Population Fragmentation in the Murray Hardyhead
Craterocephalus fluviatilis McCulloch, 1912 (Teleostei:

Atherinidae): Ecology, Genetics and Osmoregulation

Scotte Douglas Wedderburn

School of Earth and Environmental Sciences,

The University of Adelaide

A thesis submitted to The University of Adelaide
for the degree of Doctor of Philosophy

September 2008



il



Contents

N ] £ - Uo! TSR RPROPRRN vii
D cTod - U= 1o o OSSP iX
ACKNOWIEAGEMENTS ...ttt e sre e beenaenneenns X
1 General INErOAUCTION .....ocviiieieiece ettt 1
1L SCOPE ettt ettt ettt ettt ettt et e b e e bt e et e e bt e enbeennteenbeeeraeenbeeasaeenseens 1
1.2 TRESIS SEFUCTUIE ...ttt ettt ettt et et e ae e e 2
1.2.1 Ecology of rare and fragmented freshwater fish populations (Chapter 2)........... 2
1.2.2 Habitat separation of Craterocephalus (Chapter 3) ..........ccccovvevvieieeiccecieceenne, 2
1.2.3 Osmoregulatory comparison of hardyheads (Chapter 4)..........cccccceevevveevecneennnns 3
1.2.4 Osmoregulatory comparison of C. fluviatilis populations (Chapter 5)................ 3
1.2.5 Population genetic structure of C. fluviatilis (Chapter 6)............cccevvevvieverueennens 3
1.2.6 General DiscusSion (Chapter 7) .......c.vooueeiioieeeeeeeeeeeeeeee ettt 4

2 Ecology of rare and fragmented freshwater fish populations ...............cccccveviviiinennns 5
2.1 INTFOAUCTION ...ttt ettt ettt saeeaeeneens 5
2.2 Causes and consequences of habitat fragmentation ...............ccccoceeviieieiiecieceennen, 5
2.3 Rare and COMIMON SPECIES ......ccuveuierieieieteeteete ettt et eae st e sseeteere e eseessessessessesseeseeseens 5
2.4 Studying closely-related SPECIES..........ccevvirieieiieieieiectese et 6
2.5 Freshwater fishes and population fragmentation .............c..cccocovevveevieiiececeeeeenn, 7
2.5.1 GlODAl PEISPECLIVE ...ttt 7
2.5.2 Factors structuring assemblages..........ccoooveeiiiieiiieiieeee e 7
2.5.3 Vulnerability to population fragmentation .............cccoccvevieecienienieieeieseeeeceenns 9
2.5.4 CONSErvation GENELICS........couiiiiiiieieeieete ettt ettt vt re s saeeaneas 9

2.6 THE RIVEE IMUFTAY .......oiiiiiieeieteeeeeteete ettt ettt ettt e eaeeae e 10
2.6. 1 GBNEIAL ...ttt sb et neeneenean 10
2.6.2 Conservation status of native fiShes...........ccoovvverieiieceeee 11

2.7 Atherinidae (Nardyheads) ...........ccueecviieiiioieceeeeeeee e 11
2.7.1 Family: AtNerinidag.........c.ooveuieiiiieieceeeeee e 11
2.7.2 MUrray hardyNead ............ccveeeieorieeieecee ettt 12
2.7.3 Unspecked hardyhead................ccooiiiioiiiieieeeeeee e 13

il



2.7.4 Small-mouth hardyhead ...............ccoooiiiiiiiieiecceeeeee e 13

2.7.5 CONQENEIIC COMPAIISONS......ecuiietieieeiieitieteeteeteesteeaesteesseesseessesseessesseesseessesseennas 14
2.8 RESLAICN ODJECTIVES ...ttt ettt et b e e eae e 14
3 Habitat separation of Craterocephalus (Atherinidage).........ccccccoovviniinin i 16
.1 INEFOAUCTION ...ttt ettt ettt et e aeeereeaaeeae e 16
3.2 Materials and Methods ...........c.ooeiiiiiiieeeee e 17
3. 2.1 FiSh SAMPIING ....oiviiiiceeeeece ettt 17
322 HADIAL ...t 18
323 ANAIYSIS ...ttt ettt ettt e aaenas 19
BB RESUILS ...ttt ettt et 19
TR T [ OO U SRS PSR 19
.32 HADIAL ...t 19
3.3.3 0rdination @NAIYSIS........cecovieiieieieeieee ettt 20
3.3.4 Indicator SPECIS ANAIYSIS ........cuevvieieceeecieeeeee ettt 20
3.3.5 Predicted Salinity FeSPONSES.........coveieruieriieieeieeete ettt eeesre e 21
314 DISCUSSION ...ttt sttt ettt ettt et et e s te st e st e st et e b e sesseebeeseestensensensessesseeneenens 26
3.4.1 Habitat CharaCteriSation ............cccceeieieieieieereee et 26
3.4.2 Habitat COMPIEXITY .......coveieiiieeecieeeeeee et 27
A3 SANINITY .ottt nas 27
3.4.4 CoMPAratiVe STUAIES. .......ccverieeieeieciieieeteee ettt ettt eae e 28

4 Salinity may cause fragmentation of hardyhead populations............c..ccccoevviinnne. 30
A1 INEFOTUCTION ...ttt ettt ettt st e s e s e ssesseeseeseeneens 30
4.2 Materials and MetNOdS .........c.ooveiiiiiieiieeeeee e 31
4.2.1 Collection and MaiNtENANCE..........cceevieierieeie ettt 31
4.2.2 High salinity trial ...........ccooiiiiiiiieeeeeee e 32
4.2.3 LOW SAHNILY TriAl .....oceviiiiiceceeee e 32
4.2.4 StatistiCal ANaAlYSES.........ccuveiieiieeeee e 33
A3 RESUILS ...ttt ettt et et et eeae e 33
4.3.1 High salinity trial ...........ccoooiiiiiiieeeeeeee e 33
4.3.2 LOW SAHNILY Trial ....ooceviiiiiice e 33
4.4 DISCUSSION....cuteuieieteetieteeteettestetestestesteeteeseeseeseeseessesessessessesseaseessessensensensessessesseesens 36

v



5 Osmoregulation in C. fluviatilis from different salinity regimes ..........cccccvvvevvnenne. 39

B.L INEFOTUCTION ...t e e e e e e e e et e e e eeaaeeseeeaaeeas 39
5.2 Materials and METNOOS .. ... ..o et 40
5.2.1 COIBCLION SITES.... oottt e e e e e e e e e e e eeeeeeeas 40
5.2.2 Collection and MAINTENANCE ........ooeeee e e e e e e e e 41
5.2.3 High salinity trial............ccooiieiiiiiiieeeee e 42
5.2.4 LOW SAlINItY tri@l.......c.oooviiiiiiiieeeeee et 42
5.2.5 StatiStCAl ANAIYSES.......ccveeeeeeeeeeee et 43
DB RESUILS ...t e e e eaaaas 43
5.3.1 High salinity trial............ccoooieiieiiieeee e 43
5.3.2 LOW SAlINILY tri@l......ccveiiiieiiieee e 43
B DISCUSSION ..ottt e e e e et e e e e e e e e e e e e e e e e s e e e e e e eaeeeeeeeeeeeaaeeaaens 45
6 Genetic population structure of C. fluviatilis............cccccoviiiiiiiiici e, 48
6.1 INEFOTUCTION ... e e e e e e e e e e e e e e e e eaaeeeeeeraneeas 48
6.2 MaterialS and METNOAS ... et e e e e e e e aaaas 49
6.2.1 SPeCimen COHECTION ........cooouiiiieeieeeeeeee e 49
6.2.2 Allozyme eleCtrOPhOreSIS .......ccveevieeieiieeieieeee et 50
6.2.3 Analysis of allozyme data ...........c.ooeeiieiiiieiiceceee e 50
6.2.4 DNA isolation, amplification and SEQUENCING ..........cceeveeieieierierieeiecieee e 52
6.2.5 Analysis of DNA SEQUENCE JatA.........c.cccvevieirieiieeeie e 52
B.3 RESUILS ... e e e e e et e e e e e e e e e e e e rnaens 54
6.3.1 AIlOZYME @NAIYSES ......covenieieiicieeieete ettt sb et eneas 54
6.3.1.1 Validity of species boundaries between C. fluviatilis and C. amniculus..... 54
0.3.1.2 INTLOGTESSION «.eeeeeeeeneee e e ettt e e e e e e e e et eeeeeeeeeaee e eaeeeeeeeeeennaaaeeeeeeeennnnnans 55
6.3.1.3 Population structure within C. flUVIatiliS .......eeeoeeeeeeeeee e 56
6.3.1.4 Population structure within C. @mMNICUIUS ......ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeens 57
6.3.2 MIDNA @NAIYSES......oovieiiieiiieieeee ettt ettt e 64
6.3.2.1 Relationship between C. fluviatilis and C. amniculus .........cooeeveeeeeeeeeeennn... 64
6.3.2.2 Population structure within C. fIUVIATHIS ....oceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenn, 65
6.3.2.3 Population structure within C. @mMNICUIUS .......ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeerens 65




5.4 DISCUSSION ...t e e e e e e e e e e e e e e e et e e eeesae e e eeeeeeeeeeeaasseeees 69

7 GENEIAI AISCUSSION. .. .cviiitieieiiie ittt sttt ettt e sbe st e beebesneesreeaeeneesreenneas 73
T L INEFOAUCTION ...ttt ettt st s essesesseeseeseene e 73
7.2 Population fragmentation of C. fluviatilis..............cccooveeiiiiiiiiiceeceeee, 74

7.2.1 Population AECHNE ........ccveeiieeeeieeeeeeeee et 74
7.2.2 General distribution pattern and habitats .............cccocevieiiiiiiieeeee, 74
7.2.3 Comparison With itS CONQENET .........cveouieiieieeieeee ettt 76
7.2.4 PhenotypiC VariatiON ..........ccoccueeieiiieiecieie ettt ettt 76
7.2.5 POPUIALION GENELICS.......ocvieeieeieeeeeee ettt 77
7.3 Conservation management of C. fluviatilis............c..cccoooveeiiiiiiiiiceee 77
7.3.1 Habitat management.........ccooeeoieiieieceeieceeee ettt 77
7.3.2 Phenotypic CONSIAEIatioNS ...........coueeveiueeciieieeteeeee ettt 78
7.3.3 Genetic Management UNITS ........c.ooovieieiieriieieee ettt 78
7.4 Research contributions and future prioritieS...........cccoevveevieieeienecceceeeeeeee 79

B BIDHOGIapRY ... e 82

oI o] o =T o [ ot TSSO 108
Appendix 1: Habitat details (Chapter 3)..........occoooieiieiieeeeeeeee e 109
Appendix 2: Numbers of each fish species captured (Chapter 3) ..........ccccoveneenn. 110
Appendix 3: Other habitat responses modeled by HyperNiche (Chapter 3).......... 111
Appendix 4: Photographs and natural history of C. fluviatilis...............cccccveuennee.e. 115

Vi



Abstract

Population fragmentation is a common symptom of the decline of species, including
freshwater fishes. It occurs naturally, but has also proliferated in response to human
interventions that increase the prevalence and intensity of isolating barriers and events. In
regulated rivers, for example, fish are affected by the loss of connectivity between habitats
that is associated with hydrological changes. The process has evolutionary consequences
by limiting gene flow, reducing genetic diversity and rendering the isolates vulnerable to

local environmental changes.

Comparative studies of related species may help to elucidate the causes and
consequences of fragmentation. For example, they may identify habitat features that
influence the spatial separation of congeneric species. An opportunity for such a study
arises with small fishes (Atherinidae) in the intensively-regulated River Murray, south-
eastern Australia. Whereas the unspecked hardyhead Craterocephalus stercusmuscarum
fulvus is widespread and abundant, the Murray hardyhead C. fluviatilis has a patchy
distribution and is listed as _endangered‘ by the International Union for Conservation of
Nature and _vunerable’ under the Australian Environment Protection and Biodiversity
Conservation Act 1999. These two species rarely cohabit, implying that they could be

separated by particular habitat characteristics.

In the past, several species of Craterocephalus, including C. fluviatilis and the Darling
River hardyhead C. amniculus, have been regarded as C. eyresii sensu lato. The taxonomic
separation of C.s.fulvus has been confirmed, but some doubt remains about the
relationship of C. fluviatilis and C. amniculus. This issue needs resolution to ensure that

appropriate targets are set for conservation.

This study is a comparative investigation of the aforementioned species. It was designed
(1) to identify the habitat characteristics that influence the distribution and abundance of
C. fluviatilis and, given that salinity emerged as a key factor, (2) to explore the biological
implications of salinity through a comparative study of osmoregulation in C. fluviatilis and
C. s. fulvus, (3) to determine whether the osmoregulatory responses of population isolates
of C. fluviatilis differ at varying salinities, and (4) to evaluate the genetic population
structure of C. fluviatilis, confirm its taxonomic separation from C. amniculus and identify

genetic _management units‘ for conservation.
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Field sampling showed that C. fluviatilis is confined mainly to saline waters (0.4-20%o),
whereas C.s. fulvus is absent from salinities >7%.. Comparisons were made of
osmoregulation in these two taxa over a salinity range of 0.03-85%., with additional
reference to the small-mouth hardyhead Atherinosoma microstoma, a related estuarine
species that tolerates salinities >94%o. The three species all are euryhaline, although the
osmoregulatory ability of C. s. fulvus falters above about 35%o salinity. C. fluviatilis is a
better osmoregulator than A. microstoma at salinities <1%o, but both species tolerate

hypersaline conditions (85%o).

Osmoregulation was compared in C. fluviatilis from two isolated populations in
different salinity regimes (Wyngate: 0.4-1.5%o, Disher Creek: c. 1.0-45%0) to determine
whether they show related phenotypic differences. Fish from both populations remained
healthy at salinities from 5-65%o. The Disher Creek population maintained a significantly
lower blood osmotic concentration than the Wyngate population at salinities <1%o,

suggesting that there is a physiological difference between them.

The genetic population structure of C. fluviatilis and its taxonomic distinction from
C. amniculus were investigated using complementary allozyme and mtDNA markers. This
confirmed that C. fluviatilis is genetically distinct from its sister taxon, C. amniculus. It
also identified several genetically-defined _maagement units® as a framework for future
conservation. Further, it revealed that C. fluviatilis in habitats downstream of Lock 1 on the
Murray (274 km from the river mouth) displays a genetic signature indicating introgression
with C. amniculus. Clearly, these findings have implications for the conservation of
C. fluviatilis. For example, isolates can be prioritised for protection, and re-introduction

programs can be modified accordingly.

The findings may be applied to other freshwater fish, especially populations of closely-
related species subject to salinisation or other stressors, and they may also contribute
toward understanding of the factors and processes underlying rarity and fragmentation. It is
clear that salinity can be a significant factor in population fragmentation, and that closely-
related species with similar ranges may be segregated by differences in osmoregulatory

ability.
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