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Thesis abstract 

Canopy-forming seaweeds, generally brown macroalgae, are important primary producers 

and habitat constructors within marine environments worldwide. In tropical regions, 

macroalgae have been much maligned because of their negative competitive interactions 

with corals. However, macroalgal habitats are themselves extremely valuable. They provide 

food, shelter and nursery for associated invertebrates and fishes, including economically 

important species, thereby supporting high biodiversity and productivity. However, 

compared to other marine habitats such as coral reefs and mangroves, our understanding 

of the productivity and ecosystem functioning of macroalgal habitats is much more limited.  

Using field data collected from meadows of the fucoid Sargassum in Ningaloo Marine Park, 

Western Australia, my thesis examines key aspects of the way in which these habitats 

function including: (1) a general introduction based on a comprehensive review of the role 

of epifaunal invertebrates as links in the food chain between primary producers (macroalgae) 

and secondary consumers (invertivorous fishes); (2) the response of epifaunal community 

structure to primary producers, predators and habitat settings across seascapes; (3) the 

effect of seasonal fluctuations in macroalgal canopy structure on epifaunal production and 

the wider implications of changes in meadow size that could occur due to ocean warming; 

(4) the foraging preferences of key secondary consumers (invertivorous fishes) of epifauna 

with a discussion of the potential and the importance of niche partitioning within shifting 

environments; and (5) the impacts of predation by invertivorous fishes on epifaunal biomass 

associated with these macroalgal habitats based on experimental estimates of the transfer 

of epifaunal production to the next trophic level.  

As the rate of global changes increases, the structure and functioning of marine ecosystem 

will alter radically. Despite being a pivotal component in marine food webs connecting 

primary producers and higher-order consumers, epifauna are rarely studied and are 

ambiguously defined. In chapter 2 I build a systematic framework for the study of epifaunal 

communities within marine habitats, which offers a consensus-based definition of epifauna 

as an aid to unify different research areas. In chapters 3 and 4 I examine the community 

structure and quantify the secondary productivity of epifauna within a macroalgal-dominated 

marine ecosystem in Ningaloo, and assess how these variables relate to biotic and abiotic 

environmental factors. Macroalgal canopy size, canopy cover, predator biomass and 

seascape setting are shown to be key drivers of spatial and temporal fluctuations in 

epifaunal community structure and productivity, and sensitivity analysis also indicated that 
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even small reductions in canopy size and/or canopy cover could lead to dramatic drop in 

epifaunal production. In Chapters 5 and 6 of the thesis I move on to examine elements of 

the trophic linkages between canopy-associated epifauna and higher-order consumers 

(invertivorous fishes). Invertivorous fishes in Ningaloo were chiefly represented by species 

belonging to the Labridae, Lethrinidae and Mullidae. Individual species demonstrated strong 

foraging microhabitat preferences and could be grouped into three foraging categories: 

‘canopy forager’, ‘generalist’ and ‘abiotic forager’. Using classic predator exclusion caging 

experiments, I show that predation by invertivorous fishes has a significant influence on 

epifaunal density within macroalgal canopy, and I am also able to quantify productivity 

transfer from epifauna to invertivorous fishes.  

My research highlights the importance of trophic links between canopy-forming macroalgae, 

epifaunal invertebrates and invertivorous fishes within tropical seascapes, as well as the 

vulnerability of these links to changes in habitat structure that are forecast to occur under 

global change. The results of my research will enhance our understanding of the functional 

impacts of macroalgae-associated species, as well as our understanding of trophic flows in 

marine food webs and assist with the development of appropriate management and 

conservation planning. 
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CHAPTER 1 

 

GENERAL INTRODUCTION 

 

 

 

The importance of canopy-forming macroalgae in tropical seascapes 

Macroalgae are one of the most important macrophytes found worldwide in marine 

environments, where they are key components of global carbon and oxygen cycles (Chung 

et al. 2011, Titlyanov & Titlyanova 2012, Fulton et al. 2019). In tropical seascapes, a great 

diversity of macroalgae can be dominant species, ranging from small-sized algal turfs (1 mm 

– 2 cm) and medium-sized foliose understory macroalgae (5 cm – 20 cm) to fleshy canopy-

forming fucoids and kelps which can reach up to several metres in height (Steneck & Dethier 

1994, Titlyanov & Titlyanova 2012, Aued et al. 2018, Assis et al. 2020). Canopy-forming 

macroalgae have been documented as the major type of macroalgal communities in both 

tropical and temperate marine environments (Fulton et al. 2019, 2020, Assis et al. 2020). 

These multicellular autotrophs have highly differentiated tissues which form leaf-like 
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(thallus/blade), stem-like (stipe) and root-like (holdfast) structures, allowing them to attain a 

complex structure, creating a large-sized leathery canopies which provide an extensive 

surface for colonisation and residence of associated marine assemblages (Steneck & 

Dethier 1994, Carvalho et al. 2018, Fulton et al. 2019).  

Along tropical coastlines, canopy-forming macroalgae often form dense meadows that are 

interspersed with other habitat-forming organisms such as corals, sponges and seagrasses. 

Together these organisms generate an interconnecting mosaic of habitat type which support 

numerous marine species (Kobryn et al. 2011, Fulton et al. 2019, Hall & Kingsford 2021). 

Studies have found that canopy-forming macroalgal meadows can support a higher 

abundance and biomass of marine species than other marine macrophytal habitats such as 

seagrass and understory macroalgae (Taylor 1998a, Tano et al. 2016, Wenger et al. 2018); 

and many studies have further documented that canopy-forming macroalgal meadows act 

as key food resources, foraging grounds, shelters against predators and/or nurseries for 

associated invertebrates and fishes, including those that are fishery and recreational targets 

(Wilson et al. 2010, Tano et al. 2017, Chen et al. 2020 (see Chapter 3)). 

As key primary producers in tropical seascapes, canopy-forming macroalgae convert solar 

power into organic matters via photosynthesis to construct the trophic base of marine food 

webs, which therefore provide a range of ecosystem service across higher trophic levels. 

Not surprisingly, canopy-forming fucoids such as Sargassum have been identified as being 

as productive as reef building corals in terms of their high rate of net areal primary 

productivity in tropical marine ecosystems worldwide (studies reviewed in Fulton et al. 2019). 

Previous studies have also indicated that canopy-forming macroalgae contribute higher net 

areal primary productivity than other common benthic producers such as seagrasses and 

corallines (Schaffelke & Klumpp 1997, Eidens et al. 2014). The products of this high rate of 

primary production are directly used by herbivorous invertebrates and fishes (Lim et al. 2016, 

Chen et al. 2021 (see Chapter 2), Froese & Pauly 2021), then indirectly utilised by higher-

order consumers such as invertivorous and piscivorous fishes which target macroalgae 

associated herbivores (van Lier et al. 2018, Wenger et al. 2018, Froese & Pauly 2021). In 

addition, the primary production generated by canopy-forming macroalgae is not only used 

by local biome but also exported as subsidies into adjacent marine ecosystems (Hyndes et 

al. 2014, Zubia et al. 2015, Fulton et al. 2019). Canopy-forming macroalgae therefore 

underpin a wealth of marine biodiversity and important outputs such as productive fisheries. 

Interestingly, the primary production generated by tropical canopy-forming macroalgae often 

demonstrates prominent temporal patterns, chiefly due to strong seasonal fluctuations in 
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macroalgal canopy size (e.g., changes in volume, thallus length or biomass) as well as total 

meadow area. Two opposite patterns of seasonal fluctuations have been well documented: 

(1) In some regions, canopy-forming macroalgae start their growth in early spring, then 

reach a maximum of canopy size in late summer when there are higher sea temperature, 

followed by the detachment of canopies in autumn, with short stipes and spare holdfasts left 

in winter (Leite & Turra 2003 (Flamengo Bay, Brazil), Lefevre & Bellwood 2010 (The Great 

Barrier Reef, Australia), Fulton et al. 2014 (Ningaloo Reef, Australia)); and (2) in other 

regions, canopy-forming macroalgae sprout and reproduce during months with cooler sea 

temperature, but massively loss their canopies in the summer as water temperatures rise 

(Trono & Lluisma 1990 (Santiago Island, Philippines), Ang 2006 (Tung Ping Chau Marine 

Park, Hong Kong), Ateweberhan et al. 2009 (Massawa, Red Sea)). These seasonal 

fluctuations associated with shifts in sea temperature can impact on associated trophic 

groups that rely on the primary production generated by canopy-forming macroalgae.  

Despite canopy-forming macroalgae playing an important role in our marine ecosystems, 

tropical macroalgal habitats are far less well studied than their relatives in temperate regions 

(see studies reviewed in Fulton et al. 2019). Moreover, in most tropical seascapes, 

macroalgae have been much maligned because of their negative competitive interactions 

with corals, also known as ‘coral – algal phase shifts’. Phase shifts occur when the cover of 

scleractinian corals is reduced in favour of macroalgal dominance, gradually switching the 

‘coral dominant phase’ to the ‘macroalgae dominant phase’. While this has increased the 

awareness of the importance of macroalgae in tropical marine management, studies have 

often been skewed towards documenting the negative effects of macroalgae on reef-building 

corals (McCook et al. 2001, Bellwood et al. 2004, McManus et al. 2004, Hughes et al. 2017). 

However, macroalgae, especially canopy-forming species, can be indigenous, occur 

naturally in some areas, and be the dominant habitat generators and energy providers. They 

deserve more attention as natural ecosystems.  

 

Key trophic mediator: macroalgal canopy-associated epifaunal invertebrates 

Epifauna is a collective term that refers to the small-sized (typically 0.5 – 10 mm), mobile or 

sessile invertebrates living at the interface between a microhabitat surface and sea water. 

Epifauna are abundant and common to all marine habitats including the canopies of other 

organisms such as macroalgae and seagrasses (Edgar 1990a, Fraser et al. 2020a, Chen et 
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al. 2021 (Chapter 2)). Epifauna are important mediators that contribute to key ecosystem 

processes in marine environments. Firstly, they interact with microbes through multiple 

processes, including ecosystem engineering, grazing and symbiosis, facilitating the cycling 

of carbon, nitrogen and other nutrients between the water column and microbes in the 

benthos (Robertson & Lenanton 1984, Fenchel 2008, Hepburn et al. 2012). Second, 

epifauna are essential secondary producers which provide the trophic links between primary 

producers and higher-order consumers (Taylor 1998a, Cowles et al. 2009, Fraser et al. 

2020c). The high levels of secondary production generated by epifauna has been suggested 

to be one of the most productive trophic guilds across seascapes. For example, previous 

studies have documented that epifaunal communities can produce up to 75% of the total 

annual secondary production within a habitat, which is sufficient to support large populations 

of macroinvertebrates and fishes that consume them (Edgar & Aoki 1993, Taylor 1998a, 

Kramer et al. 2015). 

In tropical canopy-forming macroalgal meadows, abundant and diverse epifauna are a key 

food resource for higher-order consumers, making canopy-forming macroalgal meadows 

important foraging grounds for a large variety of associated consumers, especially predatory 

reef fishes (Wilson et al. 2014, Tano et al. 2016, van Lier et al. 2018). Epifauna contribute 

to the quality and quantity of food resources provided by canopy-forming macroalgal 

meadows, which have been identified as important nurseries for reef fishes. Consequently, 

epifauna are themselves likely to be one of the key enhancing factors that integrate the 

development of appealing fish nurseries with high nutritional load and food availability (see 

studies reviewed in Chen et al. 2021). Epifaunal secondary production in tropical canopy-

forming macroalgal meadows also shows a pattern of seasonality, which chiefly correlate 

with the previously described temporal fluctuations in the canopies of their macroalgal hosts 

(Chen et al. in press (Chapter 4), Leite & Turra 2003, Ba-Akdah et al. 2016). These periodical 

shifts in epifaunal secondary production can alter food supply, change the strength of 

biological interactions such as predation and competition and affect the rate of energy flows 

across trophic levels (see studies reviewed in Chen et al. 2021). All these factors influence 

the biodiversity and ecosystem functioning of canopy-forming macroagal habitats. However, 

despite their ubiquity and their importance in underpinning marine food webs across many 

global seascapes, epifauna remain a relatively understudied component of marine 

ecosystems, especially in tropical seascapes such as macroalgal meadows, compared to 

other visible and gregarious marine organisms such as corals and megafaunal invertebrates. 
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To date, our understanding of how epifaunal communities and their secondary productivity 

response to changing environments is still far from complete. 

 

The significant roles of invertivorous fishes in tropical macroalgal meadows 

Invertivorous fishes are species that primarily forage on invertebrates, representing one of 

the most dominant trophic guilds in most marine environments across the world (Randall et 

al. 1997, Longo et al. 2019, Froese & Pauly 2021). Overall they comprise a varied range of 

species in numerous diverse families, including the families Labridae (excluding Scarinae), 

Lethrinidae, Mullidae and Serranidae, many of which are common targets of commercial 

and recreational fisheries (Sumner et al. 2002, Fulton et al. 2020, Froese and Pauly 2021). 

In tropical macroalgal meadows, a great abundance and diversity of invertivorous fish 

communities can often be found using the macroalgal canopies as their foraging grounds 

where they prey upon epifauna (Tano et al. 2016, Chen et al. 2020, Fulton et al. 2020). 

Previous studies have shown that macroaglae-associated invertivorous fishes are able to 

shape the community structure and affect the production of lower trophic levels in the food 

webs, such as the epifauna (Martin-smith 1994, Wenger et al. 2018, Chen et al. 2020). By 

consuming macroaglae-associated epifauna, invertivorous fishes which are themselves the 

prey of mesopredatory piscivores and apex predators, are able to transfer energy to the next 

trophic level, facilitating the widely perceived important trophic links between primary 

producers and higher-order consumers that underpin marine biodiversity and ecosystem 

functioning. Trophic links connected by invertivorous fishes occurs across all trophic levels 

in marine food webs, and they are bi-direction with both top-down and bottom-up effects. 

According to recent studies, major shifts in the abundance and/or taxonomic composition of 

tropical invertivorous fish have been linked to temporal fluctuations in macroalgal canopy 

size and meadow area (Wilson et al. 2014, 2017, Wenger et al. 2018). Understanding how 

the density and productivity of invertivorous fishes’ response to periodical fluctuations in 

macroalgal habitats and/or their associated epifaunal community structure can help to 

improve our knowledge of how natural and anthropogenic disturbances affect fishery 

production and ecosystem functioning over both space and time. However, attempts to 

quantify the productivity and influences of invertivorous fishes as middle level consumers of 

epifauna are still rare and mainly limited to temperate reefs (Edgar & Aoki 1993, Taylor 

1998a). To date, the relevant empirical data about factors that would allow us to estimate 

fish production in tropical seascapes such as foraging rate and dietary details are still limited 



12 
 

(Morais & Bellwood 2018, 2020). These data are necessary to assess how trophic links 

underpinned by invertivorous fishes affect ecosystem functioning and trophic dynamic, 

especially if we can then link global changes in sea temperatures to shifts in food availability. 

 

Ningaloo Reef as an excellent ecosystem for studies of marine functionality 

Ningaloo Reef (-21°42' – -24°1', 113°25' – 114°15') is a 290 km long fringing coral reef 

situated in the northwest coastal region of Western Australia. It is a World Heritage site 

which is also identified as the world’s largest fringing coral reef. Here, shallow water is 

enclosed to form a large lagoon dominated by brown macroalgae, chiefly belonging to the 

canopy-forming genus Sargassum which produce dense canopies to generate massive 

meadows that harbour numerous marine species including epifauna and reef fishes (Wilson 

et al. 2010, Kobryn et al. 2013, van Lier et al. 2018). Terrestrial runoff into the Ningaloo 

lagoon is minimal, due to the aridity of the adjacent coastline, the lack of major river 

catchment and the low seasonal rainfall. In addition, the low density of human settlement 

and non-destructive fishing methods of local recreational fisheries create relatively low 

pressure on Ningaloo habitats from anthropogenic activities (Cassata and Collins 2008, 

Wilson et al. 2012, Fulton et al. 2014). As a result, Ningaloo Reef provides a unique 

ecosystem to assess the interactions and energy flows that occur between each trophic 

levels, starting with the primary production of macroalgae. It also an ideal location to allow 

researchers to explore the influences of changing natural environments on marine 

macrophytes and their associated animal communities. 

 

Thesis aims & outline 

In this thesis, I introduce the classic ‘canopy-forming macroalgae – epifaunal invertebrate – 

invertivorous fish’ food chain, using a tropical fringing coral reef ecosystem of Ningaloo 

Marine Park in Western Australia as an example. I then describe the use of in situ 

underwater survey techniques: to inspect the functional nature of macroaglae-associated 

epifauna and fish; to explore the key aspects of the energy flows happening across different 

trophic levels; and to examine how primary and higher-order consumers response to shifts 

in primary production and resource availability. The aims and outline of this thesis follow the 

order of the links in a typical food chain building from the bottom up to answer specific 
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questions. Investigations relevant to each achieved aim are presented in five chapters.  In 

Chapter 2 ‘The nature and ecological significance of epifaunal communities within marine 

ecosystems’ I examine the definition and functional roles of epifaunal invertebrates as links 

in the food chain between primary producers (canopy-forming macroalgae) and secondary 

consumers (invertivorous fishes). This chapter then sets the scene for the empirical chapters 

that follow. In Chapter 3 ‘Sargassum epifaunal communities vary with canopy size, predator 

biomass and seascape setting within a fringing coral reef ecosystem’ I investigate the 

response of epifaunal community structure to primary producer Sargassum, invertivorous 

fishes and habitat settings across tropical seascapes in Ningaloo. In Chapter 4 ‘Quantifying 

epifaunal secondary production within tropical macroalgal meadows: seasonality and 

sensitivity to canopy structure’ I further quantify the secondary production generated by 

tropical epifauna and explores the effect of seasonal fluctuations in macroalgal canopy 

structure on epifaunal production in Ningaloo. I then discuss the implications of changes in 

meadow area that could occur under conditions of global warming. In Chapter 5 ‘Foraging 

microhabitat preferences of invertivorous fishes within tropical macroalgal meadows: 

identification of canopy specialists’ I highlight the community composition and foraging 

microhabitat preferences of key secondary consumers (invertivorous fishes) of epifauna in 

tropical macroalgal meadows in Ningaloo. I also refine the description of the trophic guilds 

of ‘invertivores’, and point to the potential importance of niche partitioning among species 

within shifting environments. In Chapter 6 ‘Estimates of trophic linkages between epifauna 

and invertivorous fishes within a macroalgal-dominated reef habitat: an experimental 

approach’ I explore the impacts of predation by invertivorous fishes on epifaunal biomass 

associated with canopy-forming macroalgal habitats. I do so by taking an experimental 

approach to estimate the transfer of secondary production from epifauna to the next trophic 

level. Finally, in Chapter 7 I summarise my main findings, synthesis the key discoveries that 

I have made and suggest productive lines of future research. 

Overall, in my thesis I address five important gaps in our knowledge of the functional roles 

of macroaglae-associated species. I demonstrate the importance of taking a holistic view to 

understand the energy flows and ecosystem functioning among and across trophic levels in 

tropical macroalgal meadows. The results of my thesis can be used by stakeholders to 

benefit our marine conservation and management programs.  
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CHAPTER 2 

 

THE NATURE AND ECOLOGICAL SIGNIFICANCE OF                                    

EPIFAUNAL COMMUNITIES WITHIN MARINE ECOSYSTEMS 

 

 

 

This chapter has been published in  

Oceanography and Marine Biology: An Annual Review 

 

 

Citation: Chen, Y.Y., Edgar, G.J. & Fox, R.J. (2021) The nature and ecological significance 

of epifaunal communities within marine ecosystems. Oceanography and Marine Biology: An 

Annual Review 59, 589–724. 
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Abstract 

As the rate of global change increases, the structure and functioning of marine ecosystems, 

including the food webs that underpin them, will radically alter. Forecasting the 

consequences of these changes requires a sound understanding of the fundamental 

components of marine food webs: their community composition, baseline biomass and 

productivity. Epifauna, a term restricted here to small invertebrates (both mobile and sessile) 

that inhabit living and non-living surfaces within marine ecosystems, are a ubiquitous and 

pivotal component of marine food webs, supporting the flow of energy through marine 

ecosystems and providing a critical trophic link between benthic primary producers and 

higher-order consumers. Yet, despite their importance, epifauna are rarely studied 

compared to the more visible and gregarious components of marine ecosystems. They are 

also typically neglected in management strategies for the protection of marine habitats. In 

addition, the plethora of alternative terms used within this research field (macrobenthos, 

cryptofauna, epibiont, mesograzer) can be a barrier to understanding and assimilating 

existing research knowledge. This review provides an assessment of epifaunal communities 

studied within tropical, subtropical and temperate marine ecosystems globally. We first 

review alternative terms used to describe marine epifaunal communities, with the aim of 

offering a consensus-based definition of epifauna as an aid for unifying different research 

areas. We then review the primary literature on epifauna, including the scarce information 

on tropical marine habitats. We outline how a detailed understanding of epifaunal 

communities within individual habitats is needed to predict how benthic food webs will alter 

under global change. While epifauna can persist under degraded habitat conditions, 

changes to taxonomic composition can fundamentally affect secondary productivity, and 

impact higher-order consumers through changes in prey size-spectra and foraging habitats. 

Finally, we issue a ‘call-to-arms’ for increased focus on the study of epifauna, given their 

potential to underpin critical aspects of marine ecosystem functioning. We highlight the 

potential for eDNA sampling, other new technologies, and monitoring by citizen scientists to 

facilitate the use of epifaunal community metrics, including incorporation into marine 

ecosystem planning. 

 

Keywords: Climate Change, Epibiota, Epifauna, Ecosystem Functioning, Marine Food Web, 

Mobile Invertebrates, Sessile Invertebrates 
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Introduction 

Marine ecosystems are facing severe disruption through habitat and biodiversity loss caused 

by human activities, including interactions with climate (Ives & Carpenter 2007, Wernberg 

et al. 2013, Tuya et al. 2016, Miloslavich et al. 2018, Smale et al. 2019). The fundamental 

knowledge required to best support and manage ecosystems includes accurate information 

on trophic flows – the processes by which energy is transferred through the food web. Yet 

detailed examination of several critical trophic flows has been neglected in literature on 

marine ecosystem functioning (Bellwood et al. 2004, Mouillot et al. 2014, Brandl et al. 2016, 

although see Nagelkerken et al. 2020 for an exception). The biomass and secondary 

productivity of the direct consumers of primary production represent important metrics of 

ecosystem health and can be used to evaluate various aspects of ecosystem dynamics, the 

impacts of environmental change, and relationships between biodiversity and ecosystem 

functioning (Taylor 1998a, Burkepile & Hay 2008, Dolbeth et al. 2012). 

In many marine ecosystems, these critical secondary consumers are dominated by 

epifaunal communities (Edgar 1994, Taylor 1998a, Cowles et al. 2009). Epifauna is a 

collective term given to the small, mobile or sessile invertebrates, here defined as <10 mm 

in body length, which are common to all marine habitats, especially within the living canopy 

of other organisms such as macroalgae, corals and seagrasses (Edgar & Klumpp 2003, 

Witman et al. 2004, Fraser et al. 2020a). Their extreme abundances and rapid turnover rates 

mean that they play a key role in supporting the flow of energy through marine ecosystems 

(Newcombe & Taylor 2010, Wenger et al. 2018, Fulton et al. 2019). As an essential element 

in the marine food web, epifauna are therefore a critical trophic link between benthic primary 

producers and higher-order consumers such as carnivorous invertebrates and fish species, 

many of which are the targets of fisheries. Epifauna have high levels of secondary 

production that can represent up to 75% of the total annual secondary production within a 

habitat – sufficient to support large populations of macroinvertebrates and fishes that 

consume them (Edgar & Aoki 1993, Taylor 1998a, Kramer et al. 2015). Yet despite their 

ubiquity and their importance in underpinning marine food webs and ecosystem functioning, 

epifauna are a relatively poorly studied component of marine habitats (Gan et al. 2019, Chen 

et al. 2020, Fraser et al. 2020a). Three main reasons account for this: (1) their 

inconspicuousness compared to vertebrate and invertebrate macro- and mega-fauna (i.e., 

individuals >10 mm long); (2) the difficulty of quantitatively sampling epifaunal communities 

within structurally diverse habitats, and associated processing challenges related to their 

tiny body size and cryptic behaviour (Edgar 1990b, Taylor 1998a, Kramer et al. 2012); (3) 
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the difficulty of providing high taxonomic resolution when quantifying and describing the 

constituent organisms within epifaunal samples, due to a lack of taxonomic specialists 

(Edgar 1990b, Edgar 1994, Taylor 1998a, Cowles et al. 2009). As a result, our 

understanding of the ecological importance of epifaunal communities in marine ecosystems 

is far from complete. As potentially one of the largest contributors to production of higher-

order consumers, we are therefore unable to accurately estimate the bottom-up 

consequences of changes in primary productivity for overall structure and function of many 

marine ecosystems. Moreover, to our knowledge, the nature and role of epifaunal 

communities in marine ecosystems has not been systematically mapped in the past 20 years. 

Here we summarise investigations of marine epifaunal communities to date. We begin with 

a seemingly trivial question: what are epifauna? Answering this question, however, proves 

to be a non-trivial task due to a Pandora’s Box of definitional issues and challenges. In order 

to resolve these challenges, we argue that rationalisation of nomenclature is needed within 

the field, and that researchers should provide key details of the organisms studied to 

facilitate future comparative analyses. We set out some minimum definitional criteria that 

would aid in this regard. Based on a systematic mapping of the literature, we then summarise 

geographic and habitat trends among investigations of epifaunal communities (as opposed 

to studies on single species of epifauna) to date and highlight major gaps in our 

understanding. We then present some of the existing knowledge of temporal and spatial 

fluctuations in epifaunal community structure, with a focus on tropical ecosystems, and 

discuss the potential responses of epifaunal communities to disturbance events, including 

those associated with anthropogenically driven climate change. Finally, our review issues a 

‘call-to-arms’ for an increased focus within the scientific community on the ecology of 

epifaunal communities: their composition, size-structure, productivity, population dynamics, 

and interactions with other biota and environmental stressors, given their critical contribution 

to the integrity of trophic flows under conditions of global change. 

 

What are epifauna – a taxonomic definition? 

On one level, defining marine epifauna as a list of taxonomic components that are typically 

studied – orders, classes, subclasses, and genera of organisms – is straightforward (Figure 

2.1). Nevertheless, the taxonomic range within epifaunal communities is bewildering. Mobile 

epifauna contain groups of Arthropoda, especially Crustacea (e.g., isopods, amphipods, 
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tanaidaceans, cumaceans and other peracarids, as well as copepods, ostracods and small 

decapods), Mollusca (chiefly gastropods, bivalves and chitons), and also Polychaeta, 

Echinodermata (ophiuroids, echinoids, asteroids, crinoids, holothurioids), Platyhelminthes, 

Nematoda, Nemertea and Foraminifera. Sessile epifauna contain groups within the 

Arthropoda (e.g., barnacles), Polychaeta (e.g., serpulids), Cnidaria, Porifera, Tunicata and 

Bryozoa. The purpose of this review is not to present the taxonomic details or listings of all 

organisms classified as marine epifauna, rather our focus is at the collective level of the 

community and its functional role. 

 

 

Figure 2.1 Representative taxa commonly found within samples of marine epifauna. (A) 

Isopod (Euidotea sp.). (B) Amphipod (Cyproidea sp.). (C) Gastropod (Prothalotia lehmanni). 

(D) Bryozoan. (E) Polychaete (Eunice sp.). (F) Caprellid amphipod (Caprella sp.). 

 

Community-level nomenclature challenges 

Moving on from a taxonomic view of epifauna, challenges arise when defining the 

community at the collective level. The term ‘epifauna’ is perhaps best defined by etymology: 
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‘epi’ from the Ancient Greek ‘on top of’, and ‘fauna’ from the Late Latin for ‘collection of 

animal life present in a particular place or time’. The Oxford English Dictionary thus defines 

epifauna as, ‘animals living on the surface of the seabed or a riverbed, or attached to 

submerged objects or aquatic animals or plants’. Marine benthic communities essentially 

divide into two categories based on whether those organisms are found ‘on’ (epifauna) or 

‘within’ (infauna and endofauna) substrates. Infauna live buried in seafloor sediments or 

riverbeds, while endofauna bore into solid structures such as coral reefs or the skeletons of 

marine organisms (Figure 2.2A). 

 

 

Figure 2.2 Conceptual representation of the relationship between terms used 

interchangeably within the literature to refer to epifaunal organisms and highlighting of the 

distinctions between such terms under a strict definitional approach. (A) The distinction 

between marine epifauna and infauna (including endofauna). (B) The relationship between 

epifauna and epibenthos. (C) The relationship between epifauna and epibiota. (D) The 

relationship between epifauna and epiphytic fauna. (E) The relationship between epifauna 

and macrofauna/macrobenthos. (F) The distinction between epifauna, cryptofauna and 

mesograzers. 
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As uncontroversial as this definition of epifauna might seem, challenges nevertheless arise 

when undertaking a review of the topic, due to the use of alternative terminology to refer 

either to the same or similar groups of organisms within marine ecosystems. For example, 

many studies limit their classification of epifauna to mobile taxa only (Edgar 1990a, Martin-

Smith 1993, Viejo & Å berg 2003, Arponen & Boström 2012, Bedini et al. 2014, Tano et al. 

2016, Wee et al. 2019, Fraser et al. 2020a), whereas others include sessile organisms such 

as sea anemones, bryozoans and ascidians in their definition of epifauna (Shin 1981; Fowler 

& Laffoley 1993, Bradshaw et al. 2003, Hepburn et al. 2006, Demers et al. 2016, Kaiser et 

al. 2018). For reasons of historical legacy (the fact that most of the early studies of epifauna 

were based in temperate, deep sea habitats), some will think only of sessile, primarily 

planktivorous, invertebrates when using the term epifauna. Most researchers limit their 

classification of epifauna to invertebrate communities, but some include vertebrates such as 

small (<10 cm), benthic-dwelling fishes (Viejo 1999, Hovel et al. 2002). Others use the term 

in its broadest sense to refer to any organism living on the surface of another, for example 

Buckle & Harris (1980) used the term ‘epifauna’ to refer to the community of fleas living on 

a red fox (Vulpes vulpes). At the same time, some authors that studied epifauna may have 

also studied small plants/algae (i.e., not just fauna) and may have used the broader term 

‘epibiota’ to include both small animals and plants/algae living on top of substrata (Johnston 

et al. 2011, Marzinelli et al. 2011, 2012, Clark et al. 2015). A search of the literature relating 

just to ‘epifauna’ may therefore miss some such studies. 

By contrast, depending on the sampling method used or the particular research question 

asked, some investigators do not use the term at all, even though their study organisms fall 

under the classification of epifauna (Baden 1990, Irving et al. 2007, Stella et al. 2011, Kramer 

et al. 2012, Ellis et al. 2013, Kramer et al. 2014, Kramer et al. 2015, Kramer et al. 2017, 

Nakamoto et al. 2018). Alternative terms fall into one of two categories: (1) terms that might 

be considered close synonyms in that they represent some form of overlap with the term 

epifauna (e.g., epibenthic fauna, epibenthos, epibiota) (Table 2.1) and (2) terms that, strictly 

speaking, have a different meaning to ‘epifauna’, in terms of either the size of organism they 

refer to, the broader class of organisms included, or the differential habitat niche that they 

reference (e.g., macrobenthos, cryptofauna) (Table 2.1). This diversity of terms has little 

parallel with the floral equivalent term ‘epiphyte’, which is widely used for organisms growing 

on seagrasses or macroalgae. 
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Table 2.1 Summary of synonyms and alternative terms used within the scientific literature 

to refer to epifaunal organisms within marine ecosystems, including a commonly accepted 

definition of the term within the marine context, and examples used in the literature.  

Nomenclature 
Definition and relationship to 

the term ‘epifauna’ 
Examples 

Epifauna nomenclature 

Epibenthic fauna 

Epibentho 

Epibenthic 

assemblage 

Epibenthic 

invertebrate 

Epibenthic 

community 

Epibenthic 

macrofauna 

Epibenthic fauna are those 

organisms that live on or just above 

the bottom substrate in a body of 

water. Although ‘epibenthic’ is often 

used interchangeably with ‘epifauna’, 

epibenthos should be considered a 

smaller subset of epifauna, as it 

refers only to animals on the bottom 

substrate (or benthos), as opposed to 

animals on any type of surface 

(upright and benthic) within a given 

habitat (Figure 2.2B). 

 

Howard (1985), Kaiser et al. (1994), 

Edgar & Shaw (1995), Prena et al. 

(1999), Cocito et al. (2000), Cohen et 

al. (2000), Ellis et al. (2000), 

Jennings et al. (2001a), Zühlke et al. 

(2001), Callaway et al. (2002a,b), 

Koch & Wolff (2002), Stachowicz et 

al. (2002), Colloca et al. (2003), Polte 

et al. (2005a,b), Hosack et al. (2006), 

Walker et al. (2007), Nagelkerken et 

al. (2008), Neumann et al. (2008, 

2017), Wilkie et al. (2012), Brandt et 

al. (2013), Gribben et al. (2013), 

Michaelis et al. (2019a,b), González-

García et al. (2020), Proudfoot et al. 

(2020) 

Epibiont 

Epibiota 

Epibiotic 

invertebrate 

Epibiotic organism 

Epibiotic community 

Strictly speaking, an epibiont refers 

to an organism living on the surface 

of another living organism, although 

there can be different interpretations 

in common usage (see text above). 

For example, many studies may use 

the broader term ‘epibiota’ to include 

both small animals and 

plants/seaweeds living on top of 

substrata (live or inert) The term 

‘epibiota’ therefore could refer to 

Daniel & Robertson (1990), 

Hopkinson et al. (1991), Nalesso et 

al. (1995), Connell & Anderson 

(1999), Glasby (1998, 1999a–c, 

2000), Bradshaw et al. (2003), 

Wernberg et al. (2004), Schmidt & 

Scheibling (2006), Harries et al. 

(2007), Summerhayes et al. (2009), 

Johnston et al. (2011), Marzinelli et 

al. (2011, 2012), Byers et al. (2012), 

Gribben et al. (2013), Blake et al. 
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epifauna when animal groups are 

included but in this case should 

exclude phytal communities (Figure 

2.2C). 

(2014), Clark et al. (2015), Cúrdia et 

al. (2015), Arnold et al. (2016), 

Gribben et al. (2017), Kniesz et al. 

(2018), Powell et al. (2019), 

Ledbetter & Hovel (2020) 

Epiphytic fauna 

Epiphytic organism 

Epiphytic 

macrofauna 

Epiphytic community 

Epiphytal fauna 

Epiphytal arthropod 

assemblage 

Epiphytes in marine systems – as 

distinct from terrestrial epiphytes – 

are species of algae, bacteria, fungi, 

sponges, bryozoans, ascidians, 

protozoa, crustaceans, molluscs and 

any other sessile organism that grow 

on the surfaces of marine 

macrophytes. The term should 

therefore be considered a smaller 

subset of epifauna (i.e., referring just 

to the subset of non-mobile epifauna 

that are found on living surfaces, 

although common usage can 

sometimes extend to mobile 

organisms within these classifications 

living on plant surfaces) (Figure 

2.2D). 

Cancino et al. (1987), Anderson et al. 

(1991), Russo (1991), Nakaoka et al. 

(2001), Schmidt & Scheibling (2006), 

Hirst (2007), Popadić et al. (2013), 

Chen et al. (2015), Belattmania et al. 

(2018a,b), Jacobucci et al. (2019) 

Related terms 

Macrobentho 

Macrobenthic 

invertebrate 

Macrobenthic 

community 

Macrobenthic fauna 

Organisms living on, in or near the 

benthic substrate that are greater 

than 1mm in size (in some 

classification systems >0.5 mm). 

Macrobenthos are therefore defined 

by their size and habitat. As in the 

case of ‘epibenthos’, macrobenthic 

organisms are essentially a subset of 

epifauna that excludes animals living 

on macrophytes or artificial 

McDonald (1983), Lana & Guiss 

(1991), Migné & Davoult (1995), 

Kühne & Rachor (1996), Wright et al. 

(1997), Flynn et al. (1998), Gage et 

al. (2000), Thrush et al. (2001), Smith 

& Rule (2002), Pagliosa & Lana 

(2005), Jing et al. (2007), McKinnon 

et al. (2009), Tang & Kristensen 

(2010), Sokołowski et al. (2015), 

Zharikov & Lysenko (2016), Hossain 

(2019) 
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structures, although infauna are also 

sometimes included (Figure 2.2E). 

Macrofauna 

Macroepifauna 

Macro-epibenthic 

fauna 

Macrofauna are classified as 

organisms that are 1–50 mm in size. 

(>0.5 mm in some classifications). 

The term ‘macrofauna’ makes no 

presumption of location of the animal 

and can refer to infaunal organisms, 

e.g., those living within marine 

sediments (Figure 2.2E), unless 

specified as macro-epibenthic. 

Webb & Parsons (1991), Jean & Hilly 

(1994), Ellis et al. (1996), Russo 

(1997), Bologna & Heck (1999), 

Hovel et al. (2002), Tanaka & Leite 

(2003), O’Brien et al. (2006), Garcia 

et al. (2008), Kon et al. (2011), 

Leopardas et al. (2014), Ge et al. 

(2020) 

Benthic community 

Benthic faunal 

assemblage 

Benthic macrofauna 

Benthic invertebrate 

Benthic organism 

Community of organisms that live on, 

in or near the seabed (the benthic 

zone). These are typically 

invertebrates and will include mobile 

and sessile organisms, and can 

include organisms >50 mm, for 

example sea anemones, sponges, 

corals, sea stars, sea urchins. 

Therefore, likely to include a much 

larger set of organisms than just 

‘epifauna’, unless the study refers to 

a specific size range within the 

benthic faunal assemblage that 

would exclude animals not 

considered to be epifauna (e.g., large 

sea stars) (Figure 2.2E). 

Howard (1985), Edgar (1990b), Aller 

& Stupakoff (1996), Aller (1997), 

Collie et al. (1997), Engel & Kvitek 

(1998), Jewett et al. (1999), 

Dumbauld et al. (2001), Jennings et 

al. (2001b), Sfriso et al. (2001), 

Edgar & Barrett (2002), Witman et al. 

(2004, 2008), Osman & Whitlatch 

(2004), Kon et al. (2010), Pagliosa et 

al. (2012), Broszeit et al. (2013), 

Riera et al. (2013), Leopardas et al. 

(2014), Lambert et al. (2017), 

Henseler et al. (2019), Yeager et al. 

(2019), Noble-James et al. (2020) 

Mesograzer 

Mesoherbivore 

Epifaunal 

mesograzer 

The term ‘mesograzer’ is chiefly used 

to describe small benthic herbivorous 

invertebrates that live and feed on 

their macrophytal hosts (e.g., 

macroalgae, seagrasses). They are 

generally less than 25 mm in length, 

and can include juveniles of some 

Viejo & Arrontes (1992), Schaffelke 

et al. (1995), Hay (1997), Ruesink 

(2000), Taylor et al. (2003), Dick et 

al. (2005), Jaschinski & Sommer 

(2008), Best & Stachowicz (2012), 

Berthelsen & Taylor (2014), 
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larger species. The term 

‘mesograzer’ therefore refers to just a 

single trophic component of epifauna 

(the herbivorous component) and 

tends to include a larger size range of 

organisms than might typically be 

thought of under a strict definition of 

epifauna (Figure 2.2F). 

Martínez-Crego et al. (2015), 

Campbell et al. (2018) 

Phytal fauna  ‘Phytal’ from the term coined by 

Remane (1933) to denote a third 

main habitat in the marine 

environment as distinct from benthic 

and pelagic. Phytal refers to areas 

with major vegetation as well as 

sessile animal growths (e.g., 

hydroids, corals and bryozoans). 

Phytal fauna typically refers to motile 

animals living on macrophytes. Can 

include organisms belonging to 

meiofaunal size classes (nematodes, 

copepods, ostracods and mites), but 

excludes sessile organisms (e.g., 

bryozoans, foraminiferans, sponges, 

sedentary polychaetes, bivalve 

molluscs and brachiopods). This term 

has tended to fall out of common 

usage. 

Moore (1981), Edgar (1983), Zander 

et al. (2015) 

Cryptobentho 

Cryptofauna 

Cryptic epifauna 

Cryptic invertebrate 

The term ‘cryptofauna’ strictly refers 

to animals concealed within a 

microhabitat or within intra- and inter-

skeletal voids formed by framework 

structures, although the term is also 

commonly used to refer to 

cryptobenthic fishes such as gobies 

and blennies that inhabit branches of 

Fishelson & Haran (1986), Todd & 

Turner (1986), Baden (1990), 

Enochs (2012), Kramer et al. (2012) 
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corals. Cryptofauna would therefore 

be considered distinct from epifauna 

by virtue of their different microhabitat 

usage (Figure 2.2F). 

Fouling community 

Fouling organism 

Fouling communities are 

assemblages of fauna and flora found 

on artificial substrates, commonly 

comprised of sessile organisms such 

as ascidians, bryozoans, sponges 

and barnacles. They can have 

negative economic impacts (e.g., 

block fishing nets and cages, damage 

boats and buoys, increase 

hydrodynamic volume and 

hydrodynamic friction of a vessel 

which leads to more fuel 

consumption). This term tends to 

include a range of organisms in terms 

of both size (can be megafauna) and 

taxonomy (can be algae) than 

‘epifauna’. 

Walker et al. (2007), Osman et al. 

(2010), Johnston et al. (2011), 

Karlson & Osman (2012), Marzinelli 

et al. (2012), Fernandez-Gonzalez & 

Sanchez-Jerez (2017), Carmen & 

Grunden (2019) 

 

The use of multiple terms for epifaunal communities has been a persistent feature of the 

field from its inception and continues to challenge researchers when attempting to 

synthesise the literature (Table 2.1). A summary of the alternative descriptions of epifauna 

within the field highlights the absence of any strong temporal trends in usage of particular 

terms, other than potentially a decline in the use of ‘epiphytic’, as the teaching of Latin in 

schools decreases and scholars lose their childhood links to Latin nomenclature. In most 

cases, although the terms are indeed linked to the definition of epifauna, they are not strict 

synonyms and instead represent either a smaller subset of the epifaunal community (e.g., 

for terms excluding fauna on vertical living surfaces) or a larger group of organisms that 

include algae and/or animals that typically would not be considered epifauna (e.g., spider 

crabs, sponges and sea-stars greater in size than 50 mm) (Table 2.1). In addition, we note 

that terminology provided here is not exhaustive and excludes terms that appear relatively 
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infrequently (e.g., ‘suprabenthos’ (Cartes et al. 2002), ‘macroscopic epifauna’ (Saarinen et 

al. 2018), ‘meio-epifaunal community’ (Raes & Vanreusel 2005), ‘macrozoobenthic fauna’ 

(de Jong et al. 2015), ‘zoobenthic community’ (Davidson 2005)), or that represent organisms 

that are generally not considered part of the epifaunal community, as in the case of 

‘megabenthos’ (Diaz et al. 2004, Kenchington et al. 2007), ‘megabenthic’ (Ramos 1999), or 

‘mega-epifauna’ (Du Preez et al. 2016), where the epithet ‘mega’ would typically only be 

applied to organisms greater than 50 mm. 

A primary challenge therefore in synthesising the existing literature on marine epifaunal 

communities and in carrying out a review of the topic is a lack of consensus in the application 

of the term ‘epifauna’. What size class of organisms is included? Is the term restricted to 

invertebrate classes or does it include small vertebrates? Is the epifaunal community 

composed only of sessile organisms, or mobile organisms, or both? In many cases, the use 

of one particular term over another relates to the methods used to obtain samples for the 

study and the level of precision afforded by those methods. The most commonly used 

quantitative sampling methods for epifauna are: underwater visual survey, towed gear 

sampling, vacuum or suction sampling, core sampling, full-enclosure sampling, and light 

traps (Table 2.2). For example, sampling by towed gears will usually result in the collection 

of all benthic fauna, including megafauna, as well as some infaunal samples. A researcher 

using this sampling method is unlikely to be able to distinguish between cryptofauna and 

epifauna and it is arguable as to whether the distinction between the two is even important, 

depending on the research question. However, even in those cases where the study aims 

do not require a distinction to be made (e.g., in cases where habitat or trophic specificity is 

unimportant), it is important that nomenclature be used consistently. To this end, we 

advocate for the careful and precise application of terminology at the community level, based 

on the lexicon presented in Table 2.1. Where distinctions between particular parts of the 

community are important, for example where it is critical to exclude animals living on 

macrophytes or artificial structures, or to distinguish between the epifaunal community as a 

whole and those animals living just on benthic surfaces within a particular habitat (the 

epibenthos or macrobenthos), then the different terms must persist. However, where such 

distinctions are unimportant, use of the broader term ‘epifauna’ could lend cohesion. For 

example, although not a redundant distinction, viewed from the perspective of community 

function, how important is it to distinguish between sessile (epiphytal fauna) and motile 

epifauna? Undoubtedly there will still be the need, on occasion, to differentiate between the 

two, making it unlikely that terms can drop out of use completely. However, consideration 
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should certainly be given to elimination of redundant terms: those cases where alternative 

terms have the same definitional meaning (e.g., benthic community/benthic faunal 

assemblage/benthic macrofauna). This kind of rationalisation would have the benefit of 

making the literature more accessible to those new to the field and of facilitating future 

comparative analyses. At the same time, provision of clear hypotheses, descriptions of 

sampling methods used, and sufficient detail with respect to key traits of the organisms 

included in sampling will aid in future comparative studies and meta-analyses to be 

conducted on the literature within this field. 

 

Table 2.2 Summary of techniques most commonly used for collecting quantitative samples 

of epifauna. 

Sampling method Description Examples 

 

Underwater visual 

survey 

This underwater observation is usually 

applied for epifauna, macrobenthic fauna 

(e.g., sponges, sea stars, scallops) or 

megafauna which can be detected by eye. 

In situ photos and/or videos of epifauna are 

taken by SCUBA divers or ROVs (remotely 

operated vehicle). 

Collie et al. (2000a), 

Kollmann & Stachowitsch 

(2001), Valente (2006), 

Hughes (2014), Zharikov & 

Lysenko (2016), Michaelis 

et al. (2019a,b), Lopez-

Garrido et al. (2020) 

Towed gear 

sampling 

This method usually involves collections of 

macrofauna on the benthic substrata with 

coarse mesh size (e.g., >10 mm), 

conducted by towed gears such as dredge 

sleds, research vessels or fishing vessels. 

Jean & Hilly (1994), Kaiser 

et al. (1994), Prena et al. 

(1999), Hamazaki et al. 

(2005), Kenchington et al. 

(2006), Lange & Griffiths 

(2014), Piras et al. (2016) 

Vacuum/suction 

sampling 

This sampling is conducted by using an 

underwater vacuum or suction sampler. 

Epifauna are directly taken from the 

sediments or structurally simple habitats 

such as turf algae and EAM (epilithic algal 

matrix). A fine filter (e.g., 0.05 mm mesh 

Taylor et al. (1995), Taylor 

(1998a,b), Roberts & 

Poore (2006), Cowles et 

al. (2009), Kramer et al. 

(2012), Berthelsen & 
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size) is attached to retain particles for 

further processing. 

Taylor (2014), Fraser et al. 

(2020a) 

Core sampling Cores are used for collecting the fine, soft 

bottom sediments (e.g., <0.5 mm particle 

size) with associated epifauna. After 

extraction from the core, epifauna are 

usually sorted by sieves that fractionise 

these core samples by mesh size. 

Webb & Parsons (1991), 

Parker et al. (2001), 

Thrush et al. (2001), 

Commito et al. (2008), 

Norkko et al. (2010), 

Smeulders et al. (2014), 

Rosli et al. (2016) 

Enclosure sampling This sampling method is chiefly for 

harvesting epifauna from marine 

macrophytes (e.g., macroalgae, seagrass). 

It involves using bags to fully enclose the 

whole plant before detaching the plant from 

the benthic substrata. Bags are then 

immediately sealed to prevent epifauna 

from escaping from macrophytal canopies. 

Harvested plants with associated epifauna 

are size-fractionated by using a series of 

nested sieves with different mesh size 

(proposed by Edgar 1990b). 

Baden (1990), Edgar & 

Aoki (1993), Jernakoff & 

Nielsen (1998), Gartner et 

al. (2010), Tuya et al. 

(2014), Tano et al. (2016), 

Chen et al. (2020) 

Light trap This is an emerging technique in the 

sampling of benthic fauna including 

epifauna, although it has been more 

typically used for sampling of plankton, fish 

larvae and pelagic fauna. It involves using 

light sources to attract organisms with 

minimal damage of habitats and specimens 

Holmes & O’Connor 

(1988), Cohen & Oakley 

(2017), Costello et al. 

(2017), McLeod & Costello 

(2017) 

 

Methods for systematic mapping of the term epifauna within primary literature 

In order to map the use of the term ‘epifauna’ and the contexts in which the term has been 

applied and defined, we conducted a search of the peer-reviewed scientific literature using 
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ISI Web of Science. All research articles (in English only) published between 1953 and July 

2020 including the terms ‘epifauna’ or ‘epifaunal’ in their research titles, abstracts, keywords 

and/or keyword plus, were included to establish a broad initial search. This initial search 

yielded a total of 2632 potential papers. We then refined the results using the Web of 

Science ‘categories’ function in order to exclude studies from terrestrial and freshwater 

habitats, or those with a non-biological focus. Specifically, we excluded studies listed under 

the following categories: geology, limnology, engineering, paleontology, biotechnology and 

microbiology. This process resulted in a total of 1780 studies. We also excluded studies 

conducted in polar (Arctic and Antarctic) marine ecosystems to focus on tropical, subtropical 

and temperate zones that share more similar habitat conditions, environmental factors and 

economic/fishery value. For inclusion in the final database, we then applied the following 

criteria to each paper: (1) studies that used the term epifauna on three or fewer occasions 

in the main text, or where the term epifauna was used only in the Discussion were excluded 

as not having sufficient focus on the biological or ecological role of epifauna; (2) studies 

where the term epifauna was used less than 10 times were screened to confirm that the 

aims of the study did indeed relate to the ecology of this group; (3) papers where the title 

and/or abstract revealed that the study did not lie within the relevant scope of this review 

(i.e., epifaunal communities) for example where the study focused on a single species within 

the epifaunal community. In order to confirm no omission of significant studies in the field 

and to ensure we had encompassed the synonyms and related terms detailed in Table 2.1, 

we conducted a second scan with cross-checks using the search strings ‘macrobenth*’, 

‘macrofaun*’ and ‘cryoptofaun*’ in combination with ‘epi*’ (with the exception of ‘mesograzer’, 

unless the authors also used the term epifauna in their abstract or keywords). From this 

cross-check and refinement process we identified 993 studies of the biology and ecology of 

marine epifaunal communities (Appendix 2.1). All searches and study assessments were 

done by a single observer (Y-Y.C). At the end of the screening process, this observer re-

assessed the first 20% of studies in order to check for consistency in the application of the 

refinement criteria (1–3 above) over the assessment period. Of these re-assessed studies, 

only one was differently categorised in the repeat exercise. 

For each study within our final database, we recorded the following details: (1) date of 

publication; (2) the geographic region in which the study was performed, with regions 

categorised by latitude (tropical: 0°± 23.5°; subtropical: 23.5°–35°; temperate: 35°–66.5° 

excluding studies within the Antarctic Polar Front; Arctic and Antarctic studies are therefore 

not included in this review); (3) nomenclature used to describe epifauna, with synonyms (if 
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presented); (4) the size range of animals classed as epifauna within the study; and (5) the 

habitat(s) in which the study was conducted (Appendix 2.2). 

 

Development of the field and trends in the literature on marine epifauna 

The field of marine epifaunal biology and ecology research grew at a steady pace in the 

1970s and 1980s, predominantly via the work of researchers such as Moore and Seed (e.g., 

Seed & Boaden 1977, Moore 1981, and review by Seed & O’Connor 1981b). Moore’s initial 

work focused on epifaunal organisms occupying kelp holdfasts, where a major contribution 

highlighted habitat niche partitioning among epifaunal communities: showing that the 

organisms found on kelp holdfasts were predominantly of different trophic status to those on 

leaves and fronds (Moore 1972, 1977, 1981, McKenzie & Moore 1981). Later, Buchanan & 

Moore (1986) were among the first to investigate the effects of temperature on macrofaunal 

communities as part of a long-term monitoring program, showing that species diversity 

declined following cold winters for macrofaunal communities along the UK Northumberland 

coast. In the 1980s, the focus on epifaunal communities associated with macroalgal kelp 

continued with the work of Seed, whose contributions included documenting the epifauna 

found on kelp fronds from coastal intertidal habitats in the UK including Northern Ireland 

(Seed 1976, Seed & Harris, 1980, Seed et al. 1981) and Wales (Wood & Seed 1980, Seed 

& O’Connor 1981a, Oswald & Seed 1986). Much of this early work on epifauna was directed 

towards understanding community structure, the role of classical ecological processes (i.e., 

competition, predation) in shaping communities and recovery from disturbance events (e.g., 

Dauvin & Gentil 1990). Epifaunal communities were found to possess a large component of 

species with rapid recolonisation rates (Edgar 1992, Martin-Smith 1994), including 

‘demersal zooplankton’ species that swim at night (Alldredge & King 1977, 1980, Hammer 

1981). 

A major broadening of studies of marine epifauna occurred in the 1980s and 1990s, with 

extended focus on temperate macroalgal habitats (Edgar 1983, Edgar & Moore 1986), 

seagrass (Heck & Whetstone 1977, Orth & Van Montfrans 1984, Orth et al. 1984, Edgar 

1990a, Edgar & Robertson 1992, Heck et al. 1995) and standardised artificial marine 

habitats (Edgar 1991a,b) (Figure 2.3). This expansion was also marked by a fundamental 

shift in the focus of research on epifaunal communities, from descriptive studies interested 

in patterns to manipulative studies involving processes, particularly caging studies for 
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assessing effects of predation (Heck & Orth 1980, Heck & Thoman 1981, Howard 1982, Van 

Montfrans et al. 1982, Robertson & Lucas 1983, Robertson & Lenanton 1984, Leber 1985), 

investigations of the critical functional role played by epifaunal grazers in reducing epiphyte 

loads on seagrasses and macroalgae (Howard 1982, Duffy 1990, Duffy & Hay 2000, Duffy 

& Harvilicz 2001, Duffy et al. 2001) and interactions involving algal chemical defences, 

epifauna and predatory fishes (Duffy & Hay 1990, 1991, 1994, Duffy & Paul 1992). 

While most investigations to 2000 continued to contrast roles of predation, resource 

limitation and abiotic drivers, new empirical methods based on metabolic theory also allowed 

the productivity of marine epifaunal communities to be estimated (Robertson 1979, Banse 

& Mosher 1980, Edgar 1990b). This provided an altered perspective on epifauna, from use 

as a model system for understanding classic ecological principles to recognition of their 

value as a critical component of marine ecosystem processes (nutrient cycling and 

productivity flows) (Edgar 1992, 1993, 1994, Edgar et al. 1994). Epifaunal communities of 

varying composition had varying abilities to support biomass of higher-order consumers, 

meaning that the ability of different habitats to support different levels of fish production could 

be linked back to the epifaunal communities they harboured (Edgar & Shaw 1995). One 

unexpected finding was that secondary production of shallow-water epifauna is extremely 

consistent and predictable worldwide (Edgar 1993, Edgar & Aoki 1993). 

Despite these publications highlighting the importance of marine epifaunal communities in 

food webs and energy flows, and important subsequent contributions (Taylor 1998a,b, 

Taylor & Rees 1998, Glasby 1999a,b, 2000, 2001, Metcalfe & Glasby 2008), the increase in 

published studies within the field of epifauna lagged behind the overall growth in scientific 

literature in the new century. By 2010, the field fell well behind general growth in scientific 

publications; less than 200 papers were published on the topic of epifauna in the second 

half of the decade, compared to an expected number of 346 (Figure 2.3A). In the last five 

years, based on our search criteria (studies using the terms ‘epifauna’ or ‘epifaunal’ in their 

research titles, abstracts, keywords and/or keyword plus), only 215 studies have been 

published on the topic of marine epifauna, compared to an expectation of 748 (Figure 2.3A). 

The understudied nature of the field is clearly evident when research on marine epifauna is 

contrasted with publication rates in related fields such as the study of infauna, plankton and 

coral reefs, where a total of 603 (infauna), 3634 (plankton) and 8394 (corals) studies have 

been published in the last five years (Figure 2.3B). 
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Figure 2.3 (A) Number of research articles on marine epifauna published within each half 

decade spanning the period (1950–2020) (grey bars), and expected growth across all 

scientific publications (black line) estimated by Bornmann & Mutz (2015) to be 8% p.a. (B) 

Growth in the published research on epifauna relative to related fields of ‘infauna’, ‘plankton’ 

and ‘corals’. Results for epifauna research articles are based on a literature search 

conducted in the ISI Web of Science database in July 2020 using the terms ‘epifauna’ and 

‘epifaunal’. 
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A notable finding when conducting this review was that many authors provided no taxonomic 

definition of what constituted the epifauna category of animal (e.g., whether vertebrates were 

included), or biological or ecological traits of the animals (mobile only or inclusive of sessile 

organisms), or size range. In the extreme, this resulted in some cases where animals larger 

than 100 mm were classified as epifauna (e.g., Viejo 1999, Meyer et al. 2016). Of the 993 

studies within our database, only 78 provided a definition of the size range of animals 

classified as epifauna within that study. Nearly 50% (485) provided no detail of the size of 

animals classified as epifauna within the study or recorded as part of the epifaunal 

community (Figure 2.4). 

 

 

Figure 2.4 Number of studies within the published literature on marine epifauna that define 

epifaunal organisms according to their size within the publication text. Studies were 

assigned to one of the following four categories: (1) size range of animals defined; (2) only 

minimum size specified; (3) only maximum size specified; and (4) no size definition of 

epifauna given. Results are based on a literature search conducted in the ISI Web of Science 

database in July 2020 using the terms ‘epifauna’ and ‘epifaunal’. 
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Towards a unified framework for the study of epifauna within marine ecosystems 

Based on the lexicon presented in Table 2.1, better precision is clearly needed when 

defining what is meant by an epifaunal community within a particular context, and when 

epifauna might be considered distinct from some of the terms that have previously been 

used synonymously. To resolve these issues, we suggest that researchers provide within 

their written methods section, at a minimum: (1) habitat sampled (e.g., seagrass bed, 

macroalgal meadow); (2) habitat niche, i.e., the precise nature or location of surfaces 

sampled (e.g., seagrass leaf blades, macroalgal thalli and leaves); (3) method of sampling; 

(4) organism size range; and (5) organism mobility. Non-essential, but potentially useful 

extra definitional elements could cover relevant biological and ecological traits of the target 

community such as taxonomic classes included; whether specific trophic levels are included 

or excluded; whether both living and artificial surfaces are included. 

A majority of studies consider epifauna to refer only to invertebrates. However, excluding 

two animal classes (Osteichthyes and Chondrichthyes) has little phylogenetic or ecological 

validity. For example, small vertebrates such as gobiesocid clingfishes living attached to the 

surfaces of macrophytes exist within epifaunal communities and have overlap in functional 

roles with small shrimps and crabs. We therefore suggest that arbitrary taxonomic 

exclusions are not applied to ‘epifauna’. Nevertheless, inclusion of larger cryptobenthic 

fishes such as gobies and blennies would be inconsistent with most views of epifauna, and 

a defined size range is needed. Recognition that epifaunal organisms are constrained within 

a defined size range would allow a distinct separation from the totality of marine 

macrobenthos and also be helpful in establishing the identity of the functional group of 

epifauna as a distinct entity. A summary of the size range of organisms considered ‘epifauna’ 

for those studies within the scientific literature where a size range, a maximum size, or a 

minimum size are defined in the publication text indicates that most authors consider 

epifauna to be organisms between 0.5 and 10 mm in size (Figure 2.5). 

Overall, within the ‘macrofauna’, we therefore define epifaunal communities through general 

consensus as those animals, 0.5–10 mm in size (most usually, but not always invertebrates) 

found living on the surface of sediment, turf algae, marine macrophytal canopies, marine 

macrophytal rafts, other biogenic habitats and artificial structures. They usually, but not 

always, range freely over surfaces; sessile organisms such as bryozoans, ascidians and 

barnacles also fall within the definition when attached to surfaces and in the 0.5–10 mm size 

range (Figure 2.6). In terms of habitat niche, we consider that all surfaces (living and artificial) 
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within marine habitats should be considered as hosting epifaunal communities. Artificial 

surfaces are explicitly included because their associated communities contribute in a similar 

way as natural surfaces to nutrient cycling, energy transfer and other ecosystem processes. 

Epifauna must live at the interface between microhabitat surfaces and water, excluding 

cryptofaunal organisms living within the intra- and inter-skeletal voids formed by framework 

structures (Figure 2.6). 

 

 

Figure 2.5 Summary of the size range of organisms considered as ‘epifauna’ within the 

published scientific literature based on a search conducted in the ISI Web of Science 

database in July 2020 using the terms ‘epifauna’ and ‘epifaunal’. Data are presented only 

for those studies where a size range is defined in the publication text. Thickness of the bar 

for each size range represents the number of studies using that particular definition. Note 

that size (mm) on the x-axis is presented on an ordinal scale. 

 

Epifaunal communities may be composed of individuals belonging to multiple trophic levels, 

including herbivores, carnivores, detritivores and filter-feeders. Likewise, epifaunal 

communities which fall in the 0.5–10 mm size range can comprise assemblages with no 

distinction between different ontogenetic developmental stages such as adults, juveniles or 

larvae, since they are functionally serving the same role within that community. For example, 

juveniles of the bivalve scallop Chlamys (Pectinidae) may be found in seagrass meadows, 
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where they attach to the leaves until they pass on to larger free-swimming stages. These 

juveniles would be classified as epifauna under our proposed consensus definition, given 

that they are functionally part of the surface-dwelling community. 

 

 

Figure 2.6 Schematic representation of the consensus view of marine epifaunal 

communities. The diagram shows the predominant living and non-living substrata on which 

epifauna are typically found within marine ecosystems. 

 

Based on the lexicon presented in Table 2.1, the epifaunal community of a particular marine 

habitat is thus defined as 

 
( ) ( )

10mm

0.5mm
epifauna epibenthic fauna epiphytic fauna cryptofauna infauna

k=
= + − +

  

where a particular marine habitat contains no surfaces other than the benthos (i.e., no 

macrophytes or vertical structures) then the definition of epifauna above essentially 

collapses to that of ‘epibenthos’ or ‘macrobenthos’, with the important distinction that 

epifauna fall within the size range of 0.5–10 mm, and are thus a smaller subset than the 

epibenthic/macrobenthic community, which could be taken to include organisms > 10 mm, 

for example sea anemones, sponges, corals, sea stars, and sea urchins. 
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The role of epifauna in marine ecosystem processes 

Having established the scope of this review, we next address the question: why care about 

epifaunal communities? The answer primarily relates to the key roles of epifauna in marine 

ecosystem processes. Epifauna, by virtue of their ubiquity and abundance, are important 

contributors to two marine ecosystem processes: (1) they function as mediators between 

nutrients in the water column and microbes in the benthos, contributing to the 

biogeochemical cycling of carbon and nitrogen, and (2) they function in the transfer of energy 

along the marine food web via their role as secondary producers, connecting primary 

producers to higher-order consumers such as carnivorous invertebrates and invertivorous 

fishes (Edgar 1994, Taylor 1998a, Cowles et al. 2009, Newcombe & Taylor 2010, Wenger 

et al. 2018). 

 

Epifauna as mediators within marine ecosystems 

Depending on habitat, epifauna can contribute greatly to cycling of carbon, nitrogen and 

other nutrients between the water column and microbes in the benthos. Epifauna interact 

with microbes through multiple processes, including ecosystem engineering, grazing and 

symbiosis. Stief (2013) reviews how these interactions contribute to nitrogen retention, 

nitrogen removal, and ammonium and nitrous oxide emissions. The effects of ecosystem 

engineering occur predominantly through the influence of infauna on nitrogen cycling in 

marine sediments, rather than epifauna (see review by Herbert 1999). However, sessile 

epifauna can play a role in terms of providing an enlarged surface area for microbial 

colonisation, thereby increasing nitrogen recycling (Hepburn et al. 2012, Stief 2013). The 

ingestion of free-living and particle-attached bacteria by epifauna can, however, result in a 

decline in metabolic activity of grazing-sensitive bacteria and reduced nitrification activity. 

Nevertheless, epifaunal grazing on the microbes themselves is thought to have only small 

or neutral effects on nitrogen cycling overall (Stief 2013). Epifaunal processing of 

macrophytic detritus, on the other hand, contributes to the microbial-macrofaunal shredder 

loop (part of the microbial loop, sensu Azam et al. 1983, Fenchel 2008). Epifaunal grazers, 

such as amphipods in the genera Gammarus and Allorchestes, ‘shred’ leaves and other 

particulate organic matter, breaking down macrophyte debris into finer fractions (Robertson 

& Lucas 1983, Robertson & Lenanton 1984). This process facilitates the remineralisation of 

nitrogen by microbes, making it available faster. For systems where phytoplankton and 
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macrophytes are the dominant primary producers, this rapid regeneration of nitrogen can 

enhance primary production and ultimately increase the overall productivity of the 

ecosystem in terms of the biomass that can be supported (Taylor & Rees 1998, Hepburn et 

al. 2012, Stief 2013). 

 

Epifauna as secondary producers: Quantifying the contribution to energy transfer within 

marine ecosystems 

Epifauna also have a role as secondary producers in their own right. Secondary production 

by epifauna facilitates the flow of energy through the ecosystem from primary producers to 

higher-order consumers. Epifaunal secondary production is therefore one of the most 

important ecological parameters needed to understand population dynamics, trophic flow 

and environmental variability. Classical methods for estimating the secondary production of 

epifauna have been applied to individual species or to populations based on their change in 

body mass over time. Population production is then primarily a function of three major factors: 

(1) the metabolic rate–body size relationship of individuals, (2) the distribution of body sizes 

and (3) ambient temperature. However, even if these factors could be directly ascertained, 

getting an estimate of total production in this way is generally impractical because 

measurement of sizes of all individuals and determination of a body size–production 

relationship for each species is logistically challenging. Estimates of epifaunal secondary 

production at the community level are therefore relatively rare because of methodological 

and sampling difficulties. 

Several empirical methods have been proposed to circumvent these challenges (reviewed 

in Dolbeth et al. 2012). These empirical models are chiefly based on multiple regression 

equations for production or the P/B ratio (P: secondary production, B: biomass) and include 

population characteristics (e.g., population biomass, metabolic rate, life span) as predictors 

and environmental parameters (e.g., water temperature, depth) as coefficients (Robertson 

1979, Schwinghamer et al. 1986, Edgar 1990b, Brey 1990, 1999, 2001, Tumbiolo & 

Downing 1994, Cusson & Bourget 2005). 

Biomass determinations are necessary for secondary production assessments, and ash-

free dry weight (AFDW) provides arguably the best predictor for invertebrate biomass given 

that it minimises issues dealing with heavy calcareous shells and gelatinous tissues. 

However, measuring AFDW requires the incineration of dried samples at high temperature 
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(commonly 520°C), which can require long periods of time, significant research effort and 

the destruction of the sample. Several empirical models utilise conversion factors to convert 

wet weight (WW) or dry weight (DW) to AFDW (Ricciardi & Bourget 1998, Brey et al. 2010). 

Brey et al. (2010) build a global data bank of conversion factors in aquatic organisms. It 

covers ratios between body mass (i.e., WW, DW, AFDW), body composition (i.e., protein, 

carbohydrate, lipid), macro-elements (i.e., C, P, N) and energy content, making it much 

easier to estimate biomass and production of marine fauna. 

Edgar’s sieve method (1990b), Brey’s general model (1990, 2001) and global data bank 

(2010) are some of the most commonly adopted models for quantifying secondary 

production and energy content. Edgar’s sieve method entails pouring samples through a 

series of nested sieves with decreasing mesh size (8.0, 5.6, 4.0, 2.8, 2.0, 1.4, 1.0, 0.7 and 

0.5 mm) and counting the number of individuals belonging to major morphological groups 

on each sieve (crustaceans, molluscs, polychaetes, platyhelminthes and caprellid 

amphipods). The latter are separated due to a propensity for their thin appendages to 

become entangled over coarser sieves, leading to potential overestimation of biomass. Total 

mean biomass (AFDW) of different functional groups retained by different-sized sieves can 

then be predicted based on known mean AFDW values of each sieve size. Associated 

allometric equations make it possible to estimate the productivity of epifauna at the 

assemblage level by predicting epifaunal secondary productivity as a function of body mass 

and water temperature. Error involved in predicting the productivity of individual species 

using this method can be high, but tends to cancel out in assemblage-level estimates (Edgar 

1990b). This method has been widely adopted by subsequent investigators assessing 

benthic faunal secondary production in both temperate and tropical regions due to its 

tractability. 

 

The nature and significance of epifaunal communities within marine habitats 

In reviewing the published literature on epifauna, we found a strong Northern Hemisphere 

bias, with 73% of studies concentrating on marine habitats within the Northern Hemisphere 

(Figure 2.7). Of these Northern Hemisphere studies, 534 out of 778 (69%) focused on 

temperate marine habitats. Across both hemispheres, only 189 (17%) of published studies 

of marine epifauna considered tropical habitats (Figure 2.7). The neglect of tropical studies 

is not surprising: epifauna tend to be less abundant and conspicuous within tropical marine 
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ecosystems, making them a much less ‘visible’ component of the system. However, given 

that these tropical ecosystems account for almost half of the world’s fish catches and that 

epifauna are a critical link in the food chain supporting such fisheries, the relative paucity of 

studies of epifauna within tropical marine habitats is a noteworthy gap in the existing 

literature. We advocate for a research emphasis on epifaunal communities within tropical 

habitats. 

 

 

Figure 2.7 Number of studies within the published literature on marine epifaunal 

communities conducted within each latitudinal zone (tropical: 0°± 23.5°; subtropical: 23.5°–

35°; temperate: 35°–66.5°) excluding polar (Arctic and Antarctic) zones. Numbers are based 

on a search conducted in ISI Web of Science database, up to and including July 2020, using 

the terms ‘epifauna’ and ‘epifaunal’. Note that the numbers here sum to 1097 (greater than 

the 993 studies listed in Appendix 2.2) as some studies extend across more than one 

latitudinal zone. 

 

At the local scale, the nature of a community whose etymology relates to habitat surfaces 

necessarily links the community to that particular habitat. Thus, epifaunal communities in 

seagrass habitats, for example, are bound by definition to the nature and structure of 

seagrass canopies. Variation of epifaunal communities will be underpinned by variation in 

habitat type and quality across different locations. Recent evidence demonstrating that 
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habitat is the most important correlate of variation in epifaunal assemblage has come from 

the work of Fraser et al. (2020a), who showed that reef-associated epifaunal assemblages 

varied significantly across 21 benthic microhabitat types sampled from temperate to tropical 

latitudes (28.6° latitudinal span), with much less variation according to latitude. Similarly, 

assemblage size distributions were much more affected by microhabitat type than latitude 

(Fraser et al. 2020b). In this section, we focus attention on the current status of knowledge 

of epifaunal communities in temperate and tropical latitudes across the two best studied 

habitats: seagrass meadows and macroalgal beds. 

 

Seagrass meadows 

Seagrasses are marine flowering plants that create key shallow-water habitats across all 

parts of the globe except Antarctica. Their dense canopies and associated deposition of 

organic matter in sediments provide food and shelter for a large community of organisms, 

including commercially important invertebrates and fishes. By forming extensive meadows 

connected with a mosaic of adjacent habitats, seagrasses are among the most productive 

marine ecosystems that supply ecosystem goods (e.g., maintenance of fisheries, supporting 

food security) and services (e.g., erosion control, coastal protection) to humanity. 

Latitudinal differences in seagrass habitat structure exist, with temperate seagrass 

meadows typically monospecific (plus some macroalgae), while tropical meadows display 

greater habitat heterogeneity, with seagrass interspersed with corals, sponges and 

calcareous green algae (Virnstein et al. 1984, Duffy 2006). Seagrass habitats harbour 

abundant epifaunal invertebrates (Edgar 1990c, Nakamura & Sano 2005, Moore & Hovel 

2010), such as gammarid amphipods and gastropods, which provide trophic pathways 

connecting seagrass primary production to larger invertebrates and carnivorous fishes. 

Epifaunal community composition and production is therefore an important metric for 

managers with responsibility for these habitats (Duffy 2006, Wong 2018). 

Epifauna in seagrass beds have been more extensively studied than in coral, mangrove and 

algal turf habitats (Figure 2.8). In particular, the diversity and community structure of mobile 

and sessile epifauna within Neptune grass (Posidonia spp., dominant in the Mediterranean 

Sea), eelgrass (Zostera spp., globally widespread) and turtlegrass (Thalassia spp., chiefly 

distributed in Indo-Pacific and West Atlantic) meadows are relatively well documented 

(Virnstein et al. 1984, Knowles & Bell 1998, Sánchez-Jerez et al. 1999, Wong & Dowd 2015, 
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Demers et al. 2016, McDonald et al. 2016, Tano et al. 2016, Boyé et al. 2017). Numerous 

published studies focus on plant–animal interactions and energy flows within seagrass 

meadows (Jernakoff & Nielsen 1998, Lepoint et al. 1999, Lewis & Anderson 2012, 

Hammerschlag-Peyer et al. 2013). 

 

 

Figure 2.8 Number of studies conducted on epifaunal communities within particular marine 

habitats. Values are based on a search conducted in ISI Web of Science database in July 

2020 using the terms ‘epifauna’ and ‘epifaunal’. 

 

Overall, seagrass systems are much less studied in the tropics (although see Ansari et al. 

1991, Klumpp et al. 1992, Prieto et al. 2003, Unsworth et al. 2007, Leopardas & Nakaoka 

2014, Tano et al. 2016, Cavalcante et al. 2019) than temperate latitudes (Hootsmans & 

Vermaat 1985, Edgar & Shaw 1995, Heck et al. 1995, Nakamura & Sano 2005, Polte et al. 

2005a,b, Spivak et al. 2009, Gullström et al. 2012, Wong & Dowd 2015, Lefcheck & Duffy 

2015, Lefcheck et al. 2016, Boyé et al. 2017, Wong 2018) or subtropical zones (Edgar 1990c, 

Connolly 1995, Lemmens et al. 1996, Jernakoff & Nielsen 1998, Alfaro 2006, Micheli et al. 
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2008, Lewis & Anderson 2012, Hammerschlag-Peyer et al. 2013, McDonald et al. 2016, 

Douglass et al. 2018, Ledbetter & Hovel 2020). Limited tropical evidence does, however, 

suggest that latitudinal influences are likely less significant than differences between 

epifaunal communities at the level of microhabitat structure (Fraser et al. 2020a). 

The abundance, biomass and secondary production of epifaunal invertebrates is high in 

seagrass meadows and among canopy-forming macroalgae relative to marine habitats, 

including corals, mangroves and bare sediments, across tropical, subtropical and temperate 

zones (Edgar 1990c, Ansari et al. 1991, Heck et al. 1995, Connolly 1997, Nakamura & Sano 

2005, Polte et al. 2005a,b, Alfaro 2006, Bologna 2006, Wong 2018). Tropical seagrass 

ecosystems tend to include a large component of sessile invertebrates such as sponges 

and ascidians (Duffy 2006). In general, epifaunal abundance, biomass and diversity are 

positively associated with seagrass canopy size in terms of above-ground biomass, rhizome 

density, percent cover (Connolly 1995, Gil et al. 2006, Meysick et al. 2019, Yeager et al. 

2019), macrophytal complexity (Edgar & Robertson 1992, Nakamura & Sano 2005) and 

meadow patch size (Källén et al. 2012, Yeager et al. 2019). Ecological patterning appears 

regulated at various scales by multiple structural elements such as degree of patchiness or 

proximity to patch edges (Bologna & Heck 2002, Hovel et al. 2002, Healey & Hovel 2004, 

Tanner 2005, 2006, Moore & Hovel 2010). 

Seagrass meadows around the world show strong seasonal patterns of growth and change 

in canopy structure. Seagrasses often exhibit summer growth as vertical and horizontal 

elongation of plants, followed by winter decay of above-ground blades (Marbà et al. 1996, 

Cebrián et al. 1997, Fourqurean et al. 2001, Metz et al. 2020). This results in strong seasonal 

variations in primary production that make seagrasses ephemeral hosts for epifauna 

attaching on their leaves. Such seasonal dynamics of seagrass canopies and primary 

production can significantly affect the distribution and abundance of epifauna, manifest as 

temporal fluctuations in epifaunal communities (Edgar 1990a, Gambi et al. 1992, Nakaoka 

et al. 2001, Kouchi et al. 2006). 

Extensive losses of seagrass habitat have been reported from many coastal regions 

worldwide over the past decade, resulting in an overall annual decline of 7% globally 

(Waycott et al. 2009, Boström et al. 2011, Unsworth et al. 2018). These losses are 

predominantly due to anthropogenic activities (e.g., mooring, anchor damage, plant 

harvesting) and to climate-associated disturbances (Thomson et al. 2015, Hyndes et al. 

2016). Such degradation and loss of seagrass habitats arising from multiple perturbations 
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presumably affect epifaunal communities (i.e., abundance and diversity) over large scales, 

and the functions they provide (e.g., levels of secondary production) (Meysick et al. 2019, 

Tuya et al. 2019). In addition, loss and fragmentation of seagrass meadows result in 

significant declines in epifaunal diversity and abundance (Reed & Hovel 2006, Gustafsson 

& Salo 2012, Cadier & Frouws 2019, Githaiga et al. 2019), with potential implications for 

higher-order predators reliant on epifaunal production, and perturbations to food web 

structures. Nevertheless, some studies have shown the opposite response, with increases 

in epifaunal abundance following seagrass fragmentation (Tanner 2005, Arponen & Boström 

2012), although this occurred in situations where the distance between fragments was low. 

Critical tipping points may thus exist, beyond which epifaunal communities will respond 

negatively to habitat disturbance. In addition, the net rate of decline in coverage of some 

seagrass species has slowed and even experienced a reversal in certain areas (for example, 

rates of coverage of Posidonia and Zostera meadows in Europe). This has often been due 

to management interventions including improvement of water quality, reduction of industrial 

sewage discharge, and introduction of regulations governing anchoring and trawling. These 

reversals of seagrass habitat decline offer hope that associated ecosystem services, 

including the contribution to habitat quality by the epifaunal communities in terms of 

secondary production and food resources for invertivorous fishes within these meadows, 

can also recover (Vaudrey et al. 2010, Dolch et al. 2013, de los Santos et al. 2019). 

 

Macroalgal meadows 

Along with seagrasses, macroalgae rank among the most important contributors to global 

carbon and oxygen cycles in shallow marine environments (Hatcher 1990, Titlyanov & 

Titlyanova 2012, Unsworth et al. 2018). While seagrasses occupy soft sediment areas 

surrounding reefs, adjacent areas of hard pavement can be dominated by a great diversity 

of macroalgae, ranging from short algal turfs that form an epilithic algal matrix (EAM), to 

foliose understory macroalgae without canopies (e.g., Dictyota spp., Padina spp.), to fleshy 

canopy-forming laminarian (Laminaria spp.) and fucoid species (e.g., Sargassum spp., 

Cystoseira spp.) that attain heights over 1 m. In tropical marine ecosystems, macroalgal 

meadows have been estimated to cover 16–46% of shallow inshore habitats (Fulton et al. 

2019). 
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Although macroalgae can be highly productive components of these ecosystems, they 

generally attract less attention than coral-dominated areas in coastal conservation and 

management (Fulton et al. 2019). Nevertheless, in clear tropical waters, macroalgae can 

produce up to 0.5 kg·C·m−2·yr−1, suggesting that the net primary production of dense 

macroalgal communities within tropical marine ecosystems is as vital as the energy 

produced by corals (Hatcher 1990, Schaffelke & Klumpp 1997, Eidens et al. 2014). Notably, 

corals have tight symbiotic cycling of photosynthetic materials between the coral host and 

zooxanthellae, meaning that relatively low amounts of their net production become available 

to consumers (Hatcher 1990). The reverse is true for macroalgae, where the net production 

of primary biomass can be readily consumed by a range of invertebrate and vertebrate 

herbivores, aiding transfer of energy and nutrients to carnivores (Titlyanov & Titlyanova 2012, 

Fulton et al. 2019). In tropical macroalgal meadows, abundant and diverse epifauna are a 

key food resource, making macroalgal meadows important feeding sites for a large variety 

of reef fishes (Wilson et al. 2014, Tano et al. 2016, van Lier et al. 2018). 

Macroalgae belonging to the genus Sargassum (family Sargassaceae) are dominant 

canopy-forming species globally. The large and dense meadows of Sargassum trap 

nutrients from sea water and contribute to high primary productivity within these habitats. 

They generally harbour abundant and diverse invertebrate assemblages through expanded 

surface area and complex canopy structure (Taylor & Cole 1994). Sargassum canopies host 

a broad biodiversity of epifaunal invertebrates that are targeted by carnivorous fishes (Edgar 

1990b, Edgar & Aoki 1993, Tano et al. 2016). For example, gammarid amphipods, 

harpacticoid copepods, tanaidaceans, gastropods, bivalves, ophiuroids and polychaetes are 

common epifauna in the canopy-forming Sargassum meadows of Ningaloo Reef, Western 

Australia, where an individual Sargassum can host more than 6000 invertebrates, providing 

sufficient food for a large guild of higher-order predators (Wenger et al. 2018, Chen et al. 

2020). 

The biomass and canopy structure of Sargassum meadows fluctuate seasonally with sea 

temperature, influencing the biodiversity, abundance and trophodynamics of associated 

animals such as epifaunal invertebrates and reef fishes. While a basic knowledge of 

seasonal fluctuations in Sargassum biomass exists (Santelices 1977, Glenn et al. 1990, 

Trono & Lluisma 1990, Vuki & Price 1994, Schaffelke & Klumpp 1997, Leite & Turra 2003, 

Hwang et al. 2004, Tsai et al. 2004, Wong & Phang 2004, Ateweberhan et al. 2005, Ang 

2006, Ateweberhan et al. 2006,  2008, 2009, Mattio et al. 2008, Lefevre & Bellwood 2010, 

Fulton et al. 2014, Wilson et al. 2014, Lim et al. 2016), we still have little understanding of 
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how such fluctuations may influence the biodiversity of associated invertebrates, as well as 

trophic flows within tropical reef ecosystems. In temperate macroalgal meadows, seasonal 

fluctuations in epifaunal abundance and composition have been recorded (Edgar 1983, 

Taylor 1998b), with faunal densities reaching a peak in late summer and dropping to low 

levels in winter. In some cases, this pattern corresponds with seasonal variations in canopy 

size and shape structure (Edgar & Klumpp 2003, Ba-Akdah et al. 2016, Tano et al. 2016). 

In highly productive tropical Sargassum meadows, epifaunal fluctuations can show typical 

annual cycles (Leite & Turra 2003, Ba-Akdah et al. 2016), with seasonality related to the 

growth and decay of the canopy, which in turn presumably responds to a variety of physical 

(e.g., light, sea temperature, wave action) and biological (e.g., food resource, competition, 

predation) drivers. Shifts in habitat availability and complexity can alter habitat area, food 

supply and/or niche availability for epifaunal different species, as well as influence the 

strength of biological interactions (e.g., predation, competition; Ledet et al. 2018, Wenger et 

al. 2018, Chen et al. 2020). 

Moving from tropical to temperate macroalgal habitats, research has focused on the 

community structure and spatio-temporal variation of epifaunal communities associated with 

the habitat-forming fucoids Cystoseira (Fraschetti et al. 2002, Bedini et al. 2014, Casamajor 

et al. 2019) and Laminaria (Seed & Harris 1980, Schmidt & Scheibling 2006, Cacabelos et 

al. 2010, Tuya et al. 2011, Walls et al. 2016). Laminaria-associated epifauna have been 

particularly well studied in terms of their community structure, secondary production, 

contribution to energy flows, spatio-temporal variation, biological interactions and response 

to disturbances. Strong seasonality in these temperate marine environments will have the 

potential to trigger large trophic cascades associated with the temporal fluctuations in algal 

biomass. Understanding the responses of epifaunal communities to seasonal habitat 

changes within these important temperate marine ecosystems represents a key research 

priority. 

 

The contribution of epifauna to seagrass and macroalgal ‘nurseries’ 

Notably, the roles described above of epifauna as contributing to the quality and quantity of 

food resources provided by seagrass and macroalgal meadows make them a contributor to 

the critical role meadows play in providing nursery habitats for juvenile reef fish species, 

including species that are key fisheries targets (Nagelkerken et al. 2000, Evans et al. 2014, 
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Fulton et al. 2020). Nursery habitats can only be defined as such if their contribution to the 

adult population biomass is greater than the average production of all juvenile habitats (see 

Dahlgren et al. 2006, Nagelkerken 2009). Given this definition, high food abundance is likely 

to be one of the key contributing factors to making a particular area ‘nursery’ habitat. This 

means that macroaglae-associated and seagrass-associated epifauna are fundamental to 

the development of fish nurseries and to the quality of that nursery habitat in terms of its 

nutritional load. Studies have shown, via use of stable isotopes and gut content analysis, 

that epifauna, in particular small crustaceans, are an important contributor to the diet of 

juvenile fishes within these habitats (de la Morinière et al. 2003) and that food availability is 

a key factor in attracting juvenile fishes to particular nursery sites (Verweij et al. 2006). In 

this sense, epifaunal communities associated with seagrass and macroalgal habitats are 

likely to be integral to the development of fish nurseries and, hence, to the life cycle of many 

commercially important reef fish species. 

 

Effects of environmental disturbance on epifaunal communities 

Although some studies have looked at the effects of natural disturbance events on epifaunal 

communities (such as typhoons, tsunamis and storm events (Posey et al. 1996, Roberts et 

al. 2007, Lomovasky et al. 2011, Salmo et al. 2019), coastal habitat alteration (such as 

marina operations (Turner et al. 1997), construction of pier pilings (on the artificial substrata 

per se, Glasby 1999a,b, or on macroalgae growing on pilings, Marzinelli et al. 2009, 2011) 

and coastal structures (Sedano et al. 2020) in the context of invasive species, or pollution 

(e.g., Johnston et al. 2011), investigations of effects of anthropogenic disturbance on 

epifauna have historically focused on impacts of fishing, including trawling and dredging 

(e.g., Hutchings 1990, Collie et al. 1997, Freese et al. 1999, Collie et al. 2000a,b, Rumohr 

& Kujawski 2000, Veale et al. 2000, Jennings et al. 2001a,b, Thrush et al. 2001, Gage et al. 

2005, de Juan et al. 2007, 2011, de Juan & Demestre 2012, Strain et al. 2012). Together, 

these studies demonstrate high sensitivity of epifaunal communities to fishing, which can 

affect population size structure (Hinz et al. 2009), alter community composition (Hinz et al. 

2009) and reduce the maximum size of organisms within the community (e.g., 17% reduction 

in mean size, Lambert et al. 2011), overall epifaunal biomass (Hinz et al. 2009, Lambert et 

al. 2011) and species richness. The focus on benthic habitat degradation via fishing methods 

continues to the present (e.g., Mangano et al. 2013, Lambert et al. 2017, Lundquist et al. 

2018), although research on impacts of other environmental factors is expanding, such as 
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shifts driven by eutrophication (Cebrian et al. 2014) and coastal acidification (Hossain 2019, 

Hossain et al. 2019), along with interactions between environmental factors and trawling 

effort (e.g., Couce et al. 2020). 

Somewhat surprisingly, far fewer studies have investigated potential effects of climate 

change (e.g., pulse heatwaves, ocean warming, ocean acidification) on marine epifaunal 

communities. Only a handful of studies to date have considered likely changes in epifaunal 

community structure wrought by climate-related factors (e.g., Osman et al. 2010, Powell et 

al. 2019). Two studies have demonstrated the potential for experimental mesocosms to 

enhance our understanding of the effects of global change on epifauna. In a five-week study, 

Eklöf et al. (2015) tested the effect of temperature (ambient versus + 3.2°C), ocean 

acidification and simulated consumer loss (the omnivorous crustacean, Gammarus locusta), 

on the diversity and composition of macrofaunal communities in eelgrass (Zostera marina) 

beds. While acidification had little impact on macrofaunal communities over this relatively 

short study period, rapid warming and loss of consumer diversity led to an increase in 

macrofauna richness and abundance, but shifted the balance of organisms with particular 

life-history traits: warmer conditions favoured poorly defended epifaunal crustaceans such 

as tube‐building amphipods and organisms that brooded their offspring. 

The suggestion that epifaunal communities will be more affected by rapid warming than by 

rapid ocean acidification echoes the findings of Nagelkerken et al. (2020). In their mesocosm 

study, replicated benthic communities including primary producers (cyanobacteria and algae) 

and primary and secondary consumers typical of epibenthic communities (e.g., molluscs, 

copepods, polychaetes, fish) were established within 1800 L tanks and exposed to different 

temperature and acidification conditions. Alterations to food web structure, biomass and 

productivity under each scenario were documented. Food web structure was relatively 

unaffected by temperature and acidification, whereas biomass and productivity significantly 

changed. Secondary consumer biomass and productivity actually increased under 

combined warming and acidification, but primary consumption decreased. Over the longer 

term, this imbalance is obviously unsustainable and suggests that this particular climate 

scenario could ultimately see the system tip into a new stable state dominated by primary 

producers, with an associated reduction in the higher-order consumers, such as fish species 

that are the target of food fisheries (see Figure 1 in Chown 2020). 
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Managing the effects of environmental disturbance: The inextricable link to habitat 

While the idea of ‘managing’ organisms <10 mm in size may seem a somewhat sisyphean 

task, it is nevertheless a critical one. As described above, the inextricable link to habitat 

means that the task of ‘managing’ epifaunal communities essentially reduces to managing 

marine habitats. Research findings clearly indicate that changes in habitat structural 

elements flow on to taxonomic changes in the epifaunal community (Taylor & Cole 1994). 

This is evident for macroalgal canopies (Chemello & Milazzo 2002, Marzinelli et al. 2009, 

2011, 2012, 2016) and coral reefs (Stella et al. 2010, Kramer et al. 2014). The abundance, 

biomass and size structure of epifaunal communities can all vary with different structural 

aspects of the particular habitat (Edgar et al. 1994, Taylor 1998a,b, Kramer et al. 2014, 

2017), meaning that any disturbance that causes a habitat change will also affect epifaunal 

community structure and function. 

Potential drivers of structural changes to individual marine habitats and their associated 

epifaunal communities include marine heatwave events that induce loss of macroalgal 

canopy structure (Smale & Wernberg 2013, Wernberg et al. 2013, 2016), heat-induced coral 

bleaching events (Hughes et al. 2017), high-intensity cyclones (Salmo et al. 2019) or coastal 

development (Partyka & Peterson 2008, Blake et al. 2014, Callaway et al. 2020a) (Figure 

2.9). Changes in habitat structural characteristics could result in, for example, 

eutrophication-driven loss of parts of the seagrass canopy that leads to fragmentation of the 

remaining habitat (e.g., Waycott et al. 2009). Evidence for the effects of seagrass 

fragmentation on epifauna is currently somewhat equivocal, with some studies showing 

higher species richness in a number of small patches compared to a large patch of the same 

area (e.g., McNeill & Fairweather 1993, Eggleston et al. 1999, Reed & Hovel 2006), but with 

variable responses through time among individual taxa (Healey & Hovel 2004). Studies 

looking at edge effects on densities of epifauna in seagrass habitats have also yielded 

inconsistent results, with some showing positive effects (Bowden et al. 2001, Warry et al. 

2009, Arponen & Boström 2012), some negative (Hovel & Lipcius 2002, Uhrin & Holmquist 

2003) and some no effect (Connolly & Hindell 2006). In reality, as Warry et al. (2009) point 

out, patchy landscapes will benefit certain taxa (e.g., harpacticoid copepods), but the net 

effect will ultimately be dependent on how patchiness came about, as well as patch size and 

distances between patches (Arponen & Boström 2012). 

In other cases, disturbance events could set the ecosystem onto a new trajectory, with the 

habitat undergoing a phase shift and tipping into a new stable state (Holling 1973). For 
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example, a thermal anomaly leading to a severe coral bleaching event that results in coral 

death and the overgrowth of dead skeleton by algal turf. Fraser et al. (2020a) found that live 

branching coral and turfing algae are host to significantly different epifaunal communities, 

meaning that as the ecosystem shifts from coral to turf following a bleaching event, 

invertebrate communities are likely to transform in predictable ways. We still, however, need 

to understand the implications of habitat change on ecosystem nutrient cycling and 

production levels. For each of the cases highlighted in Figure 2.9, knowledge gaps include 

whether the changes will lead to reduced or enhanced epifaunal abundance and biomass 

(and lower or higher secondary production levels, respectively), or sustained community 

abundance but altered biodiversity or size structure, and hence altered biomass and 

production. 

 

 

Figure 2.9 Potential impacts of disturbance events on the structure of three main marine 

habitats: coral reefs, seagrass meadows and macroalgal meadows, and the associated 

consequences for epifaunal communities associated with those microhabitats. Healthy 

habitats and their associated epifaunal communities are pictured on the left of the figure. 

Examples of disturbance events that could impact these habitats are given within centre 

grey circles, while the white arrow points in the direction of potential changes to habitat 

structure following such events. On the right-hand side of the figure, the altered habitat is 

shown, along with the potential impact on the epifaunal community. 
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Figure 2.10 Conceptual diagram highlighting the potential consequences of climate-driven 

alterations to tropical Sargassum canopy structure over and above those currently 

experienced on a seasonal basis, and the flow-on food chain effects for epifaunal 

communities and higher-order consumers (invertivorous and carnivorous fishes). (1°P: 

primary production, 2°P: secondary production) 

 

The fact that minor changes in habitat structure might fundamentally alter a community of 

organisms almost too small for the eye to see is a powerful reminder of the need to consider 

all the potential consequences of environmental change, before they yield unforeseen 

consequences, including impacts on fisheries production and human food security. Thus, a 

better understanding of epifaunal assemblages in anthropogenically altered habitats should 

be seen as a research priority in the current era of rapid change in marine ecosystems. For 

example, we know that Sargassum meadows display temporal fluctuations in canopy 

structure (e.g., biomass, cover, canopy height) corresponding to variations in sea 

temperature (Glenn et al. 1990, Ateweberhan et al. 2006, Fulton et al. 2014) (Figure 2.10), 

but currently have little understanding of how changes to Sargassum growth and survival 

driven by warming ocean temperatures (e.g., Graba-Landry et al. 2020) may influence 

epifaunal production. While current evidence indicates Sargassum supports elevated 

abundance and diversity of epifaunal invertebrates and fishes (Wilson et al. 2014, Tano et 

al. 2016, Wenger et al. 2018), we lack good information on mechanisms underlying tropical 
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reef ecosystems, including the size structure and diversity of fish populations that can be 

supported by different levels of epifaunal secondary production (Figure 2.10). Similarly, 

better understanding is needed as to how subtle changes to structural elements within 

marine habitats will impact the abundance, population size structure and productivity of 

epifaunal communities within those habitats, and ultimately their ability to maintain current 

levels of ecosystem production and food web stability. 

 

Conclusions and future research directions 

This review has explored the history of the study of epifauna and considered the different 

nomenclature used within the research field to describe similar communities with similar 

ecosystem functions. We highlight the challenge that this can pose when trying to present a 

unified perspective on the contribution of these organisms to marine ecosystems. Much of 

the confusion surrounding nomenclature can be avoided by defining organisms according 

to the role they play in marine ecosystems, i.e., by considering a functional rather than a 

taxonomic or habitat-based classification. 

This review has also highlighted that, despite their ubiquity, epifauna are a relatively poorly 

studied group of animals. Three main reasons likely contribute to this: (1) their small body 

size and cryptic habits; (2) challenges associated with quantitatively sampling and 

processing communities within structurally diverse habitats; and (3) the difficulty of providing 

high taxonomic resolution when describing the constituent organisms within diverse 

epifaunal samples. However, new sampling techniques have immense potential to break 

down some of these barriers, providing an opportunity for a renaissance in the field in coming 

years. A quantum advance in epifaunal research is likely through eDNA sampling and 

analysis of metagenomic structure (Kelly et al. 2017, Stæ hr et al. 2017, Garlapati et al. 2019), 

advances that can surmount all three sampling and taxonomic challenges listed above. An 

important research front that is currently very active is the estimation of abundance, which 

remains to be accurately assessed using eDNA methodologies (Kelly et al. 2016, Garlapati 

et al. 2019, Leduc et al. 2019). 

Epifaunal communities potentially provide a critical indicator of marine ecosystem health, 

including as an early warning sign of issues higher up the food chain. Reduced cost barriers 

associated with sampling and processing also open up the possibility of repeated sampling 

of individual locations over the longer term, and the ability to build long-term datasets that 
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can offer insights into community responses to changing environmental conditions. Long-

term databases will also likely be key to improving our understanding of the impact of 

epifaunal production and nutrient cycling on marine ecosystems, and for modelling 

projections of the biomass of higher-order consumers that can be supported under various 

climate scenarios. 

Additional opportunities for breaking down barriers associated with sampling and taxonomic 

identification are provided through citizen science. Technological developments that offer 

more tractable sampling protocols could see the routine inclusion of epifaunal community 

metrics in marine ecosystem management plans, as well as the chance to build large teams 

of citizen scientists engaged in sampling eDNA, and monitoring epifaunal communities 

across broad scales (Duffy et al. 2019). This approach builds on the success of other citizen 

science programs, such as iNaturalist, eBird and Reef Life Survey (Edgar et al. 2021). 

Experimental approaches also offer exciting opportunities to explore how ecological 

interactions may alter under future climate scenarios (Edgar et al. 2016), as highlighted by 

the recent study by Nagelkerken et al. (2020). Mesocosm studies, which replicate marine 

benthic communities and then quantify how food web structure, biomass and productivity 

are altered under various environmental scenarios, have the potential to yield further insights 

into the resilience of marine ecosystems under global change. Coordinated experimental 

networks, where controlled manipulative experiments are replicated in different regions 

worldwide, similarly include huge capacity for expanding generality of knowledge. Thus, both 

mesocosm and experimental network approaches are likely to offer important insights into 

changes to marine trophic structures, including impacts on fish populations and global food 

security. Epifaunal communities, by virtue of their critical role in marine food web structures, 

need to feature more significantly in marine research agendas. This is more than a ‘research 

push’, but a call for investment in studies that can fill the gaps in our understanding of the 

quantitative contribution that epifauna make to global biodiversity and services provided by 

marine ecosystems, as well as the potential impacts of global change on abundance, 

community composition and biomass of epifauna themselves. 
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Appendix 2.1 

Published studies on marine epifaunal communities based on a literature search conducted 

in the ISI Web of Science database up to and including 21 July 2020 using the terms 

‘epifauna’ and ‘epifaunal’.   

Year Authors Title Journal 

1953 Allen 

Observations on the epifauna of the deep-water 

muds of the Clyde Sea Area, with special reference 

to Chlamys septemradiata (Müller) 

Journal of Animal 

Ecology 

1964 Pequegnat Epifauna of California siltstone reef Ecology 

1967 
Calder & 

Brehmer 

Seasonal occurrence of epifauna on test panels in 

Hampton Roads, Virginia 

International Journal of 

Oceanology and 

Limnology 

1967 Driscoll Attached epifauna-substrate relations 
Limnology and 

Oceanography 

1967 
Richards & 

Riley 
Benthic epifauna of Long Island Sound 

Bulletin of the Bingham 

Oceanographic 

Collection 

1968 Fager 
A sand-bottom epifaunal community of 

invertebrates in shallow water 

Limnology and 

Oceanography 

1968 Matthews 

Folliculinids (protozoa) of Ago Bay, Japan, and 

their relation to epifauna of pearl oyster (Pinctada 

martensii) 

Pacific Science 

1968 Pequegnat 
Distribution of epifaunal biomass on a sublittoral 

rock-reef 
Pacific Science 

1968 Snell 

The Lithothamnion community in Nord-Möre, 

Norway with notes on the epifauna of Desmarestia 

viridis (Müller) 

Sarsia 

1971 
Bourget & 

Lacroix 
Two simple durable epifaunal collectors 

Journal of the Fisheries 

Research Board of 

Canada 
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1972 
Sassaman & 

Mangum 

Adaptations to environmental oxygen levels in 

infaunal and epifaunal sea anemones 
Biological Bulletin 

1973 
Bourget & 

Lacroix 

Seasonal aspects of settlement of benthic 

epifauna on infralittoral stratum of Saint Lawrence 

Estuary 

Journal of the Fisheries 

Research Board of 

Canada 

1973 Jackson et al. 
Epifaunal invertebrates of ornate diamondback 

terrapin, Malaclemys terrapin macrospilota 

American Midland 

Naturalist 

1977 Koechlin 

Settlement of epifauna of Spirographis 

spallanzani, Sycon ciliatum and Ciona intestinalis 

in harbor of Lezardrieux 

Cahiers De Biologie 

Marine 

1978 Anger 
Development of a subtidal epifaunal community at 

the island of Helgoland 

Helgoländer 

wissenschaftliche 

Meeresuntersuchungen 

1978 
Davis & 

Vanblaricom 

Spatial and temporal heterogeneity in a sand 

bottom epifaunal community of invertebrates in 

shallow-water 

Limnology and 

Oceanography 

1978 Karlson 
Predation and space utilization patterns in a 

marine epifaunal community 

Journal of 

Experimental Marine 

Biology and Ecology 

1979 Conover 
Effect of gastropod shell characteristics and hermit 

crabs on shell epifauna 

Journal of 

Experimental Marine 

Biology and Ecology 

1979 Peterson 

The importance of predation and competition in 

organizing the intertidal epifaunal communities of 

Barnegat Inlet, New Jersey 

Oecologia 

1980 
Beckley & 

McLachlan 

Studies on the littoral seaweed epifauna of St. 

Croix Island 2. Composition and summer standing 

stock 

South African Journal 

of Zoology 

1980 
Fradette & 

Bourget 

Ecology of benthic epifauna of the estuary and Gulf 

of St. Lawrence: factors influencing their 

distribution and abundance on buoys 

Canadian Journal of 

Fisheries and Aquatic 

Sciences 

1980 Jokiel Solar ultraviolet radiation and coral reef epifauna Science 

1980 Russ 

Effects of predation by fishes, competition, and 

structural complexity of the substratum on the 

establishment of a marine epifaunal community 

Journal of 

Experimental Marine 

Biology and Ecology 

1980 Seed & Harris 
The epifauna of the fronds of Laminaria digitata 

Lamour in Strangford Lough, Northern Ireland 

Proceedings of the 

Royal Irish Academy 

Section B: Biological 
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Geological and 

Chemical Science 

1980 Stoner 
Perception and choice of substratum by epifaunal 

amphipods associated with seagrasses 

Marine Ecology 

Progress Series 

1980 
Vandolah & 

Bird 

A comparison of reproductive patterns in epifaunal 

and infaunal gammaridean amphipods 

Estuarine and Coastal 

Marine Science 

1980 Wood & Seed 

The effects of shore level on the epifaunal 

communities associated with Fucus serratus (L) in 

the Menai Strait, North Wales 

Cahiers De Biologie 

Marine 

1981 
Kay & 

Keough 

Occupation of patches in the epifaunal 

communities on pier pilings and the bivalve Pinna 

bicolor at Edithburgh, South Australia 

Oecologia 

1981 
Seed & 

O'connor 

Epifaunal associates of Fucus serratus at Dale, 

southwest Wales 
Holarctic Ecology 

1981 Seed et al. 

The composition and seasonal changes amongst 

the epifauna associated with Fucus serratus L. in 

Strangford Lough, Northern Ireland 

Cahiers De Biologie 

Marine 

1981 Shin 
The development of sessile epifaunal communities 

in Kylesalia, Kilkieran Bay (west coast of Ireland) 

Journal of 

Experimental Marine 

Biology and Ecology 

1982 Bak et al. 
Complexity of coral interactions: influence of time, 

location of interaction and epifauna 
Marine Biology 

1982 Beckley 

Studies on the littoral seaweed epifauna of St. 

Croix Island 3. Gelidium pristoides (Rhodophyta) 

and its epifauna 

South African Journal 

of Zoology 

1982 
Lewis & 

Hollingworth 

Leaf epifauna of the seagrass Thalassia 

testudinum 
Marine Biology 

1982 Russ 
Overgrowth in a marine epifaunal community: 

competitive hierarchies and competitive networks 
Oecologia 

1983 
Fletcher & 

Day 

The distribution of epifauna on Ecklonia radiata (C. 

Agardh) J. Agardh and the effect of disturbance 

Journal of 

Experimental Marine 

Biology and Ecology 

1983 
Karlson & 

Shenk 

Epifaunal abundance, association, and overgrowth 

patterns on large hermit crab shells 

Journal of 

Experimental Marine 

Biology and Ecology 
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1983 McDonald 

A sampler for quantitatively assessing the 

macrobenthic epifaunal community of a hard 

substrate 

Estuarine, Coastal and 

Shelf Science 

1983 Shepherd 
The epifauna of megaripples: specie's adaptations 

and population responses to disturbance 

Australian Journal of 

Ecology 

1983 
Sheridan & 

Livingston 

Abundance and seasonality of infauna and 

epifauna inhabiting a Halodule wrightii meadow in 

Apalachicola Bay, Florida 

Estuaries 

1983 
Ward & 

Young 
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ecosystems in the deep sea 

Frontiers in Marine 

Science 

2020 Sedano et al. 

Do artificial structures cause shifts in epifaunal 

communities and trophic guilds across different 

spatial scales? 

Marine Environmental 

Research 

2020 Sedano et al. 

From sessile to vagile: understanding the 

importance of epifauna to assess the 

environmental impacts of coastal defence 

structures 

Estuarine, Coastal and 

Shelf Science 

2020 
Shelamoff et 

al. 

Kelp patch size and density influence secondary 

productivity and diversity of epifauna 
Oikos 

2020 
Simpson et 

al. 

Seahorse hotels: use of artificial habitats to support 

populations of the endangered White's seahorse 

Hippocampus whitei 

Marine Environmental 

Research 

2020 
Stelling-Wood 

et al. 

Habitat variability in an underwater forest: using a 

trait-based approach to predict associated 

communities 

Functional Ecology 

2020 Stevens et al. Diet of six deep-sea grenadiers (Macrouridae) Journal of Fish Biology 
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2020 Wei et al. 
Seafloor biodiversity of Canada's three oceans: 

patterns, hotspots and potential drivers 

Diversity and 

Distributions 

*book or book chapter or book series 

 

Appendix 2.2 

Year Authors 
Latitude 

zone 
Hemisphere Size Habitat type 

1953 Allen Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1964 Pequegnat Subtropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1967 
Calder & 

Brehmer 
Temperate North 

No size 

definition of 

epifauna given 

Artificial structures 

1967 Driscoll Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1967 Richards & Riley Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1968 Fager Subtropical North 
Size range of 

animals defined 

Benthic & 

unidentified habitats 

1968 Matthews Temperate North 

No size 

definition of 

epifauna given 

Artificial structures 

1968 Pequegnat Subtropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1968 Snell Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

1971 
Bourget & 

Lacroix 
Na Na 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1972 
Sassaman & 

Mangum 
Temperate North 

No size 

definition of 

epifauna given 

Artificial structures, 

benthic & 

unidentified habitats 

1973 
Bourget & 

Lacroix 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1973 Jackson et al. Subtropical North 
Only maximum 

size specified 

Other biogenic 

habitats 
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1977 Koechlin Temperate North 

No size 

definition of 

epifauna given 

Artificial structures 

1978 Anger Temperate North 

No size 

definition of 

epifauna given 

Artificial structures 

1978 
Davis & 

Vanblaricom 
Subtropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1978 Karlson Temperate North 

No size 

definition of 

epifauna given 

Artificial structures 

1979 Conover Subtropical North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

1979 Peterson Temperate North 

No size 

definition of 

epifauna given 

Artificial structures, 

benthic & 

unidentified habitats 

1980 
Beckley & 

McLachlan 
Subtropical South 

No size 

definition of 

epifauna given 

Macroalgae 

1980 
Fradette & 

Bourget 
Temperate North 

No size 

definition of 

epifauna given 

artificial structures 

1980 Jokiel Tropical North 

No size 

definition of 

epifauna given 

Corals 

1980 Russ Temperate South 

No size 

definition of 

epifauna given 

Artificial structures 

1980 Seed & Harris Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

1980 Stoner Subtropical North 

No size 

definition of 

epifauna given 

Seagrasses 

1980 Vandolah & Bird Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1980 Wood & Seed Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

1981 Kay & Keough Temperate South 

No size 

definition of 

epifauna given 

Artificial structures 

1981 Seed & O'connor Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 
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1981 Seed et al. Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

1981 Shin Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1982 Bak et al. Tropical North 

No size 

definition of 

epifauna given 

Corals 

1982 Beckley Subtropical South 

No size 

definition of 

epifauna given 

Macroalgae 

1982 
Lewis & 

Hollingworth 
Tropical North 

No size 

definition of 

epifauna given 

Seagrasses 

1982 Russ Temperate South 

No size 

definition of 

epifauna given 

Artificial structures 

1983 Fletcher & Day Temperate South 

No size 

definition of 

epifauna given 

Macroalgae 

1983 Karlson & Shenk Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

1983 McDonald Na Na 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1983 Shepherd Subtropical South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1983 
Sheridan & 

Livingston 
Subtropical North 

No size 

definition of 

epifauna given 

Seagrasses 

1983 Ward & Young Subtropical South 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

1984 Keough Temperate South 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

1984 Lópezjamar et al. Temperate North 

No size 

definition of 

epifauna given 

Artificial structures 

1984 Patterson Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1984 
Schmidt & 

Warner 
Temperate North 

No size 

definition of 

epifauna given 

Macroalgae, benthic 

& unidentified 

habitats 
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1984 Virnstein et al. 

Tropical, 

subtropical, 

temperate 

North, south 

No size 

definition of 

epifauna given 

Seagrasses 

1985 
Dewitt & 

Levinton 
Temperate North 

Size range of 

animals defined 
Mangroves 

1985 
Hootsmans & 

Vermaat 
Temperate North 

Only minimum 

size specified 
Seagrasses 

1985 Howard Subtropical North 

No size 

definition of 

epifauna given 

Seagrasses 

1985 
Woodhead & 

Jacobson 
Temperate North 

No size 

definition of 

epifauna given 

Artificial structures 

1986 
Fishelson & 

Haran 
Subtropical North 

No size 

definition of 

epifauna given 

Macroalgae 

1986 Oswald & Seed Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

1986 
Persson & 

Olafsson 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1986 Todd & Turner Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1987 Cancino et al. Temperate South 

No size 

definition of 

epifauna given 

Macroalgae 

1987 
Demurguia & 

Seed 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1987 Howard Subtropical North 
Only minimum 

size specified 
Seagrasses 

1987 
Johnson & 

Scheibling 
Temperate North 

Only minimum 

size specified 
Macroalgae 

1987 Lewis Subtropical North 
Only minimum 

size specified 

Macroalgae, 

seagrasses 

1987 Rosman et al. Subtropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1987 
Virnstein & 

Howard 
Subtropical North 

Only minimum 

size specified 
Seagrasses 

1987 
Virnstein & 

Howard 
Subtropical North 

Only minimum 

size specified 

Macroalgae, 

seagrasses 

1988 Feder & Pearson Temperate North 
Only maximum 

size specified 

Benthic & 

unidentified habitats 

1988 Hall & Bell Subtropical North 

No size 

definition of 

epifauna given 

Mcroalgae, 

seagrasses 



133 
 

1988 Okamura Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

1988 Todd & Turner Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1989 Basford et al. Temperate North 
Only maximum 

size specified 

Benthic & 

unidentified habitats 

1989 Costello & Myers Temperate North 
Only minimum 

size specified 

Other biogenic 

habitats 

1989 Harrison Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1989 Mullineaux Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1990 Baden Temperate North 
Size range of 

animals defined 
Seagrasses 

1990 Basford et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

1990 
Daniel & 

Robertson 
Tropical South 

No size 

definition of 

epifauna given 

Mangroves 

1990 Davoult Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1990 Edgar Subtropical North, south 
Size range of 

animals defined 
Seagrasses 

1990 Edgar Suptropical South 
Size range of 

animals defined 
Seagrasses 

1990 Edgar Subtropical South 
Size range of 

animals defined 

Artificial structures, 

seagrasses, benthic 

& unidentified 

habitats 

1990 Hendrickx Suptropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1990 Hutchings Tropical South 

No size 

definition of 

epifauna given 

Corals, benthic & 

unidentified habitats 

1990 Kunitzer Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1990 
Lambshead & 

Gooday 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1991 Anderson et al. Subtropical South 
Only minimum 

size specified 
Macroalgae 
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1991 Ansari et al. Tropical North 
Only minimum 

size specified 
Seagrasses 

1991 Edgar Subtropical North 
Only minimum 

size specified 

Arificial structures, 

macroalgae 

1991 Edgar Temperate North 
Size range of 

animals defined 

Benthic & 

unidentified habitats 

1991 Hopkinson et al. Suptropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1991 Karande Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1991 Lana & Guiss Suptropical South 
Only minimum 

size specified 
Mangroves 

1991 Marshall et al. Temperate South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1991 
Rainer & 

Unsworth 
Suptropical South 

No size 

definition of 

epifauna given 

Seagrasses 

1991 Russo Tropical North 
Only minimum 

size specified 
Corals, macroalgae 

1991 
Schneider & 

Mann 
Temperate North 

Only minimum 

size specified 
Seagrasses 

1991 
Schneider & 

Mann 
Temperate North 

Only minimum 

size specified 
Seagrasses 

1991 
Schneider & 

Mann 
Temperate North 

Only minimum 

size specified 
Seagrasses 

1991 
Stephens & 

Bertness 
Temperate North 

Size range of 

animals defined 

Benthic & 

unidentified habitats 

1991 
Takeuchi & 

Hirano 
Temperate North 

Only minimum 

size specified 
Macroalgae 

1991 Turner & Todd Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1991 Ward & Thorpe Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

1991 Webb & Parsons Temperate North 
Only maximum 

size specified 
Seagrasses 

1991 Zvyagintsev Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

1992 
Ardisson & 

Bourget 
Temperate North 

No size 

definition of 

epifauna given 

Artificial structures, 

mangroves 

1992 Aronson 
Subtropical

, temperate 
North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 
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1992 Bingham Subtropical North 

No size 

definition of 

epifauna given 

Mangroves 

1992 Dalby & Young Suptropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1992 
Dewarumez et 

al. 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1992 Edgar Subtropical South 
Size range of 

animals defined 

Seagrasses, benthic 

& unidentified 

habitats 

1992 
Edgar & 

Robertson 
Subtropical South 

Only minimum 

size specified 
Seagrasses 

1992 
Eleftheriou & 

Robertson 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1992 Hily & Floch Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1992 Isaksson & Pihl Temperate North 

No size 

definition of 

epifauna given 

Seagrasses 

1992 Klumpp et al. Tropical North 
Only minimum 

size specified 
Seagrasses 

1992 Lana & Guiss Subtropical South 
Only minimum 

size specified 
Seagrasses 

1992 Namikawa et al. Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

1992 
Pearson & 

Rosenberg 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1992 
Takeuchi & 

Hirano 
Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

1992 
Takeuchi & 

Hirano 
Temperate North 

Only maximum 

size specified 
Macroalgae 

1993 Duineveld et al. Tropical North 
Only maximum 

size specified 

Benthic & 

unidentified habitats 

1993 Edgar 

Tropical, 

subtropical, 

temperate 

North, south 
Size range of 

animals defined 

Macroalgae, 

seagrasses 

1993 Edgar & Aoki Subtropical North 
Size range of 

animals defined 
Macroalgae 

1993 
Fowler & 

Laffoley 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 
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1993 Gonzalez et al. Subtropical North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

1993 Martin-Smith Tropical South 
Only minimum 

size specified 
Macroalgae 

1993 Mellors & Marsh Tropical South 
Only minimum 

size specified 
Seagrasses 

1993 Trowbridge Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

1993 Turner & Todd Temperate North 

No size 

definition of 

epifauna given 

Artificial structures 

1993 
Wang & 

Widdows 
Temperate North 

Only minimum 

size specified 

Benthic & 

unidentified habitats 

1994 Cattrijsse et al. Temperate North 

No size 

definition of 

epifauna given 

Mangroves 

1994 Connolly Subtropical South 
Size range of 

animals defined 
Seagrasses 

1994 Cruzabrego et al. Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1994 Edgar 

Tropical, 

subtropical, 

temperate 

North, south 
Size range of 

animals defined 

Macroalgae, 

seagrasses, benthic 

& unidentified 

habitats 

1994 Edgar et al. Temperate South 

No size 

definition of 

epifauna given 

Seagrasses 

1994 Everett Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

1994 Gee & Warwick Temperate North 
Size range of 

animals defined 
Macroalgae 

1994 Gee & Warwick Temperate North 
Only minimum 

size specified 
Macroalgae 

1994 Hardin et al. Subtropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1994 
Hostens & 

Hamerlynck 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1994 Jean & Hilly Temperate North 
Only maximum 

size specified 

Benthic & 

unidentified habitats 

1994 Kaiser et al. Temperate North 
Only maximum 

size specified 

Benthic & 

unidentified habitats 
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1994 Levin et al. Suptropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1994 Mangum Na Na 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1994 Martin-Smith Tropical South 
Only minimum 

size specified 
Macroalgae 

1994 Matsumasa Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

1994 
Monteforte & 

Garcia-Gasca 
Suptropical North 

Only minimum 

size specified 

Other biogenic 

habitats 

1994 
Rathburn & 

Corliss 
Tropical North 

Only minimum 

size specified 

Benthic & 

unidentified habitats 

1994 Taylor & Cole Temperate South 
Only minimum 

size specified 
Macroalgae 

1994 Todd & Keough Temperate South 
Only minimum 

size specified 
Artificial structures 

1995 
Bingham & 

Young 
Subtropical North 

No size 

definition of 

epifauna given 

Mangroves 

1995 Connolly Subtropical South 
Size range of 

animals defined 
Seagrasses 

1995 Edgar & Shaw Temperate South 
Only minimum 

size specified 
Seagrasses 

1995 Klitgaard Temperate North 
Size range of 

animals defined 

Other biogenic 

habitats 

1995 
McDermott & 

Fives 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1995 Migné & Davoult Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1995 Nalesso et al. Tropical South 
Only minimum 

size specified 

Other biogenic 

habitats 

1995 Nelson Subtropical North 
Only minimum 

size specified 
Seagrasses 

1995 
Osman & 

Whitlatch 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1995 
Takeuchi & 

Hirano 
Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

1995 Taylor et al. Temperate South 
Only minimum 

size specified 

Turf algae & 

microalgae, benthic 

& unidentified 

habitats 
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1995 Ulrich et al. Temperate North 

No size 

definition of 

epifauna given 

Macroalgae, benthic 

& unidentified 

habitats 

1995 Vilela Tropical North, south 
Size range of 

animals defined 

Benthic & 

unidentified habitats 

1995 Virnstein Subtropical North 

No size 

definition of 

epifauna given 

Seagrasses 

1996 Aller & Stupakoff Tropical South 
Size range of 

animals defined 

Benthic & 

unidentified habitats 

1996 Barry et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1996 Barthel et al. Suptropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1996 
Benedetti-Cecchi 

et al. 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1996 Boaden Temperate North 
Only minimum 

size specified 
Macroalgae 

1996 Castricfey Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1996 Chauvaud et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1996 
Connolly & 

Butler 
Temperate North 

Size range of 

animals defined 
Seagrasses 

1996 Davenport et al. Temperate South 
Only minimum 

size specified 
Macroalgae 

1996 Drake & Arias Temperate North 
Size range of 

animals defined 
Macroalgae 

1996 Ellis et al. Subtropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1996 Gee & Warwick 

Tropical, 

subtropical, 

temperate 

North, south 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

1996 Gooday 

Tropical, 

subtropical, 

temperate 

North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1996 
Jacobi & 

Langevin 
Tropical South 

No size 

definition of 

epifauna given 

Artificial structures 

1996 Kuhne & Rachor Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

1996 Lemmens et al. Suptropical South 
Only minimum 

size specified 
Seagrasses 
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1996 Levin et al. Subtropical North 

No size 

definition of 

epifauna given 

Mangroves 

1996 Li et al. 
Subtropical

, temperate 
South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1996 Posey et al. Subtropical North 

No size 

definition of 

epifauna given 

Artificial structures 

1996 Rathburn et al. Tropical North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

1996 
Schlacher & 

Wooldridge 
Suptropical South 

Only minimum 

size specified 

Benthic & 

unidentified habitats 

1996 Schrijvers et al. Tropical South 
Only minimum 

size specified 
Mangroves 

1996 Thomas Suptropical North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

1996 
Williamson & 

Creese 
Temperate South 

Size range of 

animals defined 

Turf algae & 

microalgae 

1997 Aller Temperate North 
Size range of 

animals defined 

Benthic & 

unidentified habitats 

1997 
Boström & 

Bonsdorff 
Temperate North 

Only minimum 

size specified 
Seagrasses 

1997 Buhs & Reise Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

1997 Collie et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1997 Connolly Subtropical South 
Size range of 

animals defined 

Seagrasses, benthic 

& unidentified 

habitats 

1997 
LeClair & 

LaBarbera 
Tropical North 

No size 

definition of 

epifauna given 

Corals 

1997 Livingston Suptropical North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

1997 Livingston et al. Suptropical North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

1997 Manley & Shaw Temperate North 
Size range of 

animals defined 

Benthic & 

unidentified habitats 

1997 
McClanahan & 

Sala 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1997 McCorkle et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

1997 
McKnight & 

Probert 
Temperate South 

Only minimum 

size specified 

Benthic & 

unidentified habitats 

1997 Russo Temperate North 
Only minimum 

size specified 
Macroalgae 
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1997 Sala Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

1997 Takeuchi & Hino Temperate North 
Only minimum 

size specified 
Seagrasses 

1997 Turner et al. Temperate South 

No size 

definition of 

epifauna given 

Artificial structures 

1997 Warner Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

1997 Wright et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

1998 Bacon et al. Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats, benthic & 

unidentified habitats 

1998 Chapman Suptropical South 
Only minimum 

size specified 
Mangroves 

1998 Engel & Kvitek Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

1998 Flynn et al. Suptropical South 
Only minimum 

size specified 
Mangroves 

1998 Glasby Suptropical South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1998 Hata & Nakata Temperate North 

No size 

definition of 

epifauna given 

Seagrasses 

1998 Hatcher Temperate North 
Only minimum 

size specified 
Artificial structures 

1998 
Jernakoff & 

Nielsen 
Subtropical South 

Size range of 

animals defined 
Seagrasses 

1998 Knowles & Bell Subtropical North 
Only minimum 

size specified 
Seagrasses 

1998 MacDonald et al. Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats, benthic & 

unidentified habitats 

1998 
Magorrian & 

Service 
Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

1998 Mazouni et al. Temperate North 

No size 

definition of 

epifauna given 

Artificial structures 

1998 
Osman & 

Whitlatch 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1998 Sardá et al. Temperate North 

No size 

definition of 

epifauna given 

Mangroves 
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1998 
Sasekumar & 

Chong 
Tropical North 

No size 

definition of 

epifauna given 

Mangroves 

1998 Schrijvers et al. Tropical South 
Size range of 

animals defined 
Mangroves 

1998 Tanaka & Leite Tropical South 
Size range of 

animals defined 
Macroalgae 

1998 Taylor Temperate South 
Size range of 

animals defined 
Macroalgae 

1998 Taylor Temperate South 
Only minimum 

size specified 

Macroalgae, turf 

algae & microalgae, 

other biogenic 

habitats 

1998 Taylor Temperate South 
Only minimum 

size specified 
Macroalgae 

1998 Taylor & Rees Temperate South 
Size range of 

animals defined 
Macroalgae 

1998 Thrush et al. Temperate South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1998 Walsh & Mitchell Temperate South 

No size 

definition of 

epifauna given 

Seagrasses 

1998 
Whitlatch & 

Osman 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1998 Widdows et al. Temperate North 
Size range of 

animals defined 

Benthic & 

unidentified habitats 

1998 
Wieczorek & 

Todd 
Na Na 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1998 Wildish & Fader Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

1998 
Witman & 

Grange 
Temperate South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1998 Wolff et al. Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1999 Bologna & Heck Subtropical North 
Only minimum 

size specified 

Artificial structures, 

seagrasses 

1999 Brown & Taylor Temperate South 
Only minimum 

size specified 

Turf algae & 

microalgae 

1999 Connell Temperate South 

No size 

definition of 

epifauna given 

Artificial structures 
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1999 
Connell & 

Anderson 
Suptropical South 

No size 

definition of 

epifauna given 

Macroalgae 

1999 Cranfield et al. Temperate South 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

1999 Davenport et al. Temperate South 
Only minimum 

size specified 
Macroalgae 

1999 Edgar Temperate South 

No size 

definition of 

epifauna given 

Artificial structures, 

seagrasses 

1999 Edgar Temperate South 

No size 

definition of 

epifauna given 

Artificial structures, 

seagrasses 

1999 Freese et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1999 Glasby Suptropical South 

No size 

definition of 

epifauna given 

Seagrasses 

1999 Glasby Suptropical South 
Only minimum 

size specified 

Artificial structures, 

seagrassess, 

benthic & 

unidentified habitats 

1999 Glasby Suptropical South 

No size 

definition of 

epifauna given 

Artificial structures, 

seagrassess, 

benthic & 

unidentified habitats 

1999 Hily & Bouteille Temperate North 
Only minimum 

size specified 
Seagrasses 

1999 Jewett et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

1999 Kenyon et al. Tropical South 
Only minimum 

size specified 

Artificial structures, 

seagrasses 

1999 Lavery et al. Subtropical South 
Only minimum 

size specified 
Macroalgae 

1999 Lepoint et al. Temperate North 

No size 

definition of 

epifauna given 

Seagrasses 

1999 Morri et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1999 Prena et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

1999 Ramos Temperate South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1999 Rees et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 
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1999 Rees et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

1999 Rose et al. Suptropical North 
Only minimum 

size specified 
Seagrasses 

1999 
Saiz-Salinas & 

Urkiaga-Alberdi 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1999 
Sánchez-Jerez 

et al. 
Temperate North 

Only minimum 

size specified 
Seagrasses 

1999 
Sánchez-Jerez 

et al. 
Temperate North 

No size 

definition of 

epifauna given 

Seagrasses 

1999 Smallwood et al. Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1999 Smith & Witman Temperate South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

1999 Tarasov et al. Tropical South 

No size 

definition of 

epifauna given 

Artificial structures 

1999 Viejo Temperate North 
Size range of 

animals defined 
Macroalgae 

2000 Cocito et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2000 Cohen et al. Temperate South 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2000 Collie et al. 

Tropical, 

subtropical, 

temperate 

North: 

temperate 

south: 

tropical, 

subtropical, 

temperate 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2000 Collie et al. Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats, benthic & 

unidentified habitats 

2000 Dando et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2000 Edgar & Barrett Temperate South 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2000 Ellis et al. Temperate North 
Only maximum 

size specified 

Benthic & 

unidentified habitats 

2000 Gage et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 
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2000 Glasby Suptropical South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2000 Jablonski et al. 

Tropical, 

subtropical, 

temperate 

North: 

tropical, 

subtropical, 

temperate 

south: tropical 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2000 Kaiser et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2000 Roy et al. 

Tropical, 

subtropical, 

temperate 

North, south 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2000 
Rumohr & 

Kujawski 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2000 Sagasti et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2000 
Sánchez-

Moyano et al. 
Temperate North 

Only minimum 

size specified 
Macroalgae 

2000 Smith Temperate South 
Only minimum 

size specified 

Turf algae & 

microalgae 

2000 Sutherland et al. Temperate North 
Size range of 

animals defined 

Benthic & 

unidentified habitats 

2000 Tuck et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2000 Veale et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2001 Beaulieu Subtropical North 
Only minimum 

size specified 

Other biogenic 

habitats 

2001 Beaulieu Suptropical North 
Only minimum 

size specified 

Other biogenic 

habitats 

2001 Bradshaw et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2001 Brooks & Bell Suptropical North 

No size 

definition of 

epifauna given 

Macroalgae, 

seagrasses 

2001 Cranfield et al. Temperate South 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2001 Dean & Jewett Temperate North 

No size 

definition of 

epifauna given 

Macroalgae, 

seagrasses, benthic 

& unidentified 

habitats 

2001 Duffy et al. Temperate North 
Only minimum 

size specified 
Seagrasses 
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2001 Dumbauld et al. Temperate North 
Only minimum 

size specified 

Other biogenic 

habitats 

2001 Glasby Suptropical South 
Only minimum 

size specified 

artificial structures, 

benthic & 

unidentified habitats 

2001 Gooday et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2001 Henry Temperate North 

No size 

definition of 

epifauna given 

Corals 

2001 Jennings et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2001 Jennings et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2001 
Kollmann & 

Stachowitsch 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2001 Lee et al. Tropical North 
Only minimum 

size specified 

Artificial structures, 

seagrasses 

2001 
Mancinelli & 

Rossi 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2001 Maughan Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2001 Nakaoka et al. Temperate North 
Only minimum 

size specified 
Seagrasses 

2001 Oh et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2001 Parker et al. Temperate North 
Only minimum 

size specified 
Seagrasses 

2001 Prieto et al. Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2001 Robinson et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2001 Sagasti et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2001 
Sánchez-

Moyano et al. 
Temperate North 

Only minimum 

size specified 
Macroalgae 

2001 Sfriso et al. Temperate North 
Only minimum 

size specified 

Macroalgae, 

seagrasses, benthic 

& unidentified 

habitats 
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2001 Smith Temperate South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2001 Sudo & Azeta Suptropical North 
Only minimum 

size specified 

Seagrasses, benthic 

& unidentified 

habitats 

2001 Thrush et al. Temperate South 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2001 Vytopil & Willis Tropical South 
Only minimum 

size specified 
Corals 

2001 Wright Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2001 Zühlke et al. Temperate North 
Only maximum 

size specified 

Benthic & 

unidentified habitats 

2002 Bologna & Heck Subtropical North 
Only minimum 

size specified 
Seagrasses 

2002 Brooks et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2002 Brown et al. Temperate North 
Size range of 

animals defined 

Benthic & 

unidentified habitats 

2002 Burton et al. Temperate North 

No size 

definition of 

epifauna given 

Artificial structures 

2002 Callaway et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2002 Callaway et al. Temperate North 
Size range of 

animals defined 

Benthic & 

unidentified habitats 

2002 Cartes et al. 

Tropical, 

subtropical, 

temperate 

North, south 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2002 Dolmer Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2002 Dulvy et al. Tropical South 
Size range of 

animals defined 
Corals 

2002 Edgar & Barrett Temperate South 
Size range of 

animals defined 

Benthic & 

unidentified habitats 

2002 Fraschetti et al. Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

2002 
Germano & 

Read 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2002 
Holloway & 

Keough 
Subtropical South 

No size 

definition of 

epifauna given 

Artificial structures 
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2002 
Holloway & 

Keough 

Subtropical

, temperate 
South 

No size 

definition of 

epifauna given 

Artificial structures 

2002 Hovel et al. Subtropical North 

No size 

definition of 

epifauna given 

Seagrasses 

2002 Jayaprada Tropical North 
Only minimum 

size specified 
Artificial structures 

2002 Koch & Wolff Tropical South 

No size 

definition of 

epifauna given 

Mangroves 

2002 Labarta et al. Temperate South 
Size range of 

animals defined 
Macroalgae 

2002 Mancinelli et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2002 
Matsumoto & 

Kohda 
Suptropical North 

Only minimum 

size specified 
Macroalgae 

2002 Nakaoka et al. Tropical North 
Only minimum 

size specified 
Seagrasses 

2002 Saier Temperate North 
Only minimum 

size specified 

Other biogenic 

habitats 

2002 
Sánchez-

Moyano et al. 
Temperate North 

Only minimum 

size specified 
Macroalgae 

2002 Smith & Rule Subtropical South 
Only minimum 

size specified 

Artificial structures, 

macroalgae, turf 

algae & microalgae 

2002 Stachowicz et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2002 Steimle et al. Temperate North 
Only minimum 

size specified 
Artificial structures 

2002 Thiel 

Tropical, 

subtropical, 

temperate 

South 
Only minimum 

size specified 
Macroalgae 

2002 
Velasco & 

Navarro 
Temperate South 

Size range of 

animals defined 
Macroalgae 

2002 Yu et al. Suptropical North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2003 Ribeiro et al. Tropical South 
Only minimum 

size specified 

Other biogenic 

habitats 

2003 Ashton et al. Tropical North 

No size 

definition of 

epifauna given 

Mangroves 

2003 Beaver et al. Suptropical North 

No size 

definition of 

epifauna given 

Artificial structures 

2003 Bolduc & Afton Suptropical North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 
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2003 Bone et al. Tropical North 
Only minimum 

size specified 
Seagrasses 

2003 Bradshaw et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2003 Burrows et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2003 Colloca et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2003 Deidun et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2003 Diaz & Arana Tropical North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2003 Edgar & Klumpp Tropical South 
Size range of 

animals defined 

Artificial structures, 

macroalgae, 

seagrasses 

2003 
Haggitt & 

Babcock 
Temperate South 

Only minimum 

size specified 
Macroalgae 

2003 Hirst Subtropical South 
Only minimum 

size specified 
Macroalgae 

2003 Kumagai & Aoki Subtropical North 

No size 

definition of 

epifauna given 

Corals 

2003 Leite & Turra Tropical South 
Only minimum 

size specified 
Macroalgae 

2003 Nash Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2003 Pardo & Dauer Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats, benthic & 

unidentified habitats 

2003 Prieto et al. Tropical North 

No size 

definition of 

epifauna given 

Seagrasses 

2003 Sagasti et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2003 Schreider et al. Subtropical South 
Size range of 

animals defined 
Macroalgae 

2003 Sepúlveda et al. Temperate South 
Only maximum 

size specified 

Other biogenic 

habitats 

2003 Tanaka & Leite Tropical South 
Only minimum 

size specified 
Macroalgae 

2003 Tanner Subtropical South 
Only minimum 

size specified 
Seagrasses 
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2003 Tanner Subtropical South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2003 
Thorbjorn & 

Petersen 
Temperate North 

Only minimum 

size specified 

Corals, other 

biogenic habitats, 

benthic & 

unidentified habitats 

2003 
Velasco & 

Navarro 
Temperate South 

Size range of 

animals defined 
Macroalgae 

2003 Viejo & Å berg Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

2003 Witman & Smith Tropical South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2004 Bouillon et al. Tropical North, south 

No size 

definition of 

epifauna given 

Mangroves 

2004 Diaz et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2004 Escapa et al. Temperate South 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2004 Gaymer et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2004 Hargrave et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2004 Healey & Hovel Subtropical North 

No size 

definition of 

epifauna given 

Artificial structures, 

seagrasses 

2004 
Henry & 

Kenchington 
Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2004 Hinz et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2004 Kaiser et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2004 Larsen & Gilfillan Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2004 Mathot et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2004 
Osman & 

Whitlatch 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 
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2004 Tanaka & Leite Tropical South 
Only minimum 

size specified 
Macroalgae 

2004 
Welsh & 

Castadelli 
Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2004 Wernberg et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2004 
Wikström & 

Kautsky 
Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

2004 Witman et al. 

Tropical, 

subtropical, 

temperate 

North, south 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2005 Andersen et al. Temperate North 
Only minimum 

size specified 

Macroalgae, benthic 

& unidentified 

habitats 

2005 Bishop Temperate North 
Only minimum 

size specified 
Seagrasses 

2005 Brown Temperate North 

No size 

definition of 

epifauna given 

Artificial structures 

2005 

Castañeda‐

Fernández‐de‐

Lara et al. 

Subtropical North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2005 Clark & Johnston Subtropical South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2005 Davidson et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2005 Gage et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2005 Govenar et al. Temperate North 
Size range of 

animals defined 

Other biogenic 

habitats 

2005 Hamazaki et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2005 Hepburn & Hurd Temperate South 

No size 

definition of 

epifauna given 

Macroalgae 

2005 Jewett et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2005 Klumpp & Kwak Tropical South 
Only minimum 

size specified 
Seagrasses 

2005 
Luckenbach et 

al. 
Temperate North 

Only minimum 

size specified 

Other biogenic 

habitats 
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2005 
McConnaughey 

et al. 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2005 
Nakamura & 

Sano 
Subtropical North 

Only minimum 

size specified 

Corals, seagrasses, 

benthic & 

unidentified habitats 

2005 Nakaoka 

Tropical, 

subtropical, 

temperate 

North 

No size 

definition of 

epifauna given 

Seagrasses 

2005 Pagliosa & Lana Subtropical South 
Only minimum 

size specified 
Mangroves 

2005 Polte et al. Temperate North 
Size range of 

animals defined 
Seagrasses 

2005 Polte et al. Temperate North 
Size range of 

animals defined 
Seagrasses 

2005 Prieto et al. Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2005 
Raes & 

Vanreusel 
Temperate North 

Only minimum 

size specified 
Corals 

2005 Rule & Smith Subtropical South 
Size range of 

animals defined 
Artificial structures 

2005 Sgro et al. Temperate North 
Size range of 

animals defined 
Macroalgae 

2005 Stone et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2005 Tanner Subtropical South 
Only minimum 

size specified 
Seagrasses 

2005 
Thomasson & 

Tunberg 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2005 
Velasco & 

Navarro 
Temperate South 

Size range of 

animals defined 
Macroalgae 

2005 
Winston & 

Migotto 
Tropical South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2006 Alfaro Temperate South 
Only minimum 

size specified 

Mangroves, 

seagrasses 

2006 Beaumont et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2006 
Burone & Pires-

Vanin 
Tropical South 

Only minimum 

size specified 

Benthic & 

unidentified habitats 

2006 
Cruz-Rivera & 

Paul 
Tropical North 

Size range of 

animals defined 

Macroalgae, turf 

algae & microalgae, 

other biogenic 

habitats 
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2006 Eklöf et al. Tropical South 
Only minimum 

size specified 

Macroalgae, 

seagrasses 

2006 Gil et al. Subtropical North 

No size 

definition of 

epifauna given 

Macroalgae, 

seagrasses 

2006 
Guerra-García et 

al. 
Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

2006 Henry et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2006 Hepburn et al. Temperate South 

No size 

definition of 

epifauna given 

Macroalgae 

2006 Hinchey et al. Temperate North 
Size range of 

animals defined 

Benthic & 

unidentified habitats 

2006 
Hooper & 

Davenport 
Temperate North 

Only minimum 

size specified 
Macroalgae 

2006 Hosack et al. Temperate North 
Only minimum 

size specified 

Seagrasses, other 

biogenic habitats 

2006 
Kenchington et 

al. 
Temperate North 

Only minimum 

size specified 

Benthic & 

unidentified habitats 

2006 Kogan et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2006 Kouchi et al. Temperate North 

No size 

definition of 

epifauna given 

Seagrasses 

2006 Lindsay et al. Temperate North 

No size 

definition of 

epifauna given 

Artificial structures 

2006 Mendez Subtropical North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2006 O'Brien et al. Temperate South 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2006 Pereira et al. Temperate North 
Size range of 

animals defined 
Macroalgae 

2006 Rae & Vanreusel Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2006 Reed & Hovel Temperate North 

No size 

definition of 

epifauna given 

Seagrasses 

2006 Reiss et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2006 Roberts & Poore Subtropical South 
Only minimum 

size specified 
Macroalgae 

2006 Roberts et al. Subtropical South 

No size 

definition of 

epifauna given 

Macroalgae 
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2006 
Rodney & 

Paynter 
Temperate North 

Only minimum 

size specified 

Other biogenic 

habitats 

2006 Royer et al. Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2006 
Schmidt & 

Scheibling 
Temperate North 

Only minimum 

size specified 
Macroalgae 

2006 
Sibaja-Cordero & 

Vargas-Zamora 
Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2006 Sirota & Hovel Subtropical North 
Only minimum 

size specified 
Seagrasses 

2006 Skilleter et al. Subtropical South 
Only minimum 

size specified 
Seagrasses 

2006 Smith et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2006 Sun et al. 

Tropical, 

subtropical, 

temperate 

North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2006 Tanner Subtropical South 
Only minimum 

size specified 

Artificial structures, 

seagrasses 

2006 Valente Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2006 
Vizzini & 

Mazzola 
Temperate North 

Only minimum 

size specified 

Benthic & 

unidentified habitats 

2006 Ward et al. Subtropical South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2006 Yahel et al. Subtropical North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2006 Zintzen et al. Temperate North 
Only minimum 

size specified 
Artificial structures 

2007 Aníbal et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2007 
Antoniadou & 

Chintiroglou 
Temperate North 

Only minimum 

size specified 
Macroalgae 

2007 Aravind et al. Tropical North 

No size 

definition of 

epifauna given 

Mangroves 

2007 
Bates & 

DeWreede 
Temperate North 

Only minimum 

size specified 
Macroalgae 

2007 de Juan et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2007 Duineveld et al. Temperate North 
Only minimum 

size specified 
Artificial structures 

2007 Fujiwara et al. Subtropical North 
Size range of 

animals defined 

Other biogenic 

habitats 

2007 
Ganesh & 

Raman 
Tropical North 

Only minimum 

size specified 

Benthic & 

unidentified habitats 
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2007 
Govenar & 

Fisher 
Tropical North 

Size range of 

animals defined 

Benthic & 

unidentified habitats 

2007 Harries et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2007 Hirst Temperate South 
Only minimum 

size specified 
Macroalgae 

2007 Huntley et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2007 Ince et al. Subtropical South 
Only minimum 

size specified 

Macroalgae, 

seagrasses 

2007 Irving et al. Subtropical South 

No size 

definition of 

epifauna given 

Artificial structures 

2007 Itoh et al. Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

2007 Jing et al. Subtropical North 
Only minimum 

size specified 
Mangroves 

2007 Jorgensen et al. Temperate North 
Only minimum 

size specified 
Seagrasses 

2007 Juan et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2007 
Kenchington et 

al. 
Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2007 Leite et al. Tropical South 
Only minimum 

size specified 
Macroalgae 

2007 McDermott Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2007 Murray et al. Temperate North 
Only minimum 

size specified 

Other biogenic 

habitats 

2007 O'Neill et al. Subtropical South 
Only minimum 

size specified 
Macroalgae 

2007 Owada et al. 
Subtropical

, temperate 
North 

No size 

definition of 

epifauna given 

Artificial structures, 

corals, benthic & 

unidentified habitats 

2007 Powers et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2007 Roberts et al. Subtropical South 
Only minimum 

size specified 
Macroalgae 

2007 
Robertson & 

Weis 
Temperate North 

No size 

definition of 

epifauna given 

Mangroves 

2007 Rule & Smith Subtropical South 
Only minimum 

size specified 
Artificial structures 

2007 
Sánchez-

Moyano et al. 
Temperate North 

Only minimum 

size specified 
Macroalgae 
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2007 Szarek et al. Tropical North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2007 Unsworth et al. Tropical North 
Only minimum 

size specified 
Seagrasses 

2007 Voultsiadou et al. Temperate North 
Only minimum 

size specified 

Other biogenic 

habitats 

2007 Walker et al. Subtropical South 

No size 

definition of 

epifauna given 

Artificial structures 

2008 Asch & Collie Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2008 Commito et al. Temperate North 
Only minimum 

size specified 

Other biogenic 

habitats 

2008 Erbland & Ozbay Temperate North 
Size range of 

animals defined 

Other biogenic 

habitats 

2008 Felley et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2008 Fukunaga Tropical North 

No size 

definition of 

epifauna given 

Macroalgae 

2008 Garcia et al. Tropical South 

No size 

definition of 

epifauna given 

Corals 

2008 Guillén et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2008 Guyonnet et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2008 Hirst Subtropical South 
Only minimum 

size specified 
Macroalgae 

2008 Jennings et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2008 Kochmann et al. Temperate North 
Only minimum 

size specified 

Other biogenic 

habitats 

2008 Lam et al. Tropical North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2008 
Metcalfe & 

Glasby 
Tropical South 

No size 

definition of 

epifauna given 

Mangroves 

2008 Micheli et al. Subtropical North 
Only minimum 

size specified 
Seagrasses 

2008 
Morton & 

Bamber 
Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2008 Moura et al. Temperate North 
Only minimum 

size specified 
Artificial structures 



156 
 

2008 Muir & Bamber Tropical North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2008 Mutlu & Ergev Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2008 
Nagelkerken et 

al. 
Na Na 

No size 

definition of 

epifauna given 

Mangroves 

2008 Nakaoka et al. Temperate North 
Size range of 

animals defined 
Seagrasses 

2008 Neumann et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2008 Neumann et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2008 Paetzold et al. Temperate North 
Size range of 

animals defined 

Other biogenic 

habitats 

2008 
Partyka & 

Peterson 
Subtropical North 

Only minimum 

size specified 
Mangroves 

2008 
Prescott & 

Cudney-Bueno 
Subtropical North 

Size range of 

animals defined 

Artificial structures, 

other biogenic 

habitats 

2008 Printrakoon et al. Tropical North 
Only minimum 

size specified 
Mangroves 

2008 Raes et al. 
Tropical, 

temperate 

North: 

temperate  

south: tropical 

Only minimum 

size specified 
Corals 

2008 Rees et al. Temperate North 
Only minimum 

size specified 

Other biogenic 

habitats 

2008 Riedel et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2008 Roberts et al. Subtropical South 

No size 

definition of 

epifauna given 

Macroalgae 

2008 Roberts et al. Subtropical South 
Only minimum 

size specified 

Macroalgae, 

seagrasses, other 

biogenic habitats 

2008 Roberts et al. Na Na 

No size 

definition of 

epifauna given 

Macroalgae 

2008 Rueda & Salas Temperate North 
Only minimum 

size specified 
Seagrasses 

2008 Sanderson et al. Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2008 Thistle et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 
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2008 Tomašových Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2008 
Vázquez-Bader 

et al. 
Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2008 
Vázquez-Luis et 

al. 
Temperate North 

Only minimum 

size specified 
Macroalgae 

2008 Vermeij et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2008 Witman et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2009 
Armitage & 

Fourqurean 
Subtropical North 

Only minimum 

size specified 
Seagrasses 

2009 Bates Temperate North 
Only minimum 

size specified 
Macroalgae 

2009 Blanchard et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2009 
Brusati & 

Grosholz 
Temperate North 

No size 

definition of 

epifauna given 

Mangroves 

2009 Bruschetti et al. Temperate South 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2009 Cannicci et al. 
Tropical, 

subtropical 
South 

No size 

definition of 

epifauna given 

Mangroves 

2009 Carbines & Cole Temperate South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2009 Cartes et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2009 Collie et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2009 Dafforn et al. Subtropical South 

No size 

definition of 

epifauna given 

Artificial structures 

2009 de Juan et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2009 
Gheerardyn et 

al. 
Temperate North 

Only minimum 

size specified 
Corals 

2009 Grizzle et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 
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2009 Gustafsson et al. Temperate North 
Only minimum 

size specified 
Mangroves 

2009 Gutow et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2009 Hinz et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2009 Jacobucci et al. Tropical South 
Only minimum 

size specified 
Macroalgae 

2009 Jeffreys et al. Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2009 Johnson et al. Temperate North 
Only minimum 

size specified 
Mangroves 

2009 Margreth et al. Temperate North 
Size range of 

animals defined 
Corals 

2009 Marzinelli et al. Subtropical South 

No size 

definition of 

epifauna given 

Macroalgae 

2009 McKinnon et al. Temperate South 
Only minimum 

size specified 
Macroalgae 

2009 Montagna et al. Subtropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2009 Morsan Temperate South 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2009 Neumann et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2009 Neumann et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2009 Poore et al. Subtropical South 
Only minimum 

size specified 
Macroalgae 

2009 Rabaoui et al. Temperate North 
Only minimum 

size specified 

Other biogenic 

habitats 

2009 Rueda et al. Temperate North 
Only minimum 

size specified 
Seagrasses 

2009 Rueda et al. Temperate North 
Only minimum 

size specified 
Seagrasses 

2009 Spivak et al. Temperate North 

No size 

definition of 

epifauna given 

Seagrasses 

2009 
Summerhayes et 

al. 
Subtropical South 

Only minimum 

size specified 

Other biogenic 

habitats 

2009 Yu et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2010 
Ayres-Peres & 

Mantelatto 
Tropical South 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 
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2010 Barnes et al. Temperate North 
Only minimum 

size specified 

Other biogenic 

habitats 

2010 Borg et al. Temperate North 
Only minimum 

size specified 
Seagrasses 

2010 Cacabelos et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2010 Gartner et al. Subtropical South 
Size range of 

animals defined 
Seagrasses 

2010 
Gedan & 

Bertness 
Temperate North 

Only minimum 

size specified 
Mangroves 

2010 Gestoso et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2010 Khan et al. Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2010 Kon et al. Tropical North 
Size range of 

animals defined 
Mangroves 

2010 Marenghi et al. Temperate North 
Only minimum 

size specified 
Artificial structures 

2010 Martinetto et al. Temperate South 
Only minimum 

size specified 

Macroalgae, 

mangroves, benthic 

& unidentified 

habitats 

2010 Moore & Hovel Subtropical North 
Only minimum 

size specified 
Seagrasses 

2010 
Newcombe & 

Taylor 
Temperate South 

Only maximum 

size specified 
Macroalgae 

2010 Nikula et al. Temperate South 

No size 

definition of 

epifauna given 

Macroalgae 

2010 Norkko et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2010 Osman et al. Temperate North 

No size 

definition of 

epifauna given 

Macroalgae, 

seagrasses, benthic 

& unidentified 

habitats 

2010 Poirier et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2010 Reiss et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2010 Sellheim et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2010 Smyth & Roberts Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2010 Stella et al. Tropical South 
Only minimum 

size specified 
Corals 
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2010 Tang et al. Temperate North 
Only minimum 

size specified 

Mangroves, benthic 

& unidentified 

habitats 

2010 
Tanner & 

Fernandes 
Subtropical South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2010 Valanko et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2010 Vanreusel et al. 

Tropical, 

subtropical, 

temperate 

North, south 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2010 Voultsiadou et al. Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2010 Zintzen & Massin Temperate North 
Only minimum 

size specified 
Artificial structures 

2011 Anderson et al. 

Tropical, 

subtropical, 

temperate 

South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2011 Atkinson et al. Subtropical South 
Only maximum 

size specified 

Benthic & 

unidentified habitats 

2011 Burone et al. 
Tropical, 

subtropical 
South 

Only minimum 

size specified 

Benthic & 

unidentified habitats 

2011 Carr et al. Temperate North 
Only minimum 

size specified 
Seagrasses 

2011 Currin et al. Subtropical North 

No size 

definition of 

epifauna given 

Mangroves 

2011 de Juan et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2011 Douglass et al. Temperate North 

No size 

definition of 

epifauna given 

Seagrasses 

2011 Drouin et al. Temperate North 
Only minimum 

size specified 

Macroalgae, 

seagrasses 

2011 Ellis et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2011 Fleddum et al. Tropical North 
Only minimum 

size specified 
Artificial structures 

2011 Fraser et al. Temperate South 

No size 

definition of 

epifauna given 

Macroalgae 

2011 
Freeman & 

Creese 
Temperate South 

No size 

definition of 

epifauna given 

Macroalgae 

2011 
Freestone & 

Osman 

Tropical, 

subtropical, 

temperate 

North 

No size 

definition of 

epifauna given 

Mangroves, benthic 

& unidentified 

habitats 
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2011 Harris 

Tropical, 

subtropical, 

temperate 

South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2011 Harwell et al. Subtropical North 
Only minimum 

size specified 

Other biogenic 

habitats 

2011 Hellyer et al. Subtropical South 
Only minimum 

size specified 
Artificial structures 

2011 Hinz et al. 2011 Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2011 Johnson Temperate North 

No size 

definition of 

epifauna given 

Mangroves 

2011 Kon et al. Tropical North 
Only minimum 

size specified 
Mangroves 

2011 Lambert et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2011 Liuzzi & Gappa Temperate South 

No size 

definition of 

epifauna given 

Macroalgae 

2011 Lomovasky et al. Tropical South 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2011 Luo et al. Subtropical North 
Only maximum 

size specified 

Benthic & 

unidentified habitats 

2011 Metaxas 
Tropical, 

subtropical 
North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2011 Moura et al. Temperate North 
Only minimum 

size specified 
Artificial structures 

2011 Navarro et al. Temperate South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2011 
Neumann & 

Kröncke 
Temperate North 

Only minimum 

size specified 

Benthic & 

unidentified habitats 

2011 Nikula et al. Temperate South 

No size 

definition of 

epifauna given 

Macroalgae 

2011 Paavo et al. Temperate South 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2011 Pacciardi et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2011 Stevens & Dunn Temperate South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2011 Tanner Subtropical South 
Only minimum 

size specified 
Macroalgae 
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2011 Tsubaki et al. Na Na 

No size 

definition of 

epifauna given 

Corals, benthic & 

unidentified habitats 

2011 Tuya et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2011 Wong et al. Subtropical North 
Only minimum 

size specified 

Mangroves, 

seagrasses, other 

biogenic habitats, 

benthic & 

unidentified habitats 

2012 
Anderson & 

Lovvorn 
Temperate North 

Only minimum 

size specified 
Seagrasses 

2012 
Arponen & 

Boström 
Temperate North 

No size 

definition of 

epifauna given 

Seagrasses 

2012 Bishop et al. Subtropical South 
Only minimum 

size specified 
Mangroves 

2012 Byers et al. Subtropical North 
Only minimum 

size specified 
Macroalgae 

2012 Cutajar et al. Temperate South 
Only minimum 

size specified 
Mangroves 

2012 
de Juan & 

Demestre 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2012 Elahi & Sebens Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2012 Gestoso et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2012 Gullström et al. Temperate North 
Size range of 

animals defined 
Seagrasses 

2012 
Gustafsson & 

Salo 
Subtropical North 

Only minimum 

size specified 
Seagrasses 

2012 Hamilton et al. Temperate South 
Only minimum 

size specified 
Seagrasses 

2012 Haupt et al. Subtropical South 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2012 Hepburn et al. Temperate South 

No size 

definition of 

epifauna given 

Macroalgae 

2012 
Janiak & 

Whitlatch 
Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

2012 Källén et al. Subtropical South 

No size 

definition of 

epifauna given 

Seagrasses 
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2012 
Karlson & 

Osman 

Subtropical

, temperate 
North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2012 Lambert et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2012 
Lewis & 

Anderson 
Subtropical North 

Only minimum 

size specified 
Seagrasses 

2012 Macias 
Tropical, 

subtropical 
North 

No size 

definition of 

epifauna given 

Seagrasses 

2012 Martinez et al. Tropical South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2012 Marzinelli et al. Subtropical South 

No size 

definition of 

epifauna given 

Macroalgae 

2012 Mosch et al. Tropical South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2012 Nerot et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2012 Pagliosa et al. Subtropical South 
Only minimum 

size specified 
Macroalgae 

2012 
Przeslawski et 

al. 
Subtropical South 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2012 
Ragnarsson & 

Burgos 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2012 Riedel et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2012 
Spicer & 

Widdicombe 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2012 Strain et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2012 Tait & Hovel Subtropical North 

No size 

definition of 

epifauna given 

Seagrasses 

2012 Tyrrell et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2012 Wilkie et al. Subtropical South 
Only minimum 

size specified 

Other biogenic 

habitats 
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2012 Yorke & Metaxas Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

2013 Barnes et al. 
Subtropical

, temperate 
South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2013 Bell et al. Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2013 Bilkovic et al. Temperate North 
Only minimum 

size specified 
Mangroves 

2013 Bishop et al. Subtropical South 

No size 

definition of 

epifauna given 

Macroalgae, 

mangroves 

2013 Bowden et al. Temperate South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2013 Brandt et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2013 Broszeit et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2013 Cartes et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2013 Coleman et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2013 Cook et al. Temperate North 
Only minimum 

size specified 

Other biogenic 

habitats 

2013 Dauvin et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2013 de Juan et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2013 Delgado et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2013 Dhib et al. Temperate North 
Only minimum 

size specified 
Mangroves 

2013 Do et al. Temperate North 
Only minimum 

size specified 
Seagrasses 

2013 Ellis et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2013 Engelen et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2013 Fleddum et al. Subtropical South 
Only minimum 

size specified 

Benthic & 

unidentified habitats 
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2013 Foveau et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2013 Gartner et al. Subtropical North, south 

No size 

definition of 

epifauna given 

Seagrasses 

2013 Gribben et al. Temperate South 

No size 

definition of 

epifauna given 

Macroalgae 

2013 
Hammerschlag-

Peyer et al. 
Subtropical North 

Only minimum 

size specified 
Seagrasses 

2013 Krone et al. Temperate North 
Only minimum 

size specified 
Artificial structures 

2013 
Laboy-Nieves & 

Muniz-Barretto 
Tropical North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2013 Lambert et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2013 
MacDonald & 

Weis 
Tropical North 

No size 

definition of 

epifauna given 

Mangroves 

2013 Mangano et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2013 Neumann et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2013 Ortiz et al. 
Tropical, 

subtropical 
South 

No size 

definition of 

epifauna given 

Macroalgae, other 

biogenic habitats 

2013 Pascal et al. Temperate North 

No size 

definition of 

epifauna given 

Mangroves 

2013 Popadić et al. Temperate North 
Size range of 

animals defined 

Benthic & 

unidentified habitats 

2013 Prato et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2013 Reinhardt et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2013 Riera et al. Subtropical North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2013 Roff et al. Tropical North 
Only minimum 

size specified 
Macroalgae 

2013 Ross et al. Temperate South 
Only minimum 

size specified 

Other biogenic 

habitats 

2013 Sciberras et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 



166 
 

2013 Sell & Kröncke Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2013 Smith et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2013 
Staszak & 

Armitage 
Subtropical North 

No size 

definition of 

epifauna given 

Mangroves 

2013 Tuya et al. Subtropical North 
Only minimum 

size specified 
Seagrasses 

2013 Urra et al. Temperate North 
Size range of 

animals defined 

Macroalgae, 

seagrasses, benthic 

& unidentified 

habitats 

2013 Vitaliano et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2013 Wolf et al. Tropical North 

No size 

definition of 

epifauna given 

Corals, macroalgae 

2014 Altieri & Witman Tropical South 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2014 Bedini et al. Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

2014 
Bhagirathan et 

al. 
Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2014 Blain & Gagnon Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

2014 Blake et al. Temperate North 
Size range of 

animals defined 
Seagrasses 

2014 Boulcott et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2014 Brahim et al. Subtropical North 

No size 

definition of 

epifauna given 

Seagrasses 

2014 
Buzá-Jacobucci 

& Pereira-Leite 
Tropical South 

Only minimum 

size specified 
Macroalgae 

2014 Carvalho et al. Temperate North 
Only minimum 

size specified 
Corals 

2014 Cebrian et al. Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

2014 Corrêa et al. Tropical South 
Only minimum 

size specified 

Other biogenic 

habitats 
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2014 
Esqueda-

González et al. 
Tropical North 

Size range of 

animals defined 

Artificial structures, 

other biogenic 

habitats 

2014 
Fariñas-Franco 

& Roberts 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2014 Fernandez et al. Subtropical South 

No size 

definition of 

epifauna given 

Macroalgae 

2014 Fukunaga et al. Tropical North 
Only maximum 

size specified 
Mangroves 

2014 Gatune et al. Tropical South 
Only minimum 

size specified 
Macroalgae 

2014 Hosono Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2014 Huang et al. 

Tropical, 

subtropical, 

temperate 

North, south 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2014 Hughes Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2014 Jones et al. Tropical South 

No size 

definition of 

epifauna given 

Artificial structures 

2014 
Konsulova & 

Doncheva 
Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2014 Kornijow Na Na 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2014 Lambert et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2014 Lange & Griffiths 
Suptropical

, temperate 
South 

No size 

definition of 

epifauna given 

Seagrasses 

2014 Lefcheck et al. Temperate North 

No size 

definition of 

epifauna given 

Seagrasses 

2014 Leopardas et al. Tropical North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2014 Muntadas et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2014 
Navarro-

Barranco et al. 

Suptropical

, temperate 
North 

Only minimum 

size specified 

Benthic & 

unidentified habitats 

2014 Nordström et al. Subtropical North 

No size 

definition of 

epifauna given 

Mangroves 
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2014 
Palardy & 

Witman 
Temperate North 

Only minimum 

size specified 

Benthic & 

unidentified habitats 

2014 
Pierri-Daunt & 

Tanaka 
Tropical South 

Only minimum 

size specified 
Macroalgae 

2014 
Png-Gonzalez et 

al. 
Tropical North 

Only minimum 

size specified 

Macroalgae, 

seagrasses 

2014 Reynolds et al. Temperate North 
Only minimum 

size specified 
Seagrasses 

2014 Ronowicz et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2014 Smeulders et al. Temperate North 
Only minimum 

size specified 

Corals, benthic & 

unidentified habitats 

2014 Smith et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2014 Trave & Sheaves Subtropical North 

No size 

definition of 

epifauna given 

Seagrasses 

2014 Tuya et al. Subtropical North 
Only minimum 

size specified 

Macroalgae, 

seagrasses 

2014 Vassallo et al. Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2014 Veiga et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2014 Vidović et al. Temperate North 
Size range of 

animals defined 

Benthic & 

unidentified habitats 

2015 Barry et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2015 Bergman et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2015 Carcedo et al. Temperate South 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2015 Chen et al. Subtropical North 
Only minimum 

size specified 
Mangroves 

2015 Coolen et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2015 Cúrdia et al. Temperate North 
Only minimum 

size specified 
Corals 

2015 de Jong et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2015 de Jong et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2015 De Mesel et al. Temperate North 
Only minimum 

size specified 
Artificial structures 
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2015 
DeAmicis & 

Foggo 
Temperate North 

No size 

definition of 

epifauna given 

Macroalgae, 

seagrasses 

2015 Dias et al. Temperate North 
Only minimum 

size specified 
Corals 

2015 Eklöf et al. Temperate North 
Only minimum 

size specified 

Macroalgae, 

seagrasses, benthic 

& unidentified 

habitats 

2015 Fernandez et al. Tropical South 

No size 

definition of 

epifauna given 

Artificial structures 

2015 Green & Fong Subtropical North 
Only minimum 

size specified 
Macroalgae 

2015 Greene Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2015 Gutow et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2015 Hemery et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2015 Howarth et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2015 Huang et al. Temperate North 

No size 

definition of 

epifauna given 

Seagrasses 

2015 Knight et al. Temperate North 
Only minimum 

size specified 
Seagrasses 

2015 Kristensen et al. Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2015 Lanham et al. Subtropical South 
Only minimum 

size specified 
Macroalgae 

2015 Lee et al. Temperate South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2015 Long et al. Temperate North 
Only minimum 

size specified 
Seagrasses 

2015 McDonald et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2015 McFarlin et al. Temperate North 
Size range of 

animals defined 
Mangroves 

2015 Munari et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2015 
Navarro-

Barranco et al. 
Subtropical North 

Only minimum 

size specified 

Benthic & 

unidentified habitats 
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2015 Nogueira et al. Tropical South 
Only minimum 

size specified 
Corals 

2015 Ortiz et al. Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2015 Ortiz et al. Tropical South 

No size 

definition of 

epifauna given 

Corals 

2015 
Palmer & 

Montagna 
Subtropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2015 Sepúlveda et al. Temperate South 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2015 Sheehan et al. Temperate North 

No size 

definition of 

epifauna given 

Corals 

2015 Sokołowski et al. Temperate North 
Only minimum 

size specified 

Macroalgae, 

seagrasses 

2015 Torres et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2015 
Vader & 

Tandberg 
Na Na 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2015 
van der Zee et 

al. 
Temperate North 

Only minimum 

size specified 

Benthic & 

unidentified habitats 

2015 
Veeragurunatha

n et al. 
Tropical North 

No size 

definition of 

epifauna given 

Macroalgae 

2015 
Whomersley et 

al. 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2015 Wong & Dowd Temperate North 
Only minimum 

size specified 
Seagrasses 

2015 Zupo et al. Temperate North 
Only minimum 

size specified 
Seagrasses 

2016 Arnold et al. Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

2016 Ba-Akdah et al. Tropical North 
Only minimum 

size specified 
Macroalgae 

2016 Bowden et al. Temperate South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2016 Clark et al. Temperate South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 
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2016 de Jong et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2016 Demers et al. Temperate South 

No size 

definition of 

epifauna given 

Seagrasses 

2016 Du Preez et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2016 Figueroa et al. 
Subtropical

, temperate 
North 

No size 

definition of 

epifauna given 

Macroalgae 

2016 Filimon et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2016 Fritz Na Na 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2016 
Hemery & 

Henkel 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2016 Jimenez et al. Tropical South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2016 Kollars et al. Subtropical North 

No size 

definition of 

epifauna given 

Macroalgae 

2016 Lefcheck et al. Temperate North 
Only minimum 

size specified 
Seagrasses 

2016 Leite et al. Tropical South 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2016 
Luckenbach et 

al. 
Temperate North 

Only minimum 

size specified 

Artificial structure, 

macroalgae 

2016 Marzinelli et al. Suptropical South 
Only minimum 

size specified 
Macroalgae 

2016 McDonald et al. Subtropical North 
Only minimum 

size specified 
Seagrasses 

2016 
McSkimming et 

al. 
Temperate South 

Only minimum 

size specified 
Seagrasses 

2016 Meyer et al. Temperate North 
Size range of 

animals defined 

Benthic & 

unidentified habitats 

2016 Muntadas et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2016 Murat et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2016 
Navarro-

Barranco et al. 
Subtropical North 

Only minimum 

size specified 

Other biogenic 

habitats 



172 
 

2016 Neumann et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2016 Piló et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2016 Piras et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2016 Rodrigues et al. Tropical South 

No size 

definition of 

epifauna given 

Mangroves 

2016 
Rodríguez-

Zaragoza et al. 
Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2016 Rosli et al. Temperate South 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2016 Tano et al. Tropical South 
Only minimum 

size specified 

Macroalgae, 

seagrasses 

2016 Theodor et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2016 Vanreusel et al. Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2016 Walls et al. Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

2016 
Zharikov & 

Lysenko 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2017 Agostini et al. Subtropical South 
Only minimum 

size specified 

Other biogenic 

habitats 

2017 
Alfaro-Lucas et 

al. 
Subtropical South 

Only minimum 

size specified 

Other biogenic 

habitats 

2017 Balestra et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2017 Boyé et al. Temperate North 
Only minimum 

size specified 
Seagrasses 

2017 Collie et al. Na Na 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2017 Cox et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2017 Davoult et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2017 Donadi et al. Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 
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2017 Eddy et al. 

Tropical, 

subtropical, 

temperate 

North, south 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2017 

Fernandez-

Gonzalez & 

Sanchez-Jerez 

Temperate North 
Only minimum 

size specified 

Macroalgae, other 

biogenic habitats 

2017 Foveau & Dauvin Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2017 Gribben et al. Subtropical South 
Only minimum 

size specified 
Seagrasses 

2017 Hamilton et al. Subtropical North 

No size 

definition of 

epifauna given 

Mangroves 

2017 Lambert et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2017 Lavender et al. Subtropical South 
Only minimum 

size specified 
Artificial structures 

2017 Lefcheck et al. Temperate North 
Only minimum 

size specified 

Macroalgae, 

seagrasses 

2017 Mach et al. Temperate North 
Only minimum 

size specified 
Seagrasses 

2017 Mariani et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2017 Neumann et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2017 O'Carroll et al. Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats, benthic & 

unidentified habitats 

2017 O'Carroll et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2017 Pascal et al. Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2017 Ramalho et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2017 Reynolds et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2017 Salmo et al. Tropical North 
Only minimum 

size specified 
Mangroves 

2017 Sokołowski et al. Temperate North 
Size range of 

animals defined 
Artificial structures 

2017 
Suárez-Jiménez 

et al. 
Temperate South 

No size 

definition of 

epifauna given 

Macroalgae 
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2017 Taylor et al. Subtropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2017 Vermeij Tropical North, south 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2017 Winkler et al. Subtropical South 
Only minimum 

size specified 
Macroalgae 

2017 Xu et al. Temperate North 

No size 

definition of 

epifauna given 

Artificial structures 

2017 Yeager & Hovel Subtropical North 

No size 

definition of 

epifauna given 

Seagrasses 

2017 Zaabar et al. Temperate North 
Only minimum 

size specified 

Macroalgae, 

seagrasses 

2018 Alitto et al. Subtropical South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2018 Audino & Marian Subtropical South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2018 Baker et al. Tropical North 
Size range of 

animals defined 
Macroalgae 

2018 
Belattmania et 

al. 
Subtropical North 

Only minimum 

size specified 

Macroalgae, 

seagrasses 

2018 
Belattmania et 

al. 
Subtropical North 

Only minimum 

size specified 
Macroalgae 

2018 Brix et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2018 Burnett & Koehl Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

2018 Coffin et al. Temperate North 
Only minimum 

size specified 

Macroalgae, 

seagrasses 

2018 Cunha et al. Tropical South 
Only minimum 

size specified 
Macroalgae 

2018 
das Chagas et 

al. 
Tropical South 

Only minimum 

size specified 
Artificial structures 

2018 Desmond et al. Temperate South 
Only minimum 

size specified 

Macroalgae, 

macroalgae 

2018 dos Santos et al. Tropical South 
Only minimum 

size specified 

Other biogenic 

habitats 

2018 Douglass et al. Subtropical North 
Size range of 

animals defined 
Seagrasses 

2018 Eggleton et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 



175 
 

2018 
Esqueda-

González et al. 
Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2018 
Fariñas-Franco 

et al. 
Temperate North 

Only minimum 

size specified 

Other biogenic 

habitats 

2018 French & Moore Temperate North 
Only minimum 

size specified 
Seagrasses 

2018 Gabara et al. Subtropical North 

No size 

definition of 

epifauna given 

Turf algae & 

microalgae 

2018 
Gavira-O’Neill et 

al. 
Temperate North 

Only minimum 

size specified 

Other biogenic 

habitats 

2018 Glaspie et al. Subtropical South 
Only minimum 

size specified 

Other biogenic 

habitats 

2018 Ha & Williams Temperate North 
Only minimum 

size specified 
Seagrasses 

2018 Hamoutene et al. Temperate North 

No size 

definition of 

epifauna given 

Artificial structures 

2018 Hemery et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2018 
Hermosillo-

Núñez et al. 
Tropical North 

No size 

definition of 

epifauna given 

Macroalgae 

2018 
Hermosillo-

Núñez et al. 

Tropical, 

subtropical, 

temperate 

South 

No size 

definition of 

epifauna given 

Corals 

2018 Howarth et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2018 Janiak et al. Subtropical North 
Only minimum 

size specified 

Artificial structures, 

mangroves 

2018 Kaiser et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2018 Kaminsky et al. Temperate South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2018 Kennedy et al. Temperate North 

No size 

definition of 

epifauna given 

Seagrasses 

2018 Kniesz et al. Tropical North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2018 Little et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2018 Lundquist et al. Temperate South 
Only minimum 

size specified 

Benthic & 

unidentified habitats 
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2018 
McGann & 

Conrad 
Subtropical North 

Only minimum 

size specified 

Benthic & 

unidentified habitats 

2018 
Momota & 

Nakaoka 
Temperate North 

Only minimum 

size specified 
Seagrasses 

2018 Monk et al. Temperate South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2018 
Montereale-

Gavazzi et al. 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2018 Moreno et al. Temperate South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2018 Morris et al. Subtropical South 
Size range of 

animals defined 

Benthic & 

unidentified habitats 

2018 Mosbahi et al. Subtropical North 

No size 

definition of 

epifauna given 

Seagrasses 

2018 Muntadas et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2018 Nakamoto et al. Subtropical North 
Only minimum 

size specified 

Macroalgae, 

seagrasses 

2018 
Namba & 

Nakaoka 
Temperate North 

Size range of 

animals defined 
Seagrasses 

2018 
Navarro-

Barranco et al. 
Temperate North 

Only minimum 

size specified 
Macroalgae 

2018 
Parameswaran 

et al. 
Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2018 Saarinen et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2018 Scheffel et al. Subtropical North 
Only minimum 

size specified 
Mangroves 

2018 Schweitzer et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2018 Singh et al. Tropical North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2018 
Soler-Hurtado et 

al. 
Tropical South 

Only minimum 

size specified 
Corals 

2018 Sutherland et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2018 Tanner et al. 
Subtropical

, temperate 
South 

Only minimum 

size specified 

Benthic & 

unidentified habitats 

2018 Tilot et al. Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 
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2018 
Vaughn & 

Hoellein 
Na Na 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2018 Venturelli et al. Subtropical North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2018 Viola et al. Subtropical North 

No size 

definition of 

epifauna given 

Artificial structures 

2018 Waters et al. Temperate South 

No size 

definition of 

epifauna given 

Macroalgae 

2018 Wenger et al. Tropical South 
Only minimum 

size specified 
Macroalgae 

2018 Whippo et al. Temperate North 
Only minimum 

size specified 
Seagrasses 

2018 Williams et al. 
Subtropical

, temperate 
South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2018 Yusa et al. Temperate North 
Only minimum 

size specified 
Seagrasses 

2018 Zwerschke et al. Temperate North 
Only maximum 

size specified 

Other biogenic 

habitats 

2019 Abdelhady et al. Subtropical North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2019 Audino et al. Na Na 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2019 
Barrientos-Lujan 

et al. 
Tropical North 

No size 

definition of 

epifauna given 

Corals 

2019 Bentley et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2019 Bertolini Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

2019 Bonaglia et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2019 
Bremec & 

Schejter 
Temperate South 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2019 Brooks & Crowe Temperate North 

No size 

definition of 

epifauna given 

Artificial structures, 

macroalgae 

2019 Cadier & Frouws Tropical South 
Only minimum 

size specified 
Seagrasses 

2019 

Campanyà-

Llovet & 

Snelgrove 

Temperate North 
Only minimum 

size specified 
Macroalgae 
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2019 
Carmen & 

Grunden 
Temperate North 

No size 

definition of 

epifauna given 

Seagrasses 

2019 Casamajor et al. Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

2019 Cavalcante et al. Tropical South 
Only minimum 

size specified 
Seagrasses 

2019 Ferreira et al. Tropical South 
Only minimum 

size specified 
Macroalgae 

2019 Fields et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2019 Foster et al. Tropical North 

No size 

definition of 

epifauna given 

Macroalgae 

2019 Fulton et al. 

Tropical, 

subtropical, 

temperate 

North, south 

No size 

definition of 

epifauna given 

Macroalgae 

2019 Gan et al. Tropical North 

No size 

definition of 

epifauna given 

Macroalgae 

2019 Gárate et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2019 Garcia et al. Tropical South 
Only minimum 

size specified 
Macroalgae 

2019 Gates et al. Temperate North 

No size 

definition of 

epifauna given 

Artificial structures 

2019 Githaiga et al. Tropical South 
Only minimum 

size specified 
Seagrasses 

2019 Guillas et al. Temperate North 

No size 

definition of 

epifauna given 

Other biogenic 

habitats 

2019 Hayduk et al. Temperate North 
Only minimum 

size specified 

Macroalgae, 

seagrasses 

2019 Henseler et al. Temperate North 
Only minimum 

size specified 
Macroalgae 

2019 Hossain Tropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2019 Hossain et al. Tropical North 
Size range of 

animals defined 

Benthic & 

unidentified habitats 

2019 Iliff et al. Subtropical North 
Only minimum 

size specified 

Other biogenic 

habitats 

2019 Ito et al. Temperate North 
Only minimum 

size specified 
Macroalgae 
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2019 Jacobucci et al. Tropical South 
Only minimum 

size specified 
Macroalgae 

2019 Janas et al. Temperate North 
Size range of 

animals defined 
Seagrasses 

2019 Lomeli et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2019 
Lozano-Cortés et 

al. 
Subtropical North 

Only minimum 

size specified 
Artificial structures 

2019 Luff et al. Temperate North 

No size 

definition of 

epifauna given 

Seagrasses 

2019 Lutz et al. Subtropical North 
Only minimum 

size specified 
Macroalgae 

2019 Meysick et al. Temperate North 
Only minimum 

size specified 
Seagrasses 

2019 Michaelis et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2019 Michaelis et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2019 
Navarro-

Barranco et al. 
Temperate North 

Only minimum 

size specified 
Macroalgae 

2019 Olivier et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2019 Outinen et al. Temperate North 

No size 

definition of 

epifauna given 

Macroalgae, benthic 

& unidentified 

habitats 

2019 Piechaud et al. Na Na 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2019 Powell et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2019 Price et al. Temperate North 

No size 

definition of 

epifauna given 

Corals 

2019 Salmo et al. Tropical North 
Only minimum 

size specified 
Mangroves 

2019 Seitz et al. Temperate North 
Only minimum 

size specified 
Artificial structures 

2019 Slavik et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2019 Smith et al. Subtropical North 
Only minimum 

size specified 
Mangroves 
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2019 Sutherland et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2019 Talbot et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2019 Trannum et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2019 Tuya et al. 
Subtropical

, temperate 
North 

Only minimum 

size specified 
Seagrasses 

2019 Wee et al. Tropical North 
Only minimum 

size specified 
Corals 

2019 Yeager et al. Subtropical North 
Only minimum 

size specified 
Seagrasses 

2019 Zhang & Silliman Subtropical North 
Only minimum 

size specified 

Macroalgae, 

seagrasses 

2020 Babcock et al. Subtropical North 

No size 

definition of 

epifauna given 

Artificial structures, 

macroalgae 

2020 
Barbosa & 

Taylor 
Subtropical North 

No size 

definition of 

epifauna given 

Seagrasses 

2020 
Belattmania et 

al. 
Subtropical North 

Only minimum 

size specified 
Macroalgae 

2020 Callaway et al. Temperate North 
Only minimum 

size specified 

Benthic & 

unidentified habitats 

2020 Chen et al. Tropical South 
Size range of 

animals defined 
Macroalgae 

2020 Couce et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2020 Cramer et al. Tropical North 
Size range of 

animals defined 
Corals 

2020 Fraser et al. 

Tropical, 

subtropical, 

temperate 

South 
Only minimum 

size specified 

Corals, macroalgae, 

turf algae & 

microalgae, other 

biogenic habitats 

2020 Gagnon et al. 

Tropical, 

subtropical, 

temperate 

North, south 

No size 

definition of 

epifauna given 

Mangroves, 

seagrasses 

2020 Ge et al. Subtropical North 
Only minimum 

size specified 
Mangroves 

2020 
González-García 

et al. 
Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2020 Gracia et al. Tropical North 
Only minimum 

size specified 

Other biogenic 

habitats, benthic & 

unidentified habitats 
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2020 Kodama et al. Temperate North 

No size 

definition of 

epifauna given 

Macroalgae 

2020 Lanham et al. Temperate South 
Only minimum 

size specified 
Macroalgae 

2020 
Ledbetter & 

Hovel 
Subtropical North 

Only minimum 

size specified 
Seagrasses 

2020 
López-Garrido et 

al. 
Subtropical North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2020 Ma et al. Tropical North 
Only minimum 

size specified 
Mangroves 

2020 Namba et al. Temperate North 
Size range of 

animals defined 
Seagrasses 

2020 
Noble-James et 

al. 
Temperate North 

Only minimum 

size specified 

Benthic & 

unidentified habitats 

2020 Pisapia et al. Tropical South 
Only minimum 

size specified 
Corals 

2020 Proudfoot et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2020 Rouse et al. Temperate North 

No size 

definition of 

epifauna given 

Artificial structures 

2020 Rowden et al. Temperate South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2020 Sedano et al. Temperate North 
Only minimum 

size specified 
artificial structures 

2020 Sedano et al. Temperate North 
Only minimum 

size specified 
artificial structures 

2020 Shelamoff et al. Temperate South 
Only minimum 

size specified 
Macroalgae 

2020 Simpson et al. Subtropical South 

No size 

definition of 

epifauna given 

Artificial structures 

2020 
Stelling-Wood et 

al. 
Subtropical South 

Only minimum 

size specified 
Macroalgae 

2020 Stevens et al. Temperate South 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 

2020 Wei et al. Temperate North 

No size 

definition of 

epifauna given 

Benthic & 

unidentified habitats 
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Abstract 

Tropical seascapes are comprised of a range of patch habitat types, yet we have only a 

partial understanding of how local patch condition and seascape position may influence 

patterns of marine biodiversity, particularly for invertebrate taxa. We investigated how the 

epifaunal abundance and biomass of tropical Sargassum varied with canopy size (volume, 

total length and dry weight), local patch conditions (macroalgal composition, canopy 

structure and invertivorous fish biomass) and seascape setting (nearshore, lagoon and back 

reef) within the Ningaloo fringing reef ecosystem, Australia. A total of 49431 epifauna, 

dominated by crustaceans and molluscs, were extracted from the thalli of 81 tropical 

Sargassum polycystum. Epifaunal abundance and biomass were most strongly correlated 

with host Sargassum canopy volume and dry weight, respectively. Epifaunal abundance and 

biomass also varied significantly among separate Sargassum meadow patches, with a 

significant interaction between canopy size and seascape position. Considerable site-level 

variations in epifaunal biomass density (mg per g Sargassum dry weight) were best 

predicted by either seascape context or local invertivorous fish biomass. Sargassum within 

meadows furthest from the back reef tended to have the highest epifaunal biomass 

(dominated by molluscs), while meadows closest to the back reef were dominated by 

crustacea. Sargassum within meadows with a high local abundance of invertivorous labrids 

and serranids tended to have the lowest epifaunal biomass. Strong Sargassum canopy 

size–epifauna relationships indicate that even small differences in canopy extent have major 

flow-on effects for the trophic function of tropical marine ecosystems by affecting the 

epifaunal secondary productivity available to higher-order consumers, such as fishes. 

 

Keywords: Tropical Macroalgae, Epifauna, Invertivorous Fish, Crustacea, Mollusca, 

Biomass, Patch Habitat 
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Introduction 

Tropical seascapes can be composed of a range of habitat-forming organisms that create 

patches of coral, seagrass, mangroves, and macroalgae embedded within a matrix of 

carbonate reef and sand. Emerging evidence indicates that local conditions can interact with 

the seascape position of these biogenic patch habitats to shape spatial patterns of tropical 

marine biodiversity and ecosystem function (Berkström et al. 2013, Hensgen et al. 2014, 

van Lier et al. 2018). For instance, the local abundance of macroaglae-associated fishes 

has been linked to within-patch habitat complexity and proximity to nearby patches of coral, 

seagrass and/or macroalgal habitat (Berkström et al. 2013, van Lier et al. 2018). The extent 

to which these within-patch and seascape effects operate at lower trophic levels (e.g., small-

bodied invertebrates), however, remains poorly understood. 

Epifauna are invertebrates (typically 0.5–10 mm long) that occupy the living canopy of other 

organisms, such as macroalgae and corals (Edgar 1990a, Edgar & Aoki 1993, Kramer et al. 

2017). Often extremely abundant with rapid rates of turnover (growth and mortality), the 

productivity of these epifauna can support large populations of higher-order consumers, 

such as fishes, and underpin major pathways of energy and nutrient transfer in marine 

ecosystems (Edgar & Aoki 1993, Taylor 1998a, Kramer et al. 2017). In marine ecosystems, 

epifaunal communities have been documented within abiotic substrata (rubble and sand) as 

well as within the canopy of corals, seagrasses and macroalgae (Stella et al. 2010, Kramer 

et al. 2014, Tano et al. 2016). Current evidence suggests that epifaunal abundance and 

diversity may be highest within macroalgal microhabitats, including both erect canopy-

forming taxa as well as turf communities of the epilithic algal matrix (Kramer et al. 2017), 

which are targeted by a range of invertivorous reef fishes (Kramer et al. 2015, Wenger et al. 

2018). 

Canopy-forming macroalgae of the genus Sargassum are widespread along coastlines of 

the world, where they can form extensive meadow habitats. Sargassum meadows are 

increasingly being recognised as an integral component of tropical marine ecosystems, 

where they support primary production and provide habitat for a diversity of juvenile and 

adult fishes (Fulton et al. 2019). Canopy structure and composition of tropical Sargassum 

meadows and their associated reef fish communities can vary strongly over space and time 

due to local environmental conditions and seascape context (Ateweberhan et al. 2009, 

Fulton et al. 2014, van Lier et al. 2018). Moreover, limited evidence suggests tropical 

Sargassum canopies can contain a range of epifaunal invertebrates, which may vary in 
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abundance according to macroalgal canopy size (Leite & Turra 2003, Wenger et al. 2018) 

and the presence of invertivorous fishes (Edgar & Aoki 1993). However, we lack an 

understanding of the relative importance of these local factors alongside seascape context 

for shaping the relative abundance of Sargassum epifauna, which are likely to be a key 

trophic resource for many higher-order consumers found within tropical macroalgal 

meadows (Berkström et al. 2013). 

To better understand the likely drivers of tropical macroalgal epifaunal community structure, 

we used an extensive network of Sargassum-dominated meadows within a fringing coral 

reef ecosystem to determine (1) to what extent epifaunal abundance (in terms of number of 

individuals) and biomass are correlated with different measures of host Sargassum canopy 

size (total length, volume and dry weight), (2) whether epifaunal community structure varies 

with seascape position (nearshore, lagoon and back reef) and (3) if local conditions of within-

patch macroalgal composition and invertivorous fish biomass can predict spatial variations 

in Sargassum epifaunal community structure. 

 

Materials and methods 

Study location 

Ningaloo Reef is a World Heritage site in the eastern Indian Ocean that comprises >290 km 

of fringing coral reef encompassing a shallow lagoon dominated by >30000 hectares of 

brown macroalgal meadows dominated by tropical members of the canopy-forming genus 

Sargassum (Kobryn et al. 2013, Fulton et al. 2014). While the taxonomy of Sargassum 

remains to be fully resolved for this tropical region, our collections were focused on the most 

common morphotype in these meadows which we believe matches the description for 

Sargassum polycystum (Huisman 2019). For this study, which focused on spatial variation 

in the Sargassum epifaunal community, we selected 9 distinct Sargassum meadow patches 

separated by a minimum of 300 m and spread across the 3 distinct seascape positions of 

nearshore (sites closest to shoreline, which was typically within 50 to 300 m of the shoreline 

and embedded within ancient reef pavement covered in a layer of sand on an average of 1-

3 cm thick), lagoon (>500 m from shoreline and embedded within pavement-sand matrix) 

and back reef (embedded within pavement-sand surrounded by fringing coral reef), within a 

6 km2 section of the Maud Region of the Ningaloo Marine Park near Coral Bay, Western 

Australia (Figure 3.1). These seascape positions are relevant to many coastlines where 
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Sargassum meadows occur alongside coral reefs in the Pacific (e.g., New Caledonia), 

Indian (e.g., Ningaloo and Tanzania) and Atlantic (e.g., Brazil) Oceans, as well as the Red 

Sea (Berkström et al. 2013, Tano et al. 2016, Fulton et al. 2019). The macroalgal meadow 

study sites were an average of 26210 m2 (± 10605 m2 SE) in area (van Lier et al. 2018), 

embedded within a pavement-sand matrix in shallow water (2–6 m deep), and were subject 

to similar site-level mean sea temperatures (27.3 ± 0.1°C) during the 4 wk field survey and 

collection period. 

 

 

Figure 3.1 Nine Sargassum-dominated study sites at 3 seascape positions (nearshore, 

lagoon, back reef) within the Maud Recreation Zone near Coral Bay, Ningaloo Reef, 

Western Australia. 

 

Sargassum epifauna sampling 

During the late austral summer (February to March) of 2018, we collected 9 entire S. 

polycystum individuals and their epifauna at each of the 9 study sites. Since canopy size 



187 
 

can be a key predictor for epifaunal abundance (Edgar 1990c), we haphazardly sub-

sampled a cross section of Sargassum canopy sizes at each site. To do this, a 15 m line 

transect across the centre of each study site was used to select the S. polycystum individuals 

closest to the 5 m mark that fell within each of 3 height classes (>60, 30–60 and <30 cm). 

These height classes corresponded to the top, middle and bottom third of mean canopy 

sizes recently recorded for this region across sites, years and seasons (Wilson et al. 2014, 

van Lier et al. 2018). We repeated this procedure at the 10 and 15 m points on the same 

line transect to collect a total of 9 S. polycystum individuals per site (3 per size class). For 

each selected S. polycystum individual, a SCUBA diver gently and fully enclosed the entire 

Sargassum thallus and associated epifauna with a canvas bag, then cut the stipe just above 

the holdfast before immediately sealing the canvas bag to reduce the risk of epifauna escape. 

All collected samples were brought back to the research vessel within 30 min and 

transported in a cooler to the Coral Bay Research Station for processing within 4 h of 

collection. 

Post-collection processing of S. polycystum individuals involved immersion in cold 

freshwater for 10 min before gently shaking and then dislodging all of the chilled epifauna 

from their Sargassum host with a salad spinner. All of the cold freshwater containing the 

epifauna was then passed through a 125 µm stainless steel sieve so the retained particles 

could be washed into a labelled zip bag and frozen at –20°C for transport to The Australian 

National University for further analysis. After all the freshwater was removed from the S. 

polycystum individual, a range of metrics were taken for each host canopy: total extended 

length from stipe end to tip (to nearest cm), total volume (to nearest millilitre measured via 

displacement of freshwater in a measuring cylinder) and total wet weight (g). S. polycystum 

individuals were then dried in an oven at 60°C for 48 h to obtain a canopy dry weight (to 

nearest 0.1 g). 

Total abundance of epifauna collected from each S. polycystum individual was quantified by 

defrosting the epifauna and fixing them in a 10% formalin-seawater solution for 1 h, before 

rinsing in seawater for identification and enumeration under a stereo-microscope with 40 

magnification. To allow estimation of epifaunal biomass in terms of ash free dry weight 

(AFDW), we used the sieve method proposed by Edgar (1990c), which involved passing the 

now-fixed epifauna samples through a nested series of sieves (8.0, 5.6, 4.0, 2.8, 2.0, 1.4, 

1.0, 0.7 and 0.5 mm stainless steel mesh sizes) that fractionated the epifauna by body size. 

Epifauna retained on each sieve were then identified to 6 taxonomic groups following Edgar 

(1990c): crustaceans, molluscs, echinoderms, polychaetes, foraminifera and other animals; 
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epifaunal abundance was determined by counting all individuals per taxonomic group per 

sieve size. For epifauna retained on sieve sizes of ≤4.0 mm, we used the empirically derived 

equations of Edgar (1990c) to estimate the total AFDW of each taxonomic group in the 

sample. For all epifauna > 5.6 mm, we empirically measured the dry weight and ash weight 

of each taxonomic group (following 48 h in a 60°C oven or 2 h in a 500°C muffle furnace, 

respectively) to estimate AFDW by subtracting the ash weight from dry weight. 

 

Macroalgal and invertivorous fish surveys 

Macroalgal benthic composition within each site was estimated underwater by SCUBA 

divers deploying 6 replicate 10 m line transects run in series and separated by a minimum 

of 5 m. Along each transect, the relative percentage cover of macroalgal genera was 

estimated by recording the distance occupied under the line (to nearest 5 cm). Sargassum 

canopy structure was also assessed in terms of holdfast density (number within a 0.5  0.5 

m quadrat) and vertical canopy height (maximum length when manually extended along a 

ruler to nearest cm) at 2 m intervals (starting at 0 m) to yield 6 replicate measures of each 

canopy metric per 10 m line transect, following Wilson et al. (2014). 

Invertivorous fishes have been identified as common in tropical macroalgal meadows and 

include species in the 4 diverse families of the Labridae (excluding the Scarinae), 

Lethrinidae, Mullidae and Serranidae (Wilson et al. 2010, van Lier et al. 2018, Fulton et al. 

2019). We estimated the biomass of these fish families within our 9 study sites using the 

point-census cylinder survey method of Noble et al. (2013). This involved the same observer 

on SCUBA recording the estimated total length (cm) of all target fishes within 6 replicate 5 

m diameter cylinders that were haphazardly spread within each site so as to be separated 

by at least 5 m from each other. Mean site-level biomass of each fish family was then 

calculated by converting the total length (cm) of all individuals to an estimated mass (g) 

using published length-weight relationships for each species (Kulbicki et al. 2005a, Froese 

& Pauly 2021). 

 

Data analyses 

To examine which measures of Sargassum canopy size may best predict variation in 

epifaunal total abundance and biomass, we used least-squares regression to model the 
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relationships between 3 metrics of Sargassum canopy size (total length, volume and dry 

weight) and either total epifaunal abundance or total epifaunal biomass (AFDW) per S. 

polycystum individual. Initial analyses indicated that most relationships were significant and 

non-linear (see Figure A3.1 in the Appendix), so they were linearised via natural log-log 

transformations for subsequent analyses. 

Epifaunal community structure among sites was then explored in terms of both individual 

abundance and biomass of the 6 taxonomic groups of epifauna (as dependent variables), 

with the fixed factor of seascape position (nearshore, lagoon or back reef) and random factor 

of site (nested in seascape position) in a 2-way multivariate permutational analysis of 

covariance (PERMANCOVA). Sargassum canopy size was included as a covariate (logged 

volume for epifaunal abundance, logged dry weight for epifaunal biomass). These 

PERMANCOVAs were performed with Type 1 sum of squares and a maximum of 9999 

permutations of resemblance matrices based on the modified Gower (base 2) dissimilarity 

measure applied to either log10(x + 1) (abundance) or fourth-root (biomass) transformed 

data that were used to reduce skew across the dependent variables (Anderson et al. 2006, 

2008). Post-hoc explorations of significant terms were explored with threshold-metric multi-

dimensional scaling (tmMDS) ordinations of the site-seascape group centroids. Ordination 

structure in epifaunal individual abundance and biomass was explored with principal 

components analysis (PCA), optimised with vector overlays to indicate the degree of 

Pearson’s correlation between the epifaunal variables and the ordination structure. 

Possible environmental predictors of site-level variation in the relative biomass of the 6 

taxonomic groups of Sargassum epifauna were explored with best-subsets model selection 

using distance-based linear models (DistLM) and the Akaike information criterion corrected 

for finite sample sizes (AICc) to select the most parsimonious model(s), following Burnham 

& Anderson (2002). We first converted the matrix of dependent data (being epifaunal 

biomass per taxonomic group) into biomass per Sargassum canopy dry weight (mg epifauna 

g DW–1) to take account of general canopy size effects on epifaunal biomass. This 

standardised epifaunal biomass was then arranged into a modified Gower (log base 2) 

resemblance matrix, following a fourth-root transformation to correct for skew. An 

environmental predictor matrix was assembled, comprising site means for 3 groups of 

possible predictors: invertivorous fish biomass (per each of the 4 families), Sargassum 

canopy structure (canopy height, holdfast density, percent cover canopy and understory 

taxa, taxonomic genera richness and Pielou’s evenness) and seascape context (meadow 

patch area, distance to fringing reef, distance to nearest neighbouring meadow and depth). 
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The most parsimonious environmental model for predicting Sargassum epifaunal biomass 

across the 9 study sites was chosen as the one with the fewest variables within 2 AICc of 

the top model, which was then visualised by a distance-based redundancy analysis (dbRDA) 

ordination with the best predictor environmental vectors as an overlay. All analyses were 

performed in PRIMER (v.7.0.13) with the Permanova+ add-on (Anderson et al. 2008). 

 

Results 

A total of 49431 epifauna individuals were extracted from 81 S. polycystum individuals, 

which represented an estimated total biomass of 18619.4 mg (AFDW) of epifauna from 

6119.8 g (dry weight) of tropical Sargassum canopy biomass. Total abundance and biomass 

of epifauna per S. polycystum individual varied significantly with all 3 measures of 

Sargassum canopy size (Figure 3.2). Pearson’s correlation was highest for epifaunal 

abundance against Sargassum canopy volume (Figure 3.2B); correlations were generally 

lower for epifaunal biomass–canopy relationships, being highest for Sargassum canopy dry 

weight (Figure 3.2F). 

Half of the total epifaunal abundance (50.0%) consisted of crustaceans (mainly Amphipoda, 

Harpacticoida and Isopoda), a third (33.4%) were molluscs (mainly Gastropoda), and the 

remainder comprised foraminifera (9.1%), echinoderms (2.6%, mostly Ophiuroidea), 

polychaetes (1.9%) and a mixture of other animals (2.7%, including Nematoda). In biomass 

terms (estimated as AFDW that excludes skeletal tissues such as shells), however, molluscs 

were the dominant group (77% of the overall total), followed by crustaceans (20%). 

Considerable variation was apparent at the sample level, with little apparent structure in 

either epifaunal abundance or biomass related to seascape position across all of the 

taxonomic groups (Figures 3.3 & 3.4), perhaps with the exception of crustaceans and 

molluscs being more abundant in the back reef S. polycystum samples (Figure 3.3A,B) that 

also tended to be at the larger end of the canopy size spectrum across the entire collection 

(Figure 3.2A–C). 

Both epifaunal individual abundance and biomass varied significantly among sites, with a 

significant interaction between Sargassum canopy size and seascape position after taking 

into account the significant covariance between canopy size and epifauna (Table 3.1, Figure 

3.2). Whilst the largest Sargassum canopy sizes were sampled in the back reef, there was 

high variability among sites that created considerable overlap among all 3 seascape 
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positions (Figure 3.5). Focusing on this site-level variation, best-subsets model selection 

revealed 2 competing models that could provide the best predictors for epifaunal community 

biomass structure (Table 3.2), which were based on either invertivorous fish biomass (Figure 

3.6A,C) or seascape context (Figure 3.6B,D). In general, Sargassum at sites characterised 

by a high biomass of mullid fishes had higher epifaunal biomass for a given canopy size, 

while a lower epifaunal biomass (particularly molluscs; Figure 3.6C) tended to be found in 

sites characterised by a high biomass of labrid, serranid and lethrinid fishes (Figure 3.6A,C). 

Distance to fringing reef was the best single seascape predictor for epifaunal community 

structure (accounting for >47% of the total variation along dbRDA1), with a trend of 

increasing epifaunal biomass (particularly molluscs) with increasing distance of the patch 

from the coral back reef (Figure 3.6B). Depth and distance to the nearest neighbouring 

Sargassum meadow appeared to play a smaller overall role (8% of total variation along 

dbDRA2) in explaining spatial variations in epifaunal canopy-specific biomass (Figure 

3.6B,D). 

 

 

Figure 3.2 Log-log plots of the relationship between different measures of Sargassum 

canopy size (total length, volume, and dry weight) and either (A–C) epifaunal abundance 

(total individuals per S. polycystum) or (D–F) epifaunal biomass (ash free dry weight, AFDW, 

per S. polycystum) collected from 9 study sites at 3 seascape positions (nearshore, lagoon, 

and back reef) in the Maud region of Ningaloo Reef during summer 2018. 
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Figure 3.3 Principal component analysis (PCA) of epifaunal abundance on 81 individual S. 

polycystum collected from 9 sites (n = 9 samples per site) at 3 seascape positions (n = 3 

sites per position) in Ningaloo during summer 2018. (A) Total epifaunal abundance, (B) 

vector overlay of epifaunal taxonomic groups strongly correlated with the ordination structure, 

and (C) ordinations optimised with bubbles scaled to relative abundance of each epifaunal 

group. 
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Figure 3.4 PCA of epifaunal biomass on 81 individual S. polycystum collected from 9 sites 

(n = 9 samples per site) at 3 seascape positions (n = 3 sites per position) in Ningaloo during 

summer 2018. (A) Total epifaunal biomass, (B) vector overlay of epifaunal taxonomic groups 

strongly correlated with the ordination structure, and (C) ordinations optimised with bubbles 

scaled to relative biomass of each epifaunal group. 



194 
 

Table 3.1 Summary of PERMANCOVA of Sargassum epifaunal (A) individual abundance 

and (B) biomass across 3 seascape positions (fixed) and 9 study sites (random, nested in 

seascape) in the Maud region of Ningaloo Reef during summer 2018, with log Sargassum 

canopy size included as a covariate in terms of either (A) volume or (B) dry weight according 

to the best predictors for the canopy size–epifauna relationships (see Figure 3.2). Significant 

terms (P < 0.05) are highlighted in bold. 

Source df SS MS Pseudo-F p-value 

(A) Epifaunal individual abundance      

Sargassum canopy volume 1 16.125 16.125 55.990 <0.01 

Seascape 2 1.139 0.569 1.024 0.454 

Site (Seascape) 6 3.445 0.574 3.064 <0.01 

Sargassum canopy volume  Seascape 2 1.129 0.564 3.012 <0.05 

Sargassum canopy volume  Site 6 1.812 0.302 1.612 0.079 

Residual 63 11.807 0.187   

Total 80 35.456    

(B) Epifaunal biomass      

Sargassum canopy dry weight 1 13.127 13.127 18.134 <0.01 

Seascape 2 1.865 0.932 0.506 0.827 

Site (Seascape) 6 11.365 1.894 4.873 <0.01 

Sargassum canopy dry weight  Seascape 2 2.817 1.409 3.623 <0.01 

Sargassum canopy dry weight  Site 6 3.301 0.550 1.415 0.115 

Residual 63 24.491 0.389   

Total 80 56.967    

 

Table 3.2 Summary of best-subsets selection of distance-based linear models for predicting 

site-level variation in biomass of Sargassum epifauna. The most parsimonious models within 

2 Akaike information criterion (AICc) units of the top model are indicated in bold. 

Model AICc deltaAICc r2 

Invertivorous fish biomass 2.413 – 0.635 

Seascape context 3.103 0.69 0.606 

Canopy structure 88.001 85.59 0.885 
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Figure 3.5 Threshold-metric multi-dimensional scaling (tmMDS) ordination of site-level 

group centroids for Sargassum epifaunal (A) abundance and (B) biomass collected at 3 

seascape positions (nearshore, lagoon, back reef; n = 3 sites per position) within Ningaloo 

during summer 2018. Bubble sizes are proportional to site-level mean Sargassum canopy 

(A) volume or (B) dry weight to explore the significant canopy  seascape interaction (see 

Table 3.1). 

 

Discussion 

Our study found 3 key results that significantly increased our understanding of invertebrate 

biodiversity patterns within tropical seascapes containing macroalgal meadows. First, we 

found an overarching positive correlation between epifaunal community structure and 

Sargassum canopy size, although the best canopy size metric varied for the measures of 

epifaunal individual abundance and biomass. Second, we found epifaunal community 

structure varied significantly among Sargassum meadow patches, with a prominent 

interaction between host canopy size and seascape position. Third, the local biomass of 

invertivorous fish and the position of macroalgal meadows within the seascape provided 

some of the best predictors for site-level variations in Sargassum epifaunal community 

structure (Figure 3.7). Given that  epifauna are a critical trophic link between the macroalgal 

production base and higher-order consumers such as fishes, our evidence suggests distinct 

differences in the trophodynamics of these tropical ecosystems across relatively fine spatial 

scales (<2 km). Moreover, the strong links between epifaunal biomass and canopy size, and 

the sensitivity of Sargassum canopy growth to sea temperature (Fulton et al. 2014, 2019), 
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suggest climate change is likely to influence flows of primary to secondary production in 

macroalgal-dominated systems. 

 

 

Figure 3.6 Distance-based redundancy analysis (dbRDA) ordination of the most 

parsimonious best-subsets models for predicting site-level variation in epifaunal biomass 

across 3 seascape positions (nearshore, lagoon, back reef) in terms of (A) invertivorous fish 

biomass and (B) seascape context, with optimisations showing bubble sizes scaled to site-

level epifaunal biomass for both crustacea and molluscs for each model (C and D, 

respectively). Vector overlays indicate invertivorous fish family and seascape metric most 

strongly correlated with each ordination structure. 
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Strong correlations between epifaunal abundance and Sargassum canopy size, such as 

those found in this study, may arise through habitat amount effects that can govern the size 

and diversity of ecological communities (Fahrig 2013). However, the differing metrics of 

canopy size relevant to either individual abundance or biomass of epifauna suggest some 

nuanced effects related to habitat microstructure. For instance, epifaunal abundance was 

most strongly correlated with canopy volume (rather than canopy length or biomass), which 

may point to the importance of overall surface area and microniches for colonisation by 

mobile animals on fresh Sargassum (Carvalho et al. 2018). Indeed, canopy macroalgal 

meadows have already been found to harbour more epifauna than other macrophyte 

habitats, such as seagrass meadows (Tano et al. 2016, Belattmania et al. 2018b), the 

epilithic algal matrix (EAM; Kramer et al. 2012, 2014) or the understory macroalgae (Wenger 

et al. 2018), due to their complexity and higher volumetric canopy structure. An increased 

epiphyte load, which increases the structural complexity and surface area of the overall 

macroalgal canopy, has also been found to support a greater abundance of epifauna 

(Martin-Smith 1993, Leite & Turra 2003). Our late-summer samples at Ningaloo showed a 

very low occurrence of Sargassum epiphytes (total of 53.65 g epiphytes across 6119.8 g 

Sargassum, dry weight). Epiphyte loads on tropical Sargassum can change dramatically 

with season (Martin-Smith 1993, Lefevre & Bellwood 2010), and such seasonal effects 

should be a priority for future research in this area. We found epifaunal biomass, however, 

was most strongly correlated with Sargassum canopy dry weight in the Ningaloo samples, 

which is consistent with prior studies of epifaunal biomass on tropical and temperate 

Sargassum (Mukai 1971, Edgar & Aoki 1993, Edgar & Klumpp 2003, Leite & Turra 2003). 

Notably, Pearson’s correlations for epifaunal biomass–canopy relationships were generally 

lower than for epifaunal abundance–canopy relationships, which may arise from biomass 

estimates of epifauna larger than 5.6 mm that represent a greater amount of biomass 

(59.14%) relative to their individual abundance (0.86%) of the total epifaunal community. 

Nonetheless, we found significant positive correlations between the amount of epifauna and 

Sargassum canopy size, which is emerging as a common scenario in tropical Sargassum 

communities (Martin-Smith 1993, Wenger et al. 2018). 

Epifaunal communities inhabiting Sargassum canopies in Ningaloo were dominated by 2 

key taxonomic groups: crustaceans and molluscs. Peracarid crustaceans (amphipods and 

isopods), harpacticoid crustaceans and gastropod molluscs were the main taxonomic 

groups contributing to total epifaunal abundance (83.4%) and biomass (94%), followed by 

ophiuroid echinoderms and polychaetes. Our findings are congruent with previous studies 
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indicating that crustaceans and molluscs are the most abundant mobile epifauna on 

Sargassum in tropical and temperate biomes around the world (Table 3.3). Indeed, studies 

of epifauna living within turf algae of the EAM (immediately adjacent to corals) or 

scleractinian corals found crustaceans were most abundant, followed by molluscs, annelids, 

foraminifera, and nematodes (Stella et al. 2010, Kramer et al. 2012, Kramer et al. 2014). 

Depending on seascape setting (explored further below), these 2 taxonomic groups may be 

the most abundant drivers of trophodynamics and nutrient cycling within these macroalgal-

dominated ecosystems. Notably, our estimates of total epifaunal density (individual number 

per g Sargassum dry weight) were ~3-fold lower than the average from other studies of 

tropical and temperate Sargassum epifauna (Table 3.3). A previous estimate from a single 

Sargassum meadow at Ningaloo, which was an order of magnitude higher than our estimate 

(148 individuals per g canopy dry weight; Wenger et al. 2018), provides some insight into 

the possible source of these differences. Wenger et al. (2018) used 0.12 mm as the finest 

mesh size while processing their Sargassum epifauna, which captured an extremely 

abundant foraminifera fauna that were subsequently found to not be major prey targets for 

a Sargassum-associated invertivorous fish (Wenger et al. 2018). While there are some wide 

variations across studies using similar mesh collection sizes, there is a generally higher 

mean epifaunal density on tropical versus temperate Sargassum (Table 3.3). This fits with 

the notion that production of the ectothermic epifaunal community is higher in warmer sea 

temperatures (Edgar 1990b). 

Consumers can exert strong top-down pressure on prey to shape relative abundance and 

biomass across space and time. Macroalgal meadows can be important foraging grounds 

for invertivorous fishes (Edgar & Aoki 1993, Wilson et al. 2014, Tano et al. 2016), which 

have been found to specifically target mobile epifauna on macroalgae like Sargassum 

(Edgar & Aoki 1993, Wenger et al. 2018), with varying effects. For instance, one study found 

no significant decrease in epifaunal abundance on Sargassum canopies caged to exclude 

fish foraging activity (Martin-Smith 1993). In contrast, Edgar & Aoki (1993) found that 

predation by an invertivorous wrasse (Labridae) tended to remove larger epifauna from 

macroalgae in mesocosm experiments, which freed up resources (through competitive 

release) for smaller epifauna that subsequently increased in abundance. In other words, it 

appears predation could drive an increase in the abundance and productivity of Sargassum 

mobile epifauna, which may help explain why higher epifaunal biomass was often found in 

meadows with greater invertivorous fish biomass at Ningaloo. The biomass of common 

invertivorous fish species has been positively correlated to Sargassum canopy structure 
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(Wilson et al. 2014, Wenger et al. 2018), with at least one invertivorous fish species found 

to preferentially target epifaunal crustaceans and molluscs on tropical Sargassum (Wenger 

et al. 2018). Given that invertivorous fishes have previously been shown to vary in 

abundance with seascape position (van Lier et al. 2018), some of the seascape effects on 

epifauna condition may arise from these predation effects. Such linkages of invertivorous 

fishes, epifauna and Sargassum in Ningaloo provide a hint of how secondary and higher 

production may be supported by the underlying Sargassum canopy habitat at Ningaloo and 

across seascapes dominated by Sargassum meadows around the world (Fulton et al. 2019). 

This is clearly a key research front for future work in this arena, requiring empirical study of 

epifauna–fish interactions and microhabitat foraging preferences to help resolve the relative 

importance of bottom-up (canopy structure) and top-down influences on macroalgal 

epifauna. 

 

 

Figure 3.7 Conceptual diagram showing the relationship between macroalgal canopy 

volume/dry weight and epifaunal abundance/biomass at within-patch scale, and how 

seascape contexts and the presence of invertivorous fishes affect epifaunal community 

structure at seascape scales. 
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Table 3.3 Studies of Sargassum-associated epifaunal composition around the world. 

Epifaunal density is presented as the individual number per gram of Sargassum dry weight. 

The top 3 most abundant taxa (if present) are listed. Most studies used a 0.5 mm mesh size, 

and studies using 0.1 to 0.3 mm mesh size are marked with an asterisk. Sargassum wet 

weight in some studies was converted to dry weight by following Brey et al. (2010). 

Epifaunal 

density 
Most abundant taxa Focal region Source 

(A) Tropical 

13 Crustaceans > Molluscs > 

Foraminifera 

Ningaloo Reef, Australia  

(23° 1’ S) 
Present study 

8 Crustaceans > Molluscs > 

Polychaetes 

Northeast Queensland, 

Australia (18° 1’–18° 4’ S) 

Edgar & Klumpp 

(2003) 

31* Crustaceans > Polychaetes > 

Molluscs 

The Great Barrier Reef, 

Australia (19° 1’ S) 
Martin-Smith (1993) 

12 Crustaceans > Molluscs > 

Polychaetes 

Red Sea, Saudi Arabia  

(21° 2’ N) 

Ba-Akdah et al. 

(2016) 

148* Foraminifera > Crustaceans > 

Molluscs 

Ningaloo Reef, Australia  

(23° 1’ S) 
Wenger et al. (2018) 

66* Molluscs > Crustaceans > 

Polychaetes 

Flamengo Bay, Brazil  

(23° 3’ S) 
Leite & Turra (2003) 

1 Crustaceans > Polychaetes > 

Molluscs 

Lazaro and Tabatinga,  

Brazil (23° 3’ S) 
Tanaka & Leite (1998) 

Mean density ± SE: 39.9 ± 19.8 

 

  

(B) Temperate 

97 Crustaceans > Platyhelminthes > 

Molluscs 

Tomioka Peninsula,  

Japan (32° 3’ N) 
Edgar & Aoki (1993) 

4 Crustaceans > Molluscs > 

Polychaetes 

El Jadida shoreline,  

Morocco (33° 2’ N) 

Belattmania et al. 

(2018b) 

74* Crustaceans > Polychaetes > 

Molluscs 

Sydney & Illawarra, 

Australia (34° 2’–34° 4’ S) 
Lanham et al. (2015) 

3* Crustaceans > Molluscs > 

Annelids 

Southeast New South 

Wales, Australia  

(34° 3’–34° 8’ S) 

Marzinelli et al. (2016) 

31 Molluscs > Crustaceans 
West and south coast,  

Portugal (37° 1’–37° 4’ N) 
Engelen et al. (2013) 

14 NA 
North coast, Portugal  

(41° 4’–41° 5’ N) 
Veiga et al. (2014) 

2 Crustaceans > Molluscs > 

Polychaetes 

Galician coast, Spain  

(42° 1’–42° 2’ N) 
Gestoso et al. (2012) 

6 Molluscs > Crustaceans > 

Nematodes 

Galician coast, Spain  

(42° 2’ N) 
Gestoso et al. (2010) 

Mean density ± SE: 28.9 ± 13.0   
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Our study reveals that local conditions of mean Sargassum canopy size can vary 

considerably over fine spatial scales to provide one of the primary explanations (indicated 

by the significant interaction term) for variations in epifaunal community structure in a range 

of seascape contexts. At Ningaloo, Sargassum canopy size was not consistent across all 

meadows, creating a complex mosaic of high/low canopy density, height and cover across 

meadows spread across the seascape (Wilson et al. 2014, Lim et al. 2016, Wenger et al. 

2018). While this was largely irrespective of seascape position, we did find a tendency for 

higher maximum Sargassum canopy size in back reef positions, where the Sargassum 

meadows were embedded among the fringing coral reef. Once these canopy size effects 

were taken into account, however, seascape position did provide further explanations for 

spatial variations in Sargassum epifaunal community structure. In particular, distance to the 

back reef provided one of the key predictors for differences in epifaunal community structure 

at Ningaloo. This was largely because of a shift in the relative dominance of the 2 major 

epifaunal taxa: crustaceans dominated the Sargassum epifauna in macroalgal meadows 

close to coral reef (i.e., back reef sites), while epifaunal molluscs predominated in nearshore 

and lagoonal macroalgal meadows. This is significant because these 2 invertebrate groups 

may have very different levels of growth (secondary production) to support consumption by 

higher-order consumers like fishes using different strategies for consumption and 

processing of these 2 prey types (Wainwright 1988, Edgar 1990a,b,c, Kramer et al. 2015). 

If so, then adjacent macroalgal meadows separated by relatively fine spatial scales (100s of 

metres to a few kilometres) may have remarkably different trophodynamics. 

Strong canopy–epifauna relationships such as those revealed here indicate some broader 

consequences for the conservation and management of diverse and productive tropical 

seascapes. Across the range of canopy sizes examined here, which span a typical range of 

Sargassum canopy sizes that have been observed across sites, seasons and years in this 

region (Wilson et al. 2014, van Lier et al. 2018), we can see that even small reductions in 

canopy extent can translate to much lower epifaunal abundance with flow-on effects for 

associated species and overall ecosystem function. A reduction in Sargassum canopy from 

disturbance or seasonal effects is likely to trigger a trophic cascade in reduced productivity 

at higher trophic levels, with variable consequences across the seascape. The non-linear 

nature of these effects suggests a particularly severe reduction in epifaunal abundance for 

canopies below 30 to 60 cm height at Ningaloo. Indeed, similar reductions in canopy size 

due to seasonal cycles in Sargassum phenology have been linked to major declines in the 

abundance of macroalgal-dependent fishes (Lim et al. 2016, Wenger et al. 2018). Besides 



202 
 

a reduction in the overall abundance of epifauna with canopy reductions, there may also be 

a loss of certain taxa (e.g., shifts in the gammarid crustacean epifauna over seasonal 

Sargassum canopy cycles; Kodama et al. 2020) that are key components in nutrient cycling 

and trophic flows. A major cause for concern is that one of the key stressors of climate 

change—sea temperature—is a primary determinant of Sargassum canopy growth in 

tropical reef settings around the world (Fulton et al. 2019). Alongside disturbances like 

marine heatwaves and cyclones (Fulton et al. 2019) which can dramatically reduce 

Sargassum canopy size in a short time, these climatic effects can drive a bottom-up collapse 

of trophic flows to higher-order consumers, including fish species that underpin productive 

tropical fisheries linked to the livelihoods of millions of people across the tropical world 

(Robinson et al. 2019, Fulton et al. 2019). As such, we suggest that tropical macroalgal 

canopy conditions should be a key metric in habitat-based fisheries management and spatial 

approaches to conservation that seek to encompass a representative cross-section of 

biodiversity across a range of seascape settings. The thermal thresholds that may underpin 

major shifts in epifaunal abundance and production should be a key priority for future 

experimental work and targeted multi-season and multi-year field studies. 
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Appendix 

 

Figure A3.1 Relationship between different measures of Sargassum canopy size (total 

length, volume, and dry weight) and either (A–C) epifaunal abundance (total individuals per 

S. polycystum) or (D–F) epifaunal biomass (ash free dry weight per S. polycystum) collected 

from 9 study sites at 3 seascape positions (nearshore, lagoon, and back reef) in the Maud 

region of Ningaloo Reef, Australia, during summer 2018. 
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CHAPTER 4 

 

QUANTIFYING EPIFAUNAL SECONDARY PRODUCTION                

WITHIN TROPICAL MACROALGAL MEADOWS: SEASONALITY AND 

SENSITIVITY TO CANOPY STRUCTURE  

 

 

 

This chapter has been accepted in Limnology and Oceanography 

Co-authored with Cooper, P., Fulton, C.J. and Fox, R.J.  
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Abstract  

Secondary production connects primary producers with higher-order consumers. The 

response of secondary production to seasonal variation in primary producers can influence 

trophic flows that underpin key ecosystem functions and services. Within the canopy-forming 

macroalgal meadows of Ningaloo Reef, Western Australia, we quantified the secondary 

production generated by Sargassum-associated epifauna across seasons and seascapes. 

We found a strong positive correlation between overall epifaunal production and Sargassum 

canopy size. Variation in epifaunal production was predominantly driven by seasonal 

changes in Sargassum canopy size. However, these seasonal effects were not uniform 

across the seascape. Key predictors of spatial and temporal variation in epifaunal production 

were the presence of invertivorous fish families, as well as daily and monthly fluctuations in 

sea temperature. Areal estimates of epifaunal productivity were much higher in summer than 

in winter, due to higher Sargassum canopy size and percent cover in summer. Epifaunal 

production was estimated to be more sensitive to Sargassum percentage cover than to 

canopy height. Modelling a 45% reduction in canopy height and percent cover of Sargassum 

associated with a marine heatwave event revealed a potential 81% drop in the areal rate of 

secondary production by Sargassum epifauna in this tropical fringing reef ecosystem. 

Disturbances to Sargassum canopy structure driven by global change can therefore 

significantly alter the productivity of these tropical macroalgal meadows and their ability to 

support higher level consumers within the food web, including important fisheries species. 

Our results highlight the importance of including epifaunal production estimates in predictive 

modelling when managing macroalgal-dominated marine ecosystems.   

 

Keywords: Canopy Macroalgae, Climate Change, Ecosystem Functioning, Epifauna, 

Invertivorous Fishes, Sargassum spp., Seasonality, Secondary Production  
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Introduction 

Biological production is essential to the functioning of every aquatic ecosystem. The 

conversion of sunlight to organic material and subsequent promotion of energy flow through 

food webs generate the linkage between biodiversity and ecosystem stability which, in turn, 

underpin all ecosystem processes, services and functions (Falkowski 1980, Mace et al. 

2012). Discussion of biological production typically focuses on measuring primary 

production, determining how these flows are regulated by abiotic and/or biotic factors, with 

related applications in environmental science (Field et al. 1998, Brown et al. 2010). By 

contrast, secondary production – or the generation of biomass by heterotrophs – tends to 

be less well studied in aquatic ecosystems, although is equally important in connecting 

primary producers with higher-order consumers, integrating individual process and 

population fitness, and incorporating biotic interactions with abiotic conditions that can 

influence energy flows (Brey 1989, Benke et al. 2001). Quantification of secondary 

production is also a useful tool for understanding ecosystem dynamics, the relationships 

between biodiversity and ecosystem functioning, and the impact of environmental changes 

on those relationships (Benke & Huryn 2010, Dolbeth et al. 2011, Dolbeth et al. 2012).  

Levels of production within an ecosystem are rarely fixed throughout the year. They can be 

profoundly influenced by temporal fluctuations in physical drivers (e.g., temperature, 

humidity, light, nutrient). In many cases, these factors can create repeating patterns of 

seasonality: predictable periods of higher production during certain seasons (usually 

summer or wet season) with some intervals (usually winter or dry season) experiencing low 

production (Longhurst 1995, Pennington & Chavez 2000). Seasonality of production affects 

biodiversity and ecosystem functioning, because both primary producers and higher-order 

consumers respond to changes in energy fluxes which affect their abundance, biomass and 

fitness (Longhurst 1995, Dudgeon 2000). Trophic flows can be bi-directionally regulated by 

top-down and bottom-up effects, meaning that the response of secondary producers to 

seasonal fluctuations in primary production can result in critical flow-on effects for the 

ecosystems they support (Benke 2010, Lewis&Anderson 2012). On top of these predictable 

seasonal changes, the effects of global change can add a layer of uncertainty. Alterations 

to the timing or phenology of seasonal patterns, as well as moderation or exaggeration of 

their abiotic extremes (e.g., rising temperatures during winter, increased frequency of 

extreme weather events during summer) can significantly reshape biological communities, 

with associated effects on biodiversity and ecosystem functioning (Emmerson et al. 2005, 

Pennington et al. 2006). Knowledge of baseline seasonal modulations in productivity will be 
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fundamental to our ability to predict the additional effects of global change on production 

levels within ecosystems.  

Within marine ecosystems, one of the largest contributors to secondary production are the 

epifaunal communities (Edgar 1990a, Edgar 1990b, Taylor 1998a, Cowles et al. 2009). 

Epifauna are animals found attached to living and/or non-living surfaces, with a wide range 

of body size but typically 0.5-10 mm long (Chen et al. 2021). Their extreme abundance and 

rapid turnover rate make them an essential part of the marine food web, connecting benthic 

primary producers and higher-order consumers such as carnivorous invertebrates and 

invertivorous fishes (Newcombe & Taylor 2010, Wenger et al. 2018, Chen et al. 2021). 

Epifauna are typically associated with large macrophytes, such as macroalgae or 

seagrasses, and previous studies have shown that epifauna can experience seasonal 

fluctuations in their abundance and biomass (Veiga et al. 2014, Ba-Akdah et al. 2016, Chen 

et al. 2021), corresponding to seasonality in host morphology (e.g., biomass, volume), 

habitat conditions (e.g., structural complexity, benthic composition, predation) and 

environmental parameters (e.g., sea temperature, nutrient concentration) (Edgar 1990a, 

Taylor & Cole 1994, Taylor 1998a). However, few studies have quantified the associated 

seasonal changes in secondary production by the epifaunal community, meaning that the 

response of epifaunal production to seasonal ecosystem dynamics are not well understood 

(Gan et al. 2019, Fraser et al. 2020a). 

One of the most common habitat-forming macrophytes within tropical reef ecosystems are 

fucoid macroalgae belonging to the genus Sargassum. Canopies of Sargassum can extend 

into large meadows, making up a large proportion of the total areal primary production within 

tropical reef ecosystems (Fulton et al. 2019). Sargassum is known to harbour an abundance 

of epifauna whose community structure varies over space and time in association with 

Sargassum canopy size (e.g., total length, canopy volume, canopy dry weight), canopy 

structure (e.g., canopy vertical height, holdfast density, canopy percent cover), presence of 

invertivorous fishes and local environmental conditions (Edgar & Aoki 1993, Leite & Turra 

2003, Chen et al. 2020). However, this key habitat-forming macrophyte can exhibit strong 

temporal shifts in canopy size and structure. In tropical regions, Sargassum chiefly shows 

two patterns of seasonal fluctuations: (1) canopy growth in summer and detachment in 

winter (Leite & Turra 2003, Lefevre & Bellwood 2010, Fulton et al. 2014); or (2) winter growth 

followed by summer canopy detachment (Trono & Lluisma 1990, Ang 2006, Ateweberhan 

et al. 2009). The canopy size and structure of Sargassum can, therefore, exhibit strong 

seasonal fluctuations from shifts in sea temperature (Ateweberhan et al. 2006, Fulton et al. 



208 
 

2014). While these seasonal fluctuations in Sargassum canopy structure and the impact on 

associated epifaunal communities have been documented (Leite & Turra 2003, Ba-Akdah 

et al. 2016), we currently have little understanding of how such fluctuations influence 

secondary production by epifauna, and the likely implications for trophic flows within tropical 

reef ecosystems. 

We examined the consequences of seasonal variation in Sargassum canopy size for 

secondary production by associated epifaunal communities with shallow marine habitats of 

the Ningaloo coast, Western Australia. Using Edgar’s empirical equation (1990b), we 

quantified the seasonal secondary production of epifauna across tropical seascapes to: (1) 

determine the relationship between epifaunal secondary productivity and macroalgal canopy 

size; (2) explore the responses of epifaunal secondary productivity to temporal and spatial 

changes in macroalgal canopies; (3) identify the best predictors for spatial and temporal 

variations in epifaunal secondary productivity; and (4) estimate the sensitivity of areal 

estimates of secondary epifaunal productivity to modelled shifts in macroalgal canopy 

structure. 

 

Materials and methods 

Study location 

The study was conducted within Ningaloo Marine Park, situated in the northwest coastal 

region of Western Australia. This area, bordering the Ningaloo Coast, is Australia’s largest 

fringing coral reef (290 km long) and encloses a shallow lagoon dominated by brown 

macroalgal, chiefly belonging to the canopy-forming genus Sargassum which produce 

dense canopies and anchors themselves into the benthic substrate with holdfasts to form 

massive meadows. The term ‘meadow’ is used here in an equivalent sense to the term ‘bed’, 

and the two can be considered synonmous. The extensive Sargassum meadows cover an 

area of over 300 km2 and exhibit dramatic seasonal fluctuations in canopy biomass (Kobryn 

et al. 2013, Fulton et al. 2014, van Lier et al. 2018; Figure 4.1a, b). Due to the difficulty of 

providing taxonomically-accurate identification of individual species of Sargassum in the 

field, we focused on the most common morphotype of Sargassum present in these meadows 

(but most likely to be the species S. polycystum), thereby ensuring consistency of sampling 

between meadow patches. Within a 6 km2 section of the Maud Recreation Zone (south of 

Coral Bay), we selected nine distinct Sargassum meadow patches separated by at least 300 
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m, distributed across three distinct seascape positions (nearshore, lagoon, back reef, three 

meadows per seascape position, van Lier et al. 2018; Figure 4.1c). Both nearshore and 

lagoon patches were embedded within a pavement-sand matrix that was an ancient reef 

pavement covered with 1-3 cm thick sand. Back reef patches were embedded within the 

same pavement-sand matrix but surrounded by fringing coral reefs. 

 

Sampling and post-collection processing 

To determine the temporal and spatial differences in epifaunal secondary production among 

habitats, we collected nine whole Sargassum individuals with their associated epifauna from 

each of the nine meadows in austral summer (Feb-Mar 2018) and in again in austral winter 

(Aug-Sept 2018). Sample sizes were selected based on the desire to maximise within-

meadow sampling, subject to the constraint of sample-processing time. One site (B1) was 

not able to be accessed for the winter sampling, resulting in 71 Sargassum samples 

collected in winter and 81 samples collected in summer (n = 152). As Sargassum canopy 

size (e.g., total length, volume, biomass) is a key predictor for epifaunal abundance and 

biomass (Edgar 1990b, Wenger et al. 2018, Chen et al. 2020), we sampled a cross-section 

of Sargassum canopy sizes within each meadow patch. Collections were conducted by 

divers on SCUBA using a line-transect method (following Chen et al. 2020). Briefly, starting 

from the centre of each meadow patch, we haphazardly ran a 15 m transect tape out to the 

patch edge. At 5, 10 and 15 m we collected three Sargassum individuals of varying thallus 

length. For each individual, the entire thallus and associated epifauna were fully enclosed 

within a canvas bag, the stipe cut just above the holdfast, and the bag sealed immediately 

to prevent loss of any epifauna. All samples were brought back to the research vessel and 

put on ice, with post-collection processing conducted at the Coral Bay Research Station 

within 4 hours of collection. Each Sargassum individual was immersed in cold freshwater for 

ten minutes to numb the associated epifauna, then gently shaken and placed into a salad 

spinner to dislodge the epifauna. These epifauna were washed into a labelled zip bag and 

frozen at -20°C for transportation to The Australian National University for fixation (10% 

formalin seawater solution) and further analysis. We also quantified the canopy size of each 

Sargassum host in terms of four measured variables: total length (cm, from stipe end to tip); 

total volume (mL, measured via displacement of freshwater in a measuring cylinder); total 

wet weight (g WW); and dry weight (g DW, oven-dried at 60°C for 48 hours).  



210 
 

 

Figure 4.1 (a) Dense, tall canopies of Sargassum in Austral summer; (b) sparse coverage 

and short stipes of Sargassum remaining in winter. Images were taken at the same lagoonal 

meadow patch in (a) March 2018 and (b) August 2018 (Photo credits: David Ellis), showing 

the huge shifts of Sargassum canopy size and percent cover within Ningaloo Marine Park, 

Western Australia; and (c) Study site and sampling location of the nine Sargassum meadow 

patches sampled in summer and winter 2018 at three seascape positions (nearshore, 

lagoon, back reef) within Maud Recreation Zone near Coral Bay, Ningaloo Reef, Western 

Australia. 
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Estimates of epifaunal biomass and productivity 

Estimates of epifaunal productivity (µg day-1) were obtained from the standing epifaunal 

biomass (ash free dry weight, AFDW, in µg) collected from each Sargassum individual. 

Biomass estimates were obtained following the sieve method of Edgar 1990b (see Chen et 

al. 2020 for details). Briefly, formalin-fixed epifaunal samples were poured through a series 

of stainless steel sieves (5.6, 4.0, 2.8, 2.0, 1.4, 1.0, 0.7 and 0.5 mm mesh sizes) to 

fractionate the invertebrates by body size. Epifauna retained on each sieve were identified 

under a stereo microscope with 40x magnification and recorded under one of four taxonomic 

groups adapted from Edgar (1990b): crustaceans, molluscs, polychaetes and ‘other 

animals’. We excluded from our definition of epifauna any invertebrates > 5.6 mm. Using the 

number of individuals in each taxonomic group retained per sieve size, we then calculated 

the total biomass (AFDW) of each group using Edgar’s empirically-derived equations 

(1990b). For each Sargassum individual sampled, these biomass estimates were then 

converted into estimates of daily overall secondary production associated with each 

taxonomic group using the empirical equation of Edgar (1990b):  

    P = 0.01 B 0.78 T 0.68                                                                              (1) 

where P is overall secondary productivity (µg day-1), B is epifaunal AFDW (µg), and T is 

mean water temperature T (°C) for a given meadow patch. Finally, we standardised these 

daily overall rates of epifaunal secondary production based on the canopy dry weight (g) of 

each Sargassum individual from which they were obtained, to adjust for differences in 

Sargassum canopy size (µg day-1g DW-1).  

 

Sampling of associated biotic and abiotic habitat variables  

At each meadow patch, in each season, we carried out underwater censuses on SCUBA to 

estimate the abundance of invertivorous fishes. Using a point-census cylinder survey 

method (see Noble et al. 2013), we recorded the presence of individuals belonging to the 

families Labridae (excluding Scarinae), Lethrinidae and Mullidae, known to be the dominant 

invertivores within tropical macroalgal meadows (Edgar & Aoki 1993, Wilson et al. 2010, 

Wenger et al. 2018). At each meadow patch we conducted six replicate surveys, with a 

single diver recording the presence and total length (cm) of individuals within a 5 m diameter 

cylinder. Abundances were converted to biomass estimates using published length-weight 
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relationships for each species (Kulbicki et al. 2005a, Froese & Pauly 2021) and summed to 

give areal biomass estimates of each fish family within the meadow patch.  

The benthic composition of each meadow patch in summer and winter was recorded via 

underwater visual censuses conducted by SCUBA. Six replicate 10 m transect tapes were 

deployed by divers, with percent cover (%) of all macroalgal genera along the transect 

recorded (total amount of the 10 m covered by each species, to the nearest 5 cm). The 

habitat context of each meadow in both summer and winter was also quantified from these 

data, in terms of taxonomic macroalgal genera richness, Pielou's evenness, maximum 

vertical canopy height of Sargassum (to nearest cm) and Sargassum holdfast density 

(holdfast number within a 0.5 × 0.5 m quadrat).  Maximum vertical canopy height and 

holdfast density of Sargassum were measured at 2 m intervals (starting at 0 m) to yield six 

replicates within a line transect, following Wilson et al. (2014).  

To record patch-level sea surface temperature, we deployed submersible temperature 

loggers (Onset HOBO Pro v2) at a height 30 cm above the pavement-sand matrix (cable-

tied to a metal stake embedded in the centre of each meadow patch, one logger per 

meadow). Ambient water temperature was logged at 1-hour intervals over the entire study 

period (see Figure S4.1 in Supplemental Information). Variables relating to the average 

water depth at each meadow patch and the distance from each patch to the nearest fringing 

reef habitat were taken from van Lier et al. (2018) and Chen et al. (2020). 

 

Data analyses 

To determine the relationship between overall epifaunal productivity (µg day-1) and its host 

canopy size (in terms of canopy dry weight, g DW) of each sampled Sargassum individual, 

we used least squares regression. Both variables were log-transformed to meet the 

assumptions of linearity and normality of distribution. We then conducted a Principal 

Components Analysis (PCA) to explore the sample-level variation in overall epifaunal 

productivity across seasons and seascapes, with vector overlays to indicate degree of 

Pearson’s correlation between the overall epifaunal productivity and the ordination structure. 

Data were log10(x+1)-transformed to reduce skew. To test for the effects of seasonality and 

seascape position on overall epifaunal productivity, we ran a three-way multivariate 

permutational analysis of covariance (PERMANCOVA), with productivity of the four 

taxonomic groups of epifauna as dependent variables. We treated season (summer, winter) 
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and seascape position (nearshore, lagoon, back reef) as fixed factors and meadow patch 

as a random factor (nested in seascape). We controlled for the observed positive 

relationship between epifaunal productivity and Sargassum canopy size by including 

Sargassum dry weight (log transformed) as a covariate in the model, as previous studies 

have found that Sargassum canopy dry weight is most strongly correlated with epifaunal 

biomass (Edgar & Aoki 1993, Leite & Turra 2003, Chen et al. 2020). The PERMANCOVA 

was performed with Type I (sequential) sum of squares and a maximum of 9999 

permutations of resemblance matrices based on the modified Gower (base 2) dissimilarity 

(Anderson et al. 2006, 2008). Post-hoc explorations of significant terms were explored with 

threshold-metric Multi-Dimensional Scaling (tmMDS) ordinations of the patch-seascape-

season group centroids.  

To examine possible predictors of patch level variations in epifaunal productivity across 

seasons, we used distance-based linear models (DistLM) and the Akaike Information 

Criterion corrected for finite sample sizes (AICc) as best-subsets model selection (following 

Burnham & Anderson 2002). These analyses were based on mass-standardised estimates 

of epifaunal productivity (epifaunal productivity per dry weight of sampled Sargassum 

individual, µg day-1g DW-1) to account for the effect of Sargassum canopy size on epifaunal 

productivity (see above) and fourth-root transformed to correct for skew. Data were arranged 

into a modified Gower (log base 2) resemblance matrix. Our potential driver matrix was 

based on four groups of possible predictors: (1) invertivorous fish biomass (Labridae, 

Lethrinidae, Mullidae), (2) habitat context (Sargassum canopy height, percent cover of 

Sargassum, percent cover of understory macroalgal taxa, taxonomic genera richness of 

macroalgae, Pielou's evenness of macroalgae), (3) seascape context (distance to nearest 

neighbouring meadow, distance to fringing reef, water depth), and (4) sea temperature 

(average daily minimum temperature, monthly temperature range, average daily 

temperature fluctuation), because seasonal differences in hourly sea temperature varied 

significantly between meadow patches (ANOVA, significant season*meadow patch 

interaction, F = 10.823, P < 0.0001). The best models for predicting patch-level epifaunal 

productivity were considered to be those within two AICc units of the overall top model, 

following Burnham & Anderson (2002). Variations in epifaunal productivity according to the 

best models were visualised using distance-based redundancy analysis (dbRDA) 

ordinations (all model subset groups are presented in Supplemental information for 

completeness, see Figure S4.2). All of the above multivariate analyses were performed in 

PRIMER (version 7.0.13) with the Permanova+ add-on (Anderson et al. 2008).  
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To examine the effect of changes in Sargassum canopy structure on epifaunal production, 

we converted our standardised measures of secondary productivity (µg day-1 g DW-1) into 

estimates of areal productivity (mg m-2 day-1). First we calculated the mean areal Sargassum 

canopy biomass within each meadow patch using an empirical relationship derived by Fulton 

and Wilson (unpublished data), combined with estimates of Sargassum structure within each 

patch obtained from our benthic surveys: 

    Y = 216.65 e 0.435 (C + H × D),                                          (2) 

where Y is the areal canopy wet weight (kg 0.25 m-2), C is the mean Sargassum canopy 

cover under the 10 m line transect (m), H is the mean maximum vertical canopy height of 

Sargassum (m) and D is the mean Sargassum holdfast density (0.25 m-2). Conversion 

factors of Brey et al. (2010) were used to convert the areal canopy biomass from wet weight 

to dry weight. These estimates of mean areal Sargassum canopy biomass within each 

meadow patch were then multiplied by our mass-standardised measures of epifaunal 

secondary productivity to yield an overall estimate of areal epifaunal secondary productivity 

(mg m-2 day-1) for each meadow patch in both summer and winter. Compound error terms 

for the uncertainty around these estimates were calculated using Goodman’s estimator for 

the variance of two independent random variables (following Travis 1982). 

We then conducted sensitivity analyses to model predicted rates of epifaunal production 

associated with three types of environmental scenario: (1) shifts in Sargassum canopy 

vertical height (specifically 30, 60, 90, 120 cm representing the small, medium, large and 

extreme sizes of Sargassum canopy at this location), combined with static 50% canopy 

cover and 5 holdfasts per 0.25 m-2; (2) shifts in Sargassum percent cover (25, 50, 75, 100% 

representing low, medium, high and full cover of Sargassum, respectively) combined with a 

static assumption of 60 cm vertical canopy height and 5 holdfasts per 0.25 m-2); and (3) a 

combination of shifting Sargassum canopy height and percent cover with static 5 holdfasts 

per 0.25 m-2. 

 

Results 

Overall epifaunal productivity and its relationship with Sargassum canopy size 

Water temperatures across the study region as a whole averaged 26.6 ± 0.01°C during the 

summer, and 21.4 ± 0.01°C during the winter collection periods (Figure S4.1). Strong 
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differences were evident in the secondary production of Sargassum-associated epifaunal 

communities across summer and winter, with secondary production reaching higher 

magnitudes during summer, but only at sites where extensive canopies were present. In 

both summer and winter, overall epifaunal productivity was positively correlated with 

Sargassum canopy size in terms of dry weight (Figure 4.2). However, the overall relationship 

between overall epifaunal productivity and Sargassum dry weight varied between seasons 

and across parts of the seascape (significant interactions recorded between Sargassum dry 

weight and season, and Sargassum dry weight and seascape, after controlling for 

Sargassum dry weight as a covariate) (Table 4.1). This was due to high values of Sargassum 

dry weight and productivity being driven by the back reef in summer, versus nearshore and 

lagoon meadow patches in winter (Figure 4.2a, b). 

 

 

Figure 4.2 Log-log plots of the relationships between overall epifaunal productivity and 

Sargassum canopy size (in terms of dry weight) during (a) summer, (b) winter, and (c) both 

seasons in 2018, from nine meadow patches (n = 9 samples per patch) at three seascape 

positions in the Maud Recreational Region near Coral Bay, Ningaloo Reef, Western 

Australia. 

 

Seasonal and spatial variation in epifaunal productivity 

Variation in overall epifaunal productivity between samples did not show clear separation by 

season or by seascape, with samples from summer and winter overlapping along the main 
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axis of variation (70.9% of variation explained) (Figure 4.3a). The positioning of samples 

along this main axis was positively related to the biomass of all epifaunal taxa, in particular 

molluscs and crustaceans, which projected the furthest distance along PC1 (Figure 4.3b). 

Across the two seasons, nearly 90% of the measured productivity was derived from 

crustaceans (53%) and molluscs (36%), with the remainder derived from polychaetes (2%) 

and other animals (9%; mostly ophiuroids, nematodes and foraminifera). Summer 

productivity showed a similar contribution of taxonomic composition, dominated by 

crustaceans (51%) and molluscs (39%) (Figure 4.3c-f). While in winter, the contribution of 

molluscs declined substantially (to 14%) and the contribution of crustaceans (64%) and 

other animals (19%) increased (Figure 4.3c-f). This seasonal switch in the emphasis 

between molluscs and other animals could be seen in the separation of samples along PC2 

(Figure 4.3a, b).  

 

Table 4.1 Summary of PERMANCOVA of epifaunal productivity across two seasons (fixed), 

three seascape positions (fixed) and nine meadow patches (random, nested in seascape) 

in the Maud region near Coral Bay of Ningaloo Reef, 2018, with logged Sargassum canopy 

dry weight included as a covariate. Significant terms (p < 0.05) are highlighted in bold. 

Source df SS MS Pseudo-F p-value 

Sargassum dry weight 1 13.299 13.299 304.19 0.0001 

Season 1 0.025 0.025 0.139 0.721 

Seascape 2 0.052 0.026 0.342 0.697 

Meadow patch (Seascape) 6 0.468 0.078 1.871 0.089 

Sargassum dry weight × Season 1 1.106 1.106 22.329 0.0001 

Sargassum dry weight × Seascape 2 0.326 0.163 3.907 0.0232 

Season × Seascape 2 0.002 0.001 0.005 0.996 

Sargassum dry weight × Meadow patch 

(Seascape) 
6 0.184 0.031 0.736 0.615 

Season × Meadow patch (Seascape) 5 1.006 0.201 4.821 0.0011 

Sargassum dry weight × Season × Seascape 2 0.131 0.066 1.573 0.213 

Sargassum dry weight × Season × Meadow 

patch (Seascape) 
4 0.233 0.058 1.398 0.240 

Residual 119 4.964 0.042   

Total 151 21.796    
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Figure 4.3 Principal Component Analysis (PCA) of overall epifaunal productivity on 152 

Sargassum individuals collected from nine meadow patches at three seascape positions 

during summer and winter in the Maud Recreational Region near Coral Bay, Ningaloo Reef. 

(a) Total overall epifaunal productivity, (b) vector overlays of epifaunal taxonomic groups 

strongly correlated with the ordination structure, and (c-f) ordinations optimised with bubbles 

size proportional to relative productivity of each taxonomic group: (c) crustaceans, (d) 

molluscs, (e) polychaetes and (f) other animals. 
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The seasonal variation in overall epifaunal productivity was not spatially consistent across 

the Ningaloo seascapes, with a significant interaction observed between season and 

meadow patches (nested in seascape positions), controlling for Sargassum canopy size 

(Table 4.1). Whereas back reef and lagoon meadow patches showed strong differences in 

overall productivity between summer and winter, nearshore meadows showed much weaker 

seasonal differences in epifaunal productivity (Figure 4.4). In summer particularly, there was 

high variability of Sargassum canopy dry weight among meadow patches within a given 

seascape zone, particularly for the lagoon and nearshore (Figure 4.4).  

 

 

Figure 4.4 Threshold-metric Multi-Dimensional Scaling (tmMDS) ordination of the patch-

seascape-season group centroids for overall epifaunal productivity obtained from nine 

meadow patches at three seascape positions during summer and winter in the Maud 

Recreational Region near Coral Bay, Ningaloo Reef (stress value: 0.06). Bubble sizes are 

proportional to patch-level mean Sargassum canopy dry weight, to explore the significant 

interactions among canopy size, seasons, meadow patches and seascape positions (see 

Table 4.1). 
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Figure 4.5 Distance-based redundancy analysis (dbRDA) ordination of the most 

parsimonious best-subsets models in terms of invertivorous fish biomass for predicting the 

patch-level variations in mass-standardised epifaunal productivity across taxonomic groups 

from nine meadow patches at three seascape positions during summer and winter in the 

Maud Recreational Region near Coral Bay, Ningaloo Reef: (a) overall taxonomic groups, (b) 

vector overlays indicating potential drivers which strongly correlated with each ordination 

structure, (c) crustaceans, (d) molluscs, (e) polychaetes, and (f) other animals. Bubble sizes 

are proportional to patch-level productivity that is standardised by Sargassum dry weight to 

take account of the positive correlation between canopy size and epifaunal productivity. 
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Figure 4.6 Distance-based redundancy analysis (dbRDA) ordination of the most 

parsimonious best-subsets models in terms of sea temperature for predicting the patch level 

variations in mass-standardised epifaunal productivity across taxonomic groups from nine 

meadow patches at three seascape positions during summer and winter in the Maud 

Recreational Region near Coral Bay, Ningaloo Reef: (a) overall taxonomic groups, (b) vector 

overlays indicating potential drivers which strongly correlated with each ordination structure, 

(c) crustaceans, (d) molluscs, (e) polychaetes, and (f) other animals. Bubble sizes are 

proportional to patch-level productivity that is standardised by Sargassum dry weight to take 

account of the positive correlation between canopy size and epifaunal productivity. 
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Predictors of observed variation in epifaunal productivity 

When values of epifaunal productivity were standardised by Sargassum canopy dry weight 

to account for the positive correlation between canopy size and productivity (converted to 

μg day-1 g DW-1), estimates of mass-standardised winter epifaunal productivity per g of 

Sargassum DW exceeded rates estimated for summer (Figures 4.5, 4.6). The best 

predictors for spatial and seasonal variation in the mass-standardised epifaunal secondary 

productivity among Sargassum were: (1) biomass of invertivorous fishes, and (2) sea 

temperature (Table 4.2; Figures 4.5, 4.6). We also found some support for the model based 

on habitat context as a predictor of variation in epifaunal production (ΔAICc of 2.261 

compared to the threshold of 2, Table 4.2). A post-hoc likelihood ratio test showed no 

significant difference in the fit of habitat context compared to the best model of invertivorous 

fish biomass (LLR, χ2 = 0.280, p = 0.870), however it was excluded on the basis of 

parsimony. In the case of invertivorous fishes, epifaunal production was inversely related to 

the presence of fishes belonging to the family Labridae and positively related to the presence 

of Mullidae, although these were predominantly responsible for driving the seasonal 

separation between back reef and lagoon meadow patches, with little impact on the 

nearshore productivity levels (Figure 4.5a, b). Most taxonomic groups of epifauna followed 

this general trend, except molluscs that tended to have an inverse relationship between 

productivity and presence of invertivorous fishes (Figure 4.5c-f). In terms of sea temperature, 

the average daily minimum was a key predictor for variations in standardised epifaunal 

productivity along the main axis, which related to the two sampled seasons (Figure 4.6a, b). 

Variation within seasons, particularly during summer, seemed to arise from the opposing 

effects of monthly temperature range and average daily temperature fluctuations, which 

helped explain differences in epifaunal productivity between meadows along the second 

axis (Figure 4.6a, b). At the level of individual taxonomic groups, molluscs again showed the 

inverse trend between monthly temperature range and secondary productivity levels (Figure 

4.6c-f). 

 

Areal estimates of epifaunal productivity and sensitivity to changes in Sargassum canopy 

Estimates of areal epifaunal secondary productivity (mg m-2 day-1) for each meadow across 

season and seascape showed that summer areal productivity exceeded that in winter, 

predominantly due to the much larger Sargassum canopy size in summer (Figure 4.7). In 
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the back reef meadows, epifaunal production in summer was between 40-300 times higher 

than in winter, but nearshore and lagoon meadows did not show such large seasonal 

fluctuations (Figure 4.7). Sensitivity analysis modelling the consequences of change in 

Sargassum canopy height and percent cover for areal epifaunal productivity showed a clear 

trend of increasing areal epifaunal productivity with increasing canopy size and percent 

cover (Figure 4.8). However, productivity levels were more sensitive to changes in 

percentage cover of Sargassum than to canopy height (Figure 4.8a, b). 

 

Table 4.2 Summary of best-subsets model selection based on distance-based linear models 

(DistLM) predicting patch-level variation in mass-standardised epifaunal productivity across 

two seasons. The most parsimonious models within two AICc of the overall top model are 

indicated in bold. 

 

 

 

 

 

Figure 4.7 Estimates of areal secondary productivity (mg m-2 day-1) generated by 

Sargassum-hosted epifauna for nine meadow patches at three seascape positions during 

summer and winter in the Maud Recreational Region near Coral Bay, Ningaloo Reef (Data 

are mean ± se).   

Model AICc   ΔAICc r2 

Invertivorous fish biomass -28.898 - 0.311 

Sea temperature -28.621 0.277 0.300 

Habitat context   -26.637 2.261 0.538 

Seascape context -23.850 5.048 0.073 
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Figure 4.8 Sensitivity analysis modelling the consequences of changes in Sargassum 

canopy structure for areal epifaunal secondary productivity. Areal measures of epifaunal 

secondary productivity are examined in terms of changes to: (a) Sargassum canopy height, 

(b) percent cover of Sargassum, and (c) the combination of Sargassum canopy height and 

percent cover. Data in (a) and (b) are based on the average productivity per g Sargassum 

DW across all meadow patches. Error bars reflect the uncertainty associated with this 

estimate of mass-standardised daily production (se), multiplied by the volume of Sargassum 

associated with each scenario. 
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Discussion 

Our results show that the canopy size (in terms of dry weight) of the tropical fucoid 

macroalga Sargassum is strongly positively correlated with overall secondary production by 

associated epifauna. Alongside this effect of canopy size, however, our results highlight the 

potential for more unexpected and subtle interactions between Sargassum biomass and 

mass standardised secondary productivity within particular meadow patches over a 

seasonal cycle. In particular, nearshore meadow patches showed a much lower amplitude 

of seasonal fluctuations in epifaunal secondary productivity. When viewed in terms of a 

standardised measure of secondary productivity per unit weight of Sargassum, the most 

parsimonious predictors of epifaunal secondary productivity within our study system were a 

mixture of biotic and abiotic factors, namely the presence (Labridae) or absence (Mullidae) 

of invertivorous fishes, and the site-specific thermal context (daily temperature fluctuations, 

average daily minimum temperature and monthly temperature range). The characteristics 

of the Sargassum canopy itself, as well as the species composition (richness and evenness) 

of other understory macroalgae present within the habitats were also found to play a role in 

explaining variation in epifaunal secondary productivity, although the role of these other 

habitat variables was less parsimonious as a predictor model. Finally, our estimates of areal 

epifaunal productivity are among the first to take into account of potential differences across 

seasons within these critical marine macrophyte habitats. Our sensitivity analysis provides 

a unique insight into the response of secondary productivity to perturbations in Sargassum 

canopy structure that could result either from press disturbances (sustained, e.g., increasing 

sea temperature) or pulse disturbances (temporary e.g., marine heatwave). 

 

Sargassum meadows function as critical source of epifaunal secondary production 

The strong positive correlation between overall epifaunal secondary productivity and 

individual Sargassum biomass spanning both sampling seasons suggests that larger 

Sargassum canopy size consistently gives rise to greater amounts of secondary production. 

This could either be because larger thalli provide a greater food resource (level of primary 

production), increasing the biomass of each individual epifauna, and/or because the larger 

thallus size generates a greater surface area for epifauna to colonise, increasing the overall 

abundance of secondary producers. Either way, from a management perspective, 

Sargassum canopy size could be used as a proxy for estimating levels of secondary 
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production by epifauna within these meadow habitats. Previous studies from both tropical 

and temperate Sargassum habitats have reported significant positive correlations between 

epifaunal biomass and Sargassum canopy size (Edgar & Klumpp 2003, Leite & Turra 2003, 

Kodama et al. 2020). Moreover, larger canopies can provide more complex micro-niches 

and larger surface areas for epifauna to colonise (Cacabelos et al. 2010, Veiga et al. 2014, 

Carvalho et al. 2018). Now we show that these observed biomass and canopy size 

correlations translate to quantity of epifaunal secondary production, based on a snapshot of 

community composition within tropical macroalgal meadows. This relationship between 

epifaunal productivity and canopy size can be observed not only in macroalgae, but in other 

marine macrophytes such as seagrasses whose canopies can offer structurally complex 

habitats (Wong 2018, Jinks et al. 2019). Interestingly, several studies have found that 

macroalgal meadow canopies in both tropical and temperate marine coastal systems can 

potentially harbour more epifauna than other habitats such as seagrass meadows and turf 

algal matrices (Lewis 1987, Taylor 1998a, Tano et al. 2016), suggesting that higher 

productivity in canopy macroalgal meadows can be expected. Our results highlight the need 

to estimate secondary, as well as primary, production associated with macroalgal meadows 

when considering their role in marine ecosystem functioning and their potential to support 

higher tropic level consumers, such as fishes that forage within these meadow habitats 

(Fulton et al. 2019, 2020).  

 

Seasonal swings in epifaunal secondary productivity are not uniform across seascapes  

Epifaunal secondary productivity associated with Sargassum meadow patches within the 

Ningaloo Marine Park did fluctuate between seasons, but only insofar as canopy size altered 

between summer and winter in a given part of the seascape. Within most meadow patches, 

both overall and areal epifaunal productivity was much lower in winter due to predictable 

changes in Sargassum canopy size associated with the winter reductions in canopy 

biomass. However, declines in winter productivity were not uniform across all meadows; 

there was no consistent seasonal effect on epifaunal productivity, rather a canopy effect. 

Given that seasonal fluctuations in Sargassum canopy size and canopy structure are 

commonly observed in marine habitats across the globe (studies reviewed in Fulton et al. 

2019), it is important to consider the associated seasonal fluxes in levels of secondary 

production when examining the potential for these habitats to support higher-order 

consumers. Our study also found seasonal fluctuations in the relative contributions of 
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different taxonomic groups within the epifaunal communities to measured secondary 

production. In summer, production was chiefly generated by crustaceans and molluscs, 

reflecting their dominance within epifaunal communities associated with Sargassum, 

including within marine macrophyte canopies in cold-water settings (Edgar & Klumpp 2003, 

Marzinelli et al. 2016, Belattmania et al. 2018a). In winter, production due to molluscs 

declined substantially, demonstrating that the community composition of epifaunal taxa can 

also show seasonal patterns. Perhaps unsurprisingly, given the strong link between 

epifaunal biomass and productivity, this is consistent with studies reporting clear seasonal 

patterns of epifaunal biomass across a variety of marine habitats in tropical and temperate 

regions (Leite & Turra 2003, Ba-Akdah et al. 2016, Belattmania et al. 2018a). Nevertheless, 

the estimation of actual rates of production across seasons in these habitats yields an 

important additional insight: that we cannot assume a consistent seasonal response across 

marine seascapes. The differences in seasonal response across individual meadows 

highlighted by the current study creates the potential for productivity ‘refuges’ in different 

parts of the seascape during each season that can support the foraging requirements of 

higher-order consumers. Investigation of the temporal stability across years of these 

seasonal refugia (and associated seasonal patterns of epifaunal productivity) should be a 

research priority, particularly given that Sargassum canopy extent can be highly variable 

across years (Fulton et al. 2014, Wilson et al. 2014, van Lier et al. 2018). 

Interestingly, the scale of the seasonal effect on epifaunal productivity was not uniform 

across individual meadow patches within the Ningaloo ecosystem. Season alone was not a 

significant factor in the observed variation in epifaunal productivity, but rather interacted with 

meadow patch location. Seasonal differences in epifaunal productivity were most 

pronounced in the back reef meadows, where areal estimates of epifaunal secondary 

productivity in winter were at least three orders of magnitude lower than in summer, owing 

to the fact that the winter detachment in these meadows is significantly greater than in 

lagoon and nearshore. Parts of the nearshore and lagoon meadow patches showed much 

lower seasonal swings in areal epifaunal productivity, falling by only 50% in some meadows. 

At some nearshore meadows (N2, N3), areal levels of secondary productivity in winter were 

commensurate with levels recorded in summer within other nearshore and lagoon parts of 

the seascapes, due to a less pronounced seasonal change in canopy height. These patterns 

highlight the importance of maximising Sargassum growth in summer for maintaining high 

levels of production within back reef patches. Thus, productivity can be strongly site-specific 

and highly localised, with individual parts of the seascape displaying varying potential to 
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support higher-order consumers over each season. For example, levels of epifaunal 

secondary productivity observed in back reef meadows in winter would be insufficient to 

sustain the same population density of consumers as in summer, whereas nearshore 

habitats show greater potential to support similar populations of higher-order consumers 

across both seasons. By examining levels of secondary productivity in summer and winter, 

our results are able to draw out the potential need for season-specific management priorities 

in terms of protection of critical habitats.  

 

Implications of disturbances for Sargassum epifaunal production 

Modelling the effect of changes in Sargassum canopy structure (in particular canopy height 

and percent cover) on secondary productivity by epifauna showed that areal productivity can 

undergo dramatic shifts in response to changes in canopy structure. We observed high 

sensitivity of areal productivity in response to reductions in Sargassum canopy height and 

percent cover, due to the underlying empirical relationship between canopy biomass and 

secondary productivity. Studies have already shown how environmental changes 

associated with short term (2-8 weeks) thermal anomalies, known as marine heatwaves, 

impact habitat-forming macroalgae within temperate and sub-tropical marine communities 

(Bond et al. 2015, Straub et al. 2019). The 2011 temperature anomaly along the west coast 

of Australia (now known as the Ningaloo Niño, Feng et al. 2013) resulted in range-

contraction of the brown alga Scytothalia dorycarpa on the west coast of Australia (Smale & 

Wernberg 2013), along with extensive loss of the keystone kelp species, Ecklonia radiata 

(Wernberg et al. 2013), and reductions in overall macroalgal canopy cover (Wernberg et al. 

2016). These pulse events are increasing in frequency and magnitude (Oliver et al. 2019) 

and are expected to have associated effects on community production (Yang et al. 2018). 

Temperate and sub-tropical macroalgae experience reductions in survival (e.g., up to 20% 

reduction in cover, Alestra & Schiel 2015) and reductions in growth when exposed to 

extreme increases in water temperature (Chu et al. 2012). There is now experimental 

evidence that tropical macrophytes, such as the Sargassum within Ningaloo, may show an 

even greater sensitivity to heatwave events (Graba-Landry et al. 2020). For instance, 

propagules of Sargassum swartzii showed an 88% decline in survival and a 38% reduction 

in growth when exposed to water temperatures 3⁰C above ambient for a 7-week testing 

period comparable to a marine heatwave event (Graba-Landry et al. 2020). In the same 

experiment, adult plants of three species of tropical Sargassum showed reductions in growth 
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of ~45% after just 2-weeks exposure to the +3⁰C water temperature treatment (Graba-

Landry et al. 2020). According to our sensitivity analysis, a reduction in canopy height and 

percent cover of 45% during the summer period would lead to an 81% drop (from 260 mg 

m-2 day-1 to 50 mg m-2 day-1) in the areal rate of secondary production by epifauna within the 

Sargassum meadows of Ningaloo. If the heatwave were to occur during a critical 

reproductive window and impact on propagule survival (percentage cover) to the extent 

suggested above, then levels of epifaunal secondary productivity could decrease from 780 

mg m-2 day-1 to 90 mg m-2 day-1- a decline of 88% for back reef meadow patches. The 

system-wide implications of these shifts in secondary productivity are likely to be 

considerable, and should be taken into account when predicting the likely consequences of 

climate change and anthropogenic activities. 

 

Conclusions 

Macroalgal meadows, such as those dominated by Sargassum, are an integral part of 

seascapes. In tropical marine ecosystems, they have been estimated to cover 16-46% of 

shallow inshore habitats (Fulton et al. 2019). The epifaunal communities associated with 

these meadows represent a critical, yet understudied, link in the flow of energy from primary 

producers to higher-order consumers and therefore contribute to the functioning of these 

ecosystems. Sargassum meadows within the Ningaloo marine system have previously been 

found to be important foraging grounds for species of invertivorous fish (e.g., Wenger et al. 

2018). The strong relationship demonstrated here between the abundance of invertivorous 

fishes and standardised measures of epifaunal productivity confirms the reliance of key fish 

species within this ecosystem on these epifauna as a source of production. This is important, 

given that some key species of macroaglae-associated Labridae are targeted for food 

fisheries in the Indian Ocean (Froese & Pauly 2021, Fulton et al. 2020). Trophic cascades 

triggered by environmental disturbances to canopy structure described above (including the 

associated collapse in epifaunal production) could therefore have significant effects on 

fisheries catches and food security within the Indo-Pacific region. Interestingly, our results 

also showed that thermal environment was a key predictor of secondary production of 

macroalgal epifauna. Variables such as daily minimum temperature, average daily 

temperature fluctuations as well as the overall monthly water temperature range were 

important in predicting differences in epifaunal productivity between meadows and all of 

these are likely to be affected by changing climatic conditions associated with global 
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warming. These changes have the potential to drive both positive and negative changes in 

epifaunal productivity (e.g., increases in daily minimum water temperature during winter 

could drive higher levels of epifaunal production, but these would be offset by reductions in 

summer due to heat-induced degradation of canopy structure as discussed above). Similarly, 

higher amplitudes of daily water temperature fluctuations associated with a changing climate 

would, according to the current study, lead to reductions in epifaunal production. Overall, it 

is likely that climate-associated changes to local thermal conditions will significantly alter the 

nature of trophic flows in macroalgal ecosystems. Given the ubiquity of macroalgal meadows 

within tropical marine waters, and evidence that anthropogenic activities are generating 

increasing pressure on such habitats (Harley et al. 2012, Marzinelli et al. 2016, Fulton et al. 

2019), future research aimed at examining the effect of changes in epifaunal secondary 

productivity on populations of higher-order consumers, particularly those that are targeted 

for food fisheries, should be a priority. 
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Supplementary Information 

 

 

Figure S4.1 Hourly sea temperature over the 30-day study period prior to quantification of 

epifaunal secondary production within Sargassum meadow patches during austral summer 

and winter 2018, in the Maud Recreational Region near Coral Bay, Ningaloo Reef, Western 

Australia. Data are presented for each of the three replicate meadows sampled within three 

seascape positions: (a) nearshore, (b) lagoon, and (c) back reef. These data were used to 

calculate the mean site-level temperature in both seasons applied in equation (1) to 

calculate epifauanl production for each site.  
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Figure S4.2 Distance-based redundancy analysis (dbRDA) ordination of the subsets used 

in model selection to predict variation in standardised patch-level epifaunal productivity: (a) 

habitat context, and (c) seascape context, from nine meadow patches at three seascape 

positions during summer and winter in the Maud Recreational Region near Coral Bay, 

Ningaloo Reef. Vector overlays (b) and (d) show variables which strongly correlated with 

each ordination structure: Bubble sizes are proportional to patch-level epifaunal productivity 

that is standardised by Sargsassum dry weight to take account of the positive correlation 

between canopy size and epifaunal productivity. 
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CHAPTER 5 
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Abstract  

Invertivorous fishes are key middle-order consumers that connect energy flows across 

different trophic levels. However, the potential for distinct functional roles to exist within this 

trophic guild has not been satisfactorily explored to date, meaning that current assessments 

of ecosystem resilience are likely to over-estimate the level of functional redundancy within 

a given invertivorous fish assembly. Our study examined the foraging behaviour and 

foraging microhabitat preferences of invertivorous fish communities within the productive 

canopy macroalgal meadows of Ningaloo Marine Park, Western Australia. Our aim was to 

identify foraging specialisations that could yield distinct functional roles for species belonging 

to the guild. We found that invertivorous fishes at this location were chiefly represented by 

species belonging to the Labridae, Lethrinidae and Mullidae. Individual species 

demonstrated strong preferences for foraging within specific microhabitat types, suggesting 

that the guild can be grouped into three foraging categories: ‘canopy forager’, ‘generalist’ 

and ‘abiotic forager’. Our results highlight subtle niche partitioning of foraging microhabitats 

within the trophic guild of invertivorous fishes associated with tropical macroalgal meadows. 

Moreover, this partitioning is consistent across seasons, despite significant fluctuations in 

canopy structure and biomass. The resulting refinement of functional roles has boarder 

implications as it might provide greater protection to individual species that would otherwise 

be considered functionally redundant. Our results will help to inform knowledge of the 

functional impact of particular species, their ecological specialisations, as well as our 

understanding of trophic flows in marine food webs for appropriate management and 

conservation. 

 

Keywords: Invertivore, Canopy Forager, Abiotic Forager, Canopy-Forming Macroalgae, 

Ecosystem Resilience, Functional Complementarity 
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Introduction 

In marine ecosystems, invertivorous fishes (i.e., species which primarily feed on 

invertebrates) can represent one of the dominant feeding guilds (Longo et al. 2019, 

Parravicini et al. 2020). For example, nearly 70% of fish species on the Great Barrier Reef, 

Australia have been classified as feeding predominantly on invertebrates (Randall et al. 

1997, Kramer et al. 2015, Froese & Pauly 2021), and approximately 30% of fish species 

recorded from the Fernando de Noronha Archipelago of Brazil are classified as mobile and 

sessile invertebrate feeders (Krajewski & Floeter 2011). The overall guild of invertivorous 

fishes comprises a diverse range of families, including Labridae (wrasses, excluding 

parrotfishes), Lethrinidae (emperors, breams), Mullidae (goatfishes) and Serranidae (sea 

basses, groupers), many of which are common targets of commercial and recreational 

fisheries (Sumner et al. 2002, Fulton et al. 2020, Froese & Pauly 2021). The guild therefore 

makes a significant contribution to ecosystem services globally, firstly in terms of direct food 

production (van Lier et al. 2018, Fulton et al. 2019, Froese & Pauly 2021). In addition, they 

have been shown to shape the community structure and production of lower trophic levels 

in marine food webs, determining the temporal and/or spatial fluctuations in invertebrate 

abundance within an ecosystem (Choat & Kingett 1982, Edgar & Aoki 1993, Batzer et al. 

2000). They also connect energy flows between primary producers and higher-order 

consumers (Galvan et al. 2008, Newcombe & Taylor 2010, Lewis & Anderson 2012). 

Invertivorous fishes are the target prey of mesopredatory piscivores (e.g., lizardfishes, 

groupers) and apex predators (e.g., trevallies, sharks) that are themselves important as both 

fishery stocks and recreational attractions linked to the livelihoods of millions of people 

(Ashworth et al. 2014, Bergström et al. 2016, Froese & Pauly 2021). In sum, invertivorous 

fishes are pivotal middle-order mediators that provide essential connections of energy flows 

across all trophic levels, both top-down and bottom-up. The trophic links that are facilitated 

by their predation and foraging preferences underpin fundamental processes of marine 

ecosystem functioning (Randall et al. 1997, Taylor 1998a, Cowles et al. 2009). 

The identification of essential habitats used by fishes is a critical step in the process of 

ecosystem-based fishery management of commercially and recreationally important species 

(Beck et al. 2001, Thrush & Dayton 2010, Wilson et al. 2017). Foraging behaviour is a key 

aspect of habitat use by fishes, and can be documented as preferences relating to particular 

microhabitat types (Krajewski & Floeter 2011, Fulton et al. 2016, Kramer et al. 2016). For 

example, strong dependency on preferred microhabitats can lead to dramatic changes in 

the temporal and spatial dynamics of fish populations or communities following shifts in the 
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availability of those preferred microhabitats. Local extinction of some coral reef fish species 

can occur when the corals they exclusively prey on are no longer available (Westmacott et 

al. 2000, Pratchett et al. 2018), and carnivorous fishes can also be vulnerable to the loss of 

preferred foraging microhabitats (Munday 2004, Wilson et al. 2008a, Wenger et al. 2018). 

Therefore, information on the role of different microhabitat requirements and the degree of 

microhabitat preferences can assist in the development of effective management and 

conservation interventions (Fulton et al. 2016). In addition to which, documenting species’ 

microhabitat specialisations is fundamental to defining their ‘ecosystem function’ in terms of 

positioning along the feeding niche resource axis (MacArthur 1958, Hutchinson 1959). The 

monitoring and management of marine ecosystems is increasingly based around the 

protection of critical functional groups (Green & Bellwood 2009, Graham et al. 2013, Villéger 

et al. 2017), where a species’ ecosystem function is defined based on its ecological traits 

(Bellwood et. al. 2019). This approach has led to the recognition that members of particular 

trophic groupings are not ecological equivalents. For example, on coral reefs, the group of 

fishes previously defined collectively under the trophic status of ‘herbivore’ has now been 

carved up into many different ecosystem functions, based on factors such as mode of 

feeding (‘scrapers’ versus ‘excavators’ (Bellwood & Choat 1990), ‘grazers’ versus ‘browsers’ 

(Choat et al. 2002, Fox & Bellwood 2008, Green & Bellwood 2009, Hoey & Bellwood 2009), 

and ‘croppers’ (Green & Bellwood 2009)), or on microhabitat preferences (‘crevice-feeders’ 

versus ‘open matrix feeders’ (Fox & Bellwood 2013, Brandl & Bellwood 2014), ‘leaf-biters’ 

versus ‘thallus biters’ (Streit et al. 2015)). This process of trophic group refinement into 

functional groupings can help provide a more accurate assessment of ecosystem resilience, 

by identifying species that perform unique ecosystem functions and yielding a more 

conservative estimate of the level of functional redundancy associated with the biodiversity 

present within a particular community structure (Cheal et al. 2010, 2012, Rasher et al. 2013).  

Within tropical seascapes such as coral reefs, seagrass and macroalgal meadows, 

invertivorous fishes have the potential to exploit heterogeneous microhabitats to feed on 

epifaunal and infaunal invertebrates (Kwak et al. 2015, van Lier et al. 2018, Sambrook et al. 

2019). Although strong microhabitat preferences of tropical invertivorous fishes driven by 

specific dietary targets have previously been documented (Lukoschek & McCormick 2001, 

Wilson et al. 2008b, Wenger et al. 2018), most studies to date on the microhabitat utilisation 

of these invertivorous fishes have focused either on well-studied habitats, such as coral 

reefs, or have looked only at the microhabitat preferences of a single species of invertivore 

(Layton & Fulton 2014, Brandl et al. 2015, Kramer et al. 2016, Wenger et al. 2018). Current 
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knowledge of how the overall collective trophic grouping of invertivorous fish species 

demonstrate niche partitioning of their foraging microhabitats in non-reef habitats is 

therefore limited. Theory would predict, however, that within the overall invertivore 

assemblage, individual species would exploit different portions of the habitat space, 

exhibiting niche partitioning at a finer scale (Floeter et al. 2007, Berkström et al. 2012, Asher 

et al. 2017, Brandl et al. 2020). Knowledge of these microhabitat specialisations is therefore 

an important first step in being able to define the ecosystem function of species within the 

invertivore trophic guild.  

One of the most common and productive non-reef habitats within tropical seascapes are 

macroalgal meadows, comprised of canopy-forming macroalgae (Tano et al. 2016, Fulton 

et al. 2020). These macroalgal meadows can extend over significant portions of shallow 

tropical marine habitats (estimated between 16-46 % of some shallow coastal areas, Fulton 

et al. 2019), forming complex habitat structures and contributing a large amount of areal 

primary production. This primary production supports communities of epifaunal 

invertebrates, which in-turn provide nutrition for invertivorous fishes (Edgar & Aoki 1993, 

Wenger et al. 2018). Recent studies have highlighted the fact that these macroalgal 

meadows and their associated epifaunal communities are important foraging grounds for 

invertivorous fishes, including species that are the targets of commercial fisheries (Chaves 

et al. 2013, Chen et al. 2020). Macroalgal meadows can, however, exhibit strong temporal 

shifts in canopy size (in terms of either overall biomass or the length of macroalgal thalli). In 

tropical regions, these temporal shifts are often characterised by canopy growth in summer 

and detachment in winter (Leite & Turra 2003, Wong & Phang 2004, Lefevre & Bellwood 

2010, Fulton et al. 2014). Seasonal fluctuations in macroalgal canopy size therefore 

influence the availability of habitat, impacting on abundance and availability of associated 

epifaunal invertebrate communities (Taylor 1998b, Leite & Turra 2003, Ba-Akdah et al. 

2016), and on the invertivorous fishes that prey on epifauna. However, we have little 

understanding of how individual species of invertivorous fishes might respond to such 

fluctuations in prey availability. Alongside this, as described above, we lack a basic 

understanding of the foraging microhabitat preferences of the collective community of 

macroaglae-associated invertivorous fishes with which to understand niche partitioning 

within this trophic group and the potential for within-group functional complementarity versus 

redundancy. The aims of this study were therefore: (1) to document the foraging 

microhabitat preferences of the dominant invertivorous fish species within macroalgal 

meadows of the world heritage Ningaloo Marine Park, Western Australia, and determine the 
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potential for functional complementarity based on the microhabitat resource axis within this 

trophic group; and (2) to examine how these microhabitat preferences (and associated 

functional roles) respond to seasonal shifts in macroalgal canopy structure (summer to 

winter).  

 

Methods 

Study region 

This study was conducted within the Maud Recreation Region of Ningaloo Marine Park near 

Coral Bay, situated in the northwest of Western Australia (Figure 5.1). As Australia’s largest 

fringing coral reef (~290 km long), shallow waters (3-5 m depth) in this area are dominated 

by canopy-forming fucoids chiefly belonging to the genus Sargassum. These canopies form 

extensive macroalgal meadow patches covering over 300 km2, which exhibit strong 

seasonal fluctuations in macroalgal biomass (Kobryn et al. 2013, Fulton et al. 2014, van Lier 

et al. 2018, Chen et al. 2020). A total of eight Sargassum meadow patches (size: 28893 ± 

11627 m2) were surveyed during late austral summer (February-March) 2018 to confirm the 

presence of invertivorous fishes and determine habitat composition (Figure 5.1). Only four 

of these Sargassum meadow patches were reinvestigated during the austral winter (August-

September) 2018 due to the dramatic seasonal decline of Sargassum canopy biomass 

(Figure 5.1). 

 

Habitat composition of macroalgal meadows 

Habitat composition of each Sargassum meadow patch in summer and winter was 

documented via underwater visual censuses conducted by divers on SCUBA, following Lim 

et al. (2016). At each meadow patch, we haphazardly deployed six replicate 10 m transect 

tapes, and recorded the distance along each transect (to the nearest 5 cm) occupied by 

three distinct habitat categories: (1) canopy macroalgae (leathery macrophytes with the 

canopy height can reach around 10-50 cm, e.g., Sargassum, Sargassopsis), (2) understory 

macroalgae (foliose macrophytes without canopies, occupying the floor of meadows, e.g., 

Lobophora, Dictyota, Padina) and (3) abiotic components (e.g., pavement, sand, dead coral, 

rubble). Converting these distances to a proportion of the 10 m transect length gave us a 

percentage composition of the three habitat types within each meadow. 



238 
 

 

 

Figure 5.1 Map of study region and surveyed Sargassum meadow patches within Maud 

Recreation Zone of Ningaloo Marine Park near Coral Bay, Western Australia. 

 

Foraging microhabitat preferences of invertivorous fishes 

The use of individual foraging microhabitats by species of invertivorous fishes was recorded 

using underwater visual observations by divers on SCUBA. At each meadow patch during 

summer and winter, at least three instantaneous focal surveys were conducted (following 

Wenger et al. 2018) over multiple days to reduce the risk of an abberant day leading to a 

non-representative measure of behavioural pattern. In brief, a single diver swam a random, 

non-overlapping path starting from the centre of each meadow patch out to the patch edge. 

Surveys commenced 5 minutes after the diver had reached the patch centre to allow for fish 

to acclimate to diver presence. For each invertivorous fish subsequently encountered on the 

random swim path, the diver noted species identity, total length (TL, to the nearest cm), 

foraging behaviour (searching/feeding) and microhabitat location (canopy macroalgae to 

genus/understory macroalgae to genus/abiotic habitat). Within these focal observations of 

foraging behaviour, ‘searching’ was strictly defined as the fish having head inclined toward 

the particular microhabitat but without touching, while ‘feeding’ was defined by the individual 

having its mouth in contact with the microhabitat. To avoid problems associated with 

inferences based on low sample sizes, only invertivorous species represented by more than 
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ten individuals per meadow patch, and for at least three meadow patches during each 

season, were included in subsequent analyses. Foraging microhabitat preferences of each 

invertivorous fish species were determined using the electivity index formula of Vanderploeg 

and Scavia (1979): 

Ei* = [Wi – (1/n)] / [Wi + (1/n)],                              (1) 

where Ei* is the electivity for microhabitat category i, n is the number of microhabitat 

categories, and Wi is the selective coefficient for microhabitat category i calculated as: 

Wi = (ri/pi) / (∑i ri/pi),                                               (2) 

where ri is the proportional use of the microhabitat category i, and pi is the proportional 

availability of the microhabitat category i. Values of electivity indices (Ei*) range from -1 to 

1, with indication of avoidance (negative value), neutrality (Ei* = 0) and preference (positive 

value) for a particular microhabitat. Electivity indices were averaged across all patches 

censused within a given season (n = 8 patches in summer, n = 4 patches in winter) to 

determine the season-specific foraging-microhabitat associations of individual species of 

invertivorous fishes in the Maud Recreation Region of Ningaloo Marine Park. 

 

Results 

Invertivorous fish communities 

A total of 36 invertivorous fish species (34 in summer, 24 in winter) were observed searching 

and feeding within macroalgal meadows across the two seasons. Of these 36 species, 12 

met our criterion of being represented by more than 10 individuals at each meadow patch 

for at least three meadow patches during each season and were then analysed for their 

foraging microhabitat preferences (Table 5.1). This resulted in a total of 3207 foraging 

behaviour records (2538 in summer, 669 in winter). The majority of invertivorous fishes 

recorded foraging in our surveys belonged to the family Labridae (71% in summer, 75% in 

winter), followed by Lethrinidae (17% in summer, 10% in winter) and Mullidae (11% in 

summer, 15% in winter). The dominant species represented within each of the three family 

were: (1) Labridae: Anampses geographicus, Cheilio inermis, Coris caudimacula, 

Halichoeres nebulosus, Pseudojuloides elongatus, Stethojulis bandanensis, Stethojulis 

interrupta, Thalassoma lunare; (2) Lethrinidae: Lethrinus atkinsoni, Lethrinus nebulosus; 

and (3) Mullidae: Parupeneus barberinoides, Parupeneus spilurus (Table 5.1). 
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Table 5.1 Invertivorous fish species observed foraging within macroalgal meadows, Maud 

Recreation Zone of Ningaloo Marine Park near Coral Bay, Western Australia. 

Family Species Number in summer Number in winter 

Balistidae Rhinecanthus aculeatus 4  

Carangidae Gnathanodon speciosus 2  

Labridae Anampses caeruleopunctatus 1 1 

 Anampses geographicus* 135 56 

 Bodianus bilunulatus 1  

 Cheilinus bimaculatus 1  

Labridae Cheilinus chlorourus 2 1 

 Cheilinus trilobatus 6  

 Cheilio inermis* 221 93 

 Choerodon rubescens 1  

 Coris auricularis 2 2 

 Coris aygula 7  

 Coris caudimacula* 360 90 

 Epibulus insidiator 1  

 Halichoeres nebulosus* 165 67 

 Hemigymnus melapterus 1  

 Hologymnosus annulatus 2  

 Macropharyngodon ornatus 10 2 

 Pseudojuloides elongatus* 160 15 

 Pteragogus enneacanthus 30 3 

 Pteragogus flagellifera 38 2 

 Stethojulis bandanensis* 127 21 

 Stethojulis interrupta* 182 33 

 Stethojulis strigiventer  3 

 Thalassoma lunare* 264 87 

 Thalassoma lutescens 67 15 

 Xenojulis margaritaceus 30 10 

Lethrinidae Lethrinus atkinsoni* 216 16 

 Lethrinus nebulosus* 181 20 

 Lethrinus variegatus 37 29 

Mullidae Parupeneus barberinoides* 110 13 

 Parupeneus indicus 10 6 

 Parupeneus spilurus* 160 83 

 Upeneus australiae  1 

 Upeneus tragula 1  

Nemipteridae Scolopsis bilineata 3  

 *Valid for calculation of microhabitat preferences  
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Habitat availability and microhabitat use  

Habitat composition in each meadow patch showed that canopy macroalgae was the most 

dominant microhabitat in summer, followed by abiotic components. The only exception was 

patch MD06 where the proportion of abiotic components was slightly higher than that of 

canopy macroalgae (Figure 5.2a). The dominance of canopy macroalgae shifted due to the 

dramatic seasonal decline in Sargassum canopy biomass, resulting in the abiotic component 

dominating patches in winter (Figure 5.2b). Invertivorous fishes used distinct microhabitats 

(Figures 5.3, 5.4). During summer, Anampses geographicus, Cheilio inermis, Coris 

caudimacula, Pseudojuloides elongatus and Thalassoma lunare were more often observed 

foraging within canopy macroalgae, with relatively low number of individuals using 

understory macroalgae or abiotic components. The proportional use of canopy macroalgae 

was higher than the proportional availability of this microhabitat for these species, 

suggesting a strong foraging microhabitat preference for canopy macroalgae. The 

avoidance of abiotic components to forage by these species was also observed, as a low 

proportion of individuals used the abiotic components even though the proportional 

availability of this microhabitat was high (Figure 5.3a-e). The opposite pattern of higher 

proportional use of the abiotic components than expected based on its availability was found 

for Halichoeres nebulosus, Parupeneus barberinoides, Parupeneus spilurus, Stethojulis 

bandanensis and Stethojulis interrupta (Figure 5.3h-l). Interestingly, such patterns 

(disproportionately using certain microhabitats) were consistent in winter for the four species 

(Cheilio inermis, Coris caudimacula, Halichoeres nebulosus and Parupeneus spilurus) 

observed in both summer and winter (Figure 5.4). 

 

Figure 5.2 Habitat composition of each macroalgal meadow patch during (a) summer and 

(b) winter in 2018. 
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Figure 5.3 Foraging microhabitat use by invertivorous fishes in summer, as indicated by the 

proportional use and the proportional availability of three microhabitat categories: (a) 

Anampses geographicus, (b) Cheilio inermis, (c) Coris caudimacula, (d) Pseudojuloides 

elongatus, (e) Thalassoma lunare, (f) Lethrinus atkinsoni, (g) Lethrinus nebulosus, (h) 

Halichoeres nebulosus, (i) Parupeneus barberinoides, (j) Parupeneus spilurus, (k) 

Stethojulis bandanensis and (l) Stethojulis interrupta. 
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Figure 5.4 Foraging microhabitat use by invertivorous fishes in winter, as indicated by the 

proportional use and the proportional availability of three microhabitat categories: (a) Cheilio 

inermis, (b) Coris caudimacula, (c) Halichoeres nebulosus and (d) Parupeneus spilurus. 

 

Microhabitat preferences of invertivorous fishes 

Electivity indices revealed that invertivorous fishes foraging within macroalgal meadows can 

be chiefly grouped into three foraging categories: ‘canopy forager’, ‘generalist’ and ‘abiotic 

forager’. ‘Canopy foragers’ (i.e., those fish that search for prey and feed within macroalgal 

canopies) were overwhelmingly represented by Labridae, specifically the species 

Anampses geographicus, Cheilio inermis, Coris caudimacula, Pseudojuloides elongatus 

and Thalassoma lunare in summer (Figure 5.5), and Cheilio inermis and Coris caudimacula 

in winter (Figure 5.6). All of these species had positive electivity values for canopy 

macroalgae, as their proportional use of this microhabitat was greater than its proportional 

availability. Notably, this positive preference for canopy macroalgae was consistent across 

seasons, even in winter when there was significantly lower availability of macroalgal canopy 

(Figures 5.5, 5.6). Species belonging to the family Mullidae (Parupeneus barberinoides and 

Parupeneus spilurus in summer; Parupeneus spilurus in winter) as well as the labrid species 

(Halichoeres nebulosus, Stethojulis bandanensis and Stethojulis interrupta in summer; 

Halichoeres nebulosus in winter) were found to be ‘abiotic foragers’ (fish that search for prey 

and feed on pavement, sand, dead coral, rubble). All of these species had positive electivity 

values for abiotic substrates, as their proportional use of this microhabitat was greater than 
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its proportional availability (Figures 5.5, 5.6). They also exhibited negative electivity values 

for canopy macroalgae suggesting that they were actively avoiding such habitats (Figures 

5.5, 5.6). Finally, species belonging to the family Lethrinidae (Lethrinus atkinsoni and 

Lethrinus nebulosus) were found to be ‘generalists’, showing a positive electivity for foraging 

within both canopy macroalgae and on abiotic substrates (Figure 5.5). However, none of 

these generalist species were observed in sufficient number during the winter surveys. 

Interestingly, all the fish species in this study showed a strong avoidance of foraging within 

understory macroalgae, despite the high availability of this habitat within the macroalgal 

patches (Figures 5.5, 5.6). 

 

 

Figure 5.5 Preferences of common invertivorous fishes toward microhabitat categories 

(canopy macroalgae, understory macroalgae, abiotic components) averaged (± standard 

error) across 8 meadow patches within Maud Recreation Zone of Ningaloo Marine Park near 

Coral Bay, during summer season. 

  



245 
 

 

Figure 5.6 Preferences of common invertivorous fishes toward microhabitat categories 

(canopy macroalgae, understory macroalgae, abiotic components) averaged (± standard 

error) across 4 meadow patches within Maud Recreation Zone of Ningaloo Marine Park near 

Coral Bay, during winter season. 

 

Discussion 

This study presents the seasonal taxonomic composition and foraging microhabitat 

utilisation of invertivorous fish communities within tropical macroalgal meadows of Coral Bay, 

Ningaloo Marine Park, Western Australia. Species belonging to the family Labridae were the 

most abundant invertivorous taxa within the macroalgal meadows here, making up over 70 

% of our foraging observations, followed by the families Mullidae and Lethrinidae. Similar 

compositions of invertivorous fish communities, particularly in terms of dominance by labrids, 

have been reported across tropical seascapes, including coral reefs (Chaves et al. 2013; 

Evans et al. 2014; Sambrook et al. 2019, 2020) and macrophytal habitats such as seagrass 

(Nakamura et al. 2003; Shibuno et al. 2008; Tano et al. 2016; Sambrook et al. 2019, 2020) 

and macroalgal meadows (Evans et al. 2014; Tano et al. 2016; Sambrook et al. 2019, 2020). 

However, our study also found that fishes grouped under the trophic status of ‘invertivore’ 

actually have distinct foraging microhabitat preferences, resulting in individual invertivorous 

species having non-equivalent functional impacts on marine ecosystems. The division of 

invertivorous fish communities at this location can be divided into three foraging categories: 

‘canopy forager’, ‘abiotic forager’ and ‘generalist’ based on their unique microhabitat 
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preferences, highlighting a previously unappreciated aspect of functional complementarity 

within this particular trophic group. 

Species belonging to the family Labridae were the dominant ‘canopy foragers’ with the 

exception of two species of ‘abiotic forager’, lethrinids dominated the category of ‘generalist’, 

and mullids were dominant in the category of ‘abiotic forager’. This coordination between 

taxonomic group and foraging category suggests that the observed division of the 

microhabitat niche axis is most likely to be based on the sharing of similar morphological 

traits, social characteristics or the need to acquire particular dietary targets. Canopy 

macroalgae provide complex microniches and large surface areas, which facilitate the 

colonisation of abundant epifaunal communities targeted and consumed by invertivorous 

fishes (Cacabelos et al. 2010; Veiga et al. 2014; Tano et al. 2016; Carvalho et al. 2018; 

Wenger et al. 2018). This results in a high prey density in a small volume of canopy, meaning 

that macroalgal canopies are likely to be a rich food resource for canopy foragers. As 

dominant canopy foragers, labrids characteristically have a pointed snout and prominent 

canine teeth which project forward at the front of the jaw, making it possible to flip the 

macroalgal blades to expose the hidden epifauna within the canopies, and with the 

development of a strong beak and pharyngeal jaw, labrids are able to crush the hard-shelled 

epifaunal prey such as crustaceans and molluscs while foraging within the canopies (Choat 

& Bellwood 1998; Froese & Pauly 2021). Previous studies have found that labrids in shallow 

habitat zones (e.g., inner flat, outer flat) of coral reefs tend to have a much higher fin aspect 

ratio for their size, suggesting fast swimming ability and high manoeuvrability which they can 

employ to procure food or to compete against other species (Bellwood & Wainwright 2001; 

Fulton et al. 2001). These swimming abilities may also be useful for canopy foragers in terms 

of escape from potential predators while foraging within canopies, particularly given that 

marine macrophytal habitats (e.g., macroalgae, seagrass) represent ideal places for 

piscivorous fishes to ambush their prey (Willis & Anderson 2003; Lauren & Brown 2006; 

Hoey & Bellwood 2011; Kruschel & Schult 2020). The ‘abiotic’ microhabitat preference of 

mullids documented in the current study undoubtedly reflects their particular morphological 

and behavioural specialisations. Mullids were consistently observed foraging within 

sand/rubble based microhabitats, using their sensory barbels to detect epibenthos and 

infauna, and stirring up sediments using their broad snouts in order to expose their prey 

(Golani & Galil 1991; McCormick 1995; Lombarte et al. 2000; Uiblein 2007; Esposito et al. 

2014). Mullids have been reported foraging in association with many fish species 

(Lukoschek & McCormick 2001; Froese & Pauly 2021), particularly labrids, and this 
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behaviour was also observed in the current study in the case of the two species of labrids 

that were also documented as ‘abiotic foragers’. Lethrinids, which in the current study 

showed no specific foraging microhabitat preference and were therefore classified as 

‘generalists’ have previously been shown to use varied marine macrophytal habitats such 

as seagrass or macroalgal meadows adjacent to coral reefs (Dorenbosch et al. 2005; 

Kulbicki et al. 2005b; Lugendo et al. 2005; Wilson et al. 2010, 2017; Sambrook et al. 2019). 

Previous studies have also found that lethrinids consume a diverse range of prey species, 

showing a great plasticity in diet and trophic range (e.g., from ‘invertivore’ to ‘piscivore’; 

Kulbicki et al. 2005b; Farmer & Wilson 2011; Froese & Pauly 2021), and they can increase 

their dietary breadth with increasing body size and mouth size (Kwak et al. 2015), meaning 

that smaller lethrinids feed on the small sand- or canopy-dwelling prey, while larger 

individuals tend to hunt more mobile prey (Kulbicki et al. 2005b). In the current study, 55% 

of foraging observations in lethrinids were juvenile individuals, suggesting that macroalgal 

canopy habitats provide important nursery habitat for these species and that the epifaunal 

communities of canopy macroalgae can make a significant contribution to the quality of 

those nursery habitats, including in terms of their nutritional quality. 

Whether foraging microhabitat preferences recorded in the current study were driven by 

selection of particular dietary targets associated with those individual microhabitat niches is 

more difficult to assess on the basis of currently-available data. There are surprisingly few 

published studies that compare epifaunal communities between neighbouring habitats to 

allow for assessment of whether differences in community composition between habitats 

may translate either into differences in dietary target or nutritional quality between habitats. 

We know that epifaunal community structure can vary between habitats across microhabitat 

and seascapes (Chen et al. 2020; Fraser et al. 2020a). It is therefore likely that particular 

dietary targets may be more or less abundant within communities at certain locations, driving 

specialisations in foraging microhabitat preferences of invertivorous fishes. Fraser et al. 

(2020a) found that peracarid crustaceans can make up more than 75% of epifauna 

harboured by fucoid macroalgae, while epifauna within abiotic/carbonate microhabitats such 

coral rubble or dead corals are dominated by decapods, gastropods and polychaetes. 

Previous studies have highlighted some of the trophic relationships between invertivorous 

predators and epifaunal prey. For example, gut content analysis of the invertivorous species 

Xenojulis margaritaceus, revealed a dietary preference for AOM (amorphous organic matter) 

and microcrustaceans (Wenger et al. 2018). There is also correlational evidence for 

selection of gastropod prey by labrids (Chen et al. 2020). In the current study, we were 
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unable to collect specimens for gut content analysis to verify potential dietary targets that 

could be driving division of the foraging habitat resource axis. However, this would represent 

a profitable future direction of research in order to examine and verify the prey selection and 

dietary targets of invertivorous fish species within macroalgal meadows.  

Our study found that, although the taxonomic composition of invertivorous fishes present 

within the macroalgal meadow habitats of Ningaloo varied across seasons (higher 

abundance of a greater number of species recorded in summer), the foraging microhabitat 

preferences of individual species were consistent across seasons. This suggests that the 

microhabitat niche partitioning observed in the current study are likely to be based on real 

foraging specialisations, rather than just resulting from microhabitat crowding and resource 

competition in a given season. For marine macrophytal habitats which undergo systematic 

and predictable fluctuations that are regulated by regular seasonal changes, associated fish 

assemblages must periodically migrate or adapt to such changes (Green et al. 2009; Wilson 

et al. 2014; Lim et al. 2016). In the present study, either the abundance or the foraging 

behaviour of invertivorous fish species underwent dramatic declines in winter, in accordance 

with the extent of Sargassum canopy loss. Due to the local absence of preferred 

microhabitats for canopy foragers in winter, they may move to adjacent habitats, since the 

biomass of Sargassum at Ningaloo Reef also demonstrates significant spatial variation, 

allowing some meadow patches to retain abundant canopies in the same season (Fulton et 

al. 2014; Wilson et al. 2014; Lim et al. 2016). However, two canopy foraging labrid species 

‘Cheilio inermis’ and ‘Coris caudimacula’ continued to use the decayed meadows in winter, 

despite the lower resource availability. Also of note is that, along with fewer ‘canopy forager’ 

species observed in winter, there were also fewer ‘abiotic’ foraging species, despite there 

being no equivalent reduction in foraging microhabitat availability for this category. Only two 

abiotic foraging species ‘Halichoeres nebulosus’ and ‘Parupeneus spilurus’ were observed 

in significant abundances in the vicinity of meadow patches in winter. This contradicts our 

initial hypothesis that the density of ‘generalists’ and ‘abiotic foragers’ would be less 

influenced by seasonal fluctuations in macroalgal canopy biomass. This suggests that, for 

such non-canopy foraging species, macroalgal canopies may provide other important 

functions including nurseries for recruitment or refuge from predators (Tano et al. 2017; 

Wilson et al. 2017). Once macroalgal canopies start to decay, these satellite functions are 

lost, meaning that generalist and abiotic foragers are forced to move to adjacent reef 

habitats to seek out equivalent functionality. Our results therefore highlight the importance 
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of macroalgal canopies as essential microhabitat which provides not only food but other 

ecological functions. 

Surprisingly, all the fish species documented in the current study showed a strong avoidance 

of foraging on understory macroalgae, despite the high availability of this microhabitat within 

the macroalgal patches. This accords with the results of previous studies looking at the 

foraging behaviour of individual fish species within macroalgal meadows (herbivorous 

Leptoscarus vaigiensis: Lim et al. 2016; invertivorous Xenojulis margaritaceus: Wenger et 

al. 2018). Potential factors that may discourage invertivores from foraging in the understory 

include: (1) nutritional differences and/or, differences in taxonomic structure of epifaunal 

prey communities associated with the two microhabitats; (2) differential predation threat 

posed by the two microhabitats. Previous studies have suggested that canopy-forming 

macroalgae are able to harbour a greater biomass of epifaunal invertebrates and/or to 

provide better quality of shelters than non-canopy species (e.g., understory macroalgae, turf 

algae) due to their more complex structure (Taylor & Cole 1994; Cacabelos et al. 2010; 

Carvalho et al. 2018; O'Brien et al. 2018), meaning that understory macroalgae at Ningaloo 

Reef may represent the poorer of the two dietary resources.  

The refinement of functional roles of invertivorous fishes based on their foraging 

microhabitat preferences presented here suggests that the functional diversity of fish under 

the trophic status ‘invertivore’ within tropical canopy macroalgal meadows has previously 

been underestimated. The discovery of discrete functional roles for invertivorous fishes 

based on their foraging microhabitat preferences yields a more conservative estimate of the 

level of functional redundancy within the ecosystem that will be important for management 

actions going forward. For example, over-exploitation of species that all fall within the 

‘canopy forager’ role is likely to have consequences for top-down control of epifaunal 

invertebrate communities and cascading effects on primary producers. Moreover, as the 

foraging microhabitat preferences of invertivorous fish species are unravelled further, 

particular species may be found to play a unique role in facilitating particular trophic links 

between organisms. For example, previous studies of invertivorous fishes in the canopy 

macroalgal meadows of Ningaloo have tended to focus on fishery or recreational targets, 

especially fishes from the family Lethrinidae (Westera 2003; Wilson et al. 2010, 2014, 2017; 

Farm & Wilson 2011). However, due to the consistency of their abundance and foraging 

microhabitat preferences across seasons, canopy foragers such as the labrids Coris 

caudimacula and Cheilio inermis are also likely to be vital components of macroalgal 

meadow ecosystems. As these ecosystems come under pressure from climate change, 
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including marine heatwaves and rising sea temperature (Smale & Wernberg 2013; Straub 

et al. 2019; Graba-Landry et al. 2020), the predicted range-contractions of canopy 

macroalgal meadows will impact on associated invertivorous fish communities, and 

especially on canopy specialists such as species belonging to the family Labridae. Future 

research should aim to examine gut contents, foraging rates and feeding trails to further 

refine our understanding of the functional roles of the species presented here. This will 

ensure that the potential implications of loss of macroalgal meadow habitats on the trophic 

guild of ‘invertivores’ are better understood to assist in future marine management.   
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Abstract 

Predation is a biological interaction found in almost all ecosystems that mediates energy 

flow from prey to predators. Understanding when, who and how predators consume prey 

therefore brings key insights into studies of trophic dynamics and ecosystem functioning. In 

tropical seascapes, invertivorous fishes are one of the most abundant trophic guilds, and 

they have been identified as pivotal predators feeding on epifaunal invertebrates. The 

trophic link between invertivorous fish and epifauna therefore underpins marine biodiversity 

and the size of fishery stocks. In this study, we investigated predation in the tropical canopy-

forming macroalgal meadows of World Heritage Ningaloo Reef in Western Australia. We 

quantified the level of predation by invertivorous fishes on macroaglae-associated epifauna 

by excluding predator from canopy macroalgae in a short-term caging experiment. Our 

results show that epifaunal biomass varied significantly across caging treatments. We also 

observed changes in the size distribution of crustacean between treatments where predators 

were or were not excluded, which offers hints as to preferential selection of certain prey 

items and/or size by invertivorous fishes. We estimated that the net daily consumption rate 

of epifaunal biomass by invertivorous fishes in the summertime was 0.218 (mg epifaunal 

ash free dry weight per g Sargassum dry weight), suggesting that predation by invertivorous 

fishes has the potential to alter epifaunal community structure. We also extended this 

estimate to predict the total consumption rate of epifauna by fish in the Ningaloo region. We 

highlight the implications of predation of epifauna by invertivorous fishes for energy transfer 

to higher trophic levels. The results of this study improve our understanding of tropical 

macroalgal-based marine food webs, which will help to guide future research, and assist in 

the design of effective marine management programs. 

 

Keywords: Caging Artefacts, Canopy-Forming Macroalgae, Epifaunal Invertebrate, 

Invertivorous Fish, Predation, Predator Exclusion, Trophic Flows, Tropical Seascape  

  



253 
 

Introduction 

Predation is a ubiquitous biological interaction found in almost all terrestrial and aquatic 

ecosystems that affects populations and communities in a variety of ways. Crucially, it 

determines trophic flow and thereby affects associated ecological processes (Sinclair et al. 

2003, Schmitz 2007, Benkendorf & Whiteman 2021). Understanding the effects of predators 

on prey at both the individual level (e.g., changes in hiding behaviour) and the population 

level (e.g., changes in density or the sex ratio), can help us to answer key questions in 

functional ecology. In tropical seascapes, studies on how predators affect the abundance 

and composition of lower-level communities that include prey species have been an intense 

focus of research. This is particularly true for studies of mesopredatory fish species on coral 

reefs (Doherty & Sale 1986, Thillainath et al. 2016, Casey et al. 2017). Predation-prey 

interaction at lower trophic levels, and in other equally important habitats such as macroalgal 

meadows are, however, far less well studied. 

Invertivorous fishes are usually small to medium sized predators, primarily feeding on 

invertebrates (Kulbicki et al. 2005, Kramer et al. 2015, Froese & Pauly 2021). In tropical 

seascapes, they have been documented to consume epifaunal invertebrates that occur in a 

wide range of habitats, including coral reefs, seagrass and macroalgal meadows (Kramer et 

al. 2016, Wenger et al. 2018, Froese & Pauly 2021). Invertivorous fishes therefore play an 

important role in shaping both the community structure and the productivity of lower trophic 

levels. At the same time, invertivorous fishes are themselves targeted as key food resource 

by a diverse array of mesopredatory piscivores and other apex predators (Kulbicki et al. 

2005b, Ashworth et al. 2014, Froese and Pauly 2021). This makes invertivorous fishes key 

middle-order mediators that connect energy flows from primary consumers to higher-order 

consumers: trophic links that involve predation by (and on) invertivorous fishes therefore 

underpin biodiversity and ecosystem functioning.  

Canopy-forming macroalgal meadows are now recognised as one of the most productive 

seascapes in tropical regions (Tano et al. 2016, Fulton et al. 2019, 2020). Recent studies 

have highlighted their importance as foraging grounds, shelters and nurseries for many reef 

fishes, including a diverse array of invertivorous species, because they provide habitat for 

an abundance of epifauna that live on their structurally complex canopies (Chaves et al. 

2013, Tano et al. 2017, Chen et al. 2020). Recent studies have documented the community 

composition and foraging preference of invertivorous fishes and how their presence is likely 

to affect epifaunal communities when there are shifts in the habitat created by tropical, 
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canopy-forming macroalgal meadows (van Lier et al. 2018, Wenger et al. 2018, Chen et al. 

2020). However, compared to the relatively well studied temperate macrophytal habitats and 

tropical coral reefs, there have been few investigations of either the effects of invertivorous 

predation on epifaunal communities, or estimates of the epifaunal biomass consumed by 

fishes in the ‘canopy-forming macroalgae – epifauna – invertivorous fish’ trophic pathway 

found in tropical seascapes (Edgar & Aoki 1993, Taylor 1998a, Casey et al. 2017). 

The trophic links created by invertivorous fish underpin fundamental processes of 

ecosystem functioning. The supply of ecosystem service that then arise from a healthy 

ecosystem include the maintenance of fishery stocks that are linked to the livelihoods of 

millions of people who live along macroalgal-dominated coastlines in the tropics. This makes 

it essential for us to understand better the trophic cascades triggered by the predatory 

behaviour of invertivorous fish so that we can more accurately estimate energy flows 

between different trophic levels. Here, using the canopy-forming macroalgal meadows of 

Ningaloo Reef as our study system, we ask two key questions. First, how does the exclusion 

of invertivorous fishes affect the density and size distribution of epifauna harboured by 

macroalgal canopies? Second, how much epifaunal production is consumed by these 

invertivorous predators on a regional scale? 

 

Materials & Methods 

Study location 

This study was conducted within the UNESCO World Heritage Ningaloo Reef, Western 

Australia (Figure 6.1). Ningaloo Reef is the world’s largest fringing reef, stretching 290 km 

along the western coast of Australia with shallow water covered by extensive macroalgal 

meadows dominated by canopy-forming fucoids Sargassum and Sargassopsis (Kobryn et 

al. 2013, Fulton et al. 2014, van Lier et al. 2018). In the austral summer (January to February) 

of 2020, we selected two distinct nearshored canopy-forming macroalgal meadow patches 

(Patch A: -23°11.79, 113°46.24; Patch B: -23°13.46, 113°46.36) within a 6 km2 section of 

the Maud Recreation Zone nearby Coral Bay to conduct predator exclusion experiments 

(Figure 6.1). 
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Figure 6.1 Study location of the two canopy-forming macroalgal meadow patches within the 

Maud Recreation Zone near Coral Bay, Ningaloo Reef, Western Australia. 

 

Benthic habitat composition & invertivorous fish survey 

The benthic habitat composition and invertivorous fish density within these macroalgal 

meadow patches were measured via underwater visual censuses conducted by SCUBA 

diving. At each meadow patch, we ran 12 replicates of 5 m transects, with each transect 

separated by at least 5 m. Along each transect, we estimated the percent cover (%) of each 

benthic habitat category (e.g., sand, pavement, macroalgal genus such as Sargassum and 

Lobophora) that we encountered by measuring the total distance of the 5 m occupied by 

each benthic habitat category. Along the same 5 m transects, we also used a point-census 

cylinder survey method following Chen et al. (2020) to document the presence of 

invertivorous fish species that have previously been shown to forage on epifauna within 

macroalgal canopies at Ningaloo (Chen and Fox, unpublished data). This survey method 

involves a single diver recording the presence and total length (cm) of individual fish, 

identified to the species level, within a virtual 5 m diameter cylinder whose base is parallel 

to the transect. The length and abundance information for each invertivorous species was 

then converted to biomass using published length-weight relationships (Kulbicki et al. 2005a, 

Froese & Pauly 2021). These values were then summed to estimate the biomass (g per m2) 

of invertivorous fishes within each meadow patch. 
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Predator exclusion experiments 

To quantify the effects of predation by invertivorous fishes on epifauna in canopy-forming 

macroalgal meadows, we designed a short-term caging experiment with three treatments 

(full cage, open cage, control) to conduct a field manipulation of predation. Full cages were 

constructed of galvanised steel (50 cm × 50 cm × 50 cm) with 1 cm mesh netting to enclose 

macroalgae and exclude any potential invertivorous fishes (Figure 6.2a). Open cages had 

the same dimensions and mesh size as the full cages, but the mesh netting covered only 

the roof and the bottom half, so that invertivorous fishes could still gain access to the 

macroalgae. This cage design was intended to control for any caging artefacts (e.g., lower 

light intensity, change in temperature, changes in water movement) (Figure 6.2b). For the 

control treatment we used a 50 cm × 50 cm metal quadrat to mark out an area equivalent in 

size to that in the full or open cages. In the control treatments, invertivorous fishes could 

forage freely and there was no possibility for caging artefacts (Figure 6.2c).  

 

 

Figure 6.2 Treatments for short-term caging experiment used to test for predation effects 

and caging artefacts: (a) full cage, (b) open cage and (c) control. The cage size is 50 cm × 

50 cm × 50 cm cage size and the mesh size is 1 cm. 

 

At each meadow patch, four replicates of each caging treatment (total N = 12 per patch) 

were deployed, with one replicate located on each of the 12 transects described above. 

Treatments were randomly assigned to a transect and kept in place for 10 days. The cages 

were scrubbed, while still in place, on the 6th day to remove any detritus, epiphytes and 

fouling organisms. This cleaning minimised potential caging artefacts caused by the mesh 
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becoming blocked. We tested directly for potential caging artefacts in each of three 

treatments at Patch A by installing clod cards to quantify water movement, and submersible 

loggers (Onset HOBO Pro v2) to record sea temperature and light intensity respectively.  

 

Sampling & post-collection processing of macroalgae with associated epifauna 

After ten days the cages were carefully removed by two SCUBA divers. All canopy-forming 

macroalgae and associated epifauna within each cage (or the equivalent volume for the 

control) were then collected immediately. For each replicate, the samples of macroalgae 

were stored separated based on genus. We used canvas bags to fully enclose any 

macroalgae, and the bag was then sealed as soon as we had detached the thallus to prevent 

any associated epifauna from escaping. All samples were brought back to the Coral Bay 

Research Station for post-collection processing within four hours of sampling. We immersed 

each canopy-forming macroalgal sample in cold freshwater for ten minutes to numb and 

dislodge its associated epifauna. The dry weight (g DW) of each canopy-forming macroalgal 

genus for each replicate was then measured after being oven-dried at 60°C for 48 hours. 

The extracted epifauna were frozen at -20°C and transported to The Australian National 

University, where they were fixed with 10% formalin for subsequent analysis. 

 

Estimate of epifaunal biomass 

We estimated epifaunal biomass following the sieve method of Edgar’s (1990b) (see Chen 

et al. 2020 for details). In brief, epifauna were fractionated by body size after passing the 

10% formalin-fixed samples described above through a series of stainless steel sieves (8.0, 

4.0, 2.8, 2.0, 1.4, 1.0, 0.7 and 0.5 mm mesh sizes). The epifauna retained on each sieve 

were identified individual by individual under a dissecting microscope at 40x magnification. 

We recorded the abundance of six functional groups (crustaceans, molluscs, echinoderms, 

polychaetes, forams and ‘other animals’) following the approach of Edgar’s (1990b). We 

then calculated the total ash free dry weight (mg AFDW) of each functional group per sieve 

size using Edgar’s empirically-derived equations (1990b). Any organism larger than 8.0 mm 

or smaller than 0.5 mm was disregarded. We focused on animals between 0.5 and 8.0 mm 

in body size as these reflect the consensus-based definition of epifauna provided by Chen 

et al. 2021 (chapter 2).   
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Data analyses 

We first ran three separate one-way ANOVAs with caging treatment as a fixed factor to test 

for any caging artefacts with either sea temperature (°C), light intensity (Lux) or water 

movement (mass loss of clod card, g per day) as the dependent variable. There were weak 

or no detectable effects of the caging treatment on sea temperature (df = 2, 9, F = 6.063, p 

= 0.021), light intensity (df = 2, 9, F = 2.569, p = 0.131) or water movement (df = 2, 9, F = 

0.255, p = 0.780). Even so, we decided to exclude the control treatment from subsequent 

analyses to distinguish the effect of predator exclusion and presence without any concerns 

about any subtle artefactual effects of caging. That is, we simply compared full and open 

cages as in both cases there is a cage present. We treated each replicate as an independent 

data point, even if they were from the same patch (total N = 16 replicates, 8 full cages, 8 

open cages). We did not control for patch identify as a random factor in our models, because 

it is not possible to estimate the variance associated with patch type based on only two 

levels. Since Sargassum was the dominant canopy-forming genus in each cage, constituting 

87.84% ± 4.87% of the DW (mean ± SE), we only included Sargassum with its associated 

epifauna in our subsequent analysis. 

We then ran a one-way multivariate analysis of covariance (MANCOVA). The model had 

logged epifaunal biomass (mg AFDW) of the six functional groups for each of the seven size 

category as dependent variables, caging treatment (full or open cage) as the fixed factor 

and log-transformed Sargassum biomass (g DW) as the covariate (to take account of the 

strong positive correlations between macroalgal canopy biomass and epifaunal biomass; 

Leite & Turra 2003, Wenger et al. 2018, Chen et al. 2020). Both epifaunal biomass and 

Sargassum biomass were log-transformed to meet the assumptions of linearity and 

normality of distribution. These MANCOVAs were performed with type I sum of squares and 

a maximum of 9999 permutations of resemblance matrices based on the modified Gower 

(base 2) dissimilarity. We included the interaction between caging treatment and Sargassum 

biomass to test if the relationship between epifaunal and Sargassum biomass differed 

between full cage and open cage. A significant effect of cage treatment in this MANCOVA 

is interpreted as changes in the biomass distribution across the 42 size-group categories 

due to predation. Next, we ran an ANCOVA with logged total epifaunal biomass (mg AFDW) 

as the dependent variable and caging treatment (full or open cage) as the fixed factor and 

log-transformed Sargassum biomass (g DW) as the covariate with type III sum of squares. 

We included the interaction between caging treatment and Sargassum biomass to test if the 

relationship between epifaunal and Sargassum biomass differed between full cage and open 
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cage. It did, but the effect was small (see results). To gain insight into the main effect of the 

cage treatment on total epifaunal biomass we then re-ran the model after removing the 

interaction. 

Finally, to estimate the total epifaunal biomass consumed by invertivorous fishes, we divided 

the total epifaunal biomass by total Sargassum biomass for each of the two treatments. The 

difference between the value for the full and open cage treatment was then divided by the 

underwater period (10 days) to calculate the net daily rate of epifaunal biomass consumption 

(mg AFDW epifaunal biomass per g DW Sargassum). We chose this approach, rather than 

using the estimates from the ANCOVA because of the confounding problem of the slight 

difference in the relationship between epifaunal and Sargassum biomass between the two 

caging treatments, which is likely to reflect a type 1 error given the fairly low number of 

replicates per treatment.  

 

Results 

Ten invertivorous fish species from two families (Labridae: Anampses geographicus, Cheilio 

inermis, Coris auricularis, Coris caudimacula, Pseudojuloides elongatus, Pteragogus 

flagellifera, Thalassoma lunare, Xenojulis margaritaceus; Lethrinidae: Lethrinus atkinsoni, 

Lethrinus nebulosus) previously identified as foragers targeting canopy-associated epifauna 

were recorded during our transect surveys. A total of 37518 epifauna individuals were 

extracted from 2410 g DW of canopy-forming maroalgae that comprised four genera 

retrieved from the experimental replicates in the two meadow patches (Sargassum (92%), 

Sargassopsis (5%), Sirophysalis (2%) and Hormophysa (1%)).  

For the MANCOVA there was a significant positive relationship between Sargassum 

biomass and epifaunal biomass, but the relationship did not differ between full and open 

cages as there was no significant interaction between Sargassum biomass and caging 

treatment. Controlling for the amount of Sargassum there was a significant difference 

between the full and open cage treatment in the distribution of epifaunal biomass across the 

six functional groups and seven size categories (p = 0.039; Table 6.1; Figure 6.3).  

The functional group responsible for this significant effect is hard to determine. In general, 

animals of 5.6-8.0 mm were the dominant size class in both caging treatments, and the 

proportion in each size group in full cages was similar to that in the open cages (Figure 6.4a). 
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The same trend can also be observed when looking at the biomass of molluscs (Figure 6.4c). 

However, the size distribution of individuals contributing to crustacean biomass showed a 

slightly different pattern between full and open cages (Figure 6.4b). A higher proportion of 

5.6-8.0 mm individuals contributed to biomass in the full than in the open cage (31% versus 

18%). This suggests that invertivorous fishes may preferentially consume larger crustaceans, 

as they disproportionately removed these individuals from the open cages. 

 

Table 6.1 Summary of one-way MANCOVA of logged epifaunal biomass across two caging 

treatments (fixed) with logged Sargassum biomass included as the covariate, in the Maud 

region near Coral Bay of Ningaloo Reef, 2020. Significant terms (p < 0.05) are highlighted 

in bold. 

Source df SS MS Pseudo-F p-value 

Sargassum dry weight 1 3.3362 3.3362 13.791 0.0001 

Caging treatment 1 0.47935 0.47935 1.9814 0.039 

Sargassum dry weight  

   × caging treatment 
1 0.30445 0.30445 1.2585 0.2503 

Residual 12 2.903 0.24192   

Total 15 7.023    

 

 

Figure 6.3 Relationships between epifaunal biomass and macroalgal canopy size of the two 

caging treatments (full cage, open cage) over 10 days in Ningaloo Reef, Western Australia. 

The model used log-transformed data, but the raw data are shown here to facilitate 

interpretation. 
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Figure 6.4 Percent contribution to (a) total epifaunal biomass, (b) crustacean biomass, and 

(c) mollusc biomass of the epifaunal size spectra for the full cage (predator excluded) and 

open cage (predator not excluded) treatments. 

 

Unfortunately, the effect of the caging treatment on total biomass is slightly difficult to 

interpret because the relationship between Sargassum biomass and total epifaunal biomass 

differed between full and open cages (p = 0.042). If the interaction is removed from the 

model, there is no significant difference in the total epifaunal biomass between full cage and 

open cage (p = 0.849). Indeed, the marginal estimate is slightly higher for the open than full 

cages, which is biologically difficult to interpret (Table 6.2). Finally, based on pooling data 

across all replicates we estimated the net daily consumption of epifaunal biomass by 

invertivorous fishes as 0.218 mg AFDW per 1 g DW of macroalgal canopy. 

 

Discussion 

We experimentally manipulated the access of invertivorous fishes to epifaunal prey in 

tropical canopy-forming macroalgal meadows by deploying a short-term caging experiment. 

We found that when looking at epifaunal biomass categorised by functional group and size 

class, the distribution of biomass varied significantly between the caging treatments 

(MANCOVA). This suggests that predation by invertivorous fishes has the potential to alter 

epifaunal community composition. More specifically, we noted that there were relatively 

fewer large individuals contributing towards the biomass of crustacean in the open cages. 

This suggests that invertivorous fishes may prefer consuming larger crustaceans while 
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(b) 

 

selecting prey items. Despite this change in the size distribution, there was no significant 

decline in total biomass between open and full cages. However, the interpretation of this 

finding is confounded by the fact that the relationship between Sargassum biomass and 

epifaunal biomass differed between the caging treatments. Finally, pooling across all 

replicates we quantified the amount of biomass that invertivorous fishes consume from 

epifauna. This estimate will assist in calculating energy flow through marine food webs, and 

benefit future work on how marine productivity might response to changes in habitats. 

 

Table 6.2 Summary of ANCOVA of logged epifaunal biomass across two caging treatments 

(fixed) with logged Sargassum biomass included as the covariate, with the interaction 

between caging treatment and  logged Sargassum biomass (a) included and (b) excluded, 

in the Maud region near Coral Bay of Ningaloo Reef, 2020. Significant terms (p < 0.05) are 

highlighted in bold. 

(a) 

 

 

 

 

 

 

 

 

 

 

 

Source df SS MS Pseudo-F p-value 

Corrected Model 3 2.241 0.747 18.728 0.000 

Intercept 1 0.770 0.770 19.303 0.001 

Sargassum dry weight 1 2.024 2.024 50.735 0.000 

Caging treatment 1 0.207 0.207 5.180 0.042 

Sargassum dry weight  

   × caging treatment 

1 0.207 0.207 5.183 0.042 

Error 12 0.479 0.040   

Total 16 136.307    

Corrected Total 15 2.720    

Source df SS MS Pseudo-F p-value 

Corrected Model 2 2.034 1.017 19.293 0.000 

Intercept 1 0.770 0.770 14.599 0.002 

Sargassum dry weight 1 2.024 2.024 38.385 0.000 

Caging treatment 1 0.02 0.02 0.038 0.849 

Error 13 0.685 0.053   

Total 16 136.307    

Corrected Total 15 2.720    
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The result of our predator exclusion experiment showed that some elements of epifaunal 

biomass varied significantly with caging treatment, even though we found no significant 

difference in total epifaunal biomass between full and open cages. This later result may 

reflect low statistical power due to the modest level of replication, as well as the duration of 

the experiment being too short to detect any cumulative effect of predation. Even so, by 

looking at pooled epifaunal biomass there was some evidence that when invertivorous fishes 

were unable to reach macroalgae, the density of epifauna was higher. Interestingly, the 

amount of variation in epifaunal biomass explained by Sargassum biomass in the full cages 

(R2 = 0.4463) was lower than that in the open cages (R2 = 0.7558), indicating that when 

predation is excluded, Sargassum biomass may be less important in determing the density 

(abundance or biomass) of epifauna. However, a study with greater replication and a longer 

duration of experimental treatment with a full analysis that includes the appropriate controls 

needs to be conducted to examine to what extent Sargassum biomass affects the 

community structure of epifauna under fish predator free conditions. Our study also detected 

significant caging treatment effects which is in agreement with previous studies that used 

similar caging manipulation to examine the influences of fish predation on benthic 

invertebrates in seagrass meadows (Lewis & Anderson 2012, Freestone et al. 2019, Janiak 

et al. 2020). We therefore suggest that open cages are the best control treatment when 

investigating the effect of predators on prey communities and should be used in preference 

to treat open, cageless plots as controls. 

We also found that the size distribution of crustacean biomass varied between the two 

caging treatments. Full cages had a higher proportion of 5.6-8.0 mm sized crustacean than 

open cages (31% versus 18%). In contrast, all of the remaining six size classes smaller than 

5.6 mm made a slightly higher percentage (1-4%) contribution to biomass in the open than 

full cages. While we were unable to conduct gut content analysis to examine the prey 

composition of invertivorous fishes, we can still look for other lines of evidence about their 

diets to infer the trophic links between predators and prey. Crustaceans have been 

documented as one of the most important food items of invertivorous fishes in a wide variety 

of tropical seascapes including at Ningaloo Reef (Kulbicki et al. 2005b, Kramer et al. 2015, 

Wenger et al. 2018, Froese and Pauly 2021). The high abundance of crustaceans, whose 

biomass is linked to Sargassum biomass, in combination with the abundance of 

invertivorous fishes, strongly suggests that the canopy-forming macroalgal meadows of 

Ningaloo constitute important foraging grounds for invertivorous fishes (Chen et al. 2020, 

Chapters 3 and 5). The shift in the size distribution of crustacean between cages where 
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predators were included or excluded in our study therefore suggest that the foraging 

preference of invertivorous fishes is towards larger crustacean that are visually more 

apparent. More generally, the secondary production relevant to invertivores is probably also 

biased towards larger size-classes in other taxonomic groups. Such prey selection of larger 

epifauna can benefit small individuals and increase net productivity. The removal of larger 

individuals by predators frees up resources through competitive release that become 

available for smaller epifauna that then subsequently increase in abundance and biomass 

(Edgar & Aoki 1993). Although our current experiment was only of a short duration, this 

competitive release might also partly explain the observed shifts in the size distribution of 

crustaceans.    

The most common concern with the use of cages as a technique to understand the 

interactions between predators and prey has been the confounding interpretation of caging 

treatments (Steele 1996, Connell 1997). This is because the cages used may introduce 

artefacts that cannot be separated from predation effects. To solve this, we employed open 

cages to evaluate any potential caging artefacts, so that the magnitude of predation effects 

could be better estimated. Although weak or no significant artefacts were detected in our 

study, the predator exclusion experiment did have limitations that need to be acknowledged. 

First, there was a lower than desired level of replication in terms of both the number of 

replicates per site and the number of sites was unavoidable. This was due to logistic 

constraints arising from the remote field location. Second, the underwater duration of the 

treatment was reduced for practical reasons caused by an approaching cyclone. This also 

halted in situ high frame speed filming of invertivorous fish bite rate (to quantify invertivorous 

fish prey items and dietary composition) and sagittal otolith analysis (to estimate individual 

somatic growth), which together would have helped to provide more accurate estimates of 

predation effects and secondary production transferred from epifauna to invertivorous fishes. 

Even so, the present study is still the first attempt to examine the influence of predation on 

macroalgal epifauna by invertivorous fishes and thereby estimate the tertiary production 

arising due to this important trophic pathway. We suggest that future studies should run the 

predator exclusion experiments for a longer period, and run the empirical studies mentioned 

above to establish a more detailed database on ‘invertivorous fish – epifauna’ dynamics in 

tropical macroalgal meadows. 

In the present study, we recorded a net daily consumption of 0.218 (mg AFDW per g DW), 

representing the biomass transferred from canopy-associated epifauna to canopy foraging 

invertivorous fishes within macroalgal canopies. This value can be used to estimate the areal 
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consumption rate of epifauna in Ningaloo by measuring the area and density of canopy-

forming macroalgal meadows. Previous studies mapping the shallow habitats in Ningaloo 

Reef have identified 762 km2 of reef environments, which includes 51% of area dominated 

by macroalgae and turf algae. In these macroalgal and turf algal habitats, canopy-forming 

species (chiefly focuid Sargassum, followed by Sargassopsis) can reach up to 80% of 

benthic cover during summertime, creating massive canopy-forming macroalgal meadows 

which has a total area of more than 300 km2 in Ningaloo (Johansson et al. 2010, Kobryn et 

al. 2013, van Lier et al. 2018). Combined with a mean summer density of canopy-forming 

macroalgae of 9221.5 (g DW m-2) (see Chen et al. in press (Chapter 4)), the daily epifaunal 

biomass consumed by invertivorous fishes in Ningaloo’s macroalgal meadows is estimated 

to be around 600 tonnes (AFDW) in summer. Assuming an energy transfer efficiency 

between trophic levels of 10% (Pauly & Christensen 1995) this means that 60 tonnes AFDW 

per day can be convert from invertivorous fishes into predators at the next trophic level. 

These predators include many species that are important fishery and recreational targets 

(Froese & Pauly 2021).  

As tropical macroalgal meadows are sensitive to environmental changes, disturbances such 

as thermal anomalies can cause extensive loss of macroalgal canopy cover (Fulton et al. 

2019, Graba-Landry et al. 2020), triggering associated flow-on effects on higher trophic 

levels. This could lead to dramatic reductions in fishery production, which is underpinned by 

epifauna and invertivorous fishes, affecting fishery stocks linked to the livelihoods of millions 

of people. The quantification of energy flux across multiple trophic levels under different 

scenario of changing environments is beyond the scope of this study, however, identifying 

predation-prey interactions and rates of energy flow between epifauna and invertivorous 

fishes is clearly important to better understand tropical macroalgal-based marine food webs. 

Our study also sets the stage for work on energy flows and nutrient fluxes in tropical 

seascapes, as secondary production and predation are core complementary ecological 

processes in marine habitats, as is also the case in other terrestrial ecosystems (Brandl et 

al. 2019). 
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CHAPTER 7 

 

GENERAL DISCUSSION 

 

 

 

Marine production dilemma: lack of studies under the challenges of global change 

Biological production and trophic interactions are essential to the functioning of every 

ecosystem on earth. The conversion of solar energy to organic material by photosynthesis, 

and the subsequent flow of energy through food webs, generates the link between 

biodiversity and trophic dynamics which, in turn, underpins the sustainability of all ecosystem 

processes, services and functions (Worm & Duffy 2003, Ives & Carpenter 2007, Mace et al. 

2012). Discussions about biological productivity have focused on the measurement of 

primary production and determining how it is regulated by environmental factors such as 

limiting nutrients or light levels. This has relevance to applied questions in agriculture and 

the environmental science, such as sustaining crop yields and supporting greater 

biodiversity, but researchers have chiefly concentrated on terrestrial rather than aquatic 

environments (Melillo et al. 1993, Field et al. 1998, Potter et al. 2012). By contrast, 

secondary and higher-order production, and how they response to primary production, tend 
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to be less well studied phenomena. When secondary and higher-order production are 

investigated, the emphasis is also mainly on terrestrial habitats, and occasionally freshwater 

systems. Again, marine ecosystems tend to be less well studied, even though secondary 

and higher-order production are as important as primary production in energy flow within 

marine food webs (Polis et al. 1997, Benke et al. 2001, Dolbeth et al. 2012).  

Levels of production within any ecosystems are rarely fixed due to temporal and/or spatial 

fluctuations in key environmental factors, including direct effects of physical, abiotic drivers 

(e.g., light intensity, temperature, humidity), and indirect effects due to spatial or temporal 

shifts in biological interactions (e.g., predation, competition). Many ecosystems, including 

the tropical macroalgal meadows discussed in this thesis, undergo regular and repeatable 

cycles of fluctuations in the level of production (e.g., daily and/or seasonal shifts in primary 

production). Temporal changes in production are a natural part of these ecosystems, and 

species have evolved to be able to persist despite the uneven availability of energy. The net 

result is that ecosystems have the ability to maintain biodiversity and general stability 

through the mediated responses of both primary producers and consumers to changes in 

energy fluxes (Falge et al. 2002, Worm & Duffy 2003, Ives & Carpenter 2007). Despite this, 

rapid global climate change has added a layer of uncertainty as to the ongoing ability of 

ecosystems to respond to changes in production that lie outside the historic range. For 

examples, alterations to temporal patterns of energy availability, shifts in the species that 

dominate primary production, and more extreme values of upper and lower environmental 

ranges for many key variables (e.g., temperature, pH, oxygenation levels) can significantly 

reshape entire biological communities, change the trophic structure of ecosystems, and 

have associated effects on biodiversity and ecosystem functioning (Emmerson et al. 2005, 

Ernakovich et al. 2014, Capitani et al. 2021). 

Globally, marine ecosystems are currently experiencing dramatic changes which are largely 

associated with unprecedented disturbances ranging from local, short-term events (e.g., 

marine heatwave) to large-scaled, long-term threats (e.g., ocean warming, ocean 

acidification). These abiotic changes can be exacerbated by anthropogenic activities such 

as pollution, urbanisation and overfishing (Ling et al. 2009, Frölicher et al. 2018, Smale et 

al. 2019). In tropical seascapes, massive bleaching of coral reefs and the extensive loss of 

seagrass and macroalgal meadows have recently been reported, and these types of events 

seem to be occurring at a higher frequency than has historically been the case. These 

phenomena are predominantly attributed to anthropogenic factors and climate-associated 

disturbances (Orth et al. 2006, Smale & Wernberg 2013, Hughes et al. 2017). Such habitat 
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loss has critical impacts on associated communities and trophic dynamics, which often begin 

at basal trophic levels with flow-on effects throughout the entire food web, potentially leading 

to the collapse of trophic pyramids, and local extinctions. Somewhat surprisingly, in 

comparison to studies of changes in primary production due to habitat loss, very few studies 

in marine ecosystems have investigated the potential effects of global change on lower 

trophic level consumers, such as epifaunal invertebrates and invertivorous fishes, despite 

their tight conjunction with primary producers. Understanding how these lower trophic level 

consumers respond to multi-scale variation in primary production in marine food webs in 

different habitat settings is critical to our ability to predict how ecological processes and 

ecosystem function will shift under global change. This knowledge is particularly important 

as we move towards evidence-based marine management and conservation plans that take 

an ecosystem level approach. 

My thesis presents a systematic mapping of, and an ecological investigation into, the 

potential interactions between different trophic levels within the food chain of ‘canopy-

forming macroalgae – epifaunal invertebrate – invertivorous fish’ at Ningaloo Reef in 

Western Australia. My findings are, however, likely to have broader implications for marine 

biodiversity and ecosystem functioning in tropical macroalgal meadows at many other sites. 

To start, in Chapter 2 I opened the Pandora’s Box of issues that are related to defining 

marine epifauna, and I offered a consensus-based and functional-based definition of 

epifauna that should act as an aid to unify different research areas. Next, in Chapter 3, I 

looked across a range of tropical seascapes in Ningaloo, to document the relationship 

between the primary producer Sargassum and the composition of epifaunal communities to 

show how epifaunal communities respond to changes in the size of Sargassum, the 

presence of invertivorous fishes and other habitat conditions (e.g., water depth, distance 

between macroalgal meadows and coral reefs). In Chapter 4, I quantified the secondary 

productivity generated by epifauna in the macroalgal meadows of Ningaloo. My study is the 

first to estimate epifaunal production across space and time in the tropics, which I also 

combined with a sensitivity analysis that models the likely consequences of macroalgal 

canopy loss on epifaunal productivity. Then, in Chapter 5, I documented the taxonomic 

composition of invertivorous fish communities in Ningaloo that feed upon canopy-associated 

epifauna. I further refined the categorization of the trophic guild of ‘invertivores’ by dividing 

them into three finer-scale function groups: ‘canopy forager’, ‘abiotic forager’ and ‘generalist’. 

Finally, in Chapter 6, I reported on an experimental manipulation of predator exclusion that 

demonstrated the influence of invertivorous fish predation on epifauna. In so doing, I further 
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calculated the biomass transferred from epifauna to invertivorous fishes which can then be 

applied to estimates of fishery production on broader spatial scales. My results fill in key 

knowledge gaps in the ecological processes and ecosystem functioning of tropical canopy-

forming macroalgal habitats and provide information on energy flows within coastal food 

webs that can inform potential action by marine management under likely scenarios for 

future global change. 

 

The importance of a unified definition of marine epifauna 

To date, different nomenclatures have been used by researchers working on marine 

invertebrates to describe communities that resemble each other in their ecosystem functions. 

Conversely, the same term (i.e., macrofauna) is sometimes used to refer to organisms which 

share totally different taxonomic status and ecosystem functions (see studies reviewed in 

Chen et al. 2021). The plethora of alternative terminologies, and the absence of a unified 

definition for ‘epifauna’, seems to be a barrier to assimilating existing research knowledge 

on key communities of small marine organisms. In the past seven decades, the term 

epifauna has been used to refer the organisms living on the surface of microhabitat, where 

a microhabitat is defined either in a very broad sense or using very strict criteria. Meanwhile, 

numerous alternative synonyms and related terms have been used to describe other marine 

communities which closely resemble this definition of marine epifauna (Table 2.1). The lack 

of a clear definition of the term epifauna and the use of multiple nomenclatures have been 

a persistent feature in marine biology, and it continues to challenge researchers that attempt 

to synthesis the existing literature. This is detrimental to efforts to develop evidence-based 

management strategies for the protection of marine habitats: the functional roles of epifauna 

as key components of marine food webs, and as mediators between lower and higher 

trophic levels, can easily be overlooked or underestimated. In Chapter 2, I offered a 

consensus-based definition of marine epifauna, by examining on the functional roles that 

organisms play in marine ecosystems rather than only considering their taxonomic status or 

the precise habitat in which they occur. The results are first, a definition that ‘epifauna are 

0.5-10 mm sized animals (usually invertebrates, but not always as similar sized vertebrates 

sometimes functionally serve the same role within a community), which live on the surface 

of marine habitat including biogenic habitats, abiotic substrate and artificial structures’; and 

second, a suggestion for future researchers (i.e., providing relevant biological and ecological 

traits of the epifaunal communities focused in their studies) to ensure better application of 
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terminology, which will promote a function-based approach to describing variation among 

epifaunal communities. This unifying, consistent and detailed rationalisation of the definition 

of epifauna will, if widely adopted, have the benefit of improving the literature by making it 

easier to locate studies asking similar questions about different communities of small marine 

organisms, and thereby facilitate future comparative studies and meta-analyses. Given that 

epifaunal communities are critical indicator of marine ecosystem health, reducing 

terminological barriers associated with building up long-term datasets on epifauna should 

improve our knowledge of the consequences of changes in epifaunal production for marine 

food webs, and offer insights into likely ecosystem shifts in response to global change under 

various climate scenarios across tropical, subtropical and temperate zones. 

 

Epifauna as tools for predicting how global climate change influences trophic flows 

In Chapters 3 and 4, I showed how the community structure and secondary productivity of 

Sargassum-associated epifauna responds to temporal and/or spatial changes in tropical 

canopy-forming macroalgal meadows. To start, I found strong, positive correlations between 

Sargassum canopy size and epifaunal abundance, biomass and secondary productivity. 

These relationships highlight the significance of canopy-forming macroalgae as key habitats 

in Ningaloo for epifauna, and the consequences of canopy loss for epifauna. Previous 

studies have observed high variation in canopy size and meadow area across sites, seasons, 

and years in this region (Wilson et al. 2014, Lim et al. 2016, Wenger et al. 2018), which 

suggests that even small changes in key environmental parameters can have large effects. 

The persistent environmental changes arising due to global change could therefore have 

pronounced long-term effects on the total area of algal meadows and/or canopy size. My 

model predicts that fairly small longer-term reductions in canopy size and/or meadow area 

could translate into a disproportionate decrease in epifaunal abundance and biomass, hence 

far less secondary production. This could then have flow-on effects on species that rely on 

epifauna as prey (e.g., invertivorous fishes) and thereby affect overall ecosystem functions 

in Ningaloo. Additionally, the strong correlations between canopy features and epifauna are 

suggestive of broader consequences of the loss of macroalgal habitats for the conservation 

and management of tropical seascapes which extend beyond Ningaloo to have global 

implications: marine macrophytal habitats worldwide are undergoing similar pattern of 

temporal declines in growth and increased disturbance due to global change (Lefevre & 

Bellwood 2010, Nordlund et al. 2016, Fulton et al. 2019). 
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Interestingly, my use of model selection suggests that invertivorous fish biomass is the best 

predictor of site level variation in both epifaunal community structure (Chapter 3) and 

epifaunal secondary production (Chapter 4). If we make the assumption that there are 

causal links between fish numbers and epifaunal biomass (i.e., predators affect prey 

biomass, and vice versa), this strongly confirms the reliance of many invertivorous fish 

species within Ningaloo on epifauna as a key food source, and highlights the relationship 

between higher-order consumers (invertivorous fishes) and lower trophic levels (epifaunal 

communities). Some key species of macroaglae-associated Labridae and Lethrinidae are 

major target of fisheries, and most species of invertivorous fishes are food resources for 

higher-order and apex predators that also utilize macroalgal meadows, or occur in adjacent 

seascapes such as coral reefs (Wilson et al. 2014, Fulton et al. 2020, Froese & Pauly 2021). 

Any environmental disturbances reducing canopy size and meadow area could therefore 

trigger trophic cascades that might significantly lower fisheries catches and decrease food 

security. The results of my model selection also indicate that sea temperature is another key 

predictor of the secondary production generated by macroalgal epifauna (Chapter 4), 

suggesting that the trophic flows facilitated by epifauna are sensitive to thermal anomalies 

which lead to the loss of macroalgal habitats. Previous studies on tropical and subtropical 

macroalgal meadows have already recorded the contraction of canopy cover in response to 

pulse events of changes in sea temperature (Smale & Wernberg 2013, Fulton et al. 2019, 

Graba-Landry et al. 2020).  

In Chapter 4 I ran sensitivity analyses to model the effects of shifts in Sargassum canopy 

height and percent cover on areal epifaunal productivity. I not only observed high sensitivity 

of epifaunal productivity to the loss of Sargassum canopy, but also, for the first time in this 

research field, I was able to quantify the overall areal epifaunal productivity given different 

scenarios of shifts in macroalgal canopies. My findings provide new insights into our ability 

to predict how trophic flows will change in response to perturbations in habitat conditions 

that result from climate-associated changes and anthropogenic activities. Given the 

evidence that climate-associated changes and anthropogenic activities are generating 

increasing pressure on marine macrophytal habitats (Harley et al. 2012, Marzinelli et al. 

2016, Oliver et al. 2018), it is foreseeable that the nature of trophic flows through marine 

food webs will be significantly altered due to longer, stronger, and more frequent 

disturbances in the near future. I recommend that interactions between macroalgal canopy 

conditions and epifaunal communities should be a key priority for future empirical work, 

especially multi-season/year field studies. The findings will be important for habitat-based 
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marine management to resolve the effects of bottom-up and top-down influences on marine 

ecosystem functions. 

 

Invertivorous fishes: an essential but often neglected part of marine food webs  

One interpretation of the novel findings in the previous chapters is that invertivorous fishes 

are key consumers of macroaglae-associated epifauna. In the following two chapters 

(Chapters 5 and 6) I therefore further examined the taxonomic composition, seasonality, 

and foraging microhabitat utilisation of invertivorous fish assemblages within the macroalgal 

meadows of Ningaloo. I also conducted an in situ experimental manipulation to exclude 

predators from gaining access to macroalgal epifauna, and used the change in epifaunal 

biomass to estimate the production transferred to predators to gain insight into the trophic 

interactions between lower trophic levels (macroaglae-associated epifauna) and higher-

order consumers (i.e., invertivorous fishes that were experimentally excluded).   

Invertivorous fishes are one of the most abundant tropic guilds within marine ecosystems 

worldwide, which makes it surprising that they are far less well studied than other guilds for 

their functional roles and effects on trophic dynamics, especially in tropical macroalgal 

meadows (Kramer et al. 2015, Fulton et al. 2020, Froese & Pauly 2021). In Chapter 5, I 

showed that fishes grouped under the trophic status of ‘invertivore’ have a distinct variety of 

foraging microhabitat preferences. My study is the first to highlight this previously 

unappreciated aspect of functional complementarity and offers a functional refinement of the 

classification of tropical macroaglae-associated invertivorous fishes. Since 1990, a series of 

studies on tropical coral reef fishes have refined the trophic status of ‘herbivore’ into many 

functional groups (e.g., ‘scrapers’ versus ‘excavators’, ‘grazers’ versus ‘browsers’, ‘crevice-

feeders’ versus ‘open matrix feeders’), based on their physical features (e.g., tooth types, 

fin aspect ratio) and ecological traits such as their foraging mode and microhabitat 

preferences (Bellwood & Choat 1990, Hoey & Bellwood 2009, Fox & Bellwood 2013). These 

approaches have led to the recognition that different species in a particular trophic group 

often have non-equivalent functional effects on marine ecosystems. This refinement of 

trophic status for herbivorous fishes has been used to improve the monitoring and 

management of coral reef ecosystems by providing a more accurate assessment of 

ecosystem functioning and resilience (Green & Bellwood 2009, Graham et al. 2013, Villéger 

et al. 2017). I expect that the trophic guild refinement of macroaglae-associated 
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invertivorous fishes provided in Chapter 5 will similarly assist in the development of effective 

management and conservation interventions of tropical macroalgal habitats. It will allow 

researchers to identify species which perform unique ecosystem functions and yield a more 

accurate estimate of the level of functional redundancy within a particular community. Ideally, 

detailed dietary analyses (e.g., gut content, bite rates) by each species is needed to provide 

robust information about how particular functional group of predatory fish interacts with lower 

trophic levels and influence ecosystem functioning (Ashworth et al. 2014, Baker et al. 2014). 

Unfortunately, for my thesis I was unable to collect specimens of invertivorous fishes for gut 

content analysis to verify potential dietary targets that might drive division of foraging habitat 

along key resource axes. This happened because the necessary fieldtrips were precluded 

by the COVID-19 pandemic and travel restrictions. Nevertheless, this would represent a 

profitable future direction of research that I would like to pursue to verify the prey selection 

and dietary targets of invertivorous fish species within macroalgal meadows. This additional 

information would allow us to understand better the potential implications of niche 

partitioning by invertivorous fishes for ecosystem dynamics in macroalgal meadows. 

In Chapter 6, I built on the identification of common invertivorous canopy foragers and 

generalists (Chapter 5) to examine the influence of fish predation on canopy-dwelling 

epifauna by conducting caging experiments to exclude invertivorous fishes. The result of 

this predator exclusion manipulation showed that when invertivorous fishes (and, of course, 

any other species unable to enter the cages such as large crustaceans) did not have access 

to macroalga, the density of epifauna ended up being significantly higher. This finding is in 

agreement with previous studies using similar manipulation to examine the influence of 

marine fish predation on benthic invertebrates (Connell & Anderson 1999, Lewis & Anderson 

2012, Janiak et al. 2020). My results highlight the role that invertivorous fishes play in 

influencing the structure and function of ecosystems by altering the composition of epifaunal 

communities. My exclusion experiment did, however, have some limitations that need to be 

acknowledged. The use of underwater cages has been adopted as a common approach to 

manipulate predator effects on prey (Steele 1996, Lewis & Anderson 2012, Bolton et al. 

2019), but there are concerns about caging artefacts which might distort the effects of 

predation. This has led to improvements in cage design to minimise caging artefacts, as well 

as experimental designs and statistical approaches that try to separate cage artefacts from 

predation effects (see examples in Steele 1996, Connell 1997 and Bolton et al. 2019). 

Although I did not detect any significant caging artefacts in my study, my predator exclusion 

experiments had a lower level of replication than I would have liked with respect to both the 



275 
 

number of replicates per site and the number of sites. The duration of the predator exclusion 

period was also shorter than I would have wished. My original plan was to select three 

distinct macroalgal meadow patches to conduct predator exclusion experiments. 

Unfortunately, one of the target meadow patches was unsuitable for manipulation when it 

was visited due to low canopy cover and low fish density, combined with logistic constraints 

arising from the remote field location. Eventually I had no choice other than to drop that 

meadow patch from the study. The duration of the treatment was also reduced for practical 

reasons. An approaching cyclone forced me to retrieve all the cages sooner than intended, 

which shortening the time they were in place to only ten days. More broadly, this cyclone in 

early 2020 also halted the sampling of invertivorous fishes for gut content, sagittal otolith 

analysis and a planned high frame speed filming of fish bite rate. As the COVID-19 pandemic 

then spread, the subsequent lockdown and strict travel ban into Western Australia made it 

impossible to return to Ningaloo to complete the intended fieldwork. On the positive side, 

however, my study in Chapter 6 is still the first attempt to examine the influence of predation 

on macroalgal epifauna by invertivorous fishes and thereby estimate the tertiary production 

arising via the important trophic pathway of ‘macroalgae – epifauna – invertivorous fish’. I 

suggest that future studies should address the current deficiency in field-based predator 

exclusion experiments run for prolonged periods, and the shortage of empirical studies 

measuring feeding by invertivorous fishes (e.g., bite rate to estimate the rate of consumption 

of epifauna). It would also be valuable to link sagittal otolith analysis (to obtain the somatic 

growth rate of individuals) to monitoring data on the macroalgal state at the time of growth 

to test whether growth rates are, as predicted, higher when there is more macroalga (hence 

more epifauna). These studies will allow for more accurate estimates of fish productivity and 

predation effects.  

 

This thesis as an aid to conservation and management of tropical seascapes 

My thesis provides new insights and extensive information about the key trophic pathways 

in a macroalgal-dominated reef ecosystem. That is, from primary producers (canopy-forming 

macroalgae) to primary consumers (epifaunal invertebrates), and finally to higher-order 

consumers (invertivorous fishes). I have highlighted the nature and significance of each of 

these key components in tropical seascapes, including how each trophic level interacts with 

others, and how each trophic level is likely to respond to changes in the wider environments, 

especially those associated with global changes. Most importantly, the results of my thesis 
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have tangible applications to the prediction of energy flows throughout marine food webs, 

the monitoring of shifts in marine production over space and time, and the modelling of the 

potential consequences of global climate change for tropical seascapes. For example, by 

using the sensitivity analysis I ran in Chapter 4, stakeholders can model the consequences 

of changes in Sargassum canopy structure for epifaunal secondary productivity. When 

combined with the foraging microhabitat preferences of invertivorous fishes in Chapter 5, 

the authorities should have an improved ability to evaluate to what extent the loss of 

Sargassum meadows and epifaunal productivity under certain circumstances (e.g., normal 

seasonal shifts, anthropogenic activities, global change) might affect associated fish species 

that have unique functional roles. This will allow for the identification of species which are 

more vulnerable to the loss of macroalgal canopies, that can then be included on priority 

lists for conservation. In brief, the results of my thesis provide information to stakeholders 

and relevant authorities that should facilitate improved practices to ensure biodiversity 

conservation and effective marine management to maintain a fishable, but sustainable, 

future. 
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