


1100094115 

tesis 

~~~i~~OOii~~~~!~ 
1100094115 
The bloom dynamics and trophic ecology ofsalps and doliolids 
in storm bay, Tasmania I Nurul Huda Ahmad Ishak. 

PUSAT PEMBELAJARAN DIGITAL SULTANAH NUR ZAHIRAH 

UNIVERSITI MALAYSIA TERENGGANU (UMT) 

2.1030 KUALA TERENGGANU 

l~UUU941J5 

L1hat Sebelah 



UNIVERSITY 
1- TASMANIA 

The bloom dynamics and trophic ecology of 
salps and doliolids in Storm Bay, Tasmania 

By 

Nurul Huda Ahmad Ishak 

MSc (Hons) 

Institute for Marine and Antarctic Sciences 

Submitted in fulfilment of the requirements for the degree of 

Doctor of Philosophy. 

December 2014 

University of Tasmania 

I MAS 
INSTITUTE FOR MARINE AND 

ANTARCTIC STUDIES 



STATEMENTS AND DECLARATIONS 

Declaration of Originality 

This thesis contains no material which has been accepted for a degree or 
diploma by the University or any other institution, except by way of background 
information and duly acknowledged in the thesis, and to the best of my 
knowledge and belief no material previously published or written by another 
person except where due acknowledgement is made in the text of the thesis, nor 
does the thesis contain any material that infringes copyright. 

Authority of Access 

This thesis may be made available for loan and limited copying and 
communication in accordance with the Copyright Act 1968. 

Statement of Ethical Conduct 

The research associated with this thesis abides by the international and 
Australian codes on human and animal experimentation, the guidelines by the 
Australian Government's Office of the Gene Technology Regulator and the 
rulings of the Safety, Ethics and Institutional Biosafety Committees of the 

University. 

Signed 

Nurul Huda Ahmad Ishak 

Date 08/12/2014 

i i 



ACKNOWLEDGEMENTS 

"Tenang-tenang air laut, 

Sampan kolek mudik ke tanjung 

Hati terkenang mulut menyebut 

Budi baik rasa nak junjung" 

I feel that neither English nor Malay can possibly say what I feel. 

A special recognition goes to my supervisor, Kerrie Swadling for her 

guidance, understanding, and patience and most importantly for her continuous 

help and support in all stages of this thesis. 

To my dissertation committee members, Guy Williams, Stephen Nicol and 

So Kawaguchi, I owe a debt of gratitude to all of you for your suggestions, time 

and careful attention to detail. 

I will never forget the help I got from all the members of the Storm Bay 

project: Jason Beard, who was involved in Storm Bay project from the start, and 

Lisette Robertson, Hugh Jones and Andrew Pender for great help in the field. 

I am very grateful to Ruth Eriksen (I MAS) for phytoplankton taxonomic 

identification, Rick van den Enden (Australian Antarctic Division) for helping with 

Scanning Electron Microscopy, Thomas Rodemann, Christine Cook and Christian 

Dietz (UTAS Central Science Laboratories) for elemental and stable isotope 

analyses, Lesley Clementson (CSIRO) for HPLC analyses, Mark Baird (CSIRO) for 

iii 



references and ideas, Rob Johnson (Bureau of Meterology) for helping with 

MATLAB and Paige Kelly (I MAS) for R Studio tips and advice. 

Funding for sampling in Storm Bay was provided by the Winifred Violet 

Scott Foundation, the Fisheries Research and Development Corporation (project 

numbers 2009/067 and 2014/031) and IMAS (Fisheries and Aquaculture 

Program). The Tasmanian branch of the Australian Marine Sciences Association 

(AMSA) provided a travel award for me to attend the national AMSA meeting on 

the Gold Coast in 2013 . 

To my best friend B, thank you for listening, offering me advice, and 

supporting me through this journey. 

To my beloved Mama and Abah without whom I would be nothing. 

To my shining stars Hanna and Hakeem, who taught me the true meaning 

of unconditional love. 

last, but by no means least, I thank my husband, Hafiz, who has been a 

constant source of support and motivation; and made numerous sacrifices 

throughout my graduate journey. This thesis would have never been possible 

without you. 

*This work has been carried out while the author held Malaysian Ministry 

of Higher Education and Universiti Malaysia Terengganu scholarships, for which 

she is grateful * 

iv 



ABSTRACT 

Zooplankton are important grazers of primary production and play a 

central role in the transfer of energy from primary producers to higher order 

consumers. Zooplankton are sensitive to environmental variability, making them 

useful indicators of climate change; importantly, their physiology is strongly 

coupled to temperature, they exhibit generally short life cycles and they are 

excluded from most pressures associated with commercial fishing. However, 

given the diversity of organisms found in the pelagic environment the responses 

of different groups of zooplankton to environmental variability are most likely 

different. In this study I have investigated the bloom dynamics and trophic 

ecology of dominant thaliaceans in Storm Bay: two species of salp (Thalia 

democratica and Sa/pa fusiformis) and two species of doliolid (Dolioletta sp. and 

Doliolum sp .). Storm Bay is a region of dynamic oceanography that is influenced 

by (i} warm, low nutrient waters from the East Australian Current in the summer, 

(ii) cooler, nutrient-rich subantarctic waters in the winter, (iii) the Leeuwin 

(Zeehan) Current flowing along the west coast and (iv) flows from the Derwent 

Estuary. Key challenges in this study included the fragility of the gelatinous 

zooplankton, their unpredictable presence in Storm Bay and the absence of 

doliolids during certain years. 

Monthly field trips were undertaken to Storm Bay for three consecutive 

years (November 2009 to March 2012) to investigate the blooms of salps and 

v 



doliolids and the causes of their patchy distribution. Collections of zooplankton 

were made at five sites and seven environmental parameters were recorded 

(temperature, salinity, rainfall, diatom stocks, chlorophyll a concentration, 

presence of the heterotrophic dinoflagellate Nocti/uca scintillans and total 

phytoplankton abundance). 

Relationships between the distribution of thaliaceans and environmental 

parameters in Storm Bay were examined using the BIOENV {Biology­

Environment) procedure of PRIMER, which highlighted that the bloom patterns 

of salps and doliolids in Storm Bay were not uniform in time or space due to the 

variability in environmental parameters. The top three drivers of thaliacean 

distribution and abundance, according to BIOENV, were salinity, temperature 

and diatom stocks, with a correlation of 0.433. It was clear that each species 

showed different environmental preferences. Of the doliolids, Doli a/etta sp. 

preferred lower temperatures (mean SST 13.42-14.93 oq and higher salinity 

(mean SSS 33.91-34.62) than Doliolum sp. (mean SST 16.35-16.76 oc; mean SSS 

32.95-33.83). The salp T. democratica showed a preference for higher 

temperatures (mean SST 15.85-17.4 oq and slightly lower salinity {mean SSS 

34.34-34.40) than 5. fusiformis {mean SST 14.64-15.38 oc; mean SSS 34.57-

35.11). 

The dietary preferences of salps were investigated using two methods of 

gut content analysis: Scanning Electron Microscopy {SEM) and High Performance 

Liquid Chromatography (HPLC). Using SEM, I obtained micrographs of 31 

different species of plankton, including copepods, in the guts of the four species 

vi 



of thaliaceans. HPLC confirmed that diatoms, cryptophytes and green algae were 

the main dietary preferences for salps. 

To investigate further where each species of salp fitted within the 

planktonic food web in Storm Bay, carbon and nitrogen concentrations and 

stable isotopic profiles were measured on T. democratica and 5. fusiformis. 

Because of the fragility of salps, an extension of this research project involved 

comparing three different methods of preparation of salps for elemental 

analyses (freshly collected and incised salps rinsed with small volume of Milli-Q 

filtered water, thawed salps incised and rinsed in small volume of Milli-Q filtered 

water and freshly collected salps incised and rinsed with ammonium formate). 

The best method was then used for isotopic analysis of salps and seawater. 

Carbon and nitrogen elemental analyses were found to show the most consistent 

results if fresh specimens were incised and rinsed with Milli-Q prior to analysis. 

T.democratica had higher carbon and nitrogen values than 5. fusiformis, and 

solitary forms of both species had higher carbon and nitrogen contents than the 

aggregate forms. Comparison with the literature confirmed the relatively low 

carbon and nitrogen concentrations of these gelatinous organisms when 

compared to crustacean plankton . The present study does point to the need to 

consider the life stages separately for any research, e.g. ecosystem modelling, 

that is attempting to produce realistic carbon budgets for a system. 

This study provided further insight into the current understanding of the 

impacts of environmental variability on important marine zooplankton; 

specifically on salps and doliolids. Further, this study increased our knowledge of 
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the dietary preferences of salps and added significant information to the little­

known diets of doliolids. It also identified some issues with methods used for 

preparing gelatinous species for biochemical analyses and provided 

recommendations for optimal preparation of specimens. These findings will 

significantly increase our ability to determine how climate-driven oceanographic 

changes will affect the distribution of these important zooplankton species in 

Australian waters and in other areas globally. 
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