UNIVERSITY OF TECHNOLOGY, SYDNEY

METAL ACCUMULATION IN TOADFISH,
TETRACTENOS GLABER, AND THEIR
PREY ITEMS

RALPH ALQUEZAR, BSc

Submitted September, 2006



CERTIFICATE OF AUTHORSHIP

| certify that the work in this thesis has not previously been submitted for a
degree nor has it been submitted as part of requirements for a degree except as
fully acknowledged within the text.

| also certify that the thesis has been written by me. Any help that | have
received in my research work and the preparation of the thesis itself has been
acknowledged. | certify that all information sources and literature used are
indicated in the thesis.

Ralph Alquezar
PhD Candidate



ACKNOWLEDGEMENTS

This project could not have been undertaken without the help of a number of
people. For this, | give them my utmost gratitude. Firstly | would like to thank my
supervisors, David Booth, Scott Markich and John Twining, who have patiently guided
me throughout my candidature and beyond, provided me with ongoing knowledge in the
field of ecology, ecotoxicology, radioecology, fish physiology and experimental design.
They all assisted with field collections, contributed to reviews of manuscripts for
publication, conference proceedings, seminars and editorial comments during the
preparations of this thesis as well as spent many hours in meetings discussing results.
Furthermore, | wish to thank my supervisors for being great friends and mentors over the
past few years.

| would like to thank all the people who have helped me collect those lucrative
toadfish in the field, rain, hail or shine. Luis Da Silva, Alba Felez, Manuel Felez, Simon
Ivanoff and Matthew Vella. Without their help, the project could not have been possible.

A very special thankyou to Narelle Richardson and Gemma Armstrong from the
Department of Environmental Sciences, UTS, for providing great assistance with
experimental protocols, QA/QC, and helping me with what ever problems | had. | would
also like to thank the Department of Environmental Sciences, UTS and the Australasian
Society of Ecotoxicology for providing student and conference funding for my project, in
particular to Greg Skilbeck, Derek Eamus and Rick Krassoi.

A big thankyou to the people from the Institute for Environmental Research at
Lucas Heights, ANSTO. In particular, | would like to thank Suzanne Hollins and Ron
Szymczak for providing substantial funding during the project for metal analysis and
isotopes. A very special thankyou to Val Sadler and Nicola Creighton for helping me
throughout the radioecology experiments, and to the Environmental Chemistry Group for
helping me with metal analyses.

Finally, | would like to thank the most important people in my life, my father
Rafael, my mother, Maria Dolores and my brother, David, for helping me through hard
times and providing financial and emotional support. To my fiance, Felicity Melville, my
superwoman, who | couldn’t have done this thesis without. Felicity assisted me with all
aspects of this thesis, including field collections, laboratory work, experimental design
and statistical analyses. To all the hours she put into reading many drafts of this thesis
and for being there during difficult times, my deepest thankyou. | would like to dedicate
this thesis to my grandfather, in loving memory, Serafin Planas, 1913-2006.



PAPERS PUBLISHED FROM THIS THESIS

Alquezar, R., Markich, S. J., and Booth, D. J. (2006). Metal accumulation in the
smooth toadfish, Tetractenos glaber, in estuaries around Sydney, Australia.
Environmental Pollution 142, 123-131. (Chapter 2).

Alquezar, R., Markich, S. J., and Booth, D. J. (2006). Effects of metals on
condition and reproductive output of the smooth toadfish in Sydney estuaries,
south-eastern Australia. Environmental Pollution 142, 116-122. (Chapter 3).

Alquezar, R., and Markich, S. J. (In Press). Accumulation of metals by toadfish
from sediment and infauna: are fish what they eat? Australasian Journal of
Ecotoxicology. (Chapter 4).

Alquezar, R., Markich, S. J., and Twining, J.R. (2007). Uptake and loss of
dissolved '%°Cd and "°Se in benthic macroinvertebrates. Chemosphere. 67,
1202-1210 (Chapter 5).

Alquezar, R., Markich, S. J., and Twining, J.R. (Submitted). Comparative
accumulation of '®Cd and "°Se from water and food by an estuarine toadfish
(Tetractenos glaber). Environment International. (Chapter 6).



TABLE OF CONTENTS

TABLE OF CONTENTS ...ttt ettt e e e s e e eae e e sme e e steeeneeesmneeeneeans i
LIST OF FIGURES ...ttt ettt et st e et e e eat e e s be e e eaeeeemseeeneeeenneeennes v
LIST OF TABLES ...ttt n et e e ann e e sneesnne e viii
AB ST RACT ettt R et n e n R n e e ne e e e e s Xii
1.0 INTRODUCTION......ccoitiitiimmmmmmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssnsnsssssnnnnnnnn 1
0 P N o 7N (0 PP 1
1.1.1 Ecology and toxicology — the fundamental link............cccooviiiiiiiiiie e 1
1.1.2  Metals in the enVIFONMENT.......cooiiii e e 2
1.1.3 Metals iN fISNES .. 4
1.1.4 Biological INAICALONS ....ccoiiiiie e 6
1.1.5  Sub-lethal effects of metals to biota..........cceeeiiiiieiiie e 7
1.1.6 Metal kinetics and fOOd WEDS........cooii e 8
1.2 STUDY LOCATIONS. ... .ottt ettt ettt e e e e e e e e e e e e e e e e e e e e eees 8
1.2.1 Parramatta RIVEr.........coi i 8
1.2.2  LAKE MACUAKIE ....eeeiiieeieiee ettt 9
1.2.3  Port Hacking RIVEr ......coo i 11
1.2.4  Cowan Creek (tributary of the Hawkesbury RiVer) .........cccoiiiiiiii e 11
1.3  STUDY OBJECTIVES .....cooi ittt ettt 14

2.0 METAL CONCENTRATIONS IN SEDIMENTS AND TISSUES OF THE SMOOTH
TOADFISH, TETRACTENOS GLABER, IN SYDNEY ESTUARIES, SOUTH EASTERN

AUSTRALIA .....cennessssnsssnssnsssssssssssssssssssssssssssssssssssssssnsssssnssssssnnnnssnnnnnnnnnnnnnnnnnnnnn 15
2.1 INTRODUCGTION ... 15
211 Estuarine SedimMeENts .......cocuee i 15
2.1.2  Metal accumulation by OrganiSMS .........ccoceiriiieriie e 15
213 Metals in eStuaring fiSh .......ooo i 16
214 Experimental ODJECHIVES ........uuiiii 17
2.2 MATERIALS AND METHODS ... 17
2.2.1 11 C=YRT=1 1=} oo SR 17
2.2.2  Sediment and toadfish COIECHON .........coiiiie e 21
2.2.3  Trace Metal @NalYSIS ......ocuueeiiiiiiei et 22
2.2.4  DAl@ @NAIYSIS ..eeiieiiiiie e 22
2.3  RESULT S .. 23
2.3.1 Surface water and sediment Chemistry........ccoccviiiiii i 23




2.3.2  Spatial and temporal sediment metal concentrations..........cccccevivieeniiieeniiiieees 25

2.3.4  Spatial and temporal toadfish tissue metal concentrations ............ccccceevieeiiiennne 25
2.3.5  Gender differences in fish tissue metal concentrations ..........ccccceeierrineiienneene 32
2.3.6  Association between sediment and fish metal concentrations ..........ccccocoeeeiiieeenns 35
2.4 DISCUSSION ... 36
241 Estuarine variation in sediment and water parameters ..........ccccoccveeinieie e 36
2.4.2  Temporal variation in sediment and toadfish tissue metals............cccccevieiiiiennne 37
2.4.3  Metal differences between toadfish tissue types ... 38
2.4.4  Gender differences in toadfish metal accumulation..........ccccccoviiiiiiiie e 39
2.4.6  Relationships between metals in sediments and toadfish tissues..........c.c.cceevennee. 40
2.5 SUMMARY ..ttt e e e e e e e et e e e e e e e a i ra e e e e e e e e e aann 41

3.0 EFFECTS OF METALS ON CONDITION AND REPRODUCTIVE OUTPUT OF THE

SMOOTH TOADFISH .......coeieieeeeeeeeeeeesssss s ssss s s s s s s s s s s s s s s s s s s ssssnssssnssnnnnnnns 42
3.1 INTRODUCGTION ... 42
3.1.1 Fish Condition (fIINESS) ..eeeeiiiiiie i 42
3.1.2  Fish reprodUCHION .......ceiiieiee e 42
313 OBOIINS e 43
3.1.4 Experimental ODJECHIVES ........ueiiii e 43
3.2 MATERIALS AND METHODS .......cc oo 44
3.2.1 Size, biochemical analysis and reproductive OUtPUL.........ccooceeiieriiin e 44
2 @) (o] 11 { g 1= Vg E= ) - SRR 44
3.2.3 Data@ @NAIYSIS ..eeeiieieeee e e e 46
3.3 RESULT S .. 46
3.3.1 Toadfish QUE CONTENES......oiiiiie e 46
3.3.2  Toadfish CONAILION .......ooiiiiiiee e e 48
3.3.3  ReproduCtivVe OULPUL........eeiiiiiiiiie it 51
3.4 DISCUSSION .. .o 55
3.4.1 Toadfish GroWth ... 55
3.4.2  Effects of metals on condition.........cccooiiiiiiiiiiiii e 56
3.4.3  Effects of metals on reproductive OULPUL ...........cooiiiiiiiiiiii e 57
3.5 SUMMARY L. 57

4.0 ACCUMULATION OF METALS BY SMOOTH TOADFISH FROM SEDIMENT AND

INFAUNA: ARE FISH WHAT THEY E AT 2 ..t iieeiireiiremssrsssssresssrsnssssnsssrenssssnssssansssenns 58
4.1 INTRODUGCTION . ..o 58
411 Macroinvertebrate fOOd WEDS ..........ciiiiiiiieee e 58

ii



4.1.2 Contaminant transfer t0 fiSh.......uee i e e a e 58

4.1.3  Experimental ODJECHVES ......cevi i 59
4.2 MATERIALS AND METHODS ... 60
4.2.1 Site AESCIIPLON .t 60
4.2.2  Sampling of fish, infauna and sediment............ccooi i 60
423 Determination of fish size, age and gender ..........cceeeiiii e 61
4.2.4  Trace Metal @NalYSIS ......ocuuiiiiiiiiei e 62
425 Lipid and protein @nalySiS .......ccueeeeiiieeiiiiiiee ittt 62
4.2.6  Dal@ @NAIYSIS .eeeiieiiiiieiiee e 62
e N o1 1 U N 1 SRR 62
4.3.1 Toadfish gut content @nalysis .........cceviiiieiiii e 62
4.3.2  Nutritional value of INfauNa .........cooiiiii 63
4.3.3  Metal concentrations in sediment and infauna ...........c.cocooceiiniiic i 64
4.3.4  Toadfish diel ......ooiiiiii e 67
4.3.6  Metal concentrations in toadfish tiISSUES ........ccuueiiiiiiiii i 68
4.3.7  Toadfish Siz€ and @ge........cooiiiiiiiiiiiiie e 68
4.4  DISCUSSION ...t 72
4.5  SUMMARY L. 75

5.0 UPTAKE AND LOSS OF DISSOLVED '®CD AND "°SE IN ESTUARINE

MACROINVERTEBRATES......ccotttttttmmmmmmmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnns 77
5.1 INTRODUCGTION .. ..o 77
51.1 FOOT WEDS ... e e e e e e e 77
5.1.2  Accumulation pathWays ... 78
51.3 Experimental ODJECHIVES ........uuiiii e 78
5.2 MATERIALS AND METHODS ... 78
5.2.1 TS OQANISIMIS ..ttt e 78
5.2.2  EXperimental SYSIEM........oo i e 79
5.2.3  Radionuclide analysis .........cccoeiuiiiiiiiiiieiee e 81
5.2.4  Speciation MOAEIliNG .......ceoiiiiiiiiiie e e 81
5.2.5 Data@ @NAIYSIS ...eeiiiiiiee e 81
5.8 RESULT S ... 83
5.3.1 Speciation Of Cd @nd S ....cueiiiiieeeee e 83
5.3.2  Uptake of '%Cd and "PSe ..o 83
5.3.3  L0SS Of "0 AN0 S 86
54 DT O U 1] [ ] 88
5.5 SUMMARY L. s 93

iii



6.0 COMPARATIVE ACCUMULATION OF '®“CD AND ">SE FROM WATER AND

FOOD BY THE SMOOTH TOADFISH ........cooiiiiiiimimsssssssssssssssssssssssssssssssssssssssssssssssssnnns 95
6.1 INTRODUCGTION .. ..o 95
6.1.1 Estuarine bioiNdiCatOrs. .......ooouii i 95
6.1.2  Contaminant transfer through food Webs............cccoiiiiiiiiii 95
6.1.3  Cadmium and Se as tOXICANES .......ccueeirieiiiie e 96
6.1.4  Experimental ODJECHVES ......ceei i 96

6.2 MATERIALS AND METHODS ... 97
6.2.1 Collection and maintenance of fish........ccoouiiiiiiii e 97
6.2.2 Dissolved (water) exposure: Experiment 1 ... 98
6.2.3 Dietary (food) exposure: EXperiment 2........cc.eeiiiiiiii i 99
6.2.4 Preparation of fish and Radionuclide analysis..........cccocceviiiiiiiiiiiiieieeees 100
B.2.5  Dal@ @NAIYSIS ..eiiiureeiiii i 101

6.3 RESULT S ... 103
6.3.1  Uptake of '%Cd and "*Se by whole t0adfish............cccocuerueereererreererereieesseeee . 103
6.3.2  Loss of '®Cd and ">Se by Whole t0adfiSh...........c.oveeveeverrereeeseeeeeeeeee e 105
6.3.3  Distribution of '>Cd and °Se in toadfish Organs..............ccccoeovweveeveerreeeerenerenenes 108

6.4 DISCUSSION ... 111
6.5  SUMMARY ... 117
7.0 GENERAL DISCUSSION.........ccccsruumnnnnnnnnnnnnnnnnssssssssssssnsssnssssssssssssssssssssssnssnssnnnnnns 118
7.1 MAJOR FINDINGS . ... 118
711 Metals in toadfish and the environment ... 118
7.1.2  Effects of metals on growth, health and reproduction ..........ccccoceeviiiiiiiinnienns 120
7.1.3  Exposure routes to macroinvertebrates and smooth toadfish ............cccocceeeiien. 121

7.2  MANAGEMENT IMPLICATIONS . ... 122
7.3 FUTURE DIRECTIONS ... . s 123
7.4  SUMMARY OF FINDINGS ... 124
o 0 126
APPENDIX Lttt e e e e e e e et e e e et e e e et aaaaaeaan 160
APPENDIX L. e e e e e et e e e e e e e e e et e aaaaaeean 161
FA =N G PPN 163

v



LIST OF FIGURES

Figure 1.1 Conceptual model of metal pathways in fish tissues. Adapted from

Jezierska and Witeska (2002). ....cceveeeveiiiiiiieiieieeeeeeeeeeeeeeeeee et 5
Figure 1.2 The smooth toadfish Tetractenos glaber, common along the

southeastern coast of Australia. .............ccoooo i, 7
Figure 1.3 Oil refinery close to the banks of the Parramatta River, near Site 2. ............... 9

Figure 1.4 (a) Pasminco Metals Smelter (northern Lake Macquarie) and (b)
Eraring Power Station close to the banks of Lake Macquarie, close to

SiteS 1 & 2, rESPECHIVEIY. ... 10
Figure 1.5 Port Hacking River surrounded by the Royal National Park.......................... 11
Figure 1.6 Cowan Creek surrounded by the Ku-ring-gai Chase National Park............... 12

Figure 1.7 Locations of study sites in Lake Macquarie, Cowan Creek, Parramatta
River and Port Hacking River. Inset: Location of sites on the
southeastern corner of Australia.............ccoooe oo, 13

Figure 2.1 Study locations in the Parramatta River. Site 1, Kissing Point wharf
(Putney); Site 2, Ryde Bridge (Concord); Site 3, Exile Bay (Cabarita). .......... 18

Figure 2.2. Study locations in Lake Macquarie. Site 1, Speers Point (Cockle Bay);
Site 2, Wangi Wangi Bay (Wangi Wangi); Site 3, Wyee Bay
(MaNNEFNG Park). ... seseesnsnnnnnnne 19

Figure 2.3. Study locations in Port Hacking River. Site 1, Grays Point (Grays
Point); Site 2, Wants Beach (upper Audley); Site 3, Leg of Mutton Bay
(U gl =g 0 = 1= Lo ) U ERT SRR 19

Figure 2.4. Study locations in the Hawkesbury River, insert: Cowan Creek. Site 1,
House Boat Bay (Apple Tree Bay); Site 2, Smiths Creek (Cowan
Creek); Site 3, Coal and Candle Creek (Cowan CreeK).........ccuveeeereeriinnnnnen. 20

Figure 2.5 Beach seine net used to collect toadfish. Dimensions are 15.5 m long
x 1.75 m wide with a mesh size of 16 MM ... 22

Figure 2.6 Sex differences in metal concentrations in liver, gill, muscle and gonad
tissues of toadfish among different estuaries, N = 30........ccoevvvvveviiieiiiennnnnnn. 34

Figure 2.7 Sex differences in metal concentrations of gonad tissues in toadfish
among different estuaries, N =30.........cccceeii i 35

Figure 3.1 Otoliths from a toadfish at 100x and 400x magnification showing
growth rings used to determine fish age, under light and dark phase
ITYICTOSCOPY - vttt eeeeeeaaaette e et e e e e e e e e e e e e e e e e e et e e e e e e e e e e e nn e e e e e e e e e e nnnnnneeas 45




Figure 3.2 Frequency (%) of prey items found in gut contents of toadfish in four
estuaries. Prey type calculated as a percentage of all prey items, n =

Figure 3.3 Frequency (%) of prey items found in gut contents of toadfish at each
estuary. Prey type calculated as a percentage of all prey items, n = 85.

Figure 3.4 (a) Total length (mm), (b) wet weight (g) and (c) age (otolith ring
count) of male and female toadfish from reference (Cowan Creek &
Port Hacking River) and metal contaminated (Lake Macquarie &

Parramatta River) estuaries. Values are mean £ SE (N = 79). ........ovvvvvvennnnns 50

Figure 3.5 Lipid and protein content in liver, muscle and gonad tissue per dry
body weight of male and female toadfish in four estuaries. Values are

MEANS £ SE (N = 79). o 51

Figure 3.6 (a) ovaries and (b) testis from gravid female and male toadfish....................

Figure 3.7 (a) Average oocyte diameter (mm) in female toadfish and (b) gonad
weight (g) in male and female toadfish in four estuaries. Values are

MEANS T SE (N = 79). i 54

Figure 4.1 Location of study sites in the Parramatta River/Sydney Harbour. Site
1, Lovett Reserve; Site 2, Duck Creek; Site 3, Charity Creek; Site 4,
Haslams Creek. Inset: Location of the Parramatta River on the

southeast coast Of AUSTIAlIA. ...ccueeneiee e 60

Figure 4.2 Box and whiskers plots showing the number of infauna taxa found
within toadfish gut at each study site (n = 12). Boxes indicate
interquartile range (50% of data), dashed lines indicate mean values,
solid lines indicate median values, error bars represent the range
(maximum and minimum) of values and solid dots indicate the 95%

CONFIAENCE INTEIVAL ... e e 63

Figure 4.3 Proportion of key infauna, based on wet weight, present in toadfish gut

ateach site (N =55). ..o 68

Figure 4.4 (a) Standard length (mm), (b) wet weight (g), and (c) age of toadfish at

each site. Values are means £ SE (N =55). ..., 71

Figure 5.1 Macroinvertebrates used in experiments (a) black mussels, X. securis;
(b) polychaetes (Eunice sp.); (c) semaphore crab, H. cordiformis; (d)

soldier crab, M. platycheles and (e) ghost shrimps, T. australiensis. ............. 79

Figure 5.2 Experimental design (random design with replication) of

macroinvertebrate Kinetics experiments. ... 80

Figure 5.3 Uptake of '°Cd (closed circles) and "°Se (opened circles) in (a)
semaphore crabs, (b) soldier crabs, (c) ghost shrimps, (d) pygmy
mussels and (e) polychaetes, over 385 h. Each plotted point

vi



represents the mean + SE (n = 6) of concentration factors (CFs)
determined for six individuals at each sampling time..............ccccceeeen.

Figure 5.4 Percentage loss of '%°Cd (closed circles) and °Se (opened circles) in
(a) semaphore crabs, (b) soldier crabs, (c) ghost shrimps, (d) pygmy
mussels and (e) polychaetes, over 189 h. Each plotted point
represents the mean + standard error of the percentage of retained
radioactivity, relative to original radioactivity, for six individuals at
SAMPIING TIME. ..

Figure 6.1 Experimental setup for toadfish water and food exposure experiments.
Figure 6.2 Toadfish ingesting a radioactive prey item. ...

Figure 6.3 Uptake of (a) '®Cd and (b) "*Se from water (closed circles) and food
(open circles) over 25 days. Each plotted point represents the mean £
standard error of concentration factors (CFs) determined in whole
toadfish (n = 3) at each sampling timMe..........cccccoiiiiin

Figure 6.4 Percentage loss of (a) '°Cd and (b) "Se over 30 days from water
(opened circles) and food (open circles) exposures. Each plotted point
represents the mean + standard error of the percentage of retained
radioactivity, relative to original radioactivity, in whole toadfish (n = 3)
for each sampling time. ...

Figure 6.5 Mean percentage distribution of '®Cd in selected toadfish organs (n =
3) from (a) water and (b) food exposures over the uptake (25 days)
and loss (30 days) phases of the experiment. Vertical dashed line
indicates transition between uptake and loss phases. ............ccoeeeeeeene.

Figure 6.6 Mean percentage distribution of "*Se in selected toadfish organs (n =
3) from (a) water and (b) food exposures over the uptake (25 days)
and loss (30 days) phases of the experiment. Vertical dashed line
indicates transition between uptake and loss phases. ..........ccccccceennneee

..... 107

..... 109

..... 110

vii



LIST OF TABLES

Table 1.1 Australian and New Zealand Interim Sediment Quality Guidelines
(ISQG) for metals. Concentrations are in mg.kg”' dry weight
(ANZECC/ARMCANZ 2000). ..eeeeeiueiieeeaiieeaeeeaiieeaeeaieeeeeeeeeeeaeesnreeaeeans

Table 2.1 Physicochemical parameters of surface waters for four estuaries.
Values are mean * standard error, n = 9 for each sampling period. .......

Table 2.2 Physicochemical parameters of surface sediments for four estuaries.
Values are mean * standard error, n = 15 for each sampling period. .....

Table 2.3 Metal concentrations (ug.g™' dry weight) in sediments among sample
dates (June 02, September 02, January 03). Values are means + SE
(LI 1) TSP PPRPRRR

Table 2.4 Metal concentrations (ug.g™” dry weight) in toadfish liver tissues among
sample dates (June 02, September 02, January 03). Values are means
£ SE (N =80) it

Table 2.5 Metal concentrations (ug.g™”" dry weight) in toadfish gills among sample
dates (June 02, September 02, January 03). Values are means + SE
(L0 ) SRRSO PPRPRR

Table 2.6 Metal concentrations (ug.g" dry weight) in toadfish muscle tissue
among sample dates (June 02, September 02, January 03). Values
aremeans £ SE (N =30). ..o

Table 2.7 Metal concentrations (ug.g” dry weight) in toadfish gonad tissue
among sample dates (June 02, September 02, January 03). Values
are means £ SE (N =30). ..o

Table 2.8 Significant linear relationships (r; P < 0.01) between metal
concentrations in fish tissues (muscle, liver and gonad) and sediments.

Table 2.9 Significant linear relationships (r*; P < 0.01) between metals in gills and
other tissues (muscle, liver and gonad). ...

Table 3.1 Spatial and temporal toadfish condition (Lipids and proteins; % mg.dry
weight) in toadfish tissues (liver, muscle, gonads). Values are means *
SE for each sample survey (N = 20). .....oeeieiiiiiiiiieeeee e

Table 3.2 Spatial and temporal female toadfish reproductive output. (-) Indicates
no females were available. Values are mean + SE for each sampling
PEFOA (N = 20) i

Table 3.3 Significant linear relationships (r?) between metal concentrations in
male and female tissues and condition. (+) indicates a positive linear
relationship; (-) indicates an inverse linear relationship (a < 0.01). .........

......... 4

....... 24

....... 24

....... 27

....... 29

....... 30

....... 31

....... 35

....... 36

....... 49

....... 53

viii



Table 4.1. Protein and lipid content (g dry weight”) of toadfish dietary items at
each site. Values are means £ SE (N =6). ....oooiiiiiiiiiiiiiiieeeeeee e, 64

Table 4.2 Sediment metal concentrations (ug.g'dry weight) at each site. Values
are MeaNnS £ SE (N =4). e 65

Table 4.3 Metal concentrations (ug.g'dry weight) in toadfish dietary items at
each site. Values are means £ SE (N =6). ....oooiiiiiiiieiiii i 66

Table 4.4 Significant (P < 0.01) positive linear relationships () between metal
concentrations (ug.g'dry weight) in sediment and toadfish dietary
items, pooled for all SiteS (N = 12).....oi e 67

Table 4.5 Significant (P < 0.01) positive linear relationships (r°) between metal
concentrations (ug.g'dry weight) and nutritional value (% lipids and
proteins g dry weight”) of toadfish dietary items (infauna), pooled for
all SItES (N =60)..cc i 67

Table 4.6 Metal concentrations (ug.g'dry weight) in toadfish tissues (gut lining,
liver, muscle, gonads, kidneys, gills) at each site. Values are means *

Table 4.7 Significant (P < 0.01) positive linear relationships (r*) between metal
concentrations (ug.g'dry weight) in toadfish tissues (toadfish tissues
were pooled), and their dietary items (infauna) and with sediment, n =

Table 5.1 Concentrations of '®Cd and "°Se in macroinvertebrates (kBg/g wet
weight) at the end of the uptake (385 h) and loss (189 h) phases. ................ 85

Table 5.2 Uptake and loss rate constants for 'Cd and "Se in
MACIOINVEIEDIAIES. .. .coiiiiiiiiee e e 86

Table 5.3 Biological half-lives (h) of '®Cd and "°Se in macroinvertebrates. Values
for each compartment were estimated based on the patterns of loss
OVEr 189 M. 88

Table 6.1 Uptake and loss rate constants for '®Cd and "°Se in whole toadfish
from water Or fOOQ. ....oovvueii i 104

Table 6.2. Biological half-lives (days) of '®Cd and "°Se in whole toadfish from
water or food. Values for each compartment were estimated based on
the patterns of 108s over 30 days..........cooiiiiiiiiiiiiieee e 106

Table 6.3 Mean percentage (%) activities of '%°Cd and "°Se (kBqg/g, wet weight) in
toadfish organs at the end of the uptake and loss phases, following
exposure to water or fOOd.........oooiviiiiiii s 111

Table IA. Recoveries of Certified Reference Material (CRM). Reference material
Dogfish Liver (DOLT-2) certified by the National Bureau of Standards,
US AL N = B it e et e e e e anae e e e 160

X



Table IB. Recoveries of Certified Reference Material (CRM). Reference material
Dogfish Muscle (DORM-2) certified by the National Bureau of

StanNdards, USA. N = B. ooeeiieeee e e e eeas

Table 1l. Male and female tissue metal concentrations (ug/g") at different
estuaries during the June 2002 sampling period. Values are means +

] T o T 10 R

Table |. Post Hoc tests (Bonferroni) for sediment metals in June 2002 &
September 2002. (P < 0.05). Codes are 1: Port Haching River; 2:

Cowan Creek; 3: Lake Macquarie 4: Parramatta River.............ccccceeeeeennn.

Table Il. Post Hoc tests (Bonferroni) for sediment metals in February 2003. (P <
0.05). Codes are 2: Cowan Creek; 3: Lake Macquarie 4: Parramatta

River. No data available for Port Hacking River on Feb 20083....................

Table Ill. Summary of Post Hoc tests (Bonferroni) for 2-way ANOVA (P < 0.05)

for toadfish liver tissues among locations & sampling times. .....................

Table IV. Summary of Post Hoc tests (Bonferroni) for 2-way ANOVA (P < 0.05)
for toadfish liver tissues among sampling times (June 2002,

September 2002 & February 2003). .....ceeeiieiiiiiiiiiiiieee e

Table V. Summary of Post Hoc tests (Bonferroni) for 2-way ANOVA (P < 0.05) for
toadfish liver tissues among sampling locations (1, Port Hacking; 2,

Cowan Creek; 3, Lake Macquarie & 4, Parramatta River). .........ccccccoeene

Table VI. Summary of Post Hoc tests (Bonferroni) for 2-way ANOVA (P < 0.05)

for toadfish gill tissues among locations & sampling times. ...........cccccoe....

Table VII. Summary of Post Hoc tests (Bonferroni) for 2-way ANOVA (P < 0.05)
for toadfish qill tissues among sampling times (June 2002, September

..160

.. 161

..165

..166

.. 167

..168

..170

2002 & February 2003). ......oueiiiiiiiiiieee e 171

Table VIII. Summary of Post Hoc tests (Bonferroni) for 2-way ANOVA (P < 0.05)
for toadfish gill tissues among sampling locations (1, Port Hacking; 2,

Cowan Creek; 3, Lake Macquarie & 4, Parramatta River). ..............coeee.

Table IX. Summary of Post Hoc tests (Bonferroni) for 2-way ANOVA (P < 0.05)

172

for toadfish gill tissues among locations & sampling times. ..........ccccceeene 174

Table X. Summary of Post Hoc tests (Bonferroni) for 2-way ANOVA (P < 0.05) for
toadfish muscle tissues among sampling times (June 2002, September

2002 & February 2008). ....ccooiiiiiieeee 175

Table XI. Summary of Post Hoc tests (Bonferroni) for 2-way ANOVA (P < 0.05)
for toadfish muscle tissues among sampling locations (1, Port Hacking;

2, Cowan Creek; 3, Lake Macquarie & 4, Parramatta River). ...................... 176

Table XlI. Summary of Post Hoc tests (Bonferroni) for 2-way ANOVA (P < 0.05)

for toadfish gonad tissues among locations & sampling times.................... 178




Table XII. Summary of Post Hoc tests (Bonferroni) for 2-way ANOVA (P < 0.05)
for toadfish gonad tissues among sampling times (June 2002,
September 2002 & February 2003). ......ueeeiiiiiiiiiiiiiiiee e 179

Table XIIl. Summary of Post Hoc tests (Bonferroni) for 2-way ANOVA (P < 0.05)
for toadfish gonad tissues among sampling locations (1, Port Hacking;
2, Cowan Creek; 3, Lake Macquarie & 4, Parramatta River). ...................... 180

X1



ABSTRACT

Estuaries support productive and diverse ecosystems, based on the abundant
food and diverse habitats. However with increasing human pressures, many estuaries
along the coastline of Australia have become degraded. The primary objective of this
study was to investigate the effects of estuarine metal contaminants on the physiology,
and the subsequent accumulation, in the smooth toadfish, Tetractenos glaber, and their
prey items in estuaries in the Sydney region, south eastern Australia.

Toadfish and sediments were collected during three seasonal sampling periods
(June 2002, September 2002 and January 2003) in four estuaries in the Sydney region
(Port Hacking River, Cowan Creek, Parramatta River and Lake Macquarie). Sediment
and toadfish tissue metal concentrations varied both spatially and temporally, with
highest concentrations exhibited in the metal contaminated estuaries (Lake Macquarie
and Parramatta River) during spring 2002 and summer 2003. Toadfish accumulated
metals in different tissue, however field experiments were limited in determining the main
pathways of accumulation.

Controlled laboratory kinetic experiments using radioisotopes of '®Cd and "°Se,
indicated that differences in the relative contributions of water and food in the
accumulation of these metals are generally governed by the physiology of the toadfish
and the type of prey eaten. The distribution of metals in fish organs is important for
better understanding metal kinetics and their subsequent toxicity. Toadfish exposed to
'%Cd in both water or food showed a shift in distribution from gut lining at the end of the
uptake phase to the excretory organs, such as liver, by the end of the loss phase,
suggesting that the main uptake pathway for water exposure was via the gut and not the
gills, due to fish drinking large amounts of water to maintain osmoregulation. There was
no appreciable shift in the distribution of "°Se from the uptake or loss phases, being
mostly associated with the excretory organs (gills, liver and kidneys). Further
investigation into the accumulation of metals in toadfish prey items revealed that
differences in uptake and loss of '®Cd and "°Se were influenced by their aqueous
speciation, as well as differences in animal physiology, sequestration, storage and
excitation mechanisms. The uptake rates and CFs of '®Cd and "°Se were highest, and
the biological half-lives the longest, in pygmy mussels, ghost shrimps and polychaetes
relative to the semaphore and soldier crabs.
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Elevated metal concentrations in certain toadfish tissues from the four estuaries
were linked to reduced lipid concentrations and increased protein concentrations, which
may be detrimental for growth, reproductive output and survivorship of the fish. A closer
investigation into the nutritional value and metal concentrations of toadfish prey items in
a selected metal contaminated estuary (Parramatta River) revealed that toadfish from
the more contaminated sites within the estuary may grow faster due to higher nutritional
value of prey items on a local scale, however on a larger spatial scale, this was not
evident. Further investigation is required to determine whether larger toadfish size can
be attributed to physiological acclimation or genetic resistance through generations of
continuous metal exposure.

Many studies have assessed metal concentrations in water, sediments and biota
in the field, however few studies have combined both field and laboratory experiments to
examine the effects of metals on fish physiology and reproduction, and metal transfer
pathways in aquatic biota. This study has contributed to a better understanding of metal
accumulation and its physiological effects in estuarine biota and highlights the high
spatial and temporal variability in responses of organisms to environmental metal

pollution.
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