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Abstract 

The nutritional value of detritus to small coral reef fishes was examined by 

assessing the trophic status of salariin blennies on the Great Barrier Reef, Australia. It 

is often assumed that filamentous algae sati sfies the dietary requirements of fish 

feeding on the epilithc algal matrix (EAM); however, gut content analysis of nine 

blenny species, from fi ve genera, found they all ingested predominantly detrital 

aggregates and only small amounts of filamentous algae. For the representative 

species examined in greater detail , Sa/arias patzneri, detrital aggregates were the 

dominant item ingested irrespective of season or age. Comparisons of S. parzneri gut 

contents with EAM samples from within their territories showed that S. patzneri 

ingested a significantly higher proportion of particles <125j.J.m and significantly lower 

proportion of filamentous algae than was present in their territory. 

Visual examination of particulates < 125j.J.m collected from Sa/arias patzneri 

territories found that organic matter was almost exclusively in the fonn of amorphic 

detrital aggregates. Biochemical comparisons of detrital particles < 125j.J.m with 

filamentous algae determined that protein:energy ratios of particulates < 125j.J.m were 

s lightly higher than those of filamentous algae, suggesting detritus is of comparable, if 

not slightly higher nutritional value than filamentous algae. The mean protein:energy 

ratio of particulates < 125j.J.m in the summer (I 1.3 ± 0.8 mg.Kj" I) and winter (IO.3 ± 

1.3 mg.Kj"I) was also greater than values required to sustain fish growth. The organic 

content of particulates <125 .... m was high (15-20%), and, overall, these particles 

accounted for approximately 41-44% of the total organic matter in the EAM. Detrital 

particulates <125 j.J.m were therefore a nutritionally valuable and abundant component 

of the EAM in S. patzneri territories. 



Lipid biomarkers were used to identify the source of amorphic detritus 

<12SJ.1m in Sa/arias palZneri territories. Fatty acid, hydrocarbon and sterol profiles 

from detrital aggregates and filamentous algae samples were similar, suggesting a 

large portion of the amorphic detritus is derived from filamentous algae. However, 

differences in the relative concentration of specific lipid biomarkers in detritus and 

algal samples indicated additional inputs to the detritus from microalgae, coral mucus 

and bacteria. 

The concentration of fatty acid biomarkers in Sa/arias palzneri tissues were 

also compared to detritus and filamentous algae samples to assess which of these 

resources were assimilated by blennies. The ratio of the fatty acid 16: 1w7 to 16:0 and 

the percentage of 18:2007 in detrital samples and S. patzneri tissues were similar; 

however, the ratio! percentage of these dietary biomarkers were significantly different 

in filamentous algae and S. patzneri tissues. This difference suggested that S. parzneri 

assimilated lipids primarily from detrital aggregates rather than filamentous algae. 

Detrital aggregates therefore represent 62 ± 5% of S. patzneri gut contents, are 

of a high nutritional value, represent a major source of organic matter avai lable to S. 

parzneri in their territories and are assimilated by this species. Salarias patzneri can, 

therefore, unequivocally be classified as a detritivorous fish, and, based on the gut 

contents of9 salariin species, other blennies are also likely to be detritivores. 

As a group, salariin blennies were most abundant, and biomass estimates 

greatest, on the tops of exposed seaward reefs. At a finer spatial scale, individual 

species showed a preference for dead coral microhabitats. It is hypothesised that both 

broad and fine scale habitat associations of blennies are partia lly related to the 

availability and quality of detritus. On the exposed reef crests at Lizard Island, where 

the number and biomass of detritivorous and herbivorous fishes is greatest, blennies 
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accounted for approximately half of the density and one fifth of the estimated biomass 

of territorial detritivores. Compared to other functional groups, territorial detritivores 

accounted for approximately a third of all detritivorouslherbivorous fishes and one 

quarter of total biomass estimates on exposed reef tops. The substantial contribution 

ofblennies and other detritivores to fish assemblages that feed on the EAM, relatively 

high nutri tional value and abundance of detritus, combined with its undeniable 

contribution to blenny diets , indicates that detritus and detritivorous fishes are an 

integral and important component of coral reef trophodynamics. 
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Preface 

A fundamental aspect of ecology is understanding how energy flows between 

different trophic levels. In almost all ecosystems, energy is initially fixed by primary 

producers then transferred to different trophic levels via the grazing of herbivores, or 

less directly, via the detrital pathway (Begon et al. 1990). On coral reefs it is often 

assumed that grazing by herbivorous fishes and invertebrates forms the main trophic 

link between primary production by algae and secondary consumers (Hatcher 1983a). 

However, studies that have compared levels of primary production and grazing by 

herbivorous fauna on coral reefs have found algal production always exceeds 

herbivore consumption (Hatcher 1981, Klumpp and Polunin 1990, Polunin and 

Klumpp 1992). Algae that are not ingested by grazers may enter the detrital food web 

when dislodged, or via the secretion of dissolved organic matter and subsequent 

formation of particulate organic matter. In addition, a large percentage of the organic 

matter that is ingested by herbivores is not assimilated (Montgomery and Gerking 

1980, Klumpp and Polunin 1989, Galeno and Bellwood 1994), and fecal matter from 

these grazers will also contribute to the detrital pool. Organic matter from coastal 

outwellings (Alongi 1990), dead organisms and exudates from other reef fauna, 

particularly mucus from corals (Ducklow and Mitchell 1979), may also add to detritus 

on coral reefs. Consequenlly, given the large range of potential sources, it seems 

likely that a substantia l proportion of the energy on coral reefs is in the form of 

detritus. 

A trophodynamic model of a coral reef predicts that 59-69% of the net 

primary production enters detrital food webs (Arias-Gonzalez et al. 1997). This high 

estimate is supported by observations recording large inputs of organic carbon to a 

coral reef lagoon from detritus relati ve to primary productivity (Hansen et al. 1992), 
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and a higher standing biomass of detritus relative to filamentous algae In the 

territories of three species of pomacentrids (Wilson and Bellwood 1997). 

The detritus produced on reefs may contribute to further algal production, 

become incorporated into sediments and buried, transported off reefs, or consumed by 

microorganisms and detritivores (Hatcher I 983b). Microorganisms, in particular 

bacteria, are believed to be responsible fo r recycling large amounts of detritus and 

making it avai lable for metazoan consumers (Alongi 1988). Similarly, benthic and 

pelagic invertebrates have been identified as consumers of detritus (Alongi 1988), 

and, in conjunction with microbial organisms, may provide an important link between 

detritus and coral reef fishes. However, the possibility that coral reef fish ingest, 

digest and assimilate detritus directly has been largely overlooked, especially in hard 

substartum environments. This omission is despite findings that detritivorous fishes 

are a major part of fish communities in fresh water ecosystems (Gerking 1994) and 

that some of these fi shes are capable of assimilating detritus without bacterial or 

invertebrate intermediates (Bowen 1981). 

On coral reefs most of the fi sh that are classi fied as herbi vores feed on the epilithic 

algae that grow on the hard reef substratum (Hatcher 1983a). Amongst these algal 

filaments there is detritus, invertebrates, microbes and sediment (Hatcher 1983b, 

Choat 199 1), a conglomeration of items, that together with the filamentous algae has 

been described as the epi lithic algal matrix (EAM) (Wilson and Bellwood 1997). Fish 

that feed on the EAM are likely to ingest not only filamentous algae, but also other 

items within the EAM (Choat 199 1). Recent findings have shown that three species of 

territorial pomacentrids ingest more detritus than filamentous algae (Wi lson and 

Bellwood 1997) and that one of the most prominent acanthurids on coral reefs, 

Ctenochaetus stria/us, is a specialised detritivore (Purcell and Bellwood 1993). In 
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fact, gut content analyses of fish from the Scaridae, Acanthuridae and Pomacentridae 

reveal that many species, often regarded as herbivores, ingest substantial amounts of 

detritus (Sano et at. 1984). The detritus ingested by pomacentrids was of irregular 

shape, lacked cellular structures and was composed of particles < 100 llm (Wilson and 

Bellwood 1997), characteristics typical of amorphic detritus (Bowen 1984). 

Compared to morphic detritus, which contains cellular remnants of its organic origin 

and is 'typically composed of particles >100 JJm (Bowen 1984), amorphic detritus is of 

a relatively high nutritional value (Alber and Valiela 1994). The contribution of 

detritus to secondary production by these fish is unclear, however, these fish do ingest 

large quantities of a nutritious fonn of detritus, which raises questions regarding their 

true trophic status and the relative importance of grazing and detritivory in coral reef 

trophodynamics. 

Of the fish that feed on the EAM, members of the family Blenniidae, tribe 

Salariini, represent some of the smallest known detritivorouslherbivorous fishes. 

Based on data from Myers (1989) members of the salariin blennies have maximum 

standard lengths of between 27 and 137mm, with a mean of 74mm, making them 

considerabl y smaller than any other group of coral reef fish that feed on the EAM 

(Choat 1991). Fish with small body mass have a higher resting metabolic rate than 

larger fish and therefore require relatively more energy per gram of body mass than 

larger con specifics (Clarke and Johnston 1999), In warm, tropical waters metabolic 

demands are even greater than in cooler aquatic habitats, as oxygen consumption 

increases in a curvilinear fashion with environmental temperature (Clarke and 

Johnston 1999), Being of small body size and living in tropical waters, the salariin 

blennies must, therefore, by necessity, feed on a dietary resource that is readily 

available and of high nutritional va lue. 
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The salariin blennies feed on the EAM, where the two most likely sources of 

organic matter and energy are filamentous algae and detritus. The nutritional value of 

these two resources is often considered to be low; however, with selective feeding and 

high consumption levels, it is feasible that blennies could live on a detrital and/or 

algal based diet (Bowen et al. 1995). Indeed, although they are small and cryptic, the 

salariin blennies are often highly abundant on coral reefs (Hatcher 1981 , Labelle and 

Nursall 1992, Townsend and Tibbetts 2000) and in some locations they have been 

identified as major consumers of the EAM (Hatcher 1981). Salariin blennies also have 

been identified as important prey items of common coral reef fish from the families 

Serranidae and Lutjanidae (Kingsford 1992, Connell 1998, St John 1999), as well as 

primary prey of specialised predatory fish from the famil ies Fistularidae and 

Aulostomidae (Hiatt and Strasburg 1960, Randall 1967). The salraiin blennies are a 

group of fish that provide an important trophic link between resources within the 

EAM and secondary consumers and are therefore of both ecological and physiological 

interest. 

The primary aim of this dissertation was to examine the trophic status of 

salariin blennies on coral reefs. This study initially involved examination of ingested 

material from a number of different blenny species collected from different regions of 

the Great Barrier Reef, Austral ia (Chapter I). Selection of dietary items and the 

nutritional value of dietary resources were then examined for a representative species, 

Sa/arias patzneri (Chapters 1 and 2). Comparisons of dietary selection and quality 

concentrated on differences between detritus and filamentous algae collected from the 

EAM within S. patzneri territories. The origin of detritus in territories also was 

investigated using lipid biomarkers (Cbapter 3). The composition of lipid biomarkers 

in detritus and algae were then compared to tissue samples of S. palzneri to assess the 
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source of dietary lipids (Chapter 4). Finally, the distribution patterns of salariin 

blennies were examined with respect [0 their primary dietary resource, and their 

contribution to fish assemblages that feed on the EAM were assessed (Chapter 5). 

Thus, by examining the feeding selectivity, ingestion and assimilation by 

blennies, this thesis will provide information on their trophic status, whilst 

distribution studies will give an indication of their ecological significance. Given the 

metabolic constraints that are applicable to blennies, information on their diet, its 

nutritional value and origin may also provide insights into the trophic nature of other 

fishes thaI feed on the EAM, laying the foundation for a broader understanding of 

coral reef trophodynamics. 
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Chapter 1. Diet and feeding selectivity of coral reef blennies 

(Blenniidae: Salariini) 

Published in Marine Biology136: 431-437 

l.llntroduction 

The use of the lenn herbivore to describe the trophic status of reef fishes that 

feed on epilithic algae often can be misleading. Although many of these fish can be 

seen feeding on epilithic algae, the algae are not necessarily the main item they ingest. 

This is because on coral reefs epilithic algae are a conglomeration of algae, sediment, 

invertebrates, microbes and detritus (Hatcher 1983a, Choat 1991), a combination of 

potential dietary resources that has previously been referred to as the epilithic algal 

matrix (EAM) (Wilson and Bellwood 1997). Consequently, fi sh feed ing on the EAM 

potenti ally can ingest nutritional resources other than algae, and the value of these 

alternative resources to a fish's diet often is unclear (Choat 1991 ). To assess the 

trophic nature of fish that feed on the EAM, it is therefore essential to determine 

which of the EAM resources they ingest and ultimately use. 

Members of the fami ly Blenniidae, tribe Salari ini, have been identified as 

major grazers of epilithic algae (Hatcher 1981) and previously described as herbivores 

(Graham et al. 1985, Randall et al. 1990, Stepien 1990, Williams 1990) or detritivores 

(Williams 1990). Studies that have examined their gut contents have found they ingest 

a combination of detritus. sediment and algae (e.g. Hiatt and Strasburg 1960, Randall 

1967, Sano et al. 1984). However, these studies have tended to group algae and 

detritus or sediment and detritus as single categories, making it difficult to assess the 

independent contribution of these items to the gut contents. The coherent nature of the 

EAM also makes it difficult to physically separate detritus, sediment and algae. A 
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visual method of analysis however has been developed to allow the relative 

contribution of different items to be measured quantitatively (Wilson and Bellwood 

1997). This technique is used herein to assess the relative contribution of detritus, 

sediment, filamentous algae and other ingested items in the gut contents of coral reef 

blennies from the tribe Salariini. 

In temperate waters, gut content analyses of blennies from the tribe Blenniini, 

which are closely related to salariin blennies (Springer 1968), have detected 

interspecific (Goldschmid et al. 1984), seasonal (Nieder 1997) and ontogenetic 

(Milton 1983) changes in diet. Consequently, a comprehensive analysis of diet in the 

salariin blennies should investigate potential dietary differences between species and 

the possible effect of season and age on blenny diet. Furthennore. if blennies 

predominantly ingest a particular item within the EAM, it is possible that they 

preferentially feed on this EAM component, and such feeding behaviour may help to 

identify trophic status. The size of panicles ingested also may be important, 

particularly if detritus is a major component of the gut contents. Smaller detrital 

particles are more likely to be amorphic (Bowen 1984). which is more nutritious and 

better assimilated than larger-sized morphous detritus (Alber and Valiela 1994, 

D'Avanzo et al. 1991). If bJennies feed selectively on a part icular size range of 

particles, it may therefore give an indication of their preferred detrital type. 

The morphology of the oral and pharyngeal jaws offish is also often examined 

in conjunction with dietary studies (e.g. Purcell and Bellwood 1993). Examining jaw 

morphology can help identify the manner in which fi sh procure and process dietary 

items, as well as the type of dietary items they are capable of ingesting. By examining 

the jaw structure of the blenny, Salarias patzneri, I hope to gain an insight into how 

thi s species, and other salariin blennies, obtain dietary items from the EAM. 
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Finally, it has been demonstrated that feeding intensity of blennies in 

temperate waters can be correlated to diurnal changes in the nutritional quality of 

algae (Hom et al. 1990, Zoufal and Taborsky 1991). Monitoring the feeding patterns 

of salariin blennies on coral reefs may therefore give an indication of whether 

blennies have the potential for similar temporal feeding selectivity in this 

environment. 

In this chapter I provide an initial assessment of the trophic status of salariin 

blennies on coral reefs by assessing their gut contents and feeding patterns. Gut 

content analyses were carried out on nine species of salariin blenny, collected from 

three regions of the Great Barrier Reef, Australia. The possibility of temporal and 

ontogenetic diet shifts will be investigated by examining the gut contents of a 

representative species, Sa/arias patzneri. Preliminary investigations found S. patzneri 

had dentition (e.g. Kotrschal 1989, Ebner 1993), and diet (Ebner 1993) similar to 

other salariin blennies and was therefore a suitable representative species. Salarias 

patzneri were collected during the summer and winter to examine potential temporal 

variability in diet, whilst a fu ll size range of S pat2neri were collected to examine 

potential ontogenetic shifts in diet. Selection of dietary categories, different sized 

particles and temporal feeding patterns of S palzneri also will be examined to 

determine the dietary and temporal feeding preferences of this blenny. 

1.2 Materials and Methods 

1.2.1 Collection of samples 

Inter-specific differences in diet were evaluated by examining the gut contents 

of nine species of salariin blennies. Fish were collected from the reefs surrounding: 

Lizard (140 42'S, 1450 30'E), Orpheus (180 40'S , 1450 30'E), and One Tree Islands (230 
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30'S, 1520 06'E) (Table 1.1). Species collected from each of these islands represented 

the dominant sa lariin taxa from each island. Blennies used for inter-specific 

comparisons and other analyses were collected between August 1997 and February 

1999, using either hand spears or the anaesthetic clove oil (see Munday and Wilson 

1997). All fish were collected during the afternoon, as this is when blennies typically 

have full guts (Klumpp and Polunin 1989,1990, Ebner 1993). Fish were killed 

immediately after capture to prevent regurgitation, plac~d on ice, returned to the 

laboratory and frozen. 

Temporal variation in diet was investigated by examining the gut contents of 

Sa/arias palzneri collected from Lizard Island. Sixteen S. patzneri were collected 

during August 1998 (Austral winter) and a further sixteen in February 1999 (Austral 

summer). Blennies were sexed by examining genital papillae and gonad morphology. 

The gut contents of 60 S. palzneri, all collected from Lizard Island, and with standard 

lengths between 17.9 and 58.8 mm (measured with calipers) were examined for 

possible ontogenetic changes in diet. 

Table 1.1 Collection sites ofblenny species used for gut-content analysis. Sample 

sizes for Sa/arias palzneri, a "" inter-specific, b = seasonal, c = ontogenetic 

comparisons. 

Species Location n 

Ecsenius bicolor Lizard 10 

Ecsenius Slictus Lizard 12 

Glyptoparus delicatu/us Lizard 10 

Sa/arias palzneri Lizard 1l l32b60c 

Cirripecles cheJomalus Orpheus 4 

Ecsenius mandibularis Orpheus 14 

Sa/arias guttatus Orpheus II 

Arrosalarias fuscus One Tree 10 

Sa/arias jascialus One Tree 7 
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To assess feeding selectivity by blennies, a sample of total EAM and detritus 

were collected from eight Sa/arias parzneri territories and compared to the gut 

contents of fish collected from the same territory. Fish and EAM samples were 

collected from the Lizard Island lagoon, between the 1st and 10th of March, 1998. 

Prior to sampling, S. parzneri were observed for a period of 10 minutes (recorded with 

a stopwatch) and their feeding behaviour and bite locations recorded. A square plastic 

template, outlining an area of200cm2
, was then carefully pinned to the substratum, in 

an area where fish had been feeding. Loose sediment and assoc iated detrital 

aggregates were removed from thi s area using an underwater sediment sampler fitted 

with a soft brush (Purcell 1996). This sample herein is referred to as the detrital or 

detritus sample. A second square template, covering an area of IOOcm2
, was pinned to 

a different area of the territory where fish had also been observed feeding. This area 

was sampled by scraping the substratum with a metal pipe (l2mm internal diameter) 

fitted to the intake pipe of the underwater sediment sampler. Samples collected in this 

manner contained filamentous algae that had been scraped from the substratum, 

sediment and detrital aggregates and will be referred to as the complete EAM. After 

collection, detrital and complete EAM samples were returned to the laboratory within 

30 minutes, placed in settling containers and left for three hours in a cool location. 

This allowed particles > 10 )lm to settle (see Dyer 1986). Excess water was then 

dra ined through a tap at the base of the settling container and the remaining 

concentrate placed in a plastic bag and frozen. Fish were collected from territories 

immediately after removal of detrital and complete EAM samples. 

To assess if blennies feed at particular times of the day, the feeding behaviour 

of Sa/arias parzneri was monitored in the early morning (0600-0859), late morning 

(0900-1159), early afternoon (1200-1459) and late afternoon (1500-1800). Feeding 
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observations were made in the Lizard Island lagoon over a two-week period in winter 

(August 1998) and a further two weeks in summer (February 1999). A minimum of 

20 feeding observations was conducted within each sampling period during both 

seasons. Feeding observations were conducted on snorkel and involved recording the 

number of bites taken by an individual fish (approximately 35mm or greater total 

length, estimated visually) over 10 minutes. Before each feeding observation was 

conducted, blennies were watched for a 5-10 minute period to allow time for fish to 

become accustomed to the observer' s presence. 

Data were analysed statistica lly using ANOVA, with season entered as a 

fixed factor and time category entered as a random factor. Bite rates were square-root 

transfonned prior to analysis to meet the assumptions of ANOV A (Zar 1999). These 

assumptions were tested using Levene's test and Q-Q plots. 

1.2.2 Sample analyses 

Gut contents from blenny guts and complete samples of the EAM from the 

territories of Salarias patzneri were examined visually under an Olympus dissecting 

microscope. Blenny guts were stretched out and the contents from the anterior half 

dissected from the gut. Gut content and EAM samples were quantified using the 

method of Wilson and Bellwood (1997). Each sample was spread evenly over a glass 

Petrie dish and a 25x25 grid affixed to its base, from which 50 randomly marked grid 

quadrats were examined. In each of the 50 quadrats the dominant item was recorded 

and categorised into either: detrital aggregates, inorganic sediment, filamentous algae 

or invertebrates. Detrital aggregates were defined as dead organic matter with 

associated autotrophic and heterotrophic microbes (Bowen 1979). Other items present 
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in the quadrat also were recorded. Values for each category were expressed as a 

percentage of quadrats in which the category was dominant and present. 

To evaluate selectivity of dietary categories by Sa/arias patzneri, the dominant 

data from visual analyses of gut contents and the corresponding sample of complete 

EAM were compared. Selectivity ratios, with 95% confidence intervals, were used to 

assess patterns of food intake (Manly et at 1993). Ratios, that were less ilian 1.0 

indicate fish had ingested a lower proportion of iliat dietary category than was present 

in the complete EAM sample. Ratios that were greater than 1.0 suggested fish 

ingested a greater proportion of that dietary category than was present in the complete 

EAM. The 95% confidence limits were used to assess if selecti vity ratios varied 

significantly from a value of I. 

Equation for calculation of selectivity ratios. From Manly et al. (1993) Design type 

III, sampling protocol A. 

n 

W; = U;+ / I 1tU'U+j 
J- 1 

Wi = Selectivity ratio for category i and n fish. 

Ui .. = Sum of category i from n fish. 

n'j = amount of category i (expressed proportionally) avai lable to fis h j. 

U+j = Sum of all categories used by fish j 

A comparison of the size distribution of inorganic particles in the anterior half 

of Sa/arias patzneri guts and detrital samples of the EAM were carried out to assess if 

fish selected a particular size range of particles. Inorganic particles from the gut 

contents of S. palzneri and detrital samples were obtained by bleaching samples to 
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remove organic matter (following Wilson and Bellwood 1997). Particles from these 

samples then were sifted successively through 500, 250, 125 and 631lm sieves. Each 

of the resulting five size categories were weighed using a Mettler AE240 digital 

balance to an accuracy of ± 51lg. Weights for each category were expressed as a 

percentage of the total inorganic sediment weight. Selectivity ratios with 95% 

confidence intervals (Manly et at. 1993) then were used to compare the distribution of 

inorganic particles in the gut and detritus samples. 

The oral jaws of a Salarias patzneri were photographed using a Cannon P450 

camera fitted with a macro lens. This allowed a rudimentary examination of jaw 

structure in this blenny species. The pharyngeal jaws were dissected from the fish and 

place in a proteinase solution for 1 week to remove excess solution. The jaws were 

stained with alizarin red and examined under an Olympus stereo dissecting 

microscope. 

1.3 Results 

1.3.1 Comparative gut analysis of nine species of blennies 

Gut contents of all nine blenny species were characterised by large amounts of 

detrita l aggregates, moderate amounts of sediment and generall y small amounts of 

filamentous algae. Detrital aggregates were clearly the dominant organic category 

(Figure 1.1) and were present in almost 100% of quadrats (Table 1.2). In contrast, 

algae seldom dominated and were often absent from quadrats. Algae present in the 

guts of all fish were mainly filamentous, from the classes Rhodophyta and 

Chlorophyta. Invertebrates were a small component in the gut contents of all 

individuals. Foraminifera and copepods were the most commonly encountered 
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invertebrates and were present in specimens from all species. Other invertebrates 

included bivalves, gastropods and nematodes. 

Sa/arias 
patzneri 

Sa/arias 
guttatus 

Sa/arias 
fasciatus 

Glyptoparus 
delicatu/us 

Ecsenius 
stictus 

Ecsenius 
mandibularis 

Ecsenius 
bic%ur 

Cirripectes 
chelomatus 

Atrosa/arias 
fuscus 

0 20 

.Oetrital aggregates 

~Sediment 

IIIIIIIIIIIIIIIIIIIIII~__ Algae 

40 60 80 100 

% of gut contents + SE 

Figure 1.1 Mean percentage dominance + standard error of three prey classes 

(invertebrates never dominant) from gut-content analysis of nine species of salariin 

blennies. Values ca lculated from mean percentage of quadrats in which each dietary 

category was dominant (50 quadrats per sample). 
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Table 1.2. Presence of dietary categories in guts of salariin blennies (Mean % + SE, n 

as in Table 1.1 and 50 quadrats per sample) (detritus detrital aggregates; algae 

filamentous algae; invert invertebrates) 

Species Mean % of Quadrats where dietary cate~ocy present 

Detritus sediment algae invert 

Salarias patzneri 99.3 (0.3) 97.2 (0.9) 71.0 (6.2) 8.8 (1.2) 

Sa/arias gullatus 100 99.6 (0.2) 60.2 (4.7) 11.5 (1.5) 

Sa/arias Jasciatus 100 97.0 (1.3) 73.4 (4.4) 11.0 (1.6) 

Glyptoparus delicatuius 98.6 (0.5) 97.4 (0.9) 87.6 (3. 1) 8.3 (1.6) 

Ecsenius stiCIUS 99.5 (0.3) 96.3 (1.6) 6 1.4 (5.0) 6.3 (1.2) 

Ecsenius mandibularis 99.3 (0.4) 97.9 (0.5) 70.8 (4.6) 8.3 (1.3) 

Ecsenius hie%r 100 74.2 (4.5) 5 1.5 (2.9) 9.8 (1.8) 

Cirripecres ehe/omatus 100 95.6 (2.4) 69.9 (12.5) 13.2 (2.2) 

Atrosalarias Juscus 100 98.5 (0.8) 72.9 (4.6) 3.3 (1.0) 

The percentage dominance of detrital aggregates in the guts of Sa/arias 

panner; were consislt:ntly four to fi ve times greater than the percentage of 

filamentous algae in the gut, irrespecti ve of season or sex (Figure 1.2). Male fish 

collected during the summer did, however, have a higher percentage of detritus and 

filamentous algae relative to sediment in their guts than other S. parzneri (Figure 1.2). 

Apart from detrital aggregates, sediment and fi lamentous algae, S. patzneri also 

ingested cyanobacteria, diatoms and invertebrates (principally foraminifera and 

copepods); however, these categories were a minor component of gut contents in both 

male and female fish collected during both seasons. 

The relative percentages of detri tal aggregates, sediment and filamentous algae 

in Sa/arias patzneri guts were consistent among fish of different standard lengths 

(Figure 1.3). Bivariate correlations show no significant relationship between any of 

the dietary resources and fish length, although their variation in the gut contents of 

larger fish is high compared to smaller fish. 
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Figure 1.2 Variation in the diet of male and female Sa/arias parzneri collected during 

the summer and winter. Graph shows mean % dominance of gut contents + standard 

error. Detritus = Detrital aggregates, F. algae = filamentous algae, Cyano = 

Filamentous Cyanobacteria, Inverts = Invertebrates. Means and standard errors are 

calculated from 10 males and 6 females collected during the summer, and 11 males 

and 5 females collected during the winter. Values calculated from mean percentage of 

quadrats in whlch each dietary category was dominant (50 quadrats per sample). 
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Figure 1.3 Ontogenetic variation in the diet of post-settlement Sa/arias patzneri. 

Based on the dominant gut content data from 60 fi sh collected from Lizard Island. 

Fish were collected throughout the year. Lines on each graph are the "line of best fit". 
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1.3.2 Feeding selectivity 

Visual examination of Salarias patzneri gut contents and the complete EAM 

from their territory found both sample types contained large amounts of detrital 

aggregates and relati ve ly small amounts of filamentous algae (Figure 1.4). However, 

the percentage of detrital aggregates in S. patzneri guts was marginally greater than 

that present in [he EAM, whilst the percentage of filamentous algae in S. patzneri guts 

was less than that present in the EAM. Selectivity ratios, with 95% confidence limits, 

found fish ingested a significantly lower proportion of filamentous algae than was 

available in the EAM (Figure 1.5). In contrast, although the relative amount of detrital 

aggregates ingested by S. patzneri was greater than is present in the EAM, selectivity 

ratios suggested differences in the proportion of detritus in blenny guts and the EAM 

were non-significant. Similarly, although the mean percentage of sediment in the guts 

of S. patzneri was lower than that in the EAM, thi s' difference was not significant. 

Selectivity indices could not be calculated for the invertebrate category, as 

invertebrates were rarely dominant in either gut or EAM samples. 

The di stribution of different-sized inorganic particles in Salarias patzneri guts 

and detrital samples collected from their territories were compared to assess if fish 

select a particular size range of particles. Both sample types contained predominantly 

smaller-sized particles «250J.lm); however, S. patzneri guts contained a higher 

percentage of small particles and lower percentage of large particles than detrital 

samples (Figure 1.6). Selecti vity ratios, with 95% confidence intervals, suggested S. 

parzneri ingested a sign ificantly higher proportion of particles < 125J.lm and 

significantly lower proportion of particles >250J.lm than were present in detritus 

samples (Figure 1.7). 
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Figure 1.4 Comparison of Salarias patzneri gut contents with the complete epilithic 

algal matrix (EAM), showing mean percentage of quadrats in which each dietary 

category was dominant (50 quadrats per sample; n = 8 samples) (inverts, 

invertebrates). 
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Figure 1.5 Selection of dietary categories by Salan'as parzneri. Ratios > 1 infer 

selection for a category, ratios < I infer avoidance (Error bars represent 95% 

confidence limits; n=8). Based on Selection ratios in Manly et al. (1993) for Design 

Ill, sampling protocol A. 
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Figure 1.6 Size distribution of inorganic particles in Sa/arias palzneri guts and the 

detrital samples (n = 8). Graph shows mean % of total inorganic weight + standard 

error. 
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Figure 1.7 Selection of inorganic particles by Sa/arias patzneri from detrital samples. 

Ratios > 1 infer selection fo r a size category, ratios < J infer avoidance (Error bars 

represent 95% confidence limits; 0=8). Selectivity ratios from Manly et al. (1993). 
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The feeding intensity of Sa/arias parzneri was found to vary significantly 

throughout the day (FU31= 144, p=O.OOI). In the early morning, feeding rates were 

lowest, increasing in the late morning and peaking in the early afternoon, before 

s lightly decreasing in the late afternoon (Figure 1.8). Feeding rates were also 

significantly greater in the summer at all times of the day (F 1,231= 60, p=O.002). 
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Figure 1.8 Diurnal and seasonal feeding intensity of Salarias patzned. Mean and 

standard error for each time category calculated from 20-37 ten-minute feeding 

observations. 
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Plate 1.1 Lower jaw of Sa/arias patzneri, showi ng elongate flexible teeth . 

r -

.. 2mm 

Figure 1.9 Pharyngeal jaws or Sa/arias patzneri. 

25 



The upper and lower oral jaws of Salarias patzneri contain numerous elongate 

flexible teeth (Plate 1.1). The teeth are held in position with connective tissue. On the 

upper and lower pharyngeal jaws there are six to eight teeth (Figure 1.9). The teeth 

have are club-shaped, with rounded tips. They are attached directly to the pharyngeal 

Jaw. 

1.4 Discussion 

Gut content analyses of salariin blennies collected from the Great Barrier Reef 

reveals that these fish predominantly ingest detrital aggregates, irrespective of 

location or species. Detrital aggregates in the guts of salariin blennies are composed 

of small, indistinct particles with no identifiable structures, which suggests these 

particles are amorphous detritus, a potentially valuable dietary resource (Alber and 

Valiela 1994). Detrital aggregates in blenny guts are unlikely to have originated from 

mechanical trituration by oral or pharyngeal teeth, as the fonn of these structures 

suggest they are incapable of extensive mechanical trituration (Plate 1.1, Figure 1.9). 

Transverse sections of the alimentary canal of the blenny /stiblennius meleagris, also 

show that specialized musculature, typically associated with a gizzard is lacking 

(Ebner 1993), suggesting that linle trituration occurs within the gut of blennies. 

Furthennore, detrital aggregates found in all blenny guts appear to be similar to 

aggregates in the EAM of Salarias palzner; territories, which strongly suggests that 

detritus in the gut was obtained from detritus in the EAM, rather than an artifact of 

blenny digestion. 

Detrital aggregates in the diet of blennies may contain microscopic organisms, 

which are a potentially important source of nutrition for detritivores (Newell 1965). 

Choat and Clements (1998) have provided evidence that some detrital and sediment 
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feeding fish digest bacteria as a means of obtaining nutrition. Bacteria are ubiquitous 

in coral reef sediments (Sorokin 1981, Moriarty et al. 1985) and may therefore 

contribute to blenny diets. Similarly, sediments in tropical neritic ecosystems can 

contain high levels of productive microalgae (Cahoon 1999), and there is some 

evidence that microalgae are an important part of the diet of some tropical acanthurids 

(Montgomery et al. 1999). Chapter 3 further explores the composition of detrital 

aggregates and potential sources of detritus in the feeding territories of S. patzneri. 

Seasonal changes in the quality and availability of dietary resources can result 

in dietary shifts by detritivorous fishes (Ahlgren 1990, Little et al. 1998). On coral 

reefs, seasonal variation in the productivity and biomass of bacteria (Moriarty et al 

1985) and microalgae (Uthicke and Klumpp 1998) in sediments may alter the 

nutritional quality of detrital aggregates. Similarly, seasonal changes in the amount of 

organic detritus deposited (Hansen et al 1992) and productivity of epi lithic algae 

(Atkinson and Grigg 1984, Klumpp and McKinnon 1989) may alter the availability 

and qua lity of these resources. However, despite possible changes to the quality and 

availability of detritus, Sa/arias patzneri continues to ingest predominantly detrital 

aggregates in the summer and winter, and the ratio of detrital aggregates to 

filamentous algae in the guts remained constant between seasons. 

The comparison of male and female Sa/arias parzneri gut contents in this 

chapter found there was no disparity in the ratio of detritus to fi lamentous algae 

ingested. However, the percentage of detrital aggregates relative to inorganic 

sediments in the guts of male S. parzneri during the summer was greater than in males 

during the winter and females during both seasons. A high ratio of detritus to 

inorganic sediment in the guts of males during the summer suggests that males may 

be ingesting food of a higher quality than females during this season, as a high ratio of 
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detritus to sediment implies food resources of a higher organic content, which can be 

an indication of greater nutritional value (Bowen 1987). Summer also is likely to be a 

period of concentrated reproductive activity by blennies, when males spend much of 

their time in their holes guarding eggs (Thresher 1984). It is therefore surprising that 

males, which are likely to spend less time foraging, have higher quality detritus in 

their guts than other blennies. Males may feed select ively on sediments of high 

organic content during this season and defend this area from conspecifics. However, 

thi s study has been limited to sampling over a single year and replication is required 

at the season level. Consequently, detailed field observations, in conjunction with 

further gut content analyses on fish collected from several summer and winter 

periods, are required to evaluate these hypotheses. 

The mean percentage of detrital aggregates, filamentous algae and sediment in 

the guts of Salarias patzneri remained constant throughout post settlement ontogeny. 

Because of metabolic constraints imposed on smaller individuals, smaller fish may 

require relatively more energy than larger conspecifics (Clarke and Johnston 1999). A 

high percentage of detritus in the guts of S. patzneri therefore implies that detritus is a 

suitab le source of energy throughout post-settlement life, including the small recruits 

and juveniles. 

Salarias palzneri grow rapidly, juveniles reaching adult size at approximately 

6 months of age (Wilson unpublished data). This rapid growth suggests detrital 

aggregates ingested by juvenile blennies are of high nutritional value and capable of 

sustaining high growth rates. In freshwater ecosystems juvenile Tilapia mossambica 

feed on detrital aggregates, grow rapidly and maintain good body conditions (Bowen 

1979). Salarias patzneri and other blennies are, however, considerably smaller than 

juvenile T. mossambica. The ability of small blennies to grow quickly on a detritus 
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diet infers detrital aggregates may be a viable and potentially important dietary 

resource for other. larger bodied coral reef fishes. 

A combination of selective feeding and high ingestion rates are required for 

fish to live on a detrital based diet (Bowen et al. 1995). Comparisons of Salarias 

patzneri gut contents with the EAM collected from their territory suggest they avoid 

filamentous algae and select fine detrital particles < I 25J.1m. Blenniid fish of the tribe 

Salariini are commonly known as the combtooth blennies, because of the large 

number of soft, bristle-like teeth present in the upper and lower oral jaws. Similar 

tooth morphology can be seen in the acanthurid, Ctenochaetus slriatus, which uses 

elongate, flexible teeth to brush particulate material from epilithic algae (Choat 1991, 

Purcell and Bellwood 1993). Blennies may use a feeding strategy similar to that of C. 

striatus. selectively removing the fine, loose particulate matter from within the EAM 

and leaving filamentous algae attached to the substratum. in this manner, S. patzneri 

and other salariin blennies may effectively avoid ingesting filamentous algae and 

ingest proportionally more detrital aggregates than are present in the complete EAM. 

Sa/arias patzneri displayed a preference for a certain size range of particles. A 

comparison of the size distribution of inorganic particles in detrital samples of the 

feeding zone with S. patzneri gut contents found that fish selected particles <1251Jffi 

and avoided those >250}lm. Within the EAM particles <125}lm are predominantly 

detrital aggregates, whilst those >250}lm are mainly filamentous algae (Wilson 2000). 

Consequently, by selectively ingesting fine particles, S. patzneri are targeting detrital 

aggregates and avoiding filamentous algae. This is advantageous, as particles < 1251Jm 

are likely to be amorphous detritus, rather than morphous detritus (Bowen 1984) and 

therefore more nutritious (Alber and Valiela 1994). Small particles within the EAM 
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also are more likely to have a higher organic content (Wilson and Bellwood (997), 

which can also be indicative of a higher nutritional vale (Bowen (987). 

Variations in the diurnal and seasonal feeding intensity of Sa/rajas patzneri 

also may be a fonn of selective feeding by blennies. The diurnal feeding periodicity 

of the blenny ParabJennjus sangujno!entus (tribe Bleoniini) in temperate waters has 

been corre lated with diurnal changes in the carbohydrate and energy content of the 

algae on which it feeds (Hom et al. 1990, Zoufal and Taborsky 1991). Changes in the 

energy content of filamentous algae are unlikely to influence the feeding behaviour of 

S. paczneri, as filamentous algae are a small component of their gut contents. 

However, increased productivity of micro-organisms, particularly microalgae and 

bacteria within detrital aggregates during the summer, and accumulation of their 

products in the afternoon, may alter the nutritional quality of detritus, seasonally and 

diurnally. Temporal changes in the nutritional quality of detritus may therefore 

influence the feeding behaviour of S. parznerj and is further investigated in Chapter 2. 

Data presented in this chapter, in conjunction with evidence presented by 

Wilson and Bellwood (1997) on territorial pomacentrids, have shown that two of the 

most common groups of supposedly herbivorous fishes on the GBR selectively ingest 

large amounts of detrital aggregates. Furthermore, the most abundant acanthurid on 

many coral reefs, Ctenochaerus spp (Russ 1984a, Choat and Bellwood 1985), ingests 

detritus and sediment (Robertson and Gaines 1986). 

Detrital aggregates are a dietary resource that is abundant in the feeding areas 

of salariin blennies and territorial pomacentrids and is likely to be of high nutritional 

qua lity. These two groups of fish, functionally classified as algal croppers (Hatcher 

1981), are believed to have a major impact on reef ecology througb the removal of 

turf algae. The results of this chapter however, have, shown that blennies clearly 
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ingest large amounts of detrital aggregates from the EAM and remove only small 

amounts of filamentous algae. The ecological signi fi cance of these fish feeding on 

detritus is unclear although it would seem that detritus and the fish that feed on 

detritus have a more important role in coral reef trophodynamics than previously 

thought. 
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Chapter 2. Nutritional comparison of detritus and algae collected 

from blenny feeding territories. 

Published in J ourna l of Experimental Marine Biology and Ecology 271: 155-169. 

2.1 Introduction 

Many of the small fish that feed on the epi lithic algal community ingest a 

combination of potential dietary items including filamentous algae, detrital 

aggregates, invertebrates and bacteria (Choat 1991). Combined, these resources 

represent a conglomeration of living and dead material , which may be referred to as 

the epilithic algal matrix (EAM) (Wilson and Bellwood 1997). Two of the most 

prominent families of fishes that feed on the EAM are pomacentrids and blennies 

(Hatcher 1981). Gut content analysis from species of both these families has 

detennined that detrital aggregates are the dominant item in their guts, whilst 

filamentous algae is often a minor component of gut contents (Chapter I, Wilson and 

Bellwood 1997). Comparisons of gut contents with dietary items in the EAM also 

have demonstrated that fi sh from both families tend to ingest proportionally more 

detritus than is available, particularly particles < 125j.lm, and both groups ingest 

proportionally less fi lamentous algae than is available. However, selective ingestion 

of large quantities of detritus relative to filamentous algae does not necessarily mean 

that detritus is a superior source of nutrition for these fish. To assess the relative 

nutritional value of detritus and filamentous algae qualitative evaluation of these 

dietary resources is required. 

Bowen (1987) described three parameters that could be used to assess the 

nutritional value of detritus: microbial biomass, organic or energetic content and 
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amino acid or protein content. Energetic and protein content are probably the two 

main biochemical components of diet that influence growth (Bowen 1987), and as 

these components are likely to affect fish growth dependently they are often combined 

to produce protein/energy ratios. These ratios have previously been used to determine 

optimal growth diets in the aquaculture industry (e.g. Hossain et al. 1998) and in 

ecological studies to assess the value of natural diets (e.g. Bowen 1979, Hom et al. 

1986). Protein can be measured readily in detrital and algae samples, whilst estimates 

of useable energy can be calculated from protein, carbohydrate and lipid content 

(Henken et al. 1986). 

Microbial biomass also can be estimated using direct counts, or indirectly by 

measuring compounds such as chlorophyll a. However, this measure of nutritional 

value is applicable only to detritus and therefore inappropriate for comparisons of 

detritus and algae. Micronutrients, fatty acids and vitamin content of dietary sources 

also may influence the nutritional value of detritus and algae, although none of these 

compounds are expected to have the same affect on fish growth as the protein and 

energy content of diet (Bowen 1987). 

Previous biochemical assessments of detritus on coral reefs have concentrated 

on particulate organic matter collected from sediment traps (e.g. Koop and Larkum 

1987, Hansen et al. 1992) or the detritus within soft sediments between reefs (e.g. 

Johnstone et al. 1990), rather than the detritus wi thin the EAM, where most grazing 

fish feed (Hatcher 1983a). The protein and energy content of filamentous algae on 

coral reefs also have been evaluated (e.g. Bruggeman et al. 1994a, b), although these 

values have not been compared to those from detritus collected in the same 

environment. Recently, studies have examined the biochemical content of detritus and 

filamentous algae collected from the EAM in different reef zones (Purcell and 
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Bellwood 2001), across mid and outer shelf reefs (Crossman et a1. In press) and 

within fish territori es (Wilson and Bellwood 1997, Wilson 2000, Crossman et al. In 

press). However, these studies have not used protein to energy ratios to assess 

nutritional value of detritus and filamentous algae and have not examined temporal 

variation in the quality of detritus and algae. This is despite hypotheses that diurnal 

variation in the quality of dietary resources can influence the feeding patterns of fish 

that feed on the EAM (PoJunin and Klumpp 1989, Hom et aI. 1990, Zaufal and 

Taborsky 1991, Bruggematul et al. 1994b) and that seasonal variation in productivity 

by microbes and filamentous algae may influence the composition and nutritional 

value of detritus. 

In this chapter I assess the nutritional value of detritus and filamentous algae 

10 blenny territories by comparing their organic and biochemical compositions. 

Samples were collected from the EAM within the territories of the salariin bletuly, 

Sa/arias palzneri. This blenny ingests predominantly detritus and relatively small 

amounts of filamentous algae, which is typical of most salariin blennies (Chapter I ). 

Detritus and filamentous algae from S. parzneri territories were assayed for total 

organic, protein, carbohydrate and lipid content, which were used to calculate 

protein/energy ratios. Temporal variation in tbe nutritional value of detritus and 

filamentous algae also was assessed by collecting samples diurnally. during the 

summer and winter. 

2.2 Methods 

2.2.1 Sample collection 

Detritus and algal samples were collected from the territories of Sa/arias 

paczneri in the Lizard Island lagoon (140 42'S, 1450 30'E). Twenty~four territories 
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were sampled during August 1998 (Austral winter) and a further twenty-four during 

February 1999 (Austral summer). To assess diurnal changes in the nutritional quality 

of detritus and algae, sample collection was divided evenly between early morning 

(0600-0900), late morning (0900-1200), early afternoon (1200-1500) and late 

afternoon (1500- 1800). 

Loose particulate material was collected from the EAM within Sa/arias 

parzneri territories using an underwater vacuum fitted with a soft brush (Purcell 

1996). Loose sediment and detritus particles were gently brushed off a 200cm2 section 

of the territory, filtered through a 1251-1m sieve and allowed to settle for one hour 

before excess water was decanted. Sieving removed large algal filaments that may 

have been collected incidentally and produced samples of a particle size 

representative of those on which S. parzneri preferentially feeds (Chapter I). The 

sieved samples were collected on pre-weighed and pre-combusted GFIF filters, briefly 

washed with fresh water of neutral pH to remove sea salt, then frozen. Particulate 

matter >1251-1m was also washed with fresh water, frozen and later used to calculate 

total weight and organic content of the EAM. 

After loose particles had been removed from the 200cm2 section of a Sa/arias 

patzneri territory, the filamentous algae that were sti ll attached to the substratum were 

scraped off with a metal pipe and collected using the underwater vacuum. These 

samples were washed to remove any adherent detritus and sea salt, then frozen. These 

samples will be referred to as algae or algal samples. 
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2.2.2 Sample analyses 

2.2.2a Visual analysis 

Reliable biochemical comparisons of detritus and filamentous algae are 

dependent on obtaining distinct samples of detritus and algae from the EAM. 

Therefore, all particulate « 125J.lm and > 1 25~m) and algal samples were examined 

under a microscope following the technique of Wilson and Bellwood (1997) and as 

described in Chapter 1. For each sample the prominent item from 50 quadrats was 

identified and placed in one of the following categories: detrital aggregates, inorganic 

sediment, filamentous algae, cyanobacteria, diatoms, foraminifera, copepods or other 

invertebrates. Detrital aggregates were defined as non- living organic matter with 

associated autotrophic and heterotrophic microbes (Bowen 1979). In addition, algal 

samples were categorised according to the functional groups described by Steneck 

and Wat ling (1982). In each quadrat all functional groups of algae were recorded and 

results expressed as the percentage of quadrats where each group was present. After 

examination, all samples were refrozen and freeze-dried. 

2.2.2b Organic content 

Particulate and algal components of the EAM collected from Sa/arias patzneri 

territories (including those portions used in visual analyses) were freeze-dried to 

determine the weight of each EAM component. A sub-sample of each dried sample 

was weighed to O.OOOOlg on a Mettler AE240 balance, then treated with bleach 

(>70% sodium hypochlorite) to remove organic matter following the procedure of 

Wilson and Bellwood (1997). After bleach had di ssolved the organic matter, samples 

were rinsed with tap water to remove excess bleach, freeze dried and reweighed. The 

difference in dry weights before and after bleaching represented the estimated mass of 
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organic maner In the samples. The total organic content of parti culate and algal 

samples was calculated by multiplying the total weight of each EAM portion by their 

respective organic contents. 

2.2.2c Biochemical analyses 

For each biochemical analysis a freeze dried sample of particulate matter 

<1251lm or algae co llected from each Sa/arias patzneri territory was ground into a 

powder wi th a glass mortar pestle and weighed in a glass vial. Glassware used in all 

biochemical analyses was acid-washed and rinsed with distilled water prior to use, 

and all reagents were Analar grade. Spectrophotometric work used for protein and 

carbohydrate analyses were carried out using a Beckman DU-64 spectrophotometer. 

The protein content of samples was detennined using a Sigma ™ micro BeA 

testing kit, following the procedures of Ngyuen and Harvey (1994) for the extraction 

and analysis of total prote ins. Extracted and prepared samples were placed in the 

spectrophotometer, which was set at 562 run, and protein concentration calculated by 

comparing absorbance readings to a standard curve, constructed from different 

concentrations of bovine serum albumin. 

To assess carbohydrate content, freeze dried samples were analysed following 

the procedure described by Gerchakov and Hatcher ( 1972) for colorimetric 

determination of sugars. Prepared samples were placed in the spectrophotometer and 

absorbance read at 485 run. Carbohydrate concentration of each sample was then 

calculated from comparisons of sample readings to a standard curve, constructed from 

different concentrations of anhydrous D-gJucose. 

The lipids of freeze dried particulate matter <125 Ilm and algal samples were 

extracted following the technique of Bligh and Dyer (1959). Extracted lipids were 

37 



filtered through combusted GF/C filter paper to remove particulate matter, 

concentrated by rotary evaporation and stored in 2 ml vials. A 10 J.ll aliquot was taken 

from the lipid extract, the solvent evaporated on a hotplate set at 30°C and the 

remaining lipid weighed on a Perkin Elmer microbalance. Three to four 10 J.l1 aliquots 

of lipid extract were weighed for each sample and total lipid content calculated from 

an average lipid content of these aliquots. 

The concentration of protein, carbohydrates and lipids were standardised 

relative to the organic content, as algal samples contained a high percentage of 

inorganic sediment that was an artifact of sampling. The energetic value of samples 

was estimated from protein, carbohydrate and lipid content of samples, using 

published conversion factors (Henken et a1. 1986). This method of estimating energy 

content was used in preference to combustion in a bomb calorimeter, as it does not 

include energy from refractory material and therefore provides a realistic estimate of 

energy that is available for assimilation by blennies. 

2.2.3 Statistical analysis 

Seasonal differences In the orgamc and biochemical composition of 

particulates <125J.lm and algal samples were examined using ANOYA. Sample type 

(particulates <125J.lm or algae) and seasons (summer or winter) were fixed factors , 

and time of day was entered as a co-variate. The percentage of EAM organic matter 

was arcsine transfonned (Zar 1999) and the other biochemical variables (lOg lO x+ I) 

transformed before analysis. Transfonnations ensured data meet the assumptions of 

ANOYA, which were tested using Levene ' s test and Q-Q plots. Sequential 

Bonferonni corrections (Rice 1989) were used to reduce the increased probability of 

type 1 error that is associated with multiple comparisons. 
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2.3 Results 

2.3.1 Visual analysis 

Visual examination of particulates < 125).1m found that the mam organic 

component of samples collected in the summer and winter was detrital aggregates 

(Table 2.1). The detritus was amorphous in appearance, lacking any definitive 

structure that could be used to identify its source (plate 2.1). Filamentous algae were 

present in these samples although this category was dominant in less than 5% of the 

quadrats observed in the summer and winter samples. Diatoms, predominantly from 

the order PelUlales, were also seen in samples from both seasons, as were fi laments of 

cyanobacteria; however, these items wcre a minor component and usually accounted 

for less than I % of samples. Foraminiferans and copepods were the main 

invertebrates seen, although they were also a minor component of samples. Other 

invertebrates included coral spat, bryozoans and nematodes. The high percentage of 

detrital aggregates and low percentage of filamentous algae in particulates <125).1m 

meant they were a good representation of detritus in the EAM. 

Particulate matter > 125).1m contained a higher percentage of detrital 

aggregates than particles < 125).1m. particularly in samples collected during the 

summer (Table 2.1). However, it was estimated that filamentous algae accounted for 

up to 46% of particulates > 125 ).1m and mean filamentous algae con lent in these 

samples was 4-5 times higher than in particulates < 125).1m. Consequently, particulates 

> 125).1m independently do not represent detritus or filamentous algae collected from 

the EAM and were excluded from biochemical analyses. 
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Table 2.1 Visual analysis of particulates collected rrom Safarias patzner; territories 

duri ng the summer and winter. Values are the mean percentage or quadrats where 

cach category is dominant (50 quadrats per sample). Figures in parcnlheses arc 

st.a.ndard errors based on a sample size or24. 

< 12S I-1rn > 1251-1m 

Summer Wi nter Summer Winter 

Detrital Aggregates 39.1 (2.7) 3U ( 1.6) 48.2 (3.8) 34.0 (4.9) 

Sediment 52.9(3.1) 59.8 (2.2) 36.9 (4.5) 44.5 (6.4) 

Fil amentous Algae 3.6 (0.5) 4.2 (0.8) 14.5 (3.0) 20.9 (3.4) 

Cyanobacteria 0.9 (0.3) 1.3 (OJ) 0 0 

Diatom 0.9 (0.2) 0.6 (0.2) 0 0 

Fora mini fera 0.7 (0.3) 0.7 (0.2) 0 0.2(0.1) 

Copepod 0.2 (0. 1) 0.3 (0.2) 0.2 (0.1) 0.5 (0.3) 

Other Invertebrates 0.1 (0. 1) 0.1 (0.1) 0.2 (0.1) 0 

Plate 2.1 Paniculates < 125).lm; sample taken rrom the territory ofa Sularias patzneri. 
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Filamentous algae were the major items In algal samples (Table 2.2) and, 

although detrital aggregates were present (Plate 2.2), they rarely dominated more than 

15% of the quadrats in a sample. Fi lamentous algae were present in almost all of the 

quadrats from all samples (Table 2.3), emphasising the prevalence of thi s functional 

group. Closer examination of several samples identified genera from the Rhodophyta 

(POl.>_I"P;/ullltl :'11, LUI .. ellcia sp, Champia sp, Gelidiella sp, Ceramium sp), 

Phaeopbyta (Sp/wee/aria sp SargasslIlI/ sp. Die/yolo sp) and Chlorophyta (Derbesia 

sp). Encrusting and corticated algae were also frequent ly seen in algal samples, whilst 

macro-, foliose and ca lcareous algae were rarely seen in samples. 

Table 2.2 Visual analysis of alga l samples collected from Sa/arias patzneri territories 

during the summer and winter. Va lues are the mean percentage of quadrats where 

each category is dominant (50 quadra ts per sample). Figures in parentheses arc 

standard errors based on a sample size 0[24. 

Summer Winter 

Detrit al Aggregates 13.8 (1.5) 6.6 (0.9) 

Sediment 37.8 (4 .3) 37.6 (5.0) 

Algae 48.4 (4.3) 55.8 (5. 1) 
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Table 2.3 Presence of algal functional groups in algal samples collected from Sa/arias 

p(llzneri territories during thc summer and winter. Values arc the mean percentage of 

quadrats where each functional group is present (50 quadrats per sample). Figures in 

parenthesis are standard errors based 011 a sample size of24. 

Summer Winter 

Filamentous 96.4 (1.0) 96.7 (1.5) 

Foliose 0.7 (0.5) 5.1 (1.7) 

Corticatcd 4.7(1.3) 15.0 (3.6) 

Macro 1.0 (0.6) 0.9 (0.4) 

Calcareous 0.8 (0.3) 2.1 (0.9) 

Encrusting 17.9(4.1) 24.3 (3.2) 

Plate 2.2 Algal sample taken from the territory of a Sa/arias patzneri. 
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2.3.2 Organic Content 

Although the organic content of particulates < 125flm was lower than algal 

samples, the particulates < 125flm represented a much larger proportion of the EAM 

weight than algae (Table 2.4). Consequently, particulates < 125)Jrn accounted for 41 ± 

2 % of the organic matter present in the EAM during the summer and 44 ± 3 % of the 

total organic matter in the winter (Figure 2. 1). Algal samples collected during the 

summer accounted for 37 ± 3% of the total organic matter and 41 ± 3% of the organic 

matter in the winter. The slightly higher contribution to the total organic matter in the 

EAM by particulates <125)Jm was non~significant . There was also no significant 

ef(ect due to time of day when samples were collected, season, or the interaction 

between season and sample type. 

Table 2.4 Mean organic content and contribution to total EAM weight (g) of 

particulates < 125flm (detritus) and algal samples. Organic content is expressed as a 

percentage of the sample weight. Figures in parenthesis are standard errors, calculated 

from 24 samples. 

Summer Winter 

Det ritus Algae Detritus Algae 

% Organic matter 15.4 (2.4) 22.9 (2.7) 20.6 (3.2) 3 1.5 (3.0) 

% EAM weight 49.7 (3. 1) 26.8 (2.7) 44.8 (3. 1) 29.6 (4.1) 
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Figure 2. 1 Distribution of organic matter in the EAM of Salarias patzneri territories 

during the summer and winter. Detritus = particulates <125)lm. Values are means ± 

SE, n ~24. 
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2.3.3 Biochemical analyses 

The concentration of the three principal biochemical components, protein, 

carbohydrate and lipid, was higher in algae than particulates <125Jlm (Figure 2.2). At 

an alpha level of 0.05, thi s difference is significant for all three variables; however, 

when sequential Bonferroni adjustments were made to account for multiple 

comparisons, carbohydrate and lipid concentrations were the only variables for which 

significant differences were detected (Table 2.5). Seasonally, the concentrations of 

protein, carbohydrate and lipid were higher in summer samples (Figure 2.2) although 

only the protein concentrations were found to be significantly different (Table 2.5). 

For all three of these biochemical variables there was no significant interaction 

detected between sample type and season, nor was there any significant effect 

detected resulting from the time of day at which samples were collected. 

Table 2.5 Summary of ANOVA statistics where type (particulates <125Jlm or algae) 

and season (summer or winter) were fixed factors, and time of day was entered as a 

co-variate. (Carbo, carbohydrate). 

Type Season Type x Season Time of Day 

F 1,91 P F 1.91 P F 1,91 P F 1,91 P 

Protein 4.885 0.030 - 12.038 0.001" 0.431 0.513 2.954 0.089 

Carbo 19.572 <0.001" 5.875 0.017- 0.923 .0339 3.852 0.053 

Lipid 7.285 0.008-- 5.622 0.020- 0.395 0.513 0.012 0.914 

PIE 5.009 0.028' 3.225 0.076 0.006 0.938 0.1 12 0.738 

• significant at cx.=0.05, •• significant at the table-wide significance level. 
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Figure 2.2 Concentration of the principal biochemical components in particulates 

< 12Sllm (detritus) and algal samples collected from the territories of Salarias patzneri 

during the summer and winter. (Mean ± SE, 0=24). 
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Protein:energy ratios in particulates <12Sllm were slightly higher than in algal 

samples collected from both seasons (Figure 2.3). However, this difference was non-

significant when ex levels were adjusted using sequential Bonferroni corrections 

(Table 2.5). In the summer, protein:energy ratios were 11.3 ± 0.8 mg.Kj' ! and 9. 1 ± 

0.8 mg.Kj' 1 for particulates < 12S~m and algae samples, respectively. Compared to the 

summer, winter protein:energy ratios were slightly lower in both particu lates <12Sllm 

(10.3 ± 1.3 mg.Kj' l) and algae (7.9 ± 1.0 mg.K/); however, this difference was non-

significant (Table 2.5). Similarly, there was no significant effect of time of day or the 

interaction between season and sample type. 
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Figure 2.3 Nutritional quality of particulates < 12Sl-'m (detritus) and algae samples 

collected from the territories of Salarias patzneri during the summer and winter, as 

measured by protein/energy ratios. (Mean ± SE, n=24). 
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2.4 Discussion 

Detrital aggregates of amorphic appearance were the dominant organic items 

In particulate matter < 125~m collected from Salarias patzneri territories. The 

prevalence of detrital aggregates and low percentage of filamentous algae In 

particulates < 125~m meant that these samples provided a good representation of 

detritus in the EAM. Amorphic detritus, which is derived from dissolved organic 

matter, is typically of a higher nutritional quality than morphic detritus, which 

originates from decomposing organic matter. Comparisons of C:N ratios and protein 

content in these two detrital forms have found that amorphic detritus has lower C:N 

ratios and a higher protein content (Alber and Valiela 1994). Furthermore, shrimp, 

Paiaemoneles pugio. and minnow, Cyprinodon variegalus, fed both forms of detritus 

were found to assimilate 10-40 times more nitrogen from the amorphic detritus 

(D 'Avanzo et al. 1991). The amorphic appearance of the detritus collected from 

Sa/arias patzneri territories therefore suggests that these detrital aggregates may be of 

a high nutritional quality and easily assimilated. Consequently. it is not surprising that 

these aggregates constitute the bulk of material ingested by sa lariin blennies and that 

they are preferentially ingested (Chapter 1). 

Filamentous algae dominated the algal samples collected from the territories 

of Sa/arias palzneri. According to Steneck and Watling (1982), filamentous algae are 

a functional group with low thallus toughness that are easi ly grazed compared to most 

of the other functional algal groups, the exception being microaigae. However, 

filamentous algae may represent a variety of different algal species (Russ 1987, 

Klumpp and Polunin 1989, Price and Scott 1992), and many algal species, including 

members of the genera Laurencia and Dictyola, which were identified in algal 

samples collected from S. patzneri territories, are capable of producing secondary 
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metabolites that inhibit grazmg or digestion if consumed (Hay 1991). The 

concentration of secondary metabolites in algae is likely to vary taxonomically, 

spatially and temporally (Hay 1991). It is however, possible that younger portions of 

some algae have higher concentrations of secondary metabolites suitable for deterring 

grazing (Hay 1991 ). This may mean that young "filamentous" stages of algae found in 

the EAM have relatively high concentrations of metabolites that deter grazing. 

In contrast, detrital particles that originate from algae may lose secondary 

metabolites that are associated with algae (Duggins and Eckman 1997) making 

detritus more suitable for microbial colonisation and consumption by fish. Amorphic 

detritus, which was prevalent in detritus samples, may also contain less refractory 

material than filamentous algae, because it is believed to originate largely from 

dissolved organic matter. Furthennore, the small size of detrital particles «125IJ.m) 

means that they have a high surface area to volume ratio, which increases the area 

available for microbial colonization and abundance (Yamamoto a.nd Lopez 1985), and 

this may improve the nutritional value of detritus (Bowen 1987). Relatively greater 

surface area also may aid the processing and digestion of small detrital particles, 

possibly improving their assimilation by blennies. Thus, small particle size, reduced 

concentrations of secondary metabolites and lower refractory content may improve 

the effective nutritional value of detritus relative to filamentous algae. 

The consistently high contribution of detritus to the total organic content in 

Salarias patzneri territories, coupled with a lack of temporal variation in the organic 

contribution to the EAM by detritus, suggests that detritus is a prominent and 

temporally stable component of the EAM within blenny territories. When compared 

to algae, detritus samples from Sa/arias parzneri territories represented a slightly 

higher percentage of the total EAM organic matter. This difference was non-
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significant, however, a high orgamc contribution from fine detrital aggregates 

« 125)..Lm) also has been documented in EAM samples collected from pomacentrid 

territories in the Lizard Island lagoon (Wilson and Bellwood 1997) and within EAM 

samples collected from an exposed reef at Lizard Island (Purcell and Bellwood 2001 ). 

Interestingly, filamentous algae represented a higher percentage of the tota l organic 

matter in EAMs collected from exposed reef crests and thi s difference may be 

partially related to higher wave energy on exposed locations reducing the overall 

detrital biomass (Crossman et a1. In press). Alternati vely, as the composition of algae 

inside and outside fi sh territories may vary (Lassuy 1980, Montgomery 1980), it is 

also possible that the type of algae inside blenny and pomacentrid territories may 

favour the accumulation of detritus, resulting in a relatively higher detrital biomass 

within fish territories. 

Particulates <125)..Lm collected from Saiarias patzneri territories had a high 

percentage of organic matter when compared to soft sediment samples collected from 

coral reef lagoons (see Koop and Larkum 1987). The organic content of detritus 

samples in this study was, however, similar to sediments coUected from the windward 

reef crest at Lizard Island, the reef zone where the organic content of sediments was 

greatest (Purcell and Bellwood 2001 ). The organic content of detritus is one way of 

assessing nutritional quality (Bowen 1987) and relatively high organic content in 

detrital samples collected from S. patzneri territories and on the reef crest suggests 

that detritus in both these areas may be of high nutritional quality. 

As detriti vores are expected to have high consumption rates (Bowen et al. 

1995), a consistently high standing biomass of detritus in areas of intense detritivore 

feeding also suggests high rates of detrital accumulation. It has been estimated that a 

medium sized blenny (2.98g wet weight) ingests O.024g.C.day"I(Klumpp and Palunin 
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1989), whilst estimates of detrital deposition within coral reef lagoons vary from 

1.5g.C.m-2.day"1 at One Tree Island (Koop and Larkum 1987) down to 0.009 g.c.m· 

2.day"1 at Davies reef (Hansen et at 1992). Such high levels of variation may mean it 

is necessary for blennies to locate their territories in areas with hydrodynamic or 

biotic features that favour the accumulation of detritus. The distribution of blennies 

relative to detritus on coral reefs will be further investigated in Chapter 5. 

Algal production also is like ly to vary spatially (Klumpp and Mckinnon 1989) 

and has been estimated at 1.2 to 3.7g.C.m·2.day" l in pomacentrid territories (Russ 

1987, Klumpp and Polunin 1989). Accumulation rates of detritus therefore appear low 

in comparison to algal production. However, such comparisons may be inappropriate, 

as it is likely that only a proportion of the detritus in the EAM is accounted for when 

sediment traps are used to estimate rates of detritus accumulation. Some of the 

detritus within the EAM may be produced within the boundary layer surrounding 

filamentous algae. Within this layer, dissolved organic matter (DaM), which is 

released by algae (Aluwihare and Repeta 1999), is likely to be at a higher 

concentration than the surrounding waters. Relatively high concentrations of DaM in 

the boundary layer may be converted rapidly to particulate matter by physical 

processes (Chin et aL 1998) or bacteria (Azzam et aL 1983). A similar mechanism of 

detrital production has been proposed to explain the origin of particulate matter from 

phytoplankton in the oligotrophic waters of open oceans (see Mann 1988). It is 

therefore reasonable to hypothesise that a similar mechanism of detrital production 

may occur within the EAM. Detritus fonned in this manner is, however, unlikely to 

be included in estimates of detrital depOSition calculated from settlement trap data, as 

traps only sample large particulate organic matter that settles from the water column. 

Furthermore, settlement traps may not collect very fine organic particles that remain 
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suspended in the water column but may adhere to mucus excreted by algae. 

Consequently, current estimates of detrital deposition may underestimate a large and 

nutritionally important portion of the organic matter within the EAM. 

Particulate matter < 125~m collected from Sa/arias patzneri territories had a 

slightly higher protein to energy ratio than algal samples and was greater than those 

proposed by Bowen (1979) as the minimal requirements for fish growth. This finding 

supports data from previous comparisons of detritus and algae that have shown 

detritus to have C:N ratios lower than algae collected from the same EAM and that 

C:N ratios of detritus are theoretically capable of supporting fish growth (Wilson and 

Bellwood 1997, Purcell and Bellwood 2001). 

Bowen et a1. (1995) predicted that protein is the most important nutritional 

constraint to growth of detritivorous fishes. The protein content of paniculates 

< 125~m and filamentous algae collected from Sa/arias patzneri territories was very 

similar although algae tended to have a slightly higher protein concentration. The 

protein content of detritus from S. patzneri territories however, may, underestimate 

the nutritional value of this resource, as organic matter unaccounted for by protein, 

carbohydrates or lipids may contain non-protein amino acids, which are readily 

assimilated by detritivorous fish (Bowen 1980). In a comparison of detritus and algae 

collected from the Great Barrier Reef, Crossman et al. (In press) found the 

concentration of total amino acids in detritus was, on average, twice that of algae 

collected from the same EAM. Consequently, although protein levels in detritus are 

slightly lower than algae collected from S. patzneri territories, detritus may represent 

a better source of dietary amino acids than algae. 

This study has only examined seasonal change over a period of one year and 

further replication is required to identify seasonal patterns in protein concentrations of 
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algae and detritus. Nonetheless, temporal variation in the protein content of detrital 

samples may be associated with seasonal blooms and increased productivity of 

microalgae (Faganeli et a1. 1995) and bacteria (Moriarty et al. 1985, Hansen et al. 

(992), which are both potentially rich sources of protein (Simon and Azzam 1983, 

Lourenco et al. 1998). A higher protein content in algal samples collected in the 

summer also may contribute to protein levels in the particulates <125~, although it 

also is possible that higher algal protein levels are a consequence of increased nutrient 

levels in the detritus. Irrespective of causative effects , relatively higher protein 

concentrations in the summer have important ecological implications, as it is during 

this period that many fishes increase reproductive output (Thresher 1984) and 

subsequent recruitment to coral reefs is likely to be high (Doherty 199 1, Caley (995). 

The feeding intensity of detritivorouslherbivorous fish may also increase in the 

summer (Polunin and Klumpp 1992, Bellwood 1995, Chapter 1), and therefore 

maximum use of dietary resources in the EAM coincides with the season when 

protein content is high. 

In summary, a biochemical comparison of the particulates < 125 11m and 

filamentous algae collected from the territories of the blenny, Salarias patzneri, found 

that detritus is at least equivalent and probably superior to filamentous a lgae as a 

dietary resource. Protein to energy ratios in detritus samples are slightly higher than 

algae and indicate that detritus is capable of supporting growth in fi sh. As detrital 

aggregates resemble amorphic detritus biochemically and visually, they are also less 

likely to contain secondary metabolites or re frac tory material that may be present in 

algae and can impede digestion. Detritus in S. parzneri territories represents a larger 

proportion of the total organic matter than filamentous algae, and a high organic 

content of detritus advocates that detritus is of a high nutritional value. These results 
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support those of recent compansons between detritus and algae that have found 

amorphic detritus to be a biochemically viable and abundant dietary resource. As 

many of the fish species that feed on the EAM ingest large quantities of detritus, these 

results suggest that detritus may play an important role in satisfying their dietary 

requirements and that detritus contributes significantly to secondary production by 

these fishes. 
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Chapter 3. Identifying sources of organic matter in sediments from 

the territory of a detritivorous coral reef fish. 

Published in Organic Geochemistry 32 : 1257-1269. 

3.1. Introduction 

Detritivorous fishes are an integral part of coral reef foodwebs and are 

partially responsible for the transfer of organic matter within sediments to secondary 

consumers. In order to satisfy basic dietary requirements, detritivorous fish ingest 

large volumes of organic matter, selectively feeding in areas of high quality detritus 

(Bowen et al. 1995). Detritus is the major source of nitrogen, piOtein and organic 

matter in the territories of several species of prominent coral reef fishes (Wilson and 

Bellwood 1997. Chapter 2). However, the amorphous nature of this detritus means 

that visual analysis alone is insufficient to identify its sources. Consequently. a large 

portion of the food web on coral reefs is poorly defined and often overlooked. 

An alternative to visual analysis of organic matter is the extraction and 

identification of lipid biomarkers from detritus in the sediments. Lipids in marine 

sediments are a combination of compounds that reflect the composition and origin of 

the organic detritus. Many of these lipid compounds are characteristic of marine 

organisms and some compounds are unique to particular organisms. Consequently. 

these lipid biomarkers, can be used to trace the source of organic matter in sediments 

and in some cases quantify the contribution of different organisms 10 the detrital load. 

Many lipid biomarkers originate from more than one source, making 

identification and quantification of lipid sources difficult, particularly when based on 

only one compound. Consequently, identification and quantification of lipid sources 

are best made on the presence of several characteristic biomarkers. Combinations of 
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lipid biomarkers have been used extensively to identi fy material in sediments from 

deep waters, estuaries and lakes (e.g. Saliot et al. 1991). However, the analysis of 

lipids in detrital material collected from coral reefs is limited to a few studies (Shaw 

and Johns 1985, Volkman et a!., 1986 and 1992, Currie and Johns 1988, Johns et a!. 

1994) and there are no studies of sediments collected from the epilithic algal 

community, where most detritivorouslherbivorous reef fishes feed (Hatcher 1983b, 

Choat 1991). 

For the purposes of thi s study, lipids were extracted and analysed from 

sediment or detrital samples within the territory of the salariin blenny, Salanas 

palzneri. Salariin blennies are often abundant on coral reefs (Townsend and Tibbetts 

2(00), and S. patzneri is typical of most species, as it predominantly ingests detrital 

aggregates (Chapter I). Sa/arias patzneri also restricts its feeding to relative ly small 

territories (pers. ob.), which is similar to other blennies (Nursall 1977, Gonclaves and 

Almada 1998). Detritus therefore can be sampled easi ly from feeding areas within S. 

pOlzneri territories. 

The primary aim of this chapter was to use lipid biomarkers to identify organic 

inputs to the detritus on which S. potzneri feeds. Based on the high productivity of 

filamentous algae in the EAM, relati vely small standing crop (Larkum 1983), and 

poor assimilation of algae (Hom 1989), it is often proposed that algae are a major 

source of detritus on coral reefs (Hansen et al. 1992). As detritus is associated closely 

with filamentous algae and these algae are believed to be a major source of detritus on 

coral reefs samples of filamentous algae also were collected from S. po/zneri 

territories and analysed for lipid biomarkers. This allowed comparison of detritus and 

algal lipids and assessment of filamentous algae input to detrital organic matter. 
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3.2 Methods 

3.2.1 Sample collection 

Detritus and algal samples were collected from areas in Sa/arias patzneri 

territories where the resident blenny had been observed feeding. The territories were 

located on the top of contiguous reef within the Lizard Island lagoon (140 42'S, 1450 

30'E) at a depth of I-2m. Samples were collected from seven different territories 

during August 1997 (Austral winter) and a further seven territories in February 1998 

(Austral summer). Detritus and algal samples were collected using an underwater 

sampling device (Purcell 1996) and followed the procedures outlined in Chapter 2. 

Sub-samples of the detritus and algae in Sa/arias patzneri territories were used 

to determine total organic content. The freeze-dried samples were soaked in bleach 

(>70% sodium hypochlorite) to remove organic matter, and the difference in dry 

weights before and after bleaching was used to estimate the total organic content of 

the samples after Wilson and Bellwood (1997). 

3.2.2 Extraction 

Freeze-dried samples of detritus and algae were ground into a powder using a 

glass mortar and pestle. The ground samples were weighed, then extracted using the 

single-phase CHCI,- CH,OH technique of Bligh and Dyer (1959). Samples were 

extracted overnight then separated into two phases with the addition of CHCh and 

H20. The lower phase was retained and poured through a glass funnel lined with a 

pre-combusted GF/C filter, which removed particulate matter. This filtrate, or total 

solvent extractable lipids (TSE) was concentrated by rotary evaporation and made up 

to 2 mI. To estimate the total lipid content, a 10 III aliquot of TSE was placed on a 

tared aluminium pan and the solvent evaporated at approximately 30°C. The 
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remaining lipid was weighed using a Perkin Elmer microbalance. This procedure was 

repeated 3.4 times for each sample and total lipid content calculated from the average 

of these values. 

The remaining TSE was reduced to dryness under nitrogen and saponified 

with 5% wlv KOH in 80% CBlOH (2 ml , 3 hrs, 60° C). After cooling and addition of 

MiIIi-Q water (I ml), the saponified samples were extracted with hexanelCHCh (4: 1 

vlv, 2 ml, 3 times). The upper organic layer contained the total saponified neutrals 

(TSN) and the lower aqueous layer contained the total fatty acids (TF A). The TSN 

were separated into sterol and hydrocarbon fractions by column chromatography (3 g 

fully active alumina). The hydrocarbon fraction was eluted with 35 ml of hexane and 

40 ml of 20% vlv CH2Cb in hexane. Sterols were eluted with 20 ml of CHCb and 

converted to their trimethylsilyl ethers with BSTFA (50 Ill, 2 h, 60°C). 

The aqueous layer containing the total fatty acids was acidified with 

concentrated HCI, and the fatty acids were extracted with hexane/CHCh (4:1 vlv, 2 

ml, 3 times). Solvent was removed under a stream of nitrogen and fatty acids 

methylated with a solution ofCH,OHlCHCl,lHCI (10:1:13 ml) for I hour at 100'C. 

The solution was allowed to cool and I ml of Mi ll i-Q water added before the fatty 

acid methyl esters (FAMEs) were extracted with hexaneiCHCh (4:1 vlv, 2 ml , 3 

times). 

The FAME and hydrocarbon fractions were analysed on a Carlo Erba 8080 

gas chromatograph with a 30 m x 0.32 mm 1.0. J&W Scientific DB5-MS capillary 

column and a flame ionisation detector. FAMEs and hydrocarbons were identified 

primarily by comparing retention times to those of known standards. The sterols and 

several samples of the FAMEs and hydrocarbon fractions were analysed on a Hewlett 

Packard 5972 gas chromatograph -mass spectrometer with a simi lar capillary column. 
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Sterols and phytol within this fraction were identified by comparison of spectra with 

previously published mass spectral data (e.g. Jones et al. 1994). Mass spectra of 

FAMEs and hydrocarbon fractions were used to confi rm peak identifications and to 

identify any unknown components in the GClFID chromatograms. The C25 highly 

branched isoprenoid (HBI) alkenes were identified using mass spectra and relative 

retention times from Barrick et al. (1980), Barrick and Hedges (1981), and Volkman 

et aJ. (1994) . 

Complete procedural blanks, surrogate (ortho-terphenyl and CHO FA) and 

internal standards (n-eicos- l-ene) were used to assess blank contamination and 

compound recoveries. 

3.2.3 Statistical ana lyses 

The composition of FAMEs Ifl samples were compared using a 2-way 

MANOVA, with sample type (detritus or algae) and season as fixed factors. 

Individual FAMEs were expressed as a percentage of the FAMEs fraction and arcsine 

transformed before analysis (Zar 1999). FAMEs characteristics of detritus and algal 

samples collected from different seasons were displayed using canonical di scriminant 

analysis (COA). The same statistical procedure was carried out on the hydrocarbon 

frac tion, but not the stero l fraction, as uneven sample sizes made MANOVA analysis 

inappropriate due to increased probability of type I error (Zar 1999). 

3.3 Results 

The total organic content of detritus and algae samples were simi lar; however, 

the percentage of organic matter in both detritus and algae samples were much higher 

during the winter. When expressed in terms of organic content the concentrations of 
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total lipids and lipid fractions were greater in the algal samples than in detritus 

collected from the same season (Table 3.1). The concentrations of total lipids, free 

fatty acids, hydrocarbons, sterols and phytol were highest in samples collected during 

the summer. 

Total fatty acids were the major lipid class in all samples, accounting for 6-

26% of the total lipid content. Total fatty acids were particularly abundant in the 

summer detritus, constituting 23 ± 2 (SE)% of the total lipids in these samples. In 

contrast, the hydrocarbon and sterol fractions were a relatively minor component of 

all samples, generally accounting for less than 1% of the total lipids. 

Table 3.1 Mean organic content and concentration of lipid fractions extracted from 

samples collected from Sa/arias palzneri territories. Values in parentheses are 

standard errors, based on 6 or 7 samples for the organic content, total lipids, fatty 

acids and hydrocarbons and 3 to 6 samples for sterols and phytol. 

Detritus Detritus Algae Algae 
(Summer) (Winter) (Summer) (Winter) 

% Organic matter 14 (1) 29 (8) 18 (3) 28 (5) 

Total lipids 27 (5) 21 (5) 49 (8) 30 (8) 
(mg.g'l OM dry WI) 

Total Fatty Acids 6.3 (1.0) 2.3 (0.5) 9.7 (2.2) 4.2 (0.8) 
(mg.g·1 OM dry wt) 

Hydrocarbons 214 (42) 162 (112) 657 (170) 200 (46) 
(j.lg.g,1 OM dry wt) 

Sterols 199 (100) 140 (23) 721 (220) 140 (23) 
(j.lg.g.1 OM dry wt) 

Phytol 75 (29) 66 ( 13) 392 (98) 166 (39) 
(l!g.g.1 OM dry WI) 
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3.3.1 Fatly Acids 

Detritus samples collected during the summer and winter were dominated by 

the even·chain fatty acids 16:0, 16:1007,14:0 and 18:1009, in descending order of 

abundance (Figure 3.1 ). These fatty acids accounted for approximately 77% and 80% 

of the fatty acid composition of the detritus samples from summer and winter, 

respectively. The major fatty acids in algal samples collected during the winter were 

the same as those in the detritus although the relati ve abundances were different, with 

16:0, 18:1009,14:0 and 16:1007 dominating in descending order. In summer, the major 

fatty acids of algal samples were 16:0, 14:0, 18: 1(1)9 and 18: 1007, in descending order 

of abundance. Despite the apparent visual similarity of the major fatty acids in 

samples, MANDV A revealed significant differences in the profiles of fatty acids 

between detritus and algal samples (Pillai's trace, p = 0.00 1) and seasons (PiIJai 's 

trace,p = 0.017). There was no interaction between these variables. 
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Figure 3.1 Mean percentage of fatty acids in detritus and algal samples 

collected from Salarias patzneri territories during the summer and winter. (Mean ± 

SE, n : 6-7). 
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Table 3.2 Mean percentage and ratio of fatty acids in samples collected from Sa/arias 

patzneri territories. Values in parentheses are standard errors, based on 6 or 7 

samples. 

Detritus Detritus Algae Algae 

(Summer) (Winter) (Summer) (Winter) 

L Saturates 60.9 (0.9) 64.0 (0.6) 67.8 (3.8) 67.6 (1.0) 
L Branched 0.9(0. 1) 0.7 (0. 1) 0.8 (0.1) 0.6 (0.1) 

L Monounsaturated 26.0 (0.5) 28.0 (0.4) 19.2 (0.4) 22.4 (0.7) 

L Polyunsaturated 12.3 (1.0) 7.2 (0.8) 12.2 (3.6) 9.4 (0.7) 

18: I ",7118: I ",9 0.67 (0.02) 0.55 (0.04) 0.93 (0.13) 0.63 (0.05) 

IS branchedJlS:O 0.70 (0.07) 0.80 (0.17) 0.24 (0.03) 0.49 (0.09) 

16:1",7116:0 0.34 (0.02) 0.29 (0.03) 0.11 (0.03) 0.1 2 (0.02) 

Even/Odd 43.8 (6.5) 44.5 (5.8) 21.2 (4.1) 40.4 (6.6) 

Canonical discriminant analysis (CDA) was used to help assess differences in 

fatty acid distributions between samples (Figure 3.2). Together, the first two axes 

explained 99% of the variation, with the first canonical discriminant describing 

variation between detritus and algal samples and the second canonical discriminant 

describing seasonal variation. The algal samples were characterised by 16:0, 18:2003, 

13:0 and 15:0 fatty acids, whilst detritus samples had higher amounts of 16: I 007, 14:0. 

18:0 and 22:6003. The higher concentration of 16:1007 in sediment samples meant that 

monosaturated fatty acids represented a greater proportion of the total fatty acids in 

detritus samples and that the ratio of 16:1007 to 16:0 was two to three times greater 

than algal samples collected during the same season (Table 3.2). 
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Figure 3.2 Canonical discriminant analysis of fatty acids. Ellipses are 95% confidence 

limits, based on a sample size of 6 to 7. ALG S = algae summer, ALG W = algae 

winter, DET S = detritus summer, DET W = detritus winter. 
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On a seasonal basis, summer samples were characterised by the 

polyunsaturated fauy acids (PUFA): 20:4, 20:5",3 and 22:6",3, as well as 15:0 and 

13:0, whilst samples collected during the winter had higher concentrations of 18:10)9 

(Figure 3.2). This meant that PUF A were more abundant in samples collected during 

the summer, accounting for approximately 12% of the total fatty acids in sediment 

and algae samples (Table 3.2). 

Branched fatty acids were a minor component of all samples, representing less 

than I % of the total fatty acids (Table 3.2). Vaccenic acid, (18: 1 (07) was also present 

in all samples and was most abundant in the algae although the ratio of 18: 10)7 to 

18: 1 009 was less than 1 for algal and detrital samples collected in both seasons. 
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3.3.2 Hydrocarbons 

The predominant hydrocarbons in detritus samples collected during the 

summer were n-C17. n-C I8:h n-C I6:1, and n-C1s in decreasing order of concentration 

(Figure 3.3). Algal samples collected during the summer also were dominated by n­

Cn although the percentage of thi s n-alkane was greater than in detritus samples. 

Other abundant hydrocarbons in summer algal samples were n-C 1S, n-C I8:1 and n-C17:1 

in decreasing order of abundance (Figure 3.3). In the winter n-C17, n-C 18:h n-C1s and 

n-C18 were the major hydrocarbons in the detritus and n-C 17, n-C17: I, n-CIS• and n-C}O 

the main hydrocarbons in algal samples (Figure 3.3). There also was a high 

concentration of squalene in winter detritus. which can be attributed to a single 

sample that contained an exceptionally high concentration of this compound. 

A MANOV A comparing hydrocarbon content of detritus and algae samples 

collected during the summer and winter detected a significant interaction between 

sample type and season (Pillai's trace, p "" 0.035). CDA conducted on the relative 

percentage of hydrocarbons in samples explained 97% of the variation between 

samples with the first two axes (Figure 3.4). The algal samples were characterised by 

higher percentages of n-C 17 and n-C 17:lo whi lst winter detritus samples had higher 

percentages of n-C27. Summer samples of both detritus and algae contained large 

amounts of n-C I6:1 and n-C I8:1, which can be attributed to samples taken from two of 

the S. palzneri territories. 
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C2S highly-branched isoprenoid (HBI) alkenes were identified usmg mass 

spectra in detritus and algal samples from both seasons. The C2S HBls included C25:3• 

C25:4• C25:3, C25:4 , and C2S:S and when combined, were most abundant in detritus 

samples although there was also a high percent of these isoprenoids in algal samples 

collected during the summer (Table 3.3). The isoprenoids pristane and squalene were 

also identified and were higher in the detritus samples. (Table 3.3). Examination of 

the carbon preference index (CPI) over the range n-C20-3S for alkanes found that 

detritus collected from both seasons and algae samples collected during the summer 

had a slight predominance of odd alkanes. Algae collected during the winter had a 

higher ratio of even numbered alkanes (Table 3.3). 

Table 3.3 Mean percentage of hydrocarbons in samples co llected from Salarias 

patzneri territories. Values in parentheses are standard errors, based on 6 or 7 

samples. 

Detritus Detritus Algae Algae 

(Summer) (Winter) (Summer) (Winter) 

1: n-Alkanes 57.5 (6.4) 75.2 (5.6) 73.8 (4.3) 82.5 (2.4) 

I: n-Alkenes 36.9 (7.3) 14.1 (4.3) 23.8 (4.5) 14.0 (2.3) 

Pristane 1.5 (0.4) 0.8 (0.4) 0.8 (0.2) 0.5 (0.3) 

1: C2S HBI Alkenes 7.6 (1.2) 5.9 (2.5) 5.8 (1.\) 1.4 (0.2) 

Squalene 2.2 (0.5) 6.1 (4.8) 0.7 (0.3) 1.4 (0.7) 

CPI 20-35 1.9 (0.8) 1.8 (0.3) 1.7 (0.7) 0.7 (0.1) 

n-l l n-12 n- 1J . _20 
CPI2{).H= 0.5*( (1: HCod6 1! HCc,".) + (1: HCod,lr HC~.tn» .-" .-3_ ... )$ .-32 from Clark and Blumer (1967) 

3.3.3 Sterols 

The major sterol in detritus samples collected during the summer was 4,23,24-

trimethyl-5a.-cholest-22E-en-3~-01 (dinosler.ol), and this compound accounted for 14 
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± 1 (SE)% of the sterol fraction. The other major sterols in summer detritus were 24· 

methylcholesta-5,22E-dien-3~-ol, 23,24-dimethylcholesta-5,22E-dien-3~-ol, 50;­

cholest-22E-en-3~-ol (cholesterol) and 24-methylcholest-5-en-3~-ol (Figure 3.5). In 

winter, dinosterol was less abundant in detritus samples, accounting for 7 ± I (SE)% 

of the sterol fraction . The major sterols in winter detritus were 24·ethylcholest·5-en-

3~-ol (sitosterol), cholesterol, 24-methylcholesta-5, 22E-dien-3~-ol and 23,24 

dimethylcholesta-5,22E-dien3p-ol (Figure 3.5). The dominant sterols in algal samples 

collected in the summer and winter were cholesterol and 24-ethylcholest-5-en-3p-ol 

(Figure 3.5). Summer algal samples also had high percentages of 24·methylcbolest·5-

en-3p-ol and 24-methylcholesta·5,22E-dien·3p-ol, whereas winter algae contained 

high percentages of 24-methylcholesta·5,22E.dien-3p-o! and 24-ethylcholest-5-en-

3~-ol. 

In general, the percentage of cholesterol and 24·ethylcholest·j·en·3p·ol was 

higher in the algal samples, especially during the summer. In contrast, detritus 

samples had higher percentages of dinosterol, 22,23-rnethylene-23,24·dimethyl· 

cholest-5-en-3~-ol (gorgosterol) and 23,24 dimethylcholesta-5,22E-dien-3~-ol than 

algal samples. A comparison of the ratio of stanols to sterols also shows a relatively 

higher percentage of stanols in the detritus than the algae and a slightly higher 

percentage of stano Is in summer samples (Table 3.4). 

Table 3.4 Mean ratio of stano Is to sterols. Values in parentheses are standard errors, 

based on 3 to 6 samples. 

Detrirus Detrirus Algae Algae 

(Summer) (Wi nter) (Summer) (Winter) 

r StanolsIL Sterols 0.16 (0.02) 0.13 (0.02) 0.08 (0.02) 0.05 (0.01) 
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Figure 3.5 Mean percentage of sterols in detritus and algal samples collected from 

Salarias patzneri territories during the summer and winter. Standard errors are based 

on sample size of 3 to 6. A= 27-nor-24-methylcholest-5,22E-dien-3~-01 , B=cholesta-

5,22E-dien-3p-ol, C=5a-cholest-22E-en-3p-ol, D=cholest-5-en-3p-ol (cholesterol), 

E=5a-cholestan-3p-ol, F=cholesta-5,24-dien-3p-ol, G=24-methyicholesta-5,22E­

dien-3p-ol, H=24-methyl-5a-cholest-22E-en-3p-ol , 1=5a-cholest-7-en-3p-ol, J=24-

methyicholesta-5,24(28)-dien-3p-ol, K=24-methyicholest-5-en-3p-ol, L=4-methyl-

5a-cholestan-2p-ol, M=23,24-dimethyicholesta-5,22E-dien-3p-ol, N=23,24-dimethyl-

5a -cholest -22E-en-3 P-ol, 0 = 24-eth y Icholesta-5 ,22E-dien-3 P-ol, P=24 -ethy 1-5a-

cholest -22 E-en-3 P-o I, Q=4 ,2 4-dimethyl-5a -cho lest -22E-en-3 P-ol, 

dimethylcholest-5-en-3p-ol, S=24-ethyichoiest-5-en-3p-ol, T=24-ethyl-5a-cholestan-

3P-ol, U=24-ethyicholesta-5,24(28)Z-dien-3p-ol, V=4,23,24-trimethyl-5a-cholest-

22E-en -3 P-o I ( dinoste,ol), W = 22,23-melhy lene-23 ,2 4-dimethyl-cholest -5 -en -3 P-ol, 

X = 2 2,23 -methyl ene-23 ,24-dimethy I-Sa. -cholestan-3 p -01. 
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3.4 Discussion 

The detritus samples collected from Sa/arias parzner; territories contained a 

high percentage of total fatty acids and large amounts of polyunsaturated fatty acids 

(PUF A). High concentrations of PUF A in detrital material have been used previously 

as an indicator of high food quality (Ahlgren et al. 1997), particularly when essential 

fany acids, which must be obtained from the diet are present (Gurr and Harwood, 

1991). The essential fatty acids: 18:2",6, 20:4",6, 20: 5",3 and 22:6",3 all were 

detected in sediment samples, which, in conjunction with a high total fany acid and 

PUFA content, suggests that detritus is a valuable source of nutrition for S. parzneri. 

3.4.1 Sources of detritus 

High diversity in the faunal , floral and microbial communities of coral reefs 

suggests there are a wide variety of potential detrital sources in Saiarias palzneri 

territories. Ratios of, vaccenic acid to oleic acid, branched fatty acids to 15:0 and 

16:1007 to 16:0 in detrital samples are all typical of detritus that is predominantly 

derived from eukaryotic organisms (White et al. 1980). In particular, the presence of 

phytol, dominance of Cl4 to C IS fany acids with even carbon numbers and substantial 

amounts of PUF A in detritus samples are all characteristic of material derived from 

marine algae (Mayzaud et al. 1989, Smith et al. 1983). The high abundance of alkanes 

n·CI7 and n·C15 in detritus samples al so supports the notion that algae are the major 

source of detritus, as these alkanes are prominent in macroaigae, various microalgae 

and cyanobacteria (Clark and Blumer 1967, Han and Calvin 1969, Gelpi et al. 1970, 

Youngblood et al. 1971). 
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On coral reefs it is the turf or filamentous algae that are responsible for the 

majority of primary production (Larkum 1983), and a large percentage of the carbon 

fixed by these algae may be converted into detritus (Hatcher 1983b, Hansen et al. 

1992, Arias~Gonzalez et al. 1997). The similarity of fatty acid, hydrocarbon and sterol 

profiles in detritus and algae samples, combined with low quantities of pristane 

relative to n~C17 (Clark and Blumer 1967) suggests that a large percentage of the 

detritus in S. patzneri territories has originated from filamentous algae. 

It has also been suggested that benthic marine algae, such as the filamentous 

algae collected from Sa/arias patzneri territories, has a higher percentage of fatty 

acids with double bonds in the 006 position than many types of phytoplankton or 

microalgae (Dunstan et al. 1988). Therefore, to obtain an estimate of filamentous 

algae contribution to detritus in each of the S. patzneri territories, the ratios of 18:2006 

percentages in algal and detrital samples were calculated. Expressing these ratios as a 

mean percentage, estimated that filamentous algae account for 72 ± 9% and 79 ± 15% 

of the organic detritus in the summer and winter, respectively. These estimates 

support lipid biomarker evidence that suggest filamentous algae are the major source 

of detritus in S. patzneri territories. However, these estimates also imply that a 

substantial portion of the detritus does not come from filamentous algae. Furthermore, 

although detrital and filamentous algal samples collected from S. patzneri territories 

contained the same lipids, differences in the relative concentration and ratio of some 

lipids indicate there are sources of detritus other than filamentous algae. Possible 

inputs to detritus from other sources are discussed separately below. 
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3.4.la Microalgae 

All algae are characterised by a high percentage of PUF A; however, once the 

algae die, or become detritus highly unsaturated fany acids undergo rapid diagenesis 

(Haddad et a1. 1991, Canuel and Martens 1996). Consequently, the presence ofPUFA 

in detrital samples collected from S. patzneri territories indicates the material has been 

recently deposited or indicates the presence ofliving microalgae. 

Further support for the presence of microalgae was the high percentage of 

16:1007 in detrital samples relative to algal samples. High concentrations of 16:1007 

are characteristic of diatoms (Volkman et al. 1989, Viso and Marty 1993), and 

sediments with large diatom inputs have high 16:1007 to 16:0 ratios (e.g. Boon et at. 

1 975;Smith et at. 1983). The presence of C2S HBls in detritus samples also is a strong 

indication of diatom presence, as these biomarkers are only known to occur in 

diatoms (Volkman et al. 1994, Sirminghe Damste et at. 1999). Furthennore, the sterol 

24-methylcholesta-5,22E-dien-3j3-01, commonly known as brassicasterol, was one of 

the most prevalent sterol s in detrital samples, and, although this compound can be 

found in other algae, it is often the dominant sterol in diatoms (Volkman 1986). 

Therefore, data from fatty acid, hydrocarbon and sterol data all support the view that 

diatoms are an important component of detritus collected from S. patzneri territories. 

Diatoms also have high amounts of 20:5003 (Volkman et al. 1989, Viso and 

Marty 1993), and, based on a fatty acid content of 10%, of which 10% was 20:5003, 

Currie and Johns (1988) estimated the contribution of diatoms in suspended 

particulate matter at Lizard Island to be less than 1 %. Using the same calculations, it 

was estimated that diatoms accounted for 14 ± 3% of the organic matter in summer 

detritus and 3 ± 1% of the winter detritus in this study. These estimates are 

considerably higher than those of diatom contributions to suspended particulate matter 
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and may reflect accumulation of diatoms in the sediment, increased input from 

benthic diatoms and variations due to periodic blooms. 

Calculations of diatom input, however, may be imprecise, as 20:5003 content 

varies between diatom species and can be synthesised by other microalgae (Volkman 

et al. 1989, Viso and Marty 1993). It is also possible that 20:5003 in detrital samples 

has been degraded due to photo.oxidation in the environment (Kieber et al. 1997), or 

lost during extraction and storage of lipids. Consequently, estimates of diatom input 

should be considered only as crude approximations. 

Dinoflagellates are another group of microalgae commonly found in aquatic 

sediments. The high percentage of the sterol dinosterol in detritus samples and the 

presence of the fatty acid 22:6003 are indications that dinoflagellates are another 

source of organic matter in Salarias parzneri territories. Dinosterol is considered to be 

a strong biomarker of dinoflagellate presence (Loeblich 1984, Nichols et al. 1990) and 

is found in marine sediments where dinoflagellates are abundant (Lee et al. 1980). If it 

is assumed dinosterol accounts for 0.8% of dinoflagellate dry cell weight (based on 

data from Nichols et al. 1984), it is estimated that dinoflagellates alone account for 

approximately 004 % of the organic matter in detritus collected during summer and 

0.1% of the detritus samples collected during winter. The presence of gorgosterol in 

the detritus samples also suggests that the dinoflagellates under consideration may be 

zooxanthellae and provides evidence of organic input to the detritus from their 

symbiotic hosts (Kokke et al. 1981, Ciereszko 1989, Kerr and Southgate 1993). Both 

gorgosterol and dinosterol have been identified previously in particulate matter 

collected from the water column at Lizard Island, and their presence has been used to 

infer the input of coral mucus to detritus (Gregory 1983 in Currie and Johns 1988). 

Gorgosterol has been found in a number of other coelenterates and coelenterate 
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predators (Ciereszko 1989). However, in a coral reef lagoon, the most likely source of 

dinosterol and gorgosterol is zooxantheJlae and assoc iated corals. Coral mucus may 

therefore be a small, but important source of organics and nutrition in Salarias 

palzneri territories. 

Cyanobacteria or blue green algae also are prevalent components of tropical 

sediments (Wilkinson 1987), and small amounts of filamentous cyanobacteria were 

evident in detrital samples (Chapter 2) . Fatty acid (Parker and Leo 1965, Viso and 

Marty 1993) and sterol (Volkman 1986) profiles of cyanobacteria are similar to those 

of many other microalgae, making it difficult to identify positively cyanobacteria as a 

source of detritus. As cyanobacteria were seen in detrital samples, it is assumed they 

are a source of lipids in detrital samples; however, it is unclear how important they are 

as a source of detritus. 

3.4.1 b Bacteria 

Bacteria are a common component of coral reef sediments (Moriarty et al. 

1985), and lipid biomarkers suggest they are present in detritus collected from 

Sa/arias patzneri territories. Detritus samples from both seasons contained branched 

fatty acids, odd numbered fatty acids and vaccenic acid (1 8: 1007), which are all 

indicative of bacterial presence (Goldfine 1972, Jantzen and Bryn 1985). 

Furthennore, the presence of stanols in detritus samples provides evidence of bacterial 

activity in sediments, as stanols are often the product of bacterial reduction of sterols 

(Nishimura and Koyama 1977, Saliot et al. 1988, Canuel and Martens 1993). 

The bacterial biomarker, vaccenic acid, has been used previously to estimate 

bacterial contributions to the fatty acid (Volkman et al. 1980) and organic content 

(Currie and Johns 1988) of sediments. Perry et al. (1979) found that vaccenic acid 
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accounted for 10.5% of the fatty acids in bacteria cultured from tropical sediments. 

Based on this va lue and a fatty acid content of2-8% dry weight for a range of bacteria 

(Gillan and Johns 1986), it is estimated that bacteria account for 2-10% of the organic 

matter in summer and 1-4% of the organic matter in winter. However, like estimates 

of microalgae inputs, these calculations are imprecise, as vaccenic acid has been 

found in several species of marine macrophytes (Johns et al. 1979, Vaskovsky et al. 

1996) and was identified in algal samples. Lipid biomarkers, however, do indicate 

bacteria are present, and, although a maximum organic input of 10% from bacteria is 

slightly higher than the 2-4% of organic matter estimated using direct counts (Sorokin 

1974), or 3-8% estimated from muramic acid concentrations (Moriarty 1982), these 

three different methods of estimating the bacterial contribution to detritus are all of a 

similar magnitude and strongly support the notion that bacteria are a significant 

component of detritus on coral reefs. Furthennore. as bacteria are rich in nitrogen and 

phosphorous (Pomeroy 1980) and have a high protein content (Simon and Azam 

1989), they also may be an important source of nutrients for Salarias palzneri. 

3.4.1c Invertebrates 

Although invertebrates were present in detrital samples (Chapter 2) and are a 

potentially imponant dietary resource, there was little evidence from lipids to suggest 

that they are major contributors to the detritus in Sa/arias patzneri territories. The 

presence of the fatty acid 22:6w3 can be an indication of zooplankton in detritus (Lee 

el al. 1971, Fraseret al.1989, Cripps et al. 1999), as can cholesterol (Volkman 1986); 

however, neither of these lipids are definitive markers for zooplankton. Furthermore, 

the fatty acids 20: I and 22: I, which are proven biomarkers for copepods (Gatten et aL 

1983. Clarke et al. 1987), were not detected in any of the detritus samples. Copepods 
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are often the dominant mobile invertebrate fauna found in coral reef epilithic algae 

communities (Zeller 1988, Wilson and Bellwood 1997). The absence of specific 

invertebrate biomarkers therefore suggests copepods and other invertebrates are an 

insignificant component of detrital aggregates. 

3.4.1 d Ter restrial 

On some coral reefs there is evidence of input from terrestrial systems (Currie 

and Johns 1989) and coastal plants such as mangroves (Shaw and Johns 1985). Lizard 

Island covers an area of approximately 1000 hectares, with over 300 species of 

terrestrial plants (Byrnes et a!. 1977). There is no permanent water on the island to 

facilitate the continual flow of terrestrial organic matter onto surrounding reefs; 

however, seasonal rain and the close proximity of the island to sample sites in the 

lagoon suggest that terrestrial run·off may contribute to the detritus collected from 

Sa/arias patzneri territories. Detritus from terrestrial sources is characterised by long· 

chain fatty acids (Eglinton and Hamilton 1967) and long.chain hydrocarbons with a 

definite odd predominance (e.g. Shaw et at 1979, SaHot et al. 1988). The CPI 20-35 of 

detritus collected during both seasons has a slightly odd predominance, and detritus 

collected in the winter is characterised by long-chained hydrocarbons. Furthermore, 

unusually high percentages of the even·numbered alkenes in detritus samples may be 

indicative of terrestrial input, as similar alkenes have previously been recorded from 

marsh grass (Canuel et a!. 1997). However, evidence of terrestrial input to detritus in 

S. patzneri territories is weak, because there are no long·chained fatty acids in any of 

the detrital samples. It is more likely that longer chain alkanes are derived from algae 

and bacteria, which are known to produce small amounts of these alkanes, and have 

CPI similar to those found in detrital samples (Clark and Blumer 1967, Han and 
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Calvin 1969, Gelpi et al. 1970). Terrestrial run-off and coastal plants are therefore 

unlikely to be significant contributors of organic detritus in S. patzneri territories. 

3.4.2 Seasonal aspects of input. 

Seasonal variation can have a profound affect on the sources of organic 

detritus in the marine environment (Mayzaud et al. 1989, Canuel and Martens 1993). 

In the present study, an increase in the percentage ofPUFA and higher contribution of 

diatoms and dinoflagellates in summer detritus samples are a good indication of 

increased inputs from microalgae during this season. Feeding intensity of blennies is 

also greater during this season (Chapter I), which increases the turnover . rate of 

detritus during this season. In contrast, lower feeding rates by blennies in the winter 

will reduce detrital turnover rates, resulting in a longer time for lipid diagenesis. 

Prolonged diagenesis of lipids results in a reduction of unsaturated fatty acids 

(Haddad et al. 1991) and a higher percentage of long chain hydrocarbons (Canuel and 

Martens 1996), which were characteristic of winter detritus. Thus, the relatively 

higher contribution of microalgae to detritus collected during the summer is likely to 

be a consequence of seasonal increases in microalgal activity and increased turnover 

rates of sediments during this season. 

Productivity and biomass of bacteria on coral reefs also can change seasonally 

(Moriarty et al. 1985, Johnstone et al. 1990, Hansen et al. 1992) and based on 

vaccenic acid content it was estimated that bacterial biomass was usually greater in 

detrital samples collected during the summer. An increase in the percentage of odd 

fatty acids and a slightly higher stanoVsterol ratio during the summer also suggests a 

relatively greater percentage and activity of bacteria during this season (Canuel and 

79 



Martens 1993). Thus, bacteria, like microalgae, are possibly more important 

components of detritus in the summer. 

Overall, similarities in the lipid profiles of detritus and algal samples, 

combined with the dominance of lipids characteristic of algae, suggest that the 

primary source of detritus in Salarias patzneri territories is filamentous algae (Figure 

3.6). However, the presence of specific biomarkers indicates there are also significant 

contributions from several types of microalgae, coral mucus and bacteria. These 

additional sources of detritus may add essential fatty acids, proteins and 

micronutrients, which improve the nutritional value of detritus relative to filamentous 

algae. The combination of different detritus sources likely makes detritus in S. 

patzneri territories a potentially valuable dietary resource. Subtle differences in the 

lipid profiles of detritus and filamentous algae also mean that it may be possible to 

determine the source of dietary lipids for S. patzneri, and this is the subject of Chapter 

4. 
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Figure 3.6 Estimated contributions of filamentous algae and microbes to the detritus 

collected from Salarias patzneri territories . Pie segments represent the percentage 

contribution of the different sources to the organic matter in detrital samples. Data 

calculated from specific lipid biomarkers. 
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Chapter 4. Sources of dietary lipids in the coral reef blenny Salarias 

patZlleri. 

Published in Marine Ecology Progress Series 222: 291-296 

4.1 Introduction 

When assessing the trophic status of marine fishes, many studies initiaHy 

investigate the gut contents or diet selection (e.g. Hom 1983, Hom et al. 1982, 1986, 

Clements and Choat 1997, Wilson and Bellwood 1997, Ojeda and Munoz 1999) and 

in some cases digestive processes (e.g. Clements and Choat 1995, Choat and 

Clements 1998). The first chapter of this thesis has shown that salariin blennies 

predominantly ingest detrital aggregates and relat ively small quantities of filamentous 

algae. A representative blenny species, Salarias palzneri, has been shown to feed 

selectively on detrital particles < 125~m (Chapter I), and biochemical analysis of 

detritus <125J..lm collected from S. patzneri territories has established that it is of a 

nutritional value capable of sustaining fish growth (Chapter 2). However, 

identification of gut contents, feeding preferences and nutritional assessment of 

dietary components does not provide a sufficient basis to assign trophic status 

unequivocally. A comprehensive assessment of trophic status must also consider 

assimilation. 

Numerous studies have demonstrated that coral reef fi shes assimilate nutrients 

from algae and/or detritus ingested in the field (e.g. Bruggeman et a1. 1994a,b, 

Ferreira et a l. 1998). However, as mnny of these fi shes are likely to ingest a 

combination of algae and detrital aggregates (Choat 1991), the source of assimilated 

nutrients is unclear. Studies conducted under laboratory conditions have detennined 

that fish are capable of assimilating nutrients from algae (e.g. Galetto and Bellwood 

1994, Stunn and Hom 1998), however, the ability of coral reef fish to absorb nutrients 
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from a diet based sOlely on detrital aggregates is yet to be established. By comparing 

the relative amount of fatty acid biomarkers in detrital and algal samples with fatty 

acids in blenny tissues, this chapter will assess if lipids in fish tissues are derived from 

detrital aggregates or filamentous algae. 

In fish, lipids rather than carbohydrates are the major source of energy 

reserves (Cowey & Sargent 1977). Lipids can be obtained directly from the diet or 

synthesed de novo by fish, although some fatty acids are considered essential and 

must be obtained through the diet (Bell et al. 1986). By comparing the fatty acid 

content of fish with available dietary items it is possible to get an indication of which 

fatty acids and dietary items are being assimilated. Experiments with specific fatty 

acid biomarkers and ratios of fatty acids have previously been used to demonstrate the 

movement of energy from microalgae (Fraser et al. 1989, Klungsoyr el al. 1989), 

bacteria (Ederington et al. 1995, Goedkoop et al. 1998) and copepods (Gatten et at. 

1883) through the food chain. These biomarkers and ratios also have identified 

components of fish diets (Fraser et at. 1989, 5t John & Lund 1996), and therefore 

comparisons of fatty acid biomarkers in detritus and filamentous algae with fish 

tissues may help identify which of these EAM components fishes assimilate. 

In this chapter I will compare the essential fatty acids and dietary biomarker 

content of fish tissues with those in detritus and filamentous algae collec ted from the 

territories of a representative blenny species, Sa/arias patzneri. This chapter will 

assess qualitatively the extent to which detritus or filamentous algae satisfy the lipid 

requirements of thi s fish. This analysis will provide a new perspective on the 

assimilation of detritus and filamentous algae by blennies and provide a quantitative 

estimate of the extent to which ingested detritus may be used as a dietary resource by 

cora l reef fishes. 
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4.2 Methods 

Six Sa/arias patzneri were collected from the Lizard Island lagoon (140 42'S, 

1450 30'E) during August 1998 (Austral winter) and another six during February 1999 

(Austral summer). All S. paczneri were marure males, with a minimum total length of 

3Smm. They were collected using the anaesthetic clove oil and sexed by examination 

of the genita l papillae. A sample of the detritus and algae from within each S. parzneri 

territory was collected 10-1 5 minutes before each fish was caught. Detritus and algal 

samples were collected using an underwater sampler (Purcell 1996). following the 

technique outlined in Chapter 2. This collection provided particulate samples <125j.lm 

that were predominantly composed of detrital aggregates, a combination of non-li ving 

amorphous organic matter with heterotrophic and autotrophic microbes (cf. Bowen 

1979). The algal samples contained predominantly filamentous algae from the 

Rhodophyta, Chlorophyta and Phaeophyta (see Chapter 2). After collection, the fish 

were dissected to remove the alimentary canal, preventing contamination from 

ingested items; "then, all samples and fi sh were frozen and freeze-dried to obtain dry 

weights. Lipids from the freeze-dried samples were extracted, separated and analysed 

following the procedures outlined in Chapter 3. 

Potential dietary biomarkers and essential fatty acids that were present in 

Salarias parzneri tissues, detrital and algal samples were compared using MANDV A. 

Sample type (S palzneri, detritus and algae) and seasons (summer and winter) were 

entered as fixed factors and data were arcsine or 10glO (x + I) transformed before 

analysis to meet the assumptions of MANOVA (Zar 1999). Two-way ANOV As, in 

conjunction with Tukey's HSD, were used as posthoc tests to assess any significant 
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differences. Sequential Bonferonni corrections were applied to alpha levels to 

minimise the probability of type 1 error, whilst maintaining high statistical power 

(Rice 1989) . Fatty acid percentages or ratios that differed significantly between 

detritus and algae samples were presented graphically, as they had the potential to 

determine the source of dietary lipids for S. patzneri. 

4.3 Results 

The total lipid and fatty acid content of Sa/arias patzneri did not vary greatly 

between samples collected during the summer and winter (Table 4.1). The 

predominant fatty acids in fish collected during the summer were: 16:0, 22:6003, 

20:5003,22:5003, 18:1009 and 16:1007, whereas in the winter 16:0, 22:6003,20:5003, 

16:1007, 22:5003 and 18: 1009 were the major fatty acids in descending order of 

abundance. Polyunsaturated fatty acids (PUF A) were the main fatty acids in fish 

samples collected during both seasons, accounting for approximately half of all the 

fatty acids. Detrital samples collected from S. potzneri territories during the summer 

and winter were dominated by the fatty acids 16:0 and 16:1007, and together they 

accounted for approximately 60% of all fatty acids in these samples. Algal samples 

collected from S. patzneri territories were dominated by 16:0, 14:0 and 18 : 1009, which 

combined accounted for approximately 70% of all fatty acids in algal samples. 

Saturated fatty acids were the main type of fatty acids in both detrital and algal 

samples. 
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Table 4. 1 Fatty acids in Salarias patzneri tissues and detrital and filamentous algae 

samples collected from the epilithic algal matrix within S. patzneri territories. Values 

for individual fatty acids are the mean % of total fany acids from six samples. Figures 

in parenthesis are standard errors. Trace indicates fatty acid was present at 

concentrations <0. 1 %. 

Salarias patzneri Detritus Algae 
Summer Winter Summer Winter Summer Winter 

Tot. lipids 55.2(7.1) 55.2 (3.7) 4.0 (0.5) 5.0 (1.6) 8. 1 (1.0) 6.9 (1.6) 
mg.g·Ldry WI 

Fat. acids 21.8 (2.3) 24.4 (4.4) 22.0 (2.0) 14.5 (5. 1) 18.6 (3.3) 17.5 ( 1.9) 
0/0 Tot lipids 

13:0 0 0 0 0 0.7 (0.2) 0.2(0. 1) 
14:0 3.2 (1.2) 5.2 (0.9) 10.2 (0.7) 8.4 (1.0) 7.4 (0.6) 7.7(0.8) 
i 15:0 trace 0 0.7(0. 1) 0.4 (0. 1) 0.7 (0.2) 0.4 (0.1) 
a15 :0 trace trace 0.2(0.1) 0.2 (0.1) trace 0.2 (0. 1) 
15:0 0 .5 (0. 1) 0.7(0.1) 1.3 (0.2) 1.1 (0.2) 3.4 (0.7) 1.5 (0.3) 
16:1",7 7.3 (1.6) 9.0 (0.9) 14.9 (0 .9) 13.6 (1.6) 5.7 (0.9) 5.8 (0.6) 
16:0 23.5 (1.7) 24.7 (0.5) 44.3 (0.9) 48.4 (1.4) 53.5 (4.4) 56.0 (0.8) 
17:0 0.4 (0.1) 0.3(0.1) 0.4 (0.1) 0.7 (0.2) 0.5 (0. 1) 0.3 (0.1) 
JsPUFA 2.2 (0.4) 3.7 (0.4) 1.9 (0.2) 0.9 (0.3) ·1.4 (0.4) 1.2(0.1) 
18:2",6 2.5 (0.1) 3. 1 (0.3) 2.5 (0.2) 3.5 (0.7) 4 .0 (0.7) 4. 1 (0.3) 
18: 1",9 8.5 ( 1.0) 8.3 (0.6) 6.5 (0.5) 9.3 (1.2) 7.1 (0.6) 10.0 (0.6) 
18: 1",7 2.3 (0.1) 1.9 (0.2) 4.3 (0.4) 4.9 (0.7) 6.2 (0.6) 6.0 (0.5) 
18:0 3.5 (0.4) 2.7 (0.3) 4.3 (0.9) 5.2 (0.9) 1.5 (0. 1) 2.1 (0.2) 
20:5",3 10.9 (1.3) 9.3 (0.7) 2.6 (0.3) 1.4 (0.3) 3.0 (1.0) 2. 1 (0.3) 
20:4",6 4.3 (0.4) 5.1 (0.2) 3.7(0.4) 1.4 (0.2) 3.7 (1.2) 2. 1 (0.4) 
22:6",3 20.3 (2.4) 16.7 (1.3) 1.7 (0.2) 0.2 (0. 1) 0.6 (0.6) trace 
22:5",3 9.6 (0.6) 8.6 (0.4) 0 0 0.1 (0.1) 0 

rSaturate 31.2 (2.2) 33.6 (1.2) 60.5 ( 1.0) 63.8 (0.7) 67.2 (4.4) 67.8 (0.8) 

EMono 18.0 (0.7) 19.3 (0.7) 25.8 (0.5) 27.9 (0.5) 19.0 (0.5) 21.8 (0.4) 

LPoly 49.9 (2.9) 46.5(1.7) 12.4 ( 1.0) 7.4 (0 .8) 12.7 (3.9) 9.5 (0.8) 
r Branch 0.2 (0. 1) trace 0.9 (0.2) 0.7 (0.2) 0.8 (0.2) 0.6 (0.1) 
16:1/ 16:0 0.29(0.06) 0.36(0.03) 0.34(0.02) 0.28(0.03) 0.12(0.03) 0. 10(0.01) 
",3/",6 6.06(0.74) 4.28(0.38) 0.68(0.06) 0.35(0.07) 0.41 (0.07) 0.35(0.05) 

Essential fa tty acids and fany acids that have been used previously as indicators of 

diet (Dunstan et a!. 1988, Virtue et a!. 1993, Ederington et al. 1995, St John and Lund 

1996, Goedkoop et al. 1998) and where identified in Salarias patzneri tissues, detritus 

86 



and algal samples are listed in Table 4.2. The percentage/ratio of these fatty acids was 

significantly different in S. patzneri tissues, detrital and algal samples (Pi llai's trace 

P<O.OO I), and between samples collected during the summer and winter (Pillai's trace 

P=O.004). However, there was no significant interaction between sample type and 

season. ,Posthoc ANOV As, indicated significant differences in the percentage/ratio of 

all essential fatty acids and dietary biomarkers between the different sample types 

(Table 4.2). Of these, only the 16: I 007/16:0 ratio and percentages of 18:2006 and 

22:6003 were significantly different in detrital and algal samples and therefore 

potentially useful in assessing the source of S. patzneri dietary lipids. 

MANOVA and Tukey 's HSD test determined that the ratio of 16:1007 to 16:0 

and percentage of 18:2006 in Sa/arias patzneri tissues and detritus samples were both 

statistically similar. However, the 16:1007/16:0 ratio in these samples was 

significantly higher than in algal samples and the percentage of 18:2006 in S. palzneri 

and detritus was significantly lower than in algal samples (Figure 4.1) . 

The percentage of 22:6003 in S. palzneri tissues also was significantly greater 

than in detritus samples, which was greater than in algal samples (Figure 4.1). The 

percentagelratios of the remaining fatty acids were similar between detrital and algal 

samples. The percentage of 20:5003, 20:4006 and the 003/006 ratio were, however, 

significantly greater in S. patzneri tissues than detritus and algae and the sum of 

branched fatty acids was significantly lower in S. palzneri tissues than either detritus 

or algae. The 003/006 ralio and percentage of 22 :6003 in all sample types was also 

greater in samples collected during the summer. 
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Table 4.2. Essential fatty acids and fatty acid ratios that have previously been related 

to diet and were identified in Salarias patzneri tissues, detritus and filamentous algae. 

Values are summary statistics from ANOVAs comparing fatty acid content/ratio in S. 

palzneri tissues, detritus and algae samples. * Indicates significant difference after 

sequential Bonferonni adjustment to alpha levels. 

Type Season 

F 2,30 P F 1,30 P 

18 :2",6 5.1 0.012' 2.9 0.095 

20:5",3 76.2 <0.001' 4.8 0.036 

20:4",6 10.8 <0.001* 6.7 0.014 

22:6",3 265.9 <0.001' 10.9 0.002' 

r Branched 1,2 18.3 <0.001' 2.6 0.114 

16: 1/16:0 ),' 24.8 <0.001' 0.003 0.960 

0.>3 /0.>6 s 344.2 <0.001* 12.0 0.002' 

References relating fatty acid to diet: I. Goedkoop et al. (1998), 2. Ederington et a1. 

(1995),3. St John and Lund (1996), 4. Virtue et al. (1993), 5. Dunstan et al. (1988). 
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Figure 4.1. Mean essential fatty ac ids and fatty acid biomarkers of potential use in 

discriminating between detritus and filamentous algae sources of lipids for Salarias 

parzneri. Values for 22:6003 and 18:6003 are percentages of total fatty acids, 

16:l ro71l6:0 is a ratio. Error bars are standard errors based on 12 samples. Letters 

above each column represent statistically simi lar groups, based on Tukey's HSD test. 
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4.4 Discussion 

Together, the similarity in the ratio of 16:1007 to 16:0 and percentage of 

18:2006 in Sa/arias patzner; tissues and detrital samples strongly suggest that the 

dietary lipids in S. patzner; tissues are primarily assimilated from detritus. 

Furthermore, the signi ficantly lower ratio of 16: 10)7 to 16:0 and higher percentage of 

18:20)6 in algal samples suggest that the direct contribution of filamentous algae to 

lipids within S. patzner; tissues is limited. 

The ratio of 16: I 007 to 16:0 has been used previously as an indicator of diet in 

krill (Virtue el al. 1993) and fish (Fmser el al . 1989, SI John and Lund 1996) and high 

levels of 16:1007 in body tissues used as dietary biomarkers in copepods (Graeve et al. 

1994) and midges (Goedkoop et al. 1998). Furthermore, North Sea cod larvae kept in 

aquaria and fed diets with different 16:1007 to 16:0 ratios changed their fatty acid 

ratios over a period of only 13 days, after which the ratio of 16: 1007 to 16:0 in larvae 

and diets-were essentially the same (S1 John and Lund 1996). The ratio of 16:1007 to 

16:0 is therefore a proven dietary marker, and the similarity of the ratio of these two 

fatty acids in detritus and Sa/arias patzner; tissues provides excellent evidence that 

detrital lipids are assimilated by S. patzneri. 

An increase in the relative concentration of 16:1007 in Sa/arias patzner; tissues 

and detritus compared to the filamentous algae could be a result of the presence of 

diatoms in detritus samples. Diatoms are known to have high concentrations of 

16:1007 (Volkman et al. 1989, Viso and Marty 1993) and may account fo r up to 18% 

of the organic matter in sediments collected from S. patzner; territories (Chapter 3). 

High concentrations of 16:1007 in acanthurids that feed on the EAM also has been 

used to implicate diatoms as a dietary resource for these fi sh (Montgomery et al. 
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1999). Furthermore, larval herring increase the ratio of 16:1007 to 16:0 in their body 

tissues when diatoms were more prevalent in an enclosed food chain (Fraser et al. 

1989). High concentrations of 16:1007 in detritus and S. parzneri tissue relative to 

algae may, therefore, be an indication that diatoms are an important constituent of S. 

patzneri diet. The ratio of 16:1007 to 16:0 in S. patzner; tissues and detrital samples is, 

however, much lower than usually observed in diatom cultures (Volkman et al. 1989, 

Viso and Marty 1996). The similarity of this ratio in S. patzller; tissues and detrital 

samples therefore infers that it is the detrital aggregates and diatoms within these 

aggregates that are assimilated, rather than just the diatoms. 

The detritus collected from Sa/arias patzner; territories also contained fatty 

acids that are indicative of bacteria (Chapter 3). Many bacteria have a high 16: I 007 

content (Wilkinson 1988) and may be a source of dietary lipids for S. patzneri. 

Bacteria also are characterised by branched fatty acids, which have been used 

previously as trophic biomarkers to indicate the movement of energy from bacteria 

through the food chain (Ederington et al. 1995, Goedkoop et al. 1998). Bacteria have 

been proposed as a dietary resource for detritivorous reef fishes (Choat and Clements 

1998), a suggestion that is supported by the presence of branched fatty acids in S. 

patzner; tissues. Thus. lipids from bacteria are assimilated; however, these bacteria 

biomarkers accounted for less than 0.1 % of the total fatty acids in S. patzner; tissues, 

much less than the 0.6-0.9% seen in detritus or 0.6 to 0.7% seen in filamentous algae 

samples. Furthermore, bacteria are unlikely to contain polyunsaturated fatty acids 

(Jantzen and Bryn, 1985), which accounted for approximately half of the total fany 

acids in S. patzneri tissues. Consequently, bacteria are probably not a major source of 

dietary lipids for S. patzneri. 
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The fatty acid 18:20)6, in conjunction with others, has been used previously as 

a dietary marker in crustaceans, fish, seals and river dolphins (Napolitano 1999) and 

has been used to identify seagrass and angiospenn detritus in the diet (Napolitano 

1999). 18:2006 is usually a minor component of diatoms (Volkman et al. 1989, Visa 

and Marty 1996) and is often more prevalent in macroalgae (Johns et al. 1979, 

Vascovsky et aJ. 1996). A relatively low percentage of 18:2006 in S. patzneri tissues 

and detritus samples and a significantly higher percentage in algal samples therefore 

supports the 16: I 0)7/ 16:0 data, which suggests that detrital aggregates are the major 

source of dietary lipids for this species. 

The major PUF A in Sa/arias patzneri tissues was 22:60)3 and the percentage 

of this fatty acid in S. patzneri tissue was significantly greater than in detritus or algal 

samples. In many marine fish 22:60)3 appears to accumulate in tissues (Watanabe 

1982), which would explain the relatively high concentration of this fatty acid in S. 

palzneri samples. This highly unsaturated fatty acid also may be produced by fish via 

the elongation and desaturation of other 003 fatty acids (Kanazawa et a!. 1979). 

However, it is possible that many marine fish lack the enzymes necessary for this 

conversion and rely solely on dietary sources of 22:6003 (Bell et al. 1986). In detrital 

samples, likely sources of 22:60)3 are microalgae (Viso and Marty 1996) and 

copepods (Lee et al. 1971); however, the absence of copepod biomarkers 20: 1 and 

22: 1 (Gatten et al. 1983, Clarke et a1. 1987) in detritus or S. patzneri tissues suggests 

that 22:6003 is derived primarily from micfoalgae. The high percentage of 22:6(03 in 

S. patzneri tissues compared to detrital and algal samples also suggests that this fatty 

acid is absorbed from ingested detrital aggregates and or algae and that it accumulates 

in fish tissue. 
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In summary, these results strongly suggest that detrital aggregates are the 

major source of dietary fatty acids for the blenny, Salarias parzneri. Similarities in the 

ratio of 16: 1007 to 16:0 and the percentage of 18:2006 in S. patzneri tissues and detrital 

samples indicate that fatty acids from detrirus and microalgae, particularly diatoms, 

within detrital aggregates are assimilated by S. patzneri. These results suggest that 

detritus and associated microalgae may be important dietary constituents for fish that 

feed on the EAM. The ingestion and assimilation of detrital aggregates by fish may 

therefore, represent a major pathway for the transfer of energy on coral reefs. 
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Chapter 5. Multiscale habitat associations of detritivorous blennies 

(Blenniidae: Salariini). 

Published in Coral Reefs 20: 245-251 . 

5.1 Introduction 

Fish that feed on epilithic algae and associated detritus provide an essential 

link between primary production and secondary consumers on coral reefs (see reviews 

by Hom 1989, Choat 1991). Because of their importance to coral reef ecology the 

distribution of fish that feed on primary resources has been studied widely. However, 

many of these studies have tended to concentrate on the large, conspicuous species 

and excluded the smaller, cryptic fish (e.g. Russ 1984a,b, Meekan and Choat 1997). 

Small fish with total lengths < 100 mm are the most diverse and abundant size class of 

fishes on coral reefs (Munday and Jones 1998. Akerman and Bellwood 2000). 

Furthermore, as small fish have a higher mass specific metabolic rate than larger­

bodied fish (Clarke and Johnston 1999) and genera lly higher turnover rates, their high 

abundance suggests that they may play an important role in the transfer of energy on 

coral reefs (Akerman and Bellwood 2000). 

A number of different factors are likely to influence the distribution patterns of 

coral reef fishes (Wi lliams 1991). The avai labili ty of resources, in particular dietary 

resources, is one factor that may have a central role in determining the distribution of 

herbivorous and detritivorous fishes (Williams et al. (986). To satisfy high energy 

requ irements, herbivorous and detritivorous fishes often ingest large amounts of algae 

or detritus and feed selectively on protein rich material (Bowen et al. 1995). Spatial 

variation in the availability and quality of dietary resources may therefore influence 

the abundance and distribution of the fish that feed on them. Previous studies have 
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examined the relationship between algal availability and the abundance of 

herbivorous fishes (e.g. Russ 1984c, Hart et al. 1996), however; the influence of 

detrital quality and availability on the distribution of coral reef fishes is yet to be 

established. This is despite recent studies that have found that the quality and quantity 

of detritus can vary across reef zones (Purcell and Bellwood 2001) and with levels of 

wave exposure (Crossman et al. In press). 

Apart from broad-scale patterns of detritus quality, fine-scale distributions of 

food resources may be' particularly important for small detriti vores, as many of these 

fish are strongly site attached (Nursall 1977, Hom 1989, Goncalves and Almada 

1998) and rely on resources within territories to satisfy dietary requirements. The type 

of microhabitat utilized by these fish must, therefore, be capable of accumulating 

enough detritus to satisfy their relatively high energetic requirements, as well as 

provide adequate shelter. Variation in the availability of suitable habitat resources at 

both broad and fine scales may therefore shape the distribution of fish. Furthermore, 

the influence ofa habitat resource is likely to vary with spatial scale (Syms 1995), and 

it is therefore important to examine fish distributions and their relationships with 

habitat resources at a range of spatial scales. 

Blenniid fish from the tribe Salariini are small (5 -1 7 cm total length), cryptic 

fishes (Randall et al. 1990), which feed on the epilithic algal matrix, primarily 

ingesting detrital aggregates (Chapter 1). On high latitude reefs, blennies are an 

abundant component of fish assemblages (Townsend and Tibbetts 2000) that, in 

conjunction with other small fish. are responsible for removing large amounts of 

material from the epilithic algal community (Hatcher 1981). In this environment, 

salariin blelUlies represent an abundant and ecologically significant group of small 

95 



detritivores; however, their significance on tropical coral reefs remams to be 

determined. 

In this chapter I will quantify the distribution and abundance of salariin 

blennies. These data will be compared to patterns of avai lability of trophic resources 

and used to evaluate the importance of these small detritivorous fishes to coral reef 

trophodynamics. Estimates of blenny abundance and biomass will be compared with 

those of other herbivorous and detriti vorous fishes, providing information on the 

re lative contribution of blennies to herbivorousldetritivorous reef fish assemblages. 

5.2 Methods 

Visual censuses were conducted on the fringing reef around Lizard Island (140 

42'S, 1450 30'E) at three locations of differing degrees of wind and wave exposure 

(Figure 5.1). Exposed locations were subjected either directly or obliquely to the 

prevailing southeasterly winds. Sheltered locations were in the lee of the island but 

were occasionally exposed to northwesterly swell s. The most sheltered location was 

inside the lagoon. Within each location three sites were selected haphazardly and at 

each site; three transects were visually censused on the top and three on the side of the 

reef. The reef tops were at a depth of 1-2 m at mean high tide and the sides at a depth 

of 2-5 m at mean high tide. Transects (50x2 m) were censused for approximately 20 

minutes, by swimming at a constant rate along an underwater tape measure. The 

transect width and census time were predetermined following a pilot study that 

compared precision of blenny density estimates at different swimming speeds and 

transect widths. Visual censuses were conducted at all locations, sites and zones 

during August 1998 (Austral winter). All censuses were performed between 10:00 and 
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17:00, as a pilot study had shown that time of day and tidal height had no significant 

influence on estimates ofblenny densities during these hours. 
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Figure 5. 1 Map of Lizard Island showing sites 10 exposed (EI ,E2,E3), sheltered 

(S I ,S2,S3) and lagoon (Ll ,L2,LJ) locations. 
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Blennies within transects were identified to species level, their total length 

estimated and the microhabitat on which they were first observed recorded. The types 

of microhabitat available to blennies were assessed using point intercept transects. For 

all blenny census transects, available microhabitat was estimated by recording the 

type of substratum at every marked metre of the transect tape. This provided 50 

microhabitat readings for each transect. Microhabitats were classified into: massive, 

branching, corymbose, encrusting, soft and other corals, as well as rock, rubble, sand 

and miscellaneous. The different coral categories were based on growth forms 

described in Veron (1986), and each coral category was further classified as either 

living or dead. The miscellaneous category included macroalgae, clams and sponges. 

To estimate the total biomass of blennies, total length estimates for each 

bJenny seen on transects was convened to fish weight using length-weight 

relationships obtained from a representative sample ofblenny species collected during 

the course of the study. The accuracy offish length estimates was assessed throughout 

the study by estimating the length of fish in areas adjacent to sampling sites, then 

capturing the fish and measuring' total length to the nearest rum with Vernier calipers. 

For 190 fish, with measured total lengths between 15 and 70 mm, estimated length 

was 98 ± I % of the actual fish length. 

To investigate the relative imponance of blennies on coral reefs, I compared 

their density and biomass at exposed and sheltered locat ions to those of other 

detritivorouslherbivorous fishes. Each fish species was assigned a functional group 

based on published gut content analyses (Sana et al. 1984, Wilson and Bellwood 

1997, Chapter 1) and their feeding behavior. Those species with more than 50% 

detrital material in their guts were classified as detritivores and those with less than 

50% detritus, but greater than 50% algae, were classified as grazers. Densities of 
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territorial pomacentrids were estimated from Meekan et a1. (1995), whilst density and 

size estimates of other species were provided by 1.H. Choat (unpublished data). Sites 

used by Meekan et at. (1995) and J.H. Choat corresponded to those surveyed in this 

study; however these si tes were surveyed at different times. Given the temporal 

differences between these studies and my own, abundance estimates should therefore 

be considered as approximations, which were used to suggest the relative importance 

of blennies as a trophic group on coral reefs. Length-weight relationships from 

Kulbicki et al. (\993) and L Bay (unpublished data) were used to convert estimated 

fish lengths into biomass. 

5.2.1 Statistical analyses 

The distributions of the six most abundant blenny species at Lizard Island 

were compared between zones (top and side) and among locations (exposed, lagoon 

and sheltered) using MANOV A. . Before comparisons were made, data within each 

site were pooled and the mean number of each species on the top of each site and side 

of each site treated as a replicate. These data were then 10g1O (x + 1) transformed to 

meet the assumptions of MANDY A. Significant differences in MANDV A were 

further investigated using a two-way ANDVA for each species, with location and 

zone as fixed factors. Significance levels were corrected using sequential Bonferroni 

adjustments (Rice 1989), which reduced the probability of a type 1 error. The mean 

abundance of each species at different zones and locations was also examined 

graphically to help interpret ANOYA results. To compare the total density and 

biomass of salariin blennies, a two-way ANDV A, with reef location and zone as fixed 

factors , was used. Total biomass data were square-root transformed to meet the 
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assumptions of ANOV A and any significant differences evaluated using Tukey HSD 

tests. 

Fine-scale distribution patterns of blennies were examined using selectivity 

indices to compare the relative availability and usage of different types of 

microhabitat. Indices and 95% percent confidence intervals were calculated using the 

methods described by Manly et a1. (1993) (sampling design II, protocol A). For each 

blenny species, indices were calculated only for microhabitats where three or more 

individual fish were seen to use that microhabitat. The remaining microhabitats were 

pooled into the "other" category. Blennies were considered to use a microhabitat that 

was at a significantly greater level than was proportionally available if the lower 

bound of the 95% confidence· interval exceeded l. 

5.3 Results 

5.3.] Broad scale habitat associations 

Fifteen species of salariin blenny from eight genera were identified during 

visual surveys of the reefs around Lizard Island (Table 5.1). The relative abundance 

of the six most common blenny species varied amongst reef locations and zones. Four 

of the species were found predominantly at either the lagoon or exposed reefs, whilst 

the other two species were distributed more evenly between the lagoon, exposed and 

sheltered locations (Figure 5.2). All six species of blenny were found on the tops of 

reefs, and four of the species used this zone almost exclusively (Figure 5.2). In 

contrast, only two species were found in relatively high numbers on the side of reefs 

,and both of these species were also regularly seen on reef tops. MANDV A, 

conducted on the relative abundance of the six blenny species, confirmed that there 
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were differences in distribution patterns, with a significant interaction between zone 

and location (Pillai 's trace P<O.OOI). 

Table 5.1 Salariin blennies observed whilst conducting visual surveys at Lizard 

Island. Mean total lengths calculated from visual estimates of fish seen during 

surveys. SE = Standard Error. 

Species Number Mean total length Favoured 

observed ± SE (em) location/zone 

Atrosalarias fuscus 37 7.2± 0.3 Lagoon/Top & Side 

Blennie/fa periopthalmus 8.0 ExposedfTop 

Cirripeeres ehelomatus 13 6.7± 0.4 LagoonfI'op 

Cirripeeres filamentous 5 5.4 ± 0.2 Lagoon/Top 

Cirripeetes polyzona 8 5.3 ± 0.2 ExposedfTop 

Cirripeeres srigmaticus 153 8.6 ± 0.2 ExposedfTop 

Crossosalarias macrospilus 2 5.0 ± 0.5 Exposed &LagoonlSide 

Ecsenius aequalis 4.0 Lagoon/Side 

Eesenius bie%r 15 5.2 ± 0.2 Exposed/Side 

Eesenius mandibu/aris 6 4.4 ± 0.2 Lagoon/Side 

Ecsenius sticrus 126 4. 1 ±O. I Exposed/Side 

Exallias brevis 3 11.0 ± 0.6 Exposedff op 

GIYPloparus delicowlus 29 3.2 ± 0. 1 ExposedIT op 

Salarias fasciatus 22 8.1 ± 0.5 Lagoonffop 

Salarias palzner; 188 4.1 ± 0.1 Lagoon/Top 
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Figure 5.2 Broad scale distribution patterns of the SIX most abundant species of 

salariin blenny at Lizard Island. Error bars are standard errors calculated from 3 sites 

for each combination of zone and location. Note the different scales on y axes. 
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Salarias pa/zneri was the most abundant blenny species and was mostly found 

on the top of lagoon reefs (Figure 5.2). Sa/arias fascia/us had a similar distribution 

pattern to S. palzneri, with the highest levels of abundance also occurring on the top 

of lagoon reefs. The relative density of S. patzneri is, however, an order of magnitude 

greater than S. faseiatus. The other highly abundant species at Lizard Island was 

Cirripeetes stigmatieus, which was observed predominantly on the top of exposed 

reefs (Figure 5.2). Two-way ANOVAs comparing the relative density of individual 

species found significant interactions between locations and zones for each of the 

aforementioned species (Table 5.2). Significant interactions can be attributed to 

higher densities on the top of lagoon reefs for S. paIzneri and S. faseiatus, and 

exposed reef tops for C. stigmaljeus (Figure 5.2). No interactions were detected for 

the three other blenny species, although there were significantly more Glyptoparus 

delicalu/us on the top of reefs and significantly more A/rosalarias fuscus in the 

lagoon (Table 5.2). Of the six species investigated E. stietus was the only species for 

which there was no significant difference detected in broad-scale distributions. 

Table 5.2 Summary of significant differences in the broad-scale distribution of six 

species of salariin blennies. Results are from 2-way ANOV As comparing the relative 

abundance of each species at different reef locations and zones. ANDV As were used 

as a post hoc investigation of a significant MANOV A interaction between Zone and 

Location (Pillai 's trace P<O.OOl). 

Species Significant factor df F P 

Alrosa/arias fuseus Location 1,12 6.2 0.01 

Cirrjpeetes stjgmatjeus Zone x Location 2,12 25.8 0.001 

Ecsenius slielUS None 

G/yp/oparus delicaIll.ius Zone 1,12 8.6 0.01 

Sa/arias fascia[us Zone x Location 2,12 6.0 om 
Sa/arias po/zneri Zone x Location 2,12 64.3 <0.001 
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When densities for all blenny species were combined (Figure 5.3) the total 

abundance was significantly higher on the tops of reefs (F=39.3 1.12 P<O.OO I) and at 

the lagoon and exposed locations (F=ll.l 2.12 P=O.002). There was no significant 

interaction between zone and location. The weight of individual blennies, calculated 

from length estimates and the relationships in Table 5.3, was used to estimate the total 

biomass of blennies at different zones and locations. There was a significant 

interaction when the biomass of blennies at different zones and locations were 

compared (F= 14.72.12 P=O.OOI). Tukey's HSD test confinned graphical comparisons 

(Figure 5.3) that the interaction was due to a significantly greater biomass ofblennies 

on the top of exposed reefs. 

Table 5.3 Length-weight relationships for salariin blennies. W= weight (g) TL= total 

length (cm). Equations based on weight and length measurements of blennies 

collected from the Great Barrier Reef, Australia. 

Species n r' 
A trosalarias /uscus W-0.013TL2.9' 73 0.98 

Cirripectes spp W~0.023TL2." 8 0.98 

Ecsenius spp W~0.015TL2.60 49 0.93 

Glyptoparus delicatulus W~0.0ITL2.88 10 0.91 

Sa/arias /ascialUs W~0.015TL2.87 I3 0.97 

Sa/arias patzneri W~0.007TL' ·09 127 0.97 
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Figure 5.3 Broad-scale patterns of mean total abundance and total biomass of salariin 

blennies on Lizard Island. Error bars are standard errors calculated from 3 sites for 

each combination of zone and location. 
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5.3.2 Fine scale habitat associations 

Each of the six blenny species investigated in this study was found to use one 

or two microhabitats at a higher level than expected based on microhabitat avai lability 

(Figure 5.4). Preferences for microhabitats varied between species; however, in all 

species at least one dead coral growth form was over-represented. Sa/arias patzneri, 

G1YPIOparns delicatulus and Ecsenius stictus all showed a positive selection fo r dead 

massive corals, whilst Atrosa/arias Juscus and Salarias Jasciatus selected dead 

branching corals. In addition, £. stictus displayed a preference for living massive 

corals and A. Juscus for living branching corals; however, their use of these 

microhabitats was less frequent than that of the corresponding dead growth [onns 

(Figure 5.4). Cirripectes stigmalicus showed preferences for corymbose corals, living 

and dead, as well as encrusting corals. 

5.3.3 Blenny abundance and biomass relative to other detritivorouslberbivorous 

fishes. 

Density and biomass estimates of all functional fish groups were highest on 

the top of exposed reefs (Figure 5.5). Salariin blennies, which were classified as 

territorial detritivores, were an important constituent of this functional group, 

accounting for approximately 60% of the density and 21 % of biomass estimates on 

exposed reef tops. Overall, the territorial detritivores were found to be a substantial 

component of the total detritivorouslherbivorous fi sh community. On the top of 

exposed reefs they contributed 37% to the total density and 26% to the total biomass 

of detritivorouslherbivorous fishes. 
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Figure 5.4 Microhabitat associations of the six: most abundant salariin blennies at 

Lizard Island. Percentage values for microhabitat avai lability and fish presence were 

calculated from 54 transects. White bars represent percentage of microhabitat 

available, and black bars represent percentage of fish found in that microhabitat. 

• indicates positive selectivity based on selection ratios with 95% confidence 

intervals. Branch = branching coral, Cory = corymbose coral, Mass = massive coral, 

Encrust = encrusting coral, Oth.corals= other corals, (0) indicates the coral is dead. 
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Figure 5.5 Re lative abundance and biomass of functional groups feeding on detritus 

andlor algae. Functional group composition: Territorial detritivores (saladin blennies, 

Stegastes nigrieans, S. fasciolarus, Disehisrodus spp and Ctenoehaetus spp). 

Territorial grazers (Pomacenrrus sPP. Plecrroglyphidodon laerymacus, Sregastes 

apiealis, Aeanthurus lineatus). Roving grazers (all acanthurids with the exception of 

Ctenochaetus spp and Aean/hurus lineatus). Scrapers (aU scarids). Mean values were 

calculated from n = 2 to 4 sites for each taxa within a functional group. Standard 

errors for taxa within a functi onal group were then summed to produce error bars. 
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5.4 Discussion 

The major dietary items ingested by the six species of blenny investigated in 

this study were detrital aggregates (Chapter I). In order to satisfy dietary requirements 

it is expected that detritivorous fishes, such as blennies, wi ll feed se lectively at 

locations rich in protein (Bowen et al. 1995). Of the six blenny species investigated in 

this study, four were found at significantly higher densities on reef tops and, when 

blennies were considered as a single group, their density and biomass is highest on the 

top of reefs at all locations. On an exposed reef at Lizard Island, Purcell and Bellwood 

(200 I) found that although the C:N ratio of detritus did not differ between reef zones, 

the percentage of organic detritus in sediments was greatest on the crest. Blennies 

feeding at this location therefore have access to sediments with a higher percentage of 

organic detrirus and nitrogen. 

The presence of sediments with a high percentage of organic detritus on 

exposed reef tops at Lizard Island coincides with high estimates of blenny abundance 

and biomass in this environment. High levels ofblenny abundance on coral reefs have 

been documented previously by Odurn and Odum (1955), who reported a prevalence 

of small blennies on the reef ridge at Eniwetok, and more recently by Townsend and 

Tibbetts (2000), who estimated high densities and· biomass of blennies on the rim of 

reefs on the southern Great Barrier Reef. The association of high blenny abundance 

with exposed reef tops is therefore consistent over a large geographical range of coral 

reefs. Furthennore, the acanthurid, Ctenochaecus striarus, which has a similar diet and 

feeding technique to many salariin blennies (see Chapter 1), is also found in high 

numbers on exposed reef crests (Russ I 984b, Choat and Bellwood 1985). Thus, 

exposed reef crests seem to be the favoured habitat for a range of detri tivorous fishes. 

This preference may be partially related to the higher organic content of sediments at 

this location, as organic content can be used as an indicator of the nutritional value of 
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detritus (Bowen 1987). However, other factors such as competition, recruitment, and 

predation also are likely to influence the broad scale distribution of detritivores. 

Competition and predation pressures, as well as recruitment levels, are known to vary 

spatially (Williams 1991), and the effect of these processes on blenny distributions 

may be substantiaL 

On a finer spatial scale, each of the blenny species investigated in this study 

displayed a preference for dead coral microhabitats. This association with dead corals 

may be related to the suitability of these microhabitats for accumulating food, as coral 

skeletons are generally overgrown with fi lamentous algae that incorporate a matrix of 

material, including large amounts of detrital aggregates (Chapter2). Although all 

species showed a preference for dead coral microhabitats, the type of coral 

microhabitat used by blennies varied among species. This variation may reflect the 

suitability of different microhabitats as a refuge from predators, as many small fish 

rely on specific shelter sites (Munday and Jones 1998). Predation can play an 

important role in the distribution offish on coral reefs (Stewart and Jones 2001), and 

the use of microhabitats that act as suitable predator refuges can effect survival and 

persistence of small fi sh (Seukers and Jones 1998). Overall, on a fine scale, it appears 

that the distribution of blennies may be influenced by the availability of dead coral 

microhabitats that act as sites of detrital accumulation as well as provide suitable 

refuge sites. However, as with broad-scale fish distributions, factors other than 

resource availability and predation are likely to influence the fine-scale distribution of 

blennies, and, although not addressed in thi s study, these processes may have a 

significant effect on the abundance ofblennies in different microhabitats. 

Comparisons of salariin blenny numbers and biomass with other 

detritivorouslherbi vorous fishes were used to examine the relative importance of 
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blennies as a trophic group. Blennies represented a substantial part of the territorial 

detritivore functional group. On the top of exposed reefs, where the abundance and 

biomass of all functional groups were highest, blennies accounted for more than half 

of the density and approximately a fifth of the biomass estimates of territorial 

detritivores. Overall, territorial detritivores also accounted for approximately a third 

of the density and a quarter of the biomass estimates of the detritivorelherbivore fish 

assemblages on exposed reef tops. Temporal differences between blenny censusing 

and that of other detritivorouslberbivorous fish studies dictate that conclusions must 

be tentative; however, the contribution by blennies and other detritivorous fishes 

appears to be substantial and suggests that detrital feeding fish are an important 

component of coral reef food webs. The contribution of blennies to 

detritivorouslherbivorous fish assemblages may be even greater on higher latitudinal 

reefs of the Great Barrier Reef, where blenny biomass relative to otber 

detritivorouslherbivorous fishes (see Townsend and Tibbetts 2000) was even higher 

than on the reefs surrounding Lizard Island. This difference suggests that the relative 

importance ofblennies may vary with geographic location. 

In summary, most salariin b1ennies displayed distinct distribution patterns at 

both broad and fine scales. On a broad scale, blenny numbers and biomass are greatest 

on the exposed reef top where the relative amount of detritus in sediments is high. On 

a finer scale, they are associated with dead corals that may act as places of detrital 

accumulation or shelter si tes. Detritus availability may not be the sale factor driving 

blenny distribution patterns, as other processes, such as competition and predation, are 

also likely to play an important role in blenny distribution. However, this study did 

show that at both large and small spatial scales blenny abundance and biomass is 

strongly associated with the availability of their primary dietary resource, detritus. On 
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the top of exposed reefs, where the density and biomass of all func tional groups were 

highest, blennies were found to be a major component of the territorial detritivore 

functional group. This functional group represented approximately a third of the 

density and a quarter of the biomass estimates for the detritivorouslherbivorous fi sh 

community. The substantial contribution of small territorial detritivores, such as 

blennies., to the detritivorouslherbivorous fish community suggests that these fishes 

are an important component of the fish assemblages that are responsible for secondary 

production on coral reefs. 
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Overview 

In aquatic ecosystems, energy is transferred through trophic food webs that are 

based on grazing by herbivores andlor the consumption of detritus by detritivores 

(Begon et al. 1990). On coral reefs, the prevalence of supposedly herbivorous fishes 

and invertebrates .with high consumption rates has led to the assumption that 

herbivory is the primary mode of energy transfer in this ecosystem (Hatcher 1983a, 

1997). A significant proportion of the energy produced by coral reef algae is, 

however, converted into detritus and passes through detrital pathways (Arias­

Gonzalez et a1. 1997). Consequently, detrital pathways are likely to play an important 

role in the coral reef trophodynamics. This study bas shown that salariin blennies use 

detritus as their primary dietary resource and that these fish are a significant 

component of coral reef fish assemblages that feed on the EAM. 

On the Great Barrier Reef, Australia, salariin blennies ingest predominantly 

detrital aggregates and comparatively small quantities of filamentous algae (Chapter 

I). The predominance of detritus in the guts of a representative species, S. patzneri, 

was consistent between seasons and throughout post-settlement ontogeny, suggesting 

that detritus is the primary dietary resource of both juvenile and adult blennies 

throughout the year. Salarias patzneri, feeds preferentially on particles < 1 25~m, 

which are of a size that is typical of nutritionally valuable amorphic detritus, whilst 

avo iding filamentous algae. Comparisons of the fatty acids in S. palzneri ti ssues, with 

those in detrital aggregates <125~m and filamentous algae, indicated that detrital 

aggregates are assimilated by this blenny (Chapter 4). Gerking (1994) defined a 

detrit ivorous fish as "one that ingests a predominant amount of detritus in its diet", 

with a caveat that ingestion does not necessarily mean absorption. Salarias patzneri 
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can, therefore, unequivocally be classi fied as a detritivorous fish and other salariin 

blennies that predominantly ingest detrital aggregates are also likely to be detritivores. 

Biochemical comparisons of detrital aggregates with filamentous algae 

collected from the EAM within Sa/arias palzneri territories indicated that protein to 

energy ratios were slightly higher in the detrital aggregates and were above the ratio 

that Bowen (1979) identified as critical for fish growth (Chapter 2). As a substantial 

proportion of the organic matter in the EAM was also in the form of detrital 

aggregates (41 -44%), detritus represents a high quality dietary resource that is readily 

availa~le for S. patzneri in the summer and winter. Visual analysis of detrital 

aggregates found that they were mainly amorphic detritus, with small amounts of 

diatoms, cyanobateria and invertebrates (Chapter 2). Amorphic detritus has no 

structure or fonn, making it difficult to identify its source. However, based on the 

high productivity of algal turfs (Larkum 1983), much of which are not consumed by 

herbivores (Hatcher 1981, Klumpp and Polunin 1990, Polunin and Klumpp 1992), it 

is believed that a large percentage of the detritus on coral reefs is derived from the 

epililhic algal community (Hansen et al. 1992). This hypothesis is supported by the 

similarity of fatty acid, hydrocarbon and sterol profiles of detritus and filamentous 

algae collected from the same EAM (Chapter 3). Subtle differences in these profiles 

do, however, indicate that filamentous algae are not the sole source of amorphic 

detritus. Lipid biomarkers suggest that microalgae. coral mucus and bacteria are also 

important sources of amorphic detritus. 

The addition of micronutrients. fatty acids and protein from microalgae, coral 

mucus and bacteria to detrital aggregates is likely to enhance the overall diversity and 

concentration of nutrients in detrital samples that are primarily derived from 

filamentous algae. For detritivorous fishes, the most important dietary component, in 
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terms of somatic growth. may be protein (Bowen et a1. 1995). Items identifi ed as 

likely components of detritus in Salarias palZneri territories are all potential sources 

of protein, and their possible contribution to the protein content of detritus is 

estimated in Table 6.1 . This table does not represent all of the potential sources of 

protein, because some detrital sources were not quantified visually or by lipid 

biomarkers. making calculations of their potential protein input unfeasible. 

Table 6. 1 Sources of protein in detrital samples collected from the EAM within 

Salarias parzneri territories. 

Source 

Bacteria 

Diatoms 

Diatoms 

Blue green algae 

Copepods 

Filamentous algae 

Filamentous algae 

TOTAL 

Protein content 

of source 

% dry weight 

63 I 

16_18 2 

37-52 J 

55-58 ' 

2.8-13.2 5 

% of Organic Protein input 

matter from (mg.g-1 of organic 

detritus samples matter) 

1-10 (Ch. 3) 6-63 

1.5-1.9 (Ch. 2) 2-3 

4-1 8 (Ch. 3) 6-32 

1.9-3.2 (Ch. 2) 7-16 

0.2-0 .4 (Ch. 2) 1-2 

7.6-10.4 (Ch. 2) 2-14 

< 86 (Ch. 3) < 24- 11 3 

18-226 

I. Simon and Azam (1989), 2. Lourenco et al. (1998), 3. Vargas et al. (1998),4. 

Alonzo et al. (2001), 5. Montgomery and Gerking (1980) 

Calculations in Table 6.1 suggest that the three major sources of protein in the 

detritus collected from Sa/arias patzneri territories are; bacteria. diatoms and 

filamentous algae. All three of these items are likely to be used as a protein source by 

S. parzneri, as there was no evidence that blennies preferentially assimi lated a 

particular component of detrital aggregates (Chapter 4). 11 would therefore be remiss 

to attribute the nutritional qua lity of detrital aggregates to a single detrital component 
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or source, because it is the combination of nutrients supplied from various origins that 

makes detritus an ideal dietary resource. 

The potential sources of protein in table 6. 1 and sources of detritus in Chapter 

3 are however based on the standing biomass of organisms and detritus. Microbes, 

like bacteria, have high rates of productivity. particularly in tropical waters (Moriarty 

et al. 1985), and although their standing biomass is relatively small, microbes are 

continually producing protein. Variation in the dynamics of different microorganisms 

may therefore effect their contribution to detrital nutrients and dietary value to detritus 

consumers. Funhennore, we need to know more about the dynamics of detritus 

production. Algae is obviously a major source of detritus, however, we need to know 

the rates at which detritus accumulates and the process that are involved in detrital 

production. Combined with infonnation on detritivore consumption rates, information 

on detritus accumulation rates will help to clarify the importance of detritus and 

detritivorous fish to coral reef trophodynamics. 

Salariin blennies represent a substantial portion of detritivorousl herbivorous 

fish assemblages on coral reefs (Chapter 5), and the relatively high abundance and 

ingestion rates of blennies suggest they play an important role in coral ree f 

trophodynamics. Funhermore, longevity estimates of two blenny species from 

different locations on the Great Barrier Reef suggest these two species live for only 

one or two years (Wilson unpublished data). In contrast, larger and more conspicuous 

fish from the fam ilies Acanthuridae and Scaridae may live for 10-20 years (Choat and 

Axe 1996, Choat et al. 1996). Relatively short longevity estimates for blennies infer 

higher rumover rates of these fish relative to acanthurids and scarids, and therefore 

delrirus converted to blenny biomass may be passed on to higher trophic levels at a 

faster rate. Consequently, salariin blennies may playa more important ro le in the 
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transfer of energy from detritus to higher trophic levels than larger, longer.lived fish 

that feed on the EAM. 

The high abundance of blennies, with relatively high metabolic rates, infers 

that the detrital aggregates on which they feed are an energetically and nutritionally 

valuable dietary resource. This inference is supported by biochemical analyses that 

indicate detrital aggregates are capable of supporting fish growth and that these 

aggregates are of similar and possibly greater nutritional value than filamentous algae. 

As detrital aggregates are a major organic component in the EAM, these results 

suggest detritus may contribute significantly to the diet of other fishes that feed on the 

EAM. Detritus may therefore have a much more direct role in coral reef fi sh diets 

than previously indicated, and specialist detrivitoves, such as blennies, as well as 

many of the fishes we have traditionally classified as herbivores, may sati sfy large 

portions of their dietary requirements via the ingestion and assimilation of detritus. 

117 



References 

AckeInlan J, Bellwood DR (2000) Reef fish assemblages: A re·evaluation using 

rotenone stations. Mar Ecol Prog Ser 206: 227·237. 

Ahlgren G, Goedkoop W, Markensten H, Sonesten L, Boberg M (1997) Seasonal 

variation in food quality for pelagic and benthic invertebrates in lake Erken . the 

role of fatty acids. Freshwater Biology 38: 555·570. 

Ahlgren MO (1990) Diet selection and the contribution of detritus to the diet of the 

juvenile white sucker (Carasomus commersoni). Can J Fish Aquat Sci 47: 41-48. 

Alber M, Valiela I (1994) Biochemical composition of organic aggregates produced 

from the marine macrophyte derived organic matter. Limnol Oceanogr 39: 717· 

723 . 

Alongi DM (1988) Detritus in coral reef ecosystems: fluxes and fates. Proc 61h lnt 

Symp Coral Reefs I : 29-36. 

Alongi DM (1990) Effect of mangrove detrital outwelling on nutrient regeneration 

and oxygen fluxes in coastal sediments of the Great Barrier Reef Lagoon. 

Estuarine, Coastal and Shelf Science 31: 581 ·598. 

Alonzo F, Mayzaud P, Razouls S (200 1) Egg production and energy storage in 

relation to feeding conditions in the subantartic calanoid copepod Drepanopus 

pecrinatus: an experimental study of reproductive strategy. Mar Ecol Prog Ser 

209: 231-242. 

Aluwihare LI, Repeta DJ (1999) A comparison of the chemical characteristics of 

DOM and extracellular DOM produced by marine algae. Mar Ecol Prog Ser 

186: 105-117. 

Arias·Gonzalez JE, Delesalle B, Salvat S , Galzin R (1997) Trophic functioning of the 

Tiahura reef sector, Moorea Island , French Polynesia. Coral Reefs 16: 231·246. 

118 



Atkinson MJ, Grigg RW (1984) Model of a coral reef ecosystem. II Gross and net 

benthic primary production at French Frigate shoals, Hawaii . Coral Reefs 3: 13-

22. 

Azzam F, Fenchel T, Field JG, Gray JS, Meyer-Reil LA, Thingstad F (1983) The 

ecological role of water column microbes in the sea. Mar Ecol Prog Ser 10: 257-

263. 

Barrick RC, Hedges 11 (1981) Hydrocarbon geochemistry of the Puget Sound region­

II . Sedimentary diterpenoid, steroid and triterpenoid hydrocarbons. Geochimica 

et Cosmochimica Acta 45: 38 1-392. 

Barrick RC, Hedges JI , Peterson ML (1980) Hydrocarbon geochemistry of the Puget 

Sound region-I. Sedimentary acyclic hydrocarbons. Geochimica et 

Cosmochimica Acta 44,1349-1362. 

Begon M, Harper lL, Townsend CR (1990) Ecology. Individuals, populations and 

communities. Blackwell, Boston. 

Bell MY, Henderson RJ, Sargent JR (1986) The role of polyunsaturated fatty acids in 

fish. Comp Biochem Physiol83B: 711-719. 

Bellwood DR (1995) Direct estimate of bioerosion by two parrotfish speCies, 

Chlorurns gibbus and C. sordidus, on the Great Barrier Reef, Australia. Mar 

Bioi 121 : 419-429. 

Beukers JS , Jones GP (1998) Habitat complexity modifies the impact ofpiscivores on 

a coral reef fish population. Oecologia 114: 50-59. 

Bligh EG, Dyer WJ (1959) A rapid method of total lipid extraction and purification. 

Can J Biochem Physiol37: 91 1-917. 

119 



Boon JJ , De Leeuw IW, Schenck PA (1975) Organic geochemistry of Walvis Bay 

diatomaceous ooze· I. Occurrence and significance of the fatty acids . 

Geochimica et Cosmochirnica Acta 39: 1559·1565 . 

Bowen SH (1979) A nutritional constraint in detritivory by fishes: the stunted 

population of Saratherodon mossambicus in lake Siaya, South Africa. Ecol. 

Monogr. 49: 17-31. 

Bowen SH ( 1980) Detrital nonprotein amino acids are the key to rapid growth of 

Tilapia in lake Valencia, Venezuela. Science. 207: 1216·1 218. 

Bowen SH (1981) Digestion and assimilation of perphytic detrital aggregate by 

Tilapia mossambica. Trans Amer Fish Soc 110: 239·245. 

Bowen SH (1984) Evidence of a detrital food chain based on consumption of organic 

precipitates. Bull Marine Sci 35: 440-448. 

Bowen SH (1 987) Composition and nutritional value of detritus. In: Moriarty DSW. 

Pullin RSV (eds) Detritus and microbial ecology in aquaculture: Proceedings of 

the conference on detrital systems for aquaculture. ICLARM, Manila, 

Philippines. pp 192-216. 

Bowen SH, Lutz EV, Ahlgren MO (1995) Dietary protein as detenninants of food 

quality: trophic strategies compared. Ecal 76: 899-907. 

Bruggemann lH, van Oppen MJH, Breeman, AM (1994)a Foraging by the stopl ight 

Parrotfish Sparisoma viride. I. Food selection in different, socially determined 

habitats. Mar Ecol Prog Ser 106: 41·55. 

Bruggemann JH, Begeman J, Bosma EM, Verburg P, Breeman AM {I 994)b Foraging 

by the stopl ight parrotfish Sparisoma viridae n. Intake and assimilation of food, 

protein and energy. Mar Ecol Prog Ser 106: 57·7 1. 

120 



Byrnes NB, Everist SL, Reynolds ST, Specht A, Specht RL (1977) The vegetation of 

Lizard Island, North Queensland. Proc R Soc Qld 88: 1-5. 

Cahoon LB (1999) The role of benthic microalgae in neritic ecosystems. 

Oceanography and Marine Biology Annual Review 37:47-86. 

Caley MJ (1995) Community dynamics oftropicaJ reef fishes: local patterns between 

latitudes. Mar Ecal Prog Ser 129: 7-18. 

Canuel EA, Martens CS (1993) Seasonal variations in the sources and alteration of 

organic matter associated with recently deposited sediments. Org Geochem 20: 

563-577. 

Canuel EA, Martens CS (1996) Reactivity of recently deposited organic matter: 

degradation of lipid compounds near the sediment water interface. Geochimica 

et Cosmochimica Acta 60: 1793- 1806. 

Canuel EA, Freeman KH, Wakeham SG (1997) Isotopic composition of lipid 

biomarker compounds in estuarine plants and surface sediments. Limnol 

Oceanogr42: 1570-1583. 

Chin W, Orellana MV, Verdugo P (1998) Spontaneous assembly of marine dissolved 

organic matter into polymer gels. Nature 391: 568-572. 

Choat JH (1991) The biology of herbivorous fishes on coral reefs. In: Sale PF (ed) 

The Ecology of fishes on coral reefs. Academic Press, San Diego pp 120-155. 

Choat JH, Bellwood DR (J 985) Interactions among herbivorous fishes on a coral reef: 

influence of spatial variation. Mar Bioi 89: 221-234. 

Choat JH, Axe LM (1996) Growth and longevity in acanthurid fishes : an ana lysis of 

otol ith increments. Mar Ecol Prog Ser 134: 15-26. 

Choat JH, Axe LM, Lou DC (1996) Growth and longevity in fishes of the family 

Scaridae. Mar Ecol Prog Ser 145: 33-41. 

t2t 



Choat JH, Clements KD (1998) Vertebrate herbivores in manne and terrestrial 

env ironments: A nutritional ecology perspective. Annu Rev Ecol Syst 29: 375-

403. 

Ciereszko LS (1989) Sterol and diterpenoid production by zooxanthellae in coral 

reefs: A review. Biological Oceanography 6: 363-374. 

Clark RC, Blumer M (1967) Distribution of n-paraffins in marine organi sms and 

sediment. Limnol Oceanogr 12: 79-87. 

Clarke A, Holmes LJ, Hopkins CCE ( 1987) Lipid in an Artie food chain: Calanus, 

BO/inopsis. Beroe. Sari sia 72: 41-48. 

Clarke A, Johnston NM (1999) Scaling of metabolic rate with body mass and 

temperature in teleost fish. J Anim Ecol 68: 893-905. 

Clements KD, Choat JH (1995) Fennentation in tropical marine herbivorous fishes. 

Physiological Zoology 68: 355-378. 

Clements lCD, Choat JH (1997) Comparison of herbivory in the closely-related 

marine fish genera Girella and Kyphosis. Mar Bioi 127:579-586. 

Cormell SD (1998) Patterns of piscivory by resident predatory reef fish at One Tree 

Reef, Great Barrier Reef. Mar Freshwater Res 49: 25-30. 

Cowey CB, Sargent JR (1977) Lipid nutrition in fish. Comp Biochem Physiol 578: 

269-273. 

Cripps GC, Watkins JL, Hill HJ , Atkinson A (1999» Fatty acid content of Antarctic 

krill Euphausia superba at South Georgia related to regional populations and 

variations in diet. Mar Ecol Prog Ser 181: 177-1 88. 

Crossman OJ, Choat JH, Clements KD, Hardy T, McConochie J, (In press) Detritus as 

food for grazing fishes on coral reefs. timnol Oceanogr. 

J22 



Currie BR, Johns RB (1988) Lipids as indicators of the origin of organic matter in 

fine marine particulate matter. Australian Journal of Marine and Freshwater 

Research 39: 371 -383. 

Currie BR, Johns RB (1989) An orgamc geochemical analysis of terrestrial 

biomarkers in a transect of the Great Barrier Reef lagoon. Aust J Mar 

Freshwater Res 40: 275-284. 

D'Avanzo CD, Alber M, ValieJa I (199\) Nitrogen assimilation from amorphous 

detritus by two coastal consumers. Estuarine Coastal Shelf Sci 33: 203-209. 

Doherty P J (199 1) Spatial and temporal patterns in recruitment. In: Sale PF (ed), The 

Ecology of fishes on coral reefs. Academic Press, San Diego, pp 261-293. 

Ducklow HW, Mitchell R (1979) Composition of mucus released by coral reef 

coelentrates. Limnol Oceanogr 24: 706-714. 

Duggins DO, Eckman JE (1997) Is kelp detritus a good food for suspension feeders? 

Effects of kelp species, age and secondary metabolites. Mar Bioi 128: 489-495. 

Dunstan GA, Sinclair AJ, O'Dea K, Naughton 1M (1988) The lipid content and fatty 

acid composition of various marine species from Southern Australian coastal 

waters. Camp Biochem Physiol91B: 165- 169. 

Dyer KR (1986) Coastal and estuarine sediment dynamics. John Wiley and Sons Ltd. 

Chichester, UK p342. 

Ebner BC (1993) The feedi ng biology of lstiblennius meieagris (Family Blenniidae). 

Honours Thesis. James Cook University, Townsvil le. 

Ederington MC, McManus GB, Harvey RH (1995) Trophic transfer of fatty acids, 

sterol s and a triterpenoid alcohol between bacteria, a ciliate and the copepod 

Acartia tonsa. Limnol Oceanogr 40: 860-867. 

Eglinton G, Hamilton RJ (1967) Leaf epicuticular waxes. Science 156: 1322-1335. 

123 



Faganeli J, Kovac N, Leskovesk H, Pezdic J (1995) Sources and fluxes of particulate 

organic matter in shallow coastal waters characterized by summer 

macroaggregate formation. Biogeochem. 29: 71-88. 

Ferriera CEL, Goncalves JEA, Coutinho R, Peret AC (1998) Herbivory by the dusky 

damsel fish Stegates fuscus (euvier, 1830) in a tropical rocky shore: effects on 

the benthic community. J Exp Mar Bioi Eco1229: 241-264. 

Fraser AJ , Sargent JR, Gamble Je, Seaton OD (1989) Formation and transfer of fatty 

acids in an enclosed marine food chain comprising phytoplankton, zooplankton 

and Herring (Clupea harengus L.) larvae. Mar Chern 27: 1-8. 

Galeno MJ, Bellwood OR (1994) Digestion of algae by Slegasles nigricans and 

Amphiprion akindynos (Pisces: Pomacentridae), with an evaluation of methods 

used in digestion studies. J Fish Bioi 44: 415-428. 

Gatten RR, Sargent JR, Gamble JC (1983) Diet-induced changes in fatty acid 

composition of herring larvae reared in enclosed ecosystems. J Mar Bioi Ass 

UK 63: 575-584. 

Gelpi E, Schneider H, Mann J, Or6 J (1970) Hydrocarbons of geochemical 

significance in microscopic algae. Phytochemistry 9: 603-612. 

Gerchakov SM, Hatcher PG (1972) Improved technique for analysis of carbohydrates 

in sediments. Limnol Oceanogr 17: 938-943. 

Gerking SD (1994) Feeding Ecology of Fishes. San Diego, Academic Press. 

Gi llan FT, Johns RB (1986) Chemical markers for marine bacteria: fatty acids and 

pigments In Johns RB (ed) Biological markers in the sedimentary record. 

Amsterdam: Elsevier. 

124 



Goedkoop W, Sonsten L, Markensten H, Ahlgren G (1998) Fatty acid biomarkers 

show dietary differences between dominant chironomid taxa in Lake Erken. 

Freshwat Bioi 40: 135-143. 

Goldfine H (1972) Comparative Aspects of bacterial lipids. Advanced Microbial 

Physiology 8: I-57. 

Goldschmid A., Kotrschal K., Wirtz P (1984) Food and gut length of 14 Adriatic 

Bleniid fish (Blenniidae; Percomorpha; Teleostei). Zool Anz. Jena 213 (3/4); 

145-150. 

Goncalves EJ, Almada VC (1998) A comparative study of territoriality in intertidal 

and subtidal blennoids (Teleostei, Blennioidei). Env Bioi Fishes 51: 257-264. 

Graeve M, Kattner G, Hagen W (1994) Diet induced changes in the fatty acid 

composition of Artie herbivorous copepods: Experimental evidence of trophic 

markers. J Exp Mar Bioi Eco1182: 97-110. 

Graham JG, Jones CB, Rubinoff I (1985) Behavioural, physiological and ecological 

aspects of the amphibious life of the pearl blenny Entomacrodus nigricans Gill. 

J Exp Mar BioI Ecol 89: 255-268. 

Guer MI, Harwood JL (199 1) Lipid biochemistry. London: Chapman and Hall. 

Haddad RI, Martens CS, Farrington JW (1991) Quantifying early diagenesis of fatty 

acids in a rapidly accumulating coastal marine sediment. Advances in Organic 

Geochemistry 19: 205-216. 

Han J, Calvin M (1969) Hydrocarbon distribution of algae and bacteria and 

microbiological activity in sediments. Proceedings of the National Academy of 

Sciences, USA 64: 436-443. 

125 



Hansen lA, Klumpp DW, Alongi DM, Dayton PK, Riddle Ml (1992) Detrital 

pathways in a coral reef lagoon II : Detritus deposition, benthic microbial 

biomass and production. Mar Bioi 11 3: 363-372. 

Hart AM, Klumpp DW, Russ GR ( 1996) Response of herbivorous fi shes to crown-of­

thorns starfi sh Acanthaster planei outbreaks. 11 Density and biomass of selected 

species of herbivorous fish and fish habitat correlations. Mar Ecal Prog SeT 132: 

21-30. 

Hatcher BG (198 1) The interaction between grazing organisms and the epilithic algal 

community of a coral reef: a quantitative assessment. Proc 4th Int Symp Coral 

Reefs 2: 515-524. 

Hatcher BG (1 983)a Grazing m coral reef ecosystems. In: Barnes DJ (Ed) 

Perspectives on cOTal reefs. Aust Inst Mar Sci, Townsville, Australia, p 164-

179. 

Hatcher BG (1983)b The role of detritus in the metabolism and secondary production 

of coral reef ecosystems. Proceedings of the Inaugural Great Barrier Reef 

Conference. lCV, Townsville, p 317-325. 

Hatcher BG (1997) Coral reef ecosystems: how much greater is the whole than the 

sum of the parts? Coral Reefs 16 Suppl : S77-S91. 

Hay ME ( 1991) Fish-seaweed interactions on coral reefs: Effects of herbivorous 

fishes and adaptations of their prey. In: Sale PF (Ed) The ecology of fishes on 

coral reefs. Academic Press: San Diego p96-l19. 

Henken AM, Lucas H, Tijssen PAT, Machiels MAM (1986) A comparison between 

methods used to determine the energy content of feed, fish and faeces samples. 

Aquaculture 58: 195-20 I. 

126 



Hiatt RW, Strasburg OW (l960) Ecological relationships of the fish fauna of coral 

reefs of the Marshall Islands. Ecol Monogr 30: 65-127. 

Horn MH (1983) Optimal diets in complex environments: feeding strategies of two 

herbivorous fishes from a temperate rocky shore. Oecologia 58: 345-350. 

Hom MH, Murray SN, Edwards TW (1982) Dietary selectivity in the field and food 

preferences in the laboratory for two herbivorous fishes (Cebidichthyes 

violaceous and Xiphister mucosus) from a temperate intertidal zone. Mar Bioi 

67: 237-246. 

Hom MH (1989) Biology of marine herbivorous fishes. Oceanogr Mar Bioi Annu 

Rev 27: 167-272. 

Hom MA, Neighbors MA, Murray SN (I986) Herbivore responses to a seasonally 

fluctuating food supply: growth potential of two temperate intertidal fishes 

based on the protein and energy assimilated from their macroalgal diets . J. Exp. 

Mar. BioI. Ecol. 103: 217-234. 

Hom MH, Murray SN, Fris MB, Irelan C (1990) Diurnal feeding periodicity of a 

herbivorous blenniid fish, Parablennius sanguino!entus, in the Western 

Mediterranean. Proc. 24th Europ. Mar. BioI. Symp. 170-182. 

Hossain MA, Rahman MM, Chakraborty SC (1998) Optimum dietary to energy ratio 

for the thai sharpunti (Puntius goniono/us Bleeker). J. Aqua. Trop. 13: 195-202. 

Jantzen E, Bryn K (1985) Whole-cell and lipopolysaccharide fatty acids and sugars of 

gram-negative bacteria. In: Goodfellow M, Minnikin DE (Eds) Chemical 

methods in bacterial systematics. Academic Press, Orlando pp.145-1 71. 

Johns RB, Nichols PO, Perry GJ (1979) Fatty acid composition of ten marine algae 

from Australian waters. Phytochemistry 18: 799-802. 

127 



Johns RE, Brady BA, Butler MS, Dembitsky VM, Smith JD (1994) Organic 

geochemical and geochemical studies of Inner Great Barrier Reef sediments-IV. 

Identification of terrigenous and marine sourced inputs. Organic Geochemistry 

21: 1027-1035. 

Johnstone RW, Koop K, Larkum AWD (1990) Physical aspects of coral reef lagoon 

sediments in relation to detritus processing and primary proouction. Mar Ecal 

Prog Ser 66: 273-283. 

Jones GJ, Nichols PO, Shaw PM (l994) Analysis of microbial sterols and hopanoids 

In: Goodfellow M and O'Donnell AG (Eds) Chemical methods in prokaryotic 

systematics. John Wiley and Sons, Chichester pp 163-195. 

Kanazawa A, Teshima S, Ono K (1979) Relationship between essential fatty acid 

requirements of aquatic animals and the capacity for bioconversion of linolenic 

acid to highly unsaturated fatty acids. Camp Biochem Physiol 63B: 295-298. 

Kerr RG, Southgate PC (1993) Jsolation of gorgoster,?' from symbiont-free giant clam 

eggs and larvae. Comparative Biochemistry and Physiology 104: 707-710. 

Kieber RJ, Hydro LH, Seaton PJ (1997) Photo-oxidation of triglycerides and fatty 

acids in seawater: Implication toward the formation of marine humic 

substances. Limnology and Oceanography 42: 1454-1462. 

Kingsford MJ (1992) Spatial and temporal variation in predation on reef fishes by 

coral trout (Pleclropomus Jeopardus, Serranidae). Cora l Reefs 11 : 193-8. 

Kinsey OW (1985) The functional role of back-reef and lagoonal systems in the 

central Great Barrier Reef. Proc. 5th Int. Coral Reef Symp. Tahiti 6: 223-228. 

Klumpp OW, McKinnon AD (1989) Temporal and spatial patterns in primary 

production of a coral-reef epil ithic algal community. J Exp Mar Bioi Ecol 131: 

1-22. 

128 



Klumpp DW, Polunin NVC, (1989) Partitioning among grazers of food resources 

within damselfish territories on a coral reef. J Exp Mar Bioi Ecol 125: 145-169. 

Klumpp OW, Polunin NVC (1990) Algal production, grazers and habitat partitioning 

on a coral reef: positive correlation between grazing rate and food availability. 

Proc 24th Europ Mar BioI Syrnp 372-388. 

Klungsoyr J, Tilseth S, Wilhelmsen S, Falk-Petersen S, Sargent JR (1989) Fatty acid 

composition as an indicator of food intake in cod larvae Gadus mohua from 

Lofoten, Northern Norway. Mar Bioi 102: 183-1 88. 

Kokke WCMC, Fenical W, Bohlin L, Ojerassi C (1981) Sterol synthesis by cultured 

zooxanthellae; implications concerning lipid metabolism in the host-symbiont 

association in Caribbean gorgonians. Comparative Biochemistry and 

Physiology 68: 281-287. 

Koop K, Larkum AWD (1987) Deposition of organic material in a coral reef lagoon, 

One Tree Island, Great Barrier Reef. Estuar Coast Shelf Sci 25: 1-9. 

Kotrschal K (1989) Trophic ecomorphology in Eastern Pacific blennoid fishes: 

character transformation of oral jaws and associated changeof their biological 

roles. Env Bioi Fishes 24: 199-2 18. 

Kulbicki M, Mou Tham G, Thollot P, Wantiez L (1993) Length weight relationships 

of fish from the lagoon of New Caledonia. NAGA, The ICLARM Quarterly 

Apri l-July: 26-30. 

Labe lle M, Nursall JR (1992) Population biology of the Redlip blenny, Ophiob/ennius 

atlanticus macclurei (Sylvester) in Barbados. Bull Mar Sci 50: 186-204. 

Larkum AWD (1983) The primary productivity of plant communities on coral reefs. 

In: Barnes DJ (Ed) Perspecti ves on coral reefs. Aust Inst Mar Sci, Townsvi lle, 

Australia, pp 22 1-230. 

129 



Lassuy DR, (I980) Effects of farming behaviour by Eupomacentrus lividus and 

Hemiglyphidodon pJagiomelOpon on algal community structure. Bull Mar Sci 

30: 304-3 12. 

Lee RF, Nevenzel JC, Paffenhofer GA (1971) Importance of wax esters and other 

lipids in the marine food chain: phytoplankton and copepods. Mar BioI 9: 99· 

108. 

Lee C, Gagosian RB, Farrington JW (1980) Geochemistry of sterols in sediments 

from Black Sea and Southwest African shelf and slope. Org Geochem 2: 102-

113 . 

Little AS, Tonn WM, Tallman RF, Re ist JD (1998) Seasonal variation in diet and 

trophic relationships within the fish communities of the lower Slave River, 

Northwest Territories, Canada. Enivironmental Biology of Fishes 53: 429A45 . 

Loeblich AR (1984) Dinoflagellate physiology and biochemistry. In: Spector DL (Ed) 

Dinoflagellates. Academic Press, London, England. 

Lourenco SO, Barbarino E, Marquez UML, Aidar E, (1998) Distribution of 

intracellular nitrogen in marine microalgae: basis for the calculation of specific 

nitrogen.to·protein conversion factors. J Phycol 34: 798-811. 

Manly SF, McDonald LL, Thomas DL (1993) Resource selection by animals. 

Chapman and Hall: London. 

Mann KH (1988) Production and use of detritus in various freshwater, estuarine and 

coastal marine ecosystems. Limnol Oceanogr 33: 910-930. 

Mayzaud P, Chanut, JP, Ackman RG (1989) Seasonal changes of the biochemical 

composition of marine particulate matter with special reference to fany acids 

and sterols. Mar Ecol Prog Ser 56: 189-204. 

130 



Meekan MG, Choat JH (1997) Latitudinal variation in abundance of herbivorous 

fishes: a comparison of temperate and tropical reefs. Mar BioI 128: 373·383. 

Meekan MG, Steven ADL, Fortin MJ (1995) Spatial patterns in the distribution of 

damsel fishes on a fringing coral reef. Coral Reefs 14: 15 1·161. 

Milton P (1983) Biology of littoral Blenniid fishes on the coast of South-West 

England. J Mar Bioi Ass UK 63: 223-237. 

Montgomery WL, (1980) Comparative feeding ecology of two herbivorous 

damselfishes (Pomacentridae: Teleostei) from the gulf of California, Mexico. J 

Exp Mar Bioi Eco147: 9-24. 

Montgomery WL, Gerking SD (1980) Marine macroalgae as food for fishes: an 

evaluation of potential food quality. Env Bioi Fish 5: 143-153. 

Montgomery WL, Umino T. Nakagawa H, Vaughn I, Shibuno T (1999) Lipid storage 

and composition in tropical surgeon fishes (Teleostei: Acanthuridae). Mar Bioi 

133:137-144. 

Moriarty DJW (1982) Feeding of Holothuria alra and Stichopus chloronatus on 

bacteria, organic carbon and organic nitogen in sediments of the Great Barrier 

Reef. Aust J Mar Freshwater Res 33: 255-263. 

Moriarty DJW, Pollard PC, Alongi DM, Wilkinson CR, Gray JS (1985) Bacterial 

productivity and trophic relationships with consumers on a coral reef (MECOR 

I). Proceedings of the fifth International coral reef congress, Tahiti 3,457·462. 

Munday PL, Jones GP (1998) The ecological implications of small body size among 

coral-reef fishes. Oceanogr Mar Bioi Annu Rev 36: 373-41l. 

Munday PL, Wilson SK (1997) Comparative efficacy of clove oil and other chemicals 

in anaesthetization of Pomacentrus amboinensis, a coral reef fish. J Fish Bioi 

51: 931-938. 

131 



Myers RF (1989) Micronesian reef fishes. Coral Graphics, Guam. 

Napoli tano GE (1999) Fatty acids as trophic and chemical markers in freshwater 

ecosystems. In: Arts MT, Wainman B (eds) Lipids in freshwater ecosystems. 

Springer, New York, pp 21-44. 

Newell R (1965) The role of detritus in the nutrition of two marine deposit feeders, 

the prosobranch, Hydrobia ulvae and the bivalve, Macoma balthica. Proc Zool 

Soc Lond 144: 25-45. 

Ngyuen RT, Harvey RH (1994) A rapid micro-scale for the extraction and analysis of 

protein in marine samples. Mar Chern 45: 1-14. 

Nichols PO, Jones GJ, de Leeuw JW Johns RB ( 1984) The fatty acid and sterol 

composition of two marine dinoflagellates. Phytochemistry 23: 1043-1 047. 

Nichols PO, Palmisano AC, Rayner MS, Smith GA, White DC (1990) Occurrence of 

novel C30 sterols in Antarctic sea-ice diatom communities during a spring 

bloom. Org Geochem 15 : 503-508. 

Nieder J (1997) Seasonal variation in feeding patterns and food niche overlap in the 

Mediterranean blennies SCQrIeila cristata, Parablennius pilicornis and 

Lipophrys trig%ides (Pisces: Blenniidae). Mar Eco118: 227-237. 

Nishimura M, Koyama T (1977) The occurrence of stanols in vari ous li ving 

organisms and the behaviour of stanols in contemporary sediments. Geochimica 

et Cosmochimica Acta 41: 379-385 . 

Nursall JR (1977) Territoriality in redlip blennies (Ophioblennius at/anticus - Pisces: 

Blenniidae). J Zool Lond 182: 205-223. 

Odurn HT, Odurn EP (1955) Trophic structure and productivity of a windward coral 

reef community on Eniwetak Atoll. Ecol Monagr 25(3): 291-320. 

132 



Ojeda FP, Munoz AA (1999) Feeding selectivity of the herbivorous fish Scarichthys 

viridis: effects on macroalgal community structure in a temperate rocky 

intertidal coastal zone. Mar Ecol Prog Ser 184: 219-229. 

Parker PL, Leo RF (1965) Fatty acids in blue-green algal mat communities. Science 

148: 373-374. 

Peny GJ, Volkman JK, Johns RB (1979) Fatty acids of bacterial origin In 

contemporary marine sediments. Geochimica et Cosmochimica Acta 43 : 1715-

1725. 

Polunin NVC, Klumpp OW (1992) Algal food supply and grazer demand in a very 

productive coral-reef zone. J Exp Mar Bioi Ecoll 64: I-IS. 

Polunin NVC, Klumpp OW ( 1989) Ecological correlates of foraging periodicity in 

herbivorous reef fishes of the Coral Sea. J Exp Mar Bioi Ecol 126: 1-20. 

Pomeroy LR (1980) Detritus and its role as a food source. In: Barnes and Mann, (Eds) 

Fundamentals of Aquatic Ecosystems. Blackwell, Oxford Press, UK. pp 84-102. 

Price JR, Scott F J (1992) The turf algal flora of the Great Barrier Reef. Townsville, 

James Cook University. 

Purcell SW ( J 996) A direct metbod of assessing sediment load in epilithic algal 

communities. Coral Reefs 15 : 211-213. 

Purcell SW, Bellwood DR (1993) A functional analysis of food procurement in two 

surgeonfish species, Acanlhurus nigrofuscus and Ctenochaelus striatus 

(Acanthuridae). Environ Bioi Fishes 37: 139-159. 

Purcell SW, Bellwood DR (200 1) Spatial patterns of epilithic algal and detrital 

resources on a windward coral reef. Coral Reefs (In Press) 

Randall JE (1967) Food habits of reef fisbes of the West Indies. Stud Trop Oceanogr 

(Miami) 5: 665-847. 

133 



Randall lE, Allen GR, Steene RC (1990) Fishes of the Great Barrier Reef and Coral 

Sea. Crawford House Press: Bathurst, Australia. 

Rice WR (1989) Analysing tables of statistical tests. Evolution. 43: 223·225. 

Robertson DR, Gaines SD (1986) Interference competeition structures habitat use in a 

local assemblage of coral reef surgeon fishes. Ecology 67: 1372-1383. 

Russ G (1984)a Distribution and abundance of herbivorous grazing fishes in the 

central Great Barrier Reef. I. Levels of variabi lity across the entire continental 

shelf. Mar Ecol Prog Ser 20: 23-34. 

Russ G (1984)b Distribution and abundance of herbivorous grazing fishes in the 

central Great Barrier Reef. II. patterns of zonation of mid-shelf and outershelf 

reefs. Mar Ecol Prog Ser 20: 34-44. 

Russ G (l984)c Abundances of herbivorous fishes and measures of food availability 

across the continental shelf in the central Great Barrier Reef region. UNESCO 

reports in marine Science. Productivity and processes in island marine 

ecosystems 27: 64-73. 

Russ GR (1987) Is rate of removal of algae by grazers reduced inside territories of 

tropical damselfishes? J Exp Mar BioI Ecol 110: 1-7. 

Sal iot A, Brault M, Boussuge C (1988) The lipid geochemistry of interstitial waters of 

recent marine sediments. Geochemica et Cosmochimica Acta 52: 839-850. 

Saliot A, Laureillard J, Scribe P, Sicre MA (1991) Evolutionary trends in the lipid 

biomarker approach for investigating the biogeochemistry of organic matter in 

the marine environment. Mar Chern 36: 233-248. 

Sana M, Shimizu M, Nose Y (1984) Food habits of teleostean reef fishes in Okinawa 

Island, Japan. The University Museum The University of Tokyo 25: 1-128. 

lJ4 



Shaw DO, McIntosh DJ, Smith ER (1979) Arene and alkane hydrocarbons in 

nearshore Beaufort Sea sediments. Estuarine Coastal and Shelf Science 9: 435-

449. 

Shaw PM, Johns RB (1985) Organic geochemical studies of a recent Inner Great 

Barrier Reef sediement-l. Assessment of input sources. Org Geochem 8: 147-

156. 

Simon M, Azam F, (1989) Protein content and protein synthesis rates of planktonic 

marine bacteria. Mar Ecol Prog Ser 51 : 201-213. 

Sinninghe Damste JS, Rijpstra WI, Schouten S, Peletier H, van der Maarel MJEC, 

Gieskes WWC (1999) A C2S highly branched isoprenoid alkene and C2S and C27 

n-polyenes in the marine diatom RhizQsoienia setigera. Org Geochem 30: 95-

100. 

Smith DJ, Eglinton G, Morris RJ (1983) The lipid chemistry of an interfacial 

sediment from the Peru continental shelf: Farry acids, alcohols, aliphatic ketones 

and hydrocarbons. Geochimica et Cosmochimica Acta 47: 2225-2232. 

Sorokin YI (1974). Bacteria as a component of the coral reef community. Proc. 2nd 

Int. Coral Reef Symp. 1: 3-10. 

Sorokin YI (1981) Periphytonic and benthic microflora on the reef: biomass and 

metabolic rates. Proc. 4th lnt. Coral ReefSymp. 2: 443-437. 

Springer VG ( 1968) Oeslo!ogy and classification of the fishes of the family 

Blenni idae. United States National Museum Bulletin 284: 1-84. 

St John J (1999) Ontogenetic changes in the diet of the coral reef grouper 

Pleclropomus leopardus (Serranidae): patterns in taxa, size and habitat prey. 

Mar Ecol Prog Ser 180:233-46. 

135 



St John MA, Lund T (1996) Lipid biomarkers: linking the utilization of frontal 

plankton biomass to enhanced condition of juvenile North Sea cod. Mar Ecol 

ProgSer 131: 75-85. 

Steneck RS, Watling L (1982) Feeding capabilities and limitation of herb ivorous 

molluscs: A function group approach. Mar Bioi 68: 299-319. 

Stepien CA (1990) Population strucrure, diets and biogeographic relationships of 

rocky intertidal fish assemblages in central Chile: high levels of herbivory in a 

temperate system. Bull Marine Sci 47: 598-612. 

Stewart BD, Jones GP (2001) Associations between the abundance of piscivorous 

fishes and their prey on coral reefs: implications for prey fish mortality. Mar 

BioI 138: 383-397. 

Sturm EA, Horn MH (1998) Food habits, gut morphology and assimilation efficiency 

of the zebraperch Hermosilla azurea, an herbivorous kyphosid fish of temperate 

marine waters. Mar Bioi 132: 515- 522. 

Syms C (1995) Multi-scale analysis of habitat association in a guild of blennioid fish. 

Mar Ecol Prog Ser 125: 31-43. 

Thresher RE (1984) Reproduction in reef fishes. TFH Publications, Neprune City. 

Townsend KA, Tibbetts IR (2000) Biomass and distribution of herbivorous blennies 

in the southern Great Barrier Reef. 1 Fish Bioi 56: 774-79 1. 

Uthicke S, Klumpp OW (1998) Microphytobenthos community production at a near­

shore coral reef: Seasonal variation and response to ammonium recycled by 

holothurians. Mar Ecol Prog Ser 169: 1-11. 

Vargas MA, Rodriguez H, Moreno RJ, Olivares H, Del Campo lA, Rivas J, Guerrero 

MG (1998) Biochemical composition and fatty acid content of filamentous 

nitrogen-fixing cyanobacteria. J Phycol 34: 8 12-817. 

136 



Vascovsky VE, Khotimchenko SV, Xia B, Hefang L (1996) Polar lipids and fatty 

acids of some marine macrophytes from the Yellow sea. Phytochemistry 

42:1347-1356. 

Veron lEN (1993) Corals of Australia and the Indo-Pacific. University of Hawaii 

Press: Honolulu. 

Virtue P, Nichols PO, Nichol S, McMinn A, Sikes EL (1993) The lipid composition 

of Euphausia superba Dana in relation to the nutritional value of Phaeocyslis 

pouchetii (Hariot) Lagerheim. Antartic Science 5: 169-177. 

Visa AC. Marty JC ( 1993) Fatty acids from 28 marine microaigae. Phytochemistry 

34(6): 1521 -1 533. 

Volkman IK (1986) A review of sterol markers for marine and terrigenous organic 

maner. Org Geochem 9: 83-99. 

Volkman JK, Johns RB, Gillan FT, Perry GJ, Bavor HJ ( 1980) Microbial lipids of an 

intertidal sediment- 1. Fatty acids and hydrocarbons. Geochimica et 

Cosmochimica Acta 44: 1133-1143 . 

Volkman JK, Everitt DA, Allen OJ ( 1986) Some analyses of lipid classes in marine 

organi sms, sed iments and seawater using thin-l ayer chromatography-flame 

ionisation detection. Journal of Chromatography 356: 147-162. 

Vo lkman JK, Jeffrey SW, Nichols PD, Rogers Gl, Garland CD (1989) Fatty acid and 

lipid composition of 10 species of microalgae used in mariculture. J Exp Mar 

Bioi Ecol 128: 219-240. 

Volkman JK, Holdsworth DG, Neill GP, Bavor HJ Jr. (1992) Identification of natural, 

anthropogenic and petroleum hydrocarbons in aquati c sediments. Science of the 

Total Environment 112: 203-219. 

137 



Volkman lK, Barrett SM, Dunstan GA (1994) Cn and C)o high ly branched isoprenoid 

alkenes in laboratory cultures of two marine diatoms. Org Geochem 21: 407-

413. 

Watanabe T (1982) Lipid nutrition in fish. Comp Biochem Physiol 738: 3-15 

White DC, Bobbie RJ, Nickels lS, Fazio SO, Davis WM (1980) Nonselective 

biochemical methods for the determination of fungal mass and community 

structure in estuarine detrital micro flora. Bot Mar 23: 239-250. 

Wilkinson SG (1988) Gram negative bacteria. In: Ratledge C, Wilkinson SG, (eds) 

Microbial lipids. Vol I, Academic Press, London, pp 525-566. 

Wilkinson CR (1987) Microbial ecology on a coral reef. Search 18: 31-33. 

Williams OMcB (1991) Patterns and processes in the distribution of coral reef fishes. 

In: Sale PF (ed) The Ecology of fishes on coral reefs. Academic Press, San 

Diego pp 437-474. 

Williams DMcB, Russ G, Doherty Pl ( 1986) Reef fish: Large scale recruitment and 

distribution. Oceanus 29: 76-82. 

Williams lT (1990) Phylogenetic relationships and revision of the bleniid fi sh genus 

Scartichthys. Smithson Contrib 2001492: 1-30. 

Wilson S (2000) Trophic status and feeding selectivity of blennies (Blenni idae: 

Salariini). Mar 8io11 36: 431-437. 

Wilson S, Bellwood DR ( 1997) Cryptic dietary components of territorial damselfishes 

(Pomacentridae, Labroidei). Mar Ecol Prog Ser 153: 299-310. 

Yamamoto N, Lopez G, (1985) Bacterial abundance in relation to surface area and 

organic content of marine sediments. 1 Exp Mar 8iol Ecol 90: 209-220. 

Youngblood WW, Blumer M, Guillard RL, Fiore F (1971) Saturated and unsaturated 

hydrocarbons in marine benthic algae. Mar 8iol 8: 190-20 I. 

138 



Zar JH (1999) Biostati stical analysis, fourth edition. Prentice· Hall Inc. New Jersey 

Ze ller DC (1988) Short·term effects of territoriality of a tropical damselfish and 

experimental exclusion of large fi shes on invertebrates in algal turfs. Mar Ecol 

Prog Ser 44: 85-93. 

Zoufal R. Taborsky M (199 1) Fish foragi ng periodicity correlates with daily changes 

of diet quality. Mar Bioi 108: 193· 196. 

Appendices 

Wilson S.K. 2000. Trophic status and feeding selectivity of blennies. Marine Biology 

136: 431-437. 

Wilson S. K. 2001. Muhiscale habitat associations of detritivorous blennies 

(Blenniidae: Salariini). Coral Reefs 20: 245·251 . 

Wilson S.K. 2002. Nutritional value of detritus and algae in blenny territories on the 

Great Barrier Reef. Journal of Experimenta l Marine Biology and Ecology 27 1: 

155-1 69. 

Wilson S.K., Burns K., Codi S. 2001. Identifying sources of organic matter in 

sediments from a detritivorous coral reef fish territory. Organic Geochemistry 

32: 1257-1269. 

Wi lson S.K.. Bums K., Codi S. 2001. Sources of dietary lipids in the coral reef 

blenny Salarias patzneri. Marine Ecology Progress Series 222 : 291 ·296. 

139 



jc163040
Text Box
THIS ARTICLE HAS BEEN REMOVED DUE
 TO COPYRIGHT RESTRICTIONS
Wilson S.K. 2000. Trophic status and feeding selectivity of blennies. Marine Biology 136: 431-437.

jc257069
Typewritten Text















jc163040
Text Box
THIS ARTICLE HAS BEEN REMOVED DUE
 TO COPYRIGHT RESTRICTIONS
Wilson S. K. 2001. Multiscale habitat associations of detritivorous blennies (Blenniidae: Salariini). Coral Reefs 20: 245-251. 















jc163040
Text Box
THIS ARTICLE HAS BEEN REMOVED DUE
 TO COPYRIGHT RESTRICTIONS
Wilson S.K. 2002. Nutritional value of detritus and algae in blenny territories on the Great Barrier Reef. Journal of Experimental Marine Biology and Ecology 271: 155-169. 
































jc163040
Text Box
THIS ARTICLE HAS BEEN REMOVED DUE
 TO COPYRIGHT RESTRICTIONS
Wilson S.K., Burns K., Codi S. 2001. Identifying sources of organic matter in sediments from a detritivorous coral reef fish territory. Organic Geochemistry 32: 1257-1269.


jc257069
Typewritten Text

jc257069
Typewritten Text

jc257069
Typewritten Text



























jc163040
Text Box
THIS ARTICLE HAS BEEN REMOVED DUE
 TO COPYRIGHT RESTRICTIONS
Wilson S.K., Burns K., Codi S. 2001. Sources of dietary lipids in the coral reef blenny Salarias patzneri. Marine Ecology Progress Series 222: 291-296.


jc257069
Typewritten Text












	Cover Page
	Front Pages
	Title Page
	Statement of Access
	Statement of Sources Declaration
	Acknowledgements
	Table of Contents
	List of Figures
	List of Plates
	List of Tables
	Abstract
	Preface

	Chapter 1. Diet and feeding selectivity of coral reef blennies (Blenniidae: Salariini)
	Chapter 2. Nutritional comparison of detritus and algae collected from blenny feeding territories
	Chapter 3. Identifying sources of organic matter in sediments from the territory of a detritivorous coral reef fish
	Chapter 4. Sources of dietary lipids in the coral reef blenny Salarias patzeri
	Chapter 5. Multiscale habitat associations of detritivorous blennies
	Overview
	References
	Appendices
	Appendix 1. Wilson S.K. 2000. Trophic status and feeding selectivity of blennies. Marine Biology
136: 431-437
	Appendix 2. Wilson S. K. 2001. Muhiscale habitat associations of detritivorous blennies
(Blenniidae: Salariini). Coral Reefs 20: 245·251 
	Appendix 3. Wilson S.K. 2002. Nutritional value of detritus and algae in blenny territories on the
Great Barrier Reef. Journal of Experimental Marine Biology and Ecology 27 1:
155-1 69
	Appendix 4. Wilson S.K., Burns K., Codi S. 2001. Identifying sources of organic matter in
sediments from a detritivorous coral reef fish territory. Organic Geochemistry
32: 1257-1269
	Appendix 5. Wilson S.K.. Bums K., Codi S. 2001. Sources of dietary lipids in the coral reef blenny Salarias patzneri. Marine Ecology Progress Series 222 : 291-296




