ONTOGENY OF GROWTH, FEEDING AND REPRODUCTION OF
MUGILIDS IN TOWNSVILLEWATERS,
NORTHERN AUSTRALIA

Thesis submitted by
Champa AMARASIRI
B Sc (Hons) University of Kelaniya, Sri Lanka
M Sc, University of North Wales, UK




TABLE OF CONTENTS

Statement of Access

.................................................................................... i
Acknowledgments ... ii
Abstract .. ST ol Rl TS U e Dt O R ii1
Table of Contents ... \
Declaration’....... 0 Lt i . £ abbtladis 0 1S Sl viil

Chapter 1 General Introduction
L1 INEPOAUCHION «.vvceeoceneneeeaniteieeecee e seeeessesesess s s e eea

1
1
1.2 Objectives of the study and general outline of the thesis ...................... 4
5
7

---------------------------------------------------------------

1.3 Study area

-----------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------

Chapter 2TaX0nOmY.............cccoviiriiieniuirieeicieeseceeeeereresesseesesesessesseeaens 11

2.1 Introduction L e 11

2.2 Materials'and Methods e e e L 13
2.2.1 Sampling of juveniles and adults.............. O et e o e 13
2.2.2 Identification of juveniles and adults .............cccoeveviiiicciiinieinen. 13
2.2.3 Sampling and identification of post-larvae ..................... s 14

2 3 Results: .o i Sl s iy i s 0 ol O S S S 15
2.3.1 Mugilid genera and species in Townsville .......c.ccocoiciiiinncen. 15
2.3.2 Description of the important taxonomic characteristics ............. 15
2.3.3 Key for identification of juveniles and adults ...........c.ccceueenc.n.n. 20
2.3.4 Taxonomic characters examined in post-larvae .......... Toinvaes Saoln 21

DA DISCUSSION .. vorisssosessviniorsaobosstansiasisittarataonstverans funstusoenad S LA 20

Chapter 3 Age and growth of post-larvae and early juveniles ............. 28

3.1 INtroduCtion .......cceeveeierseerseiaseemanns DT T ol SEehomer o et 28

3.2 Materials and Method ........ccccivivimiissitsssssssssiniisisss s 30 :
I [ESamplingt TS ! Bl e S Al S et 30 i
3.2.2 Otolith analysis ......... o DTRaIEE 310
35978 Agelng and gI'OWth ................. “eiitseanaanasvsaans s s vasea TR
3.2.4 Validation of daily mcrements ot
3.2.5 Effect of feedmg on the mcrement fonnatlon o

ts. ..... .
i Res'ul owtk and morphol‘ gy o th tolith:




Vi

4.2.1 SAMPUNG ..covvvvveerioiooieeeeeeeoeeoeeeeeee eeniin 46
4.2.2 Preparation and reading of scales ...........coorvovoreeeeeeeeeeeein, 47
4.2.3 Preparation and reading of otoliths ............ccccooovvreverereree. 47
4.2.4 Validation of the deposition rate of otolith annuli....................... 49
4.3 Resultsiaionn, ool e e e nome 0 SO SN 50
4.3.1 Length-weight relationShip .........oooueiuereriereeei oo, 50
4.3.2 Morphology of the SCAIES ...........ovovvvvoeooooeoeo oo 50
4.3.3 Ageing local mugilids by the use of scale annuli .................... 50
4.3.4 Description Of OtOlthS .....vvvrvvvveeeeeeeeerseseeseeeoeoeso oo 55
4.3.5 Ageing local mugilids by the use of otolith annuli ..................... 55
4.3.6 Length-at-age ............ooo.ooeevmeeerernreoreeoeeoeoeoeeoeeoeeoeeeeeeeeeeee 61
4.4 Discussion’. . ol S S 61
Chapter S Reproductive biology .............o..oooooovoivooooooo 68
S:1 Introductiontie s e S u i e S s i 68
5.2 Materials and Methods .............ov.oviieeeeeioeeieeeeeeeeoe oo 69
S:2.1-Samplingy. v ot Sotc i e S 69
5.2.2 Histological Preparations .............cc..c.ov.veeeeoreeressnerseeeresesoseesens 70
3.2.3/00CYte diaMEter < croiir o iriiiamaes st e e e 70
5.2.4 Estimation of length at 50% mature ..............ccocoeveveveeervoreenn. 71
5.3 IReSUNLS ....cs ot et B S e e S 71
5.3.1 Histology and morphology of the ovary development ............... 71
9.3 2 Hermaphroditism ... 72
5.3.3 Sexual MALULILY ......c.ccoeiieiriiarieirrinrisressesnsesseesesnsssssesassnssassssesnns 72
5.3.4 SPAWIING SCASOIL ...ceutianrireerreenererreeiseesesesneeseneennessnsessssnseessesenes 75
5.3.5 Ova-diameter fIEQUENCY ........ccovuieniiiiiniiirie e ie e eneeene 75
5.3.6 Reproductive biology of other mugilid species ..............c........... 75
S DISCUSSION -i::5cu w0055 s tonsrnaesnrsenae esns Sriaia s s es se e LT O R 77

Chapter 6 Ontogenetic changes in the diet and digestive mechanism ... 82

(a0 I 500 ¢ 76 10 (o1 4 (o) RO 82
6.2 Materials and Methods .........cccovcieeieiierrenneeeeiieeecenneeens e o 4 o 84
6.2 1 SAMPIING ricubousuinstvnssniionsssusssanshasdintssshanasetonins oo NS SEMN 84
6.2.2 Gut content analysis of juveniles and adults ............c..ocoeevenennn. 84
6.2.3 Gut content analysis of pOSt-1arvae ...e.....c.ccoceiuiireinineesnensenennes 85
6.2.4 Organic matter content and assimilation efficiency ............ 85
6:2.5IGUEDH 5o e T R RN R AL SR et 86
6.3 RESUILS is imtcis tovsnsestias bexinek A LR VA e S e e o e s S RS 86
6.3.1 Diet of post-larvae, juveniles and adults ...........cccccveeiesiriensanens 86
6.3.2 Organic matter content and assimilation efficiency ................... 90
6313 GUL PH o e e S e oy 93
(1D F LTI T (5] e e R 0 K 0 R e 93

Chapter 7 The morphology and histology of the alimentary tract

7 1 INtrOQUCHION .ovovvvseensissssssssssecssssssssssmmssassssasssssssssasassssssesssinsss i Pt
7.2 Materials and Methods .......cousisrisismminmersisissiinas s esensnessnnnes
7.2.1 Collection of SAMPIES w.voosiivevvssissssiniricsss Sh e e
7.2.2 Morphology of the alimentary tract ...........




7.2.3 Histology of the alimentary tract ..........ocoooeeeereeeeeverranenn. e 100
TIRESUIS . S 100
7.3.1 Morphology ofthe alimentary tract .............cocoeveeeeeeiioeeernnn, - 100
7.3.2 Histology of the alimentary tract .....................iocoooorooooo oo 107

7.3.3 Ontogenetlc changes of alimentary tract ..........cccocovvcvvevcveene. 117

74 DISCUSSION ..cooovvvvevmermamneeeeeeseeooseeeeeeees e ssosevsine: 119
Chapter 8 General DiSCusSion ..................cooovvcooovoeooooreooo oo 125
REFEIEICES ............cooiiieeiiect e 131
Appendix 1 Summary of the generic revision of family Mugilidae ............ 149
~ Appendix 2 Australian mugilids and their recorded locations ................ 50
Appendix 3 Descriptions of the 7 species from the present study ........ o 151
Appendix 4 Length-at-age data .............. St e et et it e e T UL 157

Appendix S Histology and morphology of gonads ............................. e 160




ABSTRACT .

Mugilids are a relatively unexploited fishery resource in the coastal and estuarine
waters of North Queensland. At present, apart from a small amount of biological
information on a few species, the existing number of species, life history information, age
- and growth, and feeding biology of the species inhabiting the area is poorly known.
Information of this type is required before informed management decisions can be made.
This study aimed to significantly contribute to knowledge of the biology and ecology of
these species in the waters around Townsville, North Queensland.

Seven species of Mugilids; Liza vaigiensis, L. subviridis, Valamugil seheli, V.
cunnesius, V. buchanani, Mugil cephalus and M. georgii were identified and a taxonomic
key was prepared for the identification of juveniles and adults in Townsville waters. V.
buchanani and M. georgii were recorded in Townsville for the first time. The
identification of mugilid species is difficult due to the similarity of general taxonomic
features between species. Internal anatomical characteristics such as number and structure
of pyloric caeca, in addition to external taxonomical characteristics, were found to be
more reliable and useful for identification of local mugilids than external characteristics
alone. -

Post-larvae of mugilids inhabit surface waters and form small schools. Post-larvae
of L. vaigiensis, V. seheli and L. subviridis form daily increments in their otoliths and it
was possible to accurately age post-larvae and juyeniles ixp to approximately 140-170
days of age. Post-larval mugilids grow linearly at approximately 0.17-0.37 mm/day and
move into shallow coastal waters at approximately one month of age.

Ageing juvenile and adult L. vaigiensis, V. seheli, V. cunnesius, L. subviridis and
V. buchanani was carried out using scales and otoliths. Ageing of juveniles and adults
was difficult due to the lack of clear growth rings in scales and o_toliths. As aresult, only
61 % of scales and 46 % of otolith samples c_ollect_ed could be used for ageing fish.
Whole otoliths and sectioned otoliths together gave more reliable age estimates than
scales. The estimated length-at-age data indicated that V. seheli, L. vaigiensis and V.
buchanani were growing faster than V. cunnesius and L b
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once a year. Spawning of L. vaigiensis and V. seheli occurred in local waters between

November and February and between October and April, respectively. However, the
presence of a few post-larvae throughout the year indicates that some spawning also
occurs at other times of the year. The lengths at which 50% of the females of L.
vaigiensis and V. seheli mature were 288.5 mm and 265.6 mm total length respectively.
Females with ripe ovaries, spent ovaries with post-ovulatory follicles, and the presence of
10-14 day old post-larvae, indicate that spawning of these species occurs in coastal or
near-shore waters of Townsville. Mugilids are gonochoristic but previtellogenic oocytes
were present in approximately 6 % of testes examined in specimens of L. subviridis.

Food and digestion of mugilids were studied by examining gut contents, gut pH,
assimilation efficiency and morphology and histology of the alimentary tract.
Ontogenetic diet changes were observed in mugilids. Mugilid post-larvae are exclusively
carnivorous, feeding on micro-crustaceans in pelagic waters. They move into shallow
benthic waters approximately after one month of age and gradually change their diet to
detritivory. The transition in diet occurs in juveniles at about 30-50 days of age. Juveniles
and adults are detritivorous, their diet consisting of approximately 32-47% detritus, 1-2
% diatoms and other algae and 32-42 percent inorganic matter. Live microorganisms are
abundant in the contents of the stomach, intestine and the rectum suggesting a symbiotic
relationship between mugilids and microorganisms. However, further studies are |
required. » .
L. vaigiensis and V. seheli have a well developed muscular gizzard-like stomach
which is used in the mechanical breakdown of plant cell walls and bacteria with the help

of inorganic particles. The gut pH values of L vaigiensis and V. seheli ranged between S

and 7, indicating that acid lysis of plant cell walls does not oceur. Morphology and




