Research priorities for
conservation and management of
freshwater resources in the
Australian Wet Tropics:

Water Research Plan

I. R. Kapitzke and A. H. Arthington
in association with
J. C. Patterson
R. G. Pearson
B. J. Pusey
G. L. Werren

&

Rainforest CRC

Cooperative Research Centre for
Tropical Rainforest Ecology
and Management



© Cooperative Research Centre for Tropical
Rainforest Ecology and Management.

This work is copyright. The Copyright Act 1968
permits fair dealing for study, research, news report-
ing, criticism or review. Selected passages, tables or
diagrams may be reproduced for such purposes
provided acknowledgment of the source is included.
Major extracts of the entire document may not be
reproduced by any process without written permission
of the Rainforest CRC.

Published by the Cooperative Research Centre for
Tropical Rainforest Ecology and Management. Further
copies may be requested from the Rainforest CRC,
PO Box 6811, Cairns, QLD 4870, Australia.

This report, Research priorities for conservation and
management of freshwater resources in the Austral-
ian Wet Tropics: Water Research Plan includes
outcomes of the CRC’s Water Research and Devel-
opment Workshop held in Cairns in October 2000.

December 2001

Other works published by The Cooperative
Research Centre for Tropical Rainforest Ecology
and Management:

Patch Deaths in Tropical Queensland Rainforests:
association and impact of Phytophthora cinnamomi
and other soil borne organisms. Editor: Paul Gadek.

Remote Sensing Requirements for Management
Agencies Responsible for Forest and Water Quality
Monitoring in the Wet Tropics. Stuart Phinn, Michael
Stanford, Alex Held.

The Comparative Assessment of Arthropod and Tree
Biodiversity in Old-World Rainforests: The Rainforest
CRC / Earthwatch Protocol Manual. Roger Kitching,
Guy Vickerman, Melinda Laidlaw, Karen Hurley.

Impacts of Roads and Powerlines on the Wet Tropics
World Heritage Area. Miriam Goosem, Steve Turton.

Impacts of Visitation and Use: Psychosocial and
Biophysical Windows on Visitation and Use in the
Wet Tropics World Heritage Area. Joan Bentrupper-
bédumer, Joseph Reser.

Feral Pigs: Pest Status and Prospects for Control.
Editor: Chris Johnson.

Evaluating the feasibility of remote sensing for moni-
toring State of the Wet Tropics Environmental Indica-
tors. Stuart Phinn, Michael Stanford, Alex Held,
Cathertine Ticehurst.



CONTENTS

Executive Summary
Introduction

Structure of Water Research and Development Workshop

Water Workshop Program
List of Workshop Delegates

CRC Overview of Research Capabilities and Interests

Project 1.3 Overview

A planning and design framework for sustainable development
and rehabilitation

Whys and wherefores of environmental quality and

ecological sustainability

River ecology and environmental flows

Fish ecology and riverine management

Delegate Presentations on Research and Development
Areas of Interest

‘Healthy Waterways’ for the FNQ region

Some priority Research and Development

needs for management of waterways

in the Wet Tropics World Heritage Area

DNR (DNRM) water planning

A physical stage for ecological restoration of the Wet Tropics rivers
Main Roads - issues and directions

Water Research Plan

Appendices
A - Project 1 Water Research and Development
Needs and Infrastructure Audit
B - Project 2 Stream Rehabilitation Protocols and Techniques
C - Project 3 Road Drainage, Waterways and Fauna Crossings
D - Project 4 Environmental Quality and Ecological Sustainability

E - Project 5.1  Management Strategies and Monitoring Tools for
Stream Restoration and Flow Management

F - Project 5.2  Biodiversity of Aquatic Macrophytes and Bryophytes

in Aquatic Habitats of the Wet Tropics Bioregion
G - Project 6 Best Practice Catchment Management:
Mulgrave River Case Study



Research priorities for freshwater resources in the Wet Tropics 1

EXECUTIVE SUMMARY

What are the needs for Research and Development in water-related issues in tropical rainforests?
This is a question relevant to the Rainforest CRC, whose mission is to support the sustainable use,
management and conservation of Australia’s tropical rainforests. In addressing this question,
researchers from CRC Project 1.3 Project Designs for Essential Infrastructure conducted a water
Research and Development (R and D) workshop in Cairns on 24 October 2000, and developed the
Research priorities for conservation and management of freshwater resources in the Australian Wet
Tropics: Water Research Plan.

This report describes the workshop, includes speaker abstracts and summaries of workshop discus-
sions, and presents the Water Research Plan. The concept of the Water Research Plan involves a
range of activities that will deliver outputs and outcomes in the short, medium and long-term, building
initially upon individual areas of researcher expertise, and integrating them within a broad theme
relating to the ecology and management of water resources and infrastructure.

The R and D Plan takes into account key planning documents, including The Wet Tropics Information
Needs for Management (WTMA 2000) and the Far North Queensland Regional Plan (Far North
Queensland Regional Planing Advisory Committee 1999).

The Research Priorities for conservation and management of freshwater resources in the Australian
Wet Tropics: Water Research Plan is summarised in Figure 1. As shown in the Plan, the major
outputs of the research program are guidelines and training materials for best practice water man-
agement in the Wet Tropics, covering three major areas:

* Infrastructure Design in Rainforest Catchments

* Provision of Environmental Flows in Rainforest Streams

* Maintenance and Restoration of Rainforest Stream Ecosystems

Elements of the water Water Research Plan have been funded for 2001/2002 and are now incorpo-
rated into CRC Research Program 4 — Rainforest Access: Managing and Monitoring Impacts, under
the new research project title Project 4.4 - Water Resources: Ecology and Management. The reloca-
tion to Program 4 was undertaken to help ensure: (i) that there is complementarity rather than overlap
between the two CRC programs that deal with infrastructure and impacts, and (ii) that the appropriate
expertise is being applied to such projects. Major tasks in Program 4 water research are outlined on
the CRC’s Web site <www.rainforest-crc.jcu.edu.au>.

RESEARCH DIRECTIONS 2001-2002

Project 4.4 will focus substantial effort on production of outputs from previous research during
2001/2002 (Table 1). Some CRC funding will be used to maintain or establish vital new research and
to ensure that ongoing CRC funded and new externally funded research will not lose momentum.
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Table 1 Research outputs expected in 2001/2002

The Water Research Plan

Output Output type *Project Team | Timetable for

Submission
Report on Water Workshop — R and D CRC tech report RK, AA (Eds) Dec 2001
Needs for Water in the Wet Tropics
Annotated Bibliography of Planning CRC tech report RK, JP,
and Management Guidelines AA, RP, BP June 2002
Annotated bibliography of stream process CRC tech report RK, AA, June 2002
and condition data for north-east Queensland RP, BP
Stream rehabilitation training workshop for Training workshop RK, RP June 2002
practitioners and managers
CRC Monograph on Biology and CRC Monograph BP, AA, June 2002
Environmental Flow Requirements of Kennard
Queensland Freshwater Fishes
Guide to monitoring stream health CRC tech report RP March 2002
using macroinvertebrates
Rapid biophysical assessment of CRC tech report RP, AA, June 2002
stream condition BP, Werren
Report on workshops — Recreation CRC tech report RP, Butler March 2002
and Water Quality
Report on aquatic plants of CRC tech report GW, BP, June 2002
the Mulgrave River to WTMA AA, Cairns
Determinants of freshwater fish biodiversity Journal article, BP, AA, Feb 2002
in rivers of north-eastern Australia Hydrobiologia Kennard
Distribution of freshwater fish in north- Journal article, BP, AA, June 2002
eastern Australia: landscape filters in Ecology of Fresh Kennard
multiple catchments -water Fish
Assessing the biodiversity of freshwater Journal article, Kennard, June 2002
fishes: considerations at various spatial Marine and Fresh BP, AA
and temporal scales -water Research
Utility of the RIVPACS modeling methodology | Journal article Kennard, Dec 2001
for prediction of freshwater fish assemblages Freshwater AA, BP
and detection of anthropogenic disturbance Biology
Spatial variation in the distribution and Journal article Mackay, AA Dec 2001
abundance of submersed aquatic macrophytes| Aquatic Kennard, BP
in an Australian subtropical river Botany
Report on Benchmarking Methodology for DNRM and Brizga, AA, June 2002
Environmental Flow Assessments Griffith Uni BP, Kennard,

Tech Report Mackay, Werren

Responses of invertebrate communities to low | Journal RP, Connolly, March 2002
dissolved oxygen concentrations in Wet Tropics| Freshwater Crossland,
streams Biology Butler
Responses of selected fishes to low Journal article RP, Connolly, March 2002
dissolved oxygen concentrations in Freshwater Crossland,
Wet Tropics streams Biology Butler
Responses of invertebrate communities Journal article RP, Connolly, June 2002
to high suspended sediment loads in Marine and Fresh Crossland
Wet Tropics streams -water Research
Impacts of deforestation on stream ecology Monograph article RP, Connolly Jan 2002

In: Forests - Water - People in the Wet Tropics

(Ed. Bonell)
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Effects of nitrate and phosphate enrichment Journal article RP, Connolly, June 2002
on forest stream ecology Freshwater Crossland
Biology
Water quality of Wet Tropics streams Journal article RP, Butler April 2002
Marine and Fresh
-water Research
Evolution and systematics of leptophlebiid PhD thesis Christidis July 2002
mayflies (Pearson)
Ecology of stream-dwelling chironomids PhD thesis McKie Feb 2002

(Pearson)

ON-GOING RESEARCH

The project team is committed to pursuing on-going and new research during 2001-2002 because
to call a complete halt to new research at this stage would lead to irreparable damage to the overall
CRC water research project. This project builds on earlier research, and introduces new tasks relevant
to appropriate management of streams in the Wet Tropics. Tasks on the research agenda and their

proposed status for the coming year are outlined in Table 2.

Table 2 Ongoing research tasks

Task *Project Project-funded Status 01 - 02 (assumes
Leaders Staff minimal funding)

R & D Needs and Infrastructure Audit| JP, AA, RP Kapitzke To be completed

Stream rehabilitation protocols and JP, AA, RP Kapitzke, Pusey, On-going

techniques Connolly

Culvert fishway laboratory model JP, RP Kapitzke, Patterson, | On-going (supported by

and prototype Pearson Main Roads Dept 01-02)

Road drainage, waterways and JP, AA, RP Kapitzke, Butler Dependent on level of

fauna crossings

funding (e.g. Main Roads).
Seeking external funding
for post-grad student

Environmental quality and ecological | RP, JP Connolly, Crossland,| On-going; partly funded by
sustainability Butler, Kapitzke SRDC
River ecology and environmental AA, RP Pusey, Connolly, Fish work continuing
flows Werren (AA , BP);
Invertebrate work subject
to funding (RP, Connolly)
Best practice management: AA, JP, RP Pusey, Kapitzke, Seeking CRC start-up
Mulgrave River case study Connolly, Werren funding for 2001-2002.
Workshop April 2002.
Recreation and water quality RP, AB Butler et al. Phase 2 to be completed,;

new developments subject
to funding

Emerging topics:

* Water storage development and management

* Interbasin transfers

¢ Salt intrusion in wetlands

¢ Wetlands ecology and management

* Fate of organic material in agricultural drainages

On agenda for future
research, funding to be
sought as opportunities
arise

*AA = Angela Arthington, BP = Brad Pusey, JP = John Patterson, RK = Ross Kapitzke, RP = Richard Pearson
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INTRODUCTION

What are the needs for Research and Development (R and D) in water-related issues in tropical
rainforests? This is a question relevant to the Rainforest CRC, whose mission is to support the
sustainable use, management and conservation of Australia’s tropical rainforests. In addressing this
question, researchers from CRC Project 1.3 Project Designs for Essential Infrastructure (now Project
4.4 Water Resources, Ecology and Management) conducted an R and D workshop in Cairns on 24
October 2000, and have used the workshop outcomes to develop a Water Research Plan for the
region. The Water Research Plan involves a range of activities that will deliver outcomes in the short,
medium and long-term, building initially upon individual areas of researcher expertise, and integrating
them within a broad theme relating to the ecology and management of water resources.

At this Workshop, key researchers and stakeholders were invited to give their perspectives and join
in a discussion of the issues and opportunities for water R and D. The objectives of the workshop
were to:

* identify capabilities and interests of CRC researchers with respect to water issues
* identify major water R and D issues for stakeholders

e identify gaps in present knowledge relating to water issues

e determine priorities for future research

* identify funding options

* compile workshop outcomes for wider publication within the CRC.

This Water Research Plan presents the key outcomes from the workshop and develops a research
strategy to take account of other research topics and priorities for the region, including The Wet
Tropics Information Needs for Management (WTMA 2000) and the Far North Queensland Regional
Plan (Far North Queensland Regional Planing Advisory Committee 1999).

The report is structured as follows: Chapter 2 outlines the workshop program and provides a list of
attending delegates. Researcher and stakeholder presentations and associated discussions are
presented in Chapters 3 and 4. Chapter 5 summarises the Water Research Plan, which has been
based on the workshop outcomes and the previously identified R and D needs for the region. The
research projects comprising the Water Research Plan are presented in Appendices A—- G.

In welcoming participants to the workshop in October 2000, Councillor Mike Berwick, Mayor of Douglas
Shire made the following key points and concluded by emphasising the need for a regional perspective
on water quantity and quality:

* there is insufficient water of high quality in the Wet Tropics World Heritage Area and the impacts
of tourism are a major concern

e water supplies for future populations around Cairns City are a critical issue in the region
* many major challenges in water conservation and management lie outside the WTWHA
e nutrient and sediment inputs to streams and coastal waters are a major water quality issue

e sources of nutrients and sediments are roads, hillside development, urban and sewage wastewater,
agricultural landuse and feral pig damage.
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STRUCTURE OF WATER RESEARCH
AND DEVELOPMENT WORKSHOP

The Water R and D Workshop was held over a full day in Cairns on 24 October 2000. CRC researchers
outlined their research capabilities and interests, and delegates were given the opportunity to present
their perspective on major R and D issues in their area of interest. These matters were brought
together in group discussions to develop research directions and priorities. The program for the Water
Workshop is presented in Box 1.

The workshop provided a platform for group discussions of the water-related issues in the Wet Tropics.
It was targeted at managers and practitioners involved in the planning, design, implementation and
management of water infrastructure development and rehabilitation in the region. Key personnel
from the following organisations were invited (refer Box 2 for workshop delegates list).

e Department of Natural Resources (former) — now known as Department of Natural Resources
and Mines (DNRM)

e DPI Fisheries

e Environmental Protection Agency

*  Wet Tropics Management Authority

e Department of Main Roads

* Department of Local Government and Planning
* Local Authority regional representatives

e Catchment management agencies

* local consultants

* associated Rainforest CRC research Programs



Research priorities for freshwater resources in the Wet Tropics

WATER WORKSHOP PROGRAM

8.30-9.00
9.00 - 9.30

9.00
9.05
9.10
9.15

9.30-10.45
9.30

9.45

10.00

10.15

10.30

10.45-11.15

11.15-12.30
11.15

11.30

11.45

12.00

12.15

12.30-1.30

1.30 - 3.30
1.30

3.00
3.10
3.20

3.30-4.00

4.00 - 5.00
4.00
4.30
5.00

WORKSHOP REGISTRATION
Welcome and Introductions

Introductory remarks - Ross Kapitzke
Welcome to workshop - Mike Berwick
Workshop objectives - Angela Arthington
Introduction of participants - Richard Pearson

Session 1 - CRC Overview of Research Capabilities and Interests
Project 1.3 overview

Ross Kapitzke

A planning and design framework for sustainable development and rehabilitation
Ross Kapitzke

Whys and wherefores of environmental quality and ecological sustainability
Richard Pearson

River ecology and environmental flows

Angela Arthington

Fish ecology and riverine management

Brad Pusey

MORNING TEA

Session 2 — Delegates Presentations on R and D Areas of Interest
‘Healthy Waterways’ for the FNQ region

Karen Benn, EPA

Some priority R and D needs for management of waterways in the WTWHA
Max Chappell, WTMA

DNR water planning

Peter Gilbey, DNR (DNRM)

A physical stage for ecological restoration of Wet Tropics rivers

Errol Colman, DNR (DNRM)

Main Roads - Issues and directions

Michael Frankcombe, MRD

LUNCH

Session 3 - Group Discussions to Develop R and D Directions and Priorities
Group work: Break into three groups to discuss R and D topics under three
themes for presentatiaon of suggested research projectss, scope, timing,

costs, providers.

Group 1 presentation — Water Quality
Group 2 presentation — Flow Management
Group 3 presentation — Infrastructure Issues

AFTERNOON TEA

Session 4 — Synthesis of R and D Directions and Priorities
Overview of priority research projects and funding opportunities
Open discussion

Wrap up and close
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Steve Goosem
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Greg Underwood
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Errol Colman
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Neil Boland
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Garry Werren
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Anthony Forsyth

Mayor

Senior Conservation Offier
Principal Planning Officer
Manager Planning and Research
Senior Principal Scientist
Principal Conservation Officer
Senior Conservation Officer
Manager Strategic Planning
Regional Environmental Officer
Manager Regional Infrastructure
Leader Water Resource Management
Senior Fisheries Biologist

Senior Fisheries Biologist
Manager

Environmental Scientist
Manager

Research Officer

Program 4 Leader

Honours Student

Rainforest CRC Project 1.3 researchers

John Patterson
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Richard Pearson
Angela Arthington
Brad Pusey

Ross Kapitzke
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EPA
WTMA
CCC
MRD
DNRM
DPI
NQAA
NRA
ACTFR
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TESAG
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Head of School of Engineering

Head of School of Tropical Biology
Deputy Director CCISR

Senior Research Fellow

Senior Research Engineer

Environmental Protection Agency
Wet Tropics Management Authority
Cairns City Council

Department of Main Road
Department of Natural Resources and Mines (was Department of Natural Resources)
Department of Primary Industries

North Queensland Afforestation Association
Natural Resource Assessments

Australian Centre for Tropical Freshwater Ecology
Cooperative Research Centre
Tropical Environmental Studies and Geography
James Cook University
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EPA

WTMA
WTMA
WTMA
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DNRM

DNRM

DPI Fisheries
DPI Fisheries
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ACTFR
ACTFR
Rainforest CRC
TESAG, JCU

JCU

JCU
Griffith Uni
Griffith Uni

Engineering, JCU
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CAIRNS
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CAIRNS
CAIRNS
CAIRNS
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CAIRNS
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STH JOHNSTONE

WALKAMIN
CAIRNS
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TOWNSVILLE
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CRC OVERVIEW OF RESEARCHER CAPABILITIES
AND INTERESTS

This chapter includes the outcomes of the presentations by the CRC researchers John Patterson,
Angela Arthington, Richard Pearson, Ross Kapitzke and Brad Pusey. A summary of each of the five
presentations and related discussions is given.

RAINFOREST CRC PROJECT 1.3 (now 4.4) OVERVIEW

Professor John Patterson, Head of School, School of Engineering, JCU, Townsuville
Mr Ross Kapitzke, Senior Research Engineer, School of Engineering, JCU, Townsville

Presentation

The overall objectives of Project 1.3 are to:

e provide guideline documents to assist practitioners and managers involved in infrastructure
development or rehabilitation projects in rainforest environments

e combine engineering expertise and biological/ecological knowledge to establish an interdiscipli-
nary basis and good practice methods for the planning, design, implementation and monitoring of
projects.

The following R and D strategy is being followed in the initial phase of the project:

* provide for conservation of, mitigation of impacts on, and rehabilitation of degradation to signifi-
cant environments of the Wet Tropics region (eg. streams within the WTWHA, streams adjoining
the WTWHA, terrestrial rainforest habitats)

e deal with the effects on / by these environments from / on essential infrastructure such as linear
corridors (eg. roads, powerlines, pipelines), water resource developments (eg. dams, weirs,
extractions), stream rehabilitation (eg. alignment training, in-stream habitat restoration)

e develop planning, design and implementation procedures (eg. stream rehabilitation protocol),
planning and design fools and techniques (eg. environmental flow evaluation), and understand-
ing of natural ecosystem processes and interaction with human use (eg. infrastructure effects on
stream habitat and biota)

e use an interdisciplinary approach involving fundamental research (eg. field studies), applied
research (eg. case studies) and technology transfer (eg. publications, training workshops).

Progress to date includes:

e audit of significant environments, infrastructure types and locations, planning studies, and plan-
ning and design procedures is underway and a database of related literature is being compiled

e participation in river management planning exercises for the Barron River, Liverpool Creek, and
Louisa Creek (Townsville), to be utilised to develop a protocol for stream redevelopment and
rehabilitation planning and design

* pilot study on University Creek at JCU Townsville campus underway to develop remedial meas-
ures for barriers to fish migration at road culverts

* amanual on the ecology of freshwater fishes has been prepared for the former Land and Water
Resources R andD Corporation (LWRRDC) and is now in revision for publication by the
CRC/CCISR

e several review papers have been prepared on ecological methods for assessing the condition of
streams affected by water infrastructure and flow regulation, water pollution and landuse change

e several projects relating to the effects of development on environmental quality and the ecologi-
cal sustainability of streams are underway

* meetings have been held with Program 5 (Rehabilitation and Restoration) to identify opportuni-
ties for linking riparian restoration and water infrastructure research projects.
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The presentation described progress on the audit of significant environments and infrastructure types,
as it applies to planning and design procedures for development and rehabilitation projects.

By way of example, the presentation also outlined the project being undertaken in the School of
Engineering at James Cook University to develop remedial fishways on several road culverts on
campus that are restricting fish migration to important habitats. The fishway proposals have been
taken to concept level design in preparation for laboratory model tests. The intention is to install and
monitor performance of prototype fishways for these culverts, and examine application to other streams
in the region.

Discussion

1. George Lukacs asked what are the cost benefits of culvert fishways?

Ross Kapitzke advised that the intention was to develop simple designs to be used to minimise
costs for retrofitting existing culverts. Perhaps these designs will be able to be applied to new
culverts without a significant cost increase over the conventional hydraulic requirements.

2. Michael Frankcombe reported that the Main Roads Department conventionally looked at main-
taining high velocities for flow capacity in culvert design, but are now looking at better designs for
fish movement.

3. Errol Colman stated that culvert headwater levels and the concentration of floodwaters caused by
culverts on floodplains are also important, not just discharge and velocity. It is desirable that
culverts maintain sheet flow on the floodplains.

4. Richard Pearson inquired about the swimming speed of fish to be used in culvert design.

Brad Pusey replied that some data on barramundi swimming speeds is available.

5. Mike Berwick suggested that there is a need to get the information to Councils and to provide

guides for the engineers and operators. This is especially important for the Douglas Shire Council

as they are due to replace many of their timber bridges.

6. Michael Frankcombe went on to say that the Main Roads Department found it is difficult to put
culverts into active streams but now put bridges in wherever possible.

7. Alf Hogan reported that the NSW Fisheries are developing guidelines for culvert fishways.

8. Greg Underwood suggested that improved practices for local government should be implemented
through the Queensland Urban Drainage Manual.
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A PLANNING AND DESIGN FRAMEWORK FOR SUSTAINABLE
INFRASTRUCTURE DEVELOPMENT AND REHABILITATION

Mr Ross Kapitzke, Senior Research Engineer, School of Engineering, JCU, Townsville
Presentation

Practitioners and managers involved in infrastructure development and rehabilitation in tropical rain-
forests, face major challenges in achieving sustainability for these multipurpose projects. They must
move beyond legislation, policy, programs and management planning, and the broad goals and vi-
sions for sustainability embodied in regional studies and strategic plans for natural resource manage-
ment, to successful planning, design and implementation at the project level. A planning and design
framework for infrastructure development and rehabilitation is useful here. Such a framework identi-
fies the various planning and design elements involved in these projects, defines their inter-relation-
ship, and provides a path for practitioners and managers to follow.

Although the types and the particulars of projects will vary, a common structure applies. This can be
used to guide both development projects (eg. new roads, water storages, water extractions), where
the goal is to mitigate impacts on the environment, and rehabilitation projects (eg. restoration of
riparian corridors, in-stream habitat, terrestrial habitat), which aim to improve the physical and bio-
logical condition of degraded environments. We are dealing here with multipurpose outcomes, which
must meet diverse and sometimes conflicting objectives. This contrasts markedly with conventional
development projects, which for example, often had narrow goals emphasising economic values and
human safety considerations, at the expense of ecological and cultural values. A framework for sus-
tainable planning and design helps avoid these shortcomings.

The prevailing legislation, policy, and management regime is an integral part of an overall framework

for sustainable development and rehabilitation. This includes laws and regulations (eg. Environment

Protection Act), policies and programs (eg. Natural Heritage Trust), institutional arrangements (eg.

Regional Organisation of Councils) and management planning (eg. FNQ 2010 Regional Plan). The

key elements of the framework relating to project planning, design and implementation are:

e planning and design procedures (eg. spatial and temporal hierarchy)

e planning and design fools (eg. site prioritisation, alternative evaluation, flow benchmarking)

e development and rehabilitation techniques (eg. culvert fishways, fauna crossings)

* understanding of natural ecosystem processes and interaction with human use (eg. stream hy-
drology, disturbance ecology, impacts on aquatic biota)

e quiding principles (project phasing, multiple objectives, interdisciplinary approach)

* linkages between project participants and other stakeholders (consultation, extension).

The presentation illustrated the planning and design framework, and the procedures, tools, etc.,
through their application to stream redevelopment and rehabilitation. Reference was made to several
collaborative research and development projects being undertaken through the School of Engineer-
ing at James Cook University. Clients in this work include the Land and Water Resources Research
and Development Corporation, Natural Heritage Trust, Johnstone River Catchment Management
Association Incoporated, and Townsville City Council.

Discussion

1. Max Chappell asked has the framework implementation started or not and is this regional or
particular?

Ross Kapitzke answered that he is proposing a generic framework for planning and design,
which can be adapted to particular fields such as stream rehabilitation.
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WHYS AND WHEREFORES OF ENVIRONMENTAL QUALITY
AND ECOLOGICAL SUSTAINABILITY

Professor Richard Pearson, Head of School, School of Tropical Biology, JCU, Townsville

Presentation

Environmental quality refers to the physico-chemical environment (including traditional “water quality”)

and the biotic environment, which involves interactions among species, such as those that modify

habitats. Several projects addressing this general theme are in progress at JCU, through the Australian

Centre for Tropical Freshwater Research (ACTFR), and directly or indirectly linked to Rainforest

CRC. These projects address important management issues, or provide the scientific background to

allow us to address those issues. They include:

¢ flow requirements to maintain water quality, aquatic plants, invertebrates and riparian systems in
groundwater-dominated stream systems (LWRRDC funded)

e development of water quality guidelines in tropical streams and estuaries (funded by EPA and
Coastal CRC)

e impact of sediments on stream ecology (field and mesocosm-based experiments funded by
LWRRDC and SRDC)

e impact of cane field drainage on stream ecology (field and mesocosm-based experiments on the
impacts of low dissolved oxygen and nutrient enrichment, funded by SRDC)

e fish kills in the Wet Tropics (field surveys and laboratory experiments, funded by SRDC)

e water hole management in grazing lands (field-based experiments funded by the NHT and the
Department of Defence)

e disturbance ecology and other natural processes in pristine streams (field experiments funded by
the Rainforest CRC and ARC)

e impact of recreational activities on rainforest streams (field monitoring and experiments funded
by the Rainforest CRC and the Commonwealth Tourism Department)

e biology of invasions by exotic fish species (field surveys and laboratory experiments funded by
JCU).

This brief overview examined management objectives, assessed the level of research required in
these and allied areas, and evaluated how far the listed projects go towards addressing the needs of
management agencies, landholders and the community.

Discussion
1 Neil Boland questioned will you be developing toolboxes and procedures?
Richard Pearson replied that they plan to generate systems of techniques like New
South Wales, but that they will be focused on our region.
2 Errol Colman commented that Richard’s talk emphasised charismatic megafauna,

which were said to be quite robust. Errol then questioned what is being done about
understanding damage to less charismatic environments, which are not always so
attractive to researchers?

Richard Pearson answered that fauna is in general quite robust in the southern Wet
Tropics, for example, low oxygen levels are coped with better by animals in the
southern than in central Wet Tropics region.

Brad Pusey confirmed this by saying that robustness is relevant in southern section
of the Wet Tropics and that the north is more susceptible to disturbance.
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RIVER ECOLOGY AND ENVIRONMENTAL FLOWS
Professor Angela Arthington, Deputy Director, CCISR, Griffith University, Brisbane

Presentation

Griffith University’s contributions to Rainforest CRC research on freshwater ecosystems are under-
taken via the Centre for Catchment and In-Stream Research (CCISR) in the Faculty of Environmental
Sciences at the Nathan Campus in Brisbane, under four main R and D themes:

1. River and Riparian Ecology

2. Environmental Flows

3. River Health Assessment and Monitoring
4. Aquatic Conservation.

The main theme of the presentation was “River Ecology and Environmental Flows”. Experience in
these areas is diverse:

e ecology of streams, rivers and wetlands in coastal Queensland

» effects of flow regulation on stream ecology (water quality, fish, aquatic plants and riparian
vegetation)

* methods for assessing the ecological condition of streams, and monitoring practices

e environmental flow methods and best practice.

The following presentation by Dr Pusey outlined fundamental research on the ecology of streams
and rivers with particular emphasis on freshwater fishes, and the importance of this information as
part of the scientific foundation of river flow management, habitat restoration and aquatic conserva-
tion. Angela outlined key R and D opportunities that would be consistent with the information needs of
WTMA, the Departments of Natural Resources and QDPI Fisheries, the EPA, local government,
industry and tourism.

* Natural flow regimes and the effects of water resource development

e Hydrological descriptions of regulated flow regimes of relevance to ecological processes

* Predictive models of relationships between hydrological descriptors and ecological processes

* Methods of assessment of impacts of water regulation in relation to other types of stress
(eg. landuse)

* Improved methods and Best Practice for environmental flow determinations and management

e Tools for monitoring and analysis of the ecological outcomes/benefits from flow and in-stream
habitat restoration

e Environmental Best Practice in the Wet Tropics

e Information packages for managers and community groups.

Much of this research can be undertaken through various forms of collaborative arrangement
between CRC researchers from the partner organisations. This is already happening in a number of
ways on existing projects, including staff exchange and acquisition of equipment. Postgraduate train-
ing is an important part of our collective mission as Rainforest CRC researchers, and joint supervi-
sion between institutions is a benefit of the CRC worth developing further. An ideal collaborative
arrangement might involve the ecological and engineering skills of the two Universities.

Finally, the Griffith University team is actively engaged in collaborative work within the Water Re-
source Plan program of the Department of Natural Resources and Mines (eg. Fitzroy, Barron and
Pioneer WAMP/WRPs) and we look forward to further opportunities to apply the outcomes of our
research in river flow planning and management.
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Discussion

1. George Lukacs asked what is meant by preservation — the first management option
presented by Angela Arthington?

Angela replied that not enough reserve systems exist and we cannot restore all rivers so
we should prioritise what we should and can preserve now.

2. Ross Kapitzke inquired what do you mean by active management — the second manage
ment option?

Angela said for example, modifying dam releases to minimise downstream impacts,
stocking fish and improving water quality. This is the step before rehabilitation so it is less
demanding.

3. Ross then asked where does mitigation of new developments fit in?

Angela replied that this is part of active management.

4. Richard Pearson suggested that there is a need to nominate a hierarchy of streams in
order from pristine to degraded.

Brad Pusey continued by saying that in trying to rank rivers, some will have a low score
such as the Barron, but the Barron is important for frogs. Trying to lock rivers up in re
serves needs clever management.

Angela re-emphasised the need to develop conservation priorities straight away.

Max Chappell went onto say that catchments may not be representative, but WTMA needs
priorities urgently to implement active management. This is a huge task both politically
and practically when prioritising works but how we get to that should be a priority for
discussion today.

5. Miriam Goosem questioned what are the monitoring protocols?

Brad answered that they are still working on methods for collecting data when using fish
as tools. A Griffith University PhD is underway to explore key issues.
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FISH ECOLOGY AND RIVERINE MANAGEMENT
Dr Brad Pusey, Senior Research Fellow, Griffith University, Malanda

Presentation

Within the four major themes of 1) River and Riparian Ecology, 2) Environmental flows, 3) River
Health Assessment and Monitoring and 4) Aquatic Conservation outlined by Professor Arthington, a
series of research programs has been running for the past decade and a half which strongly focus on
freshwater fishes.

These programs have included:

* studies of the distribution and habitat requirements of fishes in a diverse range of habitat types
including lakes, reservoirs, swamps, wetlands, and sub-tropical and tropical rivers. More recently,
quantitative data on the density and biomass of species, plus detailed habitat descriptions, have
been collected for over 400 sites in the Wet Tropics region and south-eastern Queensland

* studies on feeding ecology and trophic relationships of freshwater fishes in several of the above
habitats. Much of this information has been assembled in a nationwide review of trophic ecology
of freshwater fishes as well as a forthcoming book on the ecology and management of Queens-
land’s freshwater fishes

* studies examining biogeographic and evolutionary aspects of speciation of the fauna as well as
more basic taxonomic research resulting in the description of new taxa

* studies undertaken by the group aimed at defining and understanding the life histories of indi-
vidual species as well as quantifying the seasonal dymamics of larval fish production and the
habitat requirements of larval fish.

The research program has always been aimed at addressing questions of an ecological nature.
However, such information is invaluable, and has already proved to be invaluable, in addressing
questions relating more to management. For example, information on the distribution of fishes in the
WTWHA was critical in defining the recent conservation value of waterways in the World Heritage
Area. Similarly, these data are invaluable for developing predictive relationships between species or
assemblages and their habitat, which can be used in environmental flow assessments or as guide-
lines for environmental restoration. Such data can be used to define the boundary conditions for
effective monitoring of aquatic habitats and the use of fishes as environmental indicators, and the
correct way of collecting, describing and reporting on the condition of fish assemblages.

The presentation discussed the various uses to which the data sets can be used to aid management
in the Wet Tropics region and other areas such as Cape York, central Queensland and south-eastern
Queensland. This relates particularly to environmental flow management, rehabilitation and restora-
tion, identification of rare and threatened taxa (particularly genotypes and disjunct populations) and
public awareness and education programs. The presentation also introduced some of the material
being produced by the group to assist agencies, conservation groups and researchers. In addition,
the presentation highlighted those areas needing to be addressed by a contin