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ABSTRACT 18 

 19 

Large and long lived piscivorous brown trout, Salmo trutta, colloquially known as ferox trout, 20 

have been described from a number of oligotrophic lakes in Britain and Ireland. The ‘ferox’ 21 

life history strategy is associated with accelerated growth following an ontogenetic switch to 22 

piscivory and extended longevity, (up to 23 years in the UK). Thus ferox trout often reach 23 

much larger sizes and older ages than sympatric lacustrine invertebrate feeding trout. 24 

Conventional models suggest that S. trutta adopting this life history strategy grow slowly 25 

before a size threshold is reached, after which, this gape limited predator undergoes a diet 26 

switch to a highly nutritional prey source (fish) resulting in a measurable growth acceleration. 27 

This conventional model of ferox trout growth was tested by comparing growth trajectories 28 

and age structures of ferox trout and sympatric invertebrate feeding trout in multiple lake 29 

systems in Scotland. In two of the three lakes examined, fish displaying alternative life history 30 

strategies, but living in sympatry, exhibited distinctly different growth trajectories. In the third 31 

lake, a similar pattern of growth was observed between trophic groups. Piscivorous trout were 32 

significantly older than sympatric invertebrate feeding trout at all sites but ultimate body size 33 

was greater in only two of three sites. This study demonstrates that there are multiple 34 

ontogenetic growth pathways to achieving piscivory in S. trutta and that the adoption of a 35 

piscivorous diet may be a factor contributing to the extension of life span. 36 

 37 
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 39 

INTRODUCTION 40 

The brown trout Salmo trutta L. is a polytypic species that can adopt a multitude of life-41 

history strategies (Klemetsen et al., 2003). Lacustrine S. trutta frequently manifest as 42 

alternative life history strategies in sympatry, which often differ in one or more of the 43 

following: colour (Ferguson & Mason, 1981), body size (Campbell, 1979), growth rate 44 

(Jonsson, Næsje, Jonsson, Saksgård & Sandlund, 1999), feeding strategy (Grey, 2001) and 45 

longevity (Mangel & Abrahams, 2001). Piscivory is found throughout the native range of S. 46 

trutta in Europe and western Asia, including some river populations however large, late 47 

maturing S. trutta known to live in large deep lakes that feed predominately on Arctic charr 48 

Salvelinus alpinus (colloquially referred to as ferox trout), occur in a limited range of lacustrine 49 

systems from County Kerry in Ireland to the Ural Mountains in Russia and is found throughout 50 

lakes of Northern Britain and Ireland (Greer, 1995; Hughes, Dodd, Maitland & Adams, 2016a 51 

). Ferox trout are known to grow much larger and live longer than sympatric lacustrine brown 52 

trout that feed on macrobenthic and occasionally surface dwelling invertebrates throughout 53 

their life (hereafter referred to as invertebrate feeding trout) (Campbell, 1979; Greer, 1995; 54 

Mangel, 1996; Mangel & Abrahams, 2001). Ferox trout are considered a distinct genetic 55 

lineage in some locations (Ferguson & Mason, 1981; Duguid, Ferguson & Prodöhl, 2006) but 56 

may be derived from the same gene-pool in others. 57 

Both environmental and genetic factors have been implicated in the expression and 58 

maintenance of the ferox life history (Campbell, 1979; Ferguson & Mason, 1981; Taggart, 59 

Ferguson & Mason, 1981; Duguid et al., 2006; McKeown, Hynes, Duguid, Ferguson & 60 

Prodöhl, 2010;). While the occurrence of ferox trout is strongly correlated with specific lake 61 

environment conditions; large, deep lakes supporting a population of Arctic charr Salvelinus 62 

alpinus, are correlated with the occurrence of ferox trout (Campbell, 1979; Greer, 1995; 63 

Hughes et al., 2016a). In Lough Melvin (Ireland) and both in Loch Awe and Loch Laggan 64 

(Scotland), ferox trout are reproductively isolated and genetically distinct from sympatric 65 

invertebrate feeding trout feeding in the littoral or limnetic zones (Ferguson & Mason, 1981; 66 

Ferguson & Taggart, 1991; Prodöhl, Taggart & Ferguson, 1992; Duguid et al., 2006). Here 67 

ferox trout is defined as a piscivorous S. trutta exhibiting morphological adaptation and delayed 68 

maturation which may be reproductively isolated from other sympatric S. trutta. 69 

Evidence from the literature (McKeown et al., 2010) suggests that, at least in some 70 

locations, when populations of piscivorous trout and invertebrate feeding trout ecotypes occur 71 
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in sympatry, these alternative life histories may not have originated from a single, common, 72 

post glaciation invading ancestor. Instead, they may have resulted from multiple colonisation 73 

events by different ancestral lineages. For example, ferox trout in Loch Awe and Loch Laggan 74 

(Scotland), were found to be genetically more closely related to ferox trout in Lough Melvin 75 

(Ireland), than the invertebrate feeding trout ecotype from the same lake (Duguid et al., 2006). 76 

Ferox trout are often characterised by a high frequency of the lactate dehydrogenase 100 (LDH-77 

C1*100) allele, as opposed to the alternative LDH-C1*90 allele, which is more frequent in 78 

invertebrate feeding brown trout. This only applies to some populations thus high frequencies 79 

of LDH-C1*100 have been found in many non-ferox populations (Hamilton et al., 1989; 80 

McMeel, Hoey & Ferguson, 2001). Therefore at least in Lough Melvin, Loch Awe and Loch 81 

Laggan, ferox trout belong to a different ancestral lineage from sympatric invertebrate feeding 82 

trout (Ferguson & Taggart, 1991; Duguid et al., 2006). 83 

The alternative views on the taxonomic classification of ferox trout as either a 84 

genetically distinct species, or an adopted life history strategy of the S. trutta species complex 85 

is still subject to debate, particularly around the genetic support for alternative views. However, 86 

a recent review of the taxonomy status of ferox trout by Freyhof & Kottelat (2008) argues for 87 

a reinstatement of the full species status suggested by Ferguson (2004). This view is also 88 

supported by McKeown et al. (2010) who carried out a comprehensive phylogeographic study 89 

of S. trutta in Britain and Ireland with focus on the origin(s) of the Lough Melvin S. trutta. Full 90 

species status is currently conferred on ferox trout by the IUCN, where the species is described 91 

as Salmo ferox Jardine, 1835, and categorised as “Data Deficient” on the red list of threatened 92 

species. 93 

Using scales to age individual fish and a back-calculation of size-at-age approach, 94 

Campbell (1979) investigated the patterns of growth rate in ferox trout.  This study proposed 95 

that S. trutta adopt piscivory after a period of relatively slow growth. However, once a size 96 

threshold is attained (Campbell (1979) indicated this being around 30cm) this gape limited 97 

predator is able to access fish prey which triggers a period of rapid growth (likely as a direct 98 

result of the switch to a highly nutritional prey (Campbell, 1979). In contrast, L'Abée‐Lund, 99 

Langeland, & Sægrov (1992) concluded from stomach content analysis of S. trutta ranging 100 

from 11cm to 50cm in length, that a diet switch to piscivory occurred at a much smaller size 101 

(13cm). This suggests that the size at which piscivory is adopted is variable across populations 102 

and prey switching is opportunistic, mostly likely depending on the availability of adequately 103 

sized prey; thus a switch to piscivory, may be at least partly, environment dependent and prey 104 
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size dependent (L'Abée‐Lund et al., 2002; Kahilainen & Lehtonen, 2003; Jensen et al., 2012. 105 

The switch in diet exhibited by ferox trout has been linked to increased longevity (Campbell, 106 

1979; Mangel & Abrahams, 2001), a contrast with a commonly cited concept that caloric 107 

restriction extends lifespan (Mangel & Abrahams, 2001). 108 

The aim of this study was to examine early ontogenetic processes in sympatric 109 

invertebrate feeding trout and piscivorous trout, and specifically test if the conventional model 110 

of piscivorous trout growth (slow growth followed by a growth acceleration after the adoption 111 

of piscivory) is the common pattern across multiple piscivorous trout populations.  112 

Thus three hypotheses are tested here: 113 

1. During very early ontogeny, trout adopting a piscivorous or an invertebrate feeding life 114 

history both grow at approximately the same rate. 115 

2. Following a switch to piscivory, piscivores grow faster than invertebrate feeding trout. 116 

3. Following a switch to piscivory, piscivores exhibit extended longevity. 117 

METHODS 118 

Three oligotrophic freshwater lakes in Scotland where piscivorous trout are known to 119 

occur in sympatry with invertebrate feeding trout ecotypes were sampled. Loch Awe in west-120 

central Scotland, which drains to the west (56o 55' N; 4o25' W), Loch Rannoch in central 121 

Scotland, which drains to the east (56o 40' N; 4o18' W) and Loch na Sealga in northern Scotland, 122 

which drains westward (57o 47' N; 5o18' W).  123 

 In Loch Awe a number of fish species are present including Arctic charr (S. alpinus) 124 

Atlantic salmon (Salmo salar), European eel (Anguilla anguilla), perch (Perca fluviatilis), pike 125 

(Esox lucius), minnow (Phoxinus phoxinus) three-spined sticklebacks (Gasterosteus aculeatus) 126 

and rainbow trout (Oncorhynchus mykiss). In Loch Rannoch there is a similar composition, 127 

Arctic charr, Atlantic salmon, European eel, perch, pike, minnow and three-spined 128 

sticklebacks. The species composition of Loch Na Sealga is less well known, however Arctic 129 

charr and minnow are present (Maitland & Adams, 2018). 130 

Salmo trutta were sampled over a number of years (1966-2014; n=72) from Loch Awe 131 

and Loch Rannoch (1970-2014; n=111) using Nordic gill nets or a non-destructive, specialised 132 

rod and line trolling technique used by experienced anglers (Thorne, MacDonald & Thorley, 133 

2016). All S. trutta from Loch na Sealga (2013; n=37) were collected using Nordic gill nets, 134 

each comprising 12 mesh sizes ranging from 5 to 50mm (Appelberg et al., 1995). The cryptic 135 

nature of piscivorous trout and the difficulty of capturing sufficient numbers of specimens is 136 
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well known, thus the sample size used in this study is relatively large compared with previous 137 

studies and only possible through multiple year sampling (Duguid et al., 2006). 138 

S. trutta were classified as piscivorous (and thus ferox trout) on the basis of 139 

morphological criteria used by Campbell (1979) and Cawdery & Ferguson (1988). Ferox were 140 

defined as S. trutta of large body size, expressing large heads and large, obvious teeth relative 141 

to the size of the body. Thus, in Loch Awe and Loch Rannoch, S. trutta > 400mm fork length 142 

(FL), expressing other ferox characteristics were classified as piscivorous trout. Using the same 143 

criteria, S. trutta were classified as invertebrate feeding in Loch Awe and Loch Rannoch if ≤ 144 

360mm FL and without the characteristics defining a piscivorous trout. These classification 145 

criteria have been previously validated for the identification of both piscivorous and 146 

invertebrate feeding S. trutta using stable isotope analysis in Scottish lakes (Grey, 2001; 147 

Hughes, Van Leeuwen, Cunningham & Adams, 2016b). 148 

S. trutta from Loch na Sealga were killed on collection for a separate population study 149 

and were classified as piscivorous or invertebrate feeding based on stomach content analysis.  150 

Stomach contents that comprised exclusively fish (Arctic charr S. alpinus and /or minnow P. 151 

phoxinus) were classified as piscivorous, and those that contained exclusively 152 

macroinvertebrates (Daphnia, Coleoptera larvae, Plecoptera nymphs, fly; Trichoptera larvae, 153 

Chironomid larvae; terrestrial insects) were classified as invertebrate feeders. Stomach 154 

contents analysis does not provide any measure of temporal change in diet, only providing a 155 

single snapshot in time of recent prey consumption. Samples sizes and length range of 156 

piscivorous trout were as follows: Loch Awe N=33, length range: 420mm-1000mm, Loch 157 

Rannoch N=71, length range: 400mm–820mm and Loch na Selaga N=14, length range: 158 

115mm-330mm and invertebrate feeding trout: Loch Awe N=39, Loch Rannoch N=40 and 159 

Loch na Sealga N=23, length range: 135mm-302mm (Table I.). 160 

Muscle tissue samples were taken from all trout from Loch na Selaga and stored in 161 

ethanol for genetic analysis. Genomic DNA was extracted from tissue samples using the 162 

Promega DNeasy 96 kit (Madison, Wisconsin, USA), following the manufacturer’s 163 

instructions. Each sample comprising a single fish was subsequently screened for the presence 164 

of the allele linked to the expression of a ferox life history LDH-C1*100 following protocol 165 

described by McMeel et al. (2001).  166 

Scale samples were taken from above the lateral line of each fish from all sites and 167 

stored in paper scale packets. Scales were pressed onto acetate using a jeweler’s press (DRM 168 

150 press). Imprinted acetates were viewed using a Projectina scale reader. Scales were read 169 
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following guidelines by Shearer (1992) and definitions from Berg & Grimaldi (1967) and life 170 

history terminology used by Allen & Ritter (1977). 171 

For length-at-age estimates, measurements were made from the scale focus along the 172 

longest axis to the edge of the scale (St), and to the annulus being examined (Sf). Thus, the 173 

length of the fish at the time a feature was laid down (LF) was estimated by: 174 

LF = Lt (Sf /St) 175 

LF = back-calculated fish length at annulus f; 176 

Lt = fish fork length at capture; 177 

Sf = scale length to annulus f; 178 

St = total scale length t. 179 

Von Bertalanffy growth curves were constructed for each population but only for the 180 

first six years of growth; the rationale for this being that no invertebrate feeding trout sampled 181 

were found older than this age. Population specific Von Bertalanffy growth curves were 182 

compared using Likelihood Ratio Tests in R statistical computing and graphics software using 183 

the fishmethods package (R Core team, 2016). 184 

 185 

L(t) = Linf *(1 - exp(-K*(t-t0))) 186 

L(t) = Von Bertalanffy growth curve for size (t) 187 

Linf = asymptotic length where growth is zero; 188 

K= growth rate; 189 

t0 = theoretical age at size zero. 190 

 191 

Since age structure data were not normally distributed, the non-parametric Wilcoxon 192 

signed-rank test was used to test for statistical significance for age at capture between 193 

piscivorous trout and invertebrate feeding trout in each lake. 194 

RESULTS 195 

The population-specific modelled Von Bertalanffy growth rate (K) determined over the 196 

first six years of growth, differed significantly between piscivorous trout and invertebrate 197 

feeding trout ecotypes in Loch Rannoch and Loch Awe (P <0.001) (Table I & Table II). In 198 

contrast, there was no significant difference in growth rate between these alternate life history 199 

strategies over this period in Loch na Sealga (P > 0.5) (see Table II). The growth pattern of the 200 

two life history strategies differed substantively in nature between lakes (Fig 1.). Thus in Loch 201 

Awe, the rate of individual growth from both age 1 to age 3 and from age 4 to age 6 was higher 202 
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in piscivorous trout in comparison to invertebrate feeding brown trout (Table III). In contrast, 203 

in Loch Rannoch, there was no significant difference in growth rate between life history 204 

strategies for the first 3 years; however, piscivorous trout showed a higher growth rate from 205 

age 4 to age 6. In Loch na Sealga there were no significant differences in growth rate between 206 

life history strategies both from age 1 to age 3 nor from age 4 to age 6 (Table III.). 207 

Age structure differed significantly in all three lakes, with piscivorous trout being 208 

significantly older in each lake: Awe ((mean age ± SE) invertebrate feeding trout 3.4 ± 0.18 209 

years; piscivorous trout 8.6 ± 0.36 years, P < 0.01); Rannoch ((mean age ± SE) invertebrate 210 

feeding trout 4.8 ± 0.14 years; piscivorous trout 12 ± 0.29 years, P < 0.01); na Sealga ((mean 211 

age ± SE) invertebrate feeding trout 3.8 ± 0.8 years; piscivorous trout 4.7 ± 1.4 years, P = 212 

<0.01) (Fig 1.).  213 

No significant differences were observed in the frequency of the ferox lineage linked 214 

LDH-C1*100 allele (exact probability test P > 0.05) between trout representing both life 215 

history strategies in Loch na Selaga.  216 

DISCUSSION  217 

As gape limited predators, S. trutta can only handle prey items of a size which is relative 218 

to their body size (Steingrímsson & Gislason, 2002; Jensen, Kahilainen, Amundsen, Gjelland, 219 

Tuomaala, Malinen & Bøhn, 2008). Thus, S. trutta are not able to consume fish prey until they 220 

have a body size large enough to allow them to do so. A similar size threshold effect is known 221 

to operate in the closely related Arctic charr Salvelinus alpinus (see e.g. Fraser, Adams & 222 

Huntingford, 1998).  Since a single fish prey item provides higher levels of energy, growth 223 

rates are often thought to be consistently faster among piscivorous trout (Elliot & Hurley, 224 

2000).  225 

Thus an increase in growth rate following a period of relatively slow growth is the 226 

conventional model of a ferox trout growth trajectory (Campbell, 1979), where the switch to a 227 

highly nutritional prey source shows a measurable increased growth response following a 228 

period of ‘typical’ (but slower) brown trout growth.  S. trutta in Loch Rannoch conform to this 229 

model, where trout exhibiting both life history strategies initially grow at approximately the 230 

same rate (hypothesis one) but piscivorous express higher growth following a switch to 231 

piscivory (hypothesis two) and show an extended longevity (hypothesis three). The difference 232 

in mean age between piscivorous and invertebrate feeding brown trout is arguably at least 233 

partly a result of the classification of larger (and thus older) fish as being piscivorous for Loch 234 

Awe and Loch Rannoch. This effect could not occur however for fish categorized by stomach 235 
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contents from Loch na Sealga. Loch Awe trout also do not conform well to this conventional 236 

model of piscivorous growth pattern. A high growth rate of piscivorous trout adopting a 237 

piscivorous life history strategy was shown at a very early age (ca between age 1 and age 2 and 238 

small size ca 100mm FL – Fig 1 and Table III).  There are two possible explanations for the 239 

growth pattern observed in Loch Awe. First, piscivorous trout in Loch Awe may switch to 240 

piscivory at a very young age (ca 1+ years) and very small body size <100mm. This is very 241 

unlikely, as piscivory at this size in S. trutta is uncommon (Campbell, 1979; L'Abée‐Lund, 242 

Langeland, & Sægrov, 1992), however this explanation is potentially possible if very small 243 

size fish prey are available (Juanes, 1994; Mittelbach & Persson, 1998). Alternatively, and 244 

more plausible, is that trout in Loch Awe, adopting a piscivorous trout life history, comprise 245 

the fastest growing individuals before a switch to piscivory. This explanation does not support 246 

hypothesis one. The observed high growth rate in young piscivorous trout in Loch Awe 247 

suggests that, if this mechanism is in operation, they are highly efficient at acquiring food in a 248 

quantity and/or quality as juveniles that exceeds that of trout that adopt an invertebrate feeding 249 

life history strategy. This probability is supported by the evidence that progeny of piscivorous 250 

trout express higher levels of behavioural dominance compared with the progeny of 251 

invertebrate feeders (Hughes et al., 2016b). This possibility implies that there may be a level 252 

of inheritance of life history strategy across generations in the Loch Awe ferox population. 253 

This is certainly plausible for Loch Awe trout, where genetic analysis has found that the ferox 254 

trout population is reproductively isolated from the sympatric invertebrate feeding trout 255 

population (Duguid et al., 2006). 256 

Piscivory in Loch na Sealga however, contrasts distinctly with both models. Here, there 257 

is no accelerated growth effect of piscivory, and hence hypothesis two is not supported. 258 

However, there is consistent evidence that piscivorous trout do live longer in all three lakes, 259 

supporting hypothesis three (Fig 1). For Loch Awe and Rannoch there is the possibility that 260 

the higher detected average age in piscivorous trout is at least partly the result of selection of 261 

individuals of larger size; however, this is not the case of Loch na Selga piscivorous trout which 262 

were not markedly larger, but were older than invertebrate feeding trout. Contrary to 263 

observations elsewhere (Duguid et al., 2006), there was no evidence in this study for the 264 

presence of the LDH-C1*100 allele in piscivorous S. trutta in Loch na Sealga. 265 

In Loch na Sealga, the study presented here demonstrates that S. trutta can exploit the 266 

ferox trophic niche in the absence of the LDH-C1*100 allele. Thus it is most probable that a 267 

piscivorous trophic life history strategy may predominate in populations with a high frequency 268 
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of the LDH-C1*100 allele but that it can still occur in populations that do not possess the LDH-269 

C1*100 allele. It also shows that not all S. trutta that reach a size threshold that allows a switch 270 

to piscivory, do actually make that switch, which is true of all lakes in this study, but most 271 

obvious in Loch na Sealga and Loch Rannoch. This may be the result of constraints faced by 272 

apex predators, such as that of prey availability (Ford, Ellis, Olesiuk & Balcomb, 2009). Thus 273 

the data presented here support the premise that piscivory can arise as a result of S. trutta being 274 

genetically predisposed for that resource specialisation or alternatively as a result of   an 275 

opportunistic feeding response. It appears that in some cases both of these can occur in the 276 

same system. Wollebaek et al., (2018) for example, found genetic differentiation between 277 

piscivores and invertebrate feeders only in large tributaries and not in smaller ones of same 278 

catchment. These authors suggest that a genetically distinct piscivorous ecotype might be more 279 

likely to evolve in the relatively more stable large river habitat. Expressed traits that may 280 

enhance efficient foraging on fish, may be expressed through ontogenetic process as a result of 281 

phenotypic plasticity. However, if an adaptation to a piscivorous life history is to be inherited, 282 

then partial or complete reproductive isolation between emerging piscivorous and sympatric 283 

invertebrate ecotypes is needed (Sikkink & Snellrood, 2016). Piscivorory has been shown to 284 

be dependent upon the community composition, and the fish prey species utilized may vary 285 

considerably between sites and over time (Sánchez-Hernández & Amundsen, 2015.) Thus 286 

piscivorous trout are likely heterogeneous in origin and different forms of piscivory are 287 

probably not homologous. At least in some, but not all locations (demonstrated by S. trutta in 288 

Loch Awe), it is very likely that the piscivorous life history strategy may be adopted by those 289 

individuals that during early ontogeny (prior to switching to fish feeding) grow fastest, thus 290 

contradicting hypothesis one. Extraordinarily, there is a consistent pattern across lakes 291 

suggesting piscivory confers an extended longevity on individuals adopting a piscivorous life 292 

history strategy. The mechanisms through which this may manifest are poorly understood but 293 

worthy of future attention, although delayed maturation is likely to be a contributing factor. 294 

In at least one of the lakes sampled, Loch Rannoch, piscivorous trout growth conformed 295 

to the conventional model of slow growth followed by fast growth after a switch to piscivory, 296 

however this was not evident in the other two lakes sampled. The conclusion of this study is 297 

that there are multiple ontogenetic routes to piscivory in S. trutta and most likely in other 298 

species also. These data demonstrate individuals exhibiting similar phenotypes as adults, may 299 

have arisen though different juvenile strategies. 300 

 301 
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TABLE I. Von Bertalanffy growth parameters for the first 6 years of growth of each life history 419 

type in each study lake, based on the results of back-calculated size/data. 420 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE II. Likelihood ratios tests of growth parameters for the first 6 years of growth between 421 

sympatric ferox and invertebrate feeding trout based on the results of back-calculated size/data. 422 

Significant differences (P<0.05) are highlighted in bold. 423 

Location Life History K Linf t0 n 

Loch Awe Invertebrate feeding trout 0.10 47 -0.06 39 

 
Ferox trout 0.13 100 0.13 33 

Loch Rannoch  Invertebrate feeding trout 0.27 34 0.31 40 

  Ferox trout 0.13 62 0.25 71 

Loch na Sealga Invertebrate feeding trout 0.30 34 0.22 23 

 Ferox trout 0.31 33 0.38 14 
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Location Parameter Chi sq df P 

Loch Awe Linf 14.49 1 0.001 

 
K 11.69 1 0.001 

 
t0 3.76 1 0.052 

Loch Rannoch Linf 31.48 1 0.001 

 
K 24.37 1 0.001 

  t0 1.66 1 0.198 

Loch na Sealga Linf 1.16 1 0.281 

 K 0.41 1 0.522 

 t0 5.97 1 0.015 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE III. Comparison of length-at-age, using Welch’s t-tests, in the first three years of 424 

growth and the last 3 years of growth between ferox trout and invertebrate feeding trout from 425 

the same lake system, based on the results of back-calculated size/data. Significant differences 426 

are highlighted in bold. 427 
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Lake Age t  df P 

Awe 1 - 3 years -6.32 146.08 < 0.001 

 
4 - 6 years -14.78 130.77 < 0.001 

Rannoch 1 - 3 years  0.88 236.09 0.38 

 
4 - 6 years  -3.05 252.37 < 0.01 

na Sealga 1 - 3 years  -0.32 81.55 0.75 

  4 - 6 years  -0.87 36.89 0.39 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Von Bertalanffy growth curves, on the first 6 years of growth, for ferox trout (●) 428 

and invertebrate feeding trout (○) from each study lake; (A) Loch Awe, (B) Loch Rannoch, 429 

(C) Loch na Sealga and the age structure of ferox trout (■) and invertebrate feeding trout (□) 430 

from each study lake; (D) Loch Awe, (E) Loch Rannoch, (F) Loch na Sealga. 431 

 432 
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