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ABSTRACT 1 

 2 

In this study the suitability of canola oil (CO) and poultry fat (PO) as 3 

alternatives to fish oil (FO) was assessed. Furthermore, a real-time RT-qPCR 4 

assay to detect hepatic insulin-like growth factor-I (IGF-I) and insulin-like 5 

growth factor binding protein-1 (IGFBP-1) was developed. Four isoproteic 6 

(450 g kg-1), isolipidic (250 g kg-1) dry extruded diets were formulated to 7 

contain PO or CO at 50 or 100% inclusion, as a substitute for FO. Yellowtail 8 

kingfish growth and growth factor gene expression was compared with fish fed 9 

a diet containing 100% FO. Two experiments were conducted separately at 10 

optimal (22 oC; 33 d) and sub-optimal (18 oC; 34 d) temperatures with mean 11 

initial fish weights of 95.6 ± 0.1 g and 101 ± 0.1 g respectively. At 22 oC 12 

yellowtail kingfish fed the 50% PO diet grew significantly larger (281.2 ± 1.2 g) 13 

than individuals fed the 100% FO diet (266.9 ± 5.9 g). Inclusion of CO at 50% 14 

produced equivalent weight gain to the 100% FO diet, however, 100% 15 

inclusion of CO produced poor performance in both experiments. Trends in 16 

gene expression reflected the response in weight gain to alternative lipids. A 17 

positive relationship between hepatic IGF-I mRNA levels and weight gain and 18 

also hepatic IGFBP-1 mRNA and weight gain was found. A positive 19 

correlation between hepatic IGF-I and IGFBP-1 mRNA levels was also found. 20 

Irrespective of diet, fish grew larger at 22 oC than at 18 oC. The findings of this 21 

research indicate that improved diet formulations for yellowtail kingfish may be 22 

achieved through the inclusion of alternative lipid sources and that IGF-I 23 

mRNA may be used as a rapid indicator of growth in this species. 24 

 25 
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 29 

1. Introduction 30 

 31 

The yellowtail kingfish (Seriola lalandi; Valenciennes, 1833) is a marine, 32 

pelagic, carnivorous fish in the family Carangidae that occurs circumglobally in 33 

sub-tropical and temperate waters (PIRSA, 2002; Kolkovski and Sakakura, 34 

2004). This species is considered to have excellent attributes for aquaculture 35 

including fast growth, good taste and market acceptance. Yellowtail kingfish 36 

and related sub-species are currently cultured in Australia, New Zealand, 37 

Japan, China, USA and Chile (Chai, et al., 2009). In Australia, established 38 

locations for the grow-out of yellowtail kingfish exist in the near-shore waters 39 

of the Spencer Gulf, South Australia, where commercial culture of this species 40 

has been undertaken since 1998. In the financial year of 2007/2008, 2 900 41 

tonnes of yellowtail kingfish was produced in South Australian waters, 42 

compared with just 45 tonnes in 1999/2000 (Fowler, et al., 2003; Chai, et al., 43 

2009). 44 

The major lipid component in manufactured fish feeds (aquafeeds) has 45 

traditionally been fish oil which is derived from marine capture fisheries 46 

(Leaver, et al., 2008; Tacon and Metian, 2008). Marine capture fisheries are 47 

currently at their maximum sustainable limit with global production of around 48 

90 million tonnes per annum in the last decade (Leaver, et al., 2008; FAO, 49 

2009; Perón, et al., 2010). Partial and total replacement of fish oil (FO) by 50 
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alternative sources has received major research focus over the past two 51 

decades as farmers seek to minimise production costs. Both terrestrial animal 52 

fats and plant oils have the economical and practical potential to substitute 53 

fish oil (Raso and Anderson, 2003; Benedito-Palos, et al., 2007; Lewis and 54 

Kohler, 2008). Canola oil (CO) and poultry fat (PO) are two alternatives to fish 55 

oil that have been successfully included in diets for a variety of species, 56 

including sunshine bass (Wonnacott, et al., 2004), Atlantic salmon (Higgs, et 57 

al., 2006; Deslauriers and Rideout, 2008), red seabream (Glencross, et al., 58 

2003), Chinook salmon (Grant, et al., 2008; Huang, et al., 2008), Japanese 59 

seabass (Xue, et al., 2006), rainbow trout (Liu, et al., 2004), and Murray cod 60 

(Francis, et al., 2006; Francis, et al., 2009). In a recent study by Seno-O et al., 61 

(2008), the inclusion of olive oil at up to 100% was shown to have no negative 62 

effects on growth or proximate composition in the congeneric Japanese 63 

yellowtail (Seriola quinqueradiata) cultured for 40 days. Seno-O et al., (2008) 64 

also reported that replacement of dietary FO with olive oil prevented muscle 65 

discolouration post-mortem when fillets were stored at 4 oC.  66 

Molecular tools are increasingly being utilised in the aquaculture industry 67 

to complement existing husbandry techniques and improve production by 68 

providing insight into responses to altered environmental conditions (Cancela, 69 

et al., 2010; Panserat and Kaushik, 2010). Potential commercial applications 70 

of this technology include genetic improvement through marker assisted 71 

selection and improved husbandry through understanding metabolic pathways 72 

involved in nutrition and reproduction (De-Santis and Jerry, 2007; Panserat 73 

and Kaushik, 2010). Additionally, recent advances in molecular techniques 74 

used to measure gene expression such as quantitative real-time RT-PCR 75 
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(RT-qPCR), may assist in reducing costs involved in lengthy feeding 76 

experiments, whereby a suitable gene may give rapid indication of fish 77 

performance in as little as two weeks (Pérez-Sánchez and Bail, 1999; Cruz, et 78 

al., 2006; Picha, et al., 2008). Therefore, the use of molecular technology will 79 

shorten the time taken to evaluate the efficacy of diets for commercial 80 

application. 81 

Growth pathways appear to be highly conserved in vertebrate evolution 82 

and genomic research into teleost fish has been aided by molecular studies 83 

involving terrestrial livestock (De-Santis and Jerry, 2007). Much of the 84 

genomic research involving terrestrial livestock has also focussed on genes 85 

that influence traits that are of equal interest in aquaculture such as growth 86 

rate, carcass yield, flesh quality and disease resistance (De-Santis and Jerry, 87 

2007). A number of candidate genes have been identified as having potential 88 

for use as markers of somatic growth in teleost fish, including components of 89 

the somatotropic axis, myogenic regulatory factors and the transforming 90 

growth factor superfamily (De-Santis and Jerry, 2007; Panserat and Kaushik, 91 

2010). The somatotropic axis hormone system, which includes growth 92 

hormone (GH), insulin-like growth factors-I and -II (IGF-I and IGF-II) and their 93 

respective receptors and binding proteins, exerts a profound effect on 94 

metabolism and development (Duan, 1997; Duan, 1998; Wood, et al., 2005). 95 

The liver is the primary site of IGF-I production (Duan, 1998; Caelers, et al., 96 

2004), although a number of other tissues including the heart, kidneys and 97 

muscle produce IGF-I locally, where the mature IGF-I ligand acts in an 98 

autocrine/paracrine manner (Duan, 1998; Moriyama, et al., 2000). The 99 

availability of IGF-I is regulated by IGF binding proteins (IGFBP’s) which 100 
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prevent their destruction by proteolytic degradation and prevent IGF-I from 101 

binding to cell-surface receptors (Duan and Xu, 2005; Wood, et al., 2005; 102 

Bower, et al., 2008). Over 99% of circulating IGF-I is bound to IGFBP’s in 103 

salmonids and the specific role that these peptides play in regulating IGF-I is 104 

yet to be fully elucidated (Reinecke, et al., 2005).  105 

Both IGF-I and IGFBP-1 have been positively correlated with growth in 106 

nutritional studies involving teleost fish (Moriyama, et al., 2000; Dyer, et al., 107 

2004; Cruz, et al., 2006; Picha, et al., 2008). The aims of this project were to: 108 

(1) evaluate the growth performance of yellowtail kingfish fed on diets partially 109 

or completely composed of alternative lipid sources, (2) develop a sensitive 110 

RT-qPCR assay for the detection of genes associated with somatic growth in 111 

yellowtail kingfish and (3) evaluate the potential of these genes as rapid 112 

indicators of growth in this species. This study tested the hypothesis that 113 

dietary compounds can alter gene expression in regulating fish growth 114 

performance. Specifically, the focus of this study was on the expression of 115 

genes involved in somatic growth in response to changing dietary compounds. 116 

 117 

2. Materials and Methods 118 

 119 

Two separate feeding trials were conducted at the South Australian 120 

Research and Development Institute (SARDI) Aquatic Sciences Centre, West 121 

Beach, South Australia (34o57.2’S, 138o30.4’E). A total of 233 juvenile 122 

yellowtail kingfish were used for each study. Yellowtail kingfish used in the 123 

high (22oC) and low (18oC) temperature experiments were the same cohort of 124 

fish and originated from CleanSeas Tuna Ltd., Arno Bay, South Australia. 125 
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Prior to stocking in experimental tanks fish were maintained in 5 000 L 126 

fibreglass tanks under ambient temperature and photoperiod and were fed a 127 

commercial pelleted feed (Ridley’s Aquafeeds; 450 g kg-1 crude protein, 200 g 128 

kg-1 crude lipid). The two experiments were conducted separately in 129 

March/April (22 oC) and August/September (18 oC). 130 

 131 

2.1 Diets, Feeding Trials and Sample Storage 132 

 133 

Each of the experimental diets was formulated and manufactured at the 134 

SARDI Australasian Experimental Stockfeed Extrusion Centre (AESEC), 135 

Roseworthy, South Australia. Diets consisted of 250 g kg-1 crude lipid, 450 g 136 

kg-1 crude protein and 24 MJ kg-1 gross energy. Approximately 50 g kg-1 of the 137 

lipid component of the diet consisted of residual fish oil from the fish meal 138 

used for the protein component. The remaining 200 g kg-1 of lipid in the diets 139 

was manipulated to formulate five different dry, extruded diets: 100% fish oil 140 

(FO; control diet), 50% poultry fat and 50% fish oil (50% PO), 100% poultry fat 141 

(100% PO), 50% refined canola oil and 50% fish oil (50% CO) and 100% 142 

refined canola oil (100% CO). Prior to stocking in experimental systems a sub-143 

sample of fish (n=9) were weighed and measured and liver samples taken 144 

and stored in RNAlater (Ambion, Applied Biosystems, Foster City, CA, USA). 145 

These samples were labelled Time 0 and were taken to compare gene 146 

expression with fish fed different diets at the completion of each experiment. 147 

Yellowtail kingfish juveniles (95.6 ± 0.1 g [22 oC] and 101.1 ± 0.1 g [18 oC]) 148 

were stocked at random into 15 × 700 L fibreglass tanks (n=14 fish tank-1). 149 

Experimental tanks were situated in a temperature and photoperiod (14h light : 150 
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10h dark) controlled room. For the duration of the experiments, animals were 151 

hand-fed to apparent satiation twice daily for 34 d (22 oC) and 33 d (18 oC) at 152 

0900 and 1530 h.  153 

At the completion of the feeding trials, three fish from each tank were 154 

removed and immediately euthanased by a spike to the brain. Duplicate liver 155 

samples were obtained from each of the three fish and placed in four volumes 156 

of RNAlater. Samples were then stored at -20 oC until analysis in the 157 

laboratory. 158 

Weight gain (g) was assessed by group means (n=3) after weighing fish to 159 

the nearest 0.1 g. Hepatosomatic index (HSI) was calculated as liver weight (g) 160 

/ total weight (g) × 100.  161 

 162 

2.2 RNA isolation and cDNA synthesis 163 

 164 

Total RNA was extracted from 50 mg of liver sample. Samples were 165 

homogenised for approximately 20 s using a tissue homogeniser (Multipro 166 

395; Dremel Corporation, Racine, WI) into 300 μL of TRIzol (Invitrogen, 167 

Newcastle, NSW, Australia) according to the manufacturer’s instructions. 168 

Additionally, 16 samples from the higher temperature experiment (22 oC) were 169 

extracted using RNeasy mini-kit (QIAGEN, Hilden, Germany) according to the 170 

manufacturer’s instructions. All RNA was re-suspended in 200 μL RNase-free 171 

water. RNA quality and quantity was determined using a Nanodrop-8000 172 

spectrophotometer (Nanodrop Technologies) and denaturing gel 173 

electrophoresis. RNA used for cDNA synthesis was treated with RNase-free 174 

DNase (Promega, Madison, WI, USA) to remove any genomic DNA 175 
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contamination in 12 μL reactions using 2 U DNase, 1 × DNase buffer and 2 μg 176 

RNA. First-strand cDNA was synthesised from 1 μg total RNA in 30 μL 177 

reactions containing 60 U M-MLV reverse transcriptase (RT; Promega), 1 × 178 

RT-buffer, 0.5 mM dNTPs, 250 ng oligo d(T)15 primers and 250 ng random 179 

hexamers. Cycling conditions for reverse transcription were: 400C for 10 min, 180 

550C for 50 min and 750C for 15 min. 181 

 182 

2.3 RT-qPCR 183 

 184 

RT-qPCR was performed using an iQ5 qPCR thermocycler (Bio-Rad, 185 

Gladesville, NSW, Australia) with SYBR Green mastermix (Bio-Rad). 186 

Amplification of each sample was performed in triplicate in 96-well plates (Bio-187 

Rad) with each individual reaction containing 2 μL template cDNA, 12.5 μL 188 

SYBR Green mastermix, 12.5 pmol each of sense and anti-sense primers and 189 

RNase-free water to a total volume of 25 μL. The sequences and source of 190 

primers are displayed in Table 1. Thermal cycling conditions for IGF-I and 191 

IGFBP-1 were identical to those described by Pedroso et al. (2009). Thermal 192 

cycling conditions for the reference gene (18S rRNA) were as follows: initial 193 

denaturation at 50 oC for 2 min followed by 35 cycles of 10 s at 95 oC, 30 s at 194 

55 oC and 30 s at 72 oC. A temperature gradient from 55 oC to 95 oC and 195 

subsequent dissociation curve was used to confirm the specificity of each RT-196 

qPCR. No template and minus reverse transcriptase controls were also run to 197 

confirm there were no contaminants present in reactions and to confirm the 198 

efficiency of the DNase reactions.  199 

 200 
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2.4 Normalisation and Statistical Analysis 201 

 202 

A serial dilution of cDNA was run for each set of primers to generate a 203 

standard curve. The amplification efficiency (E) of the RT-qPCR was 204 

calculated using the formula (E = 10 -1 / slope). Threshold cycle (Ct) values for 205 

both IGF-I and IGFBP-1 were normalised to 18S rRNA using the Q gene 206 

method (Simon, 2003). Statistical tests were performed using PASW v. 18.0.1 207 

(SPSS Inc., Chicago, IL, USA). Final fish weight and HSI were analysed using 208 

a one-way ANOVA. After a natural logarithm transformation of normalised 209 

gene expression data from the higher temperature experiment (22 oC) and a 210 

cube-root transformation of normalised gene expression data from the lower 211 

temperature experiment (18 oC), all variables met the requirements for a one-212 

way ANOVA. Significant ANOVA’s were followed by a posteriori Student 213 

Newman-Keuls test. Linear regression was used to assess the relationship 214 

between weight and hepatic gene expression. Pearson’s correlation co-215 

efficient was used to assess the relationship of IGF-I to IGFBP-1. Results 216 

were considered statistically significant at P ≤ 0.05. 217 

 218 

3. Results 219 

 220 

3.1 Effect of alternative lipids on growth and gene expression 221 

 222 

The inclusion of alternative lipids in diets had a significant effect on 223 

growth at both 22 oC and 18 oC (Figure 1, A and B; P < 0.05). Fish fed the 224 

50% PO diet at 22 oC obtained the highest weight, growing from 95.6 ± 0.01 g 225 
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to 281.2 ± 1.2 g in 30 d, compared with the 100% FO (266.9 ± 5.9 g; Figure 226 

1A). The 100% CO diet resulted in significantly poorer growth at both 22 oC 227 

and 18 oC (Figure 1, A and B). Mortalities were negligible for the duration of 228 

both experiments. 229 

Inclusion of alternative lipids also had a significant effect on mean HSI 230 

(data not shown). Fish fed on diets containing no added fish oil (100% PO and 231 

100% CO) had significantly greater mean HSI at both 22 oC and 18 oC (P < 232 

0.05; data not shown). 233 

Expression of hepatic IGF-I in yellowtail kingfish at 22 oC showed an 234 

increasing trend in fish fed the 100% FO, 50% PO and 100% PO diets after 235 

30 d when compared with Time 0 (Figure 2A; P = 0.16). Similarly for IGFBP-1 236 

there was a trend towards increased expression in the 50%PO and 100% PO 237 

diets at 22 oC (Figure 3A; P = 0.42). However, no significant differences were 238 

found between treatments for either IGF-I or IGFBP-1 at 22 oC. 239 

Hepatic IGF-I in fish cultured at 18 oC was significantly greater in fish fed 240 

the 100% FO and 50% CO diets compared with Time 0 (Figure 2B; P < 0.05). 241 

There was an increasing trend in expression of hepatic IGF-I in all 242 

experimental fish grown at 18 oC when compared with IGF-I expression at 243 

Time 0 (Figure 2B). Similarly, expression of hepatic IGFBP-1 showed a trend 244 

towards increasing in all dietary treatments compared with Time 0 at 18 oC. 245 

However, there were no significant differences between diets (Figure 3B; P = 246 

0.12). 247 

A positive linear relationship between expression of IGF-I and final 248 

weight (g) was found (Figure 4A; P < 0.05, r2 = 0.514). Similarly, a positive 249 

linear relationship was found between IGFBP-1 and final weight (g) (Figure 4B; 250 
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P < 0.05, r2 = 0.398). A positive correlation was found between hepatic 251 

IGFBP-1 and IGF-I expression (Figure 5; P < 0.05, r = 0.821). 252 

 253 

3.2 Effect of temperature on growth and gene expression 254 

 255 

Irrespective of diet, fish grew larger at 22 oC than at 18 oC (Figure 1). 256 

Fish fed the 50% PO diet grew significantly larger than all other dietary 257 

treatments when cultured at 22 oC but not at 18 oC. HSI was lower for all 258 

dietary treatments at 18 oC than at 22 oC after 33 d and 34 d respectively 259 

(data not shown). 260 

Temperature, while having a profound effect on growth also had an 261 

effect on hepatic gene expression. This was particularly evident in the 18oC 262 

trial, where hepatic gene expression for all dietary treatments was elevated 263 

compared to Time 0. Significant differences for hepatic IGF-I were found at 18 264 

oC (p < 0.05). Elevated IGF-I and IGFBP-1 expression for the 100% FO, 50% 265 

PO and 100% PO diets at 22 oC were observed (Figures 2A and 3A). Similar 266 

to weight gain at both 18 oC and 22 oC (Figure 1), hepatic IGF-I and IGFBP-1 267 

for the 100% CO diet had the lowest expression levels of all the dietary 268 

treatments. Contrary to other trends in gene expression and growth, both IGF-269 

I and IGFBP-1 were found to be more highly expressed at 18 oC than at 22 oC 270 

for the 50% CO diet. 271 

 272 
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4. Discussion 273 

 274 

The results obtained from this study indicate that up to 100% of added 275 

FO may be substituted with PO in diets for yellowtail kingfish without 276 

negatively affecting growth. Furthermore, growth was enhanced at 22 oC 277 

when 50% of the dietary lipid source was PO (Figure 1). Several other studies 278 

have also reported no negative effects on growth using partial or complete 279 

substitution of FO with plant or animal sources for marine, carnivorous fish, 280 

including the closely related Japanese yellowtail (Mugrditchian, et al., 1981; 281 

Raso and Anderson, 2003; Liu, et al., 2004; Wonnacott, et al., 2004; Higgs, et 282 

al., 2006; Xue, et al., 2006; Benedito-Palos, et al., 2007; Piedecausa, et al., 283 

2007; Deslauriers and Rideout, 2008; Seno-O, et al., 2008; Salze, et al., 2010; 284 

Welch, et al., 2010). However, this is the first time that a positive effect on 285 

growth by partial substitution with an alternative lipid source (PO) has been 286 

reported for a marine, carnivorous teleost. 287 

This study also demonstrates that up to 50% of included FO may be 288 

substituted with 50% refined CO without negatively affecting growth. At 100% 289 

inclusion, however, CO negatively affected growth at both 18 oC and 22 oC. 290 

Glencross et al., (2003) reported a negative effect on growth for total FO 291 

substitution with crude CO for red seabream (Pagrus auratus). However, total 292 

inclusion of refined CO in this species produced comparable weight gain to 293 

fish fed the 100% FO diet in this study. Huang et al., (2008) also report no 294 

negative effects on growth when refined CO was used to substitute fish oil for 295 

juvenile Chinook salmon (Oncorhynchus tschawytscha) at up to 72% of total 296 

dietary lipids. Therefore, while partial inclusion of refined CO produced 297 
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comparable growth to a FO diet for yellowtail kingfish, this species could not 298 

tolerate total inclusion of this lipid source. 299 

Irrespective of diet fish grew larger at 22 oC than at 18 oC. Pirozzi and 300 

Booth, (2009), demonstrated that the optimal temperature for growth of 301 

yellowtail kingfish is close to 22 oC. Masumoto (2002) reports that below 17 oC, 302 

Japanese yellowtail reduce their feed intake, which results in reduced growth 303 

performance. The results obtained for gene expression and growth from this 304 

study demonstrate that temperature is a critical factor in the ability of fish to 305 

metabolise nutrients. The influence of temperature, therefore, needs to be 306 

taken into account when formulating practical diets for marine finfish. 307 

It has been suggested that IGF-I is the most promising molecular 308 

marker to date as a rapid indicator of growth in teleost fish (Picha, et al., 2008). 309 

More recently, the use of RT-qPCR to detect IGF-I mRNA has taken 310 

precedence over previous technologies used, such as radioimmunoassay 311 

(RIA). The vast majority of research investigating hepatic IGF-I in relation to 312 

growth in cultured finfish has centred around studies on feed deprivation or 313 

feed restriction, rather than the manipulation of a selected dietary component 314 

such as protein or lipid (Picha, et al., 2006; Bower, et al., 2008; Hagen, et al., 315 

2009). This may be due to a number of factors, including the expense and 316 

resources involved in formulating experimental diets and running large-scale, 317 

commercially relevant feeding trials. Nevertheless, the field of nutrigenomics 318 

in aquaculture is incorporating an increasing number of species and is 319 

assisting the aquafeed industry to achieve optimal dietary formulations 320 

through an improved understanding of nutrient metabolism.  321 
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Investigating the potential of IGF-I and IGFBP-1 to detect changes in 322 

growth using alternative lipids is a unique approach using a familiar and 323 

highly-studied growth pathway. The highest expression of hepatic IGF-I was 324 

found in fish fed the 50% PO diet at 22 oC. Although the result was not 325 

significant due to variations in individual fish, this trend reflects the mean final 326 

weight obtained for fish from this same treatment. This trend towards 327 

increasing gene expression at 22 oC was seen for 50% and 100% PO diets 328 

and for both IGF-I and IGFBP-1. Hepatic IGF-I and IGFBP-1 were least 329 

expressed in fish fed diets containing 100% CO at 22 oC, also reflecting 330 

trends in final weight gain. The effect of lipid source on hepatic IGF-I and 331 

IGFBP-1 production appears to be less pronounced than the effect seen in 332 

feed deprivation studies (Picha, et al., 2006; Terova, et al., 2007; Bower, et al., 333 

2008; Hagen, et al., 2009; Pedroso, et al., 2009). Although the effect of lipid 334 

source on hepatic IGF-I production is subtle, this study has shown that there 335 

is a positive relationship between IGF-I and growth. The relationship between 336 

individual macro-nutrients and gene expression has recently been 337 

incorporated into an entirely new field of research entitled nutrigenomics. 338 

Future research on the influence of different macro-nutrients on components 339 

of the somatotropic axis hormone system may lead to the development of 340 

more effective dietary formulations for yellowtail kingfish. 341 

 Linear regression revealed a positive relationship between both hepatic 342 

gene expression and weight gain in response to altered dietary lipid 343 

composition. Furthermore, we demonstrated a positive correlation between 344 

IGF-I and IGFBP-1. Cruz et al., (2006) demonstrated that hepatic IGF-I mRNA 345 

was significantly correlated with growth rate for Nile tilapia (Oreochromis 346 
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niloticus) cultured at different temperatures and using different feeding 347 

regimes. Pedroso et al., (2009) also demonstrated that both IGF-I and IGFBP-348 

1 mRNA levels were indicative of the nutritional status in the congeneric 349 

Japanese yellowtail. It can therefore be concluded that IGF-I and IGFBP-1 350 

would be suitable molecular markers for giving a rapid indication of growth in 351 

nutritional studies involving yellowtail kingfish.  352 

Future research in nutritional studies on yellowtail kingfish will help to 353 

further elucidate the subtle effects of macronutrients on genes involved in 354 

growth. With the decreasing price of sequencing, more sophisticated 355 

molecular tools such as microarray and sequence tag-based technology, 356 

which are already used in more established species such as salmonids, may 357 

soon become available to researchers investigating less established species, 358 

including yellowtail kingfish. The use of these technologies and validation with 359 

RT-qPCR will ultimately lead to a more thorough understanding of both the 360 

IGF system and of fish nutrition.  361 

 362 

5. Conclusions 363 

 364 

In conclusion, this study has demonstrated the efficacy of including PO 365 

and CO in extruded diets for yellowtail kingfish. When fed a diet containing 366 

50% added PO at 22 oC, yellowtail kingfish grew significantly larger than fish 367 

fed the 100% FO diet, demonstrating that alternative lipids may enhance 368 

growth for a marine, carnivorous teleost. At 100% inclusion, CO produced 369 

poor performance at both 22 oC and 18 oC. Irrespective of diet, yellowtail 370 

kingfish grew larger at 22 oC than at 18 oC. Using linear regression, a positive 371 
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relationship between hepatic IGF-I and final weight was established, indicating 372 

that this gene would be a suitable molecular marker for rapid indication of 373 

growth in yellowtail kingfish.  374 

 375 
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Figure Captions 572 

 573 

Figure 1: Mean initial (Time 0) and final weight of yellowtail kingfish fed 100% 574 

fish oil (FO) and fish oil replacement with 50% poultry fat (PO), 100% PO, 575 

50% canola oil (CO) and 100% CO for 34 d at 22 oC (A) and 33 d at 18 oC (B) . 576 

Values represent mean ± S.E.M (n=3). Significantly different values are 577 

labelled a, b and c (P < 0.05). 578 

 579 

Figure 2: Mean initial (Time 0) and final IGF-I expression normalised to 18S 580 

rRNA of yellowtail kingfish fed 100% fish oil (FO) and fish oil replacement with 581 

50% poultry fat (PO), 100% PO, 50% canola oil (CO) and 100% CO for 34 d 582 

at 22oC (A) and 33 d at 18 oC (B). Values represent mean ± S.E.M (n=3) and 583 

each sample was assayed in triplicate. 584 

 585 

Figure 3: Mean initial (Time 0) and final IGFBP-1 expression normalised to 586 

18S rRNA of yellowtail kingfish fed 100% fish oil (FO) and fish oil replacement 587 

with 50% poultry fat (PO), 100% PO, 50% canola oil (CO) and 100% CO for 588 

34 d at 22oC (A) and 33 d at 18 oC (B). Values represent mean ± S.E.M (n=3) 589 

and each sample was assayed in triplicate. 590 

 591 

Figure 4: Positive linear relationship between yellowtail kingfish weight (g) and 592 

IGF-I expression (A: r2 = 0.51, P < 0.05) and IGFBP-1 expression (B: r2 = 0.40, 593 

P < 0.05). Gene expression was normalised to 18S rRNA and each sample 594 

was assayed in triplicate. The equations of the linear regression are y = 3×10-595 

5 x – 0.0015 (A) and y = 3×10-5 x – 0.0020 (B). 596 
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 597 

Figure 5: Positive linear relationship between IGFBP-1 and IGF-I expression 598 

in yellowtail kingfish fed alternative lipids twice daily to satiation (r2 = 0.67, P < 599 

0.05). Data is derived from means collected during both 22 oC and 18 oC trials. 600 

The equation of the line is y = 0.8561x – 0.0004. 601 

 602 
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Figures 603 
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Tables 

 

Table 1: Forward (F) and reverse (R) primers used for real-time quantitative RT-PCR 

Gene Primer Sequence: 5' - 3' Genbank Accession Number Reference 

IGF-I F GATGTCTTCAAGAGTGCGATGTG AB439208 Pedroso et al. (2009) 

IGF-I R CCGTCGGAGTCAGGGTGAGG AB439208 Pedroso et al. (2009) 

IGFBP-1 F CCCTTTGACCACCATGACACT EU650626 Pedroso et al. (2009) 

IGFBP-1 R GGGTCCCTGTTGTTCCAGTTT EU650626 Pedroso et al. (2009) 

18S rRNA F TACCACATCCAAAGAAGGCA   Tom et al.(2004) 

18S rRNA R TCGATCCCGAGATCCAACTA   Tom et al.(2004) 
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material should not have been previously published elsewhere, except in a 611 
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requiring interdisciplinary discussion. They should provide objective critical 614 
evaluation of a defined subject. Reviews should not consist solely of a 615 
summary of published data. Evaluation of the quality of existing data, the 616 
status of knowledge, and the research required to advance knowledge of the 617 
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Short Communications are used to communicate results which represent a 619 
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B. Austin 708 
The Diseases Section welcomes high quality research papers presenting 709 
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http://www.elsevier.com/conflictsofinterest. 775 
 776 
Submission declaration and verification  777 
 778 
Submission of an article implies that the work described has not been 779 
published previously (except in the form of an abstract or as part of a 780 
published lecture or academic thesis), that it is not under consideration for 781 
publication elsewhere, that its publication is approved by all authors and tacitly 782 
or explicitly by the responsible authorities where the work was carried out, and 783 
that, if accepted, it will not be published elsewhere in the same form, in 784 
English or in any other language, including electronically without the written 785 
consent of the copyright-holder. To verify originality, your article may be 786 
checked by the originality detection software iThenticate. See also 787 
http://www.elsevier.com/editors/plagdetect. 788 
 789 
Contributors  790 
 791 
Each author is required to declare his or her individual contribution to the 792 
article: all authors must have materially participated in the research and/or 793 
article preparation, so roles for all authors should be described. The statement 794 
that all authors have approved the final article should be true and included in 795 
the disclosure. 796 
 797 
Copyright  798 
 799 
Upon acceptance of an article, authors will be asked to complete a 'Journal 800 
Publishing Agreement' (for more information on this and copyright see 801 
http://www.elsevier.com/copyright). Acceptance of the agreement will ensure 802 
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the widest possible dissemination of information. An e-mail will be sent to the 803 
corresponding author confirming receipt of the manuscript together with a 804 
'Journal Publishing Agreement' form or a link to the online version of this 805 
agreement.  806 
Subscribers may reproduce tables of contents or prepare lists of articles 807 
including abstracts for internal circulation within their institutions. Permission 808 
of the Publisher is required for resale or distribution outside the institution and 809 
for all other derivative works, including compilations and translations (please 810 
consult http://www.elsevier.com/permissions). If excerpts from other 811 
copyrighted works are included, the author(s) must obtain written permission 812 
from the copyright owners and credit the source(s) in the article. Elsevier has 813 
pre-printed forms for use by authors in these cases: please consult 814 
http://www.elsevier.com/permissions. 815 
 816 
Retained author rights  817 
 818 
As an author you (or your employer or institution) retain certain rights; for 819 
details you are referred to: http://www.elsevier.com/authorsrights. 820 
 821 
Role of the funding source  822 
 823 
You are requested to identify who provided financial support for the conduct of 824 
the research and/or preparation of the article and to briefly describe the role of 825 
the sponsor(s), if any, in study design; in the collection, analysis and 826 
interpretation of data; in the writing of the report; and in the decision to submit 827 
the paper for publication. If the funding source(s) had no such involvement 828 
then this should be stated. Please see http://www.elsevier.com/funding. 829 
 830 
Funding body agreements and policies  831 
 832 
Elsevier has established agreements and developed policies to allow authors 833 
whose articles appear in journals published by Elsevier, to comply with 834 
potential manuscript archiving requirements as specified as conditions of their 835 
grant awards. To learn more about existing agreements and policies please 836 
visit http://www.elsevier.com/fundingbodies. 837 
 838 
Language and language services  839 
 840 
Please write your text in good English (American or British usage is accepted, 841 
but not a mixture of these). Authors who require information about language 842 
editing and copyediting services pre- and post-submission please visit 843 
http://webshop.elsevier.com/languageediting/ or our customer support site at 844 
http://support.elsevier.com for more information. 845 
 846 
Submission  847 
 848 
Submission to this journal proceeds totally online and you will be guided 849 
stepwise through the creation and uploading of your files. The system 850 
automatically converts source files to a single PDF file of the article, which is 851 
used in the peer-review process. Please note that even though manuscript 852 
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source files are converted to PDF files at submission for the review process, 853 
these source files are needed for further processing after acceptance. All 854 
correspondence, including notification of the Editor's decision and requests for 855 
revision, takes place by e-mail removing the need for a paper trail. 856 
 857 
Authors should avoid responding to messages received from the system using 858 
the 'Reply' button on their e-mail message; this will send the message to the 859 
system support and not to the editorial office, and will create unnecessary 860 
load of sorting out and forwarding 861 
 862 
Please submit your article via http://ees.elsevier.com/aqua/  863 
 864 
Referees  865 
 866 
Please submit, with the manuscript, the names, addresses and e-mail 867 
addresses of 3 potential referees. Note that the editor retains the sole right to 868 
decide whether or not the suggested reviewers are used. 869 
 870 
Preparation 871 
 872 
Use of word-processing software  873 
 874 
It is important that the file be saved in the native format of the word processor 875 
used. The text should be in single-column format. Keep the layout of the text 876 
as simple as possible. Most formatting codes will be removed and replaced on 877 
processing the article. In particular, do not use the word processor’s options to 878 
justify text or to hyphenate words. However, do use bold face, italics, 879 
subscripts, superscripts etc. Do not embed "graphically designed" equations 880 
or tables, but prepare these using the word processor’s facility. When 881 
preparing tables, if you are using a table grid, use only one grid for each 882 
individual table and not a grid for each row. If no grid is used, use tabs, not 883 
spaces, to align columns. The electronic text should be prepared in a way 884 
very similar to that of conventional manuscripts (see also the Guide to 885 
Publishing with Elsevier: http://www.elsevier.com/guidepublication). Do not 886 
import the figures into the text file but, instead, indicate their approximate 887 
locations directly in the electronic text and on the manuscript. See also the 888 
section on Electronic illustrations.  889 
To avoid unnecessary errors you are strongly advised to use the "spell-check" 890 
and "grammar-check" functions of your word processor. 891 
 892 
LaTeX  893 
 894 
If the LaTeX file is suitable, proofs will be produced without rekeying the text. 895 
The article should preferably be written using Elsevier's document class 896 
"elsarticle", or alternatively any of the other recognized classes and formats 897 
supported in Elsevier's electronic submissions system, for further information 898 
see http://www.elsevier.com/wps/find/authorsview.authors/latex-ees-899 
supported.  900 
The Elsevier "elsarticle" LaTeX style file package (including detailed 901 
instructions for LaTeX preparation) can be obtained from the Quickguide: 902 
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http://www.elsevier.com/latex. It consists of the file: elsarticle.cls, complete 903 
user documentation for the class file, bibliographic style files in various styles, 904 
and template files for a quick start. 905 
 906 
Article structure  907 
 908 
Subdivision - numbered sections  909 
Divide your article into clearly defined and numbered sections. Subsections 910 
should be numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not 911 
included in section numbering). Use this numbering also for internal cross-912 
referencing: do not just refer to "the text". Any subsection may be given a brief 913 
heading. Each heading should appear on its own separate line. 914 
 915 
Introduction  916 
State the objectives of the work and provide an adequate background, 917 
avoiding a detailed literature survey or a summary of the results. 918 
 919 
Material and methods  920 
Provide sufficient detail to allow the work to be reproduced. Methods already 921 
published should be indicated by a reference: only relevant modifications 922 
should be described. 923 
 924 
Theory/calculation  925 
A Theory section should extend, not repeat, the background to the article 926 
already dealt with in the Introduction and lay the foundation for further work. In 927 
contrast, a Calculation section represents a practical development from a 928 
theoretical basis. 929 
 930 
Results  931 
Results should be clear and concise. 932 
 933 
Discussion  934 
This should explore the significance of the results of the work, not repeat them. 935 
A combined Results and Discussion section is often appropriate. Avoid 936 
extensive citations and discussion of published literature. 937 
 938 
Conclusions  939 
The main conclusions of the study may be presented in a short Conclusions 940 
section, which may stand alone or form a subsection of a Discussion or 941 
Results and Discussion section. 942 
 943 
Appendices  944 
If there is more than one appendix, they should be identified as A, B, etc. 945 
Formulae and equations in appendices should be given separate numbering: 946 
Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. 947 
Similarly for tables and figures: Table A.1; Fig. A.1, etc. 948 
 949 
 950 
 951 
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Essential title page information  952 
 953 
• Title. Concise and informative. Titles are often used in information-retrieval 954 
systems. Avoid abbreviations and formulae where possible. 955 
• Author names and affiliations. Where the family name may be ambiguous 956 
(e.g., a double name), please indicate this clearly. Present the authors' 957 
affiliation addresses (where the actual work was done) below the names. 958 
Indicate all affiliations with a lower-case superscript letter immediately after 959 
the author's name and in front of the appropriate address. Provide the full 960 
postal address of each affiliation, including the country name, and, if available, 961 
the e-mail address of each author. 962 
• Corresponding author. Clearly indicate who will handle correspondence at 963 
all stages of refereeing and publication, also post-publication. Ensure that 964 
telephone and fax numbers (with country and area code) are provided in 965 
addition to the e-mail address and the complete postal address.  966 
• Present/permanent address. If an author has moved since the work 967 
described in the article was done, or was visiting at the time, a "Present 968 
address" (or "Permanent address") may be indicated as a footnote to that 969 
author's name. The address at which the author actually did the work must be 970 
retained as the main, affiliation address. Superscript Arabic numerals are 971 
used for such footnotes. 972 
 973 
Abstract  974 
 975 
A concise and factual abstract is required. The abstract should state briefly 976 
the purpose of the research, the principal results and major conclusions. An 977 
abstract is often presented separately from the article, so it must be able to 978 
stand alone. For this reason, References should be avoided, but if essential, 979 
then cite the author(s) and year(s). Also, non-standard or uncommon 980 
abbreviations should be avoided, but if essential they must be defined at their 981 
first mention in the abstract itself. 982 
 983 
The abstract should be not longer than 400 words. 984 
 985 
Keywords  986 
 987 
Immediately after the abstract, provide a maximum of 4-6 keywords, using 988 
American spelling and avoiding general and plural terms and multiple 989 
concepts (avoid, for example, "and", "of"). Be sparing with abbreviations: only 990 
abbreviations firmly established in the field may be eligible. These keywords 991 
will be used for indexing purposes. 992 
 993 
Abbreviations  994 
 995 
Define abbreviations that are not standard in this field in a footnote to be 996 
placed on the first page of the article. Such abbreviations that are unavoidable 997 
in the abstract must be defined at their first mention there, as well as in the 998 
footnote. Ensure consistency of abbreviations throughout the article. 999 
 1000 
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Acknowledgements  1001 
 1002 
Collate acknowledgements in a separate section at the end of the article 1003 
before the references and do not, therefore, include them on the title page, as 1004 
a footnote to the title or otherwise. List here those individuals who provided 1005 
help during the research (e.g., providing language help, writing assistance or 1006 
proof reading the article, etc.). 1007 
 1008 
Nomenclature and units  1009 
 1010 
Follow internationally accepted rules and conventions: use the international 1011 
system of units (SI). If other quantities are mentioned, give their equivalent in 1012 
SI. You are urged to consult IUPAC: Nomenclature of Organic Chemistry: 1013 
http://www.iupac.org/ for further information. 1014 
 1015 
1. Authors and editors are, by general agreement, obliged to accept the rules 1016 
governing biological nomenclature, as laid down in the International Code of 1017 
Botanical Nomenclature, the International Code of Nomenclature of Bacteria, 1018 
and the International Code of Zoological Nomenclature. 1019 
2. All biota (crops, plants, insects, birds, mammals, etc.) should be identified 1020 
by their scientific names when the English term is first used, with the 1021 
exception of common domestic animals. 1022 
3. All biocides and other organic compounds must be identified by their 1023 
Geneva names when first used in the text. Active ingredients of all 1024 
formulations should be likewise identified. 1025 
4. For chemical nomenclature, the conventions of the International Union of 1026 
Pure and Applied Chemistry and the official recommendations of the IUPAC 1027 
IUB Combined Commission on Biochemical Nomenclature should be followed. 1028 
 1029 
Accession numbers  1030 
 1031 
Accession numbers are unique identifiers in bioinformatics allocated to 1032 
nucleotide and protein sequences to allow tracking of different versions of that 1033 
sequence record and the associated sequence in a data repository [e.g., 1034 
databases at the National Center for Biotechnical Information (NCBI) at the 1035 
National Library of Medicine ('GenBank') and the Worldwide Protein Data 1036 
Bank]. There are different types of accession numbers in use based on the 1037 
type of sequence cited, each of which uses a different coding. Authors should 1038 
explicitly mention the type of accession number together with the actual 1039 
number, bearing in mind that an error in a letter or number can result in a 1040 
dead link in the online version of the article. Please use the following format: 1041 
accession number type ID: xxxx (e.g., MMDB ID: 12345; PDB ID: 1TUP). Note 1042 
that in the final version of the electronic copy, accession numbers will be 1043 
linked to the appropriate database, enabling readers to go directly to that 1044 
source from the article. 1045 
 1046 
DNA sequences and GenBank Accession numbers. Many Elsevier journals 1047 
cite "gene accession numbers" in their running text and footnotes. Gene 1048 
accession numbers refer to genes or DNA sequences about which further 1049 
information can be found in the databases at the National Center for 1050 
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Biotechnical Information (NCBI) at the National Library of Medicine. Authors 1051 
are encouraged to check accession numbers used very carefully. An error in 1052 
a letter or number can result in a dead link. Note that in the final version of 1053 
the electronic copy, the accession number text will be linked to the appropriate 1054 
source in the NCBI databases enabling readers to go directly to that source 1055 
from the article. 1056 
 1057 
Example 1: "GenBank accession nos. AI631510, AI631511, AI632198, and 1058 
BF223228, a B-cell tumour from a chronic lymphatic leukaemia (GenBank 1059 
accession no. BE675048), and a T-cell lymphoma (GenBank accession no. 1060 
AA361117)". 1061 
 1062 
Authors are encouraged to check accession numbers used very carefully. An 1063 
error in a letter or number can result in a dead link. 1064 
 1065 
In the final version of the printed article, the accession number text will not 1066 
appear bold or underlined (see Example 2 below). 1067 
 1068 
Example 2: "GenBank accession nos. AI631510, AI631511, AI632198, and 1069 
BF223228), a B-cell tumour from a chronic lymphatic leukaemia (GenBank 1070 
accession no. BE675048), and a T-cell lymphoma (GenBank accession no. 1071 
AA361117)". 1072 
 1073 
In the final version of the electronic copy, the accession number text will be 1074 
linked to the appropriate source in the NCBI databases enabling readers to go 1075 
directly to that source from the article (see Example 3 below). 1076 
 1077 
Example 3: "GenBank accession nos. AI631510, AI631511, AI632198, and 1078 
BF223228), a B-cell tumour from a chronic lymphatic leukaemia (GenBank 1079 
accession no. BE675048), and a T-cell lymphoma (GenBank accession no. 1080 
AA361117)". 1081 
 1082 
Math formulae  1083 
 1084 
Present simple formulae in the line of normal text where possible and use the 1085 
solidus (/) instead of a horizontal line for small fractional terms, e.g., X/Y. In 1086 
principle, variables are to be presented in italics. Powers of e are often more 1087 
conveniently denoted by exp. Number consecutively any equations that have 1088 
to be displayed separately from the text (if referred to explicitly in the text). 1089 
 1090 
Give the meaning of all symbols immediately after the equation in which they 1091 
are first used. In chemical formulae, valence of ions should be given as, e.g. 1092 
Ca2+ and not Ca++. Isotope numbers should precede the symbols, e.g., 18O. 1093 
The repeated writing of chemical formulae in the text is to be avoided where 1094 
reasonably possible; instead, the name of the compound should be given in 1095 
full. Exceptions may be made in the case of a very long name occurring very 1096 
frequently or in the case of a compound being described as the end product of 1097 
a gravimetric determination (e.g., phosphate as P2O5). 1098 
 1099 
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Footnotes  1100 
 1101 
Footnotes should be used sparingly. Number them consecutively throughout 1102 
the article, using superscript Arabic numbers. Many word processors build 1103 
footnotes into the text, and this feature may be used. Should this not be the 1104 
case, indicate the position of footnotes in the text and present the footnotes 1105 
themselves separately at the end of the article. Do not include footnotes in the 1106 
Reference list.  1107 
Table footnotes  1108 
Indicate each footnote in a table with a superscript lowercase letter. 1109 
 1110 
Artwork  1111 
 1112 
Electronic artwork  1113 
General points  1114 
• Make sure you use uniform lettering and sizing of your original artwork.  1115 
• Save text in illustrations as "graphics" or enclose the font.  1116 
• Only use the following fonts in your illustrations: Arial, Courier, Times, 1117 
Symbol.  1118 
• Number the illustrations according to their sequence in the text.  1119 
• Use a logical naming convention for your artwork files.  1120 
• Provide captions to illustrations separately.  1121 
• Produce images near to the desired size of the printed version.  1122 
• Submit each figure as a separate file.  1123 
 1124 
A detailed guide on electronic artwork is available on our website:  1125 
http://www.elsevier.com/artworkinstructions  1126 
You are urged to visit this site; some excerpts from the detailed 1127 
information are given here.  1128 
Formats  1129 
Regardless of the application used, when your electronic artwork is finalised, 1130 
please "save as" or convert the images to one of the following formats (note 1131 
the resolution requirements for line drawings, halftones, and line/halftone 1132 
combinations given below):  1133 
EPS: Vector drawings. Embed the font or save the text as "graphics".  1134 
TIFF: colour or greyscale photographs (halftones): always use a minimum of 1135 
300 dpi.  1136 
TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.  1137 
TIFF: Combinations bitmapped line/half-tone (colour or greyscale): a minimum 1138 
of 500 dpi is required.  1139 
DOC, XLS or PPT: If your electronic artwork is created in any of these 1140 
Microsoft Office applications please supply "as is".  1141 
Please do not:  1142 
• Supply embedded graphics in your word processor (spreadsheet, 1143 
presentation) document;  1144 
• Supply files that are optimised for screen use (like GIF, BMP, PICT, WPG); 1145 
the resolution is too low;  1146 
• Supply files that are too low in resolution;  1147 
• Submit graphics that are disproportionately large for the content. 1148 
 1149 
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Colour artwork  1150 
Please make sure that artwork files are in an acceptable format (TIFF, EPS or 1151 
MS Office files) and with the correct resolution. If, together with your accepted 1152 
article, you submit usable colour figures then Elsevier will ensure, at no 1153 
additional charge, that these figures will appear in colour on the Web (e.g., 1154 
ScienceDirect and other sites) regardless of whether or not these illustrations 1155 
are reproduced in colour in the printed version. For colour reproduction in 1156 
print, you will receive information regarding the costs from Elsevier after 1157 
receipt of your accepted article. Please indicate your preference for colour 1158 
in print or on the Web only. For further information on the preparation of 1159 
electronic artwork, please see http://www.elsevier.com/artworkinstructions.  1160 
Please note: Because of technical complications which can arise by 1161 
converting colour figures to "gray scale" (for the printed version should you not 1162 
opt for colour in print) please submit in addition usable black and white 1163 
versions of all the colour illustrations. 1164 
 1165 
Figure captions  1166 
Ensure that each illustration has a caption. Supply captions separately, not 1167 
attached to the figure. A caption should comprise a brief title (not on the figure 1168 
itself) and a description of the illustration. Keep text in the illustrations 1169 
themselves to a minimum but explain all symbols and abbreviations used. 1170 
 1171 
Text graphics  1172 
Present incidental graphics not suitable for mention as figures, plates or 1173 
schemes at the end of the article and number them "Graphic 1", etc. Their 1174 
precise position in the text can then be indicated. See further under Electronic 1175 
artwork. Ensure that high-resolution graphics files are provided, even if the 1176 
graphic appears as part of your normal word processed text file. 1177 
 1178 
Tables  1179 
 1180 
Number tables consecutively in accordance with their appearance in the text. 1181 
Place footnotes to tables below the table body and indicate them with 1182 
superscript lowercase letters. Avoid vertical rules. Be sparing in the use of 1183 
tables and ensure that the data presented in tables do not duplicate results 1184 
described elsewhere in the article. 1185 
 1186 
References  1187 
 1188 
Citation in text  1189 
Please ensure that every reference cited in the text is also present in the 1190 
reference list (and vice versa). Any references cited in the abstract must be 1191 
given in full. Unpublished results and personal communications are not 1192 
recommended in the reference list, but may be mentioned in the text. If these 1193 
references are included in the reference list they should follow the standard 1194 
reference style of the journal and should include a substitution of the 1195 
publication date with either "Unpublished results" or "Personal 1196 
communication" Citation of a reference as "in press" implies that the item has 1197 
been accepted for publication. 1198 
 1199 
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Web references  1200 
As a minimum, the full URL should be given and the date when the reference 1201 
was last accessed. Any further information, if known (DOI, author names, 1202 
dates, reference to a source publication, etc.), should also be given. Web 1203 
references can be listed separately (e.g., after the reference list) under a 1204 
different heading if desired, or can be included in the reference list. 1205 
 1206 
References in a special issue  1207 
Please ensure that the words 'this issue' are added to any references in the 1208 
list (and any citations in the text) to other articles in the same Special Issue. 1209 
 1210 
Reference management software  1211 
This journal has standard templates available in key reference management 1212 
packages EndNote (http://www.endnote.com/support/enstyles.asp) and 1213 
Reference Manager (http://refman.com/support/rmstyles.asp). Using plug-ins 1214 
to word-processing packages, authors only need to select the appropriate 1215 
journal template when preparing their article and the list of references and 1216 
citations to these will be formatted according to the journal style which is 1217 
described below. 1218 
 1219 
Reference style  1220 
Text: All citations in the text should refer to:  1221 
1. Single author: the author's name (without initials, unless there is ambiguity) 1222 
and the year of publication;  1223 
2. Two authors: both authors' names and the year of publication;  1224 
3. Three or more authors: first author's name followed by "et al." and the year 1225 
of publication.  1226 
Citations may be made directly (or parenthetically). Groups of references 1227 
should be listed first alphabetically, then chronologically.  1228 
Examples: "as demonstrated (Allan, 1996a, 1996b, 1999; Allan and Jones, 1229 
1995). Kramer et al. (2000) have recently shown ...."  1230 
List: References should be arranged first alphabetically and then further 1231 
sorted chronologically if necessary. More than one reference from the same 1232 
author(s) in the same year must be identified by the letters "a", "b", "c", etc., 1233 
placed after the year of publication.  1234 
Examples:  1235 
Reference to a journal publication:  1236 
Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2000. The art of writing a 1237 
scientific article. J. Sci. Commun. 163, 51–59.  1238 
Reference to a book:  1239 
Strunk Jr., W., White, E.B., 1979. The Elements of Style, third ed. Macmillan, 1240 
New York.  1241 
Reference to a chapter in an edited book:  1242 
Mettam, G.R., Adams, L.B., 1999. How to prepare an electronic version of 1243 
your article, in: Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic 1244 
Age. E-Publishing Inc., New York, pp. 281–304. 1245 
 1246 
 1247 
 1248 
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Journal Abbreviations Source  1249 
 1250 
Define abbreviations that are not standard in this field at their first occurrence 1251 
in the article: in the abstract but also in the main text after it. Ensure 1252 
consistency of abbreviations throughout the article. 1253 
 1254 
Video data  1255 
 1256 
Elsevier accepts video material and animation sequences to support and 1257 
enhance your scientific research. Authors who have video or animation files 1258 
that they wish to submit with their article are strongly encouraged to include 1259 
these within the body of the article. This can be done in the same way as a 1260 
figure or table by referring to the video or animation content and noting in the 1261 
body text where it should be placed. All submitted files should be properly 1262 
labelled so that they directly relate to the video file's content. In order to 1263 
ensure that your video or animation material is directly usable, please provide 1264 
the files in one of our recommended file formats with a maximum size of 10 1265 
MB. Video and animation files supplied will be published online in the 1266 
electronic version of your article in Elsevier Web products, including 1267 
ScienceDirect: http://www.sciencedirect.com. Please supply 'stills' with your 1268 
files: you can choose any frame from the video or animation or make a 1269 
separate image. These will be used instead of standard icons and will 1270 
personalize the link to your video data. For more detailed instructions please 1271 
visit our video instruction pages at http://www.elsevier.com/artworkinstructions. 1272 
Note: since video and animation cannot be embedded in the print version of 1273 
the journal, please provide text for both the electronic and the print version for 1274 
the portions of the article that refer to this content. 1275 
 1276 
Supplementary data  1277 
 1278 
Elsevier accepts electronic supplementary material to support and enhance 1279 
your scientific research. Supplementary files offer the author additional 1280 
possibilities to publish supporting applications, high-resolution images, 1281 
background datasets, sound clips and more. Supplementary files supplied will 1282 
be published online alongside the electronic version of your article in Elsevier 1283 
Web products, including ScienceDirect: http://www.sciencedirect.com. In order 1284 
to ensure that your submitted material is directly usable, please provide the 1285 
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