#3kx¢] UNIVERSITY
il OF WOLLONGONG
¢ ¥ AUSTRALIA

University of Wollongong - Research Online

Thesis Collection

Title: Studies of nutrient variability and the consequences for benthic communities on the Coral Coast fringing
reefs, Fiji

Author: Ulukalesi B Tamata
Year: 2007

Repository DOI:

Copyright Warning

You may print or download ONE copy of this document for the purpose of your own research or study. The
University does not authorise you to copy, communicate or otherwise make available electronically to any
other person any copyright material contained on this site.

You are reminded of the following: This work is copyright. Apart from any use permitted under the Copyright
Act 1968, no part of this work may be reproduced by any process, nor may any other exclusive right be
exercised, without the permission of the author. Copyright owners are entitled to take legal action against
persons who infringe their copyright. A reproduction of material that is protected by copyright may be a
copyright infringement. A court may impose penalties and award damages in relation to offences and
infringements relating to copyright material.

Higher penalties may apply, and higher damages may be awarded, for offences and infringements involving
the conversion of material into digital or electronic form.

Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily
represent the views of the University of Wollongong.

Research Online is the open access repository for the University of Wollongong. For further information
contact the UOW Library: research-pubs@uow.edu.au


https://dx.doi.org/
mailto:research-pubs@uow.edu.au

University of Wollongong

Research Online

%Jgisvéle_rzs&yf)of Wollongong Thesis Collection University of Wollongong Thesis Collections

2007

Studies of nutrient variability and the consequences for benthic
communities on the Coral Coast fringing reefs, Fiji

Ulukalesi B. Tamata
University of Wollongong

Follow this and additional works at: https://ro.uow.edu.au/theses

University of Wollongong
Copyright Warning
You may print or download ONE copy of this document for the purpose of your own research or study. The University
does not authorise you to copy, communicate or otherwise make available electronically to any other person any
copyright material contained on this site.

You are reminded of the following: This work is copyright. Apart from any use permitted under the Copyright Act
1968, no part of this work may be reproduced by any process, nor may any other exclusive right be exercised,
without the permission of the author. Copyright owners are entitled to take legal action against persons who infringe
their copyright. A reproduction of material that is protected by copyright may be a copyright infringement. A court
may impose penalties and award damages in relation to offences and infringements relating to copyright material.
Higher penalties may apply, and higher damages may be awarded, for offences and infringements involving the

conversion of material into digital or electronic form.

Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily

represent the views of the University of Wollongong.

Recommended Citation

Tamata, Ulukalesi B, Studies of nutrient variability and the consequences for benthic communities on the
Coral Coast fringing reefs, Fiji, PhD thesis, School of Earth and Environmental Sciences, University of
Wollongong, 2007. http://ro.uow.edu.au/theses/83

Research Online is the open access institutional repository for the University of Wollongong. For further information
contact the UOW Library: research-pubs@uow.edu.au


https://ro.uow.edu.au/
https://ro.uow.edu.au/theses
https://ro.uow.edu.au/theses
https://ro.uow.edu.au/thesesuow
https://ro.uow.edu.au/theses?utm_source=ro.uow.edu.au%2Ftheses%2F83&utm_medium=PDF&utm_campaign=PDFCoverPages

NOTE

This online version of the thesis may have different page formatting and pagination
from the paper copy held in the University of Wollongong Library.

UNIVERSITY OF WOLLONGONG

COPYRIGHT WARNING

You may print or download ONE copy of this document for the purpose of your own research or
study. The University does not authorise you to copy, communicate or otherwise make available
electronically to any other person any copyright material contained on this site. You are
reminded of the following:

Copyright owners are entitled to take legal action against persons who infringe their copyright. A
reproduction of material that is protected by copyright may be a copyright infringement. A court
may impose penalties and award damages in relation to offences and infringements relating to
copyright material. Higher penalties may apply, and higher damages may be awarded, for
offences and infringements involving the conversion of material into digital or electronic form.




STUDIES OF NUTRIENT VARIABILITY AND THE CONSEQUENCES
FOR BENTHIC COMMUNITIES ON THE CORAL COAST
FRINGING REEFS, FIJI

A thesis submitted in fulfillment of the requirements for the award of the degree

DOCTOR OF PHILOSOPHY

from

UNIVERSITY OF WOLLONGONG

by

ULUKALESI BALE TAMATA
(BSC, MENVSTUDIEYS)

SCHOOL OF EARTH AND ENVIRONMENTAL SCIENCES

- 2007 -



Thesis Certification

I, Ulukalesi Bale Tamata, declare that this thesis, submitted in fulfillment of the
requirements for the award of Doctor of Philosophy, in the School of Earth and
Environmental Sciences, University of Wollongong, is wholly my own work
unless otherwise referenced or acknowledged. The document has not been

submitted for qualifications at any other academic institution.

mrt‘i}ﬁ

Ulukalesi Bale Tamata



TABLE OF CONTENTS

Thesis Declaration

Table of Contents

List of Figures

List of Tables

List of acronyms

List of non-English (Fijian) words
List of Appendices

Abstract

Acknowledgement

CHAPTER 1 General introduction and background

1.1 General introduction
1.2 Rationale for research
1.3 Objectives of research
1.4 Research structure

CHAPTER 2 General literature review

21 Introduction

2.2 Significance of coral reefs

2.3 Current status of coral reefs

24 Anthropogenic effects on coral reefs

2.4.1  Overview of global anthropogenic effects on reefs
2.4.2  Effects of sewage pollution
2.4.3  Effects of catchment activities on coastal environments

25 Phase shift
25.1 The ‘Direct Effects of Nutrients on Algae’ Model
2.5.2  Shortfalls in the “direct effects’ model
25.3  The “Relative Dominance’ Paradigm

2.6 Mechanisms of nutrient effects on coral communities
2.6.1 ENCORE
2.6.2  Effects of nutrient on corals
2.6.3  Nutrients in seawater
2.6.4  Nutrient studies with Sargassum

2.6.5 Bottom-up and top-down controls in coral reef communities

2.7 Methods for assessing nutrient limitation effects on macroalgae
2.7.1  Water column nutrients
2.7.2  Tissue nutrients
2.7.3  Use of stable isotopes

2.8 Effects of herbivory on macroalgae

2.9 Mitigative measures and management options

2.10 The situation of the South Pacific and Fiji

211 General Summary

CHAPTER 3 Study Area

3.1 The Fiji Islands
3.1.1  Physical setting

3.1.2 Climate
3.1.3  Social and economic features
3.1.4  Tourism

3.1.5  Marine resource use and management

3.1.6  Fisheries resources

3.1.7  Coral reefs of Fiji

3.1.8  Traditional system of marine resource management

3.2 The Coral Coast of Viti Levu

I
i
VIl
Xl
XV
XV
XV
XVI
XIX

~NOo Wk

10
10
13
14
14
19
21

22
24
26
28

29
30
31
32
34
36

37
37
39
41
42
44
46
49

50

50
50
50
52
53
55
55
56
58

58



3.3

321
3.2.2
3.2.3
3.24
3.25
3.2.6
3.2.7
3.2.8

Physical setting

Coastal changes over time

Hydrogeological features of the Tagage-Hideaway coastline
Village expansions and increasing populations

Land-based sources of pollution

Nutrient status of Coral Coast waters

Fringing reefs along the Coral Coast — Earlier studies
Structure of the fringing reefs along the Coral Coast

Water sampling and benthic survey sites

CHAPTER 4

41
4.2

4.3

Nutrient and water quality variability along the Coral Coast

Introduction

Methods

421
4272
423

Results
43.1

432

433

434

Study sites

Sampling methods

Chemical analysis of water samples

4.2.3.1 Phosphorus analysis by FIA colorimetry

4.2.3.2 Nitrate analysis by FIA colorimetry

4.2.3.3 Ammonia analysis by FIA colorimetry

4.2.3.4 Some lessons learnt from FIA ammonia methods
4.2.3.5 Quality control of nutrient data

General overview of status of nutrient concentrations along the
Coral Coast
4.3.1.1 Results and Discussion — Nutrient overview

Spatial variation in nutrient concentrations along the Coral Coast

4.3.2.1 Dry weather spatial variation in nutrient concentrations

4.3.2.2 Discussion of dry weather nutrient results

4.3.2.3 Wet weather spatial variation in nutrient concentrations

4.3.2.4 Discussion of wet weather nutrient results

4.3.2.5 Statistical analysis of differences among control, village
and resort sites

4.3.2.6 Comparison between dry and wet weather nutrient results
4.3.2.7 Statistical analysis of difference between wet and dry weather

nutrient results
4.3.2.8 Summary of general observations from spatial nutrient
variation patterns

Temporal variation in nutrient concentrations, NO3:PO4 and DIN:PO4
4.3.3.1 Temporal variation in nutrient concentrations among control

sites
4.3.3.1.1Discussion of nutrient temporal variation —
control site

4.3.3.2 Temporal variation in nutrient concentrations for village sites

4.3.3.2.1Discussion of nutrient temporal variation for
village sites
4.3.3.3 Nutrient temporal variation for resort sites

4.3.3.3.1Discussion of temporal nutrient variation for resort

sites
4.3.3.4 Summary of results for temporal nutrient variation

Spatial variation in nutrients and water quality for creeks, inshore
and off-reef waters
4.3.4.1 Introduction and methods
4.3.4.2 Results and discussion
4.3.4.2.1Results and discussion for Locality 1 sites

434211 Statistical analysis for Locality 1

4.3.4.2.2 Results and discussion for Localities 4 and 5

4.34.221 Statistical analysis for Localities 4

58
59
60
62
64
66
66
68

69

71

71
75
75
78
81
82
83
84
85
85

86

86
86

89
90
95
100
100

108
109

111
112
115
115

115
119
120

123
124

127

129

129
129
129
131
132



and 5
4.3.4.2.3Results for sites in Localities 4 — 8

General summary

Variability in coral reef benthic communities in relation to
anthropogenic impacts

Introduction
General methods

Study area

Survey methods

Reconnaissance survey

Valase site — a BA (before-after) situation
Line transect and quadrat method
Precision and accuracy of data

General results and discussion

4.4
CHAPTERS
5.1
5.2
5.2.1
5.2.2
5.22a
5.2.2.b
5.2.2.c
5.2.2.d
5.3
5.3.1
5.3.2
5.3.3
5.3.4
5.4

General findings

Valase reef — A ‘before-after’ impact case

5.3.2.1 Methods of benthic surveys at Valase control site

5.3.2.2 General findings from the benthic surveys at Valase

5.3.2.3 Temporal variation results, 2004 — 2006
5.3.2.3.1Discussion of temporal variation results

for Valase

5.3.2.4 Spatial variation in benthic communities along
Transects at Valase
5.3.2.4.1Discussion of benthic variation along
Transects at Valase
5.3.2.4.2Valase reef changes 2004 — 2006

5.3.2.5 Spatial variation in benthic communities across
Transects at Valase
5.3.2.5.1Discussion of spatial variation across
Transects at Valase, July 2006

5.3.2.6 Summary of general patterns of benthic community
Variation at Valase reef

Qalito — a case of an environmental management mistake

5.3.3.1 Introduction and background

5.3.3.2 Methods for benthic surveys at Qalito reef

5.3.3.3 Temporal variation in benthic communities at Qalito
5.3.3.3.1Discussion of temporal changes at Qalito

5.3.3.4 Spatial variation along transects at Qalito
5.3.3.4.1Discussion of spatial variation along

transects at Qalito

5.3.3.5 Summary of findings on benthic community
Community variation at Qalito

Namada reef - village ‘tabu’ site and a model for others

5.3.4.1 Introduction and background

5.3.4.2 Methods of survey at Namada reef

5.3.4.3 Spatial variation across transects on Namada reef
5.3.4.3.1Discussion of benthic community variation
across transects at Namada reef

5.3.4.4 Spatial variation along transects at Namada reef
5.3.4.4.1Discussion of benthic community variation
Along Transects at Namada reef
5.3.4.4.2 General conclusions on reef status at Namada

5.3.4.5 General patterns of distribution and abundance
Of Sargassum and Live Coral — an overview

5.3.4.6 General discussion and conclusions

General conclusions from the ecological studies

133
134
136

139

139
145
145
147
147
148
148
150

152
153
154
155
155
155

157
158

161
161

162
164

165
166
166
167
168
170
171

173

174
174
174
175
175

180
181

187
187

188
190

191



CHAPTER 6 Experimental investigations on nutrient enrichment,

6.1
6.2

6.3

6.4

6.5

6.6

herbivore-exclusion, nutrient content and °N content
of macroalgae leaves from the Coral Coast

Introduction
Effects of nutrient-enrichment on growth of Sargassum sp.
6.2.1  Introduction
6.2.2  Pilot study — background
6.2.2.1 Objectives of pilot study A
6.2.2.2 Methods of pilot study A
6.2.2.3 Results and Discussion for pilot study A
6.2.3  Pilot study B
6.2.3.1 Objectives of pilot study B
6.2.3.2 Methods of pilot study B
6.2.3.3 Results and discussion from pilot study B
6.2.4  Growth responses of Sargassum sp. under controlled
nutrient enrichment - Experiment C
6.2.4.1 Objectives of the nutrient enrichment experiment C
6.2.4.2 Methods for the main experimental run ( C)
6.2.4.3 Results and discussion from Experiment C
6.2.5  General discussion and conclusions from nutrient
enrichment experiments

Field nutrient enrichment and caging experiments
6.3.1  Introduction
6.3.2  Objectives of the experiments
6.3.3  Methods
6.3.3.1 Nutrient enrichment experiment in the field
6.3.3.2 Herbivore-exclusion caging experiment
6.3.4  Results of field nutrient enrichment and caging experiments
6.3.4.1 Results and discussion of field nutrient enrichment
Experiment
6.3.4.1.1 Statistical analysis of enrichment results
6.3.4.2 Results of herbivore-exclusion caging experiment
6.3.4.2.1 Statistical analysis of caging experiment
results
6.3.4.2.2 Discussion and conclusions from caging
experiment

Nutrients in macroalgae tissue
6.4.1 Introduction

6.4.2  Methods

6.4.3  Results and discussion
6.4.4  Conclusions

Sewage tracing using 8*°N of macroalgae

6.5.1  Introduction

6.5.2  Methods

6.5.3  Results of 3N tests

6.5.4  Discussion of 3N results

6.5.5  General conclusions on extent of anthropogenically-derived
DIN, and sewage pollution

Overall conclusions

Vi

195

195
196
196
198
199
200
201
204
204
204
205

207
207
207
208

212

214
214
215
216
216
217
219
219

221
222

223

224

225
225
225
226
228

229
229
229
230
231

233

233



CHAPTER 7 General discussion, conclusions and recommendations

7.1 Introduction
7.2 The local setting
7.3 General patterns of nutrient variability along the Coral Coast
7.4 Benthic community variability on the Coral Coast fringing reefs
7.4.1  General patterns
7.4.2  Linkage between nutrients and Sargassum and nutrients
and live coral
75 Outcomes from the targeted laboratory and field experiments
7.5.1  Uptake of nutrients by Sargassum under controlled
laboratory conditions
7.5.2  General findings from field nutrient enrichment and caging
experiments
7.5.3  Nutrient and 8"°N contents of macroalgae samples from
the Coral Coast
7.6 Overall conclusions
7.7 Recommendations for reversal of phase shift on Coral Coast reefs
and for further research
7.7.1  Recommendations for reversal of phase shift
7.7.2  Recommendations for further research
REFERENCES
APPENDICES

Vil

234

234
235
236
237
237

240
243

243

245

246

247
250

250
253

255

278



LIST OF FIGURES

Figure 2.1: Simplified pathway for nutrient effects on water quality and coral

reef COMMUNITIES ...ove e e, 17
Figure 2.2: The *Direct Effects of Nutrients on Algae’ Model ......................24
Figure 2.3: The Relative Dominance Model ..............ccooviiiii i, 28
Figure 3.1: Locality I\/Iap for the Coral Coast Region, South-west Viti Levu,
FUII.. R o1 |
Figure 3.2: HoteI room occupancy by area for flrst 2 quarters of 2006 .....b4
Figure 3.3; Changes in coastal village populations along Coral Coast,
1946 — 1996, ...ttt e e 63
Figure 3.4: Flow chart depicting the broad categories of assessment
ESIgNS . e e et e e e 70
Figure 4.1: Nutrient concentrations at control and impacted sites sampled
on 25 March 2004, along the Coral Coast, Fiji..........cccccooviiiinnnnnn. 90
Figure 4.2: Nutrient concentrations at control (C) and impacted (V and R) sites
sampled on 13 May 2004, Coral Coast, Fiji..........c.ocvveiiiiiiiinnnnnn. 91
Figure 4.3: Concentrations of nitrate and phosphate for control (C), and impacted
village (V) and resort sites (R), on 10 February, 2004..................101
Figure 4.4: Concentrations of nitrate and phosphate for sites sampled on 25
February 2004.... ... e 102
Figure 4.5: Concentrations of nutrients for control (C) and impacted sites (R) and
(V) sampled on 4 & 8 June, 2004.. N [0
Figure 5.1: Sargassum baccularia growth rates in varylng nutrlent
Concentrations ( from Schaffelke and Klumpp, 1998a)................. 143
Figure 5.2: Generalised structure of fringing reefs .............coooovii . 146
Figure 5.3: Diagrammatic presentation of layout of results for benthic
surveys.. . ...153
Figure 5.4a: Benthlc components cover (average %) for Valase Reef on 22
January 2004 . .. ... 156
Figure 5.4b: Benthic components cover (average %) for Valase Reef on 31
December 2004 ... ... .ot e 156
Figure 5.4c: Benthic components cover (average %) for Valase Reef 17 July
2006 ... e 157
Figure 5.5a: Variation in benthic communities along the transect on Valase Reef,
January 2004 . .. ... 158
Figure 5.5b Variation in benthic communities along the transect on Valase Reef,
December 2005. .. ... et e e 159
Figure 5.5¢ Variation in benthic communities along the transect (Transect 3) on
Valase Reef, July 2006 ..........ccooiviiiiie e 159
Figure 5.5d: Variation in benthic communities along Transect 1 on Valase Reef
(adjacent to Maui Bay Resort site), July 2006....................eeee 160
Figure 5.5e: Variation in benthic communities along Transect 2 on Valase Reef
(west of Transect 1, near Maui Bay resort site), July 2006............. 160
Figure 5.6a: Benthic components (av. % cover) for Transect 1, Valase Reef-
JUIY 2006, .. .. 163
Figure 5.6b: Benthic components (av. % cover) for Transect 2, Valase Reef —
JUIY 2006, .. .. e 163
Figure 5.6¢: Benthic components (av. % cover) for Transect 3, Valase Reef —
JUIY 2006, .. . e 164
Figure 5.7a: Abundance (av. % cover +/- SE) of the main benthic components on
Qalito Reefon 7 May 2004........coviiiieie et e e 168

VIl



Figure 5.7b: Abundance (av. % cover +/- SE) of the main benthic components on

Qalito Reef on 2 January 2006..........cc.coveeieei i 169
Figure 5.7c:  Abundance (av. % cover +/- SE) of the main benthic components
on Qalito Reefon 24 July 2006..........ccccoevveii it e, 169
Figure 5.8a: Variation of benthic communities along the transect at Qalito Reef-
MY 2004 ... e e 171
Figure 5.8b: Variation of benthic communities along the transect at Qalito Reef-
JANUAIY 2006.. ... 172
Figure 5.8c: Variation of benthic communities along the transect at Qalito Reef-
JUIY 2006. .. ..ot e e 172
Figure 5.9a: Abundance (av. % cover +/- SE) of the main benthic components on
Namada Transect (sub-site) 1 — January, 2004....................c..ee. 176
Figure 5.9b: Abundance (av. % cover +/- SE) of the main benthic components on
Namada Transect (sub-site) 2 — January, 2004.......................... 176
Figure 5.9c:  Abundance (av. % cover +/- SE) of the main benthic components
on Namada Transect (sub-site) 3 — January, 2004........................177
Figure 5.9d: Abundance (av. % cover +/- SE) of the main benthic components on
Namada Transect (sub-site) 1 — December 2005......................... 177
Figure 5.9e: Abundance (av. % cover +/- SE) of the main benthic components on
Namada Transect (sub-site) 2 — December 2005......................... 178
Figure 5.9f: Abundance (av. % cover +/- SE) of the main benthic components on
Namada Transect (sub-site) 3 — December 2005......................... 178
Figure 5.9g: Abundance (av. % cover +/- SE) of the main benthic components on
Namada Transect (sub-site) 1 —July 2006.............cc.ccvvvvnenn.n. 178
Figure 5.9h: Abundance (av. % cover +/- SE) of the main benthic components on
Namada Transect (sub-site) 2 —July 2006.............cccevvvvnvenn.n. 179
Figure 5.9i: Abundance (av. % cover +/- SE) of the main benthic components on
Namada Transect (sub-site) 3 —July 2006.............ccoevvveenninnnns 179
Figure 5.9j: Abundance (av. % cover +/- SE) of the main benthic components on
Namada Transect (sub-site) 4 —July 2006.............ccevvvvnnnnn.n. 179
Figure 5.10a: Spatial variation in benthic communities along Transect 1 - January
2004 on Namada Reef.........uieiii i e 182
Figure 5.10b: Spatial variation in benthic communities along Transect 2 —
January 2004 on Namada Reef.. o ....182
Figure 5.10c: Spatial variation in benthic communltles along Transect 3 January
2004 on Namada Reef.. . - ..183
Figure 5.10d: Spatial variation in benthlc communltles along Transect 1 -
December 2005 on Namada Reef.. . ... 183
Figure 5.10e: Spatial variation in benthic communltles along Transect 2 -
December 2005 on Namada Reef.. . ....184
Figure 5.10f: Spatial variation in benthic communltles along Transect 3 -
December 2005 on Namada Reef.. . ....184
Figure 5.10g: Spatial variation in benthic communltles along Transect 1 July
2006 on Namada Reef..........ovii i e 185
Figure 5.10h: Spatial variation in benthic communities along Transect 2 — July
2006 on Namada Reef.. . .....185
Figure 5.10i: Spatial variation in benthlc communltles along Transect 3 July
2006 on Namada Reef.. . .....186
Figure 5.10j: Spatial variation in benthlc communltles along Transect 4 July
2006 on Namada Reef.........c.oeii i e 186



Figure 5.11a: Comparison Between Sargassum and Live Coral Cover for Control

R0 (2 189
Figure 5.11b : Comparison Between Sargassum and Live Coral Cover for Resort
SIS 1 et et et et e e e s 189
Figure5.11c: Comparison Between Sargassum and Live Coral Cover for a
Village/Tabu Site (Namada)..........coviiriieiiiiiiiiie e 190
Figure 6.1: Effects of nutrients on Sargassum rhizoid lengths. Bars are average
changes (mm) in length of the rhizoid (+/- SE)............ccoceveneen. 213
Figure 6.2: Effects of nutrients on Sargassum leafy shoot lengths. Bars are
average changes in length (mm) of the leafy shoot (+/- SE)...................... 213

Figure 6.3: Average change in height (cm) for Sargassum and Turbinaria shoots
during nutrient enrichment (field) experiment. Error bars are standard
errors. (N=13 for Sargassum, and 12 for Turbinaria).................. 220
Figure 7.1: Association between average phosphate concentrations and average
% cover of Sargassum sp. for sites along the Coral Coast............ 241
Figure 7.2: Association between average nitrate concentrations (uM) and average
% cover of Sargassum sp. for sites along the Coral Coast............ 241
Figure 7.3: Association between average DIN (uM) and average % cover for
Sargassum sp. for sites along the Coral Coast...........................241
Figure 7.4: Association between average PO4 (uM) and average % cover for Live
Coral, for sites along the Coral Coast.. - e ..242
Figure 7.5: Association between average NO3 (uM) and average % cover for Live
Coral for sites along the Coral Coast.............ccceviveiiiiiiiiiinnnn, 242



LIST OF TABLES

Table 2.1 Nutrient concentrations (uM) at some reef sites.. .....18
Table 3.1 Changes in average catch for IDA (inside demarcated areas) Ilcense
holders (1976 — 2003)... ... uuiie et e e e 56
Table 3.2 Village populations and number of households for the villages along the
Coral Coast, 1946 — 1996.. PN ¢ 4
Table 4.1 Summary of water sampllng 5|tes and features ........................... 77
Table 4.2 Summary of water sampling dates/sites/seasons and parameters
IMIBASUIEO. .. . et e et e et e e e e e e e et e e e e e 80
Table 4.3 Comparison of general features of nutrient concentration patterns
among the eight Localities studied along the Coral Coast................ 87
Table 4.4 Summary of Changes at Valase and adjoining Maui Bay Resort
DeVEIOPMENT. ... 90
Table 4.5 Nutrient and faecal coliform concentrations for sites (including creeks)
sampled on 11 August 2004. ......oiiri i 91
Table 4.6 Nutrient and faecal coliform concentrations for sites (including creeks)
sampled on 12 August 2004. ........cooiii i 92
Table 4.7 Nutrient and faecal coliform concentrations for sites (including creeks)
sampled on 12 October, 2004, .......c.oveiieie e 92
Table 4.8 Nutrient and faecal coliform concentrations for sites (including creeks)
sampled on 13 October, 2004.. - e .93
Table 4.9 Nutrient and faecal coliform concentratrons for S|tes (mcludlng creeks)
sampled on 14 October, 2004.. e .93
Table 4.10 Nutrient and faecal coliform concentratrons for S|tes (mcludrng creeks)
sampled on 6 January, 2005. . e e .94
Table 4.11 Nutrient and faecal collform concentratrons for S|tes (mcludrng creeks)
sampled on 16 May, 2005. . e .94
Table 4.12 Nutrient and faecal collform concentratrons and water quallty for
sites sampled on 2 August, 2004.. e e ..103
Table 4.13 Nutrient and faecal coliform concentratrons and water qualrty for sites
(including creeks) sampled on 27 April 2005..........cccocevvvieinennn 104
Table 4.14 Comparison Between Wet (August 2") and Dry (August 12™) Weather
NUtrient CONCENTIAtIONS. ... ...v i vt ieeeerereieeeeeeee e 110
Table 4.15 Comparison Between April 27th (wet) and May 16th (dry) Nutrient
Concentrations.. - .....110
Table 4.16 Temporal Varratlon in Nutnent Concentratlons for NAQ Control
3 1P 115
Table 4.17 Temporal Variation in Nutrient Concentrations for CBN
CONEIOl SIEB. .. ce it e e 116
Table 4.18 Temporal Variation in Nutrient Concentrations for VLS
CONEIOl SIEB. .. ce et e 116
Table 4.19 - Temporal Variation in Nutrient Concentrations for NVL
VIIAGE SI. .. e 119
Table 4.20 - Temporal Variation in Nutrient Concentrations for NMT
VIIAgE SI. .. 120
Table 4.21 - Temporal Variation in Nutrient Concentrations for
NMD (Namada) Village Site..........ooveiiiiii i e, 120

Table 4.22 Temporal Variation in Nutrient Concentrations for BCH Resort...123

Table 4.23 Temporal Variation in Nutrient Concentrations for QLT
(T ST = 124

Xl



Table 4.24 Temporal Variation in Nutrient Concentrations for HDW

(LT ST (= 124
Table 4.25 Summary of Nutrient Concentrations among control, village and
resort sites, and comparison with other work........................... 128

Table 4.26 presents nutrient and water quality results from the inshore waters and
waters just off the edge of the fringing reefs at Locality 1 sites, on 14
December 2004... ... 131

Table 4.27 Comparison of inshore and off-reef water quality and nutrient
concentrations for sites in Localities 4 and 5. Locality 4 sites were
sampled on 20 December 2004. Locality 5 sites were sampled on 22
December 2004, ... e 133

Table 4.28 Comparison of inshore and off-reef water quality and nutrient
concentrations for sites sampled on 31st December 2004 (Locality 8),
and 6th and 7th January 2005 (several sites across Localities 4 — 7).
Ammonia was analysed for in all the samples but no faecal coliform tests

were done for the 31 December samples... ceees R ..136
Table 5.1 Selected examples of studies documentlng phase shlft on reefs (from

Valiela et al., 1997)... O v |
Table 5.2 Zones of the Coral Coast Frlngmg Reefs of V|t| Levu ................ 147
Table 5.3 Summary of calculations for determination of optimum quadrat number

for survey of Sargassum sp. abundance.............c..cooviiiiiiiii e 151
Table 5.4 Summary of sites and dates of benthic surveys........................152

Table 5.5 Changes observed on Valase Inner Reef Flat, 2004 to 2006...... 162
Table. 5.6 Summary of Spatial Variation Across Transects at Valase
JUIY 2006, .. .. e e 165
Table. 6.1 — Changes in weights (g) of Sargassum shoots in Pilot Study A —
AUGUSE 2004 ..o e e 201
Table 6.2 — Nutrient concentrations (uM) in experimental aquarium tanks — Pilot
SEUAY A et 203
Table 6.3 Changes in weights of Sargassum shoots (g) under various treatments
in pilot study B — September 2004. (n:number of shoots in the

tank)... .....206
Table 6.4 Changes in nutrlent concentratlons (uM) in aquarlum tanks under
various treatments, in pilot study B — September 2004. .................. 206

Table 6.5 Average temperature (°C) and dissolved oxygen (mg/L) for 3 replicates
of each treatment over time, for nutrient enrichment (laboratory)

BXPEIMENT C ottt e e e e e et e e e 209
Table 6.6 Average nutrient concentrations (uM) in the experimental jars in
nutrient enrichment (laboratory) experiment...............cccocevvvenn.n. 211

Table 6.7 Pooled changes in length (mm) of Sargassum shoots and rhizoids (root)
during two intervals from 5 November to 8 November (A) and from 8
November to 11 November, 2004 (B). (n=10).......coevveiieininnnn. 212

Table 6.8 Changes in heights (cm) of Sargassum and Turbinaria shoots in NPK-
enriched and control experiments from 23 March to 13 May

Table 6.9 Survivorship (%) for the caged and uncaged Sargassum shoots at the 3
study sites. HDW and NMD are no-take ( tabu’ ) sites.
TBS is an open-fishing site.. e e e 224

Table 6.10 Tissue nutrient content for Sargassum samples from sites along the
O] | O 0 D A §

Xl



Table 6.11 Stable nitrogen isotope ratios (5'°N ) and stable carbon isotope ratios
(8*3C ) in some macroalgae samples from study sites along the Coral

X1l



LIST OF ACRONYMS

AIMS Australian Institute of Marine Science

ANOVA Analysis of variance

ANZECC Australian and New Zealand Environment and Conservation
Council

CccC Coral Cay Conservation

COTS Crown-of-thorns starfish

CSM coral surface microlayer

EEZ Economic Exclusive Zones

EHMP Ecosystem Health Monitoring Program

FVB Fiji Visitors Bureau

FLMMA Fiji Locally Managed Marine Areas Network

GAR Great Astrolabe Reef Lagoon of Kadavu, Fiji

GBR Great Barrier Reef of Australia

GCRMN Global Coral Reef Monitoring Network

GDP Gross Domestic Product

GESAMP Joint Group of Experts on the Scientific Aspects of Marine
Environment Protection

IAS Institute of Applied Sciences

ICLARM International Center for Living and Aquatic Resources
Management

ICM Integrated Coastal Management

ICRI International Coral Reef Initiative

IDA Inside Demarcated Areas

I0C International Oceanographic Commission

101 International Ocean Institute

IUCN International Union for Conservation of Nature and Natural
Resources

LNSW Low nutrient seawater

MPA Marine Protected Area

RDM Relative Dominance Model

SEAKEYS The Sustained Ecological Research Related to the
Management of the Florida Keys Seascape

SIDS Small Island Developing States

SOPAC Pacific Islands Applied Geoscience Commission

SPREP South Pacific Regional Environment Program

USP University of the South Pacific

UNCED United Nations Conference on Environment and
Development

UNEP United Nations Environment Program

WFD Water Framework Directive

LIST OF NON-ENGLISH (FIJIAN) WORDS

Cawaki Sea urchin harvested by locals for subsistence or commercial
use

Dabi Xylocarpus granatum, a coastal plant with medicinal uses

Dogo Bruguiera gymnorhiza, a coastal mangal species

I Qoligoli Traditional fishing grounds for indigenous Fijians

Kuka Sesarma erythrodactyla, red-clawed mangrove crab
harvested for subsistence and commercial use by locals

Qari Scylla serata, mud crab harvested for subsistence and
commercial use by locals

Sinugaga Xecocaria agallocha, a coastal mangal species

Tabu MPA, ‘no-take’ zone

Tiri Rhizophora stylosa, a mangrove species

Tiritabua Rhizophora mucronata, a mangrove species

Tiriwai Rhizophora mangle, a mangrove species

XV



LIST OF APPENDICES

APPENDIX Al — A8 MAPS OF LOCALITIES 1 -8 (WITH
SAMPLING SITES)
APPENDIX B1 - B2 SUMMARIES OF NUTRIENT
CONCENTRATIONS
APPENDIX C RESULTS OF STATISTICAL TESTS
C1l: Comparing pooled phosphate and nitrate data

among the 3 categories of sites (control, village and
resort) during wet weather sampling.

C2: Comparing June 2004 (wet) phosphate and nitrate
data among the 3 categories of site.

C3: Comparing wet weather and dry weather nutrient
results for Valase (VLS), Namada (NMD) and
Hideaway (HDW) sites.

C4: Comparing phosphate levels in inshore and off-
shore waters.

C5: Valase Reef Data, Before (2004) and After (2006)
the Maui Resort Development.

C6: Comparing responses of Sargassum rhizoids and
leafy shoots to 4 levels of treatment (control; +N;
+P; +N+P) in laboratory experiments.

C7: Statistical Test Results for Caging/Nutrient
Enrichment Field Experiments.

C8: Statistical Tests for Caging/Herbivory Exclusion
Field Experiments.

XV



Abstract

The Coral Coast region, in south-western Viti Levu, Fiji, is the ‘hub’ of
tourism development in Fiji, and is one of the fastest developing areas in Fiji.
Since the 1980s, development along the Coral Coast has occurred at a rate
never previously seen in this area. Large resorts and smaller backpacker
facilities emerged from the once coconut-tree lined coastal stretch, from Serua,
to Natadola. Village populations have also increased. Anecdotal information
and the few, sporadic studies conducted in this area have indicated that the
water quality and the biological communities on the fringing reefs have
deteriorated dramatically since the 1980s. Live corals which used to feature
prominently on the fringing reefs (hence the name ‘Coral Coast), have been
replaced by weedy macroalgae, the most common of which is the brown algae
Sargassum. The Coral Coast fringing reefs were apparently undergoing phase
shifts (like other reefs around the world), and anthropogenic factors have been
blamed. The need for scientific information on the effects of anthropogenic
activities on the Coral Coast water quality and fringing reef communities

prompted this study.

The study had several objectives. Two major components addressed the need to
establish baseline scientific information on the variability of dissolved nutrients
in the water column, and the status of biological communities on the reef flats
of the fringing reefs, for control sites (away from human impacts), and
impacted sites (close to villages and resorts). Nutrients from anthropogenic
sources on land have been identified as one the major bottom-up controlling
factors for phase shifts on coral reefs. Control, village and resort sites were
monitored for nutrient concentrations from 2003 — 2006, and sampling times
covered seasonal as well as weather effects, particularly the effects of storm-
associated rainfall. Benthic surveys were also carried out in control and
impacted sites several times over the period 2004 — 2006. To complement the
results from the longer term monitoring of water quality and reef benthic
communities, a number of short-term, targeted experiments were conducted in
the laboratory and in the field, to examine nutrient uptake by algae, herbivory

impacts and nutrient sources.
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A combination of the Line Transect and Quadrat Point Intercept methods were
used for the assessment of the abundances and distribution of the main species
on the fringing reefs, especially Sargassum sp. Nutrient enrichment
experiments were conducted in the laboratory and also in the field to assess
uptake of nutrients by Sargassum sp. Herbivore-exclusion caging experiments
were conducted in the field to assess influence of herbivory in a ‘tabu’ or
marine protected area (MPA) as well, as in non-‘tabu’ or open-fishing sites.
Samples of Sargassum sp. and a few other dominant macroalgae species from
the study sites were analysed for tissue nitrogen and phosphorus contents and

for §°N content, to aid nutrient source identification.

Nutrient concentrations were highly variable, showed little association with
season, but were strongly linked to rainfall. The results indicated the clear
influence of pulse (storm runoff related) events on the nutrient concentrations in
the water column. Control sites generally recorded lower nutrient concentrations
than impacted sites, confirming the anthropogenic effects on water column
nutrients. The biological communities on the fringing reefs reflected the status of
nutrients in the water column, i.e., reefs close to human impacts recorded higher
abundances of macroalgae, especially Sargassum sp., and lower abundances of
live corals. The nutrient enrichment experiments showed the ability of Sargassum
sp. to take up nutrients very quickly from the water column, but the rhizoids
showed greater responses than the leafy shoots used in the experiments. The ‘low
growth’ season for Sargassum sp. during the Cool season (May to October) may
be the explanation for the differential responses between the rhizoids, and the
leafy parts of the Sargassum plants used in the experiment. Caging experiments
showed the significance of herbivory in the control of Sargassum sp., and the
‘tabu’ sites appeared to show a greater intensity of herbivory (lower suvivorship
for uncaged shoots). Both tissue nutrient and 8*°N contents in macroalgae samples
matched the findings from the water column nutrient studies, i.e., the human-
impacted sites exhibited nutrient enrichment in the water column and in the
macroalgae on the reef flats. Sargassum samples from impacted sites had higher
tissue % N and higher 8"°N contents compared to the control sites confirming that

human activities were enriching the coastal waters with nutrients.
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On the basis of the results from this research, recommendations are proposed
for better management of nutrient sources on land for the protection of the

water quality, and therefore promote healthier coral reef systems. The
significance of protecting herbivorous species is also important, and the setting
aside of ‘tabu’ sites is encouraged. Areas of further research are also identified,
for better understanding of the interrelationships among all the factors involved
in the phase shift occurring on the fringing reefs along the Coral Coast of

south-western Viti Levu, Fiji.
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