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Abstract 

 

Investigating the parameters of niche space for marine organisms is useful for identifying 

their place in the food web and understanding community dynamics. The range of biological and 

physical gradients found along the fiord axis in Fiordland, NZ offer a unique setting that is well 

suited for defining aspects of niche space. The purpose of this thesis was to define the 

characteristics of niche space of four common species of wrasse found in Fiordland, including 

spotties (Notolabrus celidotus), scarlet wrasse (Pseudolabrus miles), banded wrasse (Notolabrus 

fucicola) and girdled wrasse (Notolabrus cinctus). Fish were sampled from three paired inner and 

outer fiord sites in Doubtful Sound, Thompson/Bradshaw Sound and Dusky Sound. Gut contents 

analysis, stable isotope analysis and morphological analysis of facial features associated with 

foraging strategy were applied in an effort to characterize diet as an indicator of biological niche 

space. Fiordland-wide SCUBA surveys of abundance and distribution were correlated with both 

physical and biological gradients to observe evidence of habitat partitioning. Finally, age and 

growth analysis was evaluated to assess evidence of trade-offs in life history strategy. Based on 

these indicators, spotties were found to occupy a significantly different niche space than scarlet 

wrasse, banded wrasse and girdled wrasse. High niche overlap was found among these other 

species, with some differences in prey field and microhabitat partitioning. This pattern is mainly 

attributed to the fact that spotties were observed to be a highly plastic species (generalist), 

exploiting a wide range of resources over the length of the fiord axis. Conversely, other wrasse 

species exploited a relatively narrow range of resources (specialists), preferring highly productive 

kelp forest habitat near the outer coast. Spotties were found to partition niche space between 

inner and outer fiord environments, consuming a less nutritious diet in the inner fiord by 

exploiting both terrestrial sources of carbon and alternate trophic levels. In conclusion, the role of 

wrasse species as pervasive, abundant invertebrate predators in the Fiordland ecosystem indicates 

they likely play an important role in maintaining ecosystem structure. Though niche partitioning 

occurred among species and over spatial gradients, outer coast areas appeared to support the most 

valuable, high quality habitat for Fiordland wrasse species. 
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CHAPTER ONE: 

Aspects of ecological niche space among wrasses in 

Fiordland, NZ 

 

 

 

View of coastal Fiordland from the R/V Southern Winds in transit between fiords. 
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1.1 Introduction 

1.1.1 Niche space 

The temperate subtidal marine environment is dynamic, supporting a high diversity of 

organisms. In this environment the exploitation of resources by fish species has an important role 

in regulating community interactions, resource availability and carbon flux (Ross 1986). In an 

effort to define the place of each species in a community and its functional role, zoologist Evelyn 

Hutchinson (1957) first popularized the term niche to describe the ecological space occupied by a 

species. Three major aspects of niche include species interrelationships within an organism‟s 

community, the range of environments in which it lives and the geographic range it exists over 

(Whittaker and Levin 1975). As a reflection of these factors, Hutchinson‟s definition of niche 

described an imaginary space with many dimensions where each dimension or axis represented 

either physical or biological limitations (Hutchinson 1957). Physical niche space in the marine 

environment refers to the range of abiotic environmental constraints such as light, temperature 

and salinity, while biological niche space refers to biotic factors such as prey field, competition 

and predation which define a species‟ distribution (Tokeshi 1999).  

The overall biological and physical niche space is then further broken down into the 

fundamental versus the realized niche (Hutchinson 1957). The fundamental niche includes the 

full range of environmental conditions, both biological and physical under which an organism 

can exist, whereas the realized niche is the actual space a species is best adapted to and occupies 

due to competition and predation (Figure 1.1). Ultimately, niche space and the specific niche 

breadth of a population present a concept which is integral to addressing species diversity and 

community structure. Recent advances in multivariate statistics make it possible to quantify 

Hutchinson‟s vision of niche space and will be explored in this study. 

1.1.2 Niche breadth and species coexistence 

Niche breadth is defined as the range of resources exploited by a particular population 

(Roughgarden 1972). The amount of resources shared between species is referred to as the degree 

of niche overlap. The intensity of competition has often been linked to the degree of niche 

overlap (Tokeshi 1999). This is not always the case however, if resources are not a limiting factor 
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(Griffiths 1986). The realized niche breadth of a species places it within its community and has 

important implications for species coexistence. 

Sympatric species, both marine and terrestrial, are found to coexist in a wide variety of 

ecosystems (Stephens Jr et al. 1970, McAfee and Morgan 1996, Sabagh and Carvalho-e-Silva 

2008). The basis for their coexistence is often related to the ecological niche of individual species 

and their ability to partition resources (Tokeshi 1999). One perspective on the evolution of 

coexisting species is the competition theory, which demands that they be specialists in their 

system (partition space, food or time) in order to live successfully and escape high levels of 

competition (Chase and Leibold 2003). Conversely, this idea has been refuted by Hubbel (2001) 

who argues a „neutral‟ perspective in which ecological communities are structured through 

random processes of ecological drift, migration and speciation as a result of stochasticity. It 

seems unrealistic to claim that all speciation and ecosystem interactions are governed by purely 

random processes. The best explanation for species coexistence is likely a combination of both 

random and niche based processes which vary in dominance depending on the study system 

(Leibold and McPeek 2008).  

1.1.3 Assessing dimensions of niche breadth 

The broad dimensions of niche space may be characterized for fish species in the marine 

environment by measuring specific proxies of biological and physical niche. A major indicator of 

biological niche is the prey field or diet. Useful proxies for characterizing diet include gut content 

and stable isotope analysis. While gut content analysis provides a snapshot of specific prey items 

consumed at a certain time, stable isotope analysis supplements this by identifying major basal 

carbon source use integrated over a longer time scale (Bearhop et al. 2004). Stable isotope 

analysis provides a useful scientific tool for creating a quantitative measure of niche, comparable 

among individuals, populations and habitats as well as over time scales (Newsome et al. 2007). 

The coexistence of species is also often linked to morphological divergence (Westneat et al. 

2005). Evaluation of specialization in aspects of morphology which reflect foraging strategy is a 

useful method of illustrating dietary niche width (Wainwright 1991). 

Abundance and distribution is a further proxy for both physical and biological aspects of 

niche space. Fish abundance may be limited to specific habitats based on biological aspects of 

niche such as resource availability or habitat complexity (Anderson and Millar 2004). 

Additionally, patterns in distribution often reflect physiological limitations associated with 
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physical gradients such as temperature, irradiance or salinity (Witman and Grange 1998). Finally, 

measured parameters of age and growth via otolith analysis may be used to characterize nutrition 

and diet or trade-offs in life history strategy among species (Gislason et al. 2008). Together these 

proxies for biological and physical niche space will be applied in this study to create a 

quantitative analysis of the realized niche space of the wrasse community in the Fiordland 

environment. 

1.1.4 Coexistence of reef fish in the marine environment  

When studying trophic relationships among fishes in marine ecosystems, it is useful to 

identify the factors that support species coexistence. The co-occurrence of sympatric fish species 

in both tropical and temperate marine environments is often explained through resource 

partitioning (Ross 1986, McAfee and Morgan 1996, Ferry-Graham et al. 2002a). On the other 

hand, many studies have found marine fishes are able to coexist with no evidence of 

specialization (Sale 1977, Armitage and Young 1990, Feary et al. 2009). Though niche 

partitioning is not always a driving factor in the coexistence of fish species, wrasses offer 

numerous examples where this is the case.  

Wrasses (family labridae) make up one of the most diverse and speciose groups of reef fish 

in the world, with close to 550 species. Commonly existing in high abundance on both tropical 

(Wainwright et al. 2004) and temperate (Denny 2005) reefs, wrasses have been the focus of 

multiple studies on niche partitioning (Clifton and Motta 1998, Thangstad 1999, Kabasakal 2001, 

Wainwright et al. 2002). As with other species, results of these studies have been variable, though 

a majority found ample indication of niche partitioning through diet and habitat specialization as 

well as morphological divergence. For example, Fairclough et al. (2008) found strong evidence 

for habitat partitioning among 5 abundant, subtropical, morphologically similar wrasse species on 

the west coast of Australia. SCUBA surveys of abundance and distribution revealed significantly 

different densities of fish over four habitats (seagrass, reef, rocky shore and inner gulf), indicating 

reduced potential for competition (Fairclough et al. 2008).  

Few studies have addressed aspects of niche partitioning among wrasses in temperate 

environments (Platell et al. 2010), most likely due to the small number of coexisting species 

relative to that of tropical and subtropical reefs. It has also been suggested that tropical species 

are generally more specialized in diet than related temperate species (Bakus 1966), however this 

claim remains unsubstantiated by data (Sale 1977).  
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 To date only one study by Denny (2005) has addressed specialization among New Zealand‟s 

temperate wrasse species. Denny hypothesized that the pectoral fin aspect ratio of several labrids 

common to northern New Zealand would reflect habitat partitioning along depth and wave 

exposure gradients as was found in tropical species (Wainwright et al. 2002). While wrasses did 

show evidence of habitat partitioning along physical gradients, these differences were not 

reflected in their fin aspect ratio. No published studies have yet directly addressed both biological 

and physical aspects of niche partitioning among the four species of wrasse common to 

Fiordland, New Zealand. However, the number of studies which have found evidence of niche 

partitioning among wrasses worldwide suggests it may be an important mechanism in driving 

coexistence among these fish.  
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Figure 1.1. Schematic illustrating niche space, where niche is defined along the axes of both 

biological and physical niche space. The blue area describes the combination of physical and 

biological variables which support the survival of a species, or the fundamental niche. The yellow 

circle describes the actual niche space utilized by a species in its habitat due to predation and 

competition, or the realized niche. 
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1.2 Studying niche space in Fiordland 

1.2.1 The study area: Fiordland 

Fiordland, New Zealand is located on the southwest coast of the South Island (167.1320701° 

E, -45.4404885° N) and consists of a series of 15 major fiords (Figure 1.2). In 2005 the 

Guardians of Fiordland established 8 marine reserves as well as commercial and recreational 

restrictions on fishing in the Fiordland Marine Area under the Fiordland Marine Management Act 

(2005). These were in addition to the two marine reserves formally created in 1993 by the New 

Zealand Federation of Commercial Fishermen. The fiords support a high diversity of marine 

organisms, several commercially significant as well as endemic species, which are strongly 

influenced by Fiordland‟s distinctive hydrographic features (Brewin et al. 2008, Rodgers and 

Wing 2008, Jack et al. 2009). The system of marine protected areas was developed to provide 

security for the unique biodiversity of the region. Successful management of these marine 

protected areas will only be achieved with a thorough understanding of the ecology of subtidal 

reef habitats in areas designated for protection (Shears 2007). Describing the key ecological 

components of the wrasse community may be useful for shaping future efforts in the preservation 

of Fiordland‟s marine resources. 

1.2.2 Fiord structure and related gradients 

Fiords provide an especially interesting environment to study niche space due to the extreme 

physical and associated biological gradients they support. Several studies have found evidence of 

niche partitioning among aquatic organisms in fiords around the world due to gradients in various 

environmental variables such as dissolved oxygen (Zaikova et al. 2010), wave exposure (Lekve et 

al. 2002) and bottom topography (Oviedo 2007). The New Zealand fiords were glacially carved 

2.4 million years ago when ice and eroded sediment retreated inland at the end of the last ice age. 

Then starting 2 million years ago, as the climate warmed, these areas were flooded with seawater, 

creating basins often deeper than sea level with shallow sills (~100 m) at the ocean entrance. The 

repeated basins along the latitudinal axis, beginning at the bottom tip of the South Island, are well 

suited to scientific studies, creating a natural setup for orthogonal design. Additionally, the 

unique geography creates a range of environmental gradients that affect the community structure 

of Fiordland‟s subtidal habitats, making it useful for characterizing aspects of niche space. 

Population structure of both blue cod (Parapercis colias) and rock lobster (Jasus edwardsii) have 
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been previously characterized as being dependent on the physical gradients in this environment 

(Rodgers and Wing 2008, Jack et al. 2009).  

1.2.3 The relationship of gradients to niche space 

Previous analysis of the community structure of fish populations in Fiordland has identified 

variability in the distribution of four common wrasse species (Notolabrus celidotus, Notolabrus 

cinctus, Notolabrus fucicola and Pseudolabrus miles) along the fiord axis, with each species 

appearing to partition niche space along the gradient from inner to outer fiord (Wing et al. 2004). 

As previously mentioned, niche space is characterized by both physical and biological 

descriptors. Fiordland offers a perfect environment in which to characterize niche space for 

wrasse species based on these factors, supporting strong gradients in light, shading and wave 

exposure.  

With steep mountain peaks (~1700 m), dropping to subtidal depths of up to 400 m below the 

water‟s surface, there is high variability in the amount of light and shading in Fiordland‟s subtidal 

communities (Wing et al. 2007). Subtidal areas at fiord entrances receive high levels of mixing as 

they are open to the Tasman Sea, which is commonly subject to howling westerly winds and 

storms from the Antarctic, generating swells reaching 2 to 9 metres on average, while inner fiord 

areas are generally sheltered from wave exposure and dominant southwesterly winds (Wing et al. 

2004). Salinity also varies substantially along the fiord axis as a result of high levels of rainfall 

and riverine inputs in the inner fiord, which support an estuarine circulation system, driving a 

buoyant freshwater layer seaward (Pickrill 1987). These physical gradients likely have strong 

implications for the distribution and abundance of wrasse species along the fiord axis as a result 

of physiological limitations as well as their affect on distributions of predators and prey. 

Physical gradients such as wave-exposure, light and salinity significantly affect subtidal 

community structure, which is key for defining the biological component of niche space. 

Biological communities in Fiordland vary from productive, wave-washed Ecklonia radiata 

dominated kelp forests in the outer fiord to relatively less productive, calm, low light invertebrate 

communities characterized by encrusting sponges, ascidians, bryozoans and black corals 

(Antipathes fiordensis) in the inner fiord. Both the benthic and pelagic communities have been 

observed to vary strongly in their composition along the fiord axis as a result of physical 

gradients (Smith and Witman 1999, Goebel et al. 2005), so much so that subtidal communities 

have been classified into separate habitat types between inner, mid and outer fiord regions (Wing 
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and Jack 2010). This variation in community structure has been linked to differences in carbon 

cycling. Increased levels of terrestrial input into inner fiord food webs in Doubtful Sound have 

resulted in organisms using recycled sources of terrestrial carbon which augment benthic or 

pelagic sources of carbon from macroalgae and suspended particulate organic matter (SPOM) 

(McLeod and Wing 2008a, McLeod et al. 2010). These biological gradients are likely to be 

important descriptors of biological niche space for wrasses as indicators of habitat preference, as 

well as prey distribution and abundance.  

1.2.4 Using multivariate statistics 

The majority of analyses in this thesis use multivariate statistics in the program 

PERMANOVA (permutational multivariate analysis of variance) +, an add-on of PRIMER 6. 

Using PERMANOVA+, the equivalent of univariate tests such as ANOVA‟s may be carried out 

without needing to follow the assumption of normality. Unlike the one-way ANOVA where the 

assumptions are that errors are independent and normally distributed with a mean of zero, the 

PERMANOVA test using permutations only assumes the observation units are exchangeable 

under a true null hypothesis (Anderson et al. 2008). This is extremely useful when analyzing 

ecological data which is often not normally distributed due to the high variability that exists in 

the natural environment and is increasingly utilized in modern ecological studies (Willis and 

Anderson 2003, Claudet et al. 2006). An individual‟s niche space exists in multivariate space, 

characterized by multiple interacting biological and physical factors (Hutchinson 1957). 

Therefore, the multivariate statistics in the program PERMANOVA+ are better suited to the 

analysis of niche space in this study in comparison with their univariate counterparts. 
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Figure 1.2 General map of the study area in Fiordland, NZ. 
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1.3 Study Species: Biology and trophic structure of the Fiordland wrasse guild 

1.3.1 Biology of study species 

This thesis focuses on describing the realized biological and physical niche space of four 

members of the wrasse family (labridae) common to Fiordland, NZ. With 25 species recorded in 

New Zealand at present, labrids make up one of the most widely observed and abundant reef fish 

in the country (Denny 2005). Wrasses are generally small to medium sized (100-300mm TL), 

reef dwelling, invertebrate predators, with sexually dimorphic coloration (Russell 1983, Denny 

and Schiel 2002, Wainwright et al. 2004). The four most commonly observed wrasses in 

Fiordland are spotties (Notolabrus celidotus), banded wrasse (Notolabrus fucicola), girdled 

wrasse (Notolabrus cinctus) and scarlet wrasse (Pseudolabrus miles) (Schiel and Hickford 

2001b) (Figure 1.3). The only species not endemic to New Zealand are banded wrasse. Banded 

wrasse are fished commercially in Australian waters to be exported to Asian  markets, and 

recreationally within New Zealand, though none of these wrasses are major target species. A 

short description of the general biological aspects of each species and how they relate to niche 

space follows: 

Spotties (Notolabrus celidotus): 

Spotties are the smallest member of the Fiordland wrasse guild and are one of the most 

common species of fish in shallow subtidal reefs. They are characterized as both protogynous and 

monandric hermaphrodites (Jones 1980). This means they have both initial phase males which 

change sex just prior to maturity at less than one year old around 10 -15 cm, as well as terminal 

phase males which change sex at 13-19 cm around 3 to 4 years of age. Spotties are sexually 

dimorphic and females are silvery brown with a large dark blotch in the middle of the body while 

males are grey brown with a row of black spots along the upper back. Male spotties defend 

territories from each other, while females occupy relatively larger overlapping home ranges, 

which reflects physical niche and habitat partitioning (Jones 1981). Spotties are generalist 

predators, feeding on small crustaceans (amphipods) and gastropods as well as bivalves and 

larger crustaceans (crabs), (biological/dietary niche) (Russell 1983, Jones 1988).  

Scarlet wrasse (Pseudolabrus miles) 

Scarlet wrasse are a common fish in New Zealand‟s deep subtidal zone (>10 m). They are 

protogynous hermaphrodites, maturing at around one year old and eventually changing sex to 
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male at around 4 years (Francis 1988). Scarlet wrasse are sexually dimorphic with three distinct 

color phases; juvenile: pale pink-orange above, white below, females: red above, yellow and red 

striped below, and males: dark scarlet with a lunate tail. They are often found deep on rocky reefs 

near boulders and crevices (indicating physical niche) and feed on a range of invertebrates 

including crustaceans, sea stars and bivalves (dietary or biological niche) (Russell 1983, Francis 

et al. 2002).  

Banded wrasse (Notolabrus fucicola) 

Banded wrasse are found throughout New Zealand and are also found widely throughout the 

South Pacific region (Welsford et al. 2004). They are the largest of the wrasse species in the 

Fiordland wrasse guild and unlike the other species are found to be secondary gonochorists 

(Denny and Schiel 2002). This means that all individuals change sex prior to maturation and 

maintain their role throughout their life, and though there are two distinct color phases they are 

not sexually dimorphic. Initial phase fish are generally green/brown with yellow spots scattered 

along the body while terminal phase fish are blue grey with cream yellow spots and markings 

(Francis 1988). Banded wrasse are commonly found in shallow macroalgal dominated rocky 

reefs (indicating physical niche space) and feed on invertebrates such as bivalves, amphipods and 

crabs (biological/dietary niche) (Denny and Schiel 2001). 

Girdled wrasse (Notolabrus cinctus) 

Girdled wrasse are assumed to be protogynous hermaphrodites, changing sex to male at 22-

28 cm (Francis 1988). Fish change color phase from juvenile (uniform olive brown) to adult 

(grey with a dark grey/black band). Girdled wrasse are generally found on deep reefs below 15 m 

(physical niche space) and feed on small hard bodied invertebrates including bivalves crustaceans 

and echinoids (biological/dietary niche) (Paulin and Roberts 1992). Published information on the 

biology of girdled wrasse is minimal. 

1.3.2 Importance as habitat structuring organisms and drivers of carbon flux 

The four species in this study may play dominant roles in maintaining community structure 

in the highly productive subtidal reefs of Fiordland as a result of the predation pressure they place 

on invertebrate populations. Wrasses on temperate rocky reefs in Australia have been suggested 

to have an important ecosystem-wide influence on invertebrate prey as a result of their broad diet 

and diversity of feeding strategies (Morton et al. 2008). Within New Zealand, wrasses are key 
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predators of invertebrates, primarily sea urchins (Evechinus chloroticus), bivalves and 

crustaceans (Ayling and Cox 1982, Jones 1988, Denny and Schiel 2001). Densities of 

invertebrates are often carefully maintained by trophic cascades linked to fish predation (Baum 

and Worm 2009). Wrasses have also been observed to exert strong predation pressure on other 

habitat dominating invertebrates such as bivalves, specifically blue mussels (Mytilus edulis 

galloprovincialis) and green lipped mussels (Perna canaliculus) (Rilov and Schiel 2006). Within 

Fiordland it has been suggested that predation by invertebrate predators including spotties 

(Notolabrus celidotus) play an important role in structuring the distribution of newly recruited 

mussels in the post settlement stage (Wing and Leichter 2011). These outcomes indicate the 

important trophic linkages between these subtidal predators and their invertebrate prey and 

ultimately their role in structuring invertebrate communities within New Zealand. 

 

 

Figure 1.3 Study species including (a) terminal phase male spotty (Notolabrus celidotus) (b) 

terminal phase banded wrasse (Notolabrus fucicola) (c) female scarlet wrasse (Pseudolabrus 

miles) and (d) terminal phase girdled wrasse (Notolabrus cinctus). Photos courtesy of S. Wing. 
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1.4 Thesis structure 

1.4.1 Study objectives 

The objective of this study is to identify the parameters that best describe physical and 

biological niche space for the four species of wrasse common to Fiordland, NZ. Identifying the 

variables which determine niche space for these fish will help establish trophic links in the 

subtidal foodweb which will be useful for understanding pathways of carbon flux among species 

and habitats. Evidence of diet, abundance and distribution, morphology, growth and relative 

condition will be used to identify biological and physical indicators of niche partitioning among 

wrasse species as well as between habitat types within species. The two habitat types used are 

generalized as „inner fiord‟ and „outer fiord‟ areas in order to characterize the extremes of 

biological and physical gradients along the fiord axis. The following chapter summaries identify 

the specific objectives of the study as they are applied in each chapter. 

 

1.4.2 Chapter Objectives 

Chapter 2: Flux of organic matter in wrasse diet to illustrate biological niche space 

 To describe the biological niche space of four wrasse species by characterizing diet via 

gut contents and stable isotope analysis in order to identify differences in carbon flux and 

resource partitioning among species as well as over spatial scales within species. 

Chapter 3: Population structure of members of the Fiordland wrasse guild as an 

indicator of habitat partitioning and niche space 

 To evaluate both physical and biological niche space for each species by describing 

Fiordland-wide patterns in abundance and distribution as they relate to physical and 

biological gradients as well as depth. 

Chapter 4: Morphology as an indication of diet specialization among Fiordland wrasses 

 To compare elements of morphology related to feeding strategy among species as 

indicators of diet partitioning in support of observations from Chapter 2. 
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Chapter 5: Age and growth of Fiordland wrasses 

 To identify how age and growth parameters reflect differences in nutrition and life history 

strategy among species as well as between inner and outer fiord habitat and how these 

differences reflect niche partitioning and trade-offs supporting species co-existence. 

Chapter 6: Synthesis 

 To create a description of realized niche space for each species based on the parameters of 

biological and physical niche described in each chapter and relate this to their trophic 

function in Fiordland‟s subtidal marine foodweb. 
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CHAPTER TWO: 

Flux of organic matter in wrasse diet to illustrate biological 

niche space 

 

 

 

Juvenile banded wrasse (Notolabrus fucicola) (Photo courtesy of S.Wing) 
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2.1 Introduction 

 

2.1.1 Diet as an indicator of niche partitioning 

Resource use is an essential factor in determining the realized biological niche space of 

organisms within their ecological community. Diet has been used in a multitude of studies to 

characterize niche space at the species level (Hajisamae et al. 2004, Azzurro et al. 2007, Romeo 

et al. 2008). Resource partitioning, defined as any significant difference in resource use among 

coexisting species, occurs as a result of several factors including competition, predation risk, 

resource availability and physical tolerance (Ross 1986).  

Species that share niche space, such as the fishes of the Fiordland wrasse guild, may interact 

both directly and indirectly. Each member of a coexisting species has the ability to impact 

resources, reducing the quantity available to the others (Chase and Leibold 2003). This impact in 

turn results in both inter and intra-specific competition. Partitioning of dietary resources has been 

cited as a primary factor in the coexistence of sympatric species (Schmitt and Coyer 1982, 

McAfee and Morgan 1996). We might expect then that if niche in Fiordland is partitioned 

according to diet, that we would see evidence of competition among species through variability in 

prey choice. Overall, resource partitioning is useful for describing species‟ community 

interactions, the trophic levels along which species segregate and the factors contributing to 

community equilibrium (Ross 1986). The level of resource partitioning in a specific marine 

foodweb is dependent on the trophic dynamics of the system. 

2.1.3 Diet in Fiordland, trophic dynamics 

Resource partitioning may exist among Fiordland wrasses as a result of the influences of 

environmental gradients along the fiord axis on variability in the prey field (Wing et al. 2004). 

Diet and feeding behavior has been investigated for wrasse species on the North Island and east 

coast of the South Island of New Zealand (Choat and Schiel 1982, Jones 1988, Denny and Schiel 

2001), however few studies have addressed the diet of these reef fishes in Fiordland (Schiel and 

Hickford 2001a, McLeod et al. 2010). It will be useful to describe the diet of Fiordland wrasses 

as these fishes may be important predators of newly settled mussels, other bivalves and sea 

urchins (Evechinus chloroticus) (Russell 1983, Jones 1984a, Denny and Schiel 2001).  
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Feeding behavior of wrasses in Fiordland is likely influenced by strong physical and 

biological gradients which affect prey availability with depth as well as along the axis between 

inner and outer fiord habitats. Productive subtidal macroalgal communities near the outer coast 

support a highly diverse habitat for reef fishes (Pérez-Matus and Shima 2010). In contrast, inner 

fiord areas which receive high levels of plant material and terrestrial runoff from rivers and rain 

runoff, support communities characterized by recycled organic carbon sources (McLeod and 

Wing 2008a, Wing et al. 2008). This variability in the environment results in an altered prey 

field, inducing changes in the benthic marine food web where wrasses find their main sources of 

prey. For example, prey availability is affected in inner Doubtful Sound by the increased level of 

freshwater input from the tailrace of the Manapourri Power Station (Rutger and Wing 2006). This 

in turn has reduced the availability of bivalves, a main prey source for wrasses (McLeod and 

Wing 2008b). Altered sources of basal carbon availability at inner fiord sites such as inner 

Doubtful Sound have been observed to result in plasticity in the diet of spotties due to reduced 

availability of typical diet sources (McLeod et al. 2010). Understanding the niche breadth and 

dietary plasticity of these fishes will lead to a better understanding of their function in structuring 

the Fiordland marine foodweb. 

2.1.4 Foodweb interactions 

Feeding preferences of wrasses define their role in maintaining subtidal diversity. As mobile 

subtidal predators, wrasses may play a strong part in regulating the trophic flux of energy and 

nutrients (McLeod et al. 2010). A popular prey item for wrasses, sea urchins (Evechinus 

chloroticus) are key regulators of algal density (Choat and Schiel 1982) influencing subtidal 

communities by grazing on macroalgae. Macroalgae, in the form of kelp forests and algal reefs, 

provide habitat complexity important for the survival of a number of species in Fiordland (Schiel 

and Hickford 2001a). Though sea urchins generally exist in areas that support productive kelp 

forests, in Fiordland they extend into low productivity environments where they may still 

maintain control of subtidal community structure (Wing et al. 2003). Since both sea urchins and 

wrasses persist throughout the fiords, over all physical gradients, wrasses are likely a key 

influence on their population structure (Andrew et al. 1999). Rilov and Schiel (2007) suggest that 

predation pressure on mussels by wrasse species also provides a significant top down control for 

structuring ecological communities in shallow temperate reefs. Evidence of similar top down 

regulation has already been documented in shallow subtidal reefs in northeastern New Zealand 

where commercially fished species including snapper (Pagrus auratus) and red rock lobster 
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(Jasus edwardsii) were found to reduce the portion of urchin barren habitat in areas within 

marine reserves (Shears and Babcock 2002). A clear understanding of the biological niche of 

these fishes will further our knowledge of community interactions that affect biodiversity patterns 

in Fiordland. 

2.1.5 Methods of diet Analysis 

In order to evaluate resource partitioning among organisms, diet must be characterized for 

each species. Though gut content analysis has been widely used as a method of niche 

classification in marine food webs (Hajisamae et al. 2004, Azzurro et al. 2007, Romeo et al. 

2008) there are several caveats for its effective use or interpretation. Diet is variable, dependent 

on many factors including variation in time of day, tidal cycle, food availability and predator size 

(Denny and Schiel 2001). The results of diet studies remain variable as a result of un-

standardized methods of experimental design and statistical analysis (Cortés 1997). Despite their 

shortcomings, gut content studies are useful for providing similarities in dietary preference at the 

species level. However, this analysis provides only a short term view of feeding (Pinnegar and 

Polunin 2000). Stable isotopes on the other hand, integrate short term diet variation over the scale 

of months to years and give a more general ecosystem level approach. Isotopic analysis may be 

used to identify the trophic level of consumers as well as the contribution of prey groups which 

may have otherwise gone unrecorded due to early digestion. Gut contents, in turn, can then be 

used to show whether isotopic differences result from differences in diet or differences in the 

range of values for basal carbon sources. Together, gut content and stable isotope analysis can 

provide a more complete picture of resource partitioning and niche overlap. 

2.1.6 Stable Isotopes as indicators of niche partitioning 

Stable isotopes have become an increasingly popular method of defining dietary niche in 

both marine (Azzurro et al. 2007, McLeod and Wing 2008a, Newsome et al. 2009) and terrestrial 

systems (Araújo et al. 2007). Though there are several stable isotopes that provide useful 

information in ecological studies, those of carbon and nitrogen have been found to be most 

valuable in marine foodweb studies (Post 2002). Isotopes can be used to define ecological niche 

space by quantifying levels of resource and habitat use (Newsome et al. 2007). 

Stable isotopes are expressed relative to a standard and are generally referred to using delta 

notation, where the isotopic composition of the sample is expressed in δ units. Each unit is the 

deviation per ml (‰) from a chosen standard, with R as the absolute isotopic ratio of sample or 
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standard, (for example in the case of this study Rsample / Rstandard = 
15

N/
14

N or 
13

C/
12

C ) and is 

entered into the following equation (Peterson and Howarth 1987): 

δ = [Rsample/ Rstandard – 1] x 1000 

 

Heavy isotopes of carbon (
13

C) and nitrogen (
15

N) naturally exist in smaller quantities than 

the lighter isotopes (
12

C, 14
N) due to factors during their synthesis on earth. Isotopes have 

characteristic distributions in the biosphere and are used as natural tracers as they travel through 

the food web (Fry 2006). Predictable stepwise fractionation of carbon and nitrogen allows us to 

use stable isotopes to determine an organism‟s time integrated average diet and trophic position 

(DeNiro and Epstein 1978, McCutchan et al. 2003). 

The process of fractionation results in depletion of lighter isotopes (
12

C, 
14

N) as nutrients 

travel upwards through the food web. Fractionation separates isotopes, the extra neutron causing 

slower reactions, leaving heavier isotopes with stronger bonds behind while lighter isotopes react 

more quickly (Fry 2006). Metabolic fractionation of carbon and nitrogen results in differences in 

isotopic ratios between diet items and the consumer (McCutchan et al. 2003). Ratios of carbon 

isotopes found in animal tissues have been found to change relatively little as they pass through 

food webs, enriched on average by only 1% relative to their diet (DeNiro and Epstein 1978). This 

makes carbon isotopes valuable for identifying basal carbon sources in diet. Alternately, the 

abundance of 
15

N has been found to exhibit a stepwise enrichment between 2.5% and 5% in 

consumers relative to their prey items (Peterson and Fry 1987) making 
15

N a valuable tool for 

identifying a consumer‟s trophic position. Individual and population level variation in dietary 

breadth has been successfully described by evaluating differences in δ
13

C and δ
15

N values 

(Newsome et al. 2009). Overall, stable isotope analysis has been observed to be a powerful tool 

for describing ecological niche space in marine food webs, providing a useful complement to diet 

studies (Bearhop et al. 2004, Newsome et al. 2007). 

2.1.7 Stable Isotopes in the Fiordland marine system 

Defining an isotopic baseline for a marine system is essential for estimating the trophic 

position of organisms (Post 2002). The signature of δ
13

C and δ
15

N for primary producers is 

dependent on the source of dissolved CO2 and N2 as well as fractionation during uptake. The 

distribution of stable isotopes in nearshore and estuarine systems is dependent on seasonality, 

changes in plankton community structure and organic inputs such as seagrass and terrestrial 
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runoff (Michener and Schell 1994). Values of δ
13

C and δ
15

N for primary producers in Fiordland 

have been found to vary widely as a result of the estuarine nature of inner fiord habitat (Wing et 

al. 2008). This reflects the differences in foodweb structure between the inner fiord and the outer 

coast. Environmental gradients along the fiord axis including light, salinity and mixing can cause 

high variability in the signatures of primary producers in the marine foodweb, such as the 

macroalgae Ulva pertusa (Cornelisen et al. 2007). Cornelison et al. (2007) found that U. pertusa 

had high variability in δ
13

C (-18‰ to -12‰) and δ
15

N (0‰ to 6‰) signatures over the gradients 

of wave exposure and salinity. The Fiordland population of the macroalgae Ecklonia radiata has 

also been found to exhibit both physical and isotopic variability in δ
13

C (-13.35‰ to -22.35‰) 

between well lit, wave exposed and low light, inner fiord habitats (Wing et al. 2007). This 

variation indicates accurate basal carbon and nitrogen source values can be obtained only through 

stratified sampling over habitat types and depth strata. Signatures for macroalgae used in this 

study were collected as described in Wing et al. (2008) by pooling several species and 

normalizing to biomass to create an aggregate isotopic signature. Phytoplankton (SPOM) and 

terrestrial organic matter sources on the other hand have been found to vary little over distance 

within Fiordland and are also described by Wing et al. (2008). 

The successful use of stable isotopes in niche studies is highly dependent on several factors. 

Namely, the signatures of the basal carbon sources for the foodweb must be relatively invariant 

and the tissue sampled must express the period over which niche width is expressed. If these 

factors are met, isotopic signatures can be understood to reflect the range and evenness of prey 

species and trophic levels exploited by an organism as well as foraging location (Bearhop et al. 

2004). The use of dorsal white muscle tissue in fishes has been shown to be the best for 

evaluating trophic level as it is least variable in δ
13
C and δ

15
N, integrating slowly over months, 

unlike other tissues such as red muscle, heart and liver, (Pinnegar and Polunin, 1999). The white 

muscle of the spotty (Notolabrus celidotus) has been found to have a complete turnover rate of 

nearly 2000 days for δ
15

N, having been observed to assimilate only 4% of enriched 
15

N over a 90 

day period (Hammond and Savage 2009). Finally, primary producers in Fiordland including 

macroalgae, SPOM and terrestrial based sources have been found to have differentiable 

characteristic signatures of the heavier nitrogen and carbon isotopes (Lusseau and Wing 2006, 

McLeod and Wing 2008b, Rodgers and Wing 2008). These factors suggest that isotopic 

signatures are useful for describing niche partitioning amongst fishes in Fiordland. 
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2.1.8 Objectives 

This chapter addresses the factors that likely determine biological niche space for wrasse 

species in Fiordland by characterizing diet. Differences in diet were investigated among spotties 

(Notolabrus celidotus), scarlet wrasse (Psuedolabrus miles) and banded wrasse (Notolabrus 

fucicola) using gut content analysis to characterize specific prey sources, niche overlap, diet 

diversity and specialization. Plasticity in diet within species between inner and outer fiord 

habitats was investigated for spotties. Stable isotope analysis of tissue from all four wrasse 

species from three outer fiord sites as well as three paired inner fiord sites for spotties was 

evaluated to determine the relative contribution of basal carbon and nitrogen sources to their diet 

as well as individual trophic level. Information on trophic level and diet was then used to describe 

resource partitioning among the four species and their role in controlling carbon flux via 

predation. 

General Hypotheses: 

H1: Values of δ13
C and δ15

N and trophic level in spotties will vary between inner and outer fiord 

habitats, reflecting diet partitioning over Fiordland‟s strong biological and physical gradients. 

H2: Values of δ13
C and δ15

N and trophic level will differ among the four wrasses as a reflection 

of resource partitioning in support of species coexistence. 

Research Questions: 

Diet analysis 

1. What specific prey items characterize the diet of each wrasse species and do they suggest 

resource partitioning occurs among species as well as between inner and outer fiord 

habitats? 

 

2. How does diet diversity change over spatial scales and does it reflect diet specialization 

among wrasse species? 

 

3. What is the level of diet specificity among wrasse species and over spatial scales? 
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Stable isotope analysis 

1. How do δ13
C and δ15

N values reflect resource partitioning via differences in diet (δ13
C) 

and trophic level (δ15
N) among species as well as over spatial scales within species 

between inner and outer fiord habitats? 

 

2. Do wrasses exhibit resource partitioning in relation to differences in carbon source pool 

use and how does source pool use vary spatially along the axis of the Fiord? 

3. Is diet partitioned by size class among wrasses? 

 

2.2 Methods 

2.2.1 Description of sample sites 

Fish were sampled from three fiords including Doubtful Sound, the Thompson-Bradshaw 

complex and Dusky Sound. Within each fiord, sampling was carried out at both the entrance as 

well as the head of the fiord. There were six sample sites with three replicate inner fiord and three 

outer fiord sites (Figure1.1). All three outer fiord sites receive exposure to open-ocean swell and 

high levels of mixing which has been previously described by a GIS based physical classification 

of the environment in 2004 (Wing et al. 2004). The outer fiord sites consisted of Bauza Island in 

outer Doubtful Sound, as well as the entrances to both Thompson and Dusky Sounds. The three 

inner fiord sites, consisting of Gaer Arm in Bradshaw Sound, Deep Cove in inner Doubtful 

Sound and several locations near the head of Dusky Sound all receive increased levels of 

freshwater runoff from the land during rainfall and reduced mixing as a result of reduced wave 

exposure (Wing et al. 2004). Doubtful Sound receives an additional source of freshwater input 

from the tailrace of the Manapourri Hydroelectric Power Station, which is released into the 

fiord‟s headwaters in Deep Cove. The unusually high input of freshwater has been cited as a 

determining factor in altering ecosystem community structure and carbon flux in the area (Rutger 

and Wing 2006, McLeod et al. 2010). 
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                                  (a)            

(b)  

Figure 2.1 (a) Sample sites for wrasse collection from three replicate outer fiord and inner fiord 

areas in Doubtful Sound, Thompson/Bradshaw Sound and Dusky Sound. (b) Detailed map of 

sample sites for wrasse collection in Doubtful Sound. „HEP‟ is the area of the tailrace of 

freshwater discharging from the hydroelectric power station on Lake Manapourri. 
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2.2.2 Sample Collection and Laboratory Workup 

Preparation for Gut Analysis 

Wrasses of all four species including spotties (Notolabrus celidotus), banded wrasse 

(Notolabrus fucicola), scarlet wrasse (Pseudolabrus miles), and girdled wrasse (Notolabrus 

cinctus) were collected during sampling trips carried out during the austral summer of 2009/2010. 

Sampling depth and time of day varied in attempt to equally target all species and size classes. 

Fish were caught using both hook and line as well as pole spear in order to retrieve the widest 

range of size classes. A total of 140 fish were collected for both gut content and stable isotope 

analysis from six sites (see Table 2.1). All fish were weighed  to the nearest 0.1 g. Standard 

length and total length were measured to the nearest 1 mm. Whole stomachs were removed, 

preserved in 10% formalin for a minimum of 3 days, degassed overnight and transferred to 70% 

isopropyl alcohol (%IPA). The entire digestive tract was removed for examination as labrids have 

morphologically undifferentiated stomachs (Gillanders 1995). Contents of each stomach was 

identified to species level where possible, and placed in general trophic categories. Blotted wet 

weight to the nearest 0.001g was recorded for each species. 

Preparation for Stable Isotope Analysis 

A plug of muscle tissue was removed from the left dorsolateral side of each fish shortly after 

capture. Muscle tissue was frozen and transported to Portobello Marine Lab where it was dried at 

~60° for a minimum of two days. Samples were then ground to a fine powder using mortar and 

pestle. From each muscle sample a 1 mg subsample was weighed and sealed into a tin capsule for 

stable isotope analysis of δ
13
C and δ

15
N. Samples were analyzed by Iso-trace NZ in the 

Department of Chemistry, University of Otago on a Europa 20-20 Update stable isotope mass 

spectrometer (Europa Scientific, Crewe, UK) interfaced to a Carlo Erba elemental analyzer 

(NA1500; Carlo Erba, Milan, Italy) in continuous flow mode (precision: 0.2‰ for 
13
C, 0.3‰ for 


15

N ) Primary standards for analysis were calibrated to EDTA laboratory standard reference 

(Elemental Microanalysis, Cheshire, UK) and standardized against international standards 

(IAEACH-6 for carbon, IAEAN1 and IAEAN2 for nitrogen). The primary standard for 
15

N was 

atmospheric air and Diablo Canyon meteorite was the standard for 
13

C. Results are expressed in 

standard delta notation (Peterson and Howarth 1987). 
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2.2.3 Statistical analysis of stomach contents 

Diet composition was initially recorded to species level and divided into 18 taxonomic 

categories, with prey items expressed as a percentage of the total stomach contents by mass. Prey 

items were further divided into classes by feeding strategy (8 categories) and habitat type (4 

categories) in order to best associate predators with specific community trophic level (see 

Appendix 1.7). Prey items grouped by habitat type were used for all statistical analyses of diet as 

they were best related to differences in diet in relation to patterns in carbon source use observed 

using stable isotopes. This chapter aimed to describe variation in the proportion of macroalgal 

and planktonic sourced carbon flux among wrasse species. Diet was compared among species 

and between inner and outer fiord habitats for spotties. Too few samples of girdled wrasse were 

collected to allow a valid evaluation of diet via gut contents so analysis was carried out on 

spotties, banded, and scarlet wrasse only. A vacuity index (VI) expressing the number of empty 

stomachs as a proportion of empty guts to the total number of stomachs examined was calculated 

for each species as an expression of feeding intensity (Hyslop 1980). Empty stomachs were 

classified as those with no identified prey items or digested material and were not included in diet 

comparisons. 

IRI Index 

A site specific modified Index of Relative Importance (IRI) was used to present the relative 

importance of prey categories in the diet of each wrasse species (Pinkas et al. 1971, Azzurro et al. 

2007): 

IRI = %W x %F 

 

The IRI values represent a ranking of relative importance of each prey item in the diet. The index 

is based on the percent weight (%W) of each prey category and percent frequency (%F) of 

occurrence of the same category. 

Multivariate Analysis: PERMANOVA 

To test the idea that diet is influenced by changing physical and biological variables on a 

spatial scale along the fiord axis, spotty diet categories were treated as presence absence data and 

compared using a 2-way crossed ANOVA design with fixed factors of habitat (inner vs outer 

fiord) and fiord (Dusky, Thompson and Doubtful) using a permutational analysis of variance in 

the program PERMANOVA+ version 1.0.2 as an add-on to PRIMER v6. Pair-wise comparisons 
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were made amongst fiords and between habitat types (inner vs. outer fiord) as crossed factors. 

The PERMANOVA design was applied to this matrix using a maximum of 9999 permutations 

with unrestricted permutation of the raw data. Monte Carlo tests were applied when the number 

of possible permutations was less than 100. Significant terms and interactions were tested for 

using posteriori pair-wise comparisons with the PERMANOVA t-statistic and 9999 

permutations. Due to the low number of samples of species other than spotties in the inner fiord 

areas, inner versus outer fiord comparisons of diet for banded, scarlet and girdled wrasse were not 

possible. 

To test the idea that wrasse species might have similar foraging strategies but different diets 

in order to coexist in the same environment, a PERMANOVA design was applied to presence 

absence transformed diet data in the form of a Bray Curtis similarity matrix for scarlet wrasse, 

banded wrasse and spotties. A two-way crossed design was carried out with the fixed factors of 

„species‟ (spotty, banded and scarlet wrasse) and „fiord‟ (outer sites at Thompson, Doubtful and 

Dusky sounds) were crossed. Post-hoc analysis was carried out as previously described for spotty 

diet.  

Principle coordinate analysis (PCO) plots were used as unconstrained ordination methods to 

visualize multivariate patterns in diet. A PCO places values for each individual observation from 

a similarity matrix on to Euclidean principle coordinate axes. This ordination orders the samples 

in Euclidean space using the information from the variables to better visualize the most 

prominent patterns (Anderson et al. 2008). 

Multivariate Analysis: CAP 

In order to determine diet specificity, discriminant analysis of dietary composition among 

fish species as well as between habitat types for spotties was carried out using a canonical 

analysis of principal coordinates (CAP) (Anderson and Willis 2003) in the program 

PERMANOVA+. CAP is useful for finding axes through a multivariate cloud of points are best 

at discriminating between groups which otherwise may remain unseen using unconstrainted 

ordinations (PCO) (Anderson and Willis 2003). Analysis was applied to a Bray Curtis similarity 

matrix of presence absence diet categories. Separate canonical analyses were done to visualize 

the relationship between multivariate variation in fish diet and habitat type as well as wrasse 

species. The number of axes (m) was chosen based on the value which resulted in the highest 
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success rates for leave-one-out allocation. Multiple canonical analyses were applied to evaluate 

variation in wrasse diet when classified by fiord, habitat type and species.  

Diversity 

In order to find whether wrasse diet diversity differed between inner and outer fiord habitats 

as well as among species, Simpson‟s index was used. The index was applied to standardized prey 

weights, where each item was a percentage of the total stomach contents for each fish using the 

original taxonomic categories (Simpson 1949). In this case, values of λ and were generated using 

the equation: 

 λ = Σ pi
2 

In this equation „pi‟ is the number of individuals of species i. The index of λ is interpreted as the 

probability that any two random samples of individuals from the same sample will be the same 

species. Values of λ range between zero and one. Those values closer to zero reflect a more 

diverse diet. A similarity matrix of untransformed Simpson‟s lambda values was made using 

Euclidean distance. Values of lambda were then compared using a 2-way crossed design in 

PERMANOVA with fixed factors „species‟ and „fiord‟ as well as „habitat type‟ and „fiord‟ for 

spotties. Monte Carlo tests were applied when less than 100 permutations were possible. 

Niche Overlap 

To test whether wrasse have high levels of niche overlap in outer fiord areas as well as 

whether niche space changes between inner and outer fiord areas for spotties the Morisita Horn 

Index of niche overlap was applied to the original taxonomic categories using the transformation 

„presence absence‟ for all prey items (Horn 1966): 

Cm = 2(Σ(ani*bni)/(da + db)*(aN)*(bN) 

 

where: 

aN = total number of individuals of all species collected at site  A 

bN = total number of individuals of all species collected at site B 

ani = # of individuals of ith species from A 

bni = # of individuals of ith species from B 

da = sum of ani^2/aN^2 

db = sum of bni^2/bN^2 
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The variable Cmh  is a value of the percent overlap between diets ranging between 0 (no overlap) 

to 1 (perfect overlap). Values greater than 0.6, or 60%, indicate significant overlap. 

2.2.4 Statistical analysis of δ13
C and δ15

N 

Trophic level 

δ
13
C and δ

15
N values for all four species of wrasse were plotted relative to predetermined 

values for basal carbon and nitrogen sources in the Fiordland marine system as described by 

McLeod et al. (2008). Average values for suspended particulate organic matter (SPOM), 

macroalgae and terrestrial/chemoautotrophic sources were previously resolved (Wing et al. 

2008). Isotopic values of N and C sources were plotted and corrected for fractionation by adding 

four to five trophic levels for each. Mean fractionation values were taken from McCutchan 

(2003) with values for carbon (δ
13

C): +0.4 and nitrogen (δ
15

N): +2.3 suggested for aquatic 

organisms which were synonymous with those used previously in Fiordland studies (McLeod 

2007). The number of trophic levels added to each basal source was dependent on where the 

values of δ
13
C and δ

15
N fell for each species. Mean isotopic signatures for macroalgae and 

suspended particulate organic matter (SPOM) for each species and site were calculated by finding 

the equation for the slope between the two sources and solving for the number of trophic 

levels/fractionations each point sat above the basal source. 

Analysis of δ
13

C and δ
15

N 

Partitioning of diet and trophic level variation as reflected by isotope ratios was tested among 

the species and between habitat types for spotties using a PERMANOVA design with 9999 

permutations for each term. Raw values were converted to a Euclidean distance similarity index 

before carrying out the analysis. Post-hoc analysis was applied to significant factors using 

posteriori pair-wise comparisons with the PERMANOVA t-statistic. Differences in isotope ratios 

for δ
13

C and δ
15

N between fiords for spotty diet were investigated using a 2-way design by 

crossing the factors Fiord x Habitat type (inner versus outer fiord sites). Differences in δ
13

C and 

δ
15

N among the four wrasse species were assessed by crossing the factors Species x Fiord for the 

three outer fiord sites where sufficient numbers of fish were sampled to allow comparison. 

Differences in trophic level were also assessed using the same methods and PERMANOVA 

design. PERMANOVA analysis is sensitive to differences in the dispersion of data, so a test of 

homogeneity of dispersion (PERMDISP) (Anderson 2006) was applied to each analysis. 
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Functionally, PERMDISP is an ANOVA on the dissimilarities of individual values from their 

area centroids based on Euclidean distance to quantify differences in multivariate space. 

Mass Balance Models of δ13
C and δ15

N 

In order to quantify the relative contributions of carbon source pools, values of δ
13
C and δ

15
N 

for muscle tissue of all four wrasse species at each site as well as between site type for spotties 

were averaged and standard error was calculated. Trophic level was determined as previously 

described and carbon sources of SPOM and macroalgae were enriched accordingly using 

fractionation values for aquatic organisms from McCutchan et al. (2003). SPOM and macroalgae 

were chosen as the main sources based on the position of δ
13
C and δ

15
N values relative to all 

source pools for all wrasse species. Enriched values for SPOM and macroalgae were placed in 

the 2-source mixing model IsoError (Phillips and Gregg 2001) to determine the average 

contribution of the two carbon source pools to each wrasse species at outer fiord sites as well as 

for spotties at inner versus outer fiord sites. 

Sensitivity analysis was carried out on the iso-error mixing model to test the model‟s 

sensitivity to the amount of trophic shift resulting from the assumed level of fractionation. 

Nitrogen fractionation has been observed to vary widely between organisms. To address the 

range of fractionations reported by McCutchan et al. (2003) δ
15

N data was corrected with 

fractionation factors between 1.5 and 3.1% in steps of 0.2% (Leakey et al. 2008). Sensitivity tests 

were not applied to the assumption for carbon fractionation as it is relatively stable, changing less 

than 1% on average as it travels upward through the food chain (DeNiro and Epstein 1978). 

Regressions 

To test whether isotopic signature, and therefore diet and trophic level are partitioned among 

size classes, regressions were calculated for each fish species as well as between habitat types for 

spotties using values of δ
13

C, δ
15

N and trophic level against the standard length of the fish. All 

analyses were carried out in the program JMP SAS 7.0 (2007). Size was used rather than sex  

because the two factors are often directly linked for wrasses, with fish changing to males at a 

specific size range, making these results applicable to differences in sex as well (Francis 1988). 
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Table 2.1 Summary of fish samples collected between November 2009 and February 2010 for 

stable isotope and stomach content analysis and size range of fish used; banded wrasse (N. 

fucicola) scarlet wrasse (P. miles) spotties (N .celidotus), and girdled wrasse (N. cinctus) 

 

 

  

  

Number of samples analyzed 

 

Size range 

Species Site 

Gut 

Analysis 

 

δ
13

C, δ
15

N 

 

Standard 

Length (mm) 

 

Outer Doubtful 

    N. fucicola 5 

 

5 

 

145-272 

P. miles 

 

4 

 

4 

 

145-250 

N. celidotus 11 

 

10 

 

155-241 

N. cinctus 0 

 

2 

 

205-210 

 

Inner Doubtful 

    N. fucicola 0 

 

0 

  P. miles 

 

0 

 

0 

  N. celidotus 6 

 

8 

 

108-183 

N. cinctus 0 

 

0 

  

 

Outer Dusky 

    N. fucicola 10 

 

11 

 

127-361 

P .miles 

 

13 

 

15 

 

122-259 

N. celidotus 10 

 

14 

 

95-200 

N. cinctus 0 

 

4 

 

206-280 

 

Inner Dusky 

    N. fucicola 0 

 

2 

 

340-360 

P. miles 

 

0 

 

3 

 

220-315 

N. celidotus 5 

 

10 

 

122-225 

N. cinctus 0 

 

0 

  

 

Outer Thompson 

    N. fucicola 8 

 

10 

 

145-310 

P. miles 

 

7 

 

8 

 

136-215 

N. celidotus 10 

 

10 

 

110-137 

N. cinctus 0 

 

7 

 

220-240 

 

Inner Bradshaw 

    N. fucicola 0 

 

0 

  P.miles 

 

0 

 

0 

  N.celidotus 11 

 

14 

 

120-190 

N. cinctus 0 

 

0 

  



34 

2.3 Results 

 

2.3.1 Analysis of stomach contents 

Vacuity Index 

Over all sites, 9% of spotties, 8% of scarlet wrasse and 12% of banded wrasse had empty 

stomachs (no identifiable prey items or weighable digested matter) (Table 2.2). Spotties 

consistently had 9% empty guts for all sites as well as between all inner and outer sites when 

pooled. Outer Thompson and Outer Dusky sounds had higher proportions of empty stomachs 

than other sites. No significant correlations between VI and feeding intensity can be drawn as 

sampling occurred at multiple depths during variable times of day and tidal cycle. 

Table 2.2 Percentage of empty stomachs for spotties, scarlet and banded wrasse sampled during 

November to February 2010 sampling period. “x” indicates no samples exist. 

Site Spotties 

Scarlet 

wrasse 

Banded 

wrasse 

Outer Doubtful 0 0 0 

Inner Doubtful 0 x x 

Outer Thompson 0 13 20 

Inner Bradshaw 14 x x 

Outer Dusky 23 7 9 

Inner Dusky 11 0 0 

Inner sites 9 x x 

Outer sites 9 8 12 

All sites 9 7 11 

     

1. Diet Composition; What specific prey items characterize the diets of each species and do 

they show evidence of resource partitioning among species as well as between inner and outer 

fiord habitats? 

To evaluate the importance of specific prey taxa in the diet of each species a mean IRI index 

for all sample sites was calculated for each species (see Appendix II). IRI indices were also 

calculated for diet items defined by feeding strategy to understand the relative number of trophic 

levels exploited (see Appendix I) (Figure 2.4). Benthic suspension feeders were ranked highest 

for all spotty diets on the outer coast, present in 90 to 100% of all fish. While benthic suspension 

feeders were still dominant in the diet of spotties from inner fiord locations, deposit feeders and 

pelagic suspension feeders became more dominant diet items. Finally, diet was grouped by 
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habitat type of prey items in order to identify differences in carbon source use (macroalgal versus 

planktonic) (see Appendix I). Benthic epifaunal prey items such as mollusks, grastropods and 

crustaceans were the dominant category overall, present in more than 90% of all spotties from 

coastal fiord sites, though pelagic prey sources became a factor in the diet of fish in the inner 

fiord. 

IRI index diet rankings were similar among all species at outer sites, with benthic suspension 

feeders (feeding strategy) and benthic epifaunal (habitat type) the most dominant prey categories 

(see Appendix I) (Figure 2.5-2.7). Other prey categories were variable among species. Infaunal 

suspension feeders such as polychaetes were present in spotty and scarlet wrasse diet but were 

absent from banded wrasse diet, which often favored one or two major diet items such as mussels 

or crustaceans. Scarlet wrasse were the sole species observed to feed on brachiopods (Appendix 

II). 

In order to test whether Fiordland‟s strong physical and biological gradients along the fiord 

axis affect biological niche space, spotty diet (by habitat type) was compared between inner and 

outer fiord habitats as well as among fiords using a PERMANOVA design (Figure 2.2, 2.3). 

Overall there was only a significant difference between Habitat (inner versus outer fiord) for 

spotty diet (PERMANOVA Habitat: Psuedo-F1,47 = 4.011, p<0.05). Pair-wise tests indicated both 

Thompson/Bradshaw and Doubtful Sound reflected differences in diet between inner and outer 

fiord sites.  

To test whether resource partitioning supports the coexistence of Fiordland wrasse species, 

diet was compared among species for outer fiord sites. Too few girdled wrasse were collected to 

include in analysis. Diet differed significantly among Species and Fiords (PERMANOVA: 

Species: Psuedo-F2,69 = 2.846 p<0.05, Fiord: Psuedo-F2,69 = 3.356 p<0.01). Scarlet wrasse and 

spotties had the least similar diets with significant differences at both outer Dusky Sound and 

outer Doubtful Sound (Dusky: t = 2.739 p<0.01, Doubtful: t = 2.190 p<0.05). Spotty diet differed 

from that of banded wrasse in outer Doubtful Sound (t = 2.819 p<0.05). Scarlet wrasse and 

banded wrasse diet differed in outer Dusky Sound (t = 2.217 p<0.001). Scarlet wrasse diet was 

significantly different between outer Doubtful Sound and outer Dusky Sound (Doubtful vs. 

Dusky t = 3.452, p<0.001). Spotty diet in outer Doubtful Sound was unique, differing 

significantly from outer Dusky Sound and outer Thompson Sound (Doubtful vs. Thompson t = 

1.926 p<0.05, Doubtful vs. Dusky t = 2.363 p<0.05). 
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(a)  

Figure 2.2 Principal coordinate analysis (PCO) plot of spotty diet at all sample sites with a vector 

for prey items defined by habitat type. Symbols represent individual fish. Black markers: inner 

fiord, grey markers: outer fiord.  

(a)  (b)  

Figure 2.3 An unconstrained ordination (principal coordinate analysis (PCO) plot) of (a) spotty 

diet with symbol colors representing habitat type and a vector for prey items defined by habitat 

type. (b) A constrained ordination (canonical analysis of principal components (CAP)) of spotty 

diet at inner and outer fiord sites. Symbols represent individual fish. Data was presence absence 

transformed and based on a Bray Curtis similarity matrix. 
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(a) 

 

(b) 

 

Figure 2.4 Spotty diet expressed as a % of total diet based on IRI index rank values, with prey 

items defined by feeding strategy (a) and habitat type (b) over all collection sites. O= outer fiord, 

I= inner fiord, DU= Dusky, DB= Doubtful, TH= Thompson, BD= Bradshaw. 
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Figure 2.5 Wrasse diet in outer Doubtful Sound expressed as a % of total diet based on IRI index 

rank values with prey items defined by feeding strategy. SW = scarlet wrasse, BW = banded 

wrasse and SP = spotties. 

 

Figure 2.6 Wrasse diet in outer Thompson Sound expressed as a % of total diet based on IRI 

index rank values with prey items defined by and feeding strategy. SW = scarlet wrasse, BW = 

banded wrasse and SP = spotties. 
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Figure 2.7 Wrasse diet in outer Dusky Sound expressed as a % of total diet based on IRI index 

rank values with prey items defined by and feeding strategy. SW = scarlet wrasse, BW = banded 

wrasse and SP = spotties. 

 

2. Diet Diversity; How does diet composition change over spatial scales and does it reflect 

diet specialization among species? 

To answer the question of whether diet composition reflects specialization over spatial 

scales, Simpson‟s diversity index (Lambda) was calculated and compared between inner and 

outer fiord habitats for spotties (Figure 2.8). Diet diversity between habitat types differed 

significantly for spotties among fiords (PERMANOVA Fiord x Habitat type Pseudo-F2,47 = 4.3 

p<0.05). Pair-wise tests showed that spotty diet diversity differed significantly between inner and 

outer fiord habitat only in Doubtful Sound (n = 2.951, p<0.05). Spotty diet diversity was also 

significantly different between outer Doubtful Sound and outer Dusky Sound (n = 2.904, p<0.01) 

and outer Doubtful and outer Thompson Sound (n = 2.482, p<0.05). Spotty diets in outer 

Doubtful had the lowest diversity among all sites. No obvious patterns in diet diversity between 

inner and outer fiord habitats for spotties were observed. 
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Diet diversity was also compared among species at outer fiord sites to determine whether 

feeding strategy differed between wrasses as a method of resource partitioning in their shared 

feeding habitat. Diet diversity only differed significantly among fiords (PERMANOVA, Fiord: 

Psuedo-F2,69 = 5.106, p<0.05). Pair-wise comparisons indicated diet varied among fiords for 

scarlet wrasse with outer Dusky Sound supporting a significantly more diverse diet than outer 

Doubtful Sound. No differences in diet diversity among fiords were found for banded wrasse. 

Overall, outer Doubtful Sound appeared to support the lowest diversity in all wrasse diets. 

Conversely, inner Doubtful Sound had the highest overall relative dietary diversity. Banded 

wrasse had the least diverse diet of the three species at all three sites. Values of diet diversity 

revealed no major difference in diet composition among wrasse species. 

 

Figure 2.8 Values of lambda (λ) as calculated using Simpson‟s diversity index for spotty diet at 

inner fiord (light grey bars) and outer fiord (dark grey bars) sites. Values closer to zero reflect 

higher dietary diversity. Error bars represent standard error. Letters indicate significant 

differences (p < 0.05). 
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3. Niche Overlap and CAP analysis; What is the level of diet specificity among wrasse species as 

well as between inner and outer fiord habitats within species? 

The Morisita Horn index of niche overlap indicated evidence of niche partitioning in spotty 

diet on a spatial scale along the fiord axis (Table 2.3). Niche overlap was extremely low between 

inner and outer fiord habitats (<0.3 for all comparisons). Higher levels of overlap (all values 

>0.3) were found for spotties from similar habitat types. Fish collected from outer fiord sites had 

the highest level of niche overlap with most having significantly similar niche space (values 

>0.6) while only fish from inner fiord sites in Doubtful Sound and Bradshaw Sound had 

significant niche overlap. Niche space overlapped among all three species at nearly all outer fiord 

sites (Table 2.4). Scarlet wrasse and banded wrasse had the lowest niche overlap, lacking 

significant values at both Thompson and Dusky Sounds, but still achieved moderate overlap 

(values >0.3). 

Table 2.3 Morisita-Horn index (Cmh) of niche overlap for among fiords and between habitat 

types for spotties. Bold type indicates significant values for niche overlap. 

Site Cmh 

Doubtful outer, Doubtful inner 0.047 

Dusky outer, Dusky inner 0.186 

Thompson outer, Bradshaw inner 0.254 

  Inner Doubtful, Inner Bradshaw 0.705 

Inner Doubtful, Inner Dusky 0.370 

Inner Dusky, Inner Bradshaw 0.318 

  Outer Doubtful, Outer Thompson 0.789 

Outer Doubtful, Outer Dusky 0.582 

Outer Thompson, Outer Dusky 0.803 

 

Table 2.4 Morisita-Horn index of niche overlap among spotties, scarlet wrasse and banded 

wrasse at outer fiord sites. Bold type indicates significant values for niche overlap. 

Species Thompson Doubtful Dusky 

Spotties, Banded wrasse 0.868 0.797 0.722 

Spotties, Scarlet wrasse 0.730 0.826 0.649 

Scarlet wrasse, Banded wrasse 0.578 0.811 0.386 
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CAP analysis 

Canonical analysis of principal coordinates indicated that the relative distinctiveness of diets 

varied among species and between habitat types. Spotty diet was more distinct at outer fiord sites 

with outer Doubtful Sound achieving the highest allocation success (Table 2.5). The first PCO 

axis explained 70% of the variability in dissimilarity matrix (Figure 2.3b). All remaining sites 

other than outer Thompson Sound appeared highly variable in prey choice. 

 Of the three species analyzed, scarlet wrasse had the most distinct diet at 70.83% allocation 

success. Diet specificity did not appear to vary among fiords for all species overall (Table 2.6). 

Individually, scarlet wrasse had a better defined diet at Doubtful and Dusky outer sites. Banded 

wrasse had an extremely specific diet at outer Thompson Sound with 100% allocation success 

though it had little or no distinctiveness of diet at Doubtful or Dusky Sounds. 

Table 2.5 Canonical analysis of principal coordinates (CAP) examining the effects of fiord, 

habitat type, and Site on the classification of spotty diet based on habitat type of prey. %Var = 

percentage of the total variation explained by the first m principal coordinate axes. Allocation 

success = percentage of points correctly allocated into each group. 

Factor m % Var 

 

Allocation success (%) 

Habitat type 1 69.81 

 inner 

  

50.00 

outer 

  

83.87 

    Site 2 39.62 

 Inner Bradshaw 

  

36.36 

Outer Thompson 

  

70.00 

Outer Doubtful 

  

90.91 

Inner Doubtful 

  

0.00 

Outer Dusky 

  

0.00 

Inner Dusky 

  

0.00 

    Fiord 2 33.96 

 Thompson 

  

9.52 

Doubtful 

  

82.35 

Dusky 

  

13.33 
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Table 2.6 Canonical analysis of principal coordinates (CAP) examining the effects of site and 

species on diet classification. %Var = percentage of the total variation explained by the first m 

principal coordinate axes. Allocation success = percentage of points correctly allocated into each 

group. 

Factor m % Var Allocation success (%) 

Site 2 62.82 

 Outer Thompson 

  

56.00 

Bauza Island 

  

65.00 

Dusky Outer 

  

66.67 

    Species 2 60.26 

 Spotties 

  

54.84 

Scarlet Wrasse 

  

70.83 

Banded Wrasse 

  

56.52 

    Scarlet Wrasse 2 66.67 

 Outer Thompson 

  

42.86 

Outer Doubtful 

  

75.00 

Outer Dusky 

  

76.92 

    Banded Wrasse 2 47.83 

 Outer Thompson 

  

100.00 

Outer Doubtful 

  

0.00 

Outer Dusky 

  

30.00 

 

2.3.2 Stable Isotope Analysis Results 

1. Stable isotopes; How do δ13
C and δ15

N values reflect resource partitioning via differences 

in diet (δ13
C ) and trophic level (δ15

N) among species and over spatial scales between inner and 

outer fiord habitats? 

Spatial variation in diet (δ13
C) of spotties (Notolabrus celidotus) 

When plotted relative to predetermined values for basal sources of carbon, spotties appeared 

most dependent on sources of macroalgae and phytoplankton (SPOM) (Figure 2.9). Values for 

inner Doubtful Sound were most deplete, with an average of δ
13

C (-18.62 ‰) indicating less 

reliance on macroalgae, while inner Dusky Sound was most enriched (-17.41‰). Spotty muscle 

tissue had a range of δ
13

C values (-16.73‰-(-19.97‰)). Values of δ
13

C for spotties varied 

significantly among fiords and between habitat types among fiords (PERMANOVA; Fiord: 

Psuedo-F2,60 = 9.608, p<0.001, Fiord x Habitat type: Psuedo- F2,60 = 2.674, p<0.01). Pair-wise 
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tests indicated significantly more enriched signatures of δ
13

C at inner versus outer fiord sites for 

the Thompson/Bradshaw complex (t = 2.324, p<0.05). PERMDISP results indicated a significant 

difference between habitat types (Site type: F1,64 = 11.639, p<0.001). Pair-wise comparisons 

indicated significant differences in dispersion between habitat types in both Thompson/Bradshaw 

(t = 3.081, p<0.05) and Doubtful Sound (t = 3.259, p<0.001), suggesting differences in δ
13

C at 

those sites may be due to differences in the variety of carbon sources exploited rather than a 

difference in the average type of carbon sources consumed. 

Spatial Variation in δ15
N and trophic level of spotties (Notolabrus celidotus) 

There was high variability in values of δ
15

N (from 8.63‰ -16.99‰) for spotties. There were 

significant differences in δ
15

N among fiords, between habitat types and habitat types among 

fiords (PERMANOVA Fiord: Psuedo-F2,60 = 37.326, p<0.001, Habitat type: Psuedo-F1,60 = 

16.483, p<0.001, Fiord x Habitat type: Psuedo- F2,60 = 4.4564, p <0.05) (Figure 2.9, Figure 2.12). 

Post hoc pair-wise tests indicated significant differences between inner and outer fiord habitats 

with more enriched values of δ
15

N found in inner Bradshaw (t = 5.7961, p<0.001) and Dusky 

Sound (t = 2.4231, p<0.05). No difference in δ
15

N was found between habitats in Doubtful 

Sound. PERMDISP results indicated no significant difference in dispersion of values between 

habitat types. 

Trophic level was significantly different for spotties among fiords as well as between habitat 

types within fiords (PERMANOVA, Fiord: Psuedo-F2,60 = 570.41, p<0.001, Habitat type: 

Psuedo-F2,60 = 65.917, p<0.001) (Figure 2.12). Pair-wise tests indicated trophic level was 

significantly higher in inner fiord habitats for Doubtful Sound, Dusky Sound and Bradshaw 

Sound (Doubtful; t = 2.941, p<0.01, Dusky; t = 7.655, p<0.001, Thompson/Bradshaw; t = 7.693, 

p<0.001). PERMDISP tests on dispersion of trophic level values indicated significant differences 

for both „Fiord‟ and „Habitat type‟ (Fiord: F2,63=5.283, p<0.01, Habitat type: F1,64=22.287, 

p<0.001) though pair-wise tests showed no significant differences for habitat type within fiords. 

Variation in diet (δ13
C) among all species 

When plotted relative to predetermined values for basal sources of carbon, all wrasse species 

appeared to be driven nearly equally by macroalgae and phytoplankton (SPOM), though they 

generally fell nearer to the axis for macroalgae (Figure 2.10). All species were closely grouped or 

overlapping in mean δ
13
C and δ

15
N values, though scarlet wrasse appeared most enriched in δ

13
C 
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while spotties appeared most depleted. Values of δ
13

C were found to vary significantly between 

Fiord, Species and Species among Fiords (PERMANOVA, Fiord: Pseudo-F2,87 = 6.999, p<0.01, 

Species: Pseudo-F3,87= 4.757, p<0.01, Fiord x Species: Pseudo-F6,87 = 2.737, p<0.05 (Figures 

2.10,2.11). Pair-wise tests indicated that in both outer Thompson Sound and outer Doubtful 

Sound, banded wrasse and spotties were significantly more depleted in δ
13

C than both girdled and 

scarlet wrasse (Table 2.7 B). Values of δ
13

C for spotties at outer Dusky Sound differed 

significantly from outer Doubtful and Thompson Sound (Doubtful t=7.359 p< 0.001, Thompson t 

= 6.623 p< 0.001). No significant difference in δ
13

C was found between sites for girdled, banded 

or scarlet wrasse. PERMDISP analysis showed no significant difference among sites or species. 

Variation in δ15
N and trophic level among species 

Values of δ
15

N varied significantly among outer fiord sites and among species at these sites 

(Fiord: Psuedo-F2,87 = 33.639, p<0.001, Species: Psuedo-F3,87 = 22.795, p<0.001). Pair-wise tests 

revealed that all species at outer Dusky Sound were significantly different from each other in 

δ
15

N except girdled wrasse and spotties (Table 2.7B, Figure 2.14). In outer Doubtful Sound 

spotties were significantly more deplete in δ
15

N than scarlet wrasse and at outer Thompson Sound 

spotties were significantly more deplete than all other wrasse species (table 2.7 B, Figure 2.13, 

2.15). Outer Doubtful and Thompson Sounds were significantly more deplete in δ
15

N in 

comparison to outer Dusky Sound for all species except girdled wrasse (Table 2.7 C). 

PERMDISP results indicate significant differences among Fiords and Species (Fiord: F2,96 = 

7.551, p<0.01, Species: F3,95 = 5.168, p<0.05).  

For trophic level values, there was a significant difference among species and species among 

outer fiord sites (Species: Psuedo-F3,87 = 3839.7, p<0.001, Fiord x Species: Psuedo-F6,87 = 10.117, 

p<0.001). Pair-wise tests indicated significant differences between all species at all outer fiord 

sites except for scarlet wrasse and girdled wrasse in outer Dusky Sound (Table 2.8). PERMDISP 

results indicate significant differences among species but not among Fiords (Species: F3,95 = 

10.243, p<0.001). 
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Table. 2.7 Pair-wise PERMANOVA results based on Euclidean distance of raw stable isotope 

data for differences among values of (A.) δ
15
N and (B.) δ

13
C in muscle tissue among species at 3 

outer fiord sites and (C.) among sites for each species. SP = spotties, BW = banded wrasse, SW = 

scarlet wrasse and GW = girdled wrasse. 

(A.) Site (δ
15

N) Species df t P P(MC) permutations 

Doubtful outer SP, SW 1,12 3.105 0.008 

 

998 

 

SP, BW 1,13 2.049 0.069 

 

2880 

 

SP, GW 1,10 1.806 0.102 0.103 66 

 

SW, BW 1,7 1.828 0.135 0.113 126 

 

SW, GW 1,4 0.880 0.474 0.419 15 

 

BW, GW 1,5 0.729 0.617 0.496 21 

Dusky outer SP, SW 1,26 9.826 0.0001 

 

9830 

 

SP, BW 1,23 4.406 0.001 

 

9827 

 

SP, GW 1,16 0.459 0.649 

 

2923 

 

SW, BW 1,23 5.423 0.0001 

 

9812 

 

SW, GW 1,16 5.350 0.0001 

 

2940 

 

BW, GW 1,13 2.324 0.038 

 

1356 

Thompson outer SP, SW 1,16 2.935 0.009 

 

8743 

 

SP, BW 1,18 3.369 0.001 

 

9298 

 

SP, GW 1,15 3.871 0.001 

 

7748 

 

SW, BW 1,16 0.838 0.408 

 

8803 

 

SW, GW 1,13 0.026 0.977 

 

5034 

 

BW, GW 1,15 1.457 0.164 

 

7737 

 

(B.) Site (δ
13

C) Species df t P P(MC) permutations 

Doubtful outer SP, SW 1,12 2.990 0.014 

 
999 

 
SP, BW 1,13 0.970 0.339 

 
2873 

 
SP, GW 1,10 2.900 0.033 0.020 66 

 
SW, BW 1,7 2.650 0.047 

 
125 

 
SW, GW 1,4 0.160 0.86 0.881 15 

 
BW, GW 1,5 2.870 0.053 0.040 21 

Dusky outer SP, SW 1,26 1.510 0.139 

 
9839 

 
SP, BW 1,23 2.500 0.019 

 
9823 

 
SP, GW 1,16 1.490 0.148 

 
2941 

 
SW, BW 1,23 0.600 0.556 

 
9814 

 
SW, GW 1,16 0.030 0.98 

 
2917 

 
BW, GW 1,13 0.440 0.678 

 
1361 

Thompson outer SP, SW 1,16 2.960 0.01 

 
8778 

 
SP, BW 1,18 0.210 0.833 

 
9359 

 
SP, GW 1,15 4.210 0.0001 

 
7722 

 
SW, BW 1,16 2.660 0.022 

 
8758 

 
SW, GW 1,13 0.330 0.740 

 
5040 

  BW, GW 1,15 3.660 0.005   7763 
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(C.) Species (δ
15

N)              Site df t P P(MC) permutations 

Spotty Doubtful, Dusky  1,22 7.255 0.0001 

 

9816 

 

Doubtful, 

Thompson  1,18 1.432 0.1656 

 

9350 

 

Dusky, Thompson  1,22 6.295 0.0001 

 

9793 

Scarlet wrasse Doubtful, Dusky  1,16 7.219 0.0001 

 

2923 

 

Doubtful, 

Thompson  1,10 0.403 0.708 

 

495 

 

Dusky, Thompson  1,20 3.679 0.0001 

 

9696 

Banded wrasse Doubtful, Dusky  1,14 6.944 0.0001 

 

3857 

 

Doubtful, 

Thompson  1,13 2.066 0.061 

 

2886 

 

Dusky, Thompson  1,19 5.478 0.0001 

 

9718 

Girdled wrasse Doubtful, Dusky  1,4 2.658 0.066 0.055 15 

 

Doubtful, 

Thompson  1,7 1.750 0.166 0.129 36 

 

Dusky, Thompson  1,9 0.924 0.375 0.382 330 

 

Table 2.8 Pairwise PERMANOVA results of comparisons of trophic level among wrasse species 

at each of 3 outer fiord sites. SP = spotties, BW = banded wrasse, SW = scarlet wrasse and GW = 

girdled wrasse. 

Site Species df t P P(MC) permutations 

Doubtful outer SP, SW 1,12 54.840 0.0015 

 

836 

 

SP, BW 1,13 81.977 0.0002 

 

1987 

 

SP, GW 1,10 129.970 0.0173 0.0001 61 

 

SW, BW 1,7 3.896 0.0083 

 

126 

 

SW, GW 1,4 4.967 0.0641 0.0085 15 

 

BW, GW 1,5 2.829 0.0451 0.0381 21 

Dusky outer SP, SW 1,26 40.985 0.0001 

 

4122 

 

SP, BW 1,23 185.080 0.0001 

 

1849 

 

SP, GW 1,16 152.550 0.0004 

 

524 

 

SW, BW 1,23 1.247 0.2210 

 

8667 

 

SW, GW 1,16 1.844 0.0788 

 

2609 

 

BW, GW 1,13 6.965 0.0006 

 

1318 

Thompson SP, SW 1,16 67.553 0.0001 

 

5850 

 

SP, BW 1,18 85.263 0.0002 

 

3986 

 

SP, GW 1,15 229.870 0.0002 

 

3073 

 

SW, BW 1,16 8.577 0.0001 

 

8208 

 

SW, GW 1,13 14.615 0.0001 

 

4471 

 

BW, GW 1,15 4.818 0.0008 

 

7137 
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Figure 2.9 δ
13

C and δ
15

N (mean, ±SE) of spotties in relation to SPOM (suspended particulate 

organic matter) and MACRO (macroalgae). Values of food sources have been adjusted for 

trophic fractionation (δ
13

C +0.4, δ
15

N +2.3). O: outer fiord, I: inner fiord. 

 

Figure 2.10 δ
13

C and δ
15

N values at outer Thompson Sound for all species (mean, ±SE) plotted 

in relation to four trophic levels of primary carbon source values for SPOM and macroalgae. BW 

= banded wrasse, SW = scarlet wrasse, SP = spotties, GW = girdled wrasse. Food sources have 

been adjusted for trophic fractionation (δ
13

C +0.4, δ
15

N +2.3). 
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(a)  

(b)  

Figure 2.11 δ
13

C and δ
15

N values for outer Doubtful Sound (a) and outer Dusky Sound (b) for all 

species (mean, ±SE) plotted in relation to four and five trophic levels respectively, of primary 

carbon source values for SPOM and macroalgae. BW = banded wrasse, SW = scarlet wrasse, SP 

= spotties, GW = girdled wrasse. Values of food sources have been adjusted for trophic 

fractionation (δ
13

C +0.4, δ
15

N +2.3). 
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Figure 2.12 Values for mean δ
15

N, mean trophic level and PERMDISP variation (mean 

dispersion (%)) of δ
15

N and trophic level for all spotties (N. celidotus). White bars indicate inner 

fiord sites, grey bars indicate outer fiord sites. 
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Figure 2.13 Values for mean δ
15

N, mean trophic level and PERMDISP variation (mean 

dispersion (%)) for all species at all outer Doubtful Sound Letters indicate significant differences. 

SP = spotties, SW = scarlet wrasse, BW = banded wrasse, GW = girdled wrasse. 
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Figure 2.14 Values for mean δ
15

N, mean trophic level and PERMDISP variation (mean 

dispersion (%)) for all species at all outer Dusky Sound. Letters indicate significant differences. 

SP = spotties, SW = scarlet wrasse, BW = banded wrasse, GW = girdled wrasse. 
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Figure 2.15 Values for mean δ
15

N, mean trophic level and PERMDISP variation (mean 

dispersion (%)) for all species at all outer Thompson Sound. Letters indicate significant 

differences. SP = spotties, SW = scarlet wrasse, BW = banded wrasse, GW = girdled wrasse. 
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2. Mixing Model: Do the fishes of the Fiordland wrasse guild exhibit resource partitioning in 

relation to use of carbon source pools and how does source pool use vary spatially over the axis 

of the Fiord? 

Spatial patterns in carbon source pool use (spotties) 

The results of the iso-error mixing model for spotties at all sites indicated a clear dominance 

of macroalgae as the basal carbon source for almost all sites. The exception was in inner Doubtful 

Sound where SPOM made up more than 50% of the source pool. Overall SPOM was the less 

dominant carbon source; however it never made up less than 34% of spotty diet at any given site 

(Figure 2.16, Appendix 3). 

Trends in carbon source pool use among species in the Fiordland wrasse guild 

For all wrasse species macroalgae appeared to be the dominant source pool at all three outer 

fiord sites sampled (Figure 2.17 A, B, and C, Appendix 3). In general, banded wrasse seemed to 

have the most equal balance in diet between SPOM and macroalgal carbon sources of the four 

species (nearly 50% each for all sites). Spotties on the other hand, had the diet most consistently 

dominated by macroalgal carbon sources (never less than 60%). 

 

Figure 2.16 Proportion of macroalgae (dark grey bars) and SPOM (light grey bars) carbon source 

pools in the diet of spotties (N. celidotus) for all sites. Doubtful inner (DBI), Doubtful outer 

(DBO), Dusky inner (DUI), Dusky outer (DUO), Bradshaw inner (BDI), Thompson inner (THO). 

Error bars = ±1SE. 

0

0.2

0.4

0.6

0.8

1

DBI DBO DUI DUO BDI THO

P
ro

p
o

rt
io

n
 o

f 
d

ie
t

Site



 

55 

a. b.  

c.  

Figure 2.17 Proportion of macroalgae (dark gray bars) and SPOM (light gray bars) carbon source 

pools in the diet of all four species for outer Thompson Sound (a.), outer Dusky Sound (b.) and 

outer Doubtful Sound (c.). Error bars = ± 1SE. 
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Sensitivity analysis 

The sensitivity model showed how the mixing models were dependent on the assumed 

fractionation of 2.3% for δ
15

N. The change from 1.7% to 3.1% fractionation resulted in a 

difference in the estimated amount of SPOM input of between 19% (Doubtful Sound outer) and 

34% (Dusky Sound Inner) (Figure 2.18). For every 2% change in assumed fractionation there 

was a change in the estimated proportion of SPOM of about 3%. This range would be enough to 

reverse the dominant source pool in spotty diet from macroalgae to SPOM according to the 

model output. 

 

 

Figure 2.18 Sensitivity of iso-error mixing model to the assumed trophic fractionation of δ
15

N in 

the diet of spotties at all sample sites. 

0

0.2

0.4

0.6

0.8

1

1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2

Bradshaw inner
Doubtful inner
Doubtful outer
Dusky inner
Dusky outer
Thompson outer

P
ro

p
o

rt
io

n
 o

f 
S

P
O

M
 i

n
 d

ie
t

Assumed 
15

N Fractionation



 

57 

2. Regressions: Are diet and trophic level partitioned by size class for fishes in the Fiordland 

wrasse guild? 

Regressions of standard length against δ
13
C, δ

15
N and trophic level indicated little effect of 

length on diet or trophic level (Figure 2.19, Table 2.9) for any wrasse species. No significant 

trends were found for scarlet wrasse, banded wrasse, or girdled wrasse. For spotties collected 

from outer Dusky Sound, higher trophic level, and increasing enrichment in δ
15

N both showed 

significant positive trends with increasing standard length. Conversely, δ
13

C values showed a 

negative trend with increasing length at this site. Spotties collected from inner Dusky Sound also 

showed a significant increase in trophic level with body length but no trends were observed for 

δ
15
N or δ

13
C at this site. 

 

Figure 2.19 Relationship between (a.) δ
15
N, (b.) δ

13
C and fish length in outer Dusky Sound and 

trophic level to fish length (SL) for spotties from (c.) outer Dusky Sound and (d.) inner Dusky 

Sound. 
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Table 2.9 Relationships between fish body length (standard length (mm)) and values of δ
13

C and 

δ
15

N in white muscle tissue of spotties as well as trophic level at each sampling site. n = number 

of samples analyzed; r
2
 = correlation value, P= significance level. 

   

δ
15

N 

 

δ
13

C 

 

trophic level 

Site n 

  size 

 (mm) r
2
 P r

2
 P r

2
 P 

Bradshaw inner 14 120-190 0.08 0.595 0.07 0.349 0.01 0.367 

Thompson outer 8 110-137 0.16 0.250 0.01 0.823 0.15 0.266 

Doubtful inner 10 108-183 0.36 0.114 0.04 0.869 0.35 0.921 

Doubtful outer 10 155-241 0.04 0.585 0.01 0.840 0.18 0.226 

Dusky inner 14 122-225 0.00 0.897 0.00 0.997 0.40 0.048 

Dusky outer 10 95-200 0.53 0.003 0.34 0.029 0.29 0.045 

 

2.4 Discussion 

 

2.4.1 Spatial variability in wrasse diet 

 

δ13
C as an indicator of diet partitioning over spatial scales for spotties 

 

This study indicates that some level of diet partitioning occurs for spotties along the physical 

and biological gradients between inner and outer fiord communities. Differences in carbon source 

use between habitat types were supported by observations of changes in prey choice in gut 

contents. It must be taken in to account, however that the differences among average values of 

δ13
C between inner and outer fiord sites were relatively small, and significant PERMDISP results 

indicated the difference was likely partially driven by the range of prey items consumed. Diet 

partitioning was likely driven by the change in prey availability and community structure over 

strong salinity gradients along the fiord axis. The most common prey items for spotties in the 

outer fiords, mainly benthic filter feeders or bivalves, exhibit altered distributions, with fewer 

found over the increasingly freshwater habitat in inner Doubtful Sound (McLeod and Wing 

2008b). While the salinity gradient is enhanced in Doubtful Sound due to the outlet of the 

freshwater tailrace from the Manapourri Hydroelectric Dam, this gradient may also affect benthic 

filter feeder distributions in other fiords at varying scales, depending on site specific levels of 

mixing and freshwater input from rainfall and river outflow. 
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Diet analysis indicated a transition to a greater proportion of small crustaceans and pelagic 

prey such as amphipods, isopods and salps at inner fiord sites. Salps have a lower calorific 

content than bivalves (Steimle and Terranova 1985) but may be an important nutritional 

substitute for the bivalves commonly consumed on the outer coast. Evidence of diet partitioning 

on a spatial scale was further supported by the fact that the lowest niche-overlap occurred 

between inner and outer fiord sites (Table 2.3). Spotty diet may have been better classified at 

outer fiord sites due to the higher prey availability and the opportunity to feed preferentially on 

specific prey types, particularly benthic suspension feeders (Figure 2.4, Table 2.5). 

Diet diversity among spotties did not reveal any general pattern which would indicate diet 

partitioning between inner and outer fiord sites. The significantly lower diversity observed in fish 

from outer Doubtful Sound may reflect a high abundance of preferred prey such as bivalves, 

echinoids and crustaceans, as the sample site is in an especially intact community located 

adjacent to “The Gut” marine reserve (Te Awaatu Channel). High diet diversity in inner Doubtful 

Sound may reflect altered community structure due to high levels of freshwater input (Figure 

2.8). Differences in carbon source use between inner and outer fiord sites for Doubtful Sound 

were further supported by the iso-error model which revealed a higher proportion of SPOM than 

macroalgae in inner Doubtful Sound (Figure 2.16). Spotties from inner Doubtful Sound may be 

forced to feed on a greater number of species in order to obtain the same energy found in the 

outer fiord by exploiting more abundant but less nutritional prey groups. Recent work on spotty 

diet in inner Doubtful Sound using stable isotopes (δ
13

C, δ
15

N and δ
34

S) and fatty acid analysis 

found that high freshwater influx and reduced availability of filter feeding bivalves drives spotties 

to feed on chemosynthetically fixed organic matter originating from forest litter source pools 

(McLeod et al. 2010). This source pool is assimilated through consumption of the chemosynthetic 

clam (Solemeya parkinsonii as well as sea urchins and polycheates). While these prey items were 

not observed in the stomachs of spotties from inner Doubtful Sound, the depleted δ
13

C signatures 

from the site support these findings. 

The altered diet composition of spotties between inner and outer fiord sites suggested by 

niche overlap, CAP analysis, mixing models and values of δ
13

C reflect small yet important 

differences in carbon source use. While spotties have been observed to reduce marine derived 

carbon flux in inner Doubtful Sound (McLeod et al. 2010), evidence of this pattern in other fiords 

was not found in this study. Alternatively, diet plasticity over spatial scales may also be related to 

the trophic level of prey items consumed as indicated by δ
15

N. 
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δ
15

N as an indicator for diet partitioning over spatial scales for spotties  

Patterns in δ
15

N between habitat types indicated spotties feed at a higher trophic level at 

inner fiord sites in Dusky and Thomnpson/Bradshaw Sounds. Diet analysis indicated a change 

from a diet dominated by benthic filter feeding bivalves (mainly blue and green mussels) to an 

increasing number of pelagic sources such as fish and salps as well as small crustaceans. Mussels 

mainly filter feed on plankton and macroalgal detritus. While small fish may exist at a higher 

trophic level, small crustaceans also feed on phytoplankton and algal detritus. Since diet analysis 

does not support isotopically predicted differences in trophic level, it is possible that the basal 

carbon source pools at these sites may differ from the averages used in this study. These values 

were created based on samples collected from Doubtful Sound. Applying these values to other 

fiords may have created unreliable results. While it appears that spotties feed on different carbon 

sources (chemoautotrophic) in Doubtful Sound as a result of the altered marine environment, fish 

in other inner fiord habitats may feed on similar proportions of carbon source pools at different 

trophic levels. These patterns in diet plasticity for spotties suggest diet driven differences in 

biogeochemical cycling occur among Fiordland‟s marine food webs along spatial gradients. 

2.4.2 Resource partitioning in the Fiordland wrasse guild 

Prey choice (δ13C) and resource partitioning in the Fiordland wrasse guild 

One of the major indicators of resource partitioning is differential use of prey items within 

the same habitat, thereby reducing niche overlap and competition (Roughgarden 1976). 

Variability in δ
13

C values among species indicate that resource partitioning occurs in the 

Fiordland wrasse guild. Comparison of average δ
13

C among species indicated that scarlet and 

girdled wrasse feed on similar proportions of SPOM and macroalgal carbon sources. Their diets 

differ from both banded wrasse and spotties who also share similar proportions of basal carbon 

sources. Though no obvious patterns in carbon source use among species were found in the 

mixing model results, these estimations of source pool proportions are less robust as they are 

highly variable and dependent on assumptions of fractionation values (see Fig. 2.18). 

The differences in carbon source use among species observed in Doubtful Sound and 

Thompson Sound did not occur in Dusky Sound, suggesting an altered foodweb dynamic. 

Altered patterns in carbon uptake among species in Dusky Sound may be due to the topography 

of the fiord entrance as well as its distance from the other sample sites, which lay adjacent to each 
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other. While Doubtful and Thompson Sounds have relatively narrow entrances, Dusky Sound has 

a wide entrance with small islands which may create an altered prey field in the outer fiord 

microhabitats. 

Differences in carbon source use were supported by diet observations, which characterized 

spotty and banded wrasse diets as dominated by mussels (Mytilus edulis galloprovincialis) and to 

a lesser extent, barnacles (cirripedia spp.). In contrast, scarlet wrasse diet favored a greater range 

of prey, some of which included sea urchins (Evechinus chloroticus), brachiopods (brachiopoda) 

and sea stars (asteroidea) (Appendix 2). While scarlet wrasse also commonly fed on mussels, 

more than half of their diet was made up of shelled invertebrates other than mussels, a great 

proportion of which was brachiopods (Terrebratella spp.). Simpson‟s diversity index indicated 

there was no difference in the number of prey species exploited among wrasses at the site level. 

Therefore, though they were observed to feed on a similar richness and abundance of species, the 

differences in diet between scarlet wrasse and spotties and banded wrasse are likely explained by 

a change in feeding pressure from mussels to a partial dependence on a few shared alternate prey 

sources such as sea urchins and other bivalves. Differences in specific prey item use among 

species confirms that the variability in δ
13

C indicates resource partitioning, not differences in 

basal carbon source values or fractionation. 

For fishes which appear to exist in the same dietary niche, microhabitat selection may 

explain their coexistence. Organic matter sources change over gradients in Fiordland from the 

high energy, wave washed outer coast to the calm, freshwater environments towards the head of 

the fiord (Wing et al. 2008). Microhabitats likely exist within Fiordland‟s subtidal rocky reef 

communities in outer coast habitats. Resource partitioning through microhabitat specificity 

between species has been observed in coral reefs (Ormond et al. 1996) as well as between 

wrasses on temperate rocky reefs (Morton et al. 2008) and may explain the low levels of diet 

partitioning observed between wrasses such as spotties and banded wrasse in Fiordland. 

Diet diversity did not indicate any patterns in diet partitioning among species. Low diet 

diversity in outer Doubtful Sound reflects the high abundance of prey availability at the Bauza 

Island sample site. As the site of Fiordland‟s oldest marine reserve, well developed invertebrate 

communities at Bauza Island might allow fish to have a specialized diet based on specific prey 

species which allow for the highest energy uptake, rather than scavenging for the most available 

prey among several species. 
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High niche overlap at all outer fiord sites emphasizes the similarity of diet among wrasses as 

would be expected given their shared feeding strategy and habitat choice. CAP analysis indicated 

scarlet wrasse had the most classifiable diet, again suggesting diet partitioning away from spotties 

and banded wrasse, whose similarity in diet resulted in a low re-classification rate. A small 

sample size may have also reduced the allocation success rate of these species. 

 

Trophic level (δ
15

N) as an indicator of resource partitioning in the Fiordland wrasse guild 

While differences in carbon source use are valuable indicators of prey field, diet partitioning 

may also be characterized by differences in trophic level. Trophic level is useful for defining 

niche space because it can describe differences between the relative trophic position of species 

within a community (Newsome et al. 2007) and therefore evidence of resource partitioning. 

Depleted δ
15

N for spotties at all sites indicated that they generally feed at a lower trophic level 

than the other wrasse species (Figures 2.13, 2.14, 2.15). However, significant PERMDISP results 

indicated the patterns in δ
15

N among species at Doubtful and Thompson Sounds may also be due 

in some part to the number of trophic levels exploited rather than an overall lower mean.  

Smaller morphology and a generalist feeding strategy causes spotties to utilize a greater 

proportion of smaller prey items than the larger wrasses, such as small crustaceans (amphipods 

and isopods), polycheates, barnacles and gastropods, as indicated by diet analysis. The 

exploitation of these alternative prey groups may help explain the overall lower trophic level of 

spotties. While spotties shared significantly similar carbon sources and prey choices with banded 

wrasse, they occupied a significantly lower trophic level. Spotties may feed in the same habitats 

as banded wrasse but utilize lower trophic level prey groups as previously mentioned. 

Alternately, spotties may feed on smaller size classes of the same prey group such as blue 

mussels (M. edulis galloprovincialis), which were an equally dominant prey choice for both 

species. Though trophic level was found to differ significantly among species at all sites, 

PERMDISP results indicated these comparisons were not a valuable indicator of differences in 

average trophic level, but may be driven in part by the number of trophic levels exploited among 

species. Ultimately, δ
15

N revealed a possibly morphologically driven difference in trophic level 

between spotties and the other wrasses. 
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2.4.3 Diet partitioning by size class 

Diet partitioning by size class has previously been observed for spotties and banded wrasse 

(Jones 1984a, Denny and Schiel 2001) and can play an important role in facilitating the 

coexistence of individuals within species for temperate reef fish (Platell et al. 2010). Values of 

δ
13
C, δ

15
N and trophic level only showed evidence of resource partitioning among size classes 

among spotties. These results may reflect the small sample size of other species at some sites as 

well as a lack of any fish in size classes small enough to characterize the differences between 

juvenile and adult foraging strategies (table 2.9). 

Increasing values of δ
15

N and higher trophic level were associated with a concurrent 

depletion in δ
13

C with increasing fish length for spotties in Dusky Sound. These patterns were 

likely found due to the large size range of fish sampled at this site (95-300 mm TL). Smaller size 

classes of spotties with a reduced mouth gape may more easily feed on smaller, lower trophic 

level prey items such as amphipods and isopods, while avoiding competition with larger size 

classes which easily feed on higher trophic level prey such as bivalves and crustaceans (Jones 

1984a). This variation could not be substantiated by statistical differences in specific prey items 

because the number of gut samples was too small to create robust results. These observations 

could indicate a unique feeding environment in Dusky Sound, however, it is more likely that 

similar patterns would have been observed in all locations, with a sufficient range of size classes 

for all sites and species. 

2.4.4 Caveats 

While diet analysis is a valuable method for characterizing specific prey items consumed by 

a fish, it is variable and highly dependent on the methods of analysis (Cortés 1997) as well as the 

factors affecting the organism and its environment at the time of the study. These factors may 

include season, tidal cycle, prey availability, level of digestion and fish size (Hyslop 1980). Due 

to funding and time constraints fish were not sampled seasonally, nor over tidal cycle. Therefore 

any results from diet analysis should be read as a short term reflection of specific diet items 

consumed by each species. Sample sizes of girdled wrasse at Dusky Sound and Doubtful Sound 

sites were small (n<4) making any conclusions on the resource partitioning of girdled wrasse in 

relation to the Fiordland wrasse guild in this study negligible.  
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Using stable isotope results to characterize niche space is highly dependent on several 

assumptions. Values for signatures of basal carbon sources must be relatively stable over time or 

there is no baseline from which to measure fractionation (Bearhop et al. 2004). Carbon baseline 

values for terrestrial, SPOM and macroalgal sources were collected previously and were not 

reevaluated during this study. This means changes in basal source values could have affected 

conclusions on source pool use and trophic level. Secondly, levels of fractionation for both 
13

C 

and 
15

N are also highly variable amongst organisms (McCutchan et al. 2003). This study used 

values of fractionation based on an average for aquatic organisms, though actual fractionation 

values may differ from the chosen mean. Though it is known that a consumer‟s tissue is enriched 

in 
15

N relative to its prey source, the actual trophic enrichment may vary as a result of 

physiological and environmental factors, making it useful for quantifying niche space only within 

communities (Newsome et al. 2007). Mixing model results used only two sources (macroalgae 

and SPOM) based on the location of sample sites relative to basal carbon values. However, 

terrestrial sources via chemoautotrophic prey sources likely also contributed to the diet of these 

species (McLeod and Wing 2008a, Rodgers and Wing 2008). 

2.4.5 Conclusion 

This study aimed to describe the trophic role of wrasses in maintaining ecosystem function in 

Fiordland‟s subtidal rocky reef communities and whether observed differences in diet indicate 

differences in carbon flux and resource partitioning among species or over spatial scales. The 

following conclusions were made: 

 Diet choice observed for wrasses in Fiordland indicated they likely play a dominant role 

in controlling invertebrate populations via predation, feeding largely on benthic 

invertebrates including mussels, brachiopods, sea urchins and crustaceans. 

 

 Gut content and isotopic analysis indicated that resource partitioning occurs between 

inner and outer fiord habitats for spotties. Partitioning is driven by a change to terrestrial 

carbon source use in inner Doubtful Sound (McLeod et al. 2010) while in other inner 

fiord habitats spotties may feed at higher trophic levels. 
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 Gut content and isotopic analysis indicated that some degree of resource partitioning 

occurs among species in the Fiordland wrasse guild. Banded wrasse and spotties fed on 

different carbon sources than scarlet wrasse and girdled wrasse. Spotties fed at an overall 

lower trophic level. 

 

 No general trend was observed in diet partitioning by size class, however this is likely due 

to the insufficient range of juvenile size classes collected for all species. 

Carbon flux appeared to change between outer and inner fiord habitats, as spotties used 

reduced macroalgal sources of carbon and exploited different trophic levels, indicating dietary 

plasticity. Carbon source use and trophic level also varied among species at outer fiord sites, 

indicating these species play specific roles in regulating biogeochemical cycling and routing of 

carbon through the subtidal foodweb. These results suggest wrasses are important for regulating 

differences in carbon flux in Fiordland‟s marine ecosystems. To further understand the factors 

which determine niche partitioning, parameters of physical niche space must also be 

characterized. Parameters of physical niche space in combination with that of diet (biological 

niche space) outlined in this chapter will better describe the realized niche of wrasses in 

Fiordland. The following chapter will explore physical niche space using Fiordland-wide surveys 

of abundance and distribution of wrasse species. 
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CHAPTER THREE: 

Population structure of members of the Fiordland wrasse 

guild as an indicator of habitat partitioning and niche space 

 

 

 

Adult banded wrasse (Notolabrus fucicola) taking refuge in the macroalgae (photo courtesy of 

S.Wing). 
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3.1 Introduction 

3.1.1 Fish distribution as a reflection of habitat partitioning 

Habitat partitioning is a key factor in describing niche space for species in the marine 

environment (Findley and Findley 1985, Wellenreuther et al. 2008). Though diet specialization 

has been found to play a stronger role than habitat in determining distribution patterns, habitat 

type remains an important indicator of niche space (Ross 1986). Habitat structure is a defining 

characteristic for the distribution of specific ecological communities, resulting in strong 

heterogeneity in prey distributions (Tokeshi 1999). As a consequence, biogeographic gradients 

have been cited as a driving force behind divergent evolution within predatory species (Endler 

1986). If habitat structure, as defined by both physical and biological gradients, has a strong 

influence on population structure within the Fiordland wrasse guild, this will prove a useful tool 

for defining the physical parameters of each species‟ realized niche. 

Partitioning of niche space has been observed to support the coexistence of sympatric fishes 

in both tropical (Waldner and Robertson 1980) and temperate environments (Hyndes et al. 1996). 

Fish populations are structured over spatial scales as a function of biological and physical 

variables (Fairclough et al. 2008). Gradients including temperature, salinity, wave exposure, light 

and mixing are all limiting factors of physical niche space (Witman and Grange 1998). At the 

same time, prey availability and abundance of habitat structuring organisms, such as macroalgae, 

are important restrictions of biological niche space (Anderson 1994, Polovina 1996, Pérez-Matus 

and Shima 2010). Fish distributions have also been observed to vary temporally due to 

differences in recruitment levels, which fluctuate relative to both the availability of recruits and 

habitat selection (Fowler et al. 1992). Post-settlement processes, including predation and 

competition may play a role in determining species distribution (Hixon and Jones 2005). 

Ultimately, some proportion of environmental and postsettlement drivers of survivorship and 

reproduction determine the realized niche of a particular species.  

3.1.2 Distribution of wrasses in New Zealand 

Habitat partitioning has been well described for tropical and subtropical species of wrasses 

(Rocha et al. 2005, Fairclough et al. 2008) though few studies have addressed temperate species 

(Thangstad 1999, Tuya et al. 2009) and no work yet describes the relationships among wrasses in 
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Fiordland, NZ. As highly abundant reef fishes in New Zealand‟s subtidal marine foodweb, the 

distribution of the four species of wrasse in this study, including spotties (Notolabrus celidotus), 

scarlet wrasse (Psuedolabrus miles), banded wrasse (Notolabrus fucicola) and girdled wrasse 

(Notolabrus cinctus) have been well documented on the North Island and east coast of the South 

Island (Russell 1977, Jones 1988, Denny 2005) and to a lesser extent in Fiordland (Schiel and 

Hickford 2001a). While highly generalized, these studies describe reef fish distribution as being 

dependent on both bottom topography as well as macroalgal and echinoid density, though 

biological features hold the most influence on population structure (Jones 1988). More 

specifically, for spotties, juvenile phase fish are found within dense macroalgal beds and are 

observed to prey upon associated diet items (small crustaceans), while adults, less concerned with 

predation, are found in less sheltered microhabitats with high bivalve abundances (Jones 1984a). 

Wrasses also have depth related trends in abundance, with banded wrasse and spotties more 

abundant in shallower zones (0-10 m), while girdled wrasse and scarlet wrasse generally inhabit 

depths below 15m (Denny 2005), indicating depth driven differences in microhabitat structure. 

The biological and physical trends described in this chapter will be useful for understanding the 

factors that may create habitat partitioning in the Fiordland wrasse guild. 

3.1.3 Physical and biological gradients in Fiordland 

Fiordland‟s marine environment represents an area unique within greater New Zealand for 

observing patterns in reef fish distribution due to its extreme glacial topography and resulting 

biological and physical gradients. In order to define niche space for wrasse species it is necessary 

to address both physical and biological parameters. Previous studies have shown reef fish 

distribution is influenced by physical variables including salinity (Wellenreuther et al. 2008), 

wave exposure (Fulton and Bellwood 2005), and light (McFarland 1986), as well as biological 

factors, including the presence of habitat structuring organisms such as macroalgae (Anderson 

1994). 
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Physical Gradients 

Fiordland consists of 15 major glacially carved fiords, hundreds of meters deep with shallow 

sills at the open ocean interface. Due to its physical structure, Fiordland supports a series of 

extreme environmental gradients including salinity, wave exposure, and sunlight (Wing et al. 

2004, Cornelisen et al. 2007) (Figure 3.1). Wave action generated from often 2 metre plus swells 

on the outer coast decreases rapidly with distance from the fiord entrance, reducing wave induced 

mixing to very low levels in the inner fiords (Wing et al. 2004). Salinity decreases with proximity 

to the heads of the fiords due to both riverine input and high levels of rainfall, reaching ~7 m per 

year (Gibbs 2001). High freshwater input and steep topography within the inner fiords leads to a 

sharp pycnocline and a thick low salinity surface layer (LSL) (Wing et al. 2003). This feature 

drives a two-layered estuarine circulation in which freshwater flows seaward at the surface, 

carrying with it entrained seawater from the marine layer below (Pickrill 1987). Seawater from 

the open ocean enters over a relatively shallow entrance sill (50-100m) and slowly flows up to 

replace the seawater lost to the LSL. As a result of shading, the increasing thickness of the 

freshwater layer and associated presence of light-absorbing chromophoric dissolved organic 

matter (CDOM), light levels also decrease substantially towards the inner fiord (Goebel et al. 

2005). These environmental gradients facilitate the study of niche space by providing starkly 

contrasting physical habitats along the fiord axis. 

  



72 

 

  

Figure 3.1 Map of the southern fiords showing (a.) average surface salinity values (Surfsal) in 

practical salinity units (PSU) (Markers indicate CTD sample sites), (b.) annual incident solar 

global irradiance (Solarglob) and (c.) significant wave height (Hsig) after Wing et al. (2004). 
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Biological Gradients  

 The critical physical gradients of salinity, light and mixing result in strong patterns of 

macroalgal growth and biological ecosystem structure between outer and inner fiord 

environments. In many fiords there are relatively sharp boundaries in the distribution of some key 

biological features such as kelp forests and suspension feeding communities (Smith 2001). Outer 

fiord reefs are highly productive, using wave energy to support benthic production in Ecklonia 

radiata kelp forest dominated subtidal communities (Figure 3.2) (Wing et al. 2008). Conversely, 

a calm, increasingly freshwater, low light environment exists in the inner fiord, which supports 

invertebrate and black coral (Antipathes fiordensis) dominated subtidal ecosystems where large 

kelps are less abundant and macroalgae is largely made up of estuarine species growing in the 

LSL (Wing et al. 2007, McLeod and Wing 2008b).  

Macroalgal density has been observed to decrease with distance from the fiord entrance as 

many large kelps quickly suffer mortality when exposed to the expanded LSL toward the head of 

the fiord (Wing et al. 2004). Wave exposure is also a factor in algal presence as it induces higher 

growth rates and nitrogen content in seaweeds such as Macrocystis pyrifera (Hepburn et al. 

2007). Kelp forests are important indicators of fish distribution because they provide a critical 

source of habitat complexity, supporting striking increases in diversity, as well as providing a 

carbon source for a large part of the food web (Anderson 1994). Along with habitat structuring 

organisms, abundances of key prey items associated with macroalgal distribution (including 

bivalves and echinoderms) also likely play important roles in driving the population structure of 

wrasse species. Altered infaunal community structure, including a reduction in the number of 

bivalves decapods and polychaetes, has been observed in inner fiord areas as a result of altered 

salinity (Rutger and Wing 2006). Biological gradients in Fiordland provide a useful context in 

which to study niche partitioning due to the distinct separation of habitats along the fiord axis. 

These habitats serve as proxies for the different components of niche space as it might relate to 

Fiordland wrasse species. 
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(a)  

(b)  

Figure 3.2 Photos of typical (a) inner fiord and (b) outer fiord subtidal rocky reef habitat. Photos 

courtesy of S.Wing. 
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3.1.4 Objectives 

This chapter aims to describe patterns in population distribution for wrasses in Fiordland and 

to suggest the most important physical and biological variables for determining these patterns. 

The variables that correlate most strongly with each species‟ distribution will in turn be important 

parameters for predicting the bounds of biological and physical niche space. The first objective is 

to illustrate patterns in distribution for each wrasse species along the fiord axis and among fiords. 

Second, the distribution of wrasses will be mapped relative to community composition. 

Abundance at depth will then be explored as an indicator of microhabitat partitioning. Finally, an 

information-theoretic approach will be used to select the best physical and biological predictors 

of patterns in abundance based on their statistical explanatory power. 

It should be understood that the correlations used in this chapter are not used to infer 

causality. In biological studies, factors are often correlated due to multiple interacting and often 

ambiguous causes. Each statistically significant correlation between two variables represents the 

outcome of multiple interrelated contributing mechanisms (Wright 1921). For example, 

populations of the California temperate reef fish, kelp bass (Paralabrax clathratus) have been 

positively correlated to the density of giant kelp (Macrocystis pyrifera) (Carr 1994). Carr 

suggests that this correlation is driven by a range of mechanisms including larval supply, choice 

of substrate, density dependent growth and mortality, predator abundance and shelter availability. 

For each correlative result in this chapter the aim is to consider the best explanation based on 

what observational and scientific knowledge exists on the biology and behavior of each wrasse 

species.  

Hypotheses: 

H1: Wrasse populations will show evidence of habitat partitioning along physical and biological 

gradients as a reflection of their specific distributions along the fiord axis due to physiological 

limits and dietary preferences. 

H2: Wrasses will show significant differences in abundance among depth strata as a reflection of 

microhabitat partitioning in environments where they co-exist. 
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Research Questions: 

1. How is wrasse community structure distributed throughout Fiordland? 

Physical Niche: 

2. Do abundance patterns indicate habitat partitioning among depth strata? 

3. How well do physical variables predict wrasse distribution? (Surface salinity (surfsal), 

significant wave height (Hsig), and incident solar irradiance (solarglob)?  

Biological Niche: 

4. How well do biological variables predict wrasse distribution? (habitat structuring organisms, 

prey items)?  

3.2 Methods 

3.2.1 Data Collection 

Abundance data was drawn from a series of monitoring projects on the Fiordland Marine 

Area (FMA) carried out by the Department of Conservation (DOC) in 2006, 2007 and 2010. Data 

was collected in an effort to establish baseline population estimates and methods for monitoring 

the effect of management zones. In 2005 the Fiordland marine management act implemented 8 

new marine reserves, 11 commercial exclusion zones, 2 temporary fishery closures and revised 

recreational fishing regulations. Reef fish surveys provide valuable information for monitoring 

the health of the rocky reef community over time. 

Reef Fish Surveys 

During February 2010 wrasse abundances were obtained from depth-stratified surveys of 

reef fish community, rock lobster (Jasus edwardsii) and black coral (Antipathes fiordensis) 

abundance carried out at 36 survey sites throughout Fiordland (Figure 3.3, Table 3.1). Sites were 

chosen to maximize the number of replicate inner, mid and outer fiord areas to characterize 

communities over the largest spatial scale. Sites were classified as inner, mid or outer fiord 

habitats as described in the 2010 monitoring survey (Wing and Jack 2010). Categories were 

chosen based on Ward‟s hierarchical analysis by combining three biological indicators of habitat 

into a GIS framework. The variables of mean sea urchin (Evechinus chloroticus) test diameter, 
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kelp (Ecklonia radiata) morphology and reef fish community structure were used to classify 

basic habitats along the fiord axes.  

Underwater visual census (UVC) techniques were used to quantify abundance of wrasses 

which were compatible with those in previous Fiordland wide fish surveys (Wing et al. 2004). 

During the February 2010 survey 50m x 5m x 2.5m band-transect surveys were carried out at 

three depth strata of 5, 10 and 15 m. Two replicate 50 m transects were carried out at 15 m while 

a single 50 m transect was done at both 10 m and 5 m. Replicate surveys were carried out by two 

dive teams in different directions at each site. In each diver pair one individual carried the 

measuring tape while the second diver recorded all conspicuous reef fish. Fish surveys were 

conducted by the same divers at all sites to ensure maximum consistency and accuracy in fish 

abundance estimates. Variation in fish counts between divers was evaluated to ensure no 

significant difference in species identification. Surveys carried out during 2006 and 2007 used 

replicate methods and overlapping sites. 
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Figure 3.3 Map of reef fish survey sites visited during 2006, 2007 and 2010 throughout 

Fiordland, NZ. Numbers refer to DOC management numbers (see table 3.1). Colors indicate 

habitat type. Blue = outer coast, Red = mid fiord, Yellow = inner fiord. 
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Table 3.1 Reef fish survey sites (2006, 2007 and 2010). AICBIO and AICPHY indicate sites 

used for biological and physical information theoretic analysis (AIC) respectively. 

Site # Fiord Habitat  Longitude Latitude 

AIC 

BIO 

AIC 

PHY 

1 Long Inner 166.870 45.960 x x 

2 Long Inner 166.778 45.990 x x 

3 Long Inner 166.736 46.065 x x 

5 Chalky Mid 166.633 45.932 x x 

6 Chalky Inner 166.665 45.904 x x 

8 Dusky Mid 166.534 45.702 x x 

10 Dusky Inner 166.537 45.761 

 

x 

11 Dusky Mid 166.929 45.726 x x 

13 Wet Jacket Inner 166.767 45.664 x x 

14 Wet Jacket Inner 166.895 45.632 x x 

15 Breaksea Inner 166.926 45.521 x x 

16 Breaksea Mid 166.771 45.568 x x 

19 Doubtful Inner 167.132 45.440 x x 

20 Doubtful Inner 167.127 45.430 

 

x 

21 Doubtful Mid 166.945 45.293 x x 

22 Doubtful Mid 166.943 45.294 x x 

23 Doubtful Outer 166.896 45.280 x x 

24 Bradshaw Inner 167.158 45.303 x x 

25 Bradshaw Inner 167.145 45.292 x x 

27 Nancy Inner 167.107 45.177 

 

x 

28 Nancy Outer 167.031 45.103 x x 

32 Caswell Inner 167.151 45.009 x x 

33 Caswell Inner 167.288 45.045 x x 

34 George Inner 167.383 44.933 x x 

36 Bligh Inner 167.500 44.853 x x 

37 Bligh Inner 167.537 44.803 

 

x 

38 Bligh Outer 167.531 44.795 x x 

39 Bligh Inner 167.524 44.829 x x 

40 Milford Outer 167.790 44.581 x x 

41 Milford Mid 167.824 44.601 x x 

42 Milford Mid 167.881 44.620 x x 

45 Outer Outer 167.397 44.800 x 

 46 Outer Outer 167.143 45.007 

  47 Doubtful Inner 167.085 45.467 x 

 48 Doubtful Inner 167.053 45.350 

  49 Outer Outer 166.678 45.596 x   
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3.2.2 Using an information-theoretic approach 

This chapter uses a method of analysis in which inferences are made about population 

structure based on model selection. An important issue in marine ecological studies is the absence 

of methods to select the best spatial model based on a set of a priori models for community data 

(Godínez-Domínguez and Freire 2003). While p-values are a well accepted method of describing 

ecological patterns, it has been suggested that they are more often than not misused and overused 

in ecological studies (Anderson et al. 2001). Alternately, Anderson and colleagues (2001) suggest 

a method that tests the explanatory power of various parameters combined in a series of linear 

models using an information theoretic approach. This approach is based on Akaike‟s information 

criterion (AIC) which was first developed by Hirotugu Akaike in 1973, based on a relationship 

between Kullback-Liebler distance and Fisher‟s maximized log-likelihood function (Burnham 

and Anderson 1998). Using this approach, model selection is used to identify the “best” model 

out of a series, based on all parameters that may have relevant effects on the data being 

considered. Both the formal likelihood of each model and the rank of each hypothesis are 

estimated. This offers a useful statistical method for integrating alternative hypotheses into 

ecological data rather than relying on a relatively one dimensional null hypothesis (Anderson et 

al. 2000).  

3.2.3 Statistical analysis 

Abundance data 

The abundances of wrasse species were surveyed by two dive teams over multiple depth 

stratified 50m transects at each site, meaning each replicate survey covered a 250 m
2
 (50m, x 5m) 

area. Surveys were depth stratified in 2006 and 2010, however since only 15 m replicates were 

carried out in 2007; surveys from the years 2006 and 2007 were combined for greater resolution. 

No significant difference was found to exist in abundances between years for all species so 

abundances were averaged over year and depth strata to generate an average abundance per 250 

m
2
 at each DOC monitoring site. All abundances were square root transformed prior to analysis. 

All multivariate analyses were carried out in the multivariate program PRIMER version 6.1.12 

and PERMANOVA + version 1.0.2.  
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Modeling patterns in wrasse abundance throughout Fiordland and in multidimensional space 

1. How is wrasse community structure distributed throughout Fiordland?  

Abundances were first visualized by plotting relative abundance in space on a map of the 

survey sites using the program SURFER 8. A post map of abundance was overlaid on a blanking 

file with mean species abundances geo-referenced to survey site locations. 

Principle coordinate analysis (PCO) plots were generated from a Bray-Curtis similarity 

matrix of square root transformed mean abundance (250 m
-2

) of each wrasse species per survey 

site to visualize the relationship between community structure and distribution of wrasses on a 

spatial scale. PCO plots were used as an unconstrained ordination method to visualize 

multivariate patterns in wrasse community distribution. A PCO outputs values for each individual 

observation from a similarity matrix on to principle coordinate axes. A vector of wrasse species 

was overlaid on the community distribution to visualize patterns among habitat types. Bubbles 

representing mean fish abundance at each survey site were superimposed on the PCO to show the 

relationship between mean abundance (250 m
-2

) and community structure for each wrasse 

species.  

Testing for patterns in wrasse abundance over depth 

2. Do abundance patterns indicate habitat partitioning among depth strata? 

To test whether depth is an indicator of habitat partitioning in the wrasse community fish 

abundances were tested for variation over the three depth strata evaluated during the surveys (5, 

10 and 15 m). Abundances were averaged over replicate surveys 250 m
-2

 for each depth strata at 

each of the 36 survey sites using data from 2006, 2007 and 2010 (Table 3.1). Differences in depth 

were evaluated using a PERMANOVA design on a Euclidean distance similarity matrix of 

abundance for each species with „depth‟ as a factor and a minimum of 9999 permutations. Post 

hoc pair-wise tests were applied to determine specific patterns. Abundance at depth over the 

gradient of distance from the entrance of the fiord was visualized using bubble maps generated in 

Data Graph 2.2.3. 
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AIC ranking of physical and biological descriptors of wrasse abundance 

3. & 4. What physical and biological factors best statistically describe wrasse distribution?  

In order to assess the relative importance of physical predictor variables, including surface 

salinity (surfsal), significant wave height (Hsig) and incident solar global irradiation (solarglob) in 

statistically describing wrasse distribution, data was analyzed using a distance-based linear model 

(DistLM), an application of PERMANOVA+. DistLM partitions variation in a data cloud 

according to a multiple regression model and is used to model the relationship between data in a 

resemblance matrix and one or more predictor variables (McArdle and Anderson 2001). DistLM 

was carried out on square root transformed wrasse abundances in a Euclidean distance similarity 

matrix with a maximum of 9999 permutations. Abundances were compared with data on physical 

predictor variables collected at 31 overlapping study sites (Table 3.1). Physical variables were 

also square root transformed. Both „Best‟ and „All specified‟ selections were applied to an AICc 

criterion. Only the ten „best‟ models were reported. The AICc criterion is a modification of 

Akaike‟s index (Akaike 1973) useful when the ratio of samples to predictor variables is small 

(N/v <40) as is the case in this study. The equation for AICc is as follows (Burnham and 

Anderson 1998): 

AICc = AIC + [2K(K+1)]  

                        [n – K – 1] 

 

In the equation, AICc is the selection criterion, K the number of estimated parameters, and n the 

sample size. Results are presented as suggested by Anderson (et al. 2001).  

These methods were also used to evaluate the relative importance of biological factors in 

describing wrasse distribution, including habitat structuring organisms such as kelp (Ecklonia 

radiata) and potential prey item abundances. All biological data on rock wall communities was 

collected concurrently with the reef fish surveys by two to three alternate dive teams during the 

February 2010 Southern Winds DOC cruise. Biological community data from 30 Fiordland-wide 

sites was compared with reef fish survey data from overlapping sites during the same survey 

period (Table 3.1). These sites represent the range of possible biological gradients in Fiordland 

by covering areas from inner to outer fiord; 17 inner, 7 mid and 5 outer fiord sites. All biological 

variables were square root transformed prior to analysis. Methods of data collection and 

processing are described below. 
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Physical Variables 

Physical variables were used to describe patterns in fish abundance and distribution. The 

variables were chosen based on prior knowledge of physical gradients in Fiordland that would 

likely best represent differences in primary habitat types. Salinity, irradiance and wave height 

were chosen for the model because they are key drivers in the partitioning of habitats as well as 

indicators of prey availability in the Fiordland region (Witman and Grange 1998, Wing et al. 

2007, McLeod and Wing 2008b). Patterns in these variables were characterized previously using 

a regional-scale high resolution GIS model (Wing et al. 2004). Detailed methods for collection of 

light and wave height parameters can be found in Wing et al. (2007). 

Surface Salinity 

Surface salinity was recorded at 2 m using replicate Conductivity, Temperature, Depth 

(CTD) surveys over 100 meter intervals with a seabird SBE 19 CTD during 1998, 1999, 2002, 

2003, 2004 and 2005 (Wing et al. 2004). Surface salinity values represent average salinity in the 

upper two meters of the water column.  

Significant Wave Height 

Significant wave height was determined using a simulating waves near shore (SWaN) (Delft 

University of Technology) model which created a regional wave exposure map based on physical 

processes affecting wave formation as well as 20 years of hind casted data on wind and wave 

parameters (Wing et al. 2007). Regions were broken up into 10° bins and combined into a 

weighted mean of significant wave height.  

Incident Solar Global Irradiance 

Fiordland wide solar irradiance data was modeled at 50 m intervals using atmospheric 

turbidity values in the GRASS GIS package (Wing et al. 2007). Values took into account local 

topography and the effects of shading.  
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Biological variables  

Biological variables were chosen based on those which might most successfully describe 

wrasse abundance as a reflection of dietary preference and/or important habitat structuring 

organisms (see Appendix 2, Chapter 2).  

Kelp and Sea Urchin Surveys 

Densities of kelp (Ecklonia radiata) and sea urchins (Evechinus chloroticus) were collected 

during Fiordland-wide monitoring surveys for DOC during February 2010 using 6 to 8 paired 2 

m
2
 depth stratified surveys at 5, 10, and 15 m depths. Site average abundances 250 m

-2
 of E. 

radiata and E. chloroticus were determined by averaging over quadrat pairs and depth strata, 

followed by a square root transformation. 

Invertebrate Photoquadrat Surveys 

Photoquadrats of rock wall communities were taken by a diver to document diversity and 

abundance of encrusting sessile invertebrates and small algae as part of the DOC monitoring 

program in February 2010. Ten photoquadrats at 0.17m
2
 areas were taken along the rock walls at 

stratified depths of 0, 2.5, 5, 10, 15 and 20 m (Wing 2006). Photographs were then analyzed for 

abundances of 115 key species. Species that could not be counted were reported as present or 

absent. From this data the abundances of previously described wrasse prey sources including 

brachiopods (Liothyrella neozelandea, Terebratella spp, and Notosaria nigricans), mussels 

(Mytilus edulis, Perna canaliculus) and barnacles (all species presence absence) were isolated 

and summed by taxonomic group as possible predictors of wrasse distribution. A site average of 

abundance per 0.17m
2
 was calculated over all depth strata and replicate quadrats, then square root 

transformed. Barnacle presence absence data was calculated as mean percent presence per site as 

it was not possible to gain accurate counts of individual abundance. 

  



 

85 

3.3 Results 

3.3.1 Visualizing abundance patterns 

1. How is wrasse community structure distributed throughout Fiordland as well as in 

multidimensional space?  

When distributions for each wrasse species were mapped over all survey sites along both 

latitudinal and longitudinal gradients throughout Fiordland, a strong pattern emerged along the 

fiord axes. Banded wrasse and girdled wrasse were most abundant at outer coast sites, though 

girdled wrasse were least abundant overall (Figure 3.4, 3.5). Scarlet wrasse generally inhabited 

outer and mid fiord areas. Alternatively, spotties appeared to fill their niche best in the inner fiord 

habitat and were the most abundant of the four species (Figure 3.6, 3.7). 

When the wrasse community was plotted in multidimensional space a strikingly similar 

pattern appeared among species despite the fact that no information on descriptive variables such 

as distance were used in generating the figures (Figure 3.8). The trends in distribution appeared to 

be driven by the location of the survey site in relation to distance from the outer coast. This was 

observed in the clustering of data points representing different habitat types in the PCO plots 

(Figure 3.9). The first PCO axis explains the majority of variation among the wrasse community 

(nearly 86%) and is mainly associated with the separation of assemblages at mid and outer coast 

sites from those at inner fiord sites. 
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Figure 3.4 Mean abundance of banded wrasse (Notolabrus fucicola) 250 m
-2

 at all reef fish 

survey sites over 2006, 2007 and 2010.  
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Figure 3.5 Mean abundance of scarlet wrasse (Pseudolabrus miles) 250 m
-2

 at all reef fish survey 

sites over 2006, 2007 and 2010. 
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Figure 3.6 Mean abundance of spotties (Notolabrus celidotus) 250 m
-2

 at all reef fish survey sites 

over 2006, 2007 and 2010. 
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Figure 3.7 Mean abundance of girdled wrasse (Notolabrus cinctus) 250 m
-2

 at all reef fish survey 

sites over 2006, 2007 and 2010. 
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Figure 3.8 Principal coordinate analysis (PCO) plot based on a Bray-Curtis measure of square 

root transformed mean wrasse abundance 250 m
-2

 at 36 survey sites throughout Fiordland over 

the years 2006, 2007 and 2010. Vector indicates trends in species distribution. SP = spotties, GW 

= girdled wrasse, BW = banded wrasse and SW = scarlet wrasse. Symbols represent site type. 

Blue triangles = inner fiord, red x‟s = mid fiord, green circles = outer fiord. 
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Figure 3.9 PCO of distances among centroids based on a Bray-Curtis measure of square root 

transformed abundances of the Fiordland wrasse community. Bubbles represent mean abundance 

of fish 250 m
-2

 from 2006, 2007 and 2010 and each letter represents one of 36 survey sites. 

Letters indicate site type; I = inner fiord, M = mid fiord, C = outer coast. For graph labels; BW= 

banded wrasse, SW= scarlet wrasse, SP = spotties, GW = girdled wrasse. 
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3.3.2 Physical descriptors of habitat partitioning 

2. Do abundance patterns indicate habitat partitioning among depth strata? 

Only banded wrasse and spotties differed significantly in abundance among depth strata 

(PERMANOVA, banded wrasse: Pseudo-F2, 105 = 7.787, p<0.01, spotties: Pseudo-F2,105 = 5.980, 

p<0.01). Pair-wise tests showed that banded wrasse abundances were significantly different 

among all three depth strata, however they differed most significantly between 5 and 15 m with 

higher abundances found at shallow depths (Table 3.2, Figure 3.10). Spotties also had higher 

abundances at shallow depths (5 m). Pair-wise tests revealed their abundance only differed 

significantly between 5 and 15 m depths, though abundances between 5 and 10 m depths were 

also very dissimilar (Table 3.2, Figure 3.10). Despite there being no significant trends in 

abundance with depth found for scarlet wrasse, some survey sites towards the mid fiord appeared 

to have a greater abundance of fish in deeper areas (10-15 m) while girdled wrasse were low in 

abundance overall but appeared to favor mid range depths (10 m) throughout all survey sites 

(Figure 3.11). 

Table 3.2 Post hoc pair-wise comparisons of Fiordland-wide abundance among depth strata for 

banded wrasse and spotties. 

Species Depth df t P permutations 

Banded wrasse 5, 10 1,70 2.052 0.047 9856 

 

5, 15 1,70 3.711 0.001 9850 

 

10, 15 1,70 2.097 0.041 9824 

      Spotties 5, 10 1,70 1.966 0.055 9827 

 

5, 15 1,70 3.386 0.001 9846 

  10, 15 1,70 1.430 0.158 9826 
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Figure 3.10 Mean abundance at depth of spotties and banded wrasse 250 m
-2

 over the gradient of 

distance from the entrance of the fiord for 31 Fiordland-wide survey sites averaged over 2006, 

2007 and 2010.  
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Figure 3.11 Mean abundance at depth of scarlet wrasse and girdled wrasse 250 m
-2

 over the 

gradient of distance from the entrance of the fiord for 31 Fiordland-wide survey sites averaged 

over 2006, 2007 and 2010. 
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3. How well do physical factors predict wrasse distribution?  

Distribution of all wrasse species was most closely associated with the model „abundance = 

Surfsal + Hsig‟, or literally, the mean values of surface salinity and significant wave height (Table 

3.3). Scarlet wrasse were most successfully described by this model (64 % of their distribution or 

r
2
 = 0.634). However, low r

2
 values (r

2
 = 0.372) for banded wrasse indicate the explanatory 

power of the model was relatively low for this species. Solar irradiance was never part of the best 

fit model for any species and was consistently the lowest weighted physical descriptor variable 

for all fishes (Table 3.4). Though the second highest ranking model for banded wrasse, scarlet 

wrasse and spotties used all three physical variables, it was accompanied by a much lower factor 

weight and therefore did not strongly compete with the top ranking model. Ranked weights of wi 

indicated surface salinity was the best predictor variable for banded wrasse distribution, while 

significant wave height was slightly better associated with distribution of scarlet wrasse, spotties 

and girdled wrasse.  

Table 3.3 AICc rank values for physical DistLM models as fitted to scarlet and banded wrasse 

abundance for each species. Shown are the number of parameters (K), AICc, change in AICc, (∆i), 

AICc weight (wi) and the r
2
 value. For all species n = 31 survey sites. 

Species model 

Log 

likliehood K AICc ∆i wi r
2
 

Banded  

Wrasse Surfsal + Hsig 2.519 4 -21.460 0.000 0.372 0.372 

 

solar glob + Hsig + Surfsal 2.452 5 -20.902 0.558 0.281 0.413 

 

solar glob + Surfsal 2.575 4 -19.740 1.720 0.157 0.336 

 

Hsig 2.698 3 -18.375 3.085 0.080 0.249 

 

Surfsal 2.707 3 -18.104 3.356 0.069 0.242 

 

solar glob + Hsig 2.668 4 -16.843 4.617 0.037 0.271 

  solar glob 2.899 3 -12.157 9.303 0.004 0.002 

Scarlet 

Wrasse Surfsal + Hsig 3.709 4 15.421 0.000 0.782 0.637 

 

solar glob + Hsig + Surfsal 3.709 5 18.068 2.647 0.208 0.637 

 

Hsig 4.098 3 25.014 9.593 0.006 0.465 

 

solar glob + Hsig 4.090 4 27.219 11.798 0.002 0.469 

 

Surfsal 4.254 3 29.863 14.442 0.001 0.374 

 

solar glob + Surfsal 4.214 4 31.066 15.645 0.000 0.399 

  solar glob 4.705 3 43.840 28.419 0.000 0.018 
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Table 3.4 AICc rank values for physical DistLM models as fitted to spotty and girdled wrasse 

abundance for each species. Shown are the number of parameters (K), AICc, change in AICc, (∆i), 

AICc weight (wi) and the r
2
 value. For all species n = 31 survey sites. 

Species model 

Log 

likliehood K AICc ∆i wi r
2
 

Spotties Surfsal + Hsig 4.105 4 27.684 0.000 0.599 0.452 

 

solar glob + Hsig + Surfsal 4.095 5 30.018 2.334 0.187 0.458 

 

Hsig 4.279 3 30.622 2.938 0.138 0.348 

 

solar glob + Hsig 4.256 4 32.378 4.694 0.057 0.363 

 

Surfsal 4.426 3 35.193 7.509 0.014 0.245 

 

solar glob + Surfsal 4.419 4 37.428 9.744 0.005 0.250 

  solar glob 4.704 3 43.805 16.121 0.000 0.001 

Girdled 

 wrasse Surfsal + Hsig 1.457 4 -54.386 0.000 0.502 0.419 

 

Hsig 1.583 3 -52.960 1.426 0.246 0.342 

 

solar glob + Hsig + Surfsal 1.452 5 -51.904 2.482 0.145 0.422 

 

solar glob + Hsig 1.569 4 -50.940 3.446 0.090 0.351 

 

Surfsal 1.773 3 -47.048 7.338 0.013 0.203 

 

solar glob + Surfsal 1.762 4 -44.936 9.450 0.004 0.212 

  solar glob 1.995 3 -40.178 14.208 0.000 0.006 

 

Table 3.5 Summed weights for each physical predictor variable based on the sum of wi for each 

model containing that factor. Values in bold indicate the highest ranking variables for each 

species. 

                  Summed weight   

Factor Banded wrasse Scarlet wrasse Spotties Girdled wrasse 

Surface salinity 0.8800 0.9914 0.8045 0.6641 

Significant wave height 0.7697 0.9991 0.9812 0.9823 

Incident solar irradiance 0.4792 0.2107 0.2001 0.2395 
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3.3.3 Biological descriptors of habitat partitioning 

3. How well do biological factors predict wrasse distribution? (habitat structuring organisms/ 

prey availability)? 

In all cases kelp (Ecklonia radiata) abundance was the most successful biological descriptor 

variable in predicting wrasse distribution, with a summed factor weight of 1.0 for all species 

(Table 3.8). The strongest model for describing both banded and scarlet wrasse abundance was 

„abundance = kelp + sea urchins‟ (Table 3.6). The second best model for scarlet wrasse also 

included brachiopods and held a similar factor weight, while the second best model for banded 

wrasse additionally included barnacles, though it had a much lower factor weighting than the first 

model (0.164 versus 0.451). The second best predictor of distribution based on summed factor 

weights after kelp for scarlet and banded wrasse was sea urchins. (Table 3.8) 

The best model for describing girdled wrasse was „abundance = kelp + barnacles‟ while 

spotty distribution was best predicted by the model „abundance = kelp + mussels‟ (Table 3.7). 

Girdled wrasse population structure was relatively well supported by the „best‟ predicted model 

(r
2
 = 0.501) however the explanatory power of the model „abundance = kelp + mussels‟ was low 

(r
2
 = 0.373), indicating spotty distribution was not well characterized by these variables. Though 

kelp (E. radiata) abundance was the most valuable for predicting girdled wrasse and spotty 

distribution, mussel abundance had a similar effect size for spotties and the presence/absence of 

barnacles was closely ranked to kelp for girdled wrasse.  
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Table 3.6 AICc rank values for scarlet and banded wrasse from biological DistLM models as 

fitted to wrasse abundance for each species. Parameters are (K), AICc, change in AICc, (∆i), AICc 

weight (wi) and the r
2
 value. For all species n = 30 survey sites. K = kelp (Ecklonia radiata), SU 

= sea urchins (Evechinus chloroticus), BA = barnacles, BR = brachiopods, MU = mussels. 

Species model Log likliehood K AICc ∆i wi r
2
 

Banded  

wrasse K, SU 2.179 4 -29.740 0.000 0.451 0.662 

 

K, SU, BA  2.157 5 -27.716 2.024 0.164 0.670 

 

K, SU, BR 2.173 5 -27.237 2.503 0.129 0.664 

 

K, SU, MU 2.179 5 -27.066 2.674 0.118 0.662 

 

K, SU, BR, BA  2.141 6 -25.294 4.446 0.049 0.675 

 

K, SU, BA, MU 2.157 6 -24.818 4.922 0.038 0.670 

 

K, SU, BR, MU 2.173 6 -24.340 5.400 0.030 0.664 

 

K, SU, BR, BA, MU 2.141 7 -22.146 7.594 0.010 0.675 

 

K 2.535 3 -21.546 8.194 0.007 0.518 

 

K, MU 2.526 4 -19.334 10.406 0.002 0.522 

        Scarlet  

wrasse K, SU 4.037 4 25.994 0.000 0.254 0.553 

 

K, SU, BR 3.954 5 26.169 0.175 0.232 0.589 

 

K, SU, MU 4.002 5 27.630 1.636 0.112 0.568 

 

K, SU, BR, MU 3.917 6 27.980 1.986 0.094 0.603 

 

K, SU, BA 4.035 5 28.619 2.625 0.068 0.554 

 

K, BR 4.128 4 28.729 2.735 0.065 0.510 

 

K, SU, BR, BA 3.951 6 29.008 3.014 0.056 0.589 

 

K 4.230 3 29.313 3.319 0.048 0.457 

 

K, BR, MU 4.072 5 29.737 3.743 0.039 0.537 

  K, MU 4.175 4 30.141 4.147 0.032 0.486 
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Table 3.7 AICc rank values for girdled wrasse and spotties from biological DistLM models as 

fitted to abundance. Parameters are (K), AICc, change in AICc, (∆i), AICc weight (wi) and the r
2
 

value. For all species n = 30 survey sites. K = kelp (Ecklonia radiata), SU = sea urchins 

(Evechinus chloroticus), BA = barnacles, BR = brachiopods, MU = mussels. 

Species model 

Log 

likliehood K AICc ∆i wi r
2
 

Spotties K, MU  4.322 4 34.558 0.000 0.298 0.373 

 

K, BA, MU 4.272 5 35.721 1.163 0.167 0.404 

 

K, BR, MU 4.288 5 36.193 1.635 0.132 0.394 

 

K 4.489 3 37.066 2.508 0.085 0.260 

 

K, SU, MU 4.317 5 37.083 2.525 0.084 0.376 

 

K, BA  4.430 4 37.800 3.242 0.059 0.302 

 

K, BR, BA, MU 4.253 6 38.055 3.497 0.052 0.415 

 

K, SU, BA, MU 4.255 6 38.107 3.549 0.051 0.414 

 

K, BR 4.454 4 38.521 3.963 0.041 0.285 

 

K, SU, BR, MU 4.285 6 39.024 4.466 0.032 0.396 

 

Girdled wrasse K, BA 1.992 4 -35.366 0.000 0.452 0.501 

 

K, BA, MU 1.983 5 -32.947 2.419 0.135 0.506 

 

K, SU, BA 1.986 5 -32.845 2.521 0.128 0.504 

 

K, BR, BA 1.987 5 -32.833 2.533 0.127 0.504 

 

K, BR, BA, MU 1.978 6 -30.188 5.178 0.034 0.508 

 

K, SU, BA MU 1.980 6 -30.143 5.223 0.033 0.507 

 

K 2.250 3 -30.091 5.275 0.032 0.354 

 

K, SU, BR, BA 1.983 6 -30.039 5.327 0.031 0.506 

 

K, BR  2.217 4 -28.596 6.770 0.015 0.375 

  K, MU 2.235 4 -28.069 7.297 0.012 0.364 

 

Table 3.8 Summed weights for biological predictor variables based on the sum of wi for each 

model containing that factor. Bold values = the highest weighted variables after kelp. 

             Summed weight   

Factor Banded wrasse Scarlet wrasse Spotties Girdled wrasse 

Kelp 1.0000 1.0000 1.0000 1.0000 

Sea urchins 0.7439 0.8162 0.1668 0.1928 

Brachiopods 0.2183 0.4861 0.2565 0.2081 

Barnacles 0.2229 0.1244 0.3280 0.9406 

Mussels 0.1998 0.2768 0.8149 0.2137 
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Discussion 3.4 

3.4.1 Indictors of physical niche space 

Information theoretic models suggest patterns in abundance for members of the Fiordland 

wrasse guild are best described statistically by the physical gradients of salinity and wave height. 

These factors can create limits based on several mechanisms such as physiological tolerance, 

prey availability or habitat complexity. Rapid decreases in salinity toward the head of the fiord 

likely limit scarlet, banded and girdled wrasse distribution along the fiord axis as a result of 

decreasing prey availability (McLeod and Wing 2008b) as well as the physical stressors of a low 

salinity environment. Marine species of fish living in reduced salinity environments must put 

more energy into maintaining osmotic equilibrium, therefore reducing overall fitness (Serafy et 

al. 1997). Wrasse species may avoid low salinity environments to maintain more optimal 

condition. 

Spotties have been known to exist in relatively high abundance in both marine and estuarine 

environments (Ayling and Cox 1982). Their ability to exist in high abundance in low salinity 

environments suggests that spotties as a species can be very plastic in their diet choice and 

physiological tolerance. By living most successfully in the inner fiord semi-estuarine 

environment and feeding on lower energy prey (small crustaceans and gastropods rather than 

bivalves), spotties may avoid direct competition with larger wrasses which remain abundant in 

marine waters (>30 psu). Distributions of banded wrasse on the other hand, were best associated 

with salinity levels typical of the open ocean and were often absent at mid and inner fiord sites 

with estuarine influence (Fig. 3.1, 3.4). Banded wrasses are large, prey specific predators of 

bivalves and crustaceans that thrive in high salinity environments (Denny and Schiel 2001) (see 

Chapter 2). As the larger of the four species, banded wrasse distribution may be less affected by 

predation, allowing them to choose to live only in areas where conditions provide optimal prey 

abundance and availability. 

Mean wave height is an important indicator of environmental gradients which influence 

wrasse abundance along the fiord axis. Increased wave action results in more frequent mixing of 

nutrients and dissolved gases necessary for photosynthesis, which in turn describes the best areas 

for important sheltering macroalgal habitat (Hepburn et al. 2007). This affect on habitat is the 

most obvious explanation for the importance of wave height in the distribution of wrasses. 

Spotties were the only species to exist in greater abundance in calm areas (Fig. 3.2, 3.6). Though 



 

101 

spotties are often associated with kelp forest areas on the outer coast in New Zealand (Jones 

1984a), their generalist feeding strategy allows them to live and forage successfully over a wide 

range of conditions, including calm estuarine inner fiord environments (McLeod et al. 2010). In 

these less competitive inner fiord areas spotties may be less dependent on sheltering macroalgae 

and utilize alternate habitat structure such as sea grass (Zosteraceae) and rock crevices. 

Incident solar global irradiation was a relatively insignificant factor in modeling Fiordland 

wrasse abundance (see Table 3.5). Relative levels of irradiance vary with topographic shading 

due to the steep mountain ranges lining the fiords, and are found to vary over the length of the 

fiord, though are weakest at south facing inner fiord areas (Wing et al. 2007). As most wrasse 

distributions except that of spotties, are centered in the outer to mid fiord region, solar irradiance, 

which varies most steeply in the inner reaches of the fiords, may have less direct impact on 

overall wrasse community structure. Incident solar irradiance may also be an overall less 

powerful indicator of preferred habitat structure and physiological limits relative to wave height 

and salinity.  

3.4.2 The influence of biological parameters in abundance patterns 

Variation among the biological models which best described population structure among 

Fiordland wrasse indicates resource partitioning likely occurs among species. The abundance of 

each species was best described by models which included kelp (Ecklonia radiata) abundance in 

combination with various prey types. The low explanatory power of any of these variables in 

describing spotty distribution indicated this species is likely driven by biological factors not 

included in the model, or that they are more strongly driven by the physical variables previously 

discussed (section 3.4.1). As the smallest of the four wrasse species, spotties may exist best in 

areas with low predation and competition, resulting in less emphasis on the habitat structure and 

prey sources modeled in this study.  

Biological descriptors of banded, scarlet and girdled wrasse abundance indicate resource 

partitioning as a reflection of dietary preference. Though banded wrasse and scarlet wrasse 

shared kelp (E. radiata) and sea urchin (Evechinus chloroticus) abundance as the best AICc 

model, scarlet wrasse were equally well described by kelp and brachiopods (Table 3.5). It may 

seem unintuitive that kelp and sea urchins would be paired within the same model, as high 

abundances of urchins are often associated with „barren‟ areas where kelp has been grazed into 

nonexistence (Shears and Babcock 2002). However, echinoids have been observed to have a 
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relatively small affect on macroalgal community structure in southern New Zealand and 

Fiordland, rarely dominating subtidal reefs (Schiel 1990). Macroalgae and the sea urchins which 

feed on them are normally observed in speciose, productive subtidal rocky reef communities 

(Choat and Ayling 1987). The results of this study may indicate that scarlet and banded wrasse 

feed on sea urchins to a greater degree than girdled wrasse, or that they simply live most 

successfully in highly productive macroalgal reef environments.  

Scarlet wrasse are unique among Fiordland wrasse species in their dietary emphasis on 

brachiopods (Brachiopoda). Supported by diet observations from gut analysis in Chapter 2 and 

the biological AICc models (Appendix 2), scarlet wrasse were the only species to favor this prey 

choice. Brachiopods are macroscopic fossil suspension feeding invertebrates from the Paleozoic 

era which struggle to compete against modern taxonomic groups such as bivalves with higher 

energy life strategies (Thayer 1985). In order to avoid competitive interaction for space, 

brachiopods normally populate areas that have low or seasonal productivity such as sheltered 

fiords and caves, or vertical overhanging rock slopes below 10 m (Doherty 1979). The scarlet 

wrasse‟s preference for deep rocky substrate is indicative of their preference for this prey species 

and may explain their high abundance relative to girdled and banded wrasse in mid fiord regions. 

Due to low predation rates, brachiopods have been hypothesized to have developed a chemical 

defense to repel predators (Thayer 1985). However, it is more likely these invertebrate species 

are less preferred prey as a result of their low tissue density and high inorganic content in 

comparison to bivalves (Peck 1993). Scarlet wrasse may have specialized to feed at depth on 

steep rocky substrate on a slightly lower energy prey type in order to reduce competitive 

interaction with other invertebrate predators for mussels (Mytilus edulis galloprovincialis) or 

other bivalves.  

Girdled wrasse differed from banded and scarlet wrasse in their association with barnacle 

(cirripedia) distribution. Barnacles are typically shallow water sessile invertebrate filter feeders, 

preferring wave washed intertidal zones (Foster 1967). In Doubtful Sound, barnacles 

(Chamaesipho columna and Epopella plicatus) form large aggregations in wave exposed, high 

salinity, outer fiord areas, with the exception of the estuarine barnacle Elminius modestus, 

observed to persist in mid and inner fiord areas (Boyle et al. 2001). A preference for deeper 

waters does not support the girdled wrasse‟s modeled association with barnacle distribution as a 

prey choice; however the correlation may be a stronger indicator of general habitat type. In 
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agreement with the physical variables in the previous models, girdled wrasse are closely 

associated with well mixed open coast sites which also support high abundances of barnacles. 

Kelp (Ecklonia radiata) abundance is a primary biological descriptor of habitat preference 

among species of Fiordland wrasse. This is unsurprising as these fish are typical of subtidal 

coastal rocky reefs, and depend on E. radiata for shelter during recruitment as well as during 

adulthood (Pérez-Matus and Shima 2010). Scarlet, banded and girdled wrasse, also have diets 

which are dominated by macroalgal carbon sources due to their preference for algal grazers 

(Evechinus chloroticus) and benthic filter feeders (Mytilus edulis galloprovincialis) which 

consume algal detritus (Chapter 2). The biological models in this study emphasized the prevailing 

influence of macroalgal habitat as a covariate of resource availability in supporting abundant reef 

fish communities. 

3.4.3 Distribution at depth as an indicator of habitat limiting physical and biological 

gradients  

Patterns in abundance among depth strata indicate evidence of microhabitat partitioning 

among wrasse species (Table 3.2, Fig.3.1-3.2). Microhabitat partitioning has often been observed 

among co-occurring species on temperate reefs (Ebeling and Laur 1986, Richards 1986). Relative 

habitat depth on temperate reefs in New Zealand reflects within site variation in both physical 

and environmental variables, creating variation in fish assemblages (Brook 2002, Anderson and 

Millar 2004). Physical variables such as temperature, wave exposure, and currents generally 

decrease with depth and may limit niche space among wrasses. Environmental variables, some 

dependent on these physical gradients, including reef topography, macroalgal community 

structure, and benthic encrusting communities, also exhibit depth related trends (Choat and 

Ayling 1987, Jones 1988). The depth specificity among populations of Fiordland wrasse species 

may reflect the presence of specific habitat structure, resource abundance, or competition related 

zonation.  

Banded wrasse and spotties are most abundant in shallow areas (5-10 m) on temperate reefs 

in Fiordland, as observed elsewhere in New Zealand (Denny 2005). Banded wrasse likely prefer 

the well lit wave washed zone due to high kelp cover and prey (mussel) densities. In their favored 

inner fiord habitat, spotties also may prefer shallow well lit areas where they can most easily 

forage for small invertebrates and crustaceans such as amphipods and isopods (Chadderton et al. 

2003). Spotties are likely strongly affected by depth in the inner fiord as it is a strong predictor of 
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incident solar irradiance due to the rapid decrease in light attenuation below the freshwater layer 

(Goebel et al. 2005).  

Though scarlet wrasse abundance did not vary significantly with depth, the survey data for 

this species was confounded by the fact that there were numerous juvenile recruits on most reefs 

surveyed (diver observation). Juvenile preference for macroalgal sheltering habitat (Francis 1988) 

placed an emphasis on scarlet wrasse abundance in shallow water depths. Without size class 

information it was impossible to confine the analyses to trends in adult fish presence. It is likely 

however, that adult fish would have been found to aggregate in significantly higher abundances 

in deep strata (10-15 m) where they are commonly found to inhabit rocky crevices, preferring this 

habitat to macroalgal dominated areas (Francis 1988, Paulin and Roberts 1992).  

Girdled wrasse were rare overall compared to the other wrasse species, making it difficult to 

observe patterns on their abundance at depth. These fish generally exist in low abundance and 

prefer deeper habitats (Ayling and Cox 1982) though no studies have specifically addressed their 

ecology or distribution. With similar depth preferences to scarlet wrasse, perhaps girdled wrasse, 

being the smaller of the two species, only exists in abundance in areas where it does not compete 

for habitat space.  

3.4.4 Caveats 

Modeling using an information theoretic approach provides a useful method of evaluating 

alternative hypotheses to describe ecological data, however there are a few limitations. A model 

can be constructed successfully only through careful consideration of existing knowledge. The 

first step in the modeling process is to select a model with variables hypothesized to affect the 

process being studied. However, no model proves causality and we have to confine our 

conclusions to statistical relationships. If the proposed models in this chapter failed to include 

important factors which may determine wrasse distribution, or included meaningless factors, it is 

possible to have drawn misleading conclusions (Johnson and Omland 2004). Any conclusions 

drawn from the models in this chapter must be considered with the knowledge that they do not 

take into account every possible influence on wrasse population abundance but include those 

hypothesized to be most influential based on previous studies and field observations.  

The physical variables from GIS data used to predict patterns in wrasse distribution in this 

study were based on historical mean values for each survey site and therefore were not directly 

correlated to the time period of the fish surveys. Actual levels of light, salinity and wave height 



 

105 

during the survey periods may have differed from the mean levels predicted by the data. 

However, fish surveys were averaged over three years, and patterns in abundance observed were 

assumed to have been created in response to the long-term trends which are reflected in the 

physical data. 

Accuracy in the characterization of fish population structure using visual count SCUBA 

surveys may have been affected by a few factors. Estimates of wrasse abundances using open 

circuit (OC) SCUBA and re-breathers (RB) have shown no major differences in population 

estimates, indicating these fishes are not scared away by the sound and bubbles of the OC (Cole 

et al. 2007). However, diver observations during this study indicated that wrasses, especially 

girdled wrasse and spotties, were diver-positive. The fact that girdled wrasse were the least 

abundant of all species indicates their behavior did not have much effect on the statistical 

relationships resolved. No effort was made to differentiate fish by size class, however habitat use 

among New Zealand wrasse has already been proven to vary among growth phases (Jones 1988) 

and was not central to this study.  

3.4.5 Conclusion 

This study further described both physical and biological definitions of niche space among 

species in the Fiordland wrasse guild. This was done by rating the relationship of fish abundance 

to physical and biological models, which included variables hypothesized to affect wrasse 

abundance (Figure 3.12). Evaluation of these models resulted in the following conclusions: 

 Fiordland wrasse species separate out along spatial gradients along the fiord axis as well 

as within the wrasse community. 

 Surface salinity and significant wave height are important physical descriptors of wrasse 

distribution among all four species. Spotties showed evidence of habitat partitioning that 

differed from other wrasses along these gradients, existing in highest abundance in calm 

estuarine environments. 

 Biological descriptors of patterns in abundance indicate banded, scarlet and girdled 

wrasse are well correlated with macroalgal (Ecklonia radiata) habitat, however all species 

favored slightly different resources. Spotty distribution was poorly described by the 

biological models used. 
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 Wrasses showed some evidence of microhabitat partitioning among depth strata. Scarlet 

wrasse generally live below 10 m while banded wrasse and spotties prefer shallow reef 

zones (5-10 m). 

Fiordland-wide patterns in wrasse abundances observed in this study exposed important 

drivers of population structure and physical and biological niche space. Similar physical 

descriptors of abundance appear to be central among all wrasse species, indicating the importance 

of these gradients as key factors in the overall community structure of Fiordland‟s subtidal 

ecosystems. While spotties exhibit high plasticity in habitat and prey type, scarlet wrasse, banded 

wrasse and girdled wrasse exploit a much narrower range of resources. In order to further explore 

evidence of niche partitioning, Chapter 4 will evaluate differences in resource use in relation to 

morphology. In this study the similarity of morphological indicators of foraging strategy will be 

evaluated among species to determine whether differences in their physical structure reflect 

differences in dietary preference. 
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Figure 3.12 Schematic of the relationship between Fiordland‟s physical and biological gradients 

and the mechanisms which might create realized niche space. Green arrows indicate factors 

which determine biological niche space and blue arrows indicate relationships within factors of 

physical niche space. Drivers of physical and biological niche space are interrelated and together 

create the realized niche of a population. 
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CHAPTER FOUR: 

Morphology as an indicator of diet specialization among 

Fiordland wrasses 

 

 

Female scarlet wrasse (Pseudolabrus miles) (photo courtesy of S.Wing). 
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4.1 Introduction 

4.1.1 The role of ecomorphology in resource partitioning and biodiversity in marine fishes 

Defined as the study of the relationship between the functional design of organisms and the 

environment (Wainwright 1991), ecological morphology addresses the role of anatomical 

structures and their influence on an organism‟s ecology. As previously discussed in Chapter 2, 

direct observations of gut contents and isotopic signatures are useful indicators of dietary niche. 

However, differences in the morphological structures involved in prey capture have also been 

used to provide additional evidence of resource partitioning among fishes in both tropical 

(Bellwood et al. 2006) and temperate marine environments (Labropoulou and Eleftheriou 1997). 

An organism‟s phenotype and resulting realized niche have been hypothesized to be determined 

by environmental factors such as food availability and habitat, as well as intrinsic factors 

including genotype and maternal effects (Norton et al. 1995). Therefore morphology may be used 

to make inferences on some of these factors, in this case diet. 

The role of morphology as an indicator of dietary specialization has most often been 

explored by relating ecological resource use to morphological characteristics, whereby organisms 

with similar feeding strategies are hypothesized to share similar morphologies (Schafer et al. 

2002). Characteristics including head length, mouth gape, mouth protrusion, jaw morphology and 

tooth form have all been used in evaluating feeding morphology in fishes (Adams 1980, 

Wainwright et al. 2004). Though some studies have observed a direct link between morphology 

and diet (Hallacher and Roberts 1985, Clifton and Motta 1998), others found no correlation at all 

(Feary et al. 2009). Morphology and ecology may not always have a direct relationship as a result 

of limits to an organism‟s potential resource use other than its physical structure including 

behavior, physiology, resource availability and predator distribution (Motta et al. 1995).  

4.1.2 Fish morphology as a reflection of foraging strategy 

The morphological structure of a fish‟s head, including the size, shape and jaw mechanisms, 

is strongly related to its foraging strategy and the types of prey it can eat (McLellan 1977, 

Grossman 1986). For example, the speciose tropical butterfly fishes (Perciformes, 

chaetodontidae), include a wide variety of morphologies to match their specific feeding guilds 

(Motta 1988). Butterfly fish which tear their prey (C. auriga) have projectile lower jaws suited to 

grasping, while coral grazing species (C. ornatissimus) have large asymmetrical shovel shaped 
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mouths better adapted to crunching tough coral. Though reef fish communities in temperate 

waters tend to be less speciose than those found on tropical coral reefs (Mora et al. 2003), they 

also support coexisting sympatric species with evidence of diet driven morphological 

specialization (Hallacher and Roberts 1985). The aim of this study is to explore the diet and 

foraging strategy of four species of Fiordland wrasse in relation to their ecological morphology. 

4.1.3 Ecomorphology and niche partitioning among wrasses (Labridae) 

Wrasses (family Labridae) make up a hugely diverse (~550 species) array of reef associated 

fishes found globally in both tropical and temperate waters. These species are known for their 

high ecological diversity, which has been linked with variation in their feeding strategies 

(Wainwright 1988). Wrasses are a dominant group in many coral reef communities, thus most 

studies linking morphology to diet have involved tropical species (Wainwright and Richard 1995, 

Ferry-Graham et al. 2002b, Wainwright et al. 2004, Bellwood et al. 2006). Though some studies 

do exist on temperate wrasses (Kabasakal 2001, Platell et al. 2010) no published work yet 

addresses the feeding morphology of wrasses in New Zealand, including those in this study; 

banded wrasse (Notolabrus fucicola), scarlet wrasse (Pseudolabrus miles), girdled wrasse 

(Notolabrus cinctus) and spotties (Notolabrus celidotus). These species represent a diverse range 

of body sizes and habitat use and are each distributed widely throughout the South Island and 

within the Fiordland study system. 

Morphological differences in jaw mechanics and mouth gape have been most commonly 

used to relate feeding strategy in tropical wrasses (Westneat 1990, Clifton and Motta 1998, 

Wainwright et al. 2004). Wainwright and Richard (1995) found weak relationships between jaw 

closing mechanics and foraging strategy among 130 labrid species on the Great Barrier Reef. 

However, further exploration of oral and pharyngeal jaw morphology among five tropical labrids 

indicated that despite little discrepancy among morphological variables, those measurements 

indicating performance such as pharyngeal crushing force potential, were good indicators of diet 

(Clifton and Motta 1998). Ultimately, it is necessary to identify the features most strongly 

involved in the feeding process in order to find links between morphology and diet (Westneat 

1994). In the case of labrids, certain key elements of musculoskeletal structure common to all 

species have been identified which are fundamental to feeding. 
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4.1.4 Skull morphology of wrasses 

Though the skull morphology of wrasses has been observed to vary considerably among 

species (Wainwright et al. 2004), there are several basic characteristics which define their role as 

predators in reef communities. As previously shown (Chapter 2), wrasses feed over a range of 

trophic levels, however they most often feed specifically on invertebrates that take refuge on the 

benthos. Their feeding strategy is supported by a skull morphology which includes strong jaws 

and well formed, sharp teeth in an anterior position for grasping prey.  

The primary parts of the mouth used during feeding are the oral jaws, which are used to 

grasp and control prey. Although jaw morphology suggests biting would likely be the dominant 

foraging strategy in wrasses, studies indicate ram and suction behaviors are more often used 

(Westneat 1990, Ferry-Graham et al. 2002b). Suction feeding in wrasses is controlled by the 

hyoid apparatus, located posterior to the jaw. Another important structure in food processing are 

the pharyngeal jaws, a second set of tooth-like structures between the mouth and the digestive 

tract which limit prey use based on the crushing strength of each species (Wainwright 1988) 

(Figure 4.1). These secondary jaws are used to break through the shells of hard bodied prey or for 

winnowing food matter from the sand (Wainwright et al. 2004). In addition to jaw shape, orbit 

shape and head length have also been observed to influence methods of prey capture in fishes 

(Maldonado et al. 2009). 

In Fiordland, diet among spotties, banded wrasse, scarlet wrasse, and girdled wrasses has 

been observed to overlap significantly at sites where all four species exist in high abundances, 

generally exploiting benthic invertebrates such as bivalves, echinoderms and crustaceans (see 

Chapter 2). There are also clear differences in the distribution among habitats which may be 

related to prey distribution (see Chapter 3). On a smaller scale however there are some 

differences in diet relative to trophic level and prey choice at the species level. This diet 

specificity among species may also be reflected in their feeding morphology. 

4.1.5 Objectives 

The objective of this chapter is to determine whether the fishes of the Fiordland wrasse guild 

exhibit evidence of resource partitioning via differences in key morphological structures 

associated with foraging strategy. Differences in the morphology of each individual structure will 

first be evaluated among all four species. This univariate procedure will be followed by a 
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multivariate canonical analysis of principle coordinates (CAP) to determine the uniqueness of the 

suite of measured traits as they relate to each species. Finally, a qualitative evaluation of 

differences in dentary structure will be discussed as additional evidence of ecomorphological 

phenotype. 

Hypothesis: 

H1: Banded, scarlet and girdled wrasse will have strongly overlapping morphologies, while 

spotties will be unique in their utilization of smaller, less hard shelled prey. 

Research questions: 

1. Do key morphological indicators of foraging strategy differ significantly among wrasse 

species as a reflection of diet partitioning? 

2. What is the level of morphological distinctiveness of each wrasse species and does this reflect 

the differences observed diet? 

3. Is dentary structure unique or specialized among species in support of differences in foraging 

strategy? 
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Figure 4.1 Illustrations of wrasse pharyngeal jaw morphology from (A.) lateral and (B.) posterior 

views. Structures of the oral jaws, suspensorium, opercle series and branchial apparatus are not 

shown to reveal the more prominent features of the pharyngeal jaws. Abbreviations: FM, foramen 

magnum, LP, levitator posterior muscle, LPJ, lower pharyngeal jaw, ORB, orbit, UPJ, upper 

pharyngeal jaw. Diagram adapted from Wainwright (1988). 

  



116 

4.2 Methods 

4.2.1 Sample collection  

Fish used in this morphological study were the same as those used in diet analysis and were 

caught as described in Chapter 2 (section 2.2.2) during the austral summer of 2009/2010 at six 

paired inner and outer fiord locations at Thompson/Bradshaw Sound, Doubtful Sound and Dusky 

Sound (Figure 2.1 A). Sample sizes differed among species; spotties n = 68, scarlet wrasse n = 

30, banded wrasse n = 28, girdled wrasse n = 13 (see table 2.1 for details). Within three to five 

hours of capture, fish were weighed to the nearest 0.1 g and standard length as well as total length 

was recorded to the nearest 1 mm using a ruler. Four head and mouth measurements were taken 

which are thought to influence feeding strategy and diet partitioning in fishes (Motta 1988). 

Measures of HL (head length), UJ (upper jaw length), OR (orbit length) and MG (mouth gape) 

were recorded for each fish (Figure 4.2). Mouth gape was considered the widest opening point 

between the anterior tips of the oral jaws. All measurements were made to the nearest 1 mm 

using Vernier calipers. 

 

 

 

Figure 4.2. Body and head measurements of Fiordland wrasse used in morphological analysis. 

(1) Total length (TL) snout tip to caudal tip; (2) Standard length (SL) snout tip to caudal base; (3) 

Maxillary length (UJ), snout tip to maxillary tip; (4) Orbital diameter (OR), widest distance 

across the orbital; (5) Head length (HL), snout tip to innermost point of gill slit (6) Mouth gape 

(not shown). 
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4.2.2 Morphological Analysis 

1. Do morphological indicators of foraging strategy differ significantly among wrasse species? 

All data analysis was carried out in the multivariate program PRIMER version 6.1.1.2 and 

PERMANOVA + version 1.0.2. In order to investigate whether specialization in foraging 

techniques might be indicated by differences in morphology, a univariate PERMANOVA design 

was applied to each morphological variable with „species‟ as a factor. Morphological data was 

first normalized using the „normalise‟ function in PERMANOVA to remove the affect of size. A 

PERMANOVA was then run on a Euclidean distance based similarity matrix of the normalized 

data to test for significant differences for each of the four morphological variables among the four 

species.  

2. What is the level of morphological distinctiveness relative to each wrasse species? 

In order to determine the relative morphological distinctiveness of physical features that may 

reflect diet partitioning, a canonical analysis of principal coordinates (CAP) was applied to the 

group of morphological variables. CAP is a traditional canonical discriminant analysis on a 

subset of coordinate axes from a metric multi-dimensional scaling (Anderson and Willis 2003). 

Constrained analyses such as MDS (multi-dimensional scaling) or PCA (principle component 

analysis) can often hide important ecological patterns because they find the direction of 

maximum variation in a data cloud. CAP analysis conversely, draws an axis through the data 

cloud that best separates the groups (Anderson and Willis 2003). This method is useful for 

finding axes through a multivariate cloud of points that are best at discriminating among a priori 

groups as well as assessing the distinctiveness of the groups from one another in multivariate 

space (Anderson and Robinson 2003). In this study separate canonical analyses were done to 

visualize the relationship between multivariate variation in fish morphology and wrasse species. 

CAP analysis was run on a Euclidean distance based similarity matrix of four measured variables 

(m = 4) in order to maximize the allocation success. Data did not need to be normalized for this 

test as normalization is ensured because of the fact that CAP uses orthonormal PCO axes 

(Anderson and Willis 2003). 

3. Are dentary structures unique among species, supporting the idea of diet partitioning? 

Dentary structure was observed by removing the upper and lower jaws from a sample of 

each of the four wrasse species. Muscle and tissue were removed by boiling and dissection. 
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Bones were then allowed to soak in a light bleach solution. Photographs were taken to scale of 

upper and lower jaws for pre and post maxillary teeth using a video camera mounted to a 

dissecting microscope at Portobello Marine Lab. Although no measurements were recorded 

which described dentary structure, differences in morphology were evaluated qualitatively. 

4.3 Results 

4.3.1 Differences in morphological characters among wrasse species 

1. Do key morphological indicators of foraging strategy differ significantly among wrasse 

species? 

Significant differences existed among the four species of wrasse for all morphological 

variables measured (Head length: Psuedo-F3,138 = 18.72, p < 0.001; Upper jaw: Psuedo-F3,138 = 

17.523, p < 0.001; Orbit width: Psuedo-F3,138 = 15.434, p < 0.001; Mouth gape: Psuedo-F3,138 = 

14.596, p < 0.001). Pair-wise tests confirmed that differences were largely driven by the 

uniqueness of spotty morphology, as they were significantly smaller than all other species for all 

four morphological variables (Table 4.1). No significant differences existed among the remaining 

three species for any of the features measured. 
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Table 4.1 Results of pair-wise PERMANOVA analysis on differences in morphological features 

among wrasse species. 

Character species df t P permutations P (MC) 

Head length SP, SW 1,96 6.4282 0.0001 728 

 

 

SP, BW 1,94 6.0638 0.0001 935 

 

 

SP, GW 1,79 5.4058 0.0001 466 

 

 

SW, BW 1,56 1.0626 0.2913 477 

 

 

SW, GW 1,41 0.0397 0.9688 239 

   BW, GW 1,39 0.7654 0.4510 387   

Upper jaw length SP, SW 1,96 5.9325 0.0001 308 

 

 

SP, BW 1,94 5.9295 0.0001 384 

 

 

SP, GW 1,79 4.5226 0.0001 185 

 

 

SW, BW 1,56 0.9712 0.3474 175 

 

 

SW, GW 1,41 0.3021 0.7835 97 0.7602 

  BW, GW 1,39 0.9310 0.3551 143   

Orbit width SP, SW 1,96 6.2602 0.0001 125 

 

 

SP, BW 1,94 4.5311 0.0001 150 

 

 

SP, GW 1,79 6.1505 0.0001 83 0.0001 

 

SW, BW 1,56 0.0776 0.9446 135 

 

 

SW, GW 1,41 0.7892 0.4580 65 0.4332 

  BW, GW 1,39 0.5233 0.6098 114   

Mouth gape SP, SW 1,96 6.0113 0.0001 307 

 

 

SP, BW 1,94 4.7306 0.0001 381 

 

 

SP, GW 1,79 5.2678 0.0001 214 

 

 

SW, BW 1,56 0.3315 0.7347 333 

 

 

SW, GW 1,41 0.5290 0.6233 87 0.5968 

  BW, GW 1,39 0.0388 0.9781 272   

 

4.3.2 Multivariate classification of morphological phenotype among wrasse species 

2. What is the level of morphological distinctiveness relative to each wrasse species? 

Results of canonical analysis supported the fact that spotties were morphologically distinct 

from the three other wrasse species (Table 4.2). CAP modeling of the m = 4 PCO axes included 

nearly 100% of the original variation (prop.G = 0.9996) and leave-one-out success was fairly 

high, correctly classifying 71.94 % (100/139) of all samples. The first squared canonical 

correlation explained a fair amount of variation (δ1
2 

= 0.49) while the second axis explained a 

slightly smaller proportion (δ2
2 

= 0.35). Spotties had 80.8% success under cross-validation, while 

the remaining three species had 70% allocation success or less. For these data, differences 

between spotties and the other wrasses appeared be strongly driven by all four morphological 
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variables. Though the distinctiveness among species was not obvious in the unconstrained 

analysis (PCO) it is more easily observed in the multivariate CAP plot (Figure 4.3). When 

looking at the reclassification rate of each species from the group by pure chance the 

reclassification rate for spotties, scarlet wrasse, banded wrasse and girdled wrasse was 48%, 21%, 

20% and 9% respectively which indicates the high % allocation for spotties may have been 

influenced by their relatively large sample size. 

Table 4.2 Results of canonical analysis of principal coordinates (CAP) on 4 morphological 

indicators of diet. %Var = percent of the total variation explained by the first m principal 

coordinate axes. Allocation success = % of points correctly allocated into each group. 

Factor m % Var Allocation success (%) 

Species 2 71.94 

 Spotty 

  

80.88 

Scarlet wrasse 

 

70.00 

Banded wrasse 

 

53.57 

Girdled wrasse   69.23 
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Figure 4.3 (A) Results of a constrained ordination of principal components (CAP) of wrasse 

morphology with symbols representing species. Vector indicates differences driven by 

morphological features; UJ = upper jaw, HL = head length, MG = mouth gape. (B) An 

unconstrained principal coordinate analysis (PCO) plot of wrasse morphology. Symbols represent 

species. 

  

-0.3 -0.2 -0.1 0 0.1 0.2

CAP1 (δ2= 0.49)

-0.2

-0.1

0

0.1

C
A

P
2
 (
δ

2
=

 0
.3

5
)

Spotty
Scarlet wrasse
Banded wrasse
Girdled wrasse

HL

UJ

Orbit
MG

(A)

-300 -200 -100 0 100 200

PCO1 (99.2% of total variation)

-100

0

100

P
C

O
2
 (

0
.4

 %
 o

f 
to

ta
l 

v
ar

ia
ti

o
n
)

(B)



122 

4.3.3 Dentary structure of wrasses 

3. Are dentary structures unique among species, supporting the idea of diet partitioning? 

All four wrasse species appeared to share very similar characteristics of dentary jaw 

structure, however there were some observable differences in size ratio and quantity among teeth. 

All species had two large conical teeth on the most anterior point of both the upper and lower 

jaws, though banded wrasse seemed to have the most prominent of these (Figure 4.4). Slightly 

smaller curved teeth were present next to the front teeth on either side, however they were most 

prominently curved in the scarlet wrasse. All wrasses had two rows of small sharp teeth along the 

length of the upper and lower jaws. The posterior tip of the upper jaw of all species had sharp 

curved teeth angled towards the front of the mouth. Spotties and girdled wrasse appeared to only 

have one smaller posterior tooth, while banded wrasse and scarlet wrasse had two. In scarlet 

wrasse the first posterior tooth was more dominant in size than the second. 

Wrasses shared very similar pharyngeal jaw structures (Figure 4.5). All had paired a single 

upper jaw and a t-shaped lower structure with rounded and slightly pointed groups of calcified 

nodule like structures. Girdled wrasse pharyngeal jaws are not shown. 
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            Spotties                 Banded wrasse            Scarlet wrasse      Girdled wrasse 

 

 

Figure 4.4 Top row: Upper jaw and dentary structure of each wrasse species. Bottom row: Lower 

jaw and dentary structure of three wrasse species. Scale bars = 1 cm. 

         Spotties                         Banded wrasse                         Scarlet wrasse 

 

 

Figure 4.5 Top row: lower pharyngeal jaw structure; bottom row: upper pharyngeal jaw structure 

of three wrasse species. Scale bars = 1cm. Pharyngeal jaws are not presented for girdled wrasse 

as they were lost during dissection. 
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4.4 Discussion 

 

4.4.1 Skull morphology as an indicator of wrasse diet 

Variation in skull morphology indicates evidence of the physical basis for resource 

partitioning between spotties and other species of Fiordland wrasse. No significant differences in 

morphology were observed among the remaining three wrasse species which suggests that their 

ability to support foraging strategies and diets are potentially quite similar. Fish species sharing 

similar morphology and behavioral abilities often share the specialization needed to exploit the 

same type of diet (Ferry-Graham et al. 2002a).  

Univariate results suggested strong differences exist between spotties and other wrasses 

based on individual morphological features. This was supported by CAP reclassification, which 

showed that the overall skull morphology of spotties was the most distinct of the four wrasses 

(Table 4.3). These differences in morphology may reflect resource partitioning created by species 

specific patterns in diet and feeding strategy similar to that observed in tropical labrids 

(Wainwright and Richard 1995).  

The fact that all four measured structures were drivers of the morphological differences 

between spotties and other wrasse species suggests one of two things. On one hand, the four 

aspects of facial morphology may all be strong indicators of dietary specialization, as initially 

hypothesized. Alternatively, it is possible that multiple aspects of body structure differentiate 

spotties from the other wrasse species as a result of large overall differences in their ecology, 

including both resource and habitat specialization. Differences in many morphological aspects of 

body structure such as body depth, fin shape, pectoral girdle size and the number of gill arches 

have been used to explore the processes driving reef fish assemblage structure (Norton et al. 

1995). For example, in tropical labrids, fin aspect ratio has been found to be a useful descriptor of 

microhabitat use (Wainwright et al. 2002). Fishes with low pectoral fin aspect ratios generally 

had slower swimming speeds and spent more time close to the reef, while those with higher fin 

aspect ratios swam faster and spent more time in the water column and in high flow areas. The 

uniqueness of spotty morphology in all the characters evaluated is likely an indicator of both 

physical and biological aspects of its realized niche which separates it from the rest of the species 

in the guild. 
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Mouth gape in labrids has been well documented to relate to the size range of prey exploited, 

along with limitations to handling ability such as crushing strength (Wainwright 1988, 

Wainwright and Richard 1995, Wainwright et al. 2004). The smaller overall mouth gape 

observed in spotties decreases the size of their available prey relative to banded, scarlet and 

girdled wrasse. Labrids with larger mouth gapes have been observed to specialize in hard 

invertebrate prey such as mollusks and crustaceans (Ferry-Graham et al. 2002b). Therefore, 

spotties are less likely to exploit larger size classes of hard shelled bivalves and other 

invertebrates. This would suggest diet partitioning occurs to some degree by prey size class, 

reducing competition by allowing the remaining three wrasses to feed on larger bodied prey of 

the same species. Head length and upper jaw length are likely covariates with mouth gape, 

whereby a fish with a longer head and larger jaw will have a greater opening radius.  

Low differentiation in facial morphology between banded wrasse and the other wrasse 

species indicates they may have a generalist feeding strategy, feeding on various species of 

bivalves crabs and gastropods (Denny and Schiel 2001). In this case their morphology would not 

have been developed to exploit specific prey items. On the other hand, banded wrasse may 

specialize on certain prey such as mussels (Rilov and Schiel 2006) which are also exploited, but 

to a lesser degree by the other three species, resulting in overlapping morphologies. Bellwood et 

al. (2006) suggested that the extensive overlap of feeding morphology in labrids may be 

explained by the fact that multiple fish with a given morphology differ in feeding mode. Low 

differentiation may also reflect variation during data collection. Banded wrasse had especially 

stiff jaws relative to the other fishes, making it hard to accurately measure absolute mouth gape in 

replicate.  

A smaller overall orbit size indicates spotties may have less ability to cope with low light 

conditions than the other wrasses. Fish with smaller eyes, albeit in the same orientation on the 

head, are likely to forage most efficiently in the surface layer where light is strongest in the 

marine environment, while larger eyed species feed more effectively at depth (Piet 1998). This is 

confirmed by the fact that spotties are generally observed to live and forage in shallow depths 

relative to other wrasses (Denny 2005).  

4.4.2 Dentary morphology as an indicator of foraging strategy 

Fine scale variation in dentary structure suggests subtle differences in foraging strategy exist 

among all species in the Fiordland wrasse guild. Jaw dentition of teleost fishes including wrasses, 
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has been found to be strongly associated with diet in several studies (Motta 1988, Norton 1988, 

Clifton and Motta 1998, Platell et al. 2010). All wrasse species likely share the large conical 

anterior teeth on upper and lower jaws because they are benthic invertebrate predators, making 

these structures useful for ripping prey from the substrate and breaking through hard bivalve, 

echinoid and crustacean shells (Ferry-Graham et al. 2002b). The larger size of the banded 

wrasse‟s front teeth may reflect diet specialization on harder shelled bivalves, relative to other 

species with more heterogeneous diets. The smaller curved teeth to the side of the incisors, 

similar to human canines, could be useful for prying shells open and may work in unison with the 

curved teeth on the posterior end of the jaw to grip and tear prey from the substrate or crack open 

shelled prey. Alternatively, the curved teeth at the back of the jaw may be used as a mechanism 

for competition among males in defense of a female harem or spawning site. It has been observed 

that terminal phase male spotties put energy into defending favorable spawning sites, exhibiting 

evidence of territoriality (Jones 1981). Evidence of spawning behavior and territoriality is yet 

undescribed in the other species of Fiordland wrasse. The fact that spotties and girdled wrasse 

have only one of these posterior teeth may reflect a diet less dominated by large hard shelled prey 

and supplemented by smaller softer bodied organisms such as polychaetes and amphipods 

(Russell 1983) or evidence of less emphasis on aggressive interactions.  

Though pharyngeal jaw structure appeared very similar in all species, specific size 

measurements may have exposed a pattern in size structure. It has been observed that pharyngeal 

jaw morphology is linked with diet in tropical labrids, where lower crushing potential is 

necessary for fish with diets less dominated by hard bodied prey (Wainwright 1988, Clifton and 

Motta 1998).  

4.4.3 Caveats 

Discriminant function analysis 

While CAP analysis is useful for characterizing species distributions, results of this function 

must be interpreted with certain assumptions in mind. An evaluation of discriminant function 

analysis as applied to otolith microchemistry found variance for the null expectation is high for 

groups with <30 samples and those with unequal sample sizes among groups (White and 

Ruttenberg 2007). A group with a larger sample size is more likely to have a greater correct % 

allocation versus smaller sample size groups. The number of groups compared will also increase 

the likelihood of random correct allocation. Interpretation of reclassification estimates for 
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Fiordland wrasse should be evaluated with these limitations in mind as groups had both uneven 

and relatively small sample sizes in the case of girdled wrasse. The small number of replicates 

and uneven sample sizes for banded wrasse, scarlet wrasse and girdled wrasse may have created 

unrealistically low % allocation compared to that of spotties (N>30 replicates). 

Dentary Morphology 

All observations of dentary morphology were qualitative; therefore any conclusions must be 

taken as preliminary observations which could be further supported with more in depth analysis 

of jaw structure. Wrasses used in the qualitative study were of varying sex, weight and size, 

which may have affected the level of maturity of the teeth. To more accurately characterize tooth 

physiology it would be better to use samples from the same sex and size class to normalize 

qualitative observations on the size and structure of the parts of the jaw. 

4.4.4 Conclusions 

The aim of this study was to assess aspects of skull morphology as a secondary indicator of 

feeding ecology and niche partitioning among Fiordland wrasse. This was carried out by 

comparing normalized measurements of facial structures hypothesized to affect foraging strategy 

among wrasses using both univariate, multivariate and qualitative procedures. The following 

conclusions were made: 

 

 Spotties had the most unique facial morphology of the four species, indicating 

specialization in diet and habitat use distinctive to that of the other three species. 

 

 The remaining three species (banded wrasse, scarlet wrasse and girdled wrasse) all had 

relatively low differentiation among the features measured, indicating high niche overlap. 

 

 Differences in dentary structure among wrasses suggested fine scale differences in jaw 

morphology consistent with observations of patterns in abundance and distribution. 

Quantitative measurements are necessary to confirm these observations. 
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The morphological structures evaluated in this study appeared to be valuable indicators of 

niche partitioning for spotties but showed no evidence of specialization among the remaining 

three species. Perhaps alternate mechanisms used in discriminating between tropical labrid diets 

such as crushing strength would be more useful indicators of specialization (Clifton and Motta 

1998). Alternatively, jaw dentition suggests some differences in morphological structure that may 

help describe differences in foraging strategy. Now that most aspects of physical and biological 

niche space have been considered for the four species of Fiordland wrasse, it will be useful to 

evaluate whether these differences are reflected in their key population parameters. Chapter 5 

will explore the age and growth of each wrasse as it pertains to diet, relative condition and habitat 

use. 
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CHAPTER FIVE: 

 

Age and growth of Fiordland wrasses 
 

 

 
 
 

 

Evening in southern Fiordland 
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5.1 Introduction 

5.1.1 Age and growth as it relates to niche partitioning 

Age and size characteristics of fish populations are often used to investigate rates of growth, 

mortality and productivity, making them extremely valuable for understanding the biology of 

teleost species (Campana 2001). Unlike other vertebrates, fish grow continuously throughout 

their lives, attaining maturity at a specific body size or age as well as having genetically 

determined maximal growth rates (Talbot 2007). Though age and growth are often considered 

key parameters for the successful management of commercial fish stocks as predictors of age at 

maturity and lifespan (Craig et al. 1999), these parameters also act as a useful indicators of 

ontogenetic niche shift and optimal niche space among sympatric species (Stephens Jr et al. 1970, 

Osenberg et al. 1988). The study of fish biology and the factors that influence growth and 

maturity are important for effective management of populations as well as developing an 

understanding of community dynamics. The growth of a particular species typically reflects 

features of its nutritional environment and habitat. 

Differences in habitat quality are often mirrored in a fish‟s growth pattern as a result of 

environmental influences such as anthropogenic impacts, marine reserves and biological 

gradients (Lloret and Planes 2003, Vinagre et al. 2008). The quality of habitat exploited by fishes 

is dependent on the nutrition of available diet items as well as habitat structure such as 

macroalgae, seagrass or reef. In a study by Islam and Tanaka (2006), samples of larval and 

juvenile fish observed to exhibit spatial partitioning were collected from an estuary in Japan from 

two areas with distinctly different carbon cycling between salinity gradients. Fish in the 

oligohaline region, which was dependent on detrital carbon sources, achieved better growth and 

condition than those in the euryhaline algal foodweb. The oligohaline region had more nutrients, 

chlorophyll and copepod biomass, reflecting a more nutritionally valuable ecosystem (Islam and 

Tanaka 2006). In Fiordland, the estuarine gradient from low salinity estuarine inner fiord habitat 

to the high salinity outer coast may reflect similar trends in growth and diet partitioning among 

wrasses. 

Variation in age and growth as it relates to habitat quality may also be a useful indicator of 

niche partitioning among species. Fish populations maintain coexistence in part by utilizing 

species specific life-history strategies (Kneitel and Chase 2004). Therefore, life history strategy 
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and its functional traits such as asymptotic growth (L∞) can be used to understand community 

dynamics and the trade-offs made to support species‟ co-existence (McGill et al. 2006). In order 

to coexist within a community the life cycles of all species must be complimentary to allow them 

to reproduce and mature successfully (Gislason et al. 2008). In a study by DeAngelis et al. (2005) 

a community model for age and size structure of fish species in a southern Florida wetland 

environment demonstrated notable variation in life history traits, allowing successful coexistence 

despite competition for a common resource. In the wetlands, fish colonized over different time 

intervals and grew at varying rates during the rainy season to reduce competition (DeAngelis et 

al. 2005). Niche partitioning among wrasses in Fiordland as described in Chapters 2, 3 and 4 may 

also be reflected in variation of life history strategies.   

5.1.2 Age and growth among wrasse species  

In this chapter the age and growth of spotties (Notolabrus celidotus), banded wrasse 

(Notolabrus fucicola), and scarlet wrasse (Pseudolabrus miles) will be characterized and 

evaluated as indicators of niche partitioning. Though age and growth has been well documented 

for spotties (Jones 1980, 1984b) less information exists for banded and scarlet wrasse (Paul 1992, 

Harwood 2005). Jones (1980) found that growth in spotties was inversely correlated with density, 

resulting in delayed maturity and sex change at more populated sites. Juvenile survivorship and 

growth were directly related to competition. Spotties have been observed to have different growth 

rates among estuarine communities as a reflection of the level of nutrient enrichment (Hammond 

2006). Growth in banded wrasse has also been observed to be density dependent and vary among 

locations as a result of prey availability, with higher growth rates supported in wave exposed 

subtidal reef communities (Harwood 2005). Further information on age and growth parameters 

will be useful for understanding the general biology of Fiordland wrasse as well as describing 

community niche dynamics. 

5.1.3 Factors affecting age and growth in Fiordland 

Fiordland serves as a valuable system for observing the effect of habitat quality and relative 

level of nutrition on the growth parameters and condition of fish populations. As discussed in 

Chapter 3, the structure of the subtidal environment in Fiordland is unique in its great range of 

natural physical gradients such as irradiance, salinity and wave exposure that result in a similar 

range of biological communities and habitat types. These different biological communities and 
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their associated productivity and prey fields may be reflected in the rates of growth between inner 

and outer fiord sites within species. 

While this chapter will investigate general patterns of growth among species and between 

habitat types, some of the age and growth data were also utilized to assess the effects of the 

anthropogenically altered prey environment in inner Doubtful Sound relative to greater Fiordland 

in collaboration with Dr. Rebecca McLeod (McLeod et al. 2010). Extremely low salinity levels in 

inner Doubtful Sound resulting from the freshwater tailrace of the Manapourri Hydroelectric 

Power Station have created significantly reduced populations of key prey items (bivalves) for 

wrasses and other subtidal invertebrate predators (McLeod and Wing 2008b, Jack et al. 2009). In 

Dr. McLeod‟s study, stable isotopes and fatty acids were used to describe shifts in carbon use by 

a generalist predator (spotties). Spotties from inner Doubtful Sound were found to have 

significantly depleted values of δ
13

C, δ
15

N and δ
34

S and high abundances of fatty acids associated 

with recycled terrestrial carbon sources from the chemosynthetic clam Solemya parkinsoni 

(McLeod et al. 2010). This dietary shift from marine derived carbon to chemosynthetically 

derived carbon was hypothesized to result in altered growth rates. The results of this analysis as 

they pertain to diet partitioning between habitats are discussed in this chapter. 

5.1.4 Aging and growth analysis 

Otoliths are the most commonly used part of teleost fish for determining age, however 

several other structures including scales, fin rays and spines have also been used effectively 

(Fuiman and Werner 2002). In New Zealand wrasses, otoliths have been the most successful 

method used in previous studies to estimate age structure (Jones 1984b, Harwood 2005). Otoliths 

are paired calcified structures which form prior to hatching in the skull of bony fishes and are 

used for balance and hearing. Yearly growth rings are laid down with a clear distinction between 

slow growth during winter, and faster growth in the more productive summer months, which 

results in alternating translucent and opaque pairs of bands (Haddon 2001). Otoliths provide a 

valuable record of growth history as they are a metabolically inert tissue which continues to grow 

from inception to the death of the fish (Campana 1999). 

Though otolith structure is valuable for determining a fish‟s growth history, there are some 

intrinsic limitations to creating accurate predictions. Otolith structure does not always reflect a 

complete growth record, with growth rings often becoming less distinct and more difficult to 

interpret in older individuals (Beamish and McFarlane 2000). Subjectivity and interpretation 
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error in aging estimates among individual readers is also responsible for highly variable age 

estimates (Campana 2001). This can be addressed by carrying out replicate readings for each 

otolith and calculating the variation between the two readers (Campana 2001). 

5.1.5 Objectives 

The objective of this study is to use age and growth data to evaluate each species‟ biology 

and life history strategy as it relates to niche partitioning among species and between habitat 

types. First, age and growth curves will be generated for each species with a sufficient sample 

size. These growth curves will then be compared among species and between site types to assess 

whether they reflect differences pertaining to niche partitioning among species and changes 

relative to nutrition and dietary niche. Age at size will be then compared between sites for each to 

look for differences in mean weight and length as a reflection of nutritional quality. Finally, 

relative condition will also be compared between sites as a secondary indicator of the influence of 

environmental gradients on niche partitioning. 

Hypotheses: 

H1: Spotties will mature faster than the other three wrasse species. As the most abundant species 

it is likely they reproduce more often and live shorter lives than the other less abundant species. 

Banded, scarlet and girdled wrasse will share similar life history strategies as they share similar 

dietary niches and size classes. 

H2: Spotties and scarlet wrasse will have a lower relative health at inner fiord, prey altered sites 

as a result of reduced availability of a high nutrition diet. 

Research Questions: 

1. What is the age and growth strategy for each wrasse species? 

2. Do differences in growth curves reflect differences in life history strategy or niche partitioning 

among species? 

3. Do growth curves, relative condition, and size at age differ between inner and outer fiord 

habitats within species as a reflection of diet partitioning? 
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5.2 Methods 

5.2.1 Sample collection and Otolith preparation 

Fish used for age and growth analysis in this study comprised of those caught for the pilot 

study during April and June 2010, spotties previously sampled for diet beginning in July 2004 

(by Dr. Rebecca McLeod) as well as all samples used in diet and morphological analyses 

collected during November-February 2009/2010 (see Chapter 2) (Table 5.1). While fish were 

collected from sites throughout Fiordland, most fishing effort was focused on the southern fiords 

between Dusky Sound and Thompson Sound. Due to the small sample size of girdled wrasse 

(n=14) it was impossible to generate a robust enough growth curve so they were excluded from 

age and growth analysis.  

Fish were collected during the day via both hook and line and pole spear in order to target a 

range of size classes. An effort was made to use fish of the largest size range possible so as to 

generate a complete growth curve. All fish were either dissected within two hours of capture or 

kept on ice and frozen (-20°C) until dissection in the laboratory. Each fish was weighed to the 

nearest 0.01 gram and total length was measured to the nearest mm. Otoliths were removed by 

making a vertical cut just posterior to the eye through the top of the skull. Differences in the 

shape and consistency of otoliths among species required multiple techniques for aging 

preparation. 

Saggital otoliths of spotties were removed then air dried in Eppendorf tubes and permanently 

fixed to glass slides. Otoliths were then wet sanded flat using 600 and 1200 grit sandpaper. The 

remaining species had less robust otoliths prone to cracking during sanding. For banded wrasse 

and scarlet wrasse saggital otoliths were removed, air dried in Eppendorf tubes, and the estimated 

center of each otolith was marked. Otoliths were then fixed in epoxy resin and allowed to set in 

plastic moulds. After fully hardened, resin embedded otoliths were removed from the mould and 

sectioned at their center using a low speed Isomet saw with a 0.1 mm diamond blade. Sliced 

otoliths were dried and mounted to glass slides. 

5.2.2 Otolith aging and precision estimates 

For all species, otoliths were viewed under low power using a compound light microscope 

and photographed using a microscope mounted camera. Ages were estimated by counting the 

number of opaque and translucent paired bands as a reflection of one year‟s growth (Figure 5.1). 
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This method has been validated previously for both spotties (Jiang 2002) and banded wrasse 

(Harwood 2005). Scarlet wrasse have yet to be age validated for growth, however their similarity 

in otolith structure to banded wrasse indicates the aging technique was likely acceptable for the 

purpose of this study. All age estimates were made independently by two readers. The mean 

coefficient of variance (CV) and age bias plots were calculated to estimate the age precision of 

estimates for a given fish (Campana 2001).  

5.2.3 Statistical analysis of age and growth parameters 

1. What is the Age and growth strategy for each wrasse species? 

von Bertalanffy Growth Curves 

Once all estimated ages and lengths were determined for each species, the von Bertalanffy 

growth model was used to show growth patterns (von Bertalanffy 1938). As described by Haddon 

(2001) the von Bertalanffy growth equation is:  

Lt= L∞ (1-e 
–k[t-t

0

] 
) 

Where Lt = length at age t, L∞  refers to the asymptotic average maximum body size, k is the 

growth rate coefficient determining how fast the maximum is attained and t0 is the hypothetical 

age of species at “0” length. Because it is a parameter dependent on the spawning date and larval 

metamorphosis (Haddon 2001) t0 is often inaccurately extrapolated from data and for the case of 

this study it was interpreted as zero for all growth curves as no fish were sampled from age 

classes <2. Optimal values for L∞ and k were determined by minimizing residual sums of squares 

with the Solver application (Frontline Systems Inc.) for Microsoft Excel 2008. The von 

Bertalanffy growth curve determines the best fit curve by finding the smallest distance between 

the predicted and actual age at length of individuals in a sample for each species. 

5.2.4 Comparison of growth curves 

2. Do differences between growth curves reflect differences in niche partitioning among species? 

Growth curves were compared among species as well as between habitat types for spotties 

and scarlet wrasse using PRIMER v6 (PRIMER-E Ltd., Plymouth, U.K.). A non-parametric 

analysis of similarity (ANOSIM) was applied to a Manhattan distance resemblance matrix of the 

variables „size‟(total length (mm)) and „age‟(years) of all fish species, as is suggested when 
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comparing growth curves (Clark and Gorely 2006). The Manhattan distance measure uses 

absolute rather than squared differences, allowing outliers to be more robust as well as summing 

positive contributions across the whole size range. A 2-way ANOSIM analysis was run on the 

fixed factors „Habitat type‟ and „Species‟. The ANOSIM test gives two main output values 

including an R statistic and a p-value. The R statistic is a value between -1 and 1 for which low 

values indicate groups are strongly overlapping and vice versa depending on the distinctiveness 

of the data in multivariate space. The p-value is dependent on the number of replicates in the 

comparison but may be considered negligible if R is very small. Therefore, both values should be 

considered when interpreting results. Banded wrasse could not be compared between inner and 

outer fiord habitats due to small sample size from inner sites. 

5.2.5 Relative condition  

3. Does relative condition or size at age differ between inner and outer fiord habitat within 

species as a reflection of diet partitioning? 

Fulton‟s Condition Factor (Bauchot and Bauchot 1978) was used to evaluate relative health 

between habitat types (inner versus outer fiord) for spotties and scarlet wrasse. Only fish caught 

during the austral summer 2009/2010 were used for this analysis in an effort to reduce the affect 

of seasonal changes in fitness. Banded wrasse had insufficient numbers of replicates between 

habitat types and were therefore excluded from this analysis. Fulton‟s Condition Factor (K) 

produces a value for each fish whereby the heavier a fish is at a given length, the better the 

condition and resulting condition factor (Safran 1992). The equation used to calculate condition 

was (Bauchot and Bauchot 1978): 

K = 1000W/L
3 

Where W = aL
b
, L = standard length (mm), a = constant on the end of the log(length) vs 

log(weight) curve and b = slope of the fit line on a log(length) vs. log(weight) curve. Values of K 

were compared between inner and outer fiord sites by running a PERMANOVA design on a 

Euclidean distance matrix of the raw values with the crossed factors „Habitat type x Species.‟ 

5.2.6 Length at Age  

Length and weight at age (the length or weight of a fish at a given age class/year) was 

compared between habitat types for spotties and scarlet wrasse. Banded wrasses were excluded 

from this analysis as they had too few replicates between habitats. Mean length and weight of 
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spotties for each age class comprising ≥ 9 replicates (3, 4, 5 and 6 year olds) was compared 

between inner Doubtful Sound and all other sample sites using a one-way PERMANOVA design 

with the fixed factor Habitat type. Mean length and weight of both spotties and scarlet wrasse 

were compared for each age class comprising ≥ 4 replicates (3, 4, 5, 6 and 7 year olds) between 

those collected at inner fiord and outer fiord sites throughout fiordland.  

Table 5.1 Summary of fish collected for age and growth analysis within Fiordland, NZ. 

Species Location n Total Date of collection 

Banded 

Wrasse Inner Dusky 2   Fall 2009- Summer 2010 

 

Outer Doubtful 6 

  

 

Outer Dusky 11 

  

 

Outer Thompson 20 

        39   

Scarlet 

Wrasse Inner Bradshaw 2   Fall 2009- Summer 2010 

 

Inner Breaksea 10 

  

 

Inner Dusky 2 

  

 

Long Sound 9 

  

 

Outer Breaksea 5 

  

 

Outer Doubtful 7 

  

 

Outer Dusky 20 

  

 

Outer Thompson 19 

        74   

Spotty Bligh Sound 4   Winter 2004- Summer 2010 

 

Caswell Sound Inner 5 

  

 

Dagg Sound 7 

  

 

Inner Bradshaw 14 

  

 

Inner Breaksea 6 

  

 

Inner Doubtful 93 

  

 

Inner Dusky 18 

  

 

Milford Sound 6 

  

 

Nancy 5 

  

 

Outer Doubtful 15 

  

 

Outer Dusky 14 

  

 

Outer Thompson 10 

        197   
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      (a)  

(b)  

(c)  

Figure 5.1 Examples of sectioned saggital otoliths and associated age rings of (a) a 5 year old 

spotty (b) a 5 year old banded wrasse and (c) a 5 year old scarlet wrasse. 
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5.3 Results 

5.3.1 Aging Precision 

By comparing age estimates between readers, it was apparent that some bias existed. The 

mean CV between readers during otolith aging of all species however was less than 7.4%. 

Spotties were generally aged lower by reader two (Figure 5.2). Aging precision seemed to 

decrease with older fish. The mean coefficient of variation for spotties, banded wrasse and scarlet 

wrasse was 7.365, 7.263 and 6.283 respectively (Figure 5.3). All ages used in analysis were based 

on estimates from reader 1. 

 

 

Figure 5.2 Age bias plot showing the variation between readers for spotty otoliths. Each point 

represents the mean age assigned by reader 2 for a given age estimate of reader 1. Error bars 

represent the 95% confidence interval of the mean of reader 2 age estimates. The line represents a 

situation where all age estimates are in agreement between readers. 
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Figure 5.3 Age bias plot showing differences in aging between 2 readers for scarlet wrasse and 

banded wrasse. Points represent the mean age assigned by reader 2 for each age estimate made by 

reader 1. Error bars represent the 95% confidence interval of the mean of reader 2 age estimates. 

The line represents a situation where all age estimates are in agreement between readers. 
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5.3.2 Age and growth of Banded wrasse, Scarlet wrasse and Spotties 

1. What is the age and growth strategy for each wrasse species? 

Von Bertalanffy growth curves were generated for each species of wrasse (Table 5.2). 

Spotties ranged from 2 to 8 years and from 107 and 280 mm total length (Figure 5.4). Scarlet 

wrasse were observed to be between 2 and 10 years and ranged from 122-402 mm (Figure 5.5a). 

Banded wrasse ranged from 2 to 12 years in age and between 150 and 447 mm in length (Figure 

5.5b). Scarlet wrasse had a relatively wide range of age at a given size. 

Table 5.2 von Bertalanffy parameters for growth curves of each of four species of wrasse. L∞ = 

asymptotic length, k = growth rate, N = sample size. 

Species L∞ k N 

Spotties 235.31 0.39 197 

Scarlet wrasse 325.00 0.29 74 

Banded wrasse 421.07 0.24 39 

 

Figure 5.4 Von Bertalanffy growth curve for spotties, L∞ = 235.31, k = 0.39 (n= 197). Circles 

represent individual age estimates, dotted line represents von Bertalanffy growth estimate. 
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(a)  

(b)  

Figure 5.5 Von Bertalanffy growth curve for (a) scarlet wrasse, L∞ = 325.00, k = 0.29 (n= 74) 

and (b) banded wrasse, L∞ = 421.07, k = 0.24 (n= 39). Circles represent individual age estimates, 

dotted line represents von Bertalanffy growth estimate. 
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5.3.3 Comparison of growth curves among species  

2. Do differences between growth curves reflect differences in life history strategy or niche 

partitioning among species? 

 Comparison of growth curves revealed that there was a significant difference in growth 

strategy between species (ANOSIM, Global R: 0.51, p <0.0001). Pair-wise tests revealed growth 

of spotties was significantly different to banded and scarlet wrasse, however no difference existed 

between banded wrasse and scarlet wrasse (Table 5.3) (Figure 5.6).  R values indicate pair-wise 

tests between spotties and scarlet and banded wrasse were robust (R = 0.5) while banded and 

scarlet wrasse comparisons indicated high overlap in growth(R = 0.02). Values of L∞ were highly 

variable among species ranging nearly 10 cm among species and 20 cm between spotties and 

banded wrasse. Banded wrasse achieved the highest values of L∞ and spotties the lowest (Table 

5.2).  Scarlet wrasse and banded wrasse shared relatively similar values of k, however spotties 

had a higher growth rate (.39 versus .24, .29 respectively). 

 

Table 5.3 ANOSIM results of comparison of growth curves among spotties, banded and scarlet 

wrasse using Manhattan distance. 

Species R value P permutations 

Spotties, Banded wrasse 0.596 0.0001 9999 

Spotties, Scarlet wrasse 0.528 0.0001 9999 

Banded wrasse, Scarlet wrasse 0.042 0.0940 9999 
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Figure 5.6 Comparison of von Bertalanffy growth curves among spotties, scarlet wrasse and 

banded wrasse.  
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5.3.4 Comparison of growth curves between site types 

Comparison of growth curves between inner and outer fiord habitats for spotties and scarlet 

wrasse suggest they support significant differences in growth (Table 5.4). Spotties in the inner 

fiord have a lower L∞ and a higher k than that of fish collected from outer fiord areas. Growth 

rates were observed to be higher in the inner fiord, though fish in the outer fiord reached a greater 

maximum size (Figure 5.9). Too small a range of scarlet wrasse age classes existed to compare 

complete growth curves meaning no inference could be made about variation in k, however L∞ 

appeared to be greater in those fish from inner fiord sites. Scarlet wrasse collected from the inner 

fiord were all males while fish sampled from outer fiord areas were both female and male (Figure 

5.8). Sex was not recorded for most spotties as it was assumed to be a reflection of size class 

(Jones 1980) however both males and females were collected from inner and outer fiord sites 

(Figure 5.7). 

 

Table 5.4 von Bertalanffy growth parameters for spotties and scarlet wrasse at inner and outer 

fiord sites and ANOSIM results of comparisons of growth curves between habitat types. L∞ = 

asymptotic length, k = growth rate, N = sample size. 

Species 

Habitat 

type L∞ k N R value P Perms 

Spotties Inner 219.95 0.48 142 0.1610 0.0001 9999 

 

Outer 325.33 0.22 55       

Scarlet wrasse Inner 323.00 7922.32 57 0.1780 0.0070 9999 

  Outer 257.53 0.34 17       
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(a)  

(b)  

Figure 5.7 Von Bertalanffy growth curve for spotties collected from (a) inner fiord and (b)  outer 

fiord sites in Fiordland, NZ. Dots represent individuals and symbols represent a subset of sexed 

fish where symbols indicate sex of individual fish. 

  



148 

(a)  

(b)  

Figure 5.8 Von Bertalanffy growth curve for scarlet wrasse collected from (a) inner fiord and (b)  

outer fiord sites in Fiordland, NZ. Symbols indicate sex of individual fish. The model is forced 

through zero for fish collected from the inner fiord (b) due to a lack of early age classes. 
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(a)  

(b)  

 

Figure 5.9 Von Bertalanffy growth curves for (a) spotties as predicted for fish from inner fiord (n 

= 142) versus outer fiord sites (n = 55) and for (b) scarlet wrasse as predicted for fish from inner 

fiord (n = 17) versus outer fiord sites (n = 57). The model of k for scarlet wrasse from inner fiord 

sites is forced through zero due to a lack of early age classes. 
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5.3.5 Relative condition of wrasse between habitat types 

3. Does condition or length at age differ with position along the fiord axis as a reflection of diet 

partitioning within species? 

Comparisons of condition between fish collected from inner and outer fiord locations 

indicated that spotties had a significantly better condition at outer coast sites, while scarlet wrasse 

had significantly better condition at inner fiord sites (Table 5.7). 

Table 5.5 Results of PERMANOVA comparison of Fulton‟s condition factor (K) ± SE for 

spotties and scarlet wrasse between habitat type (inner fiord vs outer fiord) using Euclidean 

distance with (N) sample size. 

Species Site type K N t P Permutations 

Scarlet wrasse inner 3.152 ± 0.349 17 2.8944 0.0050 9834 

 

outer 2.861 ± 0.370 60 

   Spotty inner 2.225 ± 0.269 34 5.0609 0.0001 9827 

  outer 2.613 ± 0.360 35 

    

5.3.6 Length and weight at age 

Length and weight at age were significantly different between inner and outer fiord sites for 

scarlet wrasse (PERMANOVA, weight: Psuedo-F1,45 = 36.371, p< 0.001, length: Psuedo-F1,45 = 

26.867, p< 0.001 but did not differ for spotties. Pair-wise tests revealed significant differences 

between length at age between site type for 5 and 6 year olds and for weight at age in 5, 6 and 7 

year old scarlet wrasse, with larger, heavier fish found at inner fiord sites (Table 5.6, 5.7). Scarlet 

wrasse collected from the inner fiord were larger overall, yet had small sample sizes, reducing the 

robustness of the results (Figure 5.11). Spotties were significantly heavier at age 2 and longer at 

age 3 at inner fiord sites. Spotties appeared to initially achieve better condition at inner fiord sites 

but ultimately grow larger in outer fiord areas (Figure 5.10). Though this was not fully supported 

by the statistical results, differences in weight at age for spotties were nearly significant for 3 and 

5 year old fish as well.  
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Table 5.6 Results of PERMANOVA comparisons of total length (mm) at age between habitat 

types (inner vs. outer fiord) using Euclidean distance. SE =  standard error. 

Species Age 

Site 

type N 

Mean 

length (mm)  SE t P Permutations 

Spotties 2 inner 4 163.250 16.670 1.824 0.098 168 

  

outer 8 136.875 6.323 

   

 

3 inner 34 162.176 4.070 2.085 0.041 513 

  

outer 24 149.542 4.330 

   

 

4 inner 37 191.297 3.913 0.851 0.406 391 

  

outer 11 184.545 6.143 

   

 

5 inner 30 202.000 4.552 1.631 0.109 378 

  

outer 9 216.889 6.787 

   

         Scarlet wrasse 5 inner 5 308.400 11.228 3.388 0.009 424 

  

outer 9 229.333 16.026 

   

 

6 inner 4 334.250 4.460 3.438 0.003 469 

  

outer 14 247.071 13.214 

   

 

7 inner 5 307.400 10.255 1.642 0.122 331 

    outer 14 281.929 8.442       

 

Table 5.7 Results of PERMANOVA comparisons of weight (g) at age between habitat types 

(inner vs. outer fiord) using Euclidean distance. SE = standard error. 

Species Age 

Site 

type N 

Mean 

weight (g)  SE t P Permutations 

Spotties 2 inner 4 66.517 17.310 2.179 0.047 495 

  

outer 8 36.566 5.072 

   

 

3 inner 34 65.564 5.279 1.913 0.060 9819 

  

outer 24 51.515 4.510 

   

 

4 inner 37 110.526 7.728 0.567 0.583 9818 

  

outer 11 101.675 11.854 

   

 

5 inner 30 128.476 9.860 1.996 0.051 9821 

  

outer 9 170.568 20.178 

   

         Scarlet wrasse 5 inner 5 476.052 37.579 4.998 0.002 1970 

  

outer 9 191.644 36.642 

   

 

6 inner 4 529.000 31.783 3.608 0.004 1893 

  

outer 14 242.064 40.784 

   

 

7 inner 5 504.680 73.474 2.433 0.026 3460 

    outer 14 330.602 34.194       
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Figure 5.10 Mean total length (mm) and weight (g) at age for spotties collected from inner fiord 

(open square) and outer fiord (dark square) sites. Error bars = 1 SE. 
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Figure 5.11 Mean total length (mm) and weight (g) at age for scarlet wrasse collected from inner 

fiord (open square) and outer fiord (dark square) sites. Error bars = 1 SE. 
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5.3.7 Age and growth as a reflection of anthropogenic influence on habitat quality 

Sample sizes  9 allowed for robust statistical comparison of length and weight between 

inner Doubtful Sound fish and those from other sites for year groups 3, 4, 5 and 6 (Fig. 5.12). No 

significant difference in either measure was detected for fish of the same age class within these 

year groups (p ≥ 0.4638). Spotties from inner Doubtful Sound ranged from 162 mm (± SE 8) and 

66.6 g (± SE 10.1) at year 3 to 204 mm (± SE 7) and 134.9 g (± SE 15.2) at year 6. spotties from 

other sites ranged from 163 mm (± SE 5) and 67.2 g (± SE 5.7) at year 3 to 198 mm (± SE 8) and 

126.9 g (± SE 16.9) at year 6. spotties reached L∞ at 5 years of age. No year 1 fish were observed, 

and there were too few samples of year 2 fish to justify statistical comparison among sites.  

 

Figure 5.12 Length at age (mean ± 1SE) for N. celidotus collected from sites in the inner reaches 

of Doubtful Sound (open square), and from sites throughout Fiordland (open diamond). Figure 

from McLeod et al. (2010). 
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5.4 Discussion 

5.4.1 Aging precision 

The coefficient of variation for aging precision fell within the accepted range (between 5 and 

10%) for all three fish as suggested by values published in previous studies (Campana 2001). 

This indicates that aging precision was at an acceptable level for analysis of age growth data for 

the three species (spotties, scarlet and banded wrasse) used in this study. Aging precision likely 

decreased with increased age due to the difficulty in identifying the increasingly smaller rings in 

older fish. 

5.4.2 Age and growth strategy as an indicator of niche partitioning among species.  

Observed differences in growth rates for spotties suggest they occupy a niche separate to that 

of scarlet and banded wrasse. Values of k (growth rate) showed that spotties grow quickly, 

attaining maximal asymptotic size (L∞) faster than scarlet and banded wrasse, which were found 

to grow more slowly and reach a greater asymptotic length. The wide range of sizes at age for 

scarlet wrasse could be attributed to the fact that fish may change sex at a specific length rather 

than age (Francis 1988) or due to variability in aging accuracy. The different growth parameters 

between wrasse species may be explained in part by separate evolutionary pathways of survival. 

Variation in the evolution of life histories among species has often been explained in terms 

of r and K selection (Reznick et al. 2002). In this predictive model r represents a population with 

a variable number of individuals and no density effect or competition, while K represents a fairly 

constant population size with high density and high competition (Pianka 1970). Spotties have a 

growth strategy indicative of r selected species which are often small, abundant, reproduce 

frequently, have relatively short generation times and exploit less crowded ecological niches 

(Kawasaki 1980). Spotties have high dietary plasticity (McLeod et al. 2010), reach reproductive 

maturity at less than one year old and are often found in high abundance relative to other wrasse 

species (Jones 1980, Denny 2005). Banded wrasse and scarlet wrasse on the other hand have 

relatively longer lifespans, larger body sizes and slower growth rates, more in line with K-

selected species which are often strong competitors in crowded niches. Banded wrasse mature 

around 2 years of age and spawn once each lunar cycle between September and December, 

(Harwood and Lokman 2006). Though less is known on the fecundity of  scarlet wrasse, both 

species are likely strong competitors for prey items typical of many benthic feeding teleosts 
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(Russell 1983, Denny and Schiel 2001). The observed differences in von Bertalanffy growth 

curves may be useful indicators of both evolutionary differences in biological and physical niche 

space which distinguish spotties from other species in the Fiordland wrasse guild.  

5.4.3 Age and growth and condition as an indicator of habitat partitioning along the length 

of the fiord axis. 

Spotties  

Trends in growth and condition between inner and outer fiord sites for spotties indicate outer 

coast habitats support healthier populations. Though spotties at inner fiord sites were observed to 

grow faster initially, they ultimately were found to reach a greater asymptotic length (L∞) in the 

outer fiord. This pattern was supported by qualitative patterns in the data as well as some 

significant differences between length and weight at age measurements for fish of the highest and 

lowest age classes (Figure 5.7, 5.8, Table 5.6, 5.7).  

Higher initial levels of growth for spotties at inner fiord sites may reflect reduced 

intraspecific competition due to lower numbers of recruits or better sources of food for larval 

growth. Juvenile spotties are generally found to feed on amphipods (Jones 1988)  which have 

been found to be present in higher abundance in the inner fiord in Doubtful Sound (Rutger and 

Wing 2006). This suggests juvenile spotties in inner fiord habitats might have greater prey 

availability, allowing for increased nutrition and growth rate. Previous work at multiple sites 

around the North Island, NZ found that the number of adult spotties in a population is directly 

related to juvenile recruitment, growth and survival, which is most strongly affected by 

competition among juveniles (Jones 1984b). Fish with lower levels of competition at the larval 

stage generally had higher growth rates. This may indicate a lower number of larval competitors 

exist in the inner fiord. Competition and prey availability are likely important contributing factors 

to patterns in the larval growth of spotties in Fiordland. 

The greater asymptotic length achieved in spotties collected from outer fiord sites could be 

explained in part by several factors. The transition to larger fish being found in the outer fiord 

appeared to occur at around four years of age and between 180 and 200 mm, which may be 

indicative of differences related to sex change to the terminal male phase. As protogynous 

hermaphrodites, spotties generally change sex to terminal males at 3 to 4 years at a critical size of 

130-190 mm SL (Francis 1988). The increased length of outer coast fish in higher age classes 
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may indicate an increased sampling of terminal phase males from outer fiord populations, 

variation in prey availability or a delayed sex change in the inner fiord.  

Sex change has been found to be size rather than age specific in spotties, which helps explain 

the range of sizes within each age class (Jones 1980). However, the fast initial growth rate of 

inner fiord spotties negates the probability of fish maturing later than those in the outer fiord. 

Terminal phase males have been observed to defend particular territories in an effort to attract 

spawning females (Jones 1981). It is possible that habitat on the outer coast provides better 

structure for increased numbers of terminal phase males as a result of the increased levels of 

macroalgal abundance (Wing et al. 2007).  

On the other hand, a smaller asymptotic length for fish from inner fiord habitats could 

indicate lower growth in adult populations due to reduced availability of high nutrition diet items. 

Fish with higher nutrition diets have been observed to reach greater asymptotic length (Sherwood 

et al. 2007). Adult growth of spotties in inner Doubtful Sound may be limited by the reduced 

availability of key prey items such as bivalves (McLeod and Wing 2008b), and an increased 

dependence on recycled sources of terrestrial based organic carbon (Hammond 2006, McLeod et 

al. 2010). This pattern may also be reflected in other inner fiord habitats, depending on the level 

of natural influx of freshwater. In outer fiord areas where resources are prevalent, growth may be 

unlimited.  

The variability in nutritional stress on inner and outer fiord populations of spotties is further 

described by characterizing the overall condition of fish collected at each site. Condition indices 

such as Fulton‟s condition factor have been found to be useful indicators of the energy content of 

a particular fish (Lambert and Dutil 1997). Fish with more nutritional diets and better habitat 

complexity have been observed to have significantly higher condition values (Lambert and Dutil 

1997, Lloret and Planes 2003). The lower condition of spotties collected from inner fiord sites as 

well as the reduced total length of adult fish both suggest a decrease in nutrition of prey for adult 

fish at inner fiord sites (Rutger and Wing 2006) may be a key factor in their growth. 

Spotties and anthropogenically altered habitat 

In contrast to the differences observed between inner and outer fiord sites, size at age was 

not a useful indicator of anthropogenic influence specific to inner Doubtful Sound. Though 

recycled sources of terrestrial carbon were hypothesized to result in a population with a lower 
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growth rate (k) than those fish in other areas of Fiordland, this was not supported by the results. 

The lack of differences in size at age was attributed to the fact that most growth occurs in the first 

few years as fish reach asymptotic length. Unfortunately, too few samples of 1 and 2 year old fish 

were available for comparison (McLeod et al. 2010).  

Results of the present study suggest possible differences in age and growth parameters exist 

between inner and outer fiord populations in general, however it appears there is no trend specific 

to the anthropogenically altered inner fiord habitat of Doubtful Sound. Differences in fish 

condition as reflected by weight and length parameters are not always useful for characterizing 

the affect of altered habitats, due to the variety of environmental stressors and their complex 

affect on organisms (Gilliers et al. 2004). Additionally, spotties change diet from amphipods to 

bivalves only in their transition to adulthood (Jones 1988). Therefore it is more likely that 

differences in the condition of fish feeding on recycled carbon sources via a chemoautotrophic 

clam (Solemya parkinsoni) would be reflected in the asymptotic length of adult fish. Further 

sampling of the largest and smallest individuals of the population would help clarify these 

hypotheses. 

Scarlet wrasse  

Patterns in growth and condition suggest scarlet wrasse may reach and maintain better health 

at inner fiord locations. Scarlet wrasse show an entirely different growth pattern from spotties 

between habitat types, which is unsurprising due to the differences in life history strategy 

reflected by the von Bertalanffy growth curve. A lack of replicates in the youngest age classes (1, 

2 and 3 years) eliminates any conclusions on differences in growth rates. Adult fish however, 

were most significantly different in size at 5 years and appeared to grow to a more similar in 

length and weight with increased age. Fish assemblages from sites in the inner fiords are notably 

less speciose than those from outer fiord areas (Wing et al. 2004) which might result in reduced 

competition and increased foraging area for adult scarlet wrasse, allowing them to achieve a 

better condition and asymptotic length. However, the lack of females at inner fiord sites may 

have skewed the sample data to increase estimated asymptotic length and condition for this 

habitat. With greater sample size including female cohorts, the value for asymptotic length may 

have been nearer that observed at the outer fiord sites. A larger sample size of inner fiord fish 

would be necessary to draw any reliable conclusions on growth differences. However, the small 
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population sizes of scarlet wrasse in these areas make large sampling efforts difficult and likely 

detrimental to the community.  

The absence of younger age classes and female fish from collections in the inner fiord 

suggests these populations are quite isolated and may be the result of very small breeding 

populations or low transfer of larval recruits from the outer fiord. Other hermaphroditic species 

such as blue cod have been observed to support separate source sink populations in the inner 

fiord made up of predominantly long term residents with a small influx of fish from the outer 

coast (Rodgers and Wing 2008). Scarlet wrasse may have populations that behave in a similar 

manner, due to the limited flow and resulting lower larval dispersal between outer coast and inner 

fiord areas (Wing et al. 2003). 

5.4.4 Caveats 

Most age and growth studies require hundreds of samples (Osenberg et al. 1988), however it 

is more important to obtain the widest range of size classes and ages in order to reduce the 

amount of extrapolation in the model. It must be considered that small sample sizes for 

comparison between site types and among species may have reduced the power of the results in 

this chapter. However, an effort was made to sample the greatest size range to reduce the number 

of fish harvested for the study. Though complete analysis of age and growth of girdled and 

banded wrasse would have been useful for determining evidence of niche width, the relatively 

low abundance of girdled wrasse, the remoteness of the study location and time constrictions of 

the study prevented further sampling effort. 

5.4.5 Conclusion 

This study provides the first description of the age and growth parameters and condition of 

Fiordland wrasse populations. Observed differences in these parameters are used as evidence for 

habitat partitioning among species as well as between inner and outer fiord habitats. Statistical 

analysis of differences in growth was achieved by fitting von Bertalanffy growth models to each 

species as well as using Fulton‟s condition index. PERMANOVA was used to test for differences 

in size data. The results of these analyses were: 

 Spotties showed evidence of niche partitioning from scarlet wrasse and banded wrasse in 

relation to age and growth, having faster growth rates and smaller asymptotic size. 
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 Increased asymptotic length and condition of spotties collected in outer fiord areas 

indicated possible diet partitioning between inner and outer fiord habitats. 

 A larger L∞ and higher condition factor for scarlet wrasse collected from inner fiord sites 

indicated diet partitioning between inner and outer fiord habitats may occur, however 

small sample sizes made these conclusions debatable. 

The parameters of age, growth and condition were useful indicators of variation in life 

history strategy among fishes of the Fiordland wrasse guild. Differences in life history strategy 

suggest evidence of niche partitioning among spotties, scarlet wrasse and banded wrasse. 

Differences in growth rates between inner and outer fiord sites for both scarlet wrasse and 

spotties may reflect differences in prey field along the fiord axis. The following chapter will link 

the findings of this study with the results of all other chapters to create the best description of 

realized niche for each wrasse species in an effort to identify the factors which support their 

coexistence in Fiordland. 
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CHAPTER SIX: 

Synthesis and conclusions 

 

 

1.1 Realized niche space of fishes in the Fiordland wrasse guild 

The main aim of this thesis was to describe the realized niche space of four species of wrasse 

common to Fiordland, NZ via evidence of niche partitioning using both physical and biological 

parameters. This study established that spotties (Notolabrus celidotus) are a highly plastic 

species, reflecting their generalist nature and ability to exploit a wide range of resources, while 

scarlet wrasse (Pseudolabrus miles), banded wrasse (Notolabrus fucicola) and girdled wrasse 

(Notolabrus cinctus) are specialists in Fiordland‟s subtidal reef habitats, exploiting a relatively 

smaller range of resources (Figure 6.1). A secondary aim of this thesis was to characterize niche 

partitioning over the spatial gradient between inner and outer fiord sites. Spotties appeared to 

utilize different resources between inner and outer fiord environments. These findings have 

implications for the role of wrasses in driving carbon flux in Fiordland‟s marine environment and 

future strategies of spatial management. The following sections synthesize the aspects of niche 

space investigated in each study to create a description of the realized niche space for each 

species. 

1.1.1 Niche partitioning among wrasses 

The exploration of physical and biological niche space among wrasses reflected a high 

degree of niche partitioning between spotties (generalists) and other wrasse species, with low 

differentiation among scarlet wrasse, banded wrasse and girdled wrasse (specialists). Stable 

isotope analysis indicated spotties generally fed at a lower trophic level than the other species. 

This finding was supported by morphological divergence among species which revealed that 

spotties had significantly smaller facial features and mouth gape, suggesting a smaller upper size 

limit in prey choice. Though spotties shared similar carbon sources with banded wrasse, a 

significantly smaller mouth gape suggests they partition shared prey such as bivalves by size 

class. Lower trophic level prey, such as salps and small crustaceans (amphipods and isopods) as 

well as small size classes of bivalves (Mytilus edulis galloprovincialis) and gastropods were 
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found in gut contents analysis of spotties to support this hypothesis. In contrast, the other three 

species were dependent on larger size classes of bivalves, crustaceans and sea urchins (Evechinus 

chloroticus).  

Observations of abundance and distribution further distinguished spotties as the only species 

to exist in highest abundance in the inner reaches of the fiord, where wave height and salinity are 

at their minimum (Wing et al. 2004). Conversely, abundances of all other species were associated 

with high levels of salinity and wave height in productive coastal areas. A preference for inner 

fiord habitat supports spotties‟ dietary dependence on the small crustaceans (amphipods) found in 

high abundance in these areas (Rutger and Wing 2006). Despite favoring inner fiord habitats, 

spotties were also found in relatively high abundance along the whole length of the fiord axis, 

emphasizing their plasticity in both diet and physiological tolerance. Their preference for shallow 

depths (5-10 m) explained their overlap in carbon source use with banded wrasse, which also 

forage in the shallows. Finally, spotties were further distinguished from the other species in the 

guild by their unique life history strategy. Spotties were observed to be a relatively small, fast 

growing, short-lived species, while other wrasse species were larger, slower growing and longer 

lived. Together, these observations highlight both the generalist nature of spotties in Fiordland as 

well as the high degree of niche partitioning which isolates them from the other species.  

Evidence of niche partitioning among the remaining three species (scarlet, banded and 

girdled wrasse) was minimal; however, minor differences in niche space may facilitate the high 

level of niche overlap observed. Stable isotope analysis indicated scarlet wrasse and girdled 

wrasse exploited different carbon sources than banded wrasse. This was supported by the fact that 

banded wrasse diet was dominated by benthic suspension feeders (>70% frequency) while scarlet 

wrasse diet was additionally supplemented by deposit feeders and pelagic suspension feeders. 

Though all species were dependent on high salinity, wave exposed environments with high 

macroalgal density, scarlet wrasse were found in highest abundances in mid to outer fiord areas, 

whereas banded and girdled wrasse existed in highest abundance only near the outer coast.  

Biological descriptors of wrasse abundance supported some of the differences in carbon 

source use indicated among species. Scarlet wrasse preferred deep subtidal (10-15 m) habitats 

where sea urchins (Evechinus chloroticus) and brachiopods (Terebretella spp) were abundant 

(mid to outer fiord) while girdled wrasse preferred deep habitats in areas where barnacles were 

found in high abundance (wave exposed outer coast). Banded wrasse abundance was highest in 
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shallow water (5-10 m) where sea urchins and barnacles were abundant (shallow outer coast). A 

high overlap in diet and association with similar physical and biological gradients was reflected 

in the overlapping morphology and life history strategy of the three species. Overall, 

investigation of niche breadth among scarlet wrasse, banded wrasse and girdled wrasse revealed 

high levels of niche overlap with some differences in dietary preference and microhabitat 

partitioning. 

1.1.2 Niche partitioning between inner and outer fiord habitat 

Niche partitioning between inner and outer fiord habitats for spotties was reflected in several 

aspects of their biological and physical niche space. Stable isotope analysis indicated spotties had 

an altered diet at inner fiord sites, feeding at higher trophic levels as well as utilizing a strongly 

reduced proportion of macroalgal carbon in inner Doubtful Sound compared to other sites. This 

would suggest a forced change in diet to account for reduced numbers of more nutritious prey 

species such as bivalves, which have low tolerance for reduced salinity (McLeod and Wing 

2008a). Differences in the parameters of age, growth and condition supported observed 

differences in trophic level and carbon source use between inner and outer fiord habitats. Spotties 

collected from inner fiord areas were observed to have faster initial growth rates but reach a 

lower overall asymptotic length and condition. This may be indicative of a less nutritious diet 

and/or higher levels of physiological stress (low salinity) (Hammond 2006). This pattern suggests 

differences in trophic level and carbon cycling may exist between inner and outer fiord habitats 

throughout Fiordland in addition to that observed in inner Doubtful Sound by McLeod et al. 

(2010). 

1.2 Trophic role of wrasses and carbon cycling in the subtidal marine food web 

Food web data are an important component for predicting change in environmental systems 

as a result of fisheries impacts or conservation efforts such as MPA‟s (marine protected areas). 

Fiordland‟s marine food web is strongly influenced by the extreme physical gradients of salinity, 

wave exposure and incident solar irradiance which drive gradients in primary productivity (Wing 

et al. 2007) and trends in carbon cycling (McLeod and Wing 2008a, Rodgers and Wing 2008, 

Jack et al. 2009). This study has established characteristics of niche space that indicate wrasses 

utilize areas of high quality habitat by exploiting similar resources in specific areas along these 

environmental gradients.  
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Wrasses are some of the most abundant fishes in Fiordland‟s subtidal rocky reef ecosystems 

(Archibald 2009). With very plastic diets and habitat preferences, spotties play a role in driving 

the flux of both terrestrial (McLeod et al. 2010) and marine sources of carbon. As some of the 

more dominant mobile subtidal predators in Fiordland, the specialist niche space of scarlet, 

banded and girdled wrasse means they are likely to place high predation pressure on invertebrate 

communities as suggested in recent studies (Rilov and Schiel 2006). Therefore, wrasses may also 

play key roles in maintaining biodiversity within the system. Despite reflecting a diet supported 

nearly equally by both macroalgal and planktonic carbon sources, abundances of the three larger 

species were dependent on highly productive mid to outer fiord areas with high salinity and wave 

exposure, as well as high macroalgal (Ecklonia radiata) abundance, which provides important 

sheltering and nursery habitat for reef fish (Pérez-Matus and Shima 2010). These associations 

have strong implications for carbon flux in the Fiordland marine system, suggesting coastal areas 

are key habitats for supporting primary production and movement of organic matter through the 

food web.  

The current spatial management plan for the Fiordland Marine Area has placed its largest 

focus on the inner fiord environment, with a majority of commercial exclusion zones and marine 

reserves concentrated in inner fiord habitats (Wing et al. 2004). Recent studies indicate there is 

evidence of source sink dynamics, whereby fish and invertebrate populations in mid or inner 

fiord areas are maintained by recruits from the highly productive outer coast (Rodgers and Wing 

2008, Wing 2009, Lawton et al. 2010). The affect of habitat quality along Fiordland‟s physical 

and biological gradients has also been implicated as an important factor in successful reserve 

implementation for rock lobsters (Jasus edwardsii) (Jack et al. 2009). These studies suggest that 

highlighting areas that support high quality habitat as well as key population sources will be 

integral for developing a marine management plan that will successfully maintain populations in 

Fiordland.  

The findings of this thesis are consistent with previous studies, suggesting that major sources 

of primary productivity and high quality habitat are best supported in Fiordland‟s coastal areas. 

The parameters of wrasse niche space identified in this study show how Fiordland‟s unique 

physical and biological gradients create specific patterns in productivity and habitat quality which 

influence trophic positioning and carbon cycling in the subtidal marine foodweb. These patterns 

in wrasse community structure highlight the importance of considering food web dynamics in 

coastal areas and have implications for the spatial management of Fiordland‟s marine resources.  
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1.3 Conclusions 

 Strong evidence of niche partitioning was found between spotties (a highly plastic 

species) and the remaining three species of the Fiordland wrasse guild (banded wrasse, 

girdled wrasse and scarlet wrasse) which reflected specialized resource use. 

 High niche overlap was observed between banded wrasse, girdled wrasse and scarlet 

wrasse with some differences in diet preference and microhabitat partitioning over depth 

strata. 

 Spotties partitioned niche space between inner and outer fiord habitat as a result of the 

altered prey field along the fiord axis. 

 Optimal niche space for wrasse species in general was best characterized by the coastal 

outer fiord environment. 
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Figure 6.1 Schematic of niche partitioning in the Fiordland wrasse guild. Spotties have a highly 

plastic definition of niche space, exploiting resources over the extent of biological and physical 

gradients between inner and outer fiord from recycled terrestrial organic matter sources to marine 

derived carbon. Banded, scarlet and girdled wrasse have a more limited niche space, utilizing 

resources dependent on productive macroalgal habitat on the outer coast, though they do occupy 

different depth strata and feed on a variety of benthic invertebrates. Sea grass was not included in 

analysis as a carbon source due to the limited scope of the study though it is present in inner fiord 

habitats.
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Appendix I: IRI Index values 

 

Appendix 1.1 Weight percentage (%W), frequency of occurrence (%F) and revised index of 

relative importance (IRI) for prey categories of spotties (Notolabrus celidotus) separated by 

collection site. Prey categories are organized by feeding strategy used by prey items and listed in 

order of importance as indicated by IRI values. 

 

Outer Doubtful 

  

Inner Doubtful 

Prey items %F %W IRI 

 
Prey items %F %W IRI 

benthic suspension feeder 100 99 9883 

 

benthic suspension feeder 83 46 3803 

terrestrial 9 1 11 

 

deposit feeder 33 16 518 

deposit feeder 

    

pelagic suspension feeder 33 16 518 

detritovore 

    

detritovore 17 8 129 

macroalgae 

    

surface grazer 17 8 129 

pelagic suspension feeder 

    

terrestrial 17 8 129 

secondary consumer 

    

macroalgae 

   surface grazer 

    

secondary consumer 

   

         

 

Outer Thompson 

  

Inner Bradshaw 

Prey items %F %W IRI 

 
Prey items %F %W IRI 

benthic suspension feeder 90 75 6725 

 

pelagic suspension feeder 64 36 2300 

detritovore 10 11 108 

 

benthic suspension feeder 45 26 1195 

deposit feeder 10 7 72 

 

deposit feeder 27 14 388 

pelagic suspension feeder 10 7 72 

 

detritovore 27 10 278 

macroalgae 

    

terrestrial 18 9 159 

secondary consumer 

    

surface grazer 9 4 40 

surface grazer 

    

macroalgae 

   terrestrial 

    

secondary consumer 

   

      

 

  

 

Outer Dusky 

  

Inner Dusky 

Prey items %F %W IRI 

 

Prey items %F %W IRI 

benthic suspension feeder 90 80 7158 

 

benthic suspension feeder 40 55 2216 

pelagic suspension feeder 40 10 409 

 

pelagic suspension feeder 40 30 1190 

deposit feeder 30 6 184 

 

macroalgae 20 15 297 

surface grazer 10 2 20 

 

deposit feeder 

   terrestrial 10 2 20 

 

detritovore 

   detritovore 

    

secondary consumer 

   macroalgae 

    

surface grazer 

   secondary consumer 

    

terrestrial 
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Appendix 1.2 Weight percentage (%W), frequency of occurrence (%F) and revised index of 

relative importance (IRI) for prey categories of spotties (Notolabrus celidotus) separated by 

collection site. Prey categories are organized by habitat type used by prey items and listed in 

order of importance as indicated by IRI values. 

 

Outer Doubtful 

  

Inner Doubtful 

Prey items %F %W IRI 

 
Prey items %F %W IRI 

benthic epifaunal 100 99 9883 

 

benthic epifaunal 83 46 3841 

terrestrial 9 1 11 

 

pelagic 33 22 719 

pelagic 

    

benthic infaunal 33 22 719 

benthic infaunal 

    

terrestrial 17 11 180 

         

 

Outer Thompson 

  

Inner Bradshaw 

Prey items %F %W IRI 

 
Prey items %F %W IRI 

benthic epifaunal 90 85 7610 

 

pelagic 55 43 2352 

pelagic 10 8 77 

 

benthic epifaunal 64 29 1874 

benthic infaunal 10 8 77 

 

benthic infaunal 27 17 463 

terrestrial 

    

terrestrial 18 10 190 

         

 

Outer Dusky 

  

Inner Dusky 

Prey items %F %W IRI 

 
Prey items %F %W IRI 

benthic epifaunal 90 80 7245 

 

benthic epifaunal 60 70 4216 

pelagic 40 11 433 

 

pelagic 40 30 1190 

benthic infaunal 30 7 195 

 

benthic infaunal 

   terrestrial 10 2 22 

 

terrestrial 
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Appendix 1.3 Weight percentage (%W), frequency of occurrence (%F) and revised index of 

relative importance (IRI) for prey categories of scarlet wrasse (Psuedolabrus miles) separated by 

collection site. Prey categories are organized by feeding strategy used by prey items and listed in 

order of importance as indicated by IRI values. 

Outer Doubtful 

    

Outer Dusky 

   Prey Items %F %W IRI 

 

Prey Items %F %W IRI 

benthic suspension feeder 100 86 8561 

 

benthic suspension feeder 100 48 4789 

pelagic suspension feeder 50 14 720 

 

deposit feeder 77 29 2195 

deposit feeder 

    

surface grazer 62 11 706 

detritovore 

    

detritovore 23 5 110 

macroalgae 

    

secondary consumer 8 6 44 

secondary consumer 

    

pelagic suspension feeder 8 2 12 

surface grazer 

    

macroalgae 

   terrestrial 

    

terrestrial 

    

        Outer Thompson 

        Prey Items %F %W IRI 

     benthic suspension feeder 100 78 7834 

     deposit feeder 29 6 162 

     pelagic suspension feeder 29 6 162 

     surface grazer 14 5 66 

     detritovore 14 3 41 

     macroalgae 14 3 41 

     secondary consumer 

        terrestrial 
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Appendix 1.4 Weight percentage (%W), frequency of occurrence (%F) and revised index of 

relative importance (IRI) for prey categories of scarlet wrasse (Psuedolabrus miles) separated by 

collection site. Prey categories are organized by habitat type used by prey items and listed in 

order of importance as indicated by IRI values. 

Outer Doubtful 

    
Outer Thompson 

   Prey Items %F %W IRI 

 
Prey Items %F %W IRI 

benthic epifaunal 100 86 8561 

 

benthic epifaunal 100 87 8720 

pelagic 50 14 720 

 

pelagic 29 6 183 

terrestrial 

    

benthic infaunal 29 6 183 

benthic infaunal 

    

terrestrial 

   

         Outer Dusky 

        Prey Items %F %W IRI 

     benthic epifaunal 100 67 6655 

     benthic infaunal 77 32 2438 

     pelagic 8 2 14 

     terrestrial 

         

Appendix 1.5 Weight percentage (%W), frequency of occurrence (%F) and revised index of 

relative importance (IRI) for prey categories of banded wrasse (Notolabrus fucicola) separated by 

collection site. Prey categories are organized by feeding strategy used by prey items and listed in 

order of importance as indicated by IRI values. 

Outer Doubtful 

    
Outer Thompson 

   Prey Items %F %W IRI 

 
Prey Items %F %W IRI 

benthic suspension feeder 100 93 9304 

 

benthic suspension feeder 100 100 10000 

detritovore 40 2 97 

 

deposit feeder 

   surface grazer 20 2 39 

 

detritovore 

   terrestrial 20 2 35 

 

macroalgae 

   pelagic suspension feeder 20 1 17 

 

pelagic suspension feeder 

   deposit feeder 

    

secondary consumer 

   macroalgae 

    

surface grazer 

   secondary consumer 

    

terrestrial 

   
         Dusky Outer 

        Prey Items %F %W IRI 

     benthic suspension feeder 70 65 4561 

     surface grazer 20 23 465 

     detritovore 20 5 102 

     pelagic suspension feeder 20 3 52 

     macroalgae 10 3 26 

     terrestrial 10 1 13 

     deposit feeder 

        secondary consumer 
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Appendix 1.6 Weight percentage (%W), frequency of occurrence (%F) and revised index of 

relative importance (IRI) for prey categories of banded wrasse (Notolabrus fucicola) separated by 

collection site. Prey categories are organized by habitat type used by prey items and listed in 

order of importance as indicated by IRI values. 

Outer Doubtful 

    
Outer Thompsons 

   Prey Items %F %W IRI 

 
Prey Items %F %W IRI 

benthic epifaunal 100 97 9,723 

 

benthic epifaunal 100 100 10000 

terrestrial 20 2 38 

 

pelagic 

   pelagic 20 1 18 

 

terrestrial 

   benthic infuanal 

    

benthic infaunal 

   

         Outer Dusky 

        Prey Items %F %W IRI 

     benthic epifaunal 80 96 7684 

     pelagic 20 3 53 

     terrestrial 10 1 13 

     benthic infaunal 
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Appendix 1.7 Classification of diet items found in gut content analysis by feeding guild and 

habitat type. 

Taxon Feeding Strategy Habitat 

Mollusca/polyplacophora surface grazer benthic epifaunal 

Mollusca/mussels benthic suspension feeder benthic epifaunal 

Brachiopoda benthic suspension feeder benthic epifaunal 

Mollusca/gastropoda surface grazer benthic epifaunal 

Asteroidea secondary consumer benthic epifaunal 

Echinoidea/Evechinus surface grazer benthic epifaunal 

Bryozoan benthic suspension feeder benthic epifaunal 

Cnidaria/Hydroid benthic suspension feeder benthic epifaunal 

Crustacea /unident crab detritovore benthic epifaunal 

Crustacea /cirripedia benthic suspension feeder benthic epifaunal 

Crustacea /amphipoda pelagic suspension feeder pelagic 

Crustacea /isopoda pelagic suspension feeder pelagic 

Crustacea / hermit crab surface grazer benthic epifaunal 

Teleostei pelagic suspension feeder pelagic 

Polychaeta deposit feeder benthic infaunal 

Seaweed macroalgae benthic epifaunal 

Terrestrial insect/plant terrestrial terrestrial 

Thaliacea/salp pelagic suspension feeder pelagic 
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Appendix II: IRI index of prey types in gut contents 

 

Appendix 2.1 Revised index of relative importance (IRI) for basic prey categories of scarlet 

wrasse (Pseudolabrus miles), banded wrasse (Notolabrus fucicola) and spotties (Notolabrus 

celidotus). Bold values indicate top 5 prey items for each species. 

Prey type Spotty 

Scarlet 

wrasse 

Banded 

wrasse 

 Asteroidea (Pentagonaster pulchellus) 0.0000 0.0014 0.0000 

 Bryozoa 0.0000 0.0038 0.0000 

 Brachiopoda and Mollusca(bivalvia) 0.0000 0.2337 0.0000 

 Cnidaria/hydroid 0.0001 0.0003 0.0000 

 Crustacea/hermit crab 0.0000 0.0058 0.0017 

 Crustacea/amphipoda 0.0011 0.0000 0.0000 

 Crustacea/cirripedia 0.0032 0.0000 0.0070 

 Crustacea/isopoda 0.0000 0.0000 0.0000 

 Crustacea/unident. crab 0.0003 0.0001 0.0139 

 Echinoidea (Evechinus chloroticus) 0.0000 0.0092 0.0000 

 Mollusca/bivalvia 0.0014 0.0000 0.0000 

 Mollusca/gastropoda 0.0005 0.0004 0.0000 

 Mollusca/mussels (mainly Mytilus edulis galloprovincialis, 

Perna canaliculus) 0.3628 0.0903 0.5074 

 Mollusca/polyplacophora 0.0000 0.0095 0.0051 

 Polychaeta 0.0002 0.0461 0.0000 

 Seaweed 0.0000 0.0000 0.0003 

 Teleostei/unident. fish 0.0000 0.0000 0.0001 

 Terrestrial insects 0.0000 0.0000 0.0005 

 Thaliacea (salp) 0.0015 0.0000 0.0000 
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Appendix III: Iso-error values for the proportion of organic matter 

in wrasse diet 

Appendix 3.1 Isoerror values  indicating the proportion of Macro (macroalgae) and SPOM 

(suspended particulate organic matter and plankton) in the diet of wrasse species. SP = spotties, 

SW = scarlet wrasse, BW= banded wrasse and GW = girdled wrasse. 

Site Species Macro Range SPOM Range 

Doubtful outer SP 0.647 ± 0.083 0.480-0.814 0.353 ± 0.083 0.186-0.520 

 

SW 0.624 ± 0.103 0.404-0.844 0.376 ± 0.103 0.156-0.596 

 

BW 0.518 ± 0.076 0.365-0.671 0.482 ± 0.076  0.329-0.635 

 

GW 0.638 ± 0.086 0.461-0.814 0.362 ± 0.086 0.186-0.539 

Doubtful inner SP 0.470 ± 0.108 0.239-0.701 0.530 ± 0.108 0.299-0.761 

Dusky outer SP 0.659 ± 0.085 0.488-0.830 0.341 ± 0.085 0.170-0.512 

 

SW 0.499 ± 0.080 0.339-0.659 0.501 ± 0.080 0.341-0.661 

 

BW 0.520 ± 0.081 0.358-0.682 0.470 ± 0.081 0.318-0.642 

 

GW 0.583 ± 0.098 0.373-0.793 0.417 ± 0.098 0.207-0.627 

Dusky inner SP 0.635 ± 0.082 0.470-0.801 0.365 ± 0.082 0.199-0.530 

Thompson outer SP 0.600  ± 0.079 0.441-0.759 0.400 ± 0.079 0.241-0.559 

 

SW 0.582 ± 0.081 0.419-0.745 0.418 ± 0.081 0.255-0.581 

 

BW 0.512 ± 0.072 0.368-0.657 0.488 ± 0.072 0.343-0.632 

  GW 0.594 ± 0.077 0.440-0.749 0.406 ± 0.077 0.251-0.560 

Thompson inner SP 0.619 ± 0.079 0.423-0.814 0.381 ± 0.079 0.186-0.577 

 


