

Turbidity 

Vegetation Submerged and emergent aquatic vegetation Relative abundance 

  

Littoral zone vegetation Relative abundance 

  

River Red Gums Tree health 

   

Recruitment success 

  

Acacia Cooba Recruitment success 

Fauna Waterbirds Diversity and abundance of waterbirds present 

    

Diversity and abundance of breeding 
waterbirds 

  

Frogs Breeding activity, particularly Southern Bell Frog 

    

Diversity of tadpoles 

  

Native Fish species Species diversity 

    

Presence of juvenile fish 
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5. Risk Monitoring 

5.1 Summary 
The interventions tha t will be c onduc ted a t Ka tfish Reac h will be managed to c onfer ec olog ic a l benefits to 
the system. However, in most c ases the idea l hyd rolog ic a l reg ime to ac hieve these outc omes is unc lea r. In 
add ition, a rtific ia l a ltera tion of the hydrolog ic a l reg ime has the potentia l to c rea te adverse environmental 
effec ts. Therefore, it is important to ma inta in a c onsistent monitoring stra tegy so tha t environmenta l risks c an 
be identified and managed before they seriously impact the ecosystem.   

A risk assessment has been p roduc ed , whic h deta ils potentia l risks resulting from the management of 
hyd rolog ic a l reg imes (Wa llac e, 2012). A two-way (Likelihood x Consequenc e) ra ting was then app lied to 
antic ipa ted risks assoc ia ted with eac h of the proposed management ac tions (Adapted from Wallac e, 2012). 
The risks are based on five key in-stream management activities (Wallace, 2012):  

 

Improved base-flows including increased flows in Katarapko Creek; 

 

Delivery of "spring-fresh" (pulse) flows in Eckerts Creek; 

 

Temporary partial drying of (i) the "splash" and (ii) the southern and northern arms of Eckerts Creek; 

 

Manipulation of water level in Eckert Creek "wide-waters" ; and 

 

Managed floodplain inundation. 

   

It is clear from the risk summary table that there are a range of risks associated with the proposed interventions 
(Table 10). Antic ipa ted risks with a sc ore 5 (i.e. severe or c a tastrophic impac t) should be addressed through 
management ac tions. These risks require c areful management and a robust monitoring program to ensure (i) 
potentia l benefits a re rea lised ; (ii) risks a re not c onverted to hazards; and (iii) managers a re aware of, and 
respond promptly to emerging issues (Wallace, 2012).    

The risk assessment c onduc ted by Wa llac e (2012) stresses the high degree of unc erta inty in the assessment 
due to a c omb ina tion of three main fac tors: (i) lac k of da ta (ii) inc omplete understand ing of ec olog ic a l 
processes and (iii) the management actions being implemented are unprecedented.   

Table 10: Summary table for anticipated risks associated with the proposed management 
actions:  indicates a (Wallace, 2012)  

Risk Parameter 
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In-stream salinity impacts         

 

Disturbance of sulfidic material     

     

Changes in soil sodicity         

 

Biochemical characteristics of 
environmental water allocation       

  

De-oxygenation and blackwater 
events         

 

Expansion of invasive/nuisance plants         

 

5.2 High Ranking Hydrological Risks 
High ranking hydrological risks are defined as those risks that pose a high probability of causing unacceptable 
negative ecological outcomes. These risks are outlined below and the monitoring that will be required to 
identify potential threats before they are realised. 

5.2.1 In-stream Salinity 
In-stream salinity levels are a major issue in relation to hydrological management within the lower River Murray. 
Due to surfac e wa ter-g roundwater interac tions, la rge amounts of sa lt may be exported during , and / or 
following manipula tion of flows. Telfer et a l, (2008) estima ted tha t approximately 4 tonnes of sa lt enters the 
Ec kert Creek/ Sp lash system every day. Sa linity influx is g rea test within Ec kert Widewaters due to the p roximity 
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to the ad jac ent g roundwater mound assoc ia ted with Berri Irriga tion Area (Wa llac e, 2012). High in-stream 
salinity could impact aquatic invertebrate communities (Kay et al, 2001) and nutrient processing.   

Wa llac e (2012) identified in-stream sa linity as a potentia l risk in management of floodp la in inunda tion. In 
add ition, DEWNR ec olog ists have highlighted rising sa linity levels in residua l pools as a potentia l p rob lem when 
conducting temporary partial drying of Eckert Anabranch system and The Splash.  

In-stream sa linity is an antic ipa ted risk during tempora ry pa rtia l d rying of The Sp lash and the Northern and 
Southern Arms of Ec kert Creek. There is a rea l possib ility tha t sa linity levels c ould sp ike in residua l pools during 
the d raw-down phase of management. Wa ter qua lity monitoring should be c onduc ted more frequently 
during this stage. This is pa rtic ula rly important during the first d rying phase, due to the high risk and unc erta inty 
of effec ts on sa linity levels. Weekly wa ter qua lity monitoring is rec ommended a t the eight c urrent monitoring 
sites a long The Sp lash and an add itiona l four sites will need to be loc a ted in eac h of Northern and Southern 
Arms of Ec kert Creek. When isola ted pools beg in to form, it may be nec essary to move subsampling within 
eac h site to the c losest rema ining pools. This will a llow wa ter qua lity monitoring to c ontinue until the site is 
almost dry.   

If wa ter qua lity monitoring identifies a sp ike in sa linity levels the c urrent intervention may be abandoned and 
the site flushed with freshwater to nega te this risk. If ec olog ic a l impac ts a re found rela ting to these 
interventions, a review of management ac tions should be c onduc ted through the adap tive management 
framework. If add itiona l resourc es a re ac quired , LTC Data Loggers will be p lac ed in-stream to c onstantly 
monitor salinity levels, during times when interventions are being employed.   

There is a potentia l risk tha t sa linity ac c umula tion during floodp la in inunda tion may flow bac k in-stream onc e 
wa ter levels beg in to rec ede. This hydrolog ic a l intervention will only be c onduc ted under high flows above 
entitlement (i.e. g rea ter than 10,000ML/ day), whic h will c rea te a d ilution fac tor to minimise the potentia l risk of 
in-stream sa linity. Sa linity risks assoc ia ted with this intervention a re likely to be identified during in-stream water 
quality monitoring.  

5.2.2 Disturbance of Sulphidic Material 
Ac id sulpha te soils a re those tha t c onta in sulphuric ac id or have the potentia l to c onta in sulphuric ac id on 
exposure to oxygen. Acid sulphate soils form naturally in small amounts when sulphate is converted to sulphide 
by bac teria . These sulphides reac t with meta ls to form sulphid ic materia ls in rivers or wetlands. If left 
und isturbed these materia ls pose little threa t to freshwater ec osystems. However, c hanges to the hydrolog ic a l 
reg ime tha t lead to d rying of rivers and wetlands suc h as d rought c an be left exposed to oxygen and 
transformed into sulphuric ac id . Rec ent stud ies have shown tha t sulphid ic materia ls a re more widespread 
throughout the Murray-Darling Basin than p reviously thought (Ha ll et a l., 2006). Inappropria te management of 
sites c onta ining sulphid ic materia ls has the potentia l to c ause serious long-term or irreversib le damage 
(Baldwin & Fraser, 2009).  

Add itiona l risks linked with ac id sulpha te soils inc lude (i) mob ilisa tion of meta ls, meta llo ids and non-meta ls, (ii) 
dec rease in oxygen in the wa ter c olumn when monosulphid ic materia ls a re mob ilised into the wa ter c olumn, 
and (iii) production of noxious gases.  

Ac id sulpha te soil ana lysis has been c onduc ted rec ently a t Ka tfish Reac h (Grea lish et a l, 2010), p rovid ing a 
baseline to assess future ac id sulpha te potentia l. The Sp lash and the Northern Arm of Ec kert Creek exhib ited 
the highest risk rating of sites analysed.    

The Sp lash exhib ited a med ium level of c onc ern for ac id ific a tion hazard . The da ta identified positive net 
ac id ity va lues in a ll p rofiles and pHperoxide va lues identified one surfac e sample with a va lue tha t is potentia l 
ac id ific a tion hazard due to oxid isa tion. De-oxygena tion was c onsidered a low level of c onc ern. There was 
a lso a med ium level of c onc ern for meta l mob ilisa tion as the med ium ac id ific a tion hazard ind ic a ted tha t soil 
acidification potential may increase the solubility of metals.   

Ec kert Northern Arm showed a med ium to high level of c onc ern for ac id ific a tion hazard . The da ta identified 
positive net ac id ity va lues in both p rofiles and pHperoxide va lues identified the surfac e sample from the p rofile in 
the wa ter had a va lue tha t is potentia l ac id ific a tion hazard due to oxid isa tion. There is a med ium to high level 
of c onc ern. De-oxygena tion was c onsidered a low level of c onc ern. Simila r to The Sp lash there was a lso a 
med ium level of c onc ern for meta l mob ilisa tion as the med ium to high ac id ific a tion hazard ind ic a tes tha t soil 
acidification potential may increase the solubility of metals.   
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No sites were analysed within Eckert Southern Arm, however similar results to those rec orded in Ec kert Northern 
Arm could be inferred.   

Based on the rec ommenda tions found in these initia l ana lyses rec ommenda tions, a Phase 2 investiga tion was 
undertaken for The Sp lash floodp la in to determine the na ture, severity and the spec ific risks assoc ia ted with 
acid sulphate soil materials.  

The low to modera te net ac id ities in the upper soils of The Sp lash floodp la in suggest tha t there is some 
potentia l for the wetland soils to ac id ify if d ried . However, the ageing pH tests c omp leted during the Phase 1 
study of this wetland (Grealish et al. 2010) showed that the pH decrease was limited, from pH 4.97 to 7.26, with 
a med ian of 6.12. The c ontaminant and meta llo id dynamic s tests for ac id ific a tion do not p rovide c onc lusive 
data on acidification potential, as the soils were saturated.   

The wetland is c lose to the river and permanently c onnec ted to the river a t its eastern end (Grea lish et a l, 
2010). The likelihood of d isturbanc e is therefore selec ted as likely as wa ter levels fluc tua te seasona lly. The 
consequences for soil ecology from acidification are not likely to be significant if the wetland is allowed to dry, 
due to the ma inly low net ac id ities in the sha llow soils. The results from the c ontaminant and meta llo id 
dynamic s tests suggest tha t an overa ll ra ting for c onsequenc e would be minor if oxida tion of the soils 
oc c urred . This p rovides a risk ra ting for soil ac id ific a tion of medium if the soils a re d ried . The smallest risk to 
surfac e wa ter ac id ific a tion would be where high flows were ava ilab le to both d ilute any loc a lly derived 
acidity and induce downwards transport of acidity in the soil profile where ANC is more abundant. In the case 
of The Sp lash floodp la in, ac id ific a tion of surfac e wa ter would potentia lly be minor, and therefore the risk to 
surface water acidification is therefore classed as medium (Grealish et al, 2010).   

Ac id sulpha te risk was c onsidered a severe risk for the tempora ry pa rtia l d rying intervention. During this 
intervention sec tions of The Sp lash as well as Ec kert Northern and Southern Arms will be pa rtia lly d rawn-down 
and c ould be a t risk of loc a lised ac id ific a tion. Monitoring for ac id sulpha te risk should be c onduc ted within 
these three loc a tions using a c ombina tion of the ac id sulpha te rap id assessment tec hnique and wa ter qua lity 
sampling a t selec ted sites. Monitoring methods for c onduc ting these field tec hniques a re outlined la ter in this 
monitoring p lan. Intensive monitoring will be pa rtic ula rly important for p rec autionary reasons during the first 
instance in which partial drying is conducted.   

To further mitiga te the potentia l for ac id sulpha te risk, the first pa rtia l d rying intervention will be c onduc ted 
during high flows. In this scenario, if acidification was identified, water would be available to refill and flush the 
effected areas. This will create a dilution factor that should negate any localised effects.   

5.2.3 Changes in Soil Sodicity 
Soil sod ic ity refers to the amount of sod ium c ontent in the soil. When exc ess sod ium c a tions a re p resent 
rela tive to other c a tions, suc h as magnesium and c a lc ium, these partic les a re d isp lac ed by the sod ium 
c a tions whic h form loose bonds with c lay pa rtic les. The d isp lac ed partic les a re then read ily leec hed from the 
soil p rofile and sod ium c a tions begin to ac c umula te. High sod ic ity c ontent c auses c lay partic les to swell 
greatly when wet, leading to problems with soil structure, infiltration of water and roots and an increase in salts 
and other minera ls toxic to p lants (Wa llac e, 2012). Although sod ic soils and sa linity a re simila r in tha t both 
rela te to sod ium c ontent in soils, they a re separa te issues. A soil may be sod ic without being sa line or may be 
both sodic and saline (Rangesamy et al, 2009).  

Changes in soil sod ic ity have been identified as a potentia l risk during managed inunda tions. Handheld 
sod ium ion meters c an be used to ac c ura tely measure the level of sod ium in the soil p rofile in the field (e.g . 
Horiba Cardy Sod ium Ion Meter C-122). The first managed inunda tion will be c onduc ted during a period of 
high flows to enable the site to be flushed with water if adverse conditions are encountered. 

5.2.4 Biochemical Characteristics of Environmental Water Allocation 
Charac teristic s of environmenta l wa ter a re la rgely dependant on the sourc e of a lloc a tion. This may inc lude 
fea tures suc h as food resourc es, p lant and inverteb ra te p ropagules d ispersed from upstream sites, inc reased 
c a rbon and nutrient c onc entra tions and other c hemic a l c ues resulting from inunda tion of floodp la in soils and 
p lant materia l, eggs and la rvae of fish and other organisms spawned a t upstream sites. Environmenta l wa ter 
allocated from upstream storages may be lacking in any number of these characteristics, which would restrict 
ecological outcomes.   

Wa ter transferred to a site as an Environmenta l Wa ter Alloc a tion (EWA) sourc ed from flood ing in the Darling 
River is p referred to wa ter sourc ed from storages in Lake Vic toria (Stuart and Mallen-Cooper, 2011). Turbidity in 
the Darling River c an be very high (>100 NTU), pa rtic ula rly under low flow c ond itions (Sherman et a l, 1998). 
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Flood ing in the Darling River c an lead to inc reased turb id ity in the Lower Murray. The growth potentia l of 
aquatic plants is greatly limited when exposed to high turbidity levels (Brookes et al, 2009).     

Biogeoc hemic a l c harac teristic s have been p roposed as an antic ipa ted risk during managed floodp la in 
inundation (Wallace et al, 2012). The sources of potential risk include:  

 
Opera tions a t low river flow (wa ter derived from storages) limit p roduc tivity ga ins as benefits from 
upstream flooding are not available; and 

 
Opera tions during periods of high turb id ity limit aqua tic mac rophytes and other p rimary p roduc tivity 
response.  

Assessment of c hanges in b iogeoc hemic a l c harac teristic s is d iffic ult to measure and will therefore not be 
examined as pa rt of this monitoring p lan. In add ition, the sourc es of water entering South Austra lia a re va ried . 
The effec ts of any one sourc e of wa ter tha t may be lac king in b ioc hemic a l c harac teristic s should be 
mitigated through the dilution with other sources before reaching South Australia and Katfish Reach.  

5.2.5 Deoxygenation and Blackwater Events 
Blac kwater events within the Murray-Darling Basin a re inva riab ly linked to inunda tion of forested floodp la ins, 
during either high flow events or floodp la in inunda tion (Whiteworth et a l, 2011). These events a re derived from 
high d issolved organic c a rbon (DOC), whic h da rkens the c olour of the wa ter c olumn. When darkened wa ter 
c olour is c omb ined with low d issolved oxygen levels this phenomena is referred to as hypoxic b lac kwater 
(Ba ldwin and Whitworth, 2009). DOC my bec ome toxic to fish and aqua tic organisms when exposed to high 
concentrations (e.g. >50mgDOC/L) (McMaster and Bond, 2008).   

Localised effects of deoxygenation and blackwater events were identified as a potential risk during managed 
inunda tion (Wallac e, 2012). While d issolved oxygen (DO) is measured during regula r wa ter qua lity sampling , 
low DO levels a re not nec essarily ind ic a tive of a b lac kwater event. In a reas where this may be a c onc ern 
during managed ind ic a tion samples should be c ollec ted and ana lysed for tota l organic c arbon (TOC) 
content. During monitoring if low DO is identified instream DO loggers may be deployed. 

5.2.6 Expansion of Invasive/Nuisance Plants 
Introduced and native species may both become invasive under altered hydrological regimes. Nicol (2007) 
conducted an assessment of pest plant species risk associated with the construction of the Chowilla 
environmental regulator. This assessment identified eight plant species presenting an extreme risk and a further 
fifteen posing a high risk of becoming invasive (Table 26). Invasive plants have the capacity to rapidly 
colonise new areas under favourable conditions. For example, Lippia (Phyla canescens) was identified as an 
extreme invasion risk by Nicol (2007) and Capon et al (2009) reported that germination may benefit from 
wetting and drying. The authors noted that a rapid draw down may deny water access to newly establishing 
tap roots of the plant and prevent rapid colonisation.   

The invasion risk of pest plant species has been identified as greatest during managed inundations. While 
some pest plant species may be identified during intervention and condition monitoring, additional 
monitoring will be required. Additional quadrats positioned in key areas, particularly those that will be 
affected by the managed inundation will be useful in monitoring the distribution and abundance of pest 
plant species. Although vegetation monitoring should identify pest plant invasion, the soil seed bank is the 
most likely source of recruitment. Nicol (2007) suggests that information on the distribution and abundance of 
pest plant seed bank can be gained by taking soil samples and either germinating or separating individual 
seeds from the soil. However, this process may be unfeasible due to the intensive resources required.  

5.3 Additional Hydrological Risks 
Wallace (2012) identified additional risks that ranked lower overall in both likelihood and consequence. Some 
of these additional risks are outlined in the table below (Table 11). These risks should be monitored if sufficient 
resources are available. Some of these risks, such as increases in carp populations will be covered during 
intervention and condition monitoring and will therefore not need additional monitoring.          
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Table 11: Work plan for risk monitoring 

Ecosystem Component Method Measured Indicators Frequency J F M A M J J A S O N D Responsibility 

High Ranking Hydrological Risks 

In-stream Salinity 
Water quality sampling, 
water quality data loggers 

Salinity, pH, dissolved oxygen, 
turbidity 

Monthly 

                        
DEWNR 

Disturbance of Sulfidic 
Material 

Lab analyses and/or 
difference in pH after 
oxidisation with peroxide 

Relative abundance of 
common carp 

Annual 

                        
DEWNR/SARDI 

Soil Sodicity Water quality sampling 
Relative abundance of 
native fish species 

Annual 

                        

DEWNR 

Biochemical characteristics 
of e-water allocation     

Event-based 

                          

Dissolved Oxygen/ 
Blackwater 

Water quality sampling Dissolved oxygen 
Weekly - 
during 

inundation 

                        

DEWNR 

Expansion of 
Invasive/Nuisance plants 

Record presence of pest 
plant species 

Relative abundance Annual                 

        

DEWNR 

Additional Hydrological Risks 

Carp Management 
Electrofishing and fyke 
netting 

Relative abundance of 
common carp 

Annual 

                        

DEWNR/SARDI 

Fringe Degradation/ erosion Photopoints 
Bank scouring, undercutting 
and slump 

Annual 

                        

DEWNR 

Emergent Vegetation Aerial photography 
Extent/distribution of Typha 
and Phragmites 

3-5 yrs 

                        

Contractor 

Soil Moisture and Salinity 
Soil moisture sensors and 
water quality sampling 

Bank scouring, undercutting 
and slump 

Annual 

                        

DEWNR 

Macrophytes van Veen grab 
Species diversity and relative 
abundance 

Annual       

                  

Contractor 

Algal blooms Algal counts Abundance of algal species 
Weekly - 
during 

inundation 

                        

DEWNR/ 
Contractor 
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Macroinvertebrates 
Aquatic emergence traps, 
kick-sampling and/or 
benthic grabs 

Species diversity, relative 
abundance and community 
structure 

Annual 

                        
Contractor 
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5.10 Trigger Values 
The trigger va lues for a range of risk pa rameters a re outlined below. These trigger va lues a re designed to 
identify va lues whic h, if exc eeded , may pose a nega tive impac t on the ec osystem. If this oc c urs, 
management should be p rompted to investiga te the situa tion and determine if further ac tion is required to 
mitiga te any unac c ep tab le level of risk. For risk pa rameters not listed under these trigger va lues the DEWNR 
Wetland Ec olog ist should use best judgement when ana lysing monitoring da ta to identify potentia l risks. If 
potentia l risks a re identified , pa rtic ula rly during interventions, an adap tive management p roc ess should follow 
to remedy the situation.  

5.10.1 Long-lived Vegetation 
River Red Gums and Blac k Box bec ome stressed when exposed to high sa linity levels. Blac k Box has a 
higher toleranc e of sa linity than River Red Gums, where tree hea lth dec lines a fter groundwater 
conductivity exceeds 55,000 S/ c m. These trees rely on period ic flood ing to improve soil water availability. 
Responses to flood ing (new growth) a re typ ic a lly due to inc reased soil moisture in the upper soil p rofile 
and not necessarily a change in salinity in the deeper profile (Overton and Doody, 2008). 

5.10.2 Murray Hardyhead 
The Murray Hardyhead is rela tively tolerant of eleva ted sa linity levels and in South Austra lia is known to 
persist in hab ita ts with sa linity between 300 and 33,000 S/ c m in South Austra lia (Suitor, 2012) and even 
higher levels in wa terbod ies in Vic toria (Wedderburn et a l. 2007; Stoessel 2012). Altera tion of hyd rolog ic a l 
reg imes p resents the risk of fluc tua ting sa linity levels, pa rtic ula rly when d rying wa terbod ies. This risk should 
be monitored to ensure impac ts of fluc tua ting and / or dangerously high sa linity levels a re avoided . 
Monitoring for populations of Murray Hardyhead will be conducted as outlined in the condition monitoring 
section of this report. 

5.10.3 Water Quality 
Water qua lity pa rameters a re important ind ic a tors of environmenta l c ond ition. In pa rtic ula r, sa linity, pH, 
turb id ity and d issolved oxygen have a g rea t effec t on b iolog ic a l d iversity in freshwater ec osystems as 
outlined in Table 12. Trigger levels for surfac e wa ter qua lity pa rameters a re g iven in ANZECC (2000) 
Austra lian Guidelines for Water Qua lity Monitoring and Reporting . The following default trigger levels a re 
based on those recommended for lowland rivers and wetlands in South Australia (ANZECC, 2000).   

Table 12: Trigger values of a range of ecosystem components 
Trigger Level 

Risk Parameter 
Ecosystem 

Components Upper Lower 
Comments 

River Red Gums 30,000     

Salinity (µS/cm) 

Black Box 55,000     

Salinity (µS/cm) 
Murray 

Hardyhead 
33,000 300 

Can tolerate higher salinities but not optimal for 
healthy breeding populations (Ellis et al, 2005) 

Water Quality - 
Lowland River 

5,000 100 
Salinity can vary considerably dependant on flow 
characteristics 

Salinity (µS/cm) 
Water Quality - 

Wetland 
1,000 300 

Saline groundwater intrusion and evaporation 
may cause substantially higher salinity levels 

pH 
Water Quality - 
Lowland River 

9.0 6.5   

Water Quality - 
Lowland River 

50 1 
Highly variable, dependant on seasonal rainfall 
run-off 

Turbidity (NTU) 
Water Quality - 

Wetland 
100 1 

Can naturally have higher turbidity due to wind 
induced re-suspension of sediments 

Dissolved 
Oxygen (mg/L) 

Water Quality - 
Lowland River 

no 
data 

90   

 

Monthly wa ter qua lity surveys will be c onduc ted annua lly as sta ted in the c ond ition monitoring sec tion. 
Hydrolog ic a l pa rameters should be ana lysed a fter eac h sampling oc c asion and any abnormal results should 
be identified . Partic ula r a ttention should be pa id to sa linity levels during the d rying phase of any hydrological 
interventions. For example, if the DEWNR Wetland Ec olog ist deems tha t sa linity levels a re bec oming too high 
and could have negative impacts on biodiversity then the current intervention should be abandoned.  
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Remote wa ter qua lity da ta loggers a re ab le to c onstantly monitor known Murray Hardyhead sites. Three 
Solinst LTC (level, tempera ture and c onduc tivity) Levelogger and one Optic a l Dissolved Oxygen Sensor will be 
used to monitor these hydrolog ic a l pa rameters. To effec tively c a lib ra te these devic es a Barrologger is a lso 
required whic h measures barometric p ressure within the wa ter. Da ta is c ollec ted in the field and downloaded 
to a lap top c omputer or a PDA. Da ta should be c ollec ted eac h month to p rovide a c onstant upda te on 
hydrological parameters at Murray Hardyhead sites.    

5.10.4 Groundwater 
Pre-intervention monitoring , pa rtic ula rly regard ing wa ter qua lity should be c onduc ted to detec t any sa linity 
risks. This is partic ula rly important for interventions where there exists a wetting and d rying c yc le. To monitor 
this, g round wa ter loggers for measuring sa linity c ould be p lac ed in the Northern and Southern arms of Ec kert 
Creek. If salinity starts to rise as a result of management actions then the intervention may be abandoned and 
the system filled again with freshwater.    

The Pike and Ka tfish Reac h Sa linity Impac t Assessment Expert Panel a re c onduc ting a sa linity risk impac t 
assessment. On c ompletion, this will guide the nec essity for add itiona l groundwater monitoring sites to identify 
salinity issues.    
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6. Compliance Monitoring 

6.1 Summary 
Complianc e monitoring provides an important c hec k of whether hydrolog ic a l interventions have been 
c a rried out as p lanned . Complianc e monitoring is restric ted ma inly to event-based situa tions suc h as 
managed hydrological flows into wetlands and keeping a detailed account of all processes.   

Specifically, compliance monitoring at Katfish Reach (Table 13) will aim to:  

 
Ensure works and measures a re being imp lemented as outlined in the Ka tfish Reac h Opera ting 
Strategy; 

 

Account for environmental water used at Katfish Reach; and 

 

To maintain a detailed record of all operations conducted at the site.  

Table 13: Compliance monitoring at Katfish Reach 
Category Measure Method 

River Red Gum & Cooba 
Determine flood frequency from dates of fill to fill. Determine 
flood extent using Flood Inundation Model (FIM) and Digital 
Terrain Model (DTM).  

Black Box 
Using existing vegetation maps determine area and 
proportion of each vegetation class inundated. 

Frequency 
and extent 
of flooding 

Lignum & Open plain   

River Red Gum & Cooba 

Black Box 
Duration of 
flooding 

Lignum & Open plain  

Record length of inundation (number of days) from input until 
release of water. 

Record water level height (m AHD) from water gauges 
Depth of water   

Water levels 

Rate of rise or fall (mm/day) Record the rate of rise or fall using data loggers 

Record pump water meter 
Water use from pumping   

Flow rated structures and water levels 
Water use  

Water use from non-
pumping   

Flood 
inundation 

Frequency & duration of 
particular events 

Record length of particular event (e.g., dry period). Keep 
record of frequency over years. 

Flood 
inundation 

Frequency and duration of 
flooding (Ngak Indau) 

Determine flood frequency from dates of fill to fill. Record 
length of inundation (number of days) from input until wetland 
dry. 

Flood 
inundation 

Frequency and duration of 
flooding (Identified 
wetlands) 

Determine flood frequency from dates of fill to fill. Record 
length of inundation (number of days) from input until wetland 
dry. 

Record ML/day from flood gauges. 
Water flows Volume (ML/day) 

Use DTM to determine amount used. 

Fish 
passage 

Number of barriers to flow 
and number of fish 
passages 

Record annually number of barriers to flow and number of fish 
passages. 
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7. Long-lived Vegetation  River Red Gum and Black Box 

7.1 River Red Gums 
RRG are reliant on three ma in sourc es of wa ter for surviva l; flood ing , groundwater and ra inwater. RRG require 
ac c ess to groundwater stores during extended d ry periods a lac k of whic h results in lea f shedd ing to reduc e 
canopy water use (Roberts and Marston, 2000). Previous studies on Chowilla Floodplain have shown a reliance 
on groundwater, pa rtic ula rly for trees a t a g rea ter d istanc e from waterbod ies (Thorburn and Wa lker, 1994). In 
addition, studies have found that even if groundwater is saline, trees occurring near fresh permanently flowing 
anabranc hes would still c onsume a portion of g roundwater (Thorburn et a l, 1994). Genera lly, RRGs a re 
somewhat flexib le and opportunistic when it c omes to wa ter use.  

While not tota lly reliant on flood ing , it is c onsidered to be an important fac tor in the overa ll c ond ition of RRGs 
and appropria te flood ing reg imes c an stimula te rep roduc tion and rec ruitment (Roberts and Marston, 2000). 
RRGs reta in their seeds in a c anopy seedbank and release them c ontinuously in a light ra in, peaking during 
summer Jensen et a l, 2008). Seeds c an be held in the c anopy for up to two years (Jensen et a l, 2008). 
Flowering oc c urs mainly in la te sp ring to early summer with a variab le peak seed fa ll influenc ed by tree hea lth 
and seasona l c ond itions (Table 14Table ) (Jensen et a l, 2008). Previous stud ies have shown tha t conditions 
experienc ed 12 months p rior determine the phenology of RRGs (Jensen et a l, 2007). Flood timing a lso 
influences the success of seed germination with ideal conditions consisting of spring or summer floods followed 
by a summer rec ession of wa ter levels (Roberts and Marston, 2000). Cond itions following germina tion are a lso 
important and there may be high seedling mortality if heat or water stress is experienced.   

Table 14: Timing of flowering and peak season seed falls for River Red Gums 
Time of flowering Timing of seed fall Source 

November  January - Roberts and Marston (2000) 

November - January September - November Dexter (1967, 1978) cited in George (2004) 

December November; April-May George (2004) 

- November - February Jensen et al. (2008) 

mainly December 

 (biennial cycle) 

December - February Jensen et al. (2007) 

7.2 Black Box 
Blac k Box is found on low-lying , outer floodp la in a reas growing in monospec ific stands or often c o-occurring 
with Euc a lyp tus c ama ldulensis or sometimes Ac ac ia stenophylla (Cunningham et a l, 2002, Souter et a l, 2009). 
Blac k box a re ab le to withstand periods of both flood ing and d rought, however, in c ontrast to River Red 
Gums, they a re more tolerant of d rought and less tolerant of flood ing (Roberts and Marston, 2000). Blac k Box 
trees a re ab le to utilise both soil wa ter and deep groundwater, even when wa ter bec omes sa line (Roberts 
and Marston, 2000).       

Table 15: Timing of flowering and peak season seed fall for Black Box 
Timing of flowering Timing of seed fall  Source 

August  January February - April Boland et al. (1981) cited in George 
(2004) 

May - October - Roberts and Marston (2000) 

July  January March George (2004) 

- October  March Jensen et al. (2008) 

All months except Feb, Mar October - March Jensen et al. (2007) 

 

In the lower River Murray, a ltera tion of hyd rolog ic a l reg imes and inc reases in groundwater sa linity has c aused 
a dec line in tree hea lth (MDBC, 2006). Rec ruitment has a lso dec lined as a result of reduc ed seed p roduc tion 
from stressed trees (Jensen et a l, 2008), with c urrent ra tes insuffic ient to ma inta in c urrent popula tions with high 
adult morta lity (George et a l, 2005). On the Chowilla floodp la in, ana lysis of historic a l flow reg imes estab lished 
tha t the na tura l flood frequenc y was between 1:2 and 1:5 with dura tion of 2-4 months (Sharley and Huggan, 
1995; Roberts and Marston, 2000). This equates to a three-fold reduction in flood frequency (Jolly, 1996).   

The appropria te hydrolog ic a l reg ime required for the persistenc e of Blac k Box c ond ition varies ac c ord ing to 
ava ilab ility of g roundwater and ra infa ll, w ith flood ing bec oming inc reasing ly important in semi-a rid a reas 
(Souter et a l, 2009). Jensen et a l (2008) suggests tha t Blac k Box c an persist for extensive periods (up to 10 
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years) in the absence of flooding. In the lower Murray, signs of stress become evident after a period of about 4 
years without flood or rain to reset the soil moisture (Souter et al, 2009).   

7.3 Monitoring Methods 

7.3.1 Tree Condition Transects 
The design of this methodology a ims to report on the c ond ition of long-lived vegeta tion; River Red Gum 
and Blac k Box. The tec hnique p rovides an ind ic a tion of the c ond ition c lass of a number of trees within a 
pa rtic ula r vegeta tion type or landsc ape position. The methodology outlines the p roc edures for estima ting 
two measures of c ond ition (c rown extent and density) and four add itiona l ind ic a tors of response (new tip 
g rowth, ep ic ormic g rowth, lea f d ie-off and extent of ba rk c rac king). The methodology follows the proc ess 
outlined by Souter et al (2009), which should be referred to for more detail.   

Surveying should c ontinue a t existing monitoring sites a t Ka tfish Reac h to p rovide long-term trends in tree 
condition. Add itiona l sites may be inc luded to ac c ount for va rying vegeta tion types (e.g . forest, 
woodland) and geographic variations (e.g. creeklines, floodplain, wetland etc).  

At eac h monitoring site, 30 live trees with a DBH grea ter than 30c m are selec ted a t random. Eac h tree is 
permanently marked using a p lastic c a ttle tag and g iven a unique ID number so tha t the same trees c an 
be monitored c ontinua lly to assess c ond ition trends. Selec ted trees should be rep resenta tive of the size 
d istribution and range of the site. Photopoints should a lso be taken a t eac h site to p rovide an 
observa tiona l rec ord of tempora l c hanges. Aga in, photopoints need to be permanently marked and 
should be representa tive of the site. Photos should be taken a t the same time eac h day to minimise 
variation in light.  

7.3.2 Crown Extent and Density 
Firstly, the Assessab le Crown is defined as the a rea whic h is/ was supported by a ll existing b ranc hes on 
the tree and inc ludes both live and dead b ranc hes. The assessment of both c rown extent and density 
uses perc entage c a tegory sc ores, however it is suggested tha t observers a lso inc lude an ac tua l estima te 
of c rown extent and density as these sc a les may be rec a tegorised in the future. This will a llow for 
retrospec tive c omparison of long-term c ollec ted data. The same experienc ed observer should perform 
tree health assessments as estimations can be subjective and this would provide temporal consistency.  

Crown extent is rec orded as the perc entage of the assessab le c rown, whic h has live (g reen) leaves. This 
inc ludes branc hes with ep ic ormic g rowth or where leaves a re p resent a t the base of the b ranc h but 
absent from the tip . Observers should rec ord the level of c rown extent based on the c a tegory sc ores 
outlined in Table 16 while also included an estimated percentage.   

Crown density is assessed as the amount of skylight b loc ked by portions of the c rown c onta ining live 
leaves i.e. the more leaves held by the c rown the grea ter the density will be. Only live leaves should be 
used when assessing this a ttribute. Crown density is measured using the c a tegory sc ores outlined in Table 
16. Observers should also record an estimated percentage of crown density.    

Table 16: Category scores to measure crown extent and density (Souter et al, 2009) 

Score Description 
Percentage of assessable 
crown holding leaves 

0 None 0 % 

1 Minimal 1-10 % 

2 Sparse 11-20 % 

3 Sparse - Medium 21-40 % 

4 Medium 40-60 % 

5 Medium - Major 61-80 % 

6 Major 81-90 % 

7 Maximum 91-100 % 

 

7.3.3 Epicormic Growth 
Ep ic ormic g rowth is any new growth from the main trunk or ma jor supporting branc hes and ind ic a tes tha t 
environmenta l c ond itions are suitab le for tree growth. Observers should examine the main trunk and 
ma jor supporting branc hes for evidenc e of ep ic ormic g rowth and rec ord the extent of g rowth over the 
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entire assessab le c rown using the c a tegory sc ores outlined in Table 17. It is important to note tha t this 
assessment records the presence and abundance of live epicormic shoots only. Second year growth may 
a lso be c onsidered for this assessment if the base of the shoots a re g rea ter than 3c m in d iameter. When a 
tree has lost a ll of its leaves due to stress, ep ic ormic g rowth may c omprise the entire assessab le c rown 
and should be noted.    

7.3.4 New Tip Growth 
New tip g rowth is defined as any new shoots from b ranc h tips only and d iffers from ep ic ormic g rowth. This 
a ttribute a lso c onstitutes an ind ic a tor of favourab le environmenta l c ond itions for tree growth. The leaves 
of new tip g rowth a re usua lly a yellow/ green c olour in c ontrast to the da rk green c olour of older leaves. 
The extent of new tip g rowth over the entire assessab le c rown should be assessed using the c a tegory 
scores outlined in Table 17.   

Table 17: Category scores used to measure epicormic, new tip growth and leaf die-off (Souter 
et al, 2009) 

Score Description Definition 

0 Absent Effect is not visible 

1 Scarce Effect is present within the assessable crown but not readily visible 

2 Common Effect is clearly visible throughout the assessable crown 

3 Abundant Effect dominates the appearance of the assessable crown 

7.3.5 Leaf Die-Off 
Lea f d ie-off is defined as the amount of dead leaves of the tree and is a sign of poor environmenta l 
c ond itions unsuitab le for tree growth. The observer examines the tree for any signs of lea f d ie-off and uses 
the c a tegory sc ores outlined in Table 17 to estima te the extent of dead and partia lly dead leaves over 
the entire assessab le c rown. If trees a re p lac ed under stress for p rolonged periods, ba rk c rac king will sta rt 
to occur and eventually lead to the death of the tree. 

7.3.6 Bark Cracking 
The p resenc e of ba rk c rac king is a sign of poor environmenta l c ond itions. Bark c rac king is only rec orded if 
the c rac k goes into the sapwood regard less of whether or not it has been repa ired by sap . The observer 
examines the ma in stem(s) and lower b ranc hes of the tree to assess the extent of ba rk c rac king using the 
category scores outlined in (Table 18). Shallow cracks associated with growth under normal conditions are 
not included in this assessment.   

The extent of ba rk c rac king is usua lly assoc ia ted with the level of lea f-die-off, with trees under stress 
exhib iting extensive ba rk c rac king and the loss of foliage. Trees with only slight to modera te ba rk c rac king 
may recover if environmental conditions improve.   

The assessment of ba rk c rac king is mostly app lic ab le to River Red Gums, as when Blac k Box begins to 
show signs of bark cracking the trees are usually beyond the capacity to recover.   

Table 18: Assessment scores to measure extent of bark cracking 
Score Description 

0 Intact bark 

1 Minor Cracking i.e. cracks limited in number and bark still held in place 

2 Moderate cracking i.e. numerous cracks but bark still held in place 

3 
Extensive cracking i.e. numerous deep cracks which are lifting the bark off the 
sapwood 

4 No bark (long term dead) 

  

7.3.7 Measured Indicators 

 

Overall tree condition 

7.3.8 Timing of Surveys 
Tree hea lth surveys should be c onduc ted b i-annua lly, in sp ring and aga in in la te summer/ ea rly autumn. 
Monitoring in sp ring a llows tree hea lth assessment to be made in peak flowering period and monitoring in 
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February/ Marc h will permit identific a tion of signs of stress p rior to winter, in whic h c ase environmenta l 
wa tering may be required . This monitoring design will a llow the most ac c ura te assessment of tree hea lth 
across seasons and years.  

7.3.9 Data Analysis 
Changes in c ond ition between years may be ana lysed a t the assessment site level using mean c ond ition 
sc ores (e.g . c rown extent and c rown density) The Wilc oxon signed rank test has been p roposed to test for 
a d ifferenc e ( =0.05) between pa ired samples of 30 trees (Henderson et a l, 2009). Log linear models may 
also be used to assess the condition scores of long-lived vegetation for temporal changes.  

Ana lysis of Simila rity (ANOSIM) may be c onduc ted to p rovide a pa ir-wise c omparison of tree c ond ition 
between monitoring sites using all condition variables measured.  
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8. Vegetation Condition - Remote Sensing 
Remote sensing uses instruments mounted on sa tellites or in p lanes to p roduc e images of the Earth's surfac e 
(Jensen 2007), and these images show partic ula r fea tures of the landsc ape tha t reflec t light d ifferently in 
d ifferent wavelengths. Monitoring of tree c ond ition has trad itiona lly relied on ground surveys. Remote sensing 
tec hnology offers tools to map and eva lua te restora tion efforts and vegeta tion c ond ition in a non-invasive, 
cost-effec tive manner (Xiao and Mc Pherson 2005, Tuxen et a l. 2008). The Ka tfish Reac h projec t p lans to use 
this tec hnology to assess tree c ond ition a t a landsc ape sc a le. Remote sensing will be pa rtic ula rly useful for 
assessing tree c ond ition in a reas where ground surveys a re not undertaken (i.e., Ka ta rapko Island), and c an 
be used in c onjunc tion with g round surveys to estima te stand c ond ition ac ross la rge a reas (see Cunningham 
et a l. 2007b). Remote sensing images a lso c ould be used to determine c hanges in the extent of sand dunes 
over time. 

8.1 Monitoring Methods 
For monitoring tree c ond ition, a irborne images a re c onsidered to be more c ost effec tive and provide grea ter 
spa tia l resolution than sa tellite imagery (Mc Carthy et a l. 2006). Aeria l imagery c an be ob ta ined by 
c ontrac ting an imagery servic e to c ap ture the required da ta . The following information is based on 
d isc ussions with Aerometrex Pty Ltd (South Austra lia ), who have p reviously been c ontrac ted to p rovide aeria l 
imagery for Hattah Lakes and Lindsay-Walpolla Island (Scholz et al. 2007).  

Current tec hnology c an p roduc e d ig ita l orthophotography a t va rious resolutions, the 0.25 m resolution being 
most appropria te for the needs of the Ka tfish Reac h p rojec t (D. Ra lph pers. c omm.). Imagery in na tura l c olour 
and rad iometric a lly ba lanc ed for seamless jo ins c an be supp lied as 8-b it 4-band (RGB and near-infrared) 
orthophotography in tiles. These images a re used to monitor landsc ape c hanges. Change detec tion p rovides 
measurements of inc rementa l c hanges tha t c an be used for benc hmark or ta rget purposes, and c an 
effectively track changes in boundaries between different vegetation types or soils.   

Normalized Differenc e Vegeta tion Index (NDVI) is the most c ommonly used vegeta tion index used for 
interp reting spa tia l and tempora l d ifferenc es between vegeta tion types, and between vegeta tion and other 
surfac es (Maselli 2004, Xiao and Mc Pherson 2005). NDVI is c a lc ula ted from the reflec ted sola r rad ia tion in the 
near-infra red and red wavelengths of the elec tromagnetic spec trum, and va lues vary with absorp tion of red 
light by p lant c hlorophyll and the reflec tion of infra red rad ia tion by wa ter-filled lea f c ells. For example, 
c hlorophyll strong ly absorbs visib le light for use in photosynthesis, and the c ell struc ture of the leaves strong ly 
reflec ts near-infra red light. Consequently, hea lthy vegeta tion has a higher NDVI va lue than unhea lthy 
vegetation. In addition, the spectral reflectance of vegetation will differ substantially to those for bac kground 
material (i.e. water and soil).  

NDVI is calculated for each image using the formula:   

NDVI = (NIR  Red)/(Near IR + Red)  

NDVI ana lysis is performed for selec ted image tiles (i.e, 2 km x 2 km a rea), so there will need to be an 
assessment of the areas to be analysed at Katfish Reach. Analysis involves placing a grid of sample areas over 
the NDVI images and determining threshold va lues for p ixels within a defined sample a rea . Vegeta tion 
c ond ition c an be c lassified based on determined threshold va lue ranges. Change-in-NDVI vegeta tion c over 
images between time periods require more c omplex a lgorithms tha t c orrec t for d ifferenc e in tree lean-over 
between images (Sc holz et a l. 2007). A p ilot study is rec ommended to determine the op tima l tec hniques to 
assess specific vegetation attributes. 

8.1.1 Timing of Surveys 
Remote sensing of vegetation should be conducted every 5 years. 

8.1.2 Measured Indicators 

 

Temporal change in NDVI value  stand condition 
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9. Lignum 
Lignum is an important ec osystem c omponent, p rovid ing struc tura l hab ita t for terrestria l anima ls during d ry 
periods and aqua tic spec ies (e.g . fish and inverteb ra tes) during times of flood (Young, 2001). When 
completely inunda ted , these a reas a lso p rovide c olonia l nesting b irds, suc h as the Straw-nec ked Ib is 
(Threskiornis sp inic ollis) and Glossy Ib is (Plegad is fa lc inellus) with important b reed ing hab ita t (Maher and 
Braithwaite, 1992).   

Little is known about the hydrolog ic a l requirements of Lignum (Jensen et al, 2006), however, Craig et al, (1991) 
suggested a flood ing frequenc y between 3-10 years is required to susta in p lant hea lth. Lignum is highly 
to lerant of flood ing and modera tely tolerant of sa linity c ompared with other c o-oc c urring floodp la in spec ies; 
however Lignum is still intolerant of sustained periods of either drought or flooding (Craig et al, 1991).    

9.1 Monitoring Methods 

9.1.1 Lignum Condition Index 
Lignum c ond ition is strong ly c orrela ted with high levels of soil moisture and organic matter (Cra ig et a l, 
1991) and therefore will be highly influenc ed by hydrolog ic a l reg imes. Lignum is highly responsive to 
c hanges in hydrolog ic a l reg imes, ab le to withstand extended d ry periods by dec reasing aboveground 
vigour and then c apab le of p roduc ing new growth in the form of shoots, leaves and flowers within a 
period of 2 weeks following rain or flood.  

The following p lant c ond ition methodology is based on Sc holtz et a l, (2007), whic h uses two c a tegoric a l 
ra ting sc a les to determine aboveground p lant vigour (Table 19). The sc a les a re used to desc ribe both the 
viab ility and c olour of visib le p lant b iomass to p roduc e the Lignum Cond ition Index (LCI). The Southga te 
Greenness Index was formerly used to assess Lignum c ond ition and there a re c urrently no reports of 
compatibility between the two techniques (Wallace et al, 2009).   

Table 19: Lignum Condition Index (LCI) scores for both viability and colour   
Viability   Colour 

Score % Viable Score Colour of viable crown 

6 > 95 6 All green 

5 75 < x  95 5 Mainly green 

4 50 < x  75 4 Predominantly green 

3 25 < x  50 3 Half green, half yellow/brown 

2 5 < x  25 2 Mainly yellow/brown 

1 0 < x  5 1 All yellow/brown 

0 0% 0 No viable stems 

 

Sites should be selec ted to ac c ommodate; (i) maximum spa tia l c overage and (ii) enc ompass eleva tiona l 
distribution of lignum communities at the floodplain scale. At each site four transects are established each 
being a t least 500m apart. Ten Lignum p lants a re randomly selec ted a long eac h transec t (i.e. 40 
ind ividua l p lants in tota l). This is c onsistent with other surveys suc h as those c onduc ted a t Lindsay-Mulcra-
Wallpolla, which measure 30 plants at each site. 

9.1.2 Measured Indicators 

 

Overall Lignum Condition (LCI) 

9.1.3 Timing of Surveys 
Lignum c ond ition surveys should be c onduc ted in summer on an annua l basis. The timing of these surveys 
is designed to immediately follow peak flow periods. 

9.1.4 Data Analysis 
Changes in LCI sc ores of viab ility and c olour c ounts c an be ana lysed using repea ted measures ANOVA; 
where either COLOUR or VIABILITY is tested aga inst eac h c ombina tion of the fac tor levels SITE and YEAR 
(see Wallace et al, 2009).  
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10. Emergent Vegetation  
Native emergent vegeta tion spec ies may bec ome pest p lants under a ltered hydrolog ic a l reg imes, for 
example Typha spp. and Phragmite australis.  

10.1 Typha 
Typha is dominant in wa ter reg imes involving wet sp ring-summer periods or one tha t is stab le during the 
autumn-winter ea rly g rowing period (Roberts and Marston, 2000). Typha is ab le to out-c ompete other 
emergent mac rophytes, suc h as Phragmites spp ., in hydrolog ic a l reg imes producing stab le wa ter levels 
(Roberts and Marston, 2000). This is apparent in the Murray-Darling Basing where the c onstruc tion of weir pools 
have resulted in eleva ted stab le wa ter levels (Mc Carthy et a l, 2004). The ec olog ic a l and b iolog ic a l 
c harac teristic s of Typha a llow it to rap id ly c olonise and expand into wetland and ripa rian zones (Roberts and 
Marston, 2000). Here it usua lly forms dense mono-spec ific stands, exc lud ing many other na tive p lant spec ies, 
d isrup t fish movements and dec rease the hydraulic c apac ity of floodp la in c hannels and flood runners 
(Froend and McComb, 1994; Roberts and Marston, 2000). However, Typha does have an important ecological 
func tion, p rovid ing hab ita t for b irds suc h as reed warb ler, c rakes and ra ils (Roberts and Marston, 2000). For this 
reason, increasing abundance and extent of Typha is considered a threat to aquatic ecosystems.   

10.2 Phragmites 
Simila r to Typha , the spec ies p rovides an important ec olog ic a l func tion as hab ita t for wa terb irds and other 
b iota . However, the p lant c an form impenetrab le reed-beds under favourab le c ond itions, out-competing 
other na tive spec ies (Cunningham et a l, 1992). Roberts and Marston (2000) suggest tha t Phragmites australis 
poses a very low invasion risk, as it requires high soil moisture year round.   

10.3 Monitoring Methods  

10.3.1 Distribution and Extent 
The following methodology is based on p roc edures outlined by Henderson et a l, (2008) and should be 
referred to for add itiona l deta il. The extent and d istribution of emergent vegeta tion stands should be 
measured as pa rt of the c ond ition monitoring to assess the impac t on mac rophyte d iversity and 
environmenta l flows. Surveys should be c onduc ted a long primary anabranc h c hannels, ma jor wetlands 
and ad jac ent River Murray, whic h are rep resenta tive of the Ka tfish Reac h system. Sites should be spac ed 
a suitab le d istanc e apart to p rovide adequa te spa tia l c overage of the reserve. The loc a tion of eac h 
emergent vegeta tion stand should be rec orded using a GPS (GDA 94 da tum). It should a lso be noted 
where Typha stands extend ac ross the entire wid th of the watercourse. Depend ing on the size of the 
Typha stand, one of the following methods should be used to measure coverage:  

 

Tape measure (if < ~5m); 

 

Using a laser rangefinder; and 

 

Using a GPS to mark sta rt and end points of very la rge stands. Distanc e c an then be c a lc ula ted 
using GIS software.  

10.3.2 Aerial photography 
At eac h site the extent of emergent vegeta tion stands c ould be determined from aeria l photography. 
Comparisons between years will assess for inc reases in emergent vegeta tion d istribution. High resolution 
colour photos taken from a p lane (see remote sensing sec tion) would be useful for determining whether 
signific ant expansion or c ontrac tion of emergent vegeta tion stands oc c urs over time. Typha spec ies in 
pa rtic ula r a re read ily identified from aeria l photography due to their d istinc tive texture and c oloura tion. 
However, aeria l photography is not suitab le for a reas where trees overhang emergent vegeta tion 
(Roberts, 2005), so a d ifferent monitoring tec hnique will need to be used for these a reas if they a re 
considered significant. In these areas field assessments of the location and extent of emergent vegetation 
stands would be required using the methods outlined above.  

10.3.3 Measured Indicators  

 

Distribution and extent 

 

Aerial photography of emergent vegetation stands  

10.3.4 Timing of Surveys 
Surveys should be conducted in summer every 3 to 5 years.  

10.3.5 Data Analysis 
Perc ent c overage of emergent vegeta tion stands ac ross the site is c a lc ula ted for eac h survey year to 
spec ies level where possib le. The tota l leng th of stand is d ivided by two times the tota l reac h length (to 
ac c ount for both sides of the bank) with the resulting figure c onverted to a perc entage. These 
perc entages c an be c ompared for eac h survey year to determine whether emergent vegeta tion extent 
is increasing, decreasing or stable. 
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11. Floodplain Understorey Plant Species 
The understorey p lant assemblages of floodp la ins a re strong ly influenc ed by hydrology (Roberts and Marston 
2000), and any c hanges to the flow reg ime a re likely to signific antly impac t these assemblages. These 
c hanges a re likely to influenc e ec osystem func tions during wetting and d rying c yc les (e.g ., soil c ond ition, 
nutrient c yc ling and the provision of food and hab ita t resourc es). Many aqua tic and terrestria l fauna utilise 
the floodplain understorey for shelter, feeding and breeding.   

Plant c ommunities of Ka tfish Reac h show many simila rities to those found on the Chowilla Floodp la in Ic on site, 
so muc h of our knowledge of this p lant assemblage is based on work c a rried out there. Prior to regula tion of 
the River Murray, floodp la in hab ita ts ac ross Chowilla a re thought to have been domina ted by grasses and 
floodp la in herbs (Weedon et a l. 2007). These areas now show a p redominanc e of spec ies from the 
Chenopod iac eae (e.g ., Atriplex spec ies and Sclerolaena brachyptera) typ ic a l of semi-arid vegeta tion in this 
pa rt of South Austra lia . In add ition, sa linisa tion of soil in rec ent years has tended to favour more sa lt tolerant 
p lant spec ies over g rasses and floodp la in herbs (Weedon et a l. 2007). On the Chowilla Floodp la in Ic on site, 
salt tolerant plant species are more likely to be encountered at rarely flooded sites (Weedon et al. 2007).   

The rela tive abundanc e of p lants from d ifferent c a tegories (e.g . flood responder, sa lt to lerant, flood-
intolerant) c an be used to assess c hanges in the floodp la in understorey c ommunity (see Siebentritt et al. 2004, 
Weedon et a l. 2007). In a survey of the understorey p lant c ommunity on Chowilla floodp la in, sites were 
c harac terised into five vegeta tion groups and then Ind ic a tor Spec ies Ana lysis (Dufrene and Legendre 1997) 
used to identify the rep resenta tive spec ies for eac h vegeta tion group (Weedon et a l. 2007). In 2006 flood 
responder taxa tha t typ ic a lly estab lish in response to flood events inc luded Alternanthera dentic ula ta , 
Cyperus gymnoc aulos, Eragrostis australasica, Euphorb ia d rummondii, Glinus lotoides, *Heliotropium 
europaeum and Sporobolus mitchellii (* exotic species). The vegetation survey was repeated in February 2007, 
following a rtific ia l flood ing in spring 2006 tha t inunda ted eight of these sites. Cluster ana lysis separa ted the 
sites into five vegeta tion groups, and then Ind ic a tor Spec ies Ana lysis identified the representa tive spec ies for 
eac h vegeta tion group . In 2007 flood responder taxa tha t typ ic a lly estab lish in response to flood events 
included Alternanthera dentic ula ta , Ammania multiflora , Atriplex spp ., Centipeda minima , Cyperus 
gymnocaulos, Eleoc haris ac uta , Eragrostis austra lasic a , Euphorb ia d rummondii, Glinus lotoides, *Heliotropium 
europaeum and Sporobolus mitc hellii (* exotic spec ies) (Weedon et a l. 2007). The floristic c omposition of the 
eight inunda ted sites c hanged signific antly between 2006 and 2007. Seven flood dependent spec ies 
signific antly inc reased in abundanc e, and inc luded Alternanthera dentic ula ta , Ammania multiflora , 
Centipeda minima, Cyperus gymnocaulos, Goodenia gracilis, Isolepis hookeriana and Sporobolus mitchellii.  

Many of the p lant spec ies mentioned in the above text have been rec orded in the Ka tfish Reac h area 
(Ka tfish Reac h Steering Group , 2008). Although the two study sites show simila rities in floodp la in vegeta tion a t 
a reg iona l level, spec ific p lant assemblages will d iffer between the two a reas due to d iffering flow and 
salinisation histories and soil types.  

The dominant vegeta tion associations within the Ec kert Creek floodp la in of Ka tfish Reac h a re Chenopod 
shrub land (23.5%) and Red gum/ Blac k box c overing 18.3% (see Table 20 for a rea and perc entage c over for 
each vegetation association and Figure 18 for vegetation distribution map).  

Table 20: Dominant vegetation communities occurring within the Katfish Reach 
Vegetation 
Community 

Description Area (ha) Percentage 

 

River red gum Eucalyptus camaldulensis over +/- Acacia stenophylla / Cyperus 
gymnocaulos / Muehlenbeckia florulenta / Paspalidium jubiflorum / 
Phragmities australis 

268 10.3% 

Black box Eucalyptus largiflorens over +/- Acacia stenophylla / Atriplex 
rhagodioides / Chenopodium nitrariaceum / Enchylaena tomentosa / 
Maireana pyramidata / Muehlenbeckia florulenta  

439 16.8% 

River red gum /  

Black box 

Eucalyptus camaldulensis / Eucalyptus largiflorens over +/- Acacia 
stenophylla / Chenopodium nitrariaceum / Enchylaena tomentosa / 
Halosarcia pergranulata / Muehlenbeckia florulenta  

477 18.3% 

Cooba Acacia stenophylla over Chenopodium nitrariaceum / Enchylaena 
tomentosa / Muehlenbeckia florulenta 

2 >0.5% 

Black box / 
Lignum 

Eucalyptus largiflorens over +/- Muehlenbeckia florulenta / 
Enchylaena tomentosa 

218 8.4% 

Lignum  Muehlenbeckia florulenta over +/- Enchylaena tomentosa / 
Halosarcia pergranulata / Sporobolus mitchelli 

436 16.7% 
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Hop bush  Dodonaea viscosa over Bromus rubens  3 >0.5% 

Chenopod 
shrubland 

+/- Atriplex rhagodioides / Atriplex lindleyi / Atriplex vesicaria / 
Chenopodium nitrariaceum / Halosarcia halocnemoides / Halosarcia 
indica / Halosarcia pergranulata / Maireana breviflora / 
Paschycornia triandra / Sarcocornia quinqueflora / Sclerostegia 
arbuscula / Sclerostegia tricuspis / Suaeda australis 

613 23.5% 

Grassland +/- Eragrostis austalasica / Phragmities australis / Typha 
domingensis / Schoenoplectus validus / Sporobolus mitchelli / 
Sporobolus virginicus 

130 5% 

Sedgeland Typha domingensis over +/- Paspalum distichum / Paspalum 
vaginatum / Schoenoplectus validus 

>1 >0.5% 

Herbland +/- Polycalymma stuatii / Disphyma crassifolium  19 >1% 

  

Figure 18: Map of the dominant vegetation communities at Katfish Reach 
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11.1 Monitoring Methods 
11.1.1 Permanent Quadrats 
Monitoring of floodp la in understorey vegeta tion will follow the methodology used on Chowilla 
floodp la in (CMF, 2006, Weedon et a l. 2007), where p resenc e/ absenc e of p lant spec ies within 
quadra ts is used to p roduc e a frequenc y sc ore for eac h spec ies. Using the same methodology will 
enable comparison of vegetation data between studies.   

Permanent quadrats need to be established at each site to enable comparison of plant assemblages 
on repea t surveys, and thereby monitor med ium to long-term c hanges. At eac h site three 15 m x 1 m 
quadra ts a re surveyed . Quadra ts a re a rranged in a stra ight line with eac h quadra t 50 m apart. Eac h 
quadra t is d ivided into fifteen 1 m x 1m c ells, and the presenc e of a ll live p lant spec ies rooted within 
eac h c ell rec orded . Dead or c ompletely defolia ted p lants a re not rec orded . Eac h quadra t p roduc es 
a sc ore from 0 to 15 for eac h p lant spec ies. Cells c onta ining no live p lants were g iven a ba re ground 
score of one.  

Plant species can be identified using keys in Cunningham et al (1992) and Jessop and Toelken (1986).   

For eac h quadra t the GPS loc a tion (map da tum WGS 84) needs to be rec orded , as well as a 
desc rip tion of nearby trac k and a permanent referenc e point (i.e., easily rec ognisab le landsc ape 
feature).  

11.1.2 Timing of Surveys 
Comparisons between annua l surveys may be c onfounded by seasona l va ria tions in ra infa ll and 
d isturbanc es (Wa llac e et a l, 2009). To minimise the unpred ic tab ility in c onfound ing va riab les surveys 
should be c onduc ted a t the same time eac h year for eac h site. Wa llac e et a l, 2009) recommends 
tha t surveys be c onduc ted in mid -la te summer to standard ise the season va riab le, inc lude peak 
growing times (typ ic a lly January to February) and to nega te the influenc e of short-lived seasona l 
vegetation that establish quickly after winter rains.   

However, timing of surveys may need to be ad justed to ac c ommodate period ic inunda tion 
c onduc ted through the Ka tfish Reac h projec t. Spring-summer inunda tion events a re p lanned to 
oc c ur every 2-3 years (Ka tfish Reac h Steering Group , 2008). To observe the response of vegeta tion to 
this intervention, vegeta tion surveys will need to be c onduc ted p rior to intervention, a short time post 
intervention and then some time p rior to the next intervention to gauge med ium-term c hanges in the 
vegetation assemblage. To standardise for season and incorporate the peak growing period of many 
grasses and herbs, vegeta tion survey should be c onduc ted p referab ly annua lly during mid -late 
summer, and sites need to be sampled a t a standard length of time post-inunda tion (e.g ., 3 months, 
see Sc holz et a l. 2007). If p lanned inunda tion events only oc c ur every three years, it may be 
appropria te to c onduc t only one survey during the two d ry years (i.e., non-intervention years).   

11.1.3 Site selection 
Sites will need to be selec ted using random stra tified sampling in the Floodp la in Shrub land & Open 
Pla in of Ec kert Island .  It is likely a p ilot study will be nec essary to d ifferentia te the vegeta tion 
c ommunities p rior to stra tific a tion of sites. Sites should be selec ted in a range of low-lying open areas, 
with no tree overstorey, tha t potentia lly will be inunda ted during flood events (see Weedon et a l. 
2007).   

11.1.4 Measured Indicators  

 

Plant species diversity  

 

Relative abundance 

 

Elevational distributions  

Changes in the above ind ic a tors a re measured within and between sites, eleva tions and years to 
allow analysis of both spatial and temporal patterns.  

11.1.5 Data Analysis 
Multiva ria te ana lysis c an be used to assess floodp la in and wetland flora following p roc edures 
undertaken by Henderson et a l (2009). Vegeta tion c ommunity and abundanc e and c omposition 
may be ana lysed with respec t to both func tiona l g roups and spec ies, a llowing less abundant spec ies 
(e.g . ra re or unc ommon spec ies) to influenc e the da ta (Nielson and Wa tson, 2008). It may be 
nec essary to first perform a log transformation on the da ta to d iminish the influenc e of abundant 
species. Bray-Curtis dissimilarity matrices can be constructed to show the how dissimilar (or similar) sites 
are to one another (Bray and Curtis, 1957). 
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12. Temporary Wetland Understorey Plant Species 
The d istribution of understorey p lant spec ies in tempora ry freshwater wetlands is p rimarily d riven by va ria tions 
in wa ter reg ime. Extended d ry periods in ephemera l systems mean understorey vegeta tion c ommunities a re 
dependent on the presence of a viable seed bank. 

12.1 Monitoring Methods 
12.1.1 Permanent Quadrats 
Vegeta tion surveys of wetlands will follow proc edures developed for Chowilla Floodp la in (CMF, 2006) 
and Scholz et al. (2007), where presence/absence of plant species within quadrats is used to produce 
a frequenc y sc ore for eac h spec ies. Permanent quadra ts need to be estab lished a t eac h site to 
enab le c omparison of p lant assemblages on repea t surveys, and thereby monitor med ium to long-
term changes.   

Placement and the number of sites in each wetland will depend on their size and morphology.   

It may be nec essary to inc lude some sc ope for positioning quadra ts based on the c urrent vegeta tion 
c ommunity of the wetland , simila r to the aqua tic and littora l vegeta tion surveys. One tec hnique 
would be to stratify the position of the quadrats based on the current community when the wetland is 
dry (see Wallace et al, 2009). An alternative is to use a standard ised method as shown below.  

12.1.2 Sites with a creekbed morphology  
In these sites a possib le design is to p lac e four rep lic a te transec ts uniformly a round the perimeter of 
eac h wetland (Figure 5). Eac h transec t will be surveyed a t four eleva tion positions on the edge of the 
wetland ; a t c urrent pool wa ter level (0 c m), a t 30 c m below the wa ter, and a t points 30 c m and 60 
c m higher than wa ter level (Figure 5). Eleva tion levels need to be determined using a dumpy level or 
simila r surveying devic e. At eac h eleva tion level, a 15 m x 1 m quadra t will be positioned a long the 
c ontour. For eac h quadra t the presenc e/ absenc e of ind ividua l spec ies in eac h 1 m x 1 m c ell a re 
rec orded , g iving a sc ore for eac h spec ies of between 0 

 

15. Plant spec ies c an be identified using 
Sa inty and Jac obs (1994), Cunningham et a l. (1992) and Jessop and Toelken (1986). The op timum 
number of quadra ts to be used a t eac h eleva tion level should be determined by assessing spec ies 
area curves determined following the initial survey.   

12.1.3 Sites with deflation basin morphology  
In these sites a possib le design is to p lac e a t least three sites on the bed of the defla tion basin. At 
eac h site three rep lic a te transec ts a re p lac ed 50 m apart a long a north-south transec t (Figure 5). 
Three 15 m x 1 m quadra ts a re loc a ted a long eac h transec t, a t least 50 m apart. For eac h quadra t 
the presence/absence of individual species in each 1 m x 1 m cell is recorded.   

For eac h quadra t the GPS loc a tion (map da tum WGS 84) needs to be rec orded , as well as a 
desc rip tion of nearby trac k and a permanent referenc e point (i.e., easily rec ognisab le landsc ape 
feature).   

12.1.4 Timing of Surveys 
To observe the response of vegeta tion to inunda tion events, vegeta tion surveys will need to be 
c onduc ted p rior to intervention, a short time post intervention and then some time prior to the next 
intervention to gauge med ium-term c hanges in the vegeta tion assemblage. To standard ise for 
season and inc orpora te the peak growing period of many grasses and herbs, the vegeta tion survey 
should be conducted preferably annually during mid-late summer, and sites need to be sampled at a 
standard length of time post-inundation (e.g., 3 months, see Scholz et al. 2007).   

12.1.5 Site selection 
Placement and number of sites in each wetland will depend on its size and morphology.   

12.1.6 Measured Indicators 

 

Plant species diversity  

 

Relative abundance 

 

Elevational distributions  

12.1.7 Data Analysis 
As per above sec tion Floodp la in Understorey Plant Spec ies
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Figure 5: Site plans for vegetation surveys in wetlands with creek-bed and deflation basin 
morphology 
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13. Aquatic and Littoral Plant Community 
Spa tia l varia tion in wa ter reg ime p lays a ma jor role in struc turing aqua tic and littora l vegeta tion c ommunities 
in river systems. Flow regula tion of the River Murray has a ltered the dura tion, frequenc y, magnitude, timing 
and p red ic tab ility of inunda tion of the main c hannel and its assoc ia ted anabranc h system. The response of 
vegeta tion c ommunities to c hanges in wa ter reg ime will depend on eac h spec ies germina tion or 
rep roduc tive response to a wetting reg ime and the ava ilab le seed bank (Blanc h et a l. 2000, Capon 2003, 
Webb et a l. 2006). Aqua tic and littora l vegeta tion c ommunities a re important to the func tioning of river 
systems, and many aqua tic and terrestria l anima ls use the aqua tic and littora l p lant spec ies for shelter, 
feeding and breeding.   

13.1 Monitoring Methods  

13.1.1 Permanent Quadrats 
Monitoring of aqua tic mac rophytes and littora l vegeta tion will use the methods desc ribed for the 
Chowilla Floodp la in (CMF, 2006, Zampatti et a l. 2006), where presenc e/ absenc e of p lant spec ies 
within quadrats is used to produce a frequency score for each species. Permanent quadrats need to 
be estab lished a t eac h site to enab le c omparison of p lant assemblages on repea t surveys, and 
thereby monitor medium to long-term changes.   

At eac h site three rep lic a te transec ts, 50 m apart, will be loc a ted ac ross the c reek perpend ic ula r to 
the bank. Eac h transec t will be surveyed a t four eleva tion positions on eac h bank site; a t c urrent 
pool wa ter level (0 c m), a t 30 c m below the wa ter, and a t points 30 c m and 60 c m higher than 
wa ter level (Figure 4). Eleva tion levels need to be determined using a dumpy level or simila r 
surveying device. At each elevation level, a 15 m x 1 m quadrat will be positioned along the contour 
(Figure 4). For eac h quadra t the p resenc e/ absenc e of ind ividua l spec ies in eac h 1 m x 1 m c ell a re 
rec orded , g iving a sc ore for eac h spec ies of between 0 

 

15. Plant spec ies c an be identified using 
Sa inty and Jac obs (1994), Cunningham et a l. (1992) and Jessop and Toelken (1986). The op timum 
number of quadra ts to be used a t eac h eleva tion level should be determined by assessing spec ies 
a rea c urves determined following the initia l survey. Vegeta tion surveys on Chowilla Floodp la in found 
15 x 1 m quadrats were adequate (Zampatti et al. 2006).  

For this methodology it may be nec essary to inc lude some sc ope for c hanging the heights above 
and below pool level used, as these levels will not necessarily correspond with changes in vegetation 
c ommunities. Pilot stud ies would be help ful in determining vegeta tion c ommunity response to an 
intervention.  

For eac h quadra t the GPS loc a tion (map da tum WGS 84) needs to be rec orded , as well as a 
desc rip tion of nearby trac k and a permanent referenc e point (i.e., easily rec ognisab le landsc ape 
feature).  

13.1.2 Timing of Surveys 
Spring-summer inunda tion events a re p lanned to oc c ur every 2-3 years (Ka tfish Reac h Steering 
Group, 2008). To observe the response of aqua tic and littora l vegeta tion to this intervention, surveys 
will need to be c onduc ted p rior to intervention, a short time post intervention and then some time 
p rior to the next intervention to gauge med ium-term c hanges. This c ould be ac hieved by assessing 
the aqua tic and littora l vegeta tion annua lly in summer to standard ise for season and incorporate 
the ac tive growing season for many spec ies. To standard ise sampling , sites need to be sampled a t a 
standard length of time post-inundation. If planned inundation events only occur every three years, it 
may be appropria te to c onduc t only one survey during the two d ry years (i.e., non-intervention 
years).   

13.1.3 Site selection 
Estab lish sites a long eac h reac h of the Ec kert Creek anabranc h system with sites p lac ed 
approximately 1 km apart.  

13.1.4 Measured Indicators 

 

Plant species diversity  

 

Relative abundance 

 

Elevational distributions  

13.1.5 Data Analysis 
As per above sec tion Floodp la in Understorey Plant Spec ies
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Figure 4: Elevation and site plans for aquatic and littoral vegetation surveys      
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14. Photopoint Monitoring at Vegetation Sites 
A photopoint a t eac h site p rovides a visua l rec ord of the c ond ition of the site, and over time the resulting 
photo-series c an show visua l c hanges in the vegeta tion. This is a qua lita tive monitoring method , and p rovides 
a visua l representa tion of the vegeta tion tha t is being measured quantita tively (see below), and c an help in 
the interpretation of the quantitative results. 

14.1 Monitoring Methods 

 
Ideally the position from whic h the photo is taken should fac e south to p revent g la re on the c amera 
lens. This also means the photo can be taken throughout the day. 

 

Selec t loc a tion for vegeta tion monitoring point and c amera position. Chec k the position will show 
vegetation type, and not be cluttered by foliage in the future. 

 

Plac e 1.7 m ga lvanised stake into g round with a height c lose to eye height of the average person 
(~1.5 m). This is the c amera post. The c amera rests on top of this post and sets a standard height 
(Figure 6).  

 

Attach an identification tag to camera post, and record location with GPS. 

 

Plac e a permanent marker 10 m from the c amera post in the d irec tion the photo will be taken, a t ~ 
1.5 m in height. This is the sta rting post of the quadra t. Rec ord c ompass d irec tion of c amera post to 
starting post. 

 

Both posts should be firmly in the ground so they are difficult to move. 

 

Set the d ig ita l c amera to a standard set of fea tures (e.g ., landsc ape mode, appropria te light levels). 
This will need to be documented so it can be replicated.  

 

Hold the c amera on c amera post and foc us the c entre of view on the top of the sta rting post, and 
take photo. 

 

Rec ord deta ils on da ta sheet: photopoint number, da te, GPS loc a tion of c amera post, loc a tion of 
nearest trac k, d irec tion of photo and any observa tions a t the site (e.g ., seasona l c ond itions, signs of 
rabbit activity).   

 

Figure 19: Setup of posts and tape at each photopoint site 
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15. Fish 
The flow of wa ter is the main fac tor tha t determines ec olog ic a l p roc esses within river systems and evidenc e 
suggests tha t a number of fish spec ies oc c urring in the Murray-Darling Basin a re dependent on flood events to 
trigger spawning and movement (Humphries et a l, 2008). River regula tion c an d rastic a lly a lter flow 
(magnitude, dura tion, timing and va riab ility) and has been c ited as the c ause of popula tion dec lines in many 
na tive fish spec ies (Gehrke et a l, 1995). While the perc ep tion has been tha t flood events a re genera lly 
benefic ia l to na tive fish, the evidenc e bec omes less c lear when examining flow interac tions and their rela tive 
signific anc e on ind ividua l spec ies. For example, Humphries et a l (2008) suggests tha t floods a re not nec essarily 
essential for maintaining populations of Murray Cod and that the timing of flooding is important. If the flooding 
c oinc ides with spawning then inunda tion of floodp la ins may result in nutrients and resourc es being washed 
into the system, enhanc ing c ond itions, however, it is possib le tha t flood events during spawning may d isp lac e 
demersa l eggs, lead ing to higher than normal morta lity ra tes. Consequently, there have been a number of 
models p roposed to exp la in the tempora l rela tionship between flow va riab ility and fish spawning a t 
landsc ape sc a les suc h as the flood pulse c onc ep t (Junk et a l, 1989); the riverine p roduc tivity model (Thorpe 
and Delong, 1994); the ma tc h-mismatc h hypothesis (Cushing , 1990); and the low flow rec ruitment hypothesis 
(Humphries et al, 2008).  

Fourteen fish species have been observed within the Katfish Reach area, nine of which are native species and 
a further four introduc ed spec ies. Although Freshwater Ca tfish (Tandanus tandanus) had not been p reviously 
found within Ka tfish Reac h (Ca le, 2008), a number of ind ividua ls of varying size were rec orded during the 2011 
flood event (Lenon and Suitor in prep.).      
    
Fish va ry in their utility as ind ic a tor spec ies in their response to c hanges in environmenta l c ond itions. Sampling 
methods and taxonomy is genera lly well understood and their long lifespan means they c an potentia lly be 
exposed to long-term impac ts (Harris, 1995). However, some fish spec ies possess la rge home ranges and 
measured responses may be influenc ed by fac tors beyond Ka tfish Reac h. This fac t may a lso lead to 
autoc orrela tion between samples lead ing to a viola tion of sta tistic a l assumptions and c onfound ing results 
(Boys et al, 2008).   

Although the Ka tfish Reac h p rojec t a ims to p romote b iod iversity a t a whole assemblage level, it may be 
nec essary to foc us on spec ific spec ies or guilds to estab lish response to interventions. Ind ividua l spec ies or 
func tiona l guilds may have partic ula r ec olog ic a l requirements, whic h inc rease their utility as environmenta l 
ind ic a tors. Changes in the p resenc e or func tion of these spec ies or guilds may then be c onsidered as 
rep resenta tive of the assemblage as a whole. Func tiona l guilds whic h may be reliab le ind ic a tors include 
benthic spec ies ric hness, pelag ic spec ies ric hness and intolerant spec ies ric hness whic h inc ludes spec ies 
known to be intolerant of c erta in d isturbanc es suc h as c hanges in wa ter qua lity (MDBC, 2004). These groups 
c an be further segrega ted into na tive and exotic spec ies. It is important to note tha t da ta ana lysis based on 
va rying ind ic a tors and guilds is performed a fter da ta has been c ollec ted and does not a lter the sampling 
methods ort resources required to undertake the monitoring.   

Boys et a l, (2008) ana lyses the utility of a number of na tive fish spec ies known to oc c ur in Ka tfish Reac h. Some 
spec ies were c onsidered poor ind ic a tors ma inly due to their ub iquitous na ture, poorly understood ec olog ic a l 
requirements or d iffic ulty in measuring response. Na tive spec ies identified as potentia l ind ic a tors a re deta iled 
below (Table 21).  

Table 21: The potential effectiveness of selected native fish species as indicators of 
environmental change (Boys et al, 2008) 

Species Indicator 
Utility 

Comments 

Murray Darling 
Rainbowfish 

Potential Inhabitant of low-velocity backwaters and 
billabongs. Potential to exhibit measurable 
response to restoration of macrophyte beds. 
However, the species is generally captured in 
lower abundances at night, therefore fyke nets 
should also be used during the daytime. 

Freshwater Catfish Potential Benthic species associated with slow-flowing 
streams and lake habitats. May respond to 
reducing sedimentation of gravel nests 

Golden Perch Good Occurs in woody, structurally complex habitat in 
deep water with lower abundances recorded 
during the night. Potential indicator for 
resnagging or as part of the woody habitat guild 
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Carp Gudgeon Potential Associated with low-velocity backwaters and off-
channel habits with potential utility as an 
indicator of restoration of macrophyte beds 

Murray Cod Good Juveniles and adults are primarily benthic and 
associated with deep holes and complex woody 
habitat. An iconic threatened species that could 
be used as an indicator for a woody habitat 
guild 

 

These spec ies c ould be used as ind ic a tors for the Ka tfish Reac h projec t. Spec ies suc h as Carp Gudgeon may 
be partic ula rly effec tive as ind ic a tors as they a re typ ic a lly c ap tured in la rge numbers, inc reasing the ab ility to 
identify changes in population trends.  

15.1 Monitoring Methods  General Fish Surveys  

15.1.1 Fyke netting 
Surveys of fish are to follow a similar method used by Wedderburn et al, (2007). For the purpose of fish 
sampling being undertaken as pa rt of this monitoring p lan fish will be sampled utilising single-leader 
fyke nets (6 mm mesh) set overnight for 12-15 hours, within 1-2 hours of sunset and sunrise. The mesh 
size a llows the c ap ture of fish >15 mm tota l leng th, inc lud ing juveniles and adults. Nets will be set 10 
m apart, perpend ic ula r to the bank, with the leader a ttac hed to a post a t the wa ters edge (first and 
third nets) or in open water (second and fourth nets). All captured fish will be identified and counted. 
A standard ised measure of abundanc e c an be c a lc ula ted as number of ind ividua ls per fyke net per 
hour (c a tc h per unit effort or CPUE). This will enab le spa tia l c omparison among sites and tempora l 
comparisons with previous surveys with differing soak times. Standard length of fish is also recorded to 
assess size c lass d istribution. At eac h wetland , subsamples a re inc luded to ensure a more ac c ura te 
representation of the overall site  

A c omb ina tion of nets with d ifferent d imensions is used depend ing on the site c harac teristic s. The 
dimensions of fyke nets used during general fish surveys are:  

 

Fyke netting (7 m wing length and 6mm mesh size). Fyke nets a re set perpend ic ula r to the bank 
where possib le. The number of fyke nets used a t eac h site va ries based upon the rea l extent of 
the sampling site  

All spec ies c ap tured a re identified to spec ies level exc ep t for the group ing of the Carp Gudgeon 
(Hypseleotris spp .) whic h require formal taxonomic identific a tion. For la rge bod ied fish spec ies 
standard lengths a re rec orded for eac h ind ividua l c ap tured . For small bod ied fish spec ies a sub-
sample of at least the first 30 individuals encountered at each site are measured for body length.    

15.1.2 Electrofishing  
Elec trofishing is c onsidered to be one of the most effic ient survey tec hniques based on c a tc h per 
unit effort (CPUE) ac ross a range of hab ita ts (Sc holz et a l, 2007). Depend ing on ava ilab le resourc es, 
elec trofishing c ould be used a t some sites where wa ter is suffic iently deep . Elec trofishing has been 
utilised suc c essfully within the Ka ta rapko system (Leigh et a l, 2007; Leigh et a l, 2009) and a t Chowilla 
to sample fish spec ies (Zampatti et a l, 2006). At eac h site 12 shots (1 shot equiva lent to 90 
ac c umula ted power-on time) a re dep loyed using a boa t mounted elec trofishing system during 
daylight hours. An equal number of shots should be deployed on each side of the river/creek with all 
fish d ip netted and p lac ed in a rec irc ula ting well. Ind ividua l fish a re identified to spec ies level and a 
subsample of 30 fish measured for leng th. Rec ruitment suc c ess c an be derived from age c lass 
d istributions c ollec ted during surveys. Fish with high va riab ility between age and body length (e.g . 
Golden Perch) should be aged using a sub-sample of fish.     

SARDI are conducting electrofishing surveys within Katfish Reach to assess the ecological response of 
fish to eac h of the hydrolog ic a l interventions. The hypotheses outlined by SARDI address the 
following main issues relating to fish ecology in the Katarapko Anabranch System:  

 

Fish community structure 

 

Habitat availability 

 

Fish Habitat Use 

 

Recruitment success 

 

Fish movement 

 

Fish accumulation below in-stream barriers 

 

Non-native species, notably carp  
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To experimenta lly test the hypotheses p roposed here by SARDI, elec trofishing will be c omb ined with 
hab ita t assessment and telemetry desc ribed below. Simila r methods will be used ac ross a ll of the 
interventions (Beyer et al, 2009).  
15.1.3 Habitat Assessment 
Quantita tive hab ita t assessments a re c onduc ted in c onjunc tion with elec trofishing surveys to assess 
habitat ava ilab ility (Leigh et a l, 2008; Zampatti et a l, 2006). For the a rea c overed by eac h 
elec trofishing shot, perc entage c over of eac h p lant spec ies, la rge woody debris (load ing and 
c omplexity) and open wa ter a re rec orded by the observer (Beyer et a l, 2009). Assessment of 
submerged vegeta tion may a lso be c onduc ted using a van Veen grab to enab le identific a tion of 
species present.  

15.1.4 Telemetry 
SARDI are c onduc ting telemetry to assess c hanges in fish movement in response to c hanges in 
c onnec tivity. La rge-bodied na tive fish, Murray Cod and Golden Perc h, will be ta rgeted for telemetry 
investiga tions as they a re known to undertake up and downstream movements within the River 
Murray system (Jones and Stuart, 2007; O Connor et a l, 2005). Spa tia l and tempora l movements of 
non-na tive Common Carp will a lso be ta rgeted in the telemetry investiga tion as the spec ies a re 
known for their migra tory behaviour (Jones and Stuart, 2007). This will fac ilita te inc reased knowledge 
of reinsta tement of c onnec tivity in the system and assessment of future management ac tions 
regarding carp control (Beyer et al, 2009).   

SARDI have recommended two different techniques for telemetry monitoring: 

 

Passive integrated transponder tags (PIT) 

 

Battery powered radio frequency transmitters  

For both of these telemetry tec hniques, monitoring of tagged ind ividua ls c an be ac hieved using 
both handheld receivers and permanent tracking stations.  

15.1.5 Timing of Surveys 
Surveys should be c onduc ted twic e eac h year, onc e in February/ Marc h and aga in in 
October/ November. Surveys in spring should be c onduc ted a fter the sp ring pulse flows. In add ition, 
to the na ture and ec olog ic a l requirements of na tive ind ic a tor spec ies c onsidera tion should be g iven 
to c onduc ting c onsec utive night and day surveys. Slightly d ifferent assemb lages may be 
enc ountered during these periods and may inc rease the c hanc e of c ap turing spec ies suc h as 
Golden Perch and Murray Darling Rainbowfish.    

15.1.6 Measured Indicators 

 

Abundance measured in catch-per-unit-effort (CPUE) 

 

Relative abundance 

 

Species diversity 

 

Age structure  

15.1.7 Data Analysis 
CPUE is used to assess abundanc e and c an a lso be used to c ompare the d istribution of fish spec ies 
and c ommunities within and between reac hes. A range of multiva ria te ana lyses should be used in 
ordina tion to identify pa tterns of c ommunity dynamic s a t va rious sc a les. Henderson et a l (2009) 
performed a number of p roc edures tha t would be app lic ab le to the stud ies outlined here for Ka tfish 
Reach and should be consulted for further detail.   

The process used by Henderson et al (2009) is as follows: square-root transformation of data to ensure 
normal d istribution and improve goodness of fit. Square-root transformations a re c ommonly used for 
da ta sets where va riab les a re c ounts of something e.g . CPUE. A Bray-Curtis d issimila rity test is then 
used to c ompare c ompositiona l d ifferenc es between sites. Tests c an be performed to identify 
d ifferenc es between Year and Hab ita t Type (e.g . fast flow, slow flow, tempora ry wetland etc ). 
Interac tions between Year and Hab ita t Type c an a lso be tested using permuta tiona l multivaria te 
ana lysis of varianc e (PERMANOVA), with signific ant tests of effec ts followed by a pa ir-wise a -
posteriori comparison. 
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16. Murray Hardyhead 
The Murray Hardyhead (Cra teroc epha lus fluvia tilis) is a small, silvery, transluc ent fish g rowing to about 75 mm 
in length. The spec ies is endemic to the mid and lower Murray-Darling Basin system and has suffered an 
extensive dec line in range and abundanc e (Bac khouse et a l, 2008). The Murray Hardyhead was onc e 
common throughout New South Wa les, Vic toria and South Austra lia , but is now restric ted to a few isola ted 
loc a tions in the la tter two sta tes a fter bec oming extirpa ted from New South Wa les. As a result, the spec ies is 
na tiona lly listed as Endangered under the Commonwealth Environment Protection and Biodiversity ACT 1999 
and is considered to be one of the most threatened vertebrates in Australia.  

 

Figure 6: Adult Murray Hardyhead (Photo: M. Hammer)   

The Murray Hardyhead inhab its a reas of still and slow-flowing wa ters, inc lud ing lakes, b illabongs and marg ins 
of lowland rivers (Ivanstoff and Crowley, 1996). The spec ies is often assoc ia ted with a reas of eleva ted sa linity, 
but c an tolera te sa linity levels between 300 and 33,000 µS/ c m (Suitor, 2012). Sa linity levels as high as 45,500 
µS/cm have been rec orded a t Berri Evapora tion Basin where Murray Hardyhead a re known to persist (Suitor, 
2012) and may be ab le to tolera te higher sa linity. However, it is unc lea r whether Murray Hardyhead exhibits a 
p referenc e for sa line wa ters or if it is func tion of some other ec olog ic a l p ressure suc h as p reda tion or 
competition with exotic species (Stoessel 2010).   

There are a number of suggested ec olog ic a l fac tors tha t have been assoc ia ted with dec lining Murray 
Hardyhead popula tions inc lud ing lac k of environmenta l flows, c hanges in sa linity, impac t of introduced 
species and small isolated populations (see Backhouse et al, 2008). 

16.1 Monitoring Methods 

16.1.1 Fyke Netting 
Monitoring methods for Murray Hardyhead follow those outlined by Wedderburn et al (2007), as per 
general fish surveys. When monitoring specifically for Murray Hardyhead, fyke nets should include 
exclusion screens over the entrance to exclude turtles and large bodied fish greater than 250mm. A 
combination of nets with different dimensions is used depending on the site characteristics. The 
dimensions of fyke nets used during Murray Hardyhead specific surveys are:  

 

Fyke netting (5-7 m wing length and 4mm mesh size). Fyke nets are set perpendicular to the bank 
where possible. The number of fyke nets used at each site varies based upon the real extent of 
the sampling site 

16.1.2 Site Condition Assessment 
The site c ond ition assessment method as undertaken in the Fish monitoring for the Drought Ac tion 
Plan for South Austra lian Murray-Darling Basin threa tened freshwater fish popula tions

 

will be 
continued at this site (Hall et al. 2009).   

The method involves taking photos from estab lished photo points, determining b iolog ic a l and 
physic a l hab ita t, determining c hanges in wa ter levels and measuring wa ter physio-chemical 
characteristics at each site.  

Physic a l hab ita t c over is desc ribed (visua l observa tions) as the p roportion of aqua tic hab ita t a rea (i.e. 
below the wa ter surfac e) c omprised of emergent and submerged vegeta tion, other physic a l 
structure (i.e. woody debris, rock) and open water. 
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16.1.3 Water Quality Monitoring 
Due to the critical nature of water level and salinity in regards to Murray hardyhead habitat quality it is 
p roposed to estab lish wa ter qua lity da ta loggers for tempera ture, d issolved oxygen, wa ter level and 
sa linity within the new hab ita t d ra in, the Main Basin and the Bank C Creek. To c omplement and 
support da ta loggers, monthly wa ter levels and wa ter qua lity (elec tric a l c onduc tivity, pH, d issolved 
oxygen, turbidity, and temperature) will be conducted manually. 

16.1.4 Timing of Surveys 
Monitoring of Murray Hardyhead popula tions a t known sites should be c onduc ted quarterly to assess 
seasona l fluc tua tions in abundanc e and d istribution. To observe c hanges to aqua tic , littora l 
vegeta tion and other physic a l hab ita t site c ond ition assessments will be undertaken monthly in 
conjunction with manual water quality monitoring. 

16.1.5 Measured Indicators 

 

Abundance measured in catch-per-unit-effort (CPUE) 

 

Length frequency information to determine spawning events 

 

Site condition 

 

Water quality  
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17. Frogs 
Five frog spec ies have been rec orded previously a t Ka tfish Reac h and a further three spec ies are known to 
oc c ur in the Riverland reg ion (Kahrimanis, 1999; Herbert, 2000). These frog spec ies oc c ur in a va riety of 
hab ita ts inc lud ing both lotic (flowing wa ter hab ita ts) and lentic (non-flowing hab ita ts) suc h as lakes, 
billabongs and creeks. Anecdotal reports suggest that frog populations have declined in the Riverland region; 
however there is no evidence of extirpation of any one species (Herbert, 2000). Of the species found at Katfish 
Reac h, the Golden Bell Frog (Litoria raniformis) is c onsidered threa tened as a result of la rge popula tion 
dec lines ac ross most of its range. In South Austra lia it is now restric ted to isola ted popula tions a long the River 
Murray c orridor and in the south-east (Sc hultz, 2006). Consequently, the Golden Bell Frog is listed as 
Endangered under the IUCN (2000) Red List of Threa tened Spec ies, Vulnerab le under the Commonwealth 

Environment Protec tion and Biod iversity Ac t 1999, and Vulnerab le under the South Austra lian Na tiona l Parks 
and Wildlife Act 1972.  

Wetlands and floodp la ins p rovide important hab ita t for frog spec ies within the Murray-Darling Basin. 
Ephemera l wa terbod ies in pa rtic ula r, whic h a re c onsidered highly p roduc tive with low abundanc e of 
p reda tors, a re important b reed ing sites for frogs oc c urring in semi-a rid environments (Babb it and Tanner, 
2000). Floodp la in inunda tion, pa rtic ula rly in spring , is an important trigger for frogs to c ommenc e b reed ing 
(Sc hultz, 2007). Consequently, hyd rolog ic a l reg imes tha t a lter the extent, timing and dura tion of floodp la in 
inundation are likely to impact frog populations.   

Frogs a re c onsidered good ind ic a tors of the effec ts of c hanges to hydrolog ic a l reg imes for a number of 
reasons. Firstly, they utilise both aqua tic and terrestria l hab ita ts so they a re more likely to c ome into c ontac t 
with d isturbanc e effec ts. Sec ond ly, frogs respond a t a loc a l sc a le and therefore c an p rovide a strong 
indication to changes in environmental condition (Wallace, 2009).   

Ra infa ll and flood ing fac ilita te frog movement and initia te b reed ing , and stud ies suggest frog-breeding 
ac tivity c an be higher in ephemera l wa ter bod ies than permanent wa terbod ies (Wassens et a l. 2007, 2008; 
Sc hultz 2007).  Ephemera l wa ter bod ies often c onta in more d iverse aqua tic inverteb ra te and p lant 
c ommunities than permanent wa ter bod ies (Boulton & Lloyd 1991, Bunn & Arthing ton 2002), thus p rovid ing 
frogs with g rea ter food resourc es. The extent of inunda tion will determine the tota l a rea of potentia l hab ita t 
ava ilab le for c olonisa tion and b reed ing . It is likely tha t c olonisa tion of flooded a reas will be spa tia lly spec ific , 
with those a reas used for b reed ing and suc c essful rec ruitment being determined by their p roximity to refug ia 
sites near permanent wa ter bod ies, the movement pa tterns of frogs and hab ita t suitab ility. Stud ies suggest 
tha t Southern Bell Frog Litoria raniformis c an move c onsiderab le d istanc es to b reed in newly inunda ted a reas 
(Schultz 2007, 2008; Wassens et al. 2008).  

Table 22: Frog species occurring at Katfish Reach with call descriptions and notes on likely 
times of breeding activity 

Species Habitat  Breeding Call 

*Crinia parinsignifera 

Eastern Sign-bearing Froglet 

Amongst vegetation and 
beneath debris in or 
adjacent to water (swamps 
and ponds).  

Breeds in mid-winter. 

Males call during most of 
the year. 

Eggs laid singly, well 
separated and attached 
to substrate.  

Long harsh, 
slowly repeated 
squelc h

 

*Limnodynastes dumerilii 

Eastern Banjo Frog 

Burrows in loamy soils. 
Males call from partly 
submerged positions near 
water.  

Breeds after heavy rains in 
spring.  

Eggs laid in large foam 
mass in water and often 
attached to vegetation.  

A single musical 
bonk

 

*Limnodynastes tasmaniensis 

Spotted Grass Frog 

Marshy country, creek 
edges and wetlands.  

Breeds any time of year, 
particularly Aug  Mar. 

Eggs laid in small, floating 
foam mass.   

A rapid, sharp 
duk-duk-duk-

duk

 

*Litoria peronii During day beneath bark 
on gum trees near rivers 

Breeds after rain, probably 
Oct  Jan. Begin to call 

A long series of 
29-50 explosive 
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Peron s Tree Frog and waterholes. At night 
move to vegetation near 
water.  

September. 

Eggs laid singly or small 
groups at edge of ponds 
among leaf litter or 
vegetation.  

notes, like 
maniac a l 

c ac kle

 
*Litoria raniformis 

Golden Bell Frog 

Permanent and temporary 
waterbodies with 
abundant growth of 
vegetation near bank. 

Breeds during spring and 
summer. Highest detection 
between Oct  Jan. 

Eggs laid in a floating raft 
that later sinks.  

Loud growling 
c rawark 

crawaaark crok 
c rok

   

Little information is ava ilab le c onc erning ra tes of surviva l or longevity of these frog spec ies, so it is d iffic ult to 
estimate the flooding frequency required by these species. In a semi-arid environment such as Katfish Reach it 
is likely ind ividua ls will a ttempt to b reed whenever suitab le c ond itions a re ava ilab le.  Mod ific a tion of na tura l 
flood ing reg imes has typ ic a lly reduc ed the ava ilab ility of frog b reed ing hab ita ts ac ross both spac e and time. 
In add ition, reduc ed overbank flood ing has the potentia l to limit d ispersa l and c olonisa tion opportunities, and 
thereby limit the long-term survival of frog populations in floodplain areas (Wassens et al. 2008). 

17.1 Monitoring Methods 

17.1.1 Acoustic Sampling Techniques 
The following tec hniques for monitoring frog popula tions a re based on the methods outlined in the 
South Austra lian Environmenta l Protec tion Authority (EPA) Annua l Frog Census. This tec hnique is 
c ommonly used in monitoring programs within the South Austra lian River Murray wetlands. Adult ma le 
frogs of eac h spec ies have a unique c a ll tha t is identifiab le in the field , p rovided they a re c a lling a t 
the time of the survey (Wa llac e, 2009). There a re two methods of c onduc ting ac oustic sampling ; 
ground surveys and remote surveys.   

Ground Acoustic Surveys 

Surveys should be c onduc ted between one and three hours a fter da rk and sites should be 
approac hed with c are to avoid any d isturbanc e. A fixed -time listening period of 15 minutes is 
rec ommended a t eac h monitoring site. Estima tes of the abundanc e of eac h spec ies a re made using 
the following c lasses: One; Few (2-9); Many (10-50); and Lots (>50). Rec ord ings c an a lso be made to 
aid latter identification (Wallace, 2009).    

Remote Acoustic Surveys 

Remote ac oustic monitoring c ould be used to a llow grea ter ac c ess to monitoring sites during periods 
of inunda tion, where sites c an be ac c essed by boa t during daylight hours. Song Meter SM2+ devic es 
a llow remote ac oustic rec ord ing and c an be p lac ed a t a site and sc heduled to rec ord sound a t user 
spec ified time interva ls. The resulting sound files c an then be interp reted by an ec olog ist or fed into 
software tha t c an automatic a lly rec ord frog c a lls to spec ies level. However, the la tter op tion may 
require a number of referenc e c a lls to tra in the software before it reac hes a desirab le level of 
efficiency. Six Song Meter devices will be available for use in remote acoustic surveys; therefore three-
pa ired sites c an be sampled simultaneously sa tisfying one of the assumptions of BACIP experimenta l 
designs. These devic es have been programmed to rec ord the first 10 minutes of eac h hour for the first 
3 hours a fter sunset. Song Meter devic es should be left a t eac h site for 3 c onsec utive nights, a fter 
whic h they should be c ollec ted and moved to monitor the rema ining pa ired sites. On c ollec tion of 
the devic es, rema ining ba ttery life and memory c a rd spac e should be noted and c hanged as 
required.   

A study on Southern Bell Frogs in Vic toria suggests suitab le wea ther c ond itions for surveys are night 
time air temperatures above 12°C and no wind (Heard et al, 2006).      

Hyg iene should be c onsidered a t a ll times to p revent the transfer of pa thogens between sites and 
frog populations. The New South Wales National Parks and Wildlife Service provides hygiene protocols, 
which should be followed at all times (NSW NPWS, 2001).  
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17.1.2 Measured Indicators  

 
Species diversity 

 
Relative abundance 

 
Distribution 

 
Breeding and recruitment 

17.1.3 Site Selection 
Currently, monitoring of frog popula tions is undertaken a t 21 sites within Ka tfish Reac h. These sites c an 
c ontinue to be surveyed as pa rt of both the intervention and c ond ition monitoring for this p rojec t. 
Historic da ta of frog abundanc es is ava ilab le for the monitoring sites tha t will be used for these 
purposes as impac t sites. Ac c ess to a la rge da taset will inc rease the amount of p re-intervention da ta 
available, allowing temporal variance of frog populations to be analysed in greater detail.    

Frog c a lls a re usua lly aud ib le over a d istanc e of about 200m; therefore sites should be loc a ted a t 
least this distance apart.  

17.1.4 Timing of Surveys 
Ac oustic sampling should be c onduc ted on three c onsec utive nights per site to maximise the 
chances of detec ting spec ies p resenc e. As spec ies detec tab ility varies throughout the b reed ing 
season it is rec ommended tha t surveys be c onduc ted in both sp ring and summer so tha t ea rly and 
la te b reeders a re detec ted . By sampling onc e in Sep tember aga in in November, will enab le the 
grea test number of frog spec ies to be detec ted based on pervious field work and experienc e (M. 
Harper pers. c omm., Sc hultz, 2006). Monitoring in November p rovides the highest c hanc e of 
encountering Southern Bell Frogs (Scultz, 2006). 

17.1.5 Data Analysis 
Monitoring will p rovide da ta outputs inc lud ing night-c a ll surveys, spec ies d iversity and abundanc e of 
adult frogs. Additional data gained from tadpole surveys will include catch per unit effort and species 
present. Multiva ria te ana lyses c an be used be ana lyse this da ta by using software suc h as PC-Ord 
(Mc Cune and Mefford , 2006). Tempora l va ria tion in popula tion struc ture c an be assessed using a 
Bray-Curtis dissimilarity matrix and then ordination can be used to visually observe any patterns.         
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18. Waterbirds 
There a re 81 spec ies of wa terb irds found in the Murray-Darling Basin (Kingsford and Lee, 2007). Of these, 52 
spec ies have been rec orded a t Ka tfish Reac h. Eleven spec ies of waterb irds rec orded a t Ka tfish Reac h a re 
listed as threa tened a t a Sta te level (Ca le, 2008). The Austra lasian Bittern (Botaurus poic ilop tilus) is listed as 
Endangered at a National level.  

Wa terb irds a re an important c omponent of floodp la in and wetland ec osystems, with d ifferent spec ies utilising 
a va riety of food sourc es (i.e. inverteb ra tes, p lants, frogs and fish) (Ca le, 2008). Add itiona lly, wa terb irds a re 
genera lly top -order p reda tors and a re c onsidered to be good ind irec t ind ic a tors of other spec ies (e.g . 
vegeta tion, inverteb ra tes, fish and frogs). Consequently, wa terb irds a re c onsidered to be useful ind ic a tors of 
genera l ec osystem hea lth (Kingsford and Lee, 2007). Wa terb irds a re typ ic a lly nomadic and c an move over 
la rge a reas often in rela tion to phenomena a t a very la rge sc a le. It is c ommonly ac c ep ted tha t nomadic 
movements of wa terb irds a re triggered by the ava ilab ility of food ultima tely influenc ed by ra infa ll (Kingsford, 
1996). This needs to be c onsidered when ana lysing wa terb ird da ta as fluc tua tions in abundanc e may be in 
response to fac tors fa r removed from Ka tfish Reac h. Therefore, it may be useful to c ompare results with la rger-
sc a le stud ies suc h as the aeria l surveys of wa terb irds in eastern Austra lia tha t a re c onduc ted annua lly in 
Oc tober (Kingsford et a l, 1999).  Wa terb irds oc c upy a wide va riety of ec olog ic a l nic hes; henc e the response 
to c hanges in management interventions and subsequent hydrolog ic a l reg imes will a lso vary. These responses 
will be primarily governed by the abundance and availability of food resources (Rogers and Paton, 2008).   

Altered hydrolog ic a l reg imes in the Murray-Darling Basin have resulted in the mod ific a tion of spa tia l and 
tempora l d istribution of inunda ted wetlands. Signific ant dec lines in the abundanc e and d iversity of wa terb irds 
ac ross a ll func tiona l g roups have been rec orded in the reg ion (Kingsford and Thomas, 1995; Kingsford and 
Johnson, 1998; Leslie, 2001) and in the abundanc e of b reed ing b ird c olonies (Briggs et a l, 1997). Flow 
regulation of the River Murray influences waterbird survival and breeding opportunities (Briggs 1990).  In-stream 
flows and ind ividua l wetland management ac tions within the Ka tfish Reac h floodp la in will p rovide wa terb irds 
with forag ing hab ita t pa rtic ula rly during dry periods and b reed ing opportunities for some spec ies. During a 
flood event the rap id inc rease in the p roduc tivity of floodp la in hab ita ts following inunda tion c an initia te and 
support b reed ing of a range of wa terb irds inc lud ing c olonia l nesting spec ies. Suitab le flood and seasona l 
c ond itions need to c oinc ide to induc e b reed ing of c olonia l wa terb irds in south-eastern Austra lia (Briggs 1990, 
Leslie 2001).  Rec ent surveys have identified the following c olonia l nesting wa terb irds b reed ing a t Ka tfish 
Reach Little Blac k Cormorant (Pha lac roc orax sulc irostris), Little Pied Cormorant (Phalacrocorax 
melanoleucos), Austra lian Darter (Anhinga novaeholland iae and Yellow-b illed Spoonb ill (Platalea  Flavipes) 
(DEWNR unpublished data).  

Six important pa rameters a re identified for c olonia l wa terb ird b reed ing , inc lud ing the extent of inunda tion, 
period of inunda tion, timing of inunda tion, d rawdown ra te, flood ing frequenc y and nest ava ilab ility (Briggs et 
al. 1997, Briggs and Thornton 1999, Sc ott 1997, Kingsford and Johnson 1998, Leslie 2001).  Inundation of the 
nesting and feed ing hab ita t of c olonia l wa terb irds is nec essary throughout the b reed ing period to p rovide 
suitab le nesting and forag ing sites.  The ma jority of c olonia l wa terb irds a re sensitive to wa ter level c hanges, 
and will b reed poorly or abandon their nests if wa ter levels d rop d ramatic a lly.  Estima tes of the minimum 
inunda tion period required to fully c omplete a suc c essful b reed ing event va ry between spec ies, between 
years and between c olony sites. Da ta from Marc hant and Higg ins (1990) ind ic a te tha t the tota l period with 2-
month lag time for Australian Darter is five months and with Yellow-b illed Spoonb ill it is seven months.  Lag 
times ind ic a te the time between wetland inunda tion and the onset of b reed ing .  Lag time c an range from 
one to six months and will va ry c onsiderab le between spec ies and a re a lso influenc ed by the seasona lity of 
flooding with longer lag times being associated with winter flooding (Scott 1997).   

Most c olonia l wa terb irds oc c urring on Ka tfish Reac h b reed during sp ring and summer. Warmer wa ter 
tempera tures during sp ring stimula te the growth of mac rophytes and inverteb ra tes tha t form the basis of food 
resourc es (Sc ott 1997). Most wa terb irds a re highly mob ile and therefore do not need to b reed on the same 
river system eac h year (Sc ott 1997).  Under na tura l flow c ond itions, c olonia l wa terb irds a re ab le to move to 
the most suitab le flooded areas to b reed most years (Sc ott 1997; Dorfman and Kingsford 2001). However, with 
a reduc tion in the frequenc y of floods with river regula tion the number of b reed ing opportunities ava ilab le to 
waterbirds has declined (Kingsford and Johnson 1998, Kingsford and Auld 2005). 

18.1 Monitoring Methods 
Two survey methods have been chosen to monitor waterbird populations at Katfish Reach. Ground surveys will 
a llow the popula tion of wa terb ird spec ies a t eac h site to be assessed tempora lly, while c olonia l nesting 
surveys will monitor the breeding response of species to changes in hydrological regimes.    
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18.1.1 Ground Surveys 
Ground surveys for wa terb irds should be c onduc ted a round ta rgeted wetlands. Point c ounts are 
c onduc ted from a t least three points p lac ed evenly a round a wetland , ensuring tha t points a re 
spac ed more than 200m apart. Eac h monitoring point should be approac hed as quietly as possib le 
to p revent d isturbanc e of b irds. Using this method a thorough c ount should be ac hieved of a ll 
waterbirds utilising the wetland at the time of the survey. 

18.1.2 Colonial Nesting Surveys 
During monthly wa terb ird surveys evidenc e of b reed ing ac tivity should be recorded. This is 
pa rtic ula rly relevant during sp ring or a short time a fter a high flow event; however, some more 
opportunistic spec ies c ould be c ued to c ommenc e b reed ing a fter a peak flow event. After 
identific a tion of a b reed ing c olony loc a tion, g round surveys should be undertaken to assess the tota l 
number of nests p resent for eac h spec ies. For smaller c olonies (i.e. less than 500 nests) ind ividua l nest 
sites should be counted. For larger colonies (i.e. greater than 500 nests) the total number of nests can 
be estimated by counting a portion of nests within the colony and extrapolating the results.  

18.1.3 Timing of Surveys 
Ground surveys for wa terb irds should be undertaken onc e eac h month. Breed ing wa terb ird surveys 
should be conducted when appropriate. 

18.1.4 Measured Indicators 

 

Species diversity 

 

Relative abundance 

 

Breeding activity 

18.1.5 Data Analysis 
Tempora l c hanges in spec ies d iversity and rela tive abundanc e c an be assessed using Bray-Curtis 
d issimila rity matric es and viewed spa tia lly using NMS ord ina tion tec hniques. Collec ted da ta c ould 
a lso be ana lysed to examine d ifferenc es in rela tive abundanc e or b reed ing instanc es between 
years of environmentally watered sites compared with natural flood events.  



Katfish Reach Monitoring Plan  DRAFT 

Page 72 

19. Hydrographic Survey of Substrate Topography 
Inc reased in-stream flow within Ka ta rapko Creek may c ause a ltera tions to the sub-aqueous topography. This 
inc ludes sc ouring , residua l banks and sandbars. It is important to understand the c hanges in substra te 
topography as this will have direct influence on the habitat of aquatic biota.   

Trad itiona l tec hniques for monitoring in-stream c hannel topography are based on manua l measurements, 
suc h as field wad ing surveys using GPS and / or levelling instruments and rema in as standard p rac tic e. While 
these tec hniques a re highly ac c ura te they a re a lso laborious and c ostly as point measurements a re usua lly 
spac ed 1m apart. In add ition, surveys must be restric ted to appropria te flow veloc ities and wa ter dep ths for 
obvious sa fety reasons (Mc Kean et a l, 2009). For these reasons, field wad ing surveys a re limited to small 
streams and are rarely attempted on channels greater than a few hundred metres (McKean et al, 2009).   

Light Detec tion and Rang ing (LIDAR) systems have been used to c rea te d ig ita l terra in models (DTM s) of 
floodp la in. However, as wa ter heavily absorbs infra -red light from terrestria l LIDAR s they a re ineffec tive over 
wa ter bod ies. As a result, ba thymetric LIDAR s opera te in the b lue-green reg ions of the spec trum with setups 
designed to c rea te maximum water penetra tion (Mc Kean et a l, 2009). This tec hnique does rely on a line of 
sight principle making it unsuitable for waterbodies with high turbidity or low visibility.  

Boat-mounted ac oustic sensors with GPS have a lso been used suc c essfully to c rea te DTM s of sub-aqueous 
topography. As with ba thymetry LIDAR, this tec hnique is ab le to p rovide ac c ura te, c ontinuous c overage of 
substrate topography.  

19.1 Monitoring Methods 
A baseline survey was c onduc ted within Ka tfish Reac h between Marc h and May 2012. The survey was 
c onduc ted in Ka ta rapko Creek using Hydrographic Servic es (SA Water) 5m survey vessel equipped with an 
R2sonic 2022 multibeam ec ho sounder opera ting a t 300 kHz. Ba thymetric da ta was c olla ted using 
Hypac k/ Hysweep Naviga tion Software to c rea te a deta iled swa the showing wa ter dep th in metres AHD. A 
simila r p roc ess should be used to c onduc t future hydrographic surveys of Ka ta rapko Creek. 
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20. Water Quality 
Water qua lity is an important c omponent of the ec osystem func tion of freshwater environments. Wa ter qua lity 
pa rameters exhib it c onsiderab le tempora l va ria tion in response to numerous influenc es suc h as seeps, wind 
speed and d irec tion and d isturbanc e of sed iment by anima ls (Tuc ker, 2004). Changes in hydrolog ic a l reg imes 
c an result in signific ant c hanges to wa ter qua lity; therefore it is important to c onstantly monitor these 
parameters espec ia lly with respec t to the management interventions and the subsequent responses from 
flora and fauna.   

20.1 Monitoring Methods 
Water qua lity pa rameters a re measured using a handheld Horiba devic e. Three read ings are taken a t eac h 
site so tha t an average of c ollec ted da ta c an be c a lc ula ted to minimise va rianc e. The parameters rec orded 
a re sa linity (uS/ c m), turb id ity (NTU), pH, tempera ture (°C) and Dissolved Oxygen (mg/ L) (DO). Permanent da ta 
loggers may a lso be used a t spec ific a reas to determine more ac c ura te measurements of wa ter qua lity 
parameters. 

20.1.1 Timing of Surveys 
Water qua lity should be measured eac h month and c an be c onduc ted in c onjunc tion with monthly 
waterbird surveys. 
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21. Acid Sulphate Soils Risk Assessment 
Additiona l risks linked with ac id sulpha te soils inc lude (i) mob ilisa tion of meta ls, meta llo ids and non-meta ls, (ii) 
dec rease in oxygen in the wa ter c olumn when monosulphid ic materia ls a re mob ilised into the wa ter c olumn, 
and (iii) production of noxious gases. 

21.1 Monitoring Methods 
Methods for monitoring ac id sulpha te have been adap ted from the MDBA Ac id sulpha te soils field guide . 
This doc ument desc ribes the rap id assessment of ac id sulpha te soil potentia l and may be referred to for 
further detail.   

One transec t is c onduc ted a t eac h wetland tha t exhib its signs of sa lt ac c umula tion (e.g . sa lt sc a lds; sa lt 
c rysta ls; b right yellow, orange or red c oloured p rec ip ita tes; b lac k, boggy or foul-smelling a reas; or stressed or 
dead vegetation). At three sites along each transect, observations, soil EC and pH are carried out. 

21.1.1 Wetland with Surface Water 
If the wetland c onta ins surfac e wa ter then the following three sites should be selec ted where 
practicable:  

 

Site 1. Below water line at 5-10cm water depth 

 

Site 2. Above water line at waters edge 

 

Site 3. Approximately mid-way between Site 2 and the high water mark of the wetland  

A photopoint is established at each wetland and a photograph taken on each site visit.   

All da ta should be entered into the da ta sheets p rovided by the MDBA for this rap id assessment 
tec hnique. Sa linity and pH measurements a re rec orded where wa ter dep th is a t knee height (or a t 
least 10-15m from shoreline if wa ter is sha llower). A wa ter sample is c ollec ted in a HDPE bottle (rinsed 
in wetland water 3 times before using) and frozen as soon as possible.  

At site 1, use a spade or shovel to d ig a hole to a maximum dep th of 40c m, remove the soil sod from 
below the wa ter and leave the sample on the spade. A Merc k pH strip is used to measure the pH of 
the soil a t three d ifferent dep ths; top layer 

 

top 5c m, midd le layer 

 

5 to 30 c m below the surfac e, 
and bottom layer 

 

below 30c m. Collec t a rep resenta tive c hip tray soil sample a t eac h of the three 
dep ths desc ribed above. Take a photograph of the c hip tray samples a fter they have been 
appropriately labelled.   

Measure the soil EC using an EC meter, by taking one read ing within the top 5c m of soil. Use a spoon 
to p lac e the soil sample from the sod into a ja r with d istilled wa ter with the ra tio 1:5 (soil:wa ter). Stir 
using a spoon and then measure the EC.  

Add itiona l observa tions of the soil a re rec orded on the da ta sheets. A p ic ture is taken of the soil sod 
along with the Wetland ID number and the photographic scale unit.  

This process is then repeated at sites 2 and 3 ensuring that all soil pits are filled in upon completion. 

21.1.2 Dry Wetland 
If the wetland is dry then the following three sites should be chosen where practicable:  

 

Site 1: Visible lowest point of the wetland 

 

Site 2: Approximately mid-way between Site 1 and the high water mark of the wetland 

 

Site 3: High water mark of the wetland  

The assessment methods are then the same as those outlined above for wetlands containing surface 
water. 
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22. Data Storage and Management 
All da ta c ollec ted in the field should be entered elec tronic a lly as soon as rea listic a lly possib le to avoid loss of 
data. The DEWNR Murraylands region has a Wetlands and Floodplain database into which all monitoring data 
should be entered . This da tabase c onta ins a ll monitoring rec ords from work c onduc ted by DEWNR and 
associated external contractors.   

In add ition, monitoring da ta is a lso stored in externa l da tabases, where app lic ab le. This da ta , whic h inc ludes 
rec ords for water qua lity, fish, frogs, wa terb irds and vegeta tion and tree hea lth, is entered into the Biolog ic a l 
Da tabase of South Austra lia (BDBSA). BDBSA is a c entra lised Sta te-wide da tabase tha t manages spec imen 
and observation data.   

Groundwater da ta is a lso stored c entra lly in Obswell, whic h provides online ac c ess to Sta te observa tion bore 
monitoring da ta . The Obswell fac ility has been estab lished ac ross the sta te to monitor trends in wa ter and 
salinity levels. 
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Appendix 1 

 
Current Monitoring Sites at Katfish Reach 

 

Figure 20: Current monitoring sites at Katfish Reach   



Katfish Reach Monitoring Plan  DRAFT 

Page 87 

Table 23: Current monitoring sites within Katfish Reach and the ecological parameters measured 
Location Description Site Code Habitat Type Ecological Parameters Measured 

      
Tree health Vegetation Fish Frogs Waterbirds Water Quality

 
Eckert Creek below ford Eckert 1 Slow-flowing 

      
Eckert Creek below ford Eckert 2 Slow-flowing    

   
Eckert Creek wide waters upstream Eckert 3 Backwater    

   
Eckert Creek wide waters downstream Eckert 4 Backwater    

   

Eckert Creek wide waters downstream Eckert 5 Backwater    

   

Eckert Creek upstream of Log Crossing Eckert 6 Slow-flowing    

   

Sawmill Creek Eckert 7 Slow-flowing    

   

The Splash Eckert 8 Backwater    

   

Eckert Creek downstream Eckert 9 Fast-flowing    

   

The Splash upstream Eckert 10 Backwater    

   

Eckert Creek upstream of Log Crossing Site 1 Slow-flowing 

      

Eckert Creek downstream of Log Crossing Site 2 Fast-flowing 

      

Eckert Creek upstream Site 3 Fast-flowing 

      

Eckert Creek downstream Site 4 Fast-flowing 

      

The Splash upstream Site 5 Backwater 

      

Ngak Indau Site 1 Temporary Wetland 

      

Ngak Indau Site 2 Temporary Wetland 

      

Ngak Indau Site 3 Temporary Wetland 

      

Carpark Lagoons Site 1 Temporary Wetland 

      

Carpark Lagoons Site 2 Temporary Wetland 

      

Carpark Lagoons Site 3 Temporary Wetland 

      

Katarapko Island Horseshoe Lagoon Site 1 Temporary Wetland 

      

Katarapko Island Horseshoe Lagoon Site 2 Temporary Wetland 

      

Katarapko Island Horseshoe Lagoon Site 3 Temporary Wetland 

      

Katarapko Island Horseshoe Lagoon Site 4 Temporary Wetland 

      

Katarapko Island Horseshoe Lagoon Site 5 Temporary Wetland 
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Table 24: Current monitoring sites as per the table above, including site codes and GPS locations 
Wetland SITE_CODE PARAMETERS EASTING NORTHING 

Eckert Creek Wide 
Waters 

Eckert 1 Frogs, WQ, Waterbirds 460195 6202428 

 
Eckert 2 Frogs, WQ, Waterbirds 459294 6202755 

 
Eckert 3 Frogs, WQ, Waterbirds 458540 6202763 

 
Eckert 4 Frogs, WQ, Waterbirds 458032 6201926 

 
Eckert 5 Frogs, WQ, Waterbirds 458285 6202132 

 

Eckert 6 Frogs, WQ, Waterbirds 458858 6201459 

 

Eckert 7 Frogs  458508 6199625 

 

Eckert 8 Frogs  457775 619782 

 

Eckert 9 Frogs  456468 6200246 

 

Eckert 10 Frogs  456576 6198481 

Ngak Indau Site 1 Frogs, Fish, WQ, Waterbirds, Tree Condition, Vegetation 459866 6201480 

 

Site 2 Frogs, Fish, WQ, Waterbirds, Tree Condition, Vegetation 459908 6201071 

 

Site 3 Frogs, Fish, WQ, Waterbirds, Tree Condition, Vegetation 459642 6201173 

Carpark Lagoons Site 1 Frogs, Fish, WQ, Waterbirds, Tree Condition, Vegetation 456883 6197255 

 

Site 2 Frogs, Fish, WQ, Waterbirds, Tree Condition, Vegetation 457461 6196460 

 

Site 3 Frogs, Fish, WQ, Waterbirds, Tree Condition, Vegetation 457659 6196147 

The Splash/Eckert 
Creek 

Site 1 Frogs, Fish, WQ, Waterbirds, Tree Condition 458633 6201189 

 

Site 2 Frogs, Fish, WQ, Waterbirds, Tree Condition 458171 6200491 

 

Site 3 Frogs, Fish, WQ, Waterbirds, Tree Condition 457450 6200800 

 

Site 4 Frogs, Fish, WQ, Waterbirds, Tree Condition 456485 6200365 

 

Site 5 Frogs, Fish, WQ, Waterbirds, Tree Condition 456781 6198929 

Katarapko Island 
Horseshoe Lagoon 

Site 1 Fish, WQ, Waterbirds 459498 6188380 

 

Site 2 Fish, WQ, Waterbirds 459447 6189177 

 

Site 3 Fish, WQ, Waterbirds 459343 6189973 

 

Site 4 Fish, WQ, Waterbirds 460008 6189907 

 

Site 5 Fish, WQ, Waterbirds 460602 6191329 
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  Appendix 2  Habitat Types within Katfish Reach   

 

Figure 21: Map of Katfish Reach showing the variety of habitats within the system. Descriptions 
of each site are given below (Table 25) (Beyer et al, 2009)  

Table 25: Descriptions of habitat types within Katfish Reach (Beyer et al, 2009) 
Code Site Name Flow Type 

1 Eckert Creek Downstream Weir (~1km) Fast-flowing 

2 Eckert Wide Water Downstream Backwater 

3 Eckert Creek Upstream Log Crossing Slow-flowing 

4 Eckert Creek Downstream Log Crossing Fast-flowing 

5 The Splash Upstream Backwater 

6 Katarapko Downstream Weir Slow-flowing 

7 Katarapko Creek Upstream (Katarapko Island) Slow-flowing 

8 Katarapko Creek Midsection (campsite 16) Slow-flowing 

9 Katarapko Creek Downstream (campsite 30) Slow-flowing 

10 Murray 3.5km downstream of Lock 4 River Murray main channel 
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11 Murray 10km downstream of Lock 4 River Murray main channel 

12 Murray downstream of Katarapko Junction River Murray main channel 

13 Eckert Creek below Ford Slow-flowing 

14 Murray Upstream of Lock 4 River Murray main channel 

16 The Splash Downstream Backwater 

17 Eckert Creek Downstream Fast-flowing 

18 Eckert Creek Upstream Fast-flowing 

19 Sawmill Creek Slow-flowing 

20 Eckert Wide Water Upstream Backwater 

22 Eckert Creek Downstream Eckert Weir Fast-flowing 

23 Eckert Northern Arm Slow-flowing 

24 Eckert Southern Arm Slow-flowing 
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Appendix 3  Invasive Plant Risk Assessment  

Table 26: Risk assessment for the invasion of invasive/nuisance introduced and native plant 
species as a result of the operation of the Chowilla Creek Environmental Regulator and 

associated structures (* denotes a native species; risk rating 21-25 high risk, 26-30 extreme 
risk). Adapted from Nicol (2007)  

Species Risk Rating Species Risk Rating 

Heliotropium europaeum 29 Medicago minima 24 

Xanthium californicum 29 Medicago polymorpha 24 

Xanthium occidentale 29 Trifolium spp. 24 

Heliotropium curassivicum 28 Galenia secunda 23 

Phyla canescens 27 Galenia pubescens 22 

Cuscuta campestris 26 Heliotropium amplexicaule 22 

Lycium ferocissimum 26 Malva parviflora 22 

Nicotiana glauca 26 Paspalum distichum* 22 

Cynodon dactylon 25 Hypochoeris glabra 21 

Polygonum aviculare 25 Hypochoeris radicata 21 

Abutilon theophrasti 24 Solanum nigrum 21 

Emex australia 24 

   


