The trophic ecology of the freshwater fishes
of an Australian rainforest river

Thesis submitted by

Thomas S. Rayner
Bachelor of Environmental Science Honours 1 (UNSW)

in November 2006

for the degree of Doctor of Philosophy
in the School of Marine and Tropical Biology
James Cook University



Statement of access

I, the undersigned, author of this work, understidnrad James Cook University will make this thesis
available for use within the University Library amid the Australian Digital Theses network, for use

elsewhere.

| understand that, as an unpublished work, a thesissignificant protection under the Copyright Act
and;

| do not wish to place any further restriction @ecess to this work.

Signature Date



Statement of sources declaration

| declare that this thesis is my own work and hatsbeen submitted in any form for another degree or

diploma at any university or other institution efttary education.

Information derived from the published or unpubdidtwork of others has been acknowledged in the
text and a list of references is given.

Signature Date



Electronic copy

I, the undersigned, the author of this work, dexliwat the electronic copy of this thesis provitted

James Cook University, is an accurate copy of ttiet phesis submitted, within the limits of the

technology available.

Signature Date



Statement on the contribution of others

This project was funded by grants from the CooperaResearch Centre for Tropical Rainforest
Ecology and Management (Rainforest CRC) and Jamoe& Oniversity (JCU). | was supported by
an Australian Postgraduate Award stipend, additistigend funding from the Rainforest CRC and a

completion scholarship from JCU.

Supervision was provided by Professor Richard Beaasid Dr Brad Pusey, Griffith University. Uli
Brose and others contributed to publications assediwith this thesis. Drs Mike Steele, Lee Belbin
and Mark Kennard assisted with statistical analy$editorial assistance was provided by Paul
Godfrey. Mirjam Maughan helped prepare Figure 2.1.

In-kind support was provided by Queensland Departnté Primary Industries — Fisheries and
Boating, in the form of gill-nets, and New South ldg&aDepartment of Primary Industries — Fisheries,
in the form of financial support to attend the 2@04stralian Society for Fish Biology conference in
Adelaide, South Australia.

Dr Alan Hooper, Queensland Department of NaturadReces and Mines provided hydrological data
for the Mulgrave River. Professor Angela Arthingtéwstralian Rivers Institute, Griffith University
provided in-kind assistance for stable isotopeymigl The Australian Centre for Tropical Freshwater

Research supplied gear and processed water samples.

Field assistance was provided by Colton Perna, Baker, Paul Thuesen, Paul Godfrey, Amanda
Soymonoff, Mo Healy, Anne Gulliard, Megan Barnegnt@ron Crothers-Stomp, Andrew Kaus,

Andrew Jones, Rusty Ligon and Michael Pusey.

Access to private land and other assistance irfighe was provided by the Rossi, Thomasen and
Moller families. Additional support was provided the technical and finance staff in the School of
Marine and Tropical Biology, JCU.



Acknowledgements

I would like to acknowledge the Yidinydji peopleaditional owners of the lower Mulgrave River.

| am deeply indebted to my mentors, Brad PuseyRiokard Pearson, for their enthusiasm, guidance,
encyclopaedic knowledge, criticism and patienceltddo Perna conducted a total of seven
electrofishing surveys over the course of the ptpj@ithout his help this thesis would literallyvea
not been possible. Andrew ‘Volunteer-for-Life’ Jenkelped sort a lot of invertebrate samples and
went on to document the feeding ecology of theudited pipefishiHippichthys heptagonus from the
Mulgrave River - his dedication and enthusiasm vesteunding.

Tony, Chris, Mark and Rick Rossi, along with théhart members of the Mulgrave Landcare
Catchment Group, should be commended for theitesslfnature, their love of the river and their
frontline efforts to bring about positive environmi@ change. To all the staff and students of Marin
and Tropical Biology, especially Andi Cairns, Ni&bnnolly, Paul Godfrey, Steve Williams, Faye
Christidis, Jodi Rowley, Lauryne Grant, Roderiggp&za-Salas, Angela Sheutrim, the Schluns, Ben
Moore, Jane Degabriel, Alex Anderson, Samantha dfak Karin Kassahn, thank you for all your

support.

Most importantly, | would like to extend my sincsreéhanks to Zoé Baker, for her generosity, love
and encouragement, which allowed me to dedicatelfntysmy research — she mended gill nets, paid
bills, tended wounds and supplied ice-creams —omudn’t ask for a better partner. In addition, the
support (often financial) of my family, John, RohdaDuncan, has been unwavering. Meanwhile,

Clwedd Burns will be dining out on his efforts dtigator Falls for years to come.

Lastly, | would like to pay homage to the pionedcsthe fisheries biologists waded before me into
deepest Africa, into the heart of South Americal ap the rivers of the Wet Tropics; and to the team
at Google Scholar, for making it that much easieme-truly do stand on the shoulders of giants!



Abstract

In tropical rivers, seasonal cycles of flooding almging have a major influence on the dynamics of
biotic communities. Several global paradigms hasenbdeveloped which attempt to account for the
relationships between river flow, primary produitfiv instream habitats, invertebrate and fish
communities, fish feeding and food web structurewklver, information from Australia is limited,
particularly for rivers in the Wet Tropics regiorf aorth Queensland, which feature unique
hydrogeomorphological characteristics and divergshiwater fish assemblages. This thesis tests the
applicability of global paradigms of riverine ecgjoto the Mulgrave River, a typical Wet Tropics
system.

Four lowland, main-channel sites were sampled o diccasions under a range of flow conditions,
from dry season base flows to a one-in-ten yearsgason flood. At each site, water quality and
habitat data was collected, invertebrate commumitidittoral and benthic habitats were sampled and
fish were surveyed using a combination of boattedfishing, gill netting and bait traps. This data
was analysed using both univariate and multivarg#istical methods, before being collated into
seasonal food web diagrams of the feeding linkesden fish and their food sources. Stable isotopes
analysis was used to identify the most importatityways of energy transfer through these webs and
a conceptual model of the factors affecting fislsorgce use and community structure was

constructed.

A total of 1530 fish were caught, representing Béctes. Longitudinal variation in fish community
structure was identified, with species suchNanctaenia splendida splendida and Tandanus
tandanus abundant in upstream areas ahmibassis agrammus, Redigobius bikolanus and Lates
calcarifer more common downstream. Some species, sucNeagtalosa erebi, preferred open
waters, while others were associated with particalecrohabitat features (e.gNotesthes robusta
was generally found near root masses of riparie@sdt During the dry season, the community was
dominated byGerres filamentosus, Neosilurus ater and the introducedilapia mariae, while during

the wet season the community was dominate@liogsamia aprion andNematal osa erebi.

The fish fauna was classified into eight habitatldpuand seven feeding guilds. Most species
preferred specific habitat features, such as ra@stses and instream vegetation, during the dry seaso
and then shifted to larger, deeper habitats withd reubstrates and woody debris during the wet
season. At this time, instream vegetation was remdrom the main channel by high flow velocities
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and the scour of bed sediments, which reduced dtahiterogeneity. A range of foods were
consumed by fish species, from detritus, algaefant] to aquatic invertebrates, molluscs and fish.
While the availability of these foods tracked temgdachanges in habitat, seasonal shifts in dietary
composition were limited to two species and ontegjershifts were observed in just three species.
Nonetheless, food consumption by the fish commuaitya whole reflected seasonal fluctuations in
productivity and food supply: during the wet seasaerial and surface invertebrates, algae and some
detritus appeared to be consumed more frequenthile wnacrophytes, microcrustaceans and

molluscs appeared more important in the mean didgtgl the dry season.

| hypothesise that fish were limited in their pssiection by their phylogeny and that they tracked

changes in food availability by moving between tetltiypes, which resulted in the observed changes
in fish assemblage structure. However, while theniidy of fish species comprising the assemblage
present in lowland reaches changed seasonally,ietdstructure did not change substantially, with

many weak links and a few strong links at all tim@able isotope analysis indicated that energy was
transferred through these webs via algal and depi#thways, with a greater diversity of produdyivi

sources contributing to animal production during et season than during the dry season.

In general, the dynamics of fish communities in Malgrave River are regulated by the unique
hydrogeomorphological features of the catchmentchvlare typical of the Wet Tropics region.
Specifically, upland streams in these systems tm@psand main channels in lowland reaches are
deeply incised relative to the surrounding floodpl#ds a result, floodplain habitats in Wet Tropics
catchments are poorly connected to the main chaliméing their influence on primary productivity
and their utility to freshwater fish species. Whilet season flows are predictable, they act as
disturbances in main-channel habitats, rather thengentle flood ‘pulses’ documented in other

tropical areas.

The results of this study emphasise the importaridiow seasonality in governing the spatial and
temporal dynamics of productivity, instream habitavertebrate and fish populations, fish feeding
and, therefore, the structure and function of dquabd webs. Elements of several global models
appear to apply under differing flow conditionst bo single model accounts for all of the dynamics
observed in the lowland fish communities of the ¢ftale River. Given the inherent similarities of
Wet Tropics catchments, the results of this studywidely applicable to other rivers across the
region and provide support for the long-standingtdioe of the importance of maintaining natural
flow regimes if freshwater fish diversity is to benserved.
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