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Abstract 

The key objectives of marine reserves are to conserve biodiversity and marine habitats, 

however, in light of the indirect effects of humans on marine ecosystems, through 

activities such as fishing, there has been increased focus on the role marine reserves 

play in maintaining ecological processes central to ecosystem integrity. Grazing by 

tropical herbivores contributes to maintaining resilient coral reefs and marine reserves 

are important in conserving herbivores and the functional role they provide. On 

temperate reefs, herbivorous fish are generally considered to have a minor impact on 

algal assemblages, although in light of a growing body of evidence that shows 

significant effects of herbivores on community structure this view is being challenged. 

The overall aim of this study was to assess the effects of marine reserves on herbivores 

and their functional role on temperate reefs. 

I first examined whether the abundance of herbivores (girellids and kyphosids) was 

related to cover of a preferred algae, Ulva spp., on rocky reefs in Jervis Bay, New South 

Wales, Australia (Chapter 2). Fish abundance was quantified using a diver-operated 

stereo-video system (stereo-DOVS) and Ulva spp. cover was quantified using quadrats. 

No relationship was found between Ulva spp. cover and abundance of Girella 

tricuspidata, Girella elevata and Kyphosus sydneyanus during a summer period of 

relatively low Ulva spp. cover, but during a spring period of significantly higher 

Ulva spp. cover there was a strong positive correlation between Ulva spp. cover and 

G. tricuspidata abundance. Spatial analysis indicated that the abundance of 

G. tricuspidata was consistent across time, suggesting G. tricuspidata was not moving 

between reefs in response to variation in Ulva spp. cover between periods, but rather 

that large schools of G. tricuspidata resided on reefs that had relatively higher Ulva spp. 

cover at certain times of the year. 
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Next, I examined the movement patterns of G. tricuspidata using acoustic telemetry to 

assess how this species might respond to protection provided by marine reserves within 

Jervis Bay (Chapter 3). Girella tricuspidata exhibited strong site fidelity on shallow 

subtidal reefs, remaining on or consistently returning to release reefs over a three month 

period. These results suggest that G. tricuspidata is likely to show a positive response to 

protection over time. 

I then assessed the potential for marine reserves to enhance grazing by herbivores on 

rocky reefs in Jervis Bay (Chapter 4). I quantified the size, abundance and grazing rates 

of girellids and kyphosids inside and outside marine reserves using stereo-DOVS 

transects and feeding observations. Longer term movement patterns for G. tricuspidata 

were assessed using acoustic telemetry. Girella tricuspidata exhibited strong site 

fidelity on shallow subtidal reefs over an eleven month tracking period and was 

significantly larger and more abundant within reserves. Girella elevata was significantly 

more abundant in one of four marine reserves, although showed no difference in size 

between zones, and K. sydneyanus was significantly larger in reserves, although not 

significantly more abundant. In terms of grazing, G. tricuspidata was the dominant 

herbivore on shallow subtidal reefs and mean grazing rates were higher within marine 

reserves (although not significantly), demonstrating the potential for greater grazing by 

herbivores within marine reserves in Jervis Bay. 

Finally, I examined the effects of marine reserves on non-targeted kyphosids and 

girellids on rocky reefs in Western Australia (WA) (Chapter 5). I quantified the size, 

abundance and feeding rates of kyphosids and girellids inside and outside marine 

reserves using stereo-DOVS transects and feeding trials at Rottnest Island, WA. There 

was no significant difference in the size and abundance of Kyphosus cornelii, 

Kyphosus spp. and Girella zebra or feeding rates inside and outside marine reserves. In 

the second part of the study I assessed the relative importance of grazing and drift-
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feeding pathways used by kyphosids. I found no significant difference in the number of 

feeding bites taken by K. cornelii on drift algae and attached algae during feeding 

observations, however, during feeding trials herbivores consumed significantly more 

drift algae (Ulva sp.) than attached algae. These findings indicate that drift-feeding is a 

common feeding strategy used by kyphosids. This study also highlights considerable 

differences in the effects of marine reserves on targeted east coast and non-targeted west 

coast populations of girellids and kyphosids and their functional role on Australian 

temperate reefs.
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1.1 Background and rationale 

Marine protected areas 

Marine protected areas (MPAs) are used as a management tool to protect biodiversity 

and the marine environment from a range of human impacts including overfishing, 

pollution, habitat degradation and climate change (Ballantine 2014). There are various 

definitions of marine protected area, but the most widely used is the IUCN definition 

which states that MPAs are “a clearly defined geographical space, recognised, dedicated 

and managed, through legal or other effective means, to achieve the long-term 

conservation of nature with associated ecosystem services and cultural values”. The 

main objectives of MPAs are: 

 To protect and conserve marine biodiversity and marine habitats/the marine 

environment [i.e. New South Wales (NSW) Marine Parks Act 1997, Queensland 

Marine Parks Act 2007, South Australian (SA) Marine Parks Act 2007] 

 To maintain ecological processes/ecosystem integrity (i.e. NSW Marine Parks 

Act 1997, SA Marine Parks Act 2007, NSW Marine Estate Management Act 

2014) 

 To assist in protecting and conserving features of natural and cultural heritage 

significance (i.e. SA Marine Parks Act 2007); and 

 To facilitate the use of the marine estate for scientific research and education 

(i.e. NSW Marine Estate Management Act 2014) 

Management strategies used to achieve these key objectives include prohibiting certain 

activities (e.g. fishing) and limiting others (e.g. anchoring, coastal development) within 

designated areas. While MPAs can be entirely “no-take”, many are multiple-use areas 

which are zoned to allow various activities within different management zones. 

Multiple-use MPAs generally include no-take marine reserves (also referred to as 
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sanctuary zones) which prohibit all forms of fishing, harvesting and collecting activities. 

It is in this context that the terms “MPA” and “marine reserve” are used throughout the 

thesis. 

Initially, MPA research focussed on the effectiveness of marine reserves in protecting 

and conserving biodiversity by comparing the size and abundance of targeted species 

inside and outside reserves (Roberts et al. 2001, Halpern 2003, Ballantine 2014). The 

establishment of marine reserves has resulted in significant increases in the size and 

abundance of targeted species (Roberts et al. 2001, Halpern 2003, Hilborn et al. 2004, 

Lester et al. 2009), although reserves also show varying levels of effectiveness because 

of factors such as illegal fishing and the movement of animals outside of boundaries due 

to inadequate reserve size (Mclean et al. 2011, Hilborn et al. 2004, Edgar et al. 2014). 

As such, the effects of marine reserves remain hard to predict and the benefits generated 

contentious (Edgar et al. 2014). 

Increases in the size and abundance of targeted species within reserves has led to 

complex changes to marine ecosystems as the strength of trophic interactions between 

species are affected, providing insight into the indirect effects of fishing on marine 

ecosystems (Edgar & Barrett 1999, Edgar et al. 2009, Ballantine 2014). In light of this, 

there has been increased focus on the role marine reserves play in maintaining 

ecological processes essential to ecosystem integrity and function (Olds et al. 2012), 

which is widely included as a key objective of marine park legislation. 

Herbivory and the role of marine reserves 

Herbivory is an important ecological process that can influence the distribution and 

abundance of plants and algae (Lubchenco & Gaines 1981). Understanding patterns in 

the distribution and abundance of herbivores and the algae they consume is therefore 

important when assessing what effects herbivores may have on algal communities. 
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Herbivores play a key functional role in many marine ecosystems. For example, on 

coral reefs herbivores maintain space for corals to recruit and grow by grazing algae 

which compete with corals for space (Hughes et al. 2007). Removal of herbivores 

through fishing has contributed to phase shifts from coral reefs to degraded systems 

where macroalgae dominate (Hughes et al. 2003, Bellwood et al. 2004, Hughes et al. 

2010). Marine reserves are important in protecting tropical herbivores targeted by 

fishing and, in turn, their ability to control macroalgal growth, and hence influence 

ecosystem resilience (Mumby et al. 2006, Harborne et al. 2008, Rasher et al. 2013). 

On temperate reefs, sea urchins are considered the main herbivores capable of 

determining algal community structure (Jones & Andrew 1990). Concentrated grazing 

by high densities of sea urchins (as a result of overharvesting sea urchin predators i.e. 

lobsters and predatory fish) has led to phase shifts from kelp forests to urchin barrens 

(Estes et al. 1998, Sala et al. 1998, Babcock et al. 1999, Shears & Babcock 2002). 

Marine reserves have been shown to reverse the effects of sea urchins on benthic 

communities by protecting lobsters and predatory fish which control sea urchin 

numbers, facilitating recovery of kelp communities (Shears & Babcock 2003). 

Herbivorous fish are considered to play a relatively minor role on temperate reefs, in 

terms of their effects on algal assemblages, compared to sea urchins (Jones & Andrew 

1990, Andrew 1999). Increasingly, however, research is showing that herbivorous fish 

can have significant effects on temperate reef algal communities (Sala & Boudouresque 

1997, Ojeda & Muñoz 1999, Vergés et al. 2009, Taylor & Schiel 2010, Vergés et al. 

2014, Bennett et al. 2015) and effects are predicted to increase with the climate-driven 

range expansion of tropical herbivores onto temperate reefs as waters warm (Vergés et 

al. 2014, Bennett et al. 2015). 
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Girellids and kyphosids 

Species from the primarily herbivorous, closely related families Girellidae and 

Kyphosidae are important grazers and browsers on Australasian temperate reefs 

(Russell 1977, Jones 1988, Bennett et al. 2015). They have been shown to have 

significant effects on algal communities (Bennett et al. 2015), although there is limited 

information about the ecological role they play on temperate reefs. Girellids and 

kyphosids can form a significant component of the total fish biomass on Australasian 

temperate reefs, in some instances greater than 80% (Russell 1977, Jones 1988, 

Kingsford 2002, Bennett et al. 2015), and are most abundant in shallow water where 

they feed mainly on macroalgae (Russell 1983, Choat & Clements 1992, Clements & 

Choat 1997, Kingsford 2002, Moran & Clements 2002, Raubenheimer et al. 2005). On 

the east coast of Australia, luderick Girella tricuspidata (Quoy & Gaimard 1824), rock 

blackfish Girella elevata (Macleay 1881) and silver drummer Kyphosus sydneyanus 

(Günther 1886) commonly occur on shallow subtidal reefs in southern NSW (Hutchins 

& Swainston 1999). The zebra fish Girella zebra (Richardson 1846) also occurs in 

southern Australia, although is relatively uncommon in NSW (Hutchins & Swainston 

1999). On the west coast of Australia, large schools of western buffalo bream Kyphosus 

cornelii (Whitley 1944) and K. sydneyanus, as well as small to moderate schools of 

G. zebra, are common on shallow subtidal reefs in southern Western Australia (WA) 

(Hutchins & Swainston 1999). The sea chub, Kyphosus gladius, which can be difficult 

to distinguish from K. sydneyanus due to their morphological similarity, also occurs on 

shallow subtidal reefs in temperate waters of WA (Knudsen & Clements 2013). 

Girellids and kyphosids are exploited by commercial and recreational fishers on the east 

coast of Australia and girellids rank amongst the most important recreational species 

caught on reefs in NSW (Lincoln Smith et al. 1989, Kingsford et al. 1991, Kingsford 

2002). In contrast, on the west coast of Australia, kyphosids and girellids are rarely 
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targeted by fishers and make up only a small proportion of recreational catches 

(Smallwood et al. 2006, Smallwood et al. 2011). Girellids and kyphosids are therefore 

model species for which to assess and compare the effects of marine reserves on their 

size, abundance and feeding rates on Australian temperate reefs, due to their importance 

as grazers and varying levels of exploitation. 

Movement patterns in relation to marine reserves 

Understanding the movement patterns of targeted species is important when assessing 

what effects, if any, marine reserves may have on those species (Welsh & Bellwood 

2014). For example, marine reserves can only be effective in protecting targeted species 

if reserve boundaries include a significant part of the home range of those species, 

during at least part of their life cycle (Kramer & Chapman 1999). Often studies 

quantifying the size and abundance of targeted species inside and outside marine 

reserves are done without knowledge of movement patterns in relation to marine reserve 

design and vice versa. Species that exhibit strong site fidelity would be predicted to 

benefit (through greater size and abundance) from marine reserves which include all or 

part of their home range if exploitation levels are significant, due to reduced exposure to 

fishing pressure within reserves. 

Until relatively recently there have been limited data on the movements of girellids and 

kyphosids on Australian reefs (Pillans et al. 2011, Stocks et al. 2015) and that which 

exists indicates uncertainty around the movement patterns for some species. For 

example, mark-recapture studies indicate G. tricuspidata is highly mobile (Thomson 

1959, West 1993, Gray et al. 2012) and it is for that reason that G. tricuspidata is 

considered unlikely to benefit from marine reserves (Kearney 2007). However, data also 

indicates G. tricuspidata reside in the same area for long periods of time (Thomson 

1959, West 1993, Gray et al. 2012). Understanding the potentially complex movement 
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patterns of targeted species and how they relate to marine reserve size, shape and 

connectivity will provide information necessary to assess their potential response to 

protection and better manage those species.  

Technological advances in ecology 

Technological advances in ecology have greatly improved the way researchers monitor 

organisms. For example, biotelemetry techniques (i.e. acoustic, radio, archival and 

satellite tags) have undergone a rapid expansion and enabled researchers to determine 

fine and broad scale movements of animals, as well as their ambient environmental 

conditions (i.e. water temperature and pressure, light levels) (Block et al. 2011), which 

can be used to reconstruct animal behaviour (Moll et al. 2007). Previously, mark-

recapture techniques were used to assess fish movements. Mark-recapture techniques 

provide little information on the fine scale movements of individuals as movements can 

only be inferred between the point of release and recapture, and results biased by the 

temporal and spatial distribution in sampling effort.  

The precision and accuracy of size and abundance measures for fish and other aquatic 

organisms has greatly improved with the advent of diver-operated stereo-video systems 

(stereo-DOVS) used for monitoring (Harvey & Shortis 1995, Harvey et al. 2001). 

Stereo-DOVS provide a permanent record that can be validated or reanalysed as 

required and overcome some of the observer biases and errors associated with 

traditional underwater visual census techniques (Harvey et al. 2002, Harvey et al. 2004, 

Langlois et al. 2010). Small video cameras (e.g. GoPros) are also increasingly being 

used by researchers to study animal behaviour due to their low cost, accessibility and 

ease of use (Moll et al. 2007). They are also a valuable tool which can be used to record 

observations without human interference. For example, Fox & Bellwood (2008) 

demonstrated remote video cameras were important in identifying herbivores, 
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previously unrecorded during diver surveys, responsible for significant levels of 

herbivory on coral reefs. 

In this study I used a novel combination of experimental techniques to assess the effects 

of marine reserves on herbivores and their functional role on temperate reefs. I (i) used 

acoustic telemetry to assess the movement patterns of herbivores in relation to marine 

reserves, (ii) used stereo-DOVS to measure the size and abundance of herbivores inside 

and outside marine reserves, and (iii) used small video cameras (i.e. GoPros) to quantify 

herbivore feeding rates inside and outside marine reserves. By using multiple lines of 

evidence I aimed to provide a more comprehensive understanding of the ecological role 

that temperate herbivorous fish play on rocky reefs and the effects of prohibiting fishing 

on their populations. 

1.2 Research aims 

Marine reserves are clearly important in protecting tropical herbivores targeted by 

fishing, which in turn contributes to the resilience of coral reefs against natural and 

human disturbance (Hughes et al. 2006, Hughes et al. 2010). Compared to tropical 

systems, the effects of marine reserves on herbivorous fish on temperate reefs are still 

poorly understood. The overall aim of this study was to assess the effects of marine 

reserves on herbivores (girellids and kyphosids) and their functional role on Australian 

temperate reefs. Specifically, I addressed the following questions: 

i. Is the abundance of girellids and kyphosids related to cover of preferred algae, 

Ulva spp., on shallow subtidal reefs? (Chapter 2) 

ii. Does the targeted herbivore, G. tricuspidata, exhibit site fidelity on shallow 

subtidal reefs? (Chapters 3 and 4) 
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iii. Do marine reserves have an effect on the size and abundance, and hence feeding 

rates, of targeted girellids and kyphosids on shallow subtidal reefs on the east 

coast of Australia? (Chapter 4) 

iv. Do marine reserves have an effect on the size and abundance, and hence feeding 

rates, of non-targeted kyphosids and girellids on shallow subtidal reefs on the 

west coast of Australia? (Chapter 5) 

1.3 Study area 

In this study I used a cross continental comparative approach to assess the effects of 

marine reserves on targeted east coast and non-targeted west coast populations of 

girellids and kyphosids and their functional role on Australia temperate reefs. The 

majority of the work carried out in this study (i.e. Chapters 2 to 4) was conducted in 

Jervis Bay, NSW, located approximately 200 km south of Sydney (Fig. 1). Jervis Bay 

constitutes the main area of the Jervis Bay Marine Park (JBMP), which covers an area 

of approximately 21 100 ha. Jervis Bay Marine Park is a multiple-use marine park, 

zoned to allow various activities within different management zones. Management 

zones were gazetted in 2002 and include “no-take” marine reserves, habitat protection 

zones, general use zones and special purpose zones. Commonwealth waters of Booderee 

National Park also lie within Jervis Bay and were included in the surveys in this study. 

All surveys were carried out on shallow subtidal reefs (i.e. 1 to 3 m depth). 

The other part of this study (i.e. Chapter 5) was carried out at Rottnest Island, WA, 

located approximately 20 km west of Fremantle (Fig. 1). Rottnest Island Marine 

Reserve covers an area of approximately 3 828 ha and, similarly to JBMP, is a multiple-

use MPA zoned to allow various activities within different management zones. 

Management zones were gazetted in 1988 and 2007 and include “no-take”



 

 

 
 

Fig. 1. Map of the study areas on the east and west coast of Australia.
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marine reserves, recreation zones and general use waters. All surveys were carried out 

on shallow subtidal reefs (i.e. 1 to 3 m depth). 

1.4 Organisation and structure of the thesis 

This thesis is in accordance with the Postgraduate and Research Scholarship Regulation 

1.3.1.33 (1) of The University of Western Australia and is presented as a series of four 

scientific papers. Three papers have been published (Chapters 2, 3 and 4) and are 

included as PDF’s and one paper is currently under review (Chapter 5) and is included 

as a manuscript in the required format for the Journal of Experimental Marine Biology 

and Ecology. All work presented here has been completed during the course of my 

enrolment towards the degree of Doctor of Philosophy at The University of Western 

Australia. This thesis consists of six chapters; the general introduction (Chapter 1), four 

experimental chapters (Chapters 2 to 5) and the general discussion (Chapter 6). The 

general introduction sets out the background and rationale for the study and explains the 

organisation and structure of the thesis. The following four experimental chapters are 

presented in the format of scientific papers that can be read either as stand-alone papers 

or as part of the whole thesis. Chapter 2 examines patterns in the distribution and 

abundance of girellids and kyphosids in relation to a preferred algae, Ulva spp., on 

shallow subtidal reefs in Jervis Bay, NSW. This chapter forms a basis for studying what 

effects herbivores may have on algal communities in Jervis Bay. Chapter 3 examines 

the movement patterns of a targeted herbivore, G. tricuspidata, using acoustic 

telemetry. There is currently uncertainty around the movement patterns of 

G. tricuspidata and it has been stated that G. tricuspidata is too mobile to benefit from 

protection provided by marine reserves (Kearney 2007).  The aim of this chapter was to 

address some of the uncertainty around the movements of G. tricuspidata and assess 

how this species might respond to protection within JBMP. Chapter 4 examines the 

effects of marine reserves on targeted girellids and kyphosids and their functional role 
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on shallow subtidal reefs in JBMP, using a novel combination of experimental 

techniques. Compared to coral reefs, the effects of marine reserves on herbivorous fish 

and their functional role on temperate reefs are poorly understood. This chapter 

contributes to the knowledge gap in this area. Chapter 5 examines the effects of marine 

reserves on non-targeted kyphosids and girellids and their functional role on shallow 

subtidal reefs at Rottnest Island, WA. The findings in Chapter 5 are compared with 

those of Chapter 4 to evaluate the effects of marine reserves on the size, abundance and 

feeding rates of targeted east coast and non-targeted west coast populations of girellids 

and kyphosids on temperate reefs. Chapter 5 also examines the relative importance of 

grazing and drift-feeding pathways used by kyphosids.  Herbivores switching between 

grazing and drift-feeding pathways can have significant effects on algal communities, 

yet rarely has the relative importance of both feeding strategies been quantified for fish. 

This chapter contributes to the knowledge gap in this area. Each experimental chapter 

consists of an Abstract, Introduction, Materials and Methods, Results and Discussion 

section (except for Chapter 2, which was published as a brief communication). As such, 

there is some unavoidable repetition of information (in particular between the general 

introduction and general discussion and the introductions and discussions of the 

experimental chapters), which I have tried to keep to a minimum. The general 

discussion draws together the key findings of the study in the context of previous 

research and highlights the significance of the work. Literature cited in the general 

introduction and general discussion is included at the end of the thesis. 



 

Chapter 2 

Does the abundance of girellids and kyphosids 

correlate with cover of the palatable green algae, 

Ulva spp? A test on temperate rocky intertidal reefs 

 

 
 

 
Credit: Matt Rees (pictured) (Instagram: @fish_thinkers) 
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Foreword 

Chapter 2 has been published as follows: 

Ferguson, A.M., Harvey, E.S., Rees, M.J., Knott, N.A., 2015. Does the abundance of 

girellids and kyphosids correlate with cover of the palatable green algae, Ulva spp.? A 

test on temperate rocky intertidal reefs. Journal of Fish Biology 86, 375-384. 

Author contributions: AMF conceived and designed the experiments, performed the 

experiments, analysed the data and wrote the paper. NAK and ESH supervised the 

study. MJR assisted with some data analysis. All co-authors reviewed the paper and 

provided comments. 

Chapter 2 examines patterns in the distribution and abundance of girellids and 

kyphosids in relation to a preferred algae, Ulva spp., on rocky reefs in Jervis Bay, NSW. 

This chapter forms a basis for studying what effects herbivores may have on algal 

communities in Jervis Bay. 
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Chapter 3 

A herbivore knows its patch: Luderick, Girella 

tricuspidata, exhibit strong site fidelity on shallow 

subtidal reefs in a temperate marine park 
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Foreword 

Chapter 3 has been published as follows: 

Ferguson, A.M., Harvey, E.S., Taylor, M.D., Knott, N.A., 2013. A herbivore knows its 

patch: luderick, Girella tricuspidata, exhibit strong site fidelity on shallow subtidal 

reefs in a temperate marine park. PloS ONE 8(5): e65838. 

doi:10.1371/journal.pone.0065838. 

Author contributions: AMF conceived and designed the experiments, performed the 

experiments, analysed the data and wrote the paper. NAK and ESH supervised the 

study. MDT contributed materials and assisted with some spatial analysis. All co-

authors reviewed the paper and provided comments. 

The findings in Chapter 2 indicated that the abundance of G. tricuspidata on rocky reefs 

in Jervis Bay, NSW, was consistent across time, suggesting G. tricuspidata was not 

moving between reefs in response to variation in Ulva spp. cover between periods, but 

rather that more G. tricuspidata resided on reefs that had relatively higher Ulva spp. 

cover at certain times of the year. Chapter 3 builds on the findings of Chapter 2 by 

examining the movement patterns of G. tricuspidata using acoustic telemetry. There is 

currently uncertainty around the movement patterns of G. tricuspidata and it has been 

stated that G. tricuspidata is too mobile to benefit from protection provided by marine 

reserves (Kearney 2007).  The aim of this chapter was to address some of the 

uncertainty around the movements of G. tricuspidata and assess how this species might 

respond to protection within Jervis Bay. 
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Herbivore abundance, site fidelity and grazing rates 
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Foreword 

Chapter 4 has been published as follows: 

Ferguson, A.M., Harvey, E.S., Knott, N.A., 2016. Herbivore abundance, site fidelity 

and grazing rates on temperate reefs inside and outside marine reserves. Journal of 

Experimental Marine Biology and Ecology 478, 96-105. 

Author contributions: AMF conceived and designed the experiments, performed the 

experiments, analysed the data and wrote the paper. NAK and ESH supervised the 

study. Both co-authors reviewed the paper and provided comments. 

The findings in Chapter 3 show that G. tricuspidata exhibit strong site fidelity on rocky 

reefs in Jervis Bay, NSW, over a period of three months. Chapter 4 builds on the 

findings of Chapter 3 by assessing the movement patterns of G. tricuspidata over an 

eleven month period. Chapter 4 also examines the effects of marine reserves on targeted 

girellids and kyphosids and their functional role on shallow subtidal reefs in Jervis Bay, 

using a novel combination of experimental techniques. Compared to coral reefs, the 

effects of marine reserves on herbivorous fish and their functional role on temperate 

reefs are poorly understood. This chapter contributes to the knowledge gap in this area. 
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Chapter 5 

Herbivore abundance, grazing rates and feeding 

pathways on temperate reefs inside and outside 

marine reserves: east versus west 

 

 
 

 
Credit: Steve Lindfield 



 

53 
 

Foreword 

Chapter 5 has been submitted for publication as follows: 

Ferguson, A.M., Harvey, E.S., Knott, N.A., 2016. Herbivore abundance, grazing rates 

and feeding pathways on temperate reefs inside and outside marine reserves: east versus 

west. Journal of Experimental Marine Biology and Ecology “under review”. 

Author contributions: AMF conceived and designed the experiments, performed the 

experiments, analysed the data and wrote the paper. NAK and ESH supervised the 

study. Both co-authors reviewed the paper and provided comments 

Chapter 5 examines the effects of marine reserves on non-targeted kyphosids and 

girellids and their functional role on shallow subtidal reefs at Rottnest Island, WA. The 

findings in Chapter 5 are compared with those of Chapter 4 to evaluate the effects of 

marine reserves on the size, abundance and feeding rates of targeted east coast and non-

targeted west coast populations of girellids and kyphosids on temperate reefs. Chapter 5 

also examines the relative importance of grazing and drift-feeding pathways used by 

kyphosids. Switching between grazing and drift-feeding pathways can have significant 

effects on algal communities, yet rarely has the relative importance of both feeding 

strategies been quantified for fish. This chapter contributes to the knowledge gap in this 

area. 
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Abstract 

Marine reserves are used as a management tool to conserve biodiversity and maintain 

ecological processes critical to the functioning of marine ecosystems. Grazing by 

herbivorous fish contributes to maintaining resilient reefs and marine reserves are 

important in conserving herbivores and their functional role. On the east coast of 

Australia, herbivores from the closely related families Girellidae and Kyphosidae are 

targeted by fishers and marine reserves have been shown to support greater size and 

abundance of girellids and kyphosids and enhance grazing on temperate reefs. On the 

west coast of Australia, however, kyphosids and girellids are rarely targeted by fishers. 

This study tested the hypothesis that there would be no difference in the size and 

abundance, and hence feeding rates of girellids and kyphosids on temperate reefs inside 

and outside marine reserves on the west coast, due to their relatively low levels of 

exploitation. The size, abundance and feeding rates of girellids and kyphosids inside 

and outside marine reserves were quantified using a diver-operated stereo-video system 

and feeding trials at Rottnest Island, Western Australia. No significant difference was 

found in the size and abundance of Kyphosus cornelii, Kyphosus spp. and Girella zebra 

or feeding rates inside and outside marine reserves. The second aim of the study was to 

assess the relative importance of grazing and drift-feeding pathways used by kyphosids. 

Drift-feeding is an alternative form of herbivory to grazing and herbivores switching 

between grazing and drift-feeding pathways can have significant effects on algal 

communities, yet rarely has the relative importance of both feeding strategies been 

quantified for fish. A combination of feeding observations (mensurative) and feeding 

trials (manipulative) were used to quantify the number of feeding bites taken by fish on 

drift algae and attached algae. There was no significant difference in the number of 

feeding bites taken by the abundant herbivore, K. cornelii, on drift algae and attached 

algae during feeding observations, however, during feeding trials herbivores consumed 
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significantly more drift algae (Ulva sp.) than attached algae. This is the first study to 

demonstrate that drift-feeding is a common feeding strategy used by kyphosids. The 

findings in this study also highlight considerable differences in the effects of marine 

reserves on targeted east coast and non-targeted west coast populations of girellids and 

kyphosids and their functional role on temperate reefs. 

Keywords: algae, drift-feeding, Girellidae, herbivory, Kyphosidae, marine protected 

area 

1 Introduction 

The key objectives of marine reserves are to conserve biodiversity and marine habitats, 

however, in light of the indirect effects of fishing on trophic interactions there has been 

increased focus on the role marine reserves play in maintaining ecological processes 

important to the functioning of marine ecosystems. For example, on coral reefs marine 

reserves protect populations of targeted herbivores critical to the functioning of marine 

ecosystems (Mumby et al. 2006, Harborne et al. 2008). By grazing algae, herbivores 

maintain space for corals to recruit and grow, preventing phase shifts from coral to algal 

dominated habitats (Hughes et al. 2007). On temperate reefs, marine reserves enhance 

the size and abundance of predatory fish and lobsters responsible for maintaining low 

densities of sea urchins (Babcock et al. 1999, Shears and Babcock 2002, Shears and 

Babcock 2003). This top down control prevents high densities of sea urchins from 

overgrazing macroalgae, which can lead to phase shifts from kelp forests to urchin 

barrens (Babcock et al. 1999, Shears and Babcock 2002, Shears and Babcock 2003). 

The importance of fish herbivory on temperate reefs and the effects of marine reserves 

on herbivores and their functional role are less clear. Compared to sea urchins, 

herbivorous fish are thought to have a minor influence on algal community structure 

(Jones and Andrew 1990, Andrew 1999). Increasingly, however, research is showing 
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that herbivorous fish can have significant effects on temperate reef algal communities 

(Sala & Boudouresque 1997, Ojeda & Muñoz 1999, Vergés et al. 2009, Taylor & Schiel 

2010, Vergés et al. 2014, Bennett et al. 2015) and these effects are predicted to increase 

with the climate-driven range expansion of tropical herbivores onto temperate reefs as 

waters warm (Vergés et al. 2014, Bennett et al. 2015). 

On temperate reefs in Australasia, large bodied herbivores from the closely related 

families Kyphosidae and Girellidae can form a significant component of the total fish 

biomass, in some instances greater than 80% (Russell 1977; Jones 1988; Kingsford 

2002, Bennett et al. 2015). They are primarily herbivorous, feeding on certain types of 

algae (Russell 1983, Choat and Clements 1992, Clements and Choat 1997, Moran and 

Clements 2002, Raubenheimer et al. 2005) and are most abundant in shallow water 

(Kingsford 2002). On the east coast of Australia, girellids and kyphosids are targeted by 

both commercial and recreational fishers and amongst the most important recreational 

species caught on reefs in New South Wales (NSW) (Lincoln Smith et al. 1989, 

Kingsford et al. 1991, Kingsford 2002, Gray et al. 2012). Marine reserves have been 

shown to support greater size and abundance of targeted girellids and kyphosids and 

enhance grazing on temperate reefs in NSW (Ferguson et al. 2016). On the west coast of 

Australia, however, kyphosids and girellids are rarely targeted by fishers and only make 

up a small proportion of recreational catches (Smallwood et al. 2006, Smallwood et al. 

2011). This study tested the hypothesis that there would be no difference in the size and 

abundance, and hence feeding rates of kyphosids and girellids inside and outside marine 

reserves on the west coast of Australia, due to their relatively low levels of exploitation. 

The first aim of this study was to quantify the size, abundance and feeding rates of 

kyphosids and girellids on shallow subtidal reefs inside and outside marine reserves at 

Rottnest Island, Western Australia (WA).  
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An alternative form of herbivory to grazing or browsing is the consumption of free 

floating plants or algae which have become dislodged from the place where they were 

growing – termed drift-feeding (Harrold and Reed 1985, Vanderklift et al. 2009). 

Herbivores that switch between grazing and drift-feeding pathways can have significant 

effects on algal communities. For example, Harrold and Reed (1985) showed that in 

urchin barrens, where drift algae were sparse, sea urchins moved over wider areas 

actively grazing the substrate, maintaining areas devoid of kelp. Whereas in kelp 

forests, where drift algae were more abundant, sea urchins exerted little grazing pressure 

on kelp stands because they were more sedentary and fed predominantly on drift algae. 

Switching between grazing and drift-feeding pathways has been documented for sea 

urchins (Harrold and Reed 1985, Vanderklift et al. 2009) and the importance of drift 

algae as a food source and habitat for fish has been discussed (Kingsford 1995), 

however, surprisingly few studies have quantified the relative importance of grazing and 

drift-feeding pathways for herbivorous fish. The second aim of this study was to assess 

the relative importance of grazing and drift-feeding pathways for kyphosids on shallow 

subtidal reefs at Rottnest Island, WA.  

2 Materials and methods 

2.1 Study area 

The study was carried out at Rottnest Island (32°00'S, 115°30'E), located off the 

southwest coast of WA, approximately 18 km west of Fremantle (Fig. 1). Rottnest 

Island Marine Reserve covers an area of approximately 3 828 ha and is classified into 

three main zones: “no-take” sanctuary zones (hereafter referred to as marine reserves) 

where some shore based fishing is allowed, however, taking of marine flora and fauna 

by all other means is prohibited; recreation zones which are closed to commercial and 

amateur net fishing and general use waters. Marine reserves comprise 17.3% of Rottnest 
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Island Marine Reserve, recreation zones 50.4% and general use waters 32.3%. The three 

marine reserves examined in this study, Parker Point, Green Island and Armstrong Bay, 

were gazetted in 1988 (Parker Point) and 2007 (Green Island and Armstrong Bay) and 

had been in place for approximately 23 and 4 years respectively prior to the 

commencement of this study. Parker Point marine reserve initially covered an area of 5 

ha before being expanded in 2007 to cover an area of 89 ha, similar in size to both 

Green Island (92 ha) and Armstrong Bay (82 ha) marine reserves. 

2.2 Fish surveys 

Fish surveys were carried out on shallow subtidal reefs at twelve sites during July to 

August, 2011 (Fig. 1). To determine whether there was a difference in the size and 

abundance of kyphosids and girellids between protected and fished areas, two sites were 

surveyed within each of three marine reserves and three adjacent recreation zones 

respectively (Fig. 1). Total abundance was quantified at each site along six 50 x 5 m 

transects by a snorkeler using a diver-operated stereo-video system (stereo-DOVS) 

(Harvey & Shortis 1995). This technique enabled precise and accurate estimates of fish 

length (Harvey, Fletcher & Shortis 2002). Transects ran parallel to the shoreline and 

surveys were done in 1 to 3 m depth below mean sea level. A hip chain attached to the 

stereo-DOVS was used to measure the distance of each transect. Biodegradable cotton 

thread was attached to the reef at the start of each transect and unwound until the hip 

chain counter showed a distance of 50 m had been travelled. Transects were separated 

by a minimum distance of 20 m. Each site was surveyed during daylight hours (0900-

1700 h) and the order in which sites were surveyed was determined randomly. 

2.3 Image analysis 

Video imagery collected during the fish surveys was analysed using the software 

program EventMeasure (Stereo) (SeaGIS; www.SeaGIS.com.au). For each transect, all 
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fish observed within the families Kyphosidae and Girellidae were identified to species 

level, counted and their length measured if possible. Both K. sydneyanus and Kyphosus 

gladius were not easily distinguishable on all transects due to morphological similarities 

(see Knudsen & Clements 2013), reduced visibility and distance from the stereo-DOVS, 

therefore, both species were pooled for the analyses. Measurement constraints were set 

within EventMeasure so that fish were only counted and measured if they came within a 

range of 5 m in front of the cameras and 2.5 m either side of the cameras to ensure a 

standardised sampling area. 

2.4 Feeding observations - mensurative 

To determine whether there was a difference in feeding rates on drift algae and attached 

algae by the abundant herbivore, K. cornelii, feeding observations were carried out at a 

representative subset of six of the twelve sites that fish surveys were carried out at, 

during February to March, 2012 (Fig. 1). Observations were carried out in a similar way 

to that described by Raubenheimer et al. (2005). Ten fish (≥ 200 mm) were randomly 

selected at each site and filmed by a snorkeler using a video camera (GoPro HD Hero2; 

gopro.com) from a distance of approximately 5 m for an initial habituation period of 2 

min. During this time, no data on feeding observations was recorded. After this time, if 

the fish appeared to be undisturbed by the snorkeler (i.e. continued or resumed feeding) 

the fish was observed for a further 5 min. Where the snorkeler lost sight of the fish 

within the 5 min. observation period the data was excluded from the analysis. Video 

imagery collected from the feeding observations was analysed and the number of 

feeding bites taken by each fish on drift algae and attached algae recorded. Feeding 

observations were made during daylight hours (0900-1700 h) and the order in which 

sites were surveyed was determined randomly. 
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Drift algae abundance at each site was determined from the video imagery by estimating 

percent cover from the ten replicate feeding observations. For each of the ten replicate 

feeding observations, video imagery was paused every 1 min. over the 5 min. 

observation period and the presence of drift algae within a transparent grid attached to 

the monitor screen recorded. This generated fifty subsamples of drift algae abundance 

per site, used to estimate percent cover. 

2.5 Feeding trials - manipulative 

To determine whether natural patterns of feeding on drift algae and attached algae were 

consistent with patterns found during manipulative experiments, and also whether 

grazing rates differed inside and outside marine reserves, feeding trials were carried out 

at the same six sites that the feeding observations were conducted, during February 

2012. Feeding trials were carried out at one site within each of three marine reserves 

and three adjacent recreation zones (Fig. 1). Two treatments were used in the 

experiment: drift algae and attached algae. The drift algae treatment consisted of a 

snorkeler releasing a known quantity of Ulva sp. (2 g) into the water column and 

following the free floating algae from a distance of approximately 5 m, whilst recording 

all feeding activity using a video camera. For the attached algae treatment the same 

quantity of Ulva sp. (2 g) was tied to a piece of reef rubble using transparent fishing line 

and then placed on the reef whilst all grazing activity was recorded using a video 

camera. Each trial went for a maximum period of 10 min. and at the conclusion of the 

trial all remaining Ulva sp. was collected and weighed. Three replicates per treatment 

were carried out at each site and the order in which treatments were replicated was 

randomised. Ulva sp. was used in the feeding trials as it commonly occurs on intertidal 

and shallow subtidal reefs surrounding Rottnest Island and is readily consumed by 

kyphosids and girellids (author’s observation). Two grams (wet weight) of Ulva sp. per 

replicate was used in the experiment as it was representative of naturally occurring 
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fragments of drift algae observed in the water column. Video imagery collected from 

the feeding trials was analysed and the number of species observed feeding on Ulva sp. 

recorded. All feeding trials were conducted during daylight hours (0900-1700 h) and the 

order in which sites were sampled was determined randomly. 

2.6 Statistical analyses 

To determine whether there was a significant difference in the abundance of kyphosids 

and girellids inside and outside marine reserves, data for each species were analysed 

separately using a three-factor permutational multivariate analysis of variance 

(PERMANOVA) (Anderson 2001). Factors included: Status (2 levels and fixed: marine 

reserve and recreation zone), Block (3 levels and random) and Site (2 levels nested 

within Block x Status and random). Marine reserves and adjacent recreation zones were 

grouped into Blocks a priori based on proximity and environmental factors (e.g. 

orientation, exposure). Abundance analyses were done on fourth root transformed data 

using Euclidean distance measures. 

To test whether there was a significant difference in the size of kyphosids and girellids 

inside and outside marine reserves, data were analysed using the same PERMANOVA 

design as described above. Mean size per transect was used for the analyses. The size 

analyses were done on untransformed data using Euclidean distance measures. 

To determine whether there was a significant difference in the number of feeding bites 

taken by K. cornelii on drift algae and attached algae during feeding observations, data 

was analysed using a two-factor PERMANOVA. Factors included: Feeding type (two 

levels and fixed: drift, attached) and Site (six levels, random).The analysis was done on 

untransformed data using Euclidean distance measures. Simple linear regression was 

used to test for a relationship between mean drift algae abundance and mean number of 

feeding bites per site. 
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To test whether there was a significant difference in the amount of drift Ulva sp. 

consumed versus attached Ulva sp., and whether there was a difference in grazing rates 

inside and outside marine reserves, data were analysed using a three-factor 

PERMANOVA. Factors included: Feeding type (two levels and fixed: drift, attached), 

Status (2 levels and fixed: marine reserve and recreation zone) and Site (one level, 

nested within Block x Status and random). The analysis was done on untransformed 

data using Euclidean distance measures. 

3 Results 

3.1 Fish surveys 

On shallow subtidal reefs, western buffalo bream K. cornelii (total no. fish recorded = 

2626) was the most abundant kyphosid or girellid, being approximately twice as 

abundant as Kyphosus spp. (silver drummer K. sydneyanus and sea chub K. gladius 

combined) (total no. fish recorded = 1323) and significantly more abundant than the 

zebra fish G. zebra (total no. fish recorded = 32). No other species of kyphosid or 

girellid was recorded during the surveys.  

There was no significant difference in the abundance of both K. cornelii and Kyphosus 

spp. inside and outside marine reserves (Fig. 2, Table 1). There was also no significant 

difference in the size of both K. cornelii and Kyphosus spp. inside and outside marine 

reserves (Fig. 3, Table 2). The mean length of K. cornelii within marine reserves was 

342 mm ± 3 mm (S.E.) compared to 321 mm ± 6 mm (S.E.) in fished areas and the 

mean length of Kyphosus spp. within marine reserves was 507 mm ± 11 mm (S.E.) 

compared to 583 mm ± 8 mm (S.E.) in fished areas (Fig. 3). 
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3.2 Feeding observations - mensurative 

There was no significant difference in the number of feeding bites taken by K. cornelii 

on drift algae and attached algae (Fig. 4, Table 3). On average, K. cornelii took 0.92 ± 

0.2 (SE) bites on drift algae compared to 1.13 ± 0.2 (SE) bites on attached algae per 5 

min.¯¹. No significant correlation was found between mean drift algae abundance per 

site and the mean number of feeding bites taken by K. cornelii on drift algae (R² = 0.28, 

d.f. = 5, P > 0.05). 

3.3 Feeding trials - manipulative 

There was a clear pattern showing greater feeding on drift Ulva sp. compared to 

attached Ulva sp. across all six sites, although pairwise tests indicated a significant 

difference at only three sites (i.e. MC, CYB and SP) (Fig. 5, Table 4). On average, 

83.9% ± 10.9 (SE) of drift Ulva sp. was consumed per site compared to 5.6% ± 3.5 (SE) 

of attached Ulva sp. (Fig. 5). The only species observed feeding on drift Ulva sp. was K. 

cornelii, whereas a range of species including K. cornelii, western scalyfin Parma 

occidentalis, western king wrasse Coris auricularis and tarwhine Rhabdosargus sarba 

were observed grazing attached Ulva sp. There was no significant difference in the 

amount of either attached or drift Ulva sp. consumed inside and outside marine reserves 

(Table 4). 

4 Discussion 

4.1 Patterns of size and abundance in relation to marine reserves and fished areas 

This study found that marine reserves appear to be having no effect on the size and 

abundance of the non-targeted herbivores K. cornelii, Kyphosus spp. and G. zebra on 

temperate reefs within Rottnest Island Marine Reserve, WA. These findings fit with the 

prediction of this study, given that neither K. cornelii, Kyphosus spp. nor G. zebra are 
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heavily targeted by commercial or recreational fishers on the west Australian coast 

(Smallwood et al. 2006, Smallwood et al. 2011). For example, Smallwood et al. (2006) 

found that kyphosids (i.e. K. cornelii and K. sydneyanus) and girellids (i.e. G. zebra and 

G. tephraeops) made up approximately only 1% of the total recreational catch of fishers 

surveyed at Rottnest Island and the majority of those fish caught were returned to the 

water, most likely due to their poor eating qualities (McLaren 2010). The findings in 

this study are consistent with those of McLaren (2010) who found no significant 

difference in the abundance of both K. cornelii and K. sydneyanus (referred to as 

Kyphosus spp. in this study – see section 2.3) between the marine reserves surveyed in 

this study (i.e. Parker Point, Green Island and Armstrong Bay) and fished areas within 

Rottnest Island Marine Reserve. McLaren (2010) did find higher abundance of the non-

targeted K. cornelii in Kingston Reef marine reserve (not surveyed in this study), 

although this was attributed to a “chance occurrence of the patchily distributed, 

schooling species” within the reserve, rather than due to any effects of protection. 

The findings in this study contrast with those of Ferguson et al. (2016) who showed that 

on the east coast of Australia, where girellids (and to a lesser extent kyphosids) are 

targeted by commercial and recreational fishers (Lincoln Smith et al. 1989, Kingsford et 

al. 1991, Kingsford 2002, Gray et al. 2012), marine reserves can have positive effects 

on the size and abundance of these species. For example, the girellids G. tricuspidata 

and G. elevata and kyphosid K. sydneyanus were significantly larger and/or more 

abundant on temperate reefs inside marine reserves. Both G. tricuspidata and G. elevata 

exhibit strong site attachment on reefs (Pillans et al. 2011, Ferguson et al. 2013, 

Ferguson et al. 2015, Ferguson et al. 2016, Stocks et al. 2015), potentially explaining 

their higher abundance within reserves, due to reduced exposure to fishing pressure. 
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4.2 Rates of herbivory between marine reserves and fished areas 

This study found no significant difference in the amount of attached algae or drift algae 

(i.e. Ulva sp.) consumed by fish inside and outside marine reserves. Taken in 

conjunction with the patterns of size and abundance of herbivores inside and outside 

marine reserves found in this study, feeding rates by these species appear to be 

consistent across zones. Any spatial differences in herbivory levels would be predicted 

to be related to site specific factors (e.g. algal distribution and abundance, herbivore 

distribution and abundance, exposure) (Taylor and Schiel 2010, Bennet et al. 2015), 

rather than due to any effects of protection. In contrast, Ferguson et al. (2016) showed 

that there was greater size and/or abundance of girellids and kyphosids and enhanced 

grazing on temperate reefs within marine reserves on the east coast of Australia. The 

findings in this study and those of Ferguson et al. (2016) highlight considerable 

differences in the effects of marine reserves on targeted east coast and non-targeted west 

coast populations of kyphosids and girellids on temperate reefs. Targeted east coast 

populations of girellids and kyphosids appear to be responding positively to protection, 

with greater size and abundance inside reserves. Due to a greater biomass of herbivores 

inside marine reserves the functional role provided by these species, in terms of grazing, 

appears to be enhanced within reserves on the east coast. In contrast, on the west coast 

of Australia marine reserves appear to having no effect on the size and abundance or 

feeding rates of non-targeted kyphosids and girellids on temperate reefs. Continued 

assessment will provide insight into the effects (if any) of marine reserves on herbivores 

and their functional role on temperate reefs and, in turn, how this relates to algal 

community structure. 
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4.3 Feeding pathways (i.e. grazing and drift-feeding) by kyphosids on shallow subtidal 

reefs 

There was no significant difference found in the number of feeding bites taken by K. 

cornelii on drift algae and attached algae during feeding observations in this study. 

During feeding trials, however, significantly more drift algae (Ulva sp.) was consumed 

by herbivores compared to attached algae. The results from the feeding observations 

and feeding trials combined indicate that herbivores were feeding equally, if not more 

so, on detached drift algae as on attached algae. Consumption of drift algae is a 

common feeding strategy used by sea urchins (Harrold and Reed 1985, Vanderklift et 

al. 2009), abalone (Andrew 1999) and polychaete worms (Kim 1992), however, this is 

the first study to the author’s knowledge to demonstrate that drift-feeding is a common 

feeding strategy used by herbivorous fish. Vanderklift et al. (2009) showed in a study 

comparing grazing and drift-feeding pathways by fish and sea urchins on shallow 

temperate reefs in WA that consumption of drift kelp was exclusively by sea urchins, 

and herbivorous fish (i.e. K. sydneyanus) fed only on the canopy of attached kelp. In 

this study, large schools of K. cornelii actively fed on drift Ulva sp., however, only one 

individual K. cornelii was observed feeding on attached Ulva sp. during the feeding 

trials. Differences in feeding strategies used by K. cornelii and K. sydneyanus may 

reflect differences in feeding preferences for both species and abundance of preferred 

algae. For example, kelp Ecklonia radiata is the dominant algae on subtidal reefs in 

temperate WA (Wernberg et al. 2003) and detached drift kelp is abundant (Wernberg et 

al. 2006), therefore, non-consumption of drift kelp by K. sydneyanus may reflect the 

high availability of an abundant food resource. Ulva sp. is only seasonally abundant on 

Rottnest Island (G. Kendrick, personal communication) and is a preferred algae for 

some girellids, which are closely-related to kyphosids (Clements and Choat 1997, 
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Curley et al. 2013). The high consumption rates of drift Ulva sp. by K. cornelii may 

reflect opportunistic feeding on a preferred food source that is only seasonally abundant. 

Herbivores (i.e. sea urchins) may switch between drift-feeding and grazing pathways 

where grazing is hazardous due to exposure to strong water motion or predation 

(Harrold and Reed 1985, Vanderklift et al. 2009). The factors that lead to herbivorous 

fish switching between feeding strategies, however, are less clear. Kyphosids and 

girellids are most abundant in shallow water where they graze algae from intertidal and 

shallow subtidal reefs (Kingsford 2002). Exposure to strong water motion (i.e. surf, 

surge) may therefore be one factor that prevents fish from grazing these areas and 

feeding on drift algae adjacent to these areas may be a viable alternative, given that 

areas of strong water motion are also generally a good source of drift algae that has 

become dislodged from reefs (author’s observation). Another factor that may influence 

the frequency of drift-feeding is that feeding on drift algae may be more economical, in 

terms of energy use, compared to actively grazing. For example, Harrold and Reed 

(1985) showed that where drift algae were abundant sea urchins were well nourished 

and less mobile, whereas, where drift algae were sparse sea urchins actively grazed over 

wider areas and were poorly nourished. Feeding hierarchies may also determine whether 

individuals feed more readily on drift algae or attached algae. Berry and Playford (1992) 

identified three phases of behaviour in K. cornelii: a territorial phase on shallow reef 

platforms, a schooling phase on platforms and a schooling phase in deeper water 

adjacent to platforms, and suggested that territories were associated with feeding rather 

than breeding. In this study during feeding observations, fish that appeared to defend 

territories on shallow reef platforms also appeared to graze more frequently from the 

reef, rather than feed on drift algae. Whereas, those fish that schooled in deeper water 

adjacent to shallow reef platforms appeared to feed more frequently on drift algae than 

attached algae, potentially due to competition from conspecifics guarding territories. 
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Given that the effects of herbivores (i.e. sea urchins) can vary greatly by switching 

between grazing and drift-feeding pathways (Harrold and Reed 1985) the relative 

importance of grazing and drift-feeding pathways for herbivorous fish is an area that 

deserves further attention. 

4.4 Conclusion 

This is the first study to show that drift-feeding is a common feeding strategy used by 

kyphosids. This is important, as it has been demonstrated previously for other 

herbivores that switching between grazing and drift-feeding pathways can have 

significant effects on algal communities (Harrold and Reed 1985). The findings in this 

study also highlight considerable differences in the effects of marine reserves on 

targeted east coast and non-targeted west coast populations of girellids and kyphosids 

and their functional role on temperate reefs. 
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Figure legends 

Fig. 1. Map of Rottnest Island, Western Australia, where the study was conducted. 

Polygons represent marine reserves. Fish surveys were carried out at a total of 12 sites 

inside and outside marine reserves (marked with an X and labelled with abbreviated site 

name). Feeding observations and feeding trials were carried out at a subset of 6 sites 

(labelled with abbreviated site name). Darker outlined boxed areas represent Blocks 1 to 

3 (numbered) used in the analyses. 

Fig. 2. Mean (± S.E.) abundances of kyphosids and girellids on shallow subtidal reefs 

inside and outside marine reserves within Rottnest Island Marine Reserve, Western 

Australia. The locations of Blocks 1 to 3 displayed on the x-axis are shown in Fig. 1. 

Fig. 3. Size frequencies of kyphosids on shallow subtidal reefs inside and outside 

marine reserves within Rottnest Island Marine Reserve, Western Australia. Mean length 

(± S.E.) and the number of fish sampled (n) are shown in each panel. 

Fig. 4. Mean (± S.E.) number of feeding bites taken by Kyphosus cornelii on drift algae 

and attached algae during feeding observations carried out on shallow subtidal reefs 

within Rottnest Island Marine Reserve, Western Australia. The locations of sites on the 

x-axis are shown in Fig. 1. 

Fig. 5. Mean (± S.E.) percentage of drift and attached Ulva sp. consumed by fish during 

feeding trials carried out on shallow subtidal reefs within Rottnest Island Marine 

Reserve, Western Australia. Asterisk (*) represents sites that significantly differed in 

the amount of drift and attached Ulva sp. consumed, determined using pairwise tests. 

The locations of sites on the x-axis are shown in Fig. 1. 
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Table 1. PERMANOVA table of results. Kyphosus cornelii and Kyphosus spp. 

abundance on shallow subtidal reefs inside and outside marine reserves within Rottnest 

Island Marine Reserve, Western Australia. St=Status, Bl=Block and Si=Site. 

  Kyphosus cornelii Kyphosus spp. 

Source d.f. MS P (perm) MS P (perm) 

St 1 6.437 0.42 0.463 0.773 

Bl 2 2.864 0.284 1.253 0.462 

StxBl 2 3.791 0.221 2.377 0.269 

Si(StxBl) 6 1.994 0.003 1.377 0.245 

Residual 56 0.517  1.015  

Total 67     
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Table 2. PERMANOVA table of results. Kyphosus cornelii and Kyphosus spp. size on 

shallow subtidal reefs inside and outside marine reserves within Rottnest Island Marine 

Reserve, Western Australia. St=Status, Bl=Block and Si=Site. 

 Kyphosus cornelii Kyphosus spp. 

Source d.f. MS P (perm) d.f. MS P (perm) 

St 1 192.43 0.776 1 16901 0.884 

Bl 2 4109.4 0.513 2 10877 0.599 

StxBl 2 1748.8 0.715 2 75863 0.114 

Si(StxBl) 5 5400.6 0.037 6 25196 0.003 

Residual 51 2242.6  36 6753  

Total 61   47   
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Table 3. PERMANOVA table of results. Number of feeding bites taken by Kyphosus 

cornelii on drift algae and attached algae during feeding observations carried out on 

shallow subtidal reefs within Rottnest Island marine reserve, Western Australia. 

Fe=Feeding type and Si=Site. 

Source d.f. MS P (perm) 

Fe 1 1.408 0.677 

Si 5 14.075 0.724 

Fe x Si 5 37.542 0.169 

Residual 108 507.9  

Total 119 560.93  
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Table 4. PERMANOVA table of results. Attached and drift Ulva sp. consumption by 

fish inside and outside marine reserves during feeding trials carried out on shallow 

subtidal reefs within Rottnest Island Marine Reserve, Western Australia. Fe=Feeding 

type, St=Status and Si=Site. 

Source d.f. MS P (perm) 

Fe 1 55225 0.006 

St 1 225 0.691 

Si (St) 4 1030.6 0.076 

Fe x St 1 225 0.729 

Fe x Si (St) 4 1808.3 0.009 

Residual 24 461.11  

Total 35   
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General discussion
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The findings in this study demonstrate that marine reserves are important in protecting 

herbivorous fish targeted by fishing and maintaining the functional role they provide on 

Australian temperate reefs. In this final chapter I provide a synthesis of the key findings 

of the study and significance of the work, in the context of previous research. I have 

structured the general discussion in sections relating to the central themes of the study; 

movement patterns and the effects of marine reserves on the size, abundance and 

feeding rates of herbivores on temperate reefs. Future directions and management 

implications are also discussed. 

Movement patterns in relation to marine reserves 

My research demonstrates that G. tricuspidata exhibit strong site fidelity on rocky reefs 

over a period of eleven months. This is significant, as G. tricuspidata is considered 

highly mobile (Kingsford 2002, Curley et al. 2013) and it has previously been stated 

that area closures would be of little value as a fisheries management tool for this species 

as it is seasonally migratory (Kearney 2007). The strong site fidelity displayed by 

G. tricuspidata found in this study, combined with its greater size and abundance within 

marine reserves, indicate that marine reserves are a valuable tool that can be used to 

effectively manage this species. The strong site fidelity exhibited by G. tricuspidata is 

also consistent with the movement patterns of other temperate reef fishes and the 

findings of this study further demonstrate the utility of marine reserves in providing 

protection for a diverse assemblage of fishes covering a range of functional roles 

(Parsons et al. 2010, Bryars et al. 2012, Harasti et al. 2015). 

Girella elevata and K. sydneyanus also exhibit site fidelity on rocky reefs, although 

K. sydneyanus occupies comparatively larger home ranges than both G. tricuspidata and 

G. elevata (Pillans et al. 2011, Stocks et al. 2015). The higher abundance of both 

G. tricuspidata and G. elevata within marine reserves found in this study is consistent 
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with their strong site fidelity on rocky reefs. Marine reserves can benefit targeted 

species which move mostly within localised home ranges encompassed by reserve 

boundaries (Kramer & Chapman 1999). This enhancement occurs because reserves 

provide relief from fishing mortality, which leads to an increase in local size and 

abundance and reproductive capacity (Russ et al. 2008, Bond et al. 2012). The average 

home range size of K. sydneyanus exceeds the size of many marine reserves in JBMP 

(Pillans et al. 2011), and considering that K. sydneyanus is not as heavily targeted as 

both G. tricuspidata and G. elevata, this is likely to explain why no significant 

difference was found in the abundance of K. sydneyanus inside and outside marine 

reserves in JBMP. 

The strong site fidelity displayed by G. tricuspidata and G. elevata highlights two 

important points in relation to the effects of marine reserves on both these species and 

their functional role on temperate reefs. First, both G. tricuspidata and G. elevata are 

relatively long-lived (i.e. individuals have been aged at greater than twenty five and 

forty five years respectively) and G. tricuspidata reaches sexual maturity at 

approximately four years, whereas G. elevata reaches sexual maturity at approximately 

eight years (Gray et al. 2012, Stocks et al. 2014). Therefore, long-term site fidelity 

should lead to significant increases in the size, abundance and reproductive capacity of 

both G. tricuspidata and G. elevata within marine reserves over time, given that the rate 

of fishing mortality outside reserves is significantly higher than that of natural mortality. 

In addition, based on the movement patterns of G. tricuspidata and G. elevata, marine 

reserves encompassing a system of shallow subtidal reefs throughout the distribution 

range of both species should provide adequate protection, combined with the use of 

other fisheries management techniques (e.g. bag and size limits). Second, the strong site 

fidelity displayed by G. tricuspidata and G. elevata and their consistent use of spatially 

discrete core use areas (Stocks et al. 2015) indicates that G. tricuspidata and G. elevata 
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repeatedly graze the same areas of reef. This, combined with the higher abundance of 

G. tricuspidata and G. elevata within marine reserves, should lead to measurable 

differences in effects on algal assemblages inside and outside marine reserves over time. 

Despite observing that G. tricuspidata consistently exhibits strong site fidelity on rocky 

reefs in Jervis Bay, the generality of the movement patterns found in this study need to 

be further tested. A total of fourteen fish were tagged in this study and movement 

patterns assessed using a combination of active and passive tracking techniques over a 

period of eleven months within a large embayment in NSW. Clearly, tracking more fish 

over a longer period of time and in different habitats (i.e. embayment’s, estuaries and 

open coastal waters) is necessary to provide a greater understanding and more 

representative picture of the movement patterns of this species. Nevertheless, the data 

presented in this study represents two independent tracking periods and two 

independent groups of fish tagged and released at multiple independent sites, showing 

similar movement patterns. Furthermore, the period that fish were passively tracked (i.e. 

December 2011 to October 2012) overlaps with much of the period that G. tricuspidata 

are thought to seasonally migrate (i.e. October to January in southern NSW) and all fish 

tagged in this study, based on their length, would have reached sexual maturity (Gray et 

al. 2012). However, only one fish was observed leaving the array over the eleven month 

tracking period and it was later detected within a neighbouring array in an estuary 

approximately 90 km south of Jervis Bay. Girella tricuspidata clearly migrate over 

large distances (Thomson 1959, West 1993, Gray et al. 2012) and most likely exhibit 

partial migration, which is defined as “the phenomenon of coexisting groups exhibiting 

migratory and resident behaviour within the same population (Morrison 1990, Kerr et 

al. 2009), however, the proportion of the population that displays migratory and resident 

behaviour is unknown and this has important implications for the effects of marine 

reserves on this species. The findings in this study and others (Thomson 1959, West 
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1993, Gray et al. 2012) indicate that the majority of G. tricuspidata exhibit some degree 

of site fidelity and, therefore, should benefit from marine reserves. This study has 

contributed to unravelling some of the uncertainty around the movement patterns of 

G. tricuspidata and also highlights the need to critically evaluate conventional views of 

the movement patterns of fish through quantitative assessment at appropriate spatial and 

temporal scales. 

A combination of active and passive tracking techniques was used in this study to assess 

the movement patterns of G. tricuspidata. This is one of the first published studies to 

use a combination of active and passive tracking techniques to examine fish movements 

and also one of the first studies to actively track fish in coastal waters. The benefit of 

combining both active and passive tracking techniques to better understand the 

complexities around the movement patterns of animals is highlighted in this study. For 

example, during active tracking, fish were observed sheltering behind the edge of reefs 

at night, where they remained relatively inactive. During the passive tracking, there was 

a significant decline in the frequency of detections on receivers at night compared to 

during the day. By comparing data collected from the passive tracking with the 

observed movement patterns of G. tricuspidata during the active tracking I was able to 

determine that the reason for the significant decline in the frequency of detections on 

receivers at night was due to fish sheltering behind the edge of reefs. By sheltering 

behind the edge of reefs at night, receivers were obstructed from detecting fish due to 

where the receivers were positioned, halfway along the length of each reef. Future 

studies should consider using a combination of both active and passive tracking 

techniques when assessing fish movements to enable more informed decisions on array 

design, aid interpretation of results and also to provide a more comprehensive 

understanding of the movement patterns of species.  
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A greater understanding of the factors that influence fine-scale movements of fish on 

reefs and why fish may choose to reside on some reefs compared to others could be 

gained by combining manipulative experiments with acoustic telemetry. In Chapter 2 I 

demonstrated that the abundance of G. tricuspidata on rocky reefs was consistent across 

time, indicating that G. tricuspidata was not moving between reefs in response to 

variation in Ulva spp. cover, but rather that large schools of G. tricuspidata resided on 

reefs that had significantly higher Ulva spp. cover at certain times of the year. In 

Chapter 3 I showed that G. tricuspidata utilised spatially discrete core use areas, most 

likely for feeding during the day and sheltering at night. By manipulating certain 

aspects of the environment in which these animals live, factors that influence their 

movement patterns on reefs could be better understood. For example, to test the 

hypothesis that G. tricuspidata move to and feed in areas with higher cover of a 

preferred algae, Ulva spp., fish could be actively tracked to assess their movement 

patterns before and after deployment of large settlement plates covered in Ulva spp. 

onto reefs and remote video cameras used to record feeding activity. This combination 

of experimental techniques could be used to test hypotheses about factors that influence 

fine and broad scale movements of fish within and between reefs and other habitats. 

Patterns of size and abundance of herbivores inside and outside marine reserves 

The findings in this study show that G. tricuspidata was significantly larger and more 

abundant within marine reserves in JBMP than outside reserves. These findings are 

consistent with the strong site fidelity displayed by G. tricuspidata and indicate that this 

species is responding positively to protection. Girella elevata and K. sydneyanus also 

showed patterns in size and abundance inside and outside marine reserves that appeared 

consistent with effects of protection, although these were not as strong or as clear as 

those observed for G. tricuspidata. Girella elevata was significantly more abundant in 

one of the four marine reserves surveyed in JBMP, however, overall there was no 
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difference in the size and abundance of G. elevata inside and outside marine reserves. 

Kyphosus sydneyanus was significantly larger within marine reserves, although there 

was no significant difference in the abundance of K. sydneyanus inside and outside 

marine reserves. The differences in the patterns of size and abundance inside and 

outside marine reserves found for these three species most likely reflect varying degrees 

of exploitation, combined with the level of site fidelity displayed by each species. On 

rocky reefs in NSW, girellids rank amongst the most targeted species caught by 

recreational fishers (Lincoln Smith et al. 1989, Kingsford et al. 1991, Kingsford 2002) 

and the current exploitation status for G. tricuspidata is fully fished (Kingsford et al. 

1991, WFRP 2010a). Commercial fishing (i.e. beach hauling) for G. tricuspidata also 

takes place within Jervis Bay, although annual catch rates are unknown. Similarly to 

G. tricuspidata, G. elevata is a popular species targeted by recreational fishers, 

including spearfishers, and there are concerns that stocks have been significantly 

depleted by overfishing (WFRP 2010b). Both G. tricuspidata and G. elevata also 

exhibit strong site fidelity on rocky reefs (Stocks et al. 2015) and both were 

significantly more abundant within marine reserves (although G. elevata was 

significantly more abundant in only one marine reserve). Strong site fidelity, combined 

with reduced exposure within marine reserves to significant fishing pressure, would be 

predicted to result in increased biomass of both G. tricuspidata and G. elevata within 

reserves, which was found in this study. Kyphosus sydneyanus is targeted by fishers in 

NSW, although not as heavily as both G. tricuspidata and G. elevata. Kyphosus 

sydneyanus also occupies much larger home ranges than both G. tricuspidata and 

G. elevata, which exceed the size of many marine reserves in JBMP, and no significant 

difference was found in the abundance of K. sydneyanus inside and outside marine 

reserves. Relatively low exploitation levels compared to G. tricuspidata and G. elevata 

combined with wide ranging movements, and hence increased exposure to fishing 
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pressure outside reserves, are factors most likely to explain the patterns of size and 

abundance inside and outside marine reserves for K. sydneyanus found in this study. 

In contrast to the findings above, marine reserves appear to be having no effect on the 

size and abundance of girellids and kyphosids on temperate reefs on the west coast of 

Australia. No significant difference was found in the size and abundance of the non-

targeted herbivores K. cornelii, Kyphosus spp. (K. sydneyanus and K. gladius 

combined) and G. zebra inside and outside marine reserves at Rottnest Island, WA 

(Chapter 5). These findings were predicted, given that neither K. cornelii, 

Kyphosus spp. nor G. zebra are heavily targeted by commercial or recreational fishers in 

WA (Smallwood et al. 2006, Smallwood et al. 2011). For example, Smallwood et al. 

(2006) found that kyphosids (i.e. K. cornelii and K. sydneyanus) and girellids (i.e. 

G. zebra and G. tephraeops) made up approximately 1% only of the total recreational 

catch of fishers surveyed at Rottnest Island and the majority of those fish caught were 

returned to the water, most likely due to their poor eating qualities (McLaren 2010).  

The patterns of size and abundance of targeted east coast and non-targeted west coast 

populations of girellids and kyphosids inside and outside marine reserves found in this 

study suggest that fishing is having considerable impacts on targeted herbivores and 

marine reserves can be used as an effective tool to manage this impact. 

Herbivore grazing rates inside and outside marine reserves and feeding pathways 

The findings in this study demonstrate that G. tricuspidata is the main grazer on shallow 

subtidal reefs in Jervis Bay, NSW, compared to other girellids and kyphosids. Given (i) 

the strong site fidelity exhibited by G. tricuspidata, (ii) greater size and abundance of 

G. tricuspidata inside marine reserves, (iii) higher average grazing rates inside marine 

reserves, and (iv) positive correlation between G. tricuspidata abundance and number of 

feeding bites, these findings indicate enhanced grazing by G. tricuspidata on rocky 
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reefs within marine reserves in JBMP. Although considerably less grazing by G. elevata 

and K. sydneyanus was observed on shallow subtidal reefs compared to G. tricuspidata, 

both species are likely to add to the level of grazing provided by G. tricuspidata within 

marine reserves, given that G. elevata exhibits strong site fidelity (Stocks et al. 2015) 

and was significantly more abundant in one of the marine reserves surveyed in JBMP, 

and K. sydneyanus displays partial site fidelity (Pillans et al. 2011) and was significantly 

larger within marine reserves in JBMP. The findings in this study are significant, as 

they demonstrate that marine reserves are clearly important in protecting herbivores 

targeted by fishing and maintaining the functional role they provide on temperate reefs. 

These findings also demonstrate that marine reserves in NSW are meeting key 

objectives of marine park legislation; to conserve marine biodiversity and maintain 

ecosystem integrity.  

Despite demonstrating a positive correlation between G. tricuspidata abundance and 

grazing rates - inferring greater grazing by herbivores on rocky reefs inside marine 

reserves - no measures of algal community structure inside and outside marine reserves 

were made in this study. On coral reefs, herbivores are clearly important in preventing 

phase shifts from coral dominated to algal dominated habitats and the effects of 

removing herbivores on marine ecosystems are well understood (Hughes et al. 2003, 

Bellwood et al. 2004, Mumby et al. 2006, Harborne et al. 2008, Hughes et al. 2010, 

Rasher et al. 2013). On temperate reefs, however, the effects of removing herbivorous 

fish on marine ecosystems are less obvious and poorly understood. Given that 

G. tricuspidata display strong site fidelity on rocky reefs and utilise core use areas 

during the day, most likely for feeding, enhanced grazing by G. tricuspidata within 

marine reserves as a result of greater biomass is predicted to lead to differences in 

shallow water algal assemblages inside and outside marine reserves in JBMP. Girella 

tricuspidata selectively feed on certain types of green (Ulva spp.) and red algae (Choat 



 

95 
 

& Clements 1992, Clements & Choat 1997, Curley et al. 2013) and the findings in this 

study also suggest that G. tricuspidata may initially choose to reside on reefs with 

higher seasonal cover of Ulva spp. Ojeda & Munoz (1999) demonstrated that selective 

grazing by herbivorous fish on temperate reefs was important in determining the 

structure of shallow water algal communities. They showed that herbivores selectively 

grazed green (Ulva spp.) and red foliose algae, and removal of herbivores led to 

increased abundance of Ulva spp., red foliose algae and brown algae, as well as an 

extension of the range of red algae from the high to mid intertidal zone. Thus, greater 

biomass, combined with selective grazing by G. tricuspidata on Ulva spp. and red algae 

within marine reserves is likely to lead to measurable differences in shallow water algal 

assemblages inside and outside marine reserves in JBMP. 

On temperate reefs, the effects of enhanced grazing by herbivorous fish on algal 

communities inside marine reserves appear to be more subtle and occur over smaller 

spatial scales compared to coral reefs. Therefore, monitoring of algal communities 

inside and outside marine reserves may not initially detect differences in community 

structure between reserves and fished areas if monitoring is carried out at inappropriate 

spatial scales. Manipulative experiments should be conducted to test the effects of 

increased herbivore biomass on algal communities within marine reserves relative to 

fished areas. For example, settlement plates could be deployed on rocky reefs inside and 

outside marine reserves and feeding activity quantified using remote video cameras to 

determine the effects of enhanced grazing by herbivores on algal communities inside 

marine reserves, and also identify herbivores responsible for the majority of grazing. An 

important consideration for future research that was beyond the scope of this study is 

how the nutritional value of various algae consumed by herbivores affects dietary 

selectivity and feeding rates. This information is necessary to make accurate predictions 
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about the effects of enhanced grazing by herbivores on benthic communities inside 

marine reserves (Kendall Clements; personal communication).  

The findings in this study demonstrate greater size and/or abundance of girellids and 

kyphosids and higher average grazing rates within marine reserves in JBMP, NSW. In 

contrast, no significant difference was found in the size and abundance and feeding rates 

of kyphosids and girellids inside and outside marine reserves at Rottnest Island, WA. 

These findings, taken together, highlight considerable differences in the effects of 

marine reserves on targeted east coast and non-targeted west coast populations of 

kyphosids and girellids and their functional role on temperate reefs. Due to a greater 

biomass of targeted herbivores within marine reserves relative to fished areas on the 

east coast of Australia, grazing on rocky reefs appears to be enhanced. Whereas, marine 

reserves appear to be having no effect on the size and abundance, and hence feeding 

rates of non-targeted herbivores on the west coast. Any spatial differences in herbivory 

levels at Rottnest Island appear to be related to site specific factors (e.g. algal 

distribution and abundance, herbivore distribution and abundance, exposure) (Taylor & 

Schiel 2010, Bennet et al. 2015), rather than due to any effects of protection. The cross 

continental comparison used in this study - comparing the effects of marine reserves on 

targeted east coast and non-targeted west coast populations of girellids and kyphosids 

and their functional role on temperate reefs - demonstrates how testing hypotheses over 

multiple spatial scales can provide a greater understanding of the factors that may drive 

ecological changes in relation to marine reserves. 

Feeding observations and feeding trials carried out during this study at Rottnest Island 

showed that herbivores fed equally, if not more so, on drift algae compared to attached 

algae. The importance of drift algae as a food source and habitat for fish has previously 

been discussed (Kingsford 1995), although this is the first study to my knowledge to 

demonstrate that drift feeding is a common feeding strategy used by herbivorous fish on 
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rocky reefs. Herbivores (i.e. sea urchins) that switch between grazing and drift feeding 

pathways can have significant effects on algal communities (Harrold & Reed 1985), 

however, the effects of herbivorous fish switching between grazing and drift feeding 

pathways on algal communities are unknown. Drift macroalgae exported from reefs to 

adjacent seagrass beds also forms an important trophic link between the two habitats, as 

it is consumed by seagrass associated fauna (Wernberg et al. 2006) and changes to the 

supply of drift algae may disadvantage herbivores that rely on drift algae as a food 

source. Therefore, greater grazing by reef associated fish on drift algae may be 

disadvantageous to other herbivores that feed on drift algae by reducing their supply 

(Vanderklift et al. 2009). The factors that influence feeding by herbivorous fish on drift 

algae require further attention, due to the potential effects on algal communities and 

other herbivores. 

Conclusion 

Marine reserves are clearly important in protecting tropical herbivores targeted by 

fishing and maintaining their functional role on coral reefs, which contributes to reef 

resilience (Hughes et al. 2006, Hughes et al. 2010). The findings in this study show the 

clear potential for enhanced grazing by targeted herbivores on temperate reefs within 

marine reserves. These findings are significant as they demonstrate the role marine 

reserves play in maintaining this important ecological process on temperate reefs. 

Future research should provide a greater understanding of the effects of enhanced 

grazing within marine reserves on temperate reef algal communities. The findings in 

this study also highlight considerable differences in the effects of marine reserves on 

targeted east coast and non-targeted west coast populations of girellids and kyphosids 

and their functional role on temperate reefs. This indicates that fishing may be having 

considerable effects on herbivores and the functional role they provide on temperate 
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reefs and marine protected areas can both reduce this impact and allow it to be 

measured via establishing reference areas. 
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