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ABSTRACT 

The work described in this thesis has two objectives: to quantify the spatial 
variability of phytoplankton biomass, zooplankton biomass and zooplankton community 
structure over spatial scales from 10-1000 km in relation to the large-scale structure of the 
Great Barrier Reef, and to quantify the covariability of zooplankton biomass and 
community structure with phytoplankton biomass in Great Barrier Reef shelf waters. 

Near-surface chlorophyll concentrations and zooplankton assemblages were 
concurrently surveyed between 140 and 22.50S on the Great Barrier Reef, Queensland, 
between Jan 1987 and Feb 1989 using underway continuous sampling techniques. 
Chlorophyll concentrations, ranging from 0.08 to 1.57 ug 1-1, were highest near the coast 
and lowest in the Coral Sea, with little difference between the inner and outer parts of the 
shelf. Mean concentrations of chlorophyll increased with latitude, from 0.31 ug 1- 1  between 
9.50-16.50S to 0.76 ug 1- 1  between 200-210S. Chlorophyll concentrations on the outer shelf 
were higher in the wet season than in the dry season, a change attributed to seasonal 
differences in nutrient supply. 

The spatial variability of chlorophyll was characterised using two techniques; the 
chlorophyll coefficient of variation which characterised the magnitude of chlorophyll spatial 
variability in discrete intervals, and time series analysis which characterised the distribution 
of variability across a continuum of spatial scales. The chlorophyll coefficient of variation 
characterised the extent of spatial variability over the length scales 15 m to 8000 m. 
Close to individual reefs small but sharp changes in chlorophyll concentration were 
commonly observed. The localized reef-associated increases in chlorophyll spatial 
variability appear to result from the movement of chlorophyll enriched water off reefs. The 
high chlorophyll variability close to the coast was attributed to a steepening of the onshore-
offshore chlorophyll gradient in shallow waters. 

Time series analysis techniques characterized the distribution of spatial variability of 
chlorophyll over a continuous range of spatial scales; from 0.5-10 km. The distribution of 
chlorophyll and temperature spatial variability over these scales did not differ regionally. 
This large-scale uniformity of the distribution of chlorophyll spatial variability stands in 
contrast to the marked regional differences in reef structure and density, features thought to 
affect water movement and thence chlorophyll spatial variability. 
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Zooplankton samples, integrated over 8 km subtransects, were collected concurrently 
with chlorophyll measurements. Both zooplankton biomass and overall abundance 
decreased offshore, but neither changed significantly with latitude or with season. Copepod 
abundances were positively correlated with chlorophyll concentration at both small (8, 16 
and 32 km) and regional (100-200 km) scales. Zooplankton biomass exhibited the same 
cross-shelf trend as chlorophyll concentration, but was not well correlated with chlorophyll 
concentration at small or regional scales. 

Individual taxa differed in their cross-shelf patterns of abundance, but at the sampling 
scale (8 km), none were significantly correlated with chlorophyll or its spatial variability. 
At the regional scale (100-200 km) there was good correspondence between mean 
abundances of most herbivorous zooplankton and the mean chlorophyll concentration. 

Zooplankton taxa fell into three distinct cross-shelf communities; inshore, outer 
shelf, and shelf edge. These communities tended to be restricted to particular geographic 
regions, the Great Barrier Reef lagoon, the reef matrix and the East Australian Current 
respectively, and were latitudinally coherent. The inshore community was dominated by 
small herbivorous copepods, the outer shelf community by omnivorous copepods and the 
shelf edge community by small carnivorous copepods. The abundance of the inshore 
community, largely small herbivorous copepods, paralleled the cross-shelf gradient of 
surface chlorophyll concentration, suggesting a causal link. This inference was reinforced 
by the atypical situation in the Pompey zone. There, the highest chlorophyll concentrations 
were found on the outer shelf, and were matched by high densities of the normally inshore 
herbivorous zooplankton. The factors controlling the other two communities were not 
clear. 

Local relationships between chlorophyll concentration and zooplankton were 
investigated more directly using observations made after a cyclonic disturbance of inshore 
waters. Chlorophyll concentrations changed little during the two week post-cyclone 
sampling period, and were similar to concentrations in inshore samples taken at other 
times. Conversely zooplankton standing crop and abundance increased significantly within 
two weeks post-cyclone, although no change in community structure occurred. The 
zooplankton changes suggested that zooplankton abundance was food limited in inshore 
waters. 



TABLE OF CONTENTS 
Page 

Acknowledgements 	  iii 
Abstract 	  iv 
Table of Contents 	  vi 
List of Figures 	  x 
List of Tables 	  xv 
Declaration 	  xviii 

Chapter 1 
Spatial variability and covariability of chlorophyll and zooplankton on the Great Barrier 
Reef. 

Introduction 	1 
Study Objectives 	  4 
Phytoplankton in the Great Barrier Reef 	  8 
Zooplankton in the Great Barrier Reef 	  9 
Study Approach 	  10 

Chapter 2 
Spatial variability of near-surface chlorophyll concentrations in waters of the Great Barrier 
Reef: cross-shelf, latitudinal and seasonal differences. 

Introduction 	  14 
Methods 

Sampling 	  16 
Data analysis 	  23 

Results 
Cross-shelf chlorophyll concentration 	  27 
Long-shelf and seasonal chlorophyll concentration 	 27 
Small scale chlorophyll variability 	  33 

vi 



Discussion 
Regional and seasonal changes in chlorophyll concentration 39 
Latitudinal changes in chlorophyll concentration 	 41 
Spatial variability in chlorophyll concentration 	 41 

Summary 	  43 

Chapter 3 
The horizontal spatial variability of chlorophyll on the Great Barrier Reef: spectral analysis. 

Introduction 	  44 
Data collection and analysis 	  45 
Results 

Spectral analysis - shape of spectra 	  46 
Spectral analysis - slopes of spectra 	  49 
Cross spectral analysis 	  54 

Discussion 
Spectral analysis - shape of spectra 	  54 
Spectral analysis - slopes of spectra 	  57 
Cross spectral analysis 	  58 

Summary 	  58 

Chapter 4 
Near-surface zooplankton standing crop and community structure on the Great Barrier Reef 
shelf: relationships to phytoplankton biomass. 

Introduction 	  60 
Sampling 	  62 
Statistical analysis 

Analysis of variance 	  71 
Pattern analysis 	  71 
Diversity 	  73 

vii 



Results 
Zooplankton biomass 	  73 
Copepods 	  78 

Corycaeidae 	  84 
Paracalanidae 	  84 
Acartiidae 	  85 
Oithonidae 	  85 
Harpacticoidae 	  86 
Centropagidae 	  86 
Calanidae 	  86 

Non-copepod zooplankton 	  87 
Functional categories 	  87 
Ordination of samples 	  90 
Spatial scales of zooplankton community structure 	 101 

Species diversity 	  103 

Discussion 
Abundance and biomass of zooplankton 	  103 
Dominant zooplankton taxa and their distribution 	 107 
Functional categories 	  108 
Regional change in zooplankton community structure 	 109 
Species diversity 	  111 

Summary 	  112 

Chapter 5 
Temporal change in nearshore chlorophyll concentrations and the zooplankton community 
after a cyclonic disturbance. 

Introduction 	  114 
Methods 	  115 
Data analysis 	  121 
Results 	  121 

Discussion 	  133 

viii 



Summary 	140 

Chapter 6 
Conclusion  	142 

References  	150 

Appendix 
Zooplankton count data 	164 

ix 



LIST OF FIGURES 

Chapter 1 
Figure 1.1 Vertical profiles of temperature and chlorophyll concentration at four 
cross-shelf stations in the central part of the GBR, sampled 7 times during 1983. 

5 

Figure 1.2 Histograms of the difference between top of the water column and 
bottom of the water column values for 94 stations occupied in the central region of 
the Great Barrier Reef, 1983. A. Temperature, °C. B. Chlorophyll, ugl-1, and C. 
Nitrate, ug ad-l. 	 7 

Chapter 2 
Figure 2.1. Sampling transects in the Great Barrier Reef shelf waters. 	15 

Figure 2.2. Schematic diagram of the underway pumping system, chlorophyll/ 
zooplankton sampling and datalogging equipment. 	 19 

Figure 2.3. Representative chlorophyll - fluorescence calibrations. 	20 

Figure 2.4 Above. Chlorophyll concentration along a transect extending over 18 
hours. Below. Mean chlorophyll concentration in subtransects plotted against the 
time from midday to the mid-point of the subtransect. 22 

Figure 2.5. Mean chlorophyll concentrations in different cross-shelf and long-shelf 
regions, and over the wet and dry seasons. 	 25 

Figure 2.6. Mean chlorophyll coefficients of variation in different cross-shelf and 
long-shelf regions, and over the wet and dry seasons. 	 26 

Figure 2.7. Map of the GBR shelf showing the location of transects depicted in 
detail in Figures 2.8 and 2.9. 	 29 



Figure 2.8. Representative cross-shelf transects of chlorophyll concentration and the 
running standard deviation of the chlorophyll concentration. 	 30 

Figure 2.9. Representative long-shelf transects of chlorophyll concentration and the 
running standard deviation of the chlorophyll concentration. 	 31 

Figure 2.10. A. The chlorophyll coefficient of variation in relation to mean transect 
depth. B. Chlorophyll coefficient of variation in relation to the proximity of the 
nearest coral reef. C. Chlorophyll concentration in relation to the proximity of the 
nearest coral reef. 	 36 

Figure 2.11. A. Plot of temperature in relation to the proximity of the nearest coral 
reef. B. Chlorophyll coefficient of variation in relation to temperature. 	38 

Chapter 3 
Figure 3.1. Representative chlorophyll power spectra and chlorophyll power spectra 
with an inverse inflexion. 	 47 

Figure 3.2. Representative temperature power spectra. 	 48 

Figure 3.3. Chlorophyll power spectra and chlorophyll power spectra from the same 
subtransects after removal of the variance attributed to turbulence. 	50 

Figure 3.4. Frequency histogram of temperature and chlorophyll spectral slope. 
51 

Figure 3.5. Slopes of spectra of subtransects from cross-shelf bands within each 
latitudinal zone. 	 52 

Figure 3.6. Representative chlorophyll - temperature coherence spectra. 	53 

xi 



Chapter 4 
Figure 4.1. Zooplankton biomass along two transects. A. Inner shelf. B. Outer 
shelf. No diel change in biomass is apparent. 	 63 

Figure 4.2. Zooplankton biomass in samples plotted against the time from midday 
of the midpoint of each sample subtransect. 	 64 

Figure 4.3. Species rarefaction curve used to estimate the number of animals 
required to be counted in a sample to reliably characterise the assemblage. 66 

Figure 4.4. Map of the GBR shelf showing zooplankton wet weight in samples 
from 8 km subtransects. 	 75 

Figure 4.5. Cross-shelf changes in mean zooplankton biomass in each of the 
latitudinal zones. 	 76 

Figure 4.6. Surface chlorophyll concentration along long-shelf transect 17 from 10 
a.m. to 4 p.m. showing copepod abundance and zooplankton biomass along the 
same transect. 	 77 

Figure 4.7. Map of the GBR shelf showing copepod abundance in samples from 
eight km subtransects. 	 80 

Figure 4.8. Mean proportions of calanoid, cyclopoid and harpacticoid copepods in 
different latitudinal zones and cross-shelf bands. 	 83 

Figure 4.9. Cross-shelf changes in the mean abundances of the five most numerous 
taxa, and their abundance in relation to the mean chlorophyll concentration taken on 
the same subtransect. 89 

Figure 4.10. Mean proportions of herbivores, omnivores and carnivores in 
latitudinal zones and cross-shelf bands. 	 91 

xii 



Figure 4.11 Ordination of samples from the Northern and Central zones. 92 

Figure 4.12 Ordination of samples from the Pompey and Swains zones. 97 

Figure 4.13. Dissimilarity of assemblages in samples separated by increasing 
distances for A) Cross and long-shelf pairs of samples, and B) pairs of samples 
from within each of the four cross-shelf bands. 

102 
Figure 4.14. Mean species diversity in different latitudinal zones and cross-shelf 
bands. 	 104 

Chapter 5 
Figure 5.1. Map of the study area showing the cyclone track and pre- and 
post-cyclone stations. 	 116 

Figure 5.2. Weather conditions and river flow data during Cyclone Charlie and the 
subsequent sampling period. 	 117 

Figure 5.3. Physical and chemical water column variables measured in the two 
weeks following Cyclone Charlie. A. Secchi disk depths and chlorophyll 
concentrations, B. surface and near-bottom suspended solids concentrations, and C. 
surface and near-bottom salinity. 	 123 

Figure 5.4. Water column nutrients in post-cyclone samples. A Ammonia and 
nitrate, B. nitrite and phosphate. 	 125 

Figure 5.5. Plots of nutrient concentrations in the post-cyclone samples against near-
bottom suspended solids concentration. A. NO2 and NH4, 

B. NO2 and PO4. 	 126 



Figure 5.6. Plots of concentrations of NO3 and PO4 in post-cyclone samples 

against surface salinity. A. Samples taken on days 2 and 4. B. Samples taken on 
days 6-16. 	 127 

Figure 5.7. Zooplankton abundances and biomass in pre- and post-cyclone samples. 
130 

Figure 5.8. Plot of the two vectors from the ordination of zooplankton samples. 
132 

Figure 5.9. Abundances of the three functional groups of zooplankton; herbivores, 
omnivores and carnivores, over the sampling period. 	 139 

xiv 



LIST OF TABLES 

Chapter 2 
Table 2.1. Details of cruises on which horizontal transects were sampled. 17 

Table 2.2. Details of the calibrations used to calculate chlorophyll concentration from 
in vivo chlorophyll fluorescence. 	 21 

Table 2.3. Summary statistics of surface chlorophyll spatial variability 
concentrations at three different scales; 1) across the length and breadth of the GBR 
shelf, 2) within latitudinal zones, cross shelf bands and seasons (i.e. between 
subtransects), and 3) within subtransects. 	 28 

Table 2.4. Analysis of variance of chlorophyll concentrations over cross-shelf 
bands, latitudinal zones and seasons. 	 32 

Table 2.5. Analysis of variance of chlorophyll coefficients of variation over cross- 
shelf bands, latitudinal zones and seasons. 	 34 

Chapter 3 
Table 3.1. Analyses of variance of slopes of chlorophyll and temperature power 
spectra over cross-shelf bands, latitudinal zones and seasons. 	55 

Chapter 4 
Table 4.1. Summarization of zooplankton occurrence. 	 67 

Table 4.2. Summarization of copepod occurrence. 	 68 

Table 4.3 Abundances (animals m- 3) of the ten most numerous zooplankton taxa in 
the six repeat sampled transects. 	 70 

xv 



Table 4.4. Analyses of variance of zooplankton wet weights over cross-shelf bands, 
latitudinal zones and seasons. 	 74 

Table 4.5 Correlations of zooplankton biomass and copepod abundance with 
chlorophyll concentration and subtransect chlorophyll coefficient of variation at three 
levels of spatial aggregation; 8, 16 and 32 km. 	 79 

Table 4.6. Analyses of variance of copepod abundances over cross-shelf bands, 
latitudinal zones and seasons. 	 81 

Table 4.7. Analyses of variance of the abundances of non-copepod zooplankton over 
cross-shelf bands, latitudinal zones and seasons. 	 88 

Table 4.8. Physical and biological differences between the four groups of samples 
identified by the ordination of northern zone samples. 	 93 

Table 4.9. Physical and biological differences between the three groups of samples 
identified by the ordination of central zone samples. 	 95 

Table 4.10. Physical and biological differences between the four groups of samples 
identified by the ordination of Pompey zone samples. 	 98 

Table 4.11. Physical and biological differences between the three groups of samples 
identified by the ordination of Swains zone samples. 	 99 

Table 4.12 Analyses of variance of the V-statistic, a measure of zooplankton species 
diversity, over cross-shelf bands, latitudinal zones and seasons. 	105 

xvi 



Chapter 5 
Table 5.1. Abundances of zooplankton taxa in samples taken before and after cyclone 
Charlie. 	 119 

Table 5.2. Abundances of copepod taxa in samples taken before and after cyclone 
Charlie. 	 120 

Table 5.3. Analysis of variance on chlorophyll concentrations in samples taken 
before and after cyclone Charlie. 	 128 

Table 5.4. Analysis of variance on zooplankton abundance in samples taken before 
and after cyclone Charlie. 	 131 

Table 5.5. Analysis of variance on zooplankton biomass in samples taken before 
and after cyclone Charlie. 	 136 

Table 5.6. Comparison of the means and ranges of copepod abundances and wet 
weight measurements from four comparable coastal areas 	 137 

xvii 



DECLARATION 

I declare that this thesis is my own work and has not been submitted in any form 
for another degree or diploma at any university or other institution of tertiary eduction. 
Information derived from the published or unpublished work of others has been 
acknowledged in the text and a list of references is given. 

xviii 


	Cover Sheet
	Title Page
	[Statement of Access]
	Acknowledgements
	Abstract
	Table of Contents
	List of Figures
	List of Tables
	Declaration



