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SUMMARY

1. Recent proliferation of hybridisation in response to anthropogenic ecosystem change,
coupled with increasing evidence of the importance of ancient hybridisation events in the
formation of many species, has moved hybridisation to the forefront of evolutionary

theory.

2. In spite of this, the mechanisms (e.g. differences in trophic ecology) by which hybrids
co-exist with parental taxa are poorly understood. A unique hybrid zone exists in Irish
freshwater systems, whereby hybrid offspring off two non-native cyprinid fishes often

outnumber both parental species.

3. Using stable isotope and gut content analyses, we determined the trophic interactions
between sympatric populations of roach (Rutilus rutilus), bream (Abramis brama) and their

hybrid in lacustrine habitats.

4. The diet of all three groups displayed little variation across the study systems, and
dietary overlap was observed between both parental species and hybrids. Hybrids
displayed diet, niche breadth and trophic position that were intermediate between the two
parental species while also exhibiting greater flexibility in diet across systems.
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Introduction

Although hybrid offspring are typically considered
less fit than their parental taxa, numerous studies in
the last decade have highlighted the adaptive poten-
tial of hybrids, whilst others have demonstrated
ancient hybridisation events in the development of
many species (Arnold & Hodges, 1995; Bell & Travis,
2005). Consequently, hybridisation has moved to the
forefront of evolutionary ecology, and its role in
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speciation is receiving growing attention (Seehausen,
2004; Arnold & Martin, 2010; Nolte & Tautz, 2010).
However, the majority of studies to date concern
the genetic mechanisms that facilitate hybridisation
and molecular evidence of same (Schwenk, Brede &
Streit, 2008). While this is of key importance to
understanding the role of hybridisation in evolution,
the ecological interactions between hybrid offspring
and parental species often remain overlooked, partic-
ularly in vertebrate taxa. For instance, for a hybrid
genotype to gain a selective advantage, the corre-
sponding phenotype must be able to forage effectively
in habitats containing both parental species (Grant &
Grant, 1996). However, evidence to date of trophic
interactions between hybrids and parental taxa
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remains sparse (Costedoat et al., 2007). Such studies
are hindered by the relative infrequency of vertebrate
hybrid populations in nature (Scribner, Page & Bar-
ton, 2000), while the small number of offspring in the
majority of hybrid zones exacerbates difficulties in
obtaining meaningful sample sizes (Wyatt, Pitts &
Butlin, 2006). In spite of this, ecological investigations
are vital to provide an insight into the trophic
interactions between hybrid offspring and their
parental taxa, unravelling the mechanisms of ecolog-
ical hybrid vigour (Rosenfield et al., 2004).

Hybridisation is more frequent within the teleost
family Cyprinidae than any other family of verte-
brates (Scribner ef al., 2000). Various studies have
documented the occurrence of hybridisation among
several cyprinid species and genera across Europe
(Crespin, Berrebi & Lebreton, 2002; Costedoat et al.,
2005; Nolte et al., 2005). However, fish communities
found in Irish freshwater ecosystems contain an
abundance of cyprinid hybrids rarely seen elsewhere.
Following the colonisation of Irish freshwater systems
by invasive populations of roach (Rutilus rutilus L.),
hybrids were observed in all waterbodies containing
non-native populations of bream (Abramis brama L)
(Kennedy & Fitzmaurice, 1973). Hybridisation has
been recorded throughout the native ranges of both
species (Regan, 1911; Wheeler, 1969; Adams & Mait-
land, 1991), but rarely in significant numbers (Jeppe-
sen et al., 2000; Frear, 2002; Olin et al., 2002). The
hybrid zone in Irish waters is unique as the abun-
dance of roach x bream hybrids often exceeds those of
both parent species. Kennedy & Fitzmaurice (1973)
first observed roach x bream hybrids in Ireland and
estimated that hybrids accounted for 50% of the fish
community of one lake. Similar proportions (c. 40%)
were recorded by Fahy, Martin & Mulrooney (1988) in
Leixlip Reservoir, while more recent studies indicate
that such abundances occur throughout Irish lakes
(Kelly, Connor & Champ, 2008). Irish lacustrine
systems thus provide an ideal opportunity to quantify
the trophic interactions between roach, bream and
roach x bream hybrids.

Relative to other hybrid groups, the roach x bream
hybrid is comparatively well studied. Hybrids are
fertile and readily backcross with parental taxa,
although no evidence exists of F2 individuals in
natural populations (Yakovlev et al., 2000; Wyatt et al.,
2006). Recent studies of Irish hybrid populations have
indicated that the overwhelming majority of fish are

first generation crosses between female bream and
male roach, and while no evidence of second gener-
ation hybrids has been produced, significant rates of
back-crossing have been detected in certain popula-
tions (For details see Hayden et al., 2010).

Previous authors have reported similarities in diet
between hybrids and both roach (Fahy et al., 1988) and
bream (Cowx, 1983), although a recent account indi-
cated that hybrids may exhibit a broader trophic niche
than either roach or bream in eutrophic conditions
(Toscano et al., 2010). In spite of this, evidence of
trophic interactions within the hybrid zone remains
sparse, and this study is the first to incorporate a
multisystem sample design to investigate trophic
ecology. Furthermore, to determine the possible effect
of lake productivity on the ecological interrelation-
ships between parental species and hybrids, popula-
tions were sampled in mesotrophic and eutrophic
systems.

As true species are, in general, ecologically superior
to hybrids, it has been hypothesised that one of the
underlying facilitators of hybrid success is an ability
to utilise a trophic niche unoccupied by either paren-
tal species, thereby avoiding competition with eco-
logically adept true species (Seehausen, 2004). This is
particularly plausible in locations outside the native
range of the parental species, where they may not be
well adapted to all available food sources. Hence, the
principal hypothesis in this investigation was that
roach x bream hybrids, the progeny to two intro-
duced fishes, would utilise a separate prey resource
than either parental species. In addition to this
ontogenetic, temporal and spatial variations in diet
were investigated to identify the potential for niche
segregation between the three fishes.

Methods
Study sites

Sampling was carried out in four cyprinid-dominated
lakes in Ireland, two of which, Leixlip Reservoir
(4 km?, 53°21'N, 6°32’'W) and Lough Ramor (7.5 km?,
53°49'N, 7°03'W), have undergone cultural eutrophi-
cation (Toner ef al., 2005) and are dominated by roach
and roach x bream hybrids (Fahy et al., 1988; Toscano
et al., 2010). Fish stock assessments conducted in
Lough Ramor in 2005 using gill nets estimated
population sizes (number of fish per metre of net) of
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0.5 for roach, 0.1 for roach x bream hybrids and 0.001
for bream (Inland Fisheries Ireland, unpublished
data). The remaining two lakes, Lough Corrib
(63°27'N, 9°17’W) and Ross Lake (53°20°'N, 9°04'W),
are mesotrophic (Toner et al.,, 2005). Lough Corrib
(182 km?) consists of two geological basins, a lime-rich
lower basin and a silica-dominated upper basin which
contain different macrophyte and invertebrate com-
munities (Krause & King, 1994). Ross Lake is consid-
erably smaller (1.5 km?) and is situated on the same
limestone bedrock as the lower basin of Lough Corrib.
Fish stock assessments conducted in Lough Corrib in
2008 estimated density (number of fish per metre of
net) of roach as 0.24, roach x bream hybrids as 0.01
and bream as 0.003 (Kelly et al., 2009). Similar assess-
ments in Ross lake in 2007 estimated roach density at
0.4, hybrids at 0.1 and bream at 0.06 (Kelly et al., 2008).

Sampling

Fish and invertebrates were sampled from Lough
Corrib, Lough Ramor and Leixlip Reservoir in both
April and August 2006. Ross Lake was sampled
during April and August of 2007. Fish were sampled
using benthic gill nets set in the littoral zone in each
lake. A combination of Nordic multimesh monofila-
ment gillnets, 30 m in length, 1.5 m in height,
comprising of 12 equidistant, 2.5 m panels with
stretched mesh sizes ranging from 5 to 55 mm
(Appelberg, 2000; Holmgren & Appelberg, 2000),
together with larger multifilament mesh nets consist-
ing of eight, 20 m panels with mesh sizes of 50, 63, 76,
89, 102, 114, 127 and 165 mm (O’Grady, 1981; Roche,
1999) were used. Two sets of each net were set at
midday and retrieved the following morning. Where
possible, 40 individual roach, beam and hybrids,
encompassing the entire size range of each population
were sampled, although 0+ fish (under 5 cm in length)
are generally under-represented by these methods.
Fish were visually identified (roach, bream and
hybrids are clearly distinguishable), fork length was
measured (+1 mm), and subsamples of fish were
retained for dietary and stable isotope analysis.
Invertebrate sampling was conducted either imme-
diately prior to, or at the same time as fish sampling to
ensure comparable datasets. Prey items encompassing
three principal lotic food webs were collected: filter
feeding bivalves were selected to represent the pelagic
food web, gastropods, isopods and amphipods rep-
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resented the littoral food web and chironomid larvae
represented the profundal food web (Post, 2002;
Harrod, Mallela & Kahilainen, 2010). Littoral inverte-
brates and bivalves were collected using kick sam-
pling techniques, and an Eckman grab was used to
collect chironomid larvae.

Gut content analysis (GCA)

The digestive tract of fish was removed and preserved
in 70% ethanol for later dissection. Because of the
macerating effects of pharyngeal teeth, prey types
were divided into broad trophic groups, namely
molluscs, detritus, diptera larvae, trichopterans,
plant material, crustaceans, zooplankton, unidentified
insects and oligochaetes. The points method (Hynes,
1950) was used to estimate the relative abundance of
each group in the diet. Contents of the digestive tract
were spread over a Petri dish and the relative
proportions of each prey type were recorded and
scored as 16, 8, 4, 2 or 1, where 16 is most abundant
and 1 is present. The score for each food group was
divided by the total score for the individual to
estimate the proportion of each prey group in the
gut (Hyslop, 1980).

Stable isotope analysis (SIA)

Fish muscle tissue was excised from the dorsal flank
of each fish and frozen on site. For all invertebrate
groups included in the analysis, 3-7 individuals were
collected from stony, weeded and silted littoral
habitats in each lake and were ground together to
give a mean amalgamated value for that group in each
lake. Obtaining individuals from different microhab-
itats reduced the possibility of confounding results
because of the presence of a non-sampled resource.
Owing to the effects of water chemistry on isotope
values, separate invertebrate samples were obtained
from the two basins in Lough Corrib. Invertebrate
samples were stored in 70% ethanol, which has little
effect on 0'°C and 6'°N values (Syvéranta et al., 2008).
Molluscs were dissected from their shells and shells
discarded. Fish and invertebrate samples were oven-
dried (60 °C for 24 h) and ground using a pestle and
mortar. Sub-samples (1 = 0.1 mg) were removed from
the ground tissue and stored in pre-weighed tin
capsules. Stable isotope analysis was performed using
a Europa Scientific 20-20 Isotope Ratio Mass
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Spectrometer with a Europa Scientific Roboprep-CN
preparation module at Iso-Analytical Ltd (Sandbach,
UK).

As lipid stores are °C depleted (De Niro & Epstein,
1977), 5'3C values of fish muscle tissue were lipid
corrected to remove the influence of variable lipid
concentrations prior to analysis (Kiljunen et al., 2006).

Data analysis

Spearman rank correlations of the proportion of
zooplankton observed in the gut contents against fork
length for each fish taxon were performed to test for
an ontogenetic diet shift. The same test was carried
out between both §°C and 6N values and fork
length, to identify ontogenetic changes in trophic
position. Correlations were calculated using SPSS 10.1
(SPSS 2003).

A Bray—Curtis similarity matrix (Bray & Curtis,
1957) was created based on non-transformed propor-
tion GCA data. Subsequently, a four-factor PERMA-
Nova (PRIMER 6; Clarke & Gorley, 2006) was
performed on the data to test the effect of ‘lake
trophic condition” (2 levels, fixed), ‘site’ (4 levels,
random), ‘sample time” (2 levels, random) and ‘group’
(3 levels, fixed), with ‘site’ nested within ‘trophic
condition’, on variation within the dataset. PERMA-
NOVA is a nonparametric probability-based analogue
of analysis of variance between two or more groups
based on a distance measure, in this case the Bray-
Curtis similarity matrix (Anderson, 2001; Mcardle &
Anderson, 2001).

Levels of inter-group dietary overlap within lakes
were visualised using a multidimensional scaling
ordination (MDS) and dietary similarity was calcu-
lated using analysis of similarities (ANOSIM), per-
formed using the PAST statistical package (Hammer,
Harper & Ryan, 2001). Dietary niche breadth was
calculated using the standardised Levins index (f),
and values were compared using ANOVA. To ensure
comparable values, niche width comparisons were
standardised to the smallest sample size; where a
larger number of samples was available, a subsample
was obtained using random number generation.

ANOSIM was preferred to PERMANOVA for within-
lake analysis as it allows a direct comparison between
the results of gut content and stable isotope analyses.
As isotopic baseline values vary according to under-
lying geology and water chemistry, trophic interac-

tions between groups must be measured
independently in each system, and hence a PERMA-
NOVA-based approach was not best suited to this
analysis. A Euclidean distance matrix was created
from non-transformed ¢6'°C and 6"°N values for fish
analysed from all lakes, and ANOSIM was subse-
quently used to identify potential differences in
isotopic values between taxa.

The relative contribution of prey derived from the
littoral, pelagic and profundal zones to the diet of
each consumer group was estimated using the stable
isotope analysis in R (SIAR) Bayesian mixing model
(Parnell et al., 2010). Finally, a measure of isotopic
niche breadth was constructed based on the Euclid-
ean space occupied by a convex hull encompassing
the full distribution of isotopic values of each
species, standardised randomly to the smallest avail-
able sample size (Layman et al., 2007). Isotopic niche
breadth values were subsequently compared using

ANOVA.

Results
Gut content analysis

The most prevalent food items in the diet of all three
taxa were molluscs (note that because of the actions
of pharyngeal teeth, gastropod and bivalve shells
were often indistinguishable in gut contents) and
dipteran larvae (Table 1). However, in some cases
Spearman rank correlations revealed a significant
decrease in the levels of zooplankton consumed with
increasing fish size (Table 2). In Lough Ramor, such
ontogenetic variation was difficult to assess as bream
under 20 cm were absent from the sample. However,
a shift from zooplankton to an invertebrate-based
diet was observed in bream and hybrids in both
Lough Corrib and Leixlip Reservoir (Table 2). Roach,
while displaying a homogenous diet throughout
their size range in both these lakes, exhibited a
plankton-to-macroinvertebrate shift in Ross Lake and
Lough Ramor.

PERMANOVA of the gut content dataset failed to
identify significant variation between eutrophic and
mesotrophic systems or among all the lakes studied
(Table 3). Interactions tested within the PERMANOVA
reveal that although significant temporal variation
was observed in the diet, dietary overlap between
groups remained constant at each sampling time
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(Table 3). Levels of within-lake dietary overlap be-
tween species were high: MDS ordinations showed
little evidence of dietary segregation (Fig. 1), while
ANOSIM analysis revealed significant differences
between the gut contents of the three groups in only
four cases, each of which was countered by low R
values, indicating minimal dissimilarity (Table 4).

Dietary niche width measurements (Table 1) dis-
played no variation relative to the trophic status of the
study site (Fq10=0.86, P = 0.37). Niche breadth of
hybrids did not vary significantly from that of either
bream (F; 6 = 0.4, P = 0.5) or roach (F1 6 =5, P = 0.07),
although roach did display a significantly broader
niche than bream (F; 6 = 6.4, P = 0.04).

SIA — invertebrate baseline

In all lakes, invertebrate taxa could be distinguished
by their 6"°C values (Table 5). Invertebrate 6'°C
variation within a lake typically spanned 5-67,,
although chironomid larvae in Leixlip Reservoir were
considerably depleted in ¢'°C relative to all other
invertebrates. In Lough Corrib, the apparent influence
of geology was evident in the §'°C values of gastro-
pods: although little variation was observed between
the mean values of specimens from either basin, a
109, difference was recorded between the minimum
and maximum 6"°C values evident in both basins.
Similarly, the 6'°C values recorded for bivalves of
both basins spanned 6.59,,.

SIA — consumers

Ontogenetic variation in 6N, whereby values
increased with fork length, was observed in the stable
isotope values of all bream and the majority of hybrid
populations studied (Table 2). Ontogenetic variation
in 6'°C was less consistent across the sample: in
Lough Corrib, no significant variation was observed
in any group, while in Ross Lake both roach and
roach x bream hybrids displayed increasing 6'°C with
increasing fork length. A similar trend was observed
in the eutrophic lakes: roach x bream hybrids in
Lough Ramor and bream in Leixlip Reservoir exhib-
ited similar ontogenetic enrichment in 5'3C, while the
opposite trend was uniquely observed in roach
populations from Leixlip Reservoir. No variation
was observed between spring and summer isotope
values of consumers (ANosiM, R = 0.014, P = 0.1).
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Table 2 Spearman rank correlations comparing fish fork length (ontogeny) with proportion of zooplankton (Zoo) in the diet, and 6'°C

and 0'°N

Eutrophic Mesotrophic

Lough Ramor Leixlip Reservoir Lough Corrib Ross Lake

Zoo o13C SN Zoo s1C SN Zoo s13C SN Zoo o13C O1°N
Bream -0.1 -0.2 0.6** —0.4%* 0.5%* 0.6** —0.6** —-0.03 0.7** —0.4%* 0.2 0.4**
Hybrid -0.1 0.5%* 0.4%* -0.3** 0.2 0.5** —0.5** -0.05 0.7** -0.03 0.6** -0.1
Roach —0.4%* 0.1 0.2 -0.2 -0.3* 0.2 -0.05 —-0.06 0.02 —0.5** 0.6** 0.4**

Significant values are presented in bold.
*Significant difference of P < 0.05.
**Significant difference of P < 0.01.

Table 3 PERMANOVA examining the effects of trophic condi-
tion (Trophic), study site (Site), time and group on variation in

gut content

With the exception of bream and roach in Leixlip
Reservoir and bream and hybrids in Lough Ramor,
both of which were clearly distinguishable based on

Source df MS Pseudo-F  P(perm)  their isotope values, trophic overlap was observed
G » 15305 084 0.66 between both parental species and hybrids (Fig. 2). In
rou 8 3
Timep 1 99291 379 0.03 Ross Lake, bream and hybrids could not be distin-
Trophic 1 55195  0.96 0.54 guished statistically, while in the remaining lakes
Site 2 61283 235 0.10 significant levels of variation were countered by low R
Group x Time 2 14720 326 0.01 values (Table 3)
Group X Trophic 2 11049 1.21 0.30 ) ..
Time x Trophic 1 19234 076 0.65 Results of the SIAR mixing model revealed that
Group x Site 4 6792 157 0.16 although proportions of littoral, pelagic and profun-
Time x Site 2 22697 10.52 <0.01 dal prey varied between lakes, in each lake minimal
group x ?me x ;’r(’phlc i ggz; 1;(9) 832 differences were observed between the relative inputs
roup X Time X Site . . .
Residual 62 2158 from each source to each consumer (Fig. 3).
L. Ramor Stress: 0.15| |Leixlip Res. . Stress: 0.17
°
[ ] . i.
P o 50: . g ©
o.o og K ,.‘..Q oo .Q ° nU
00 & 9 o % ° @ o o
e, %o ?
o ,° C ° 0%8 °-° o ® o
] . o o o.. " @, <
u".'-.° a O, ¢ o0 oe .3' ‘o .
.:l".l. l’ o 05: 4 ¢ g & .::. &
L] 4 )
$ .,
L. Corrib Stress 0.17| |Ross L. . Stress: 0.2
. 0
L n'é‘ B
e e W % . P 4
° .eoi." .Mc° Dl?.lc" f‘b%r.l'
LA ) ;c?;o . et e :' EXY Fig. 1 Multidimensional scaling ordina-
. 009 % e % e ¢ tion (MDS) of Bray—Curtis similarity
¢ o 0" 0, - G oo LB fa matrix derived from gut content values of
o e * e i ‘o’ bream (black circle), roach (white circle)
%o . Oncii ° and roach x bream hybrids (grey circle) in
o . Lough Ramor, Leixlip Reservoir, Lough
Corrib and Ross Lake.
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Table 4 Measure of trophic overlap between each taxon in eutrophic and mesotrophic conditions

Eutrophic Mesotrophic

L. Ramor Leixlip Res L. Corrib Ross L.

GCA SIA GCA SIA GCA SIA GCA SIA
Bream—Roach 0.08 0.18%* 0.06** 0.56** 0.13** 0.07** -0.01* 0.08**
Bream-Hybrid 0.06 0.33%* 0.04 0.15** 0.02 0.14** 0 0.03
Roach-Hybrid 0.04 0.04* 0.05** 0.17** 0.04 0.12%* 0 0.12%*

R values detail results of ANOSIM analysis of gut content (GCA) and stable isotope (SIA) values, respectively. R = 1 indicates complete

dissimilarity.

Significant values are presented in bold.
*Significant difference of P < 0.05.
**Significant difference of P < 0.01.

Table 5 Stable isotope values for macroinvertebrates sampled in each lake

Bivalve Gastropod Gammarus Asellus Chironomid

s"°C 5N s"C SN s"°C 5N 5" SN 5" 5N
Leixlip -32.6 (0.5) 10.1(1.2) -27.2(3.3) 11 (0.8) -26.6 (3.2) 11.2 (3.2) -289 10.8 -44.7 (42) 19 3.7)
Ramor =321 (0.1)  9.9(0.05 -275(0.06) 103 (0.05 -26(0.9) 9.7(0.5) - - -34.5 (6.6) 7.6 (2.4)
Corrib (Upr) -30.8 (1.5) 8.1 (0.3) 29.1 (2.4) 8.7(0.2) -246(1.2) 93(0.2) -27.7 9.9 - -
Corrib (Lwr) -27.7 (1.3) 8(0.1) -26.7(1.9) 8.6 (0.3) -25(1.4) 81 -27.8 7.7 -25.6 8.2
Ross -33.9 (0.84) 7.58 (1.18) -29.1 24) 8.4 (0.2) —-28 (2.4) 7.66 (0.5) —29.1 (1.64) 8.67 (1.1) -32.4 (0.9) 9.8 (0.9)

Data presented are mean values of combined sampling events and microhabitats with standard deviation in parentheses.

The isotopic niche of each taxon was smaller in the
eutrophiclakes than the mesotrophic systems (ANOV A,
F110=123, P <0.01). No significant variation in
niche width was evident between roach and hybrids
(ANOvVA, F14=0.03, P=0.9) but, in all lakes, both
roach and hybrids exhibited a larger isotopic niche than
bream (Table 1).

Discussion
Trophic interrelationships

In all four lakes, regardless of trophic status, the diet
of roach x bream hybrids bore a remarkable similarity
to that of both parental taxa. There was no evidence to
support the principal hypothesis that hybrids
exploited a food resource that was not utilised by
their parental taxa. However, subtle differences in
ontogenetic diet shifts and niche dynamics of the
three groups illustrate potential trophic interactions
sustaining large hybrid populations.

Both stable isotope and gut content analyses
revealed large dietary overlap between bream and
roach in three of the four lakes studied. This is in

© 2011 Blackwell Publishing Ltd, Freshwater Biology, 56, 1723-1735

contrast to numerous other studies that have detailed
dietary segregation between bream, which specialise
on zooplankton and chironomid larvae (Van Den Berg
et al., 1992, 1994), and roach, which are generalists
often utilising a large trophic niche (Persson, 1983;
Svanback et al., 2008). Furthermore, dietary overlap
appears to be consistent across sampling periods.
Although temporal variation in diet was observed in
gut contents, considerable dietary overlap was
evident between the three groups during both
sampling periods. Similarly, the absence of such
variation in the stable isotope values, which provide
a longer-term indication of dietary overlap than gut
contents, indicates that seasonal variation in diet is
unlikely to be a defining characteristic of the studied
populations. Thus, the proliferation of hybrids in the
absence of niche segregation suggests a number of
hypotheses for the ecological success of hybrids in
these systems.

Firstly, an abundance of prey, readily obtainable by
all three groups, would make niche segregation
unnecessary (Matthews, 1998). Although no measure-
ment of prey availability was carried out, a scenario
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whereby roach, bream and their hybrids are feeding
on the same prey items suggests that prey is not a
limiting resource. As such, the intermediate morphol-
ogy of a hybrid is unlikely to confer an ecological
disadvantage. A similar situation is observed in
Galapagos finches (e.g. Geospiza spp.) where hybrid
progeny survive during wet summers when food is
plentiful but are largely absent in drier, leaner years
(Grant & Grant, 1996). Secondly, given that Irish fish
communities are depauperate relative to those within
the native range of both species (Wheeler, 1969;
Fitzsimons & Igoe, 2004), it is plausible that hybrids
in Irish waters may exploit a niche that would be
occupied by other taxa elsewhere, thereby avoiding
competition with their parental species should prey
becomes limiting. As juvenile fish were not sampled
in this investigation, the potential remains for niche
segregation between the three groups during the
sensitive first summer of life when mortality rates are
high and access to food for gape-limited larvae and

fry may be limited (Persson et al., 2000, 2004). The
limited number of roach x bream hybrids in other
European waters, including areas of similar environ-
mental conditions to Ireland but with a greater
diversity of cyprinid species, lends weight to this
hypothesis.

A third hypothesis concerns hybrid vigour and
combines these data and the observation of an
increased propensity of hybrid zones in areas novel
to both parental species. In such conditions, non-
native taxa may not be well adapted to the new
habitat; hence, the mixing of parental genomes in the
intermediate hybrid may provide the basis for a more
locally adapted phenotype. Similar instances of
hybrid vigour have been recorded many times in
other hybrid zones (Barton, 2001), and though this
may explain the apparent success of hybrids in
Ireland, it would fail to account for the paucity of
roach x bream hybrids within the native ranges of
both species.

© 2011 Blackwell Publishing Ltd, Freshwater Biology, 56, 1723-1735
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While these hypotheses may account for the success
of hybrids in the systems studied, differences in diet
observed between the groups, most notably regarding
niche breadth and ontogenetic diet shifts, may also
shed light on the role played by trophic ecology in the

maintenance of a large hybrid population. Although
our analyses excluded juvenile fish, it is apparent from
both gut content and stable isotope data that both
bream and hybrids exhibit an ontogenetic shift from
zooplankton to macro-invertebrates during their life

© 2011 Blackwell Publishing Ltd, Freshwater Biology, 56, 1723-1735
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history. Conversely, ontogenetic variation was not a
feature of roach populations. With the exception of
Ross Lake, no significant variation was recorded in
either the diet or isotope values of roach, although the
absence of individuals smaller than 5 cm fork length
(i.e. 0+ individuals) may be a factor (Persson, 1990;
Nunn, Harvey & Cowx, 2007). These results emphasise
the generalist ecology of roach in contrast to the more
specialised strategy of bream. Considering this, onto-
genetic variation displayed by hybrids may be a key
consideration in its ecological success. Such an ability
to specialise on prey items, allied with the large trophic
niche also observed in hybrids, conveys a flexibility in
diet absent from either parental species. As such,
hybrids may be best suited to obtain maximum benefit
from a situation of high prey availability.

Hybrid trophic flexibility was particularly evident
in the eutrophic systems. In Lough Ramor, bream
exhibited an extremely small isotopic niche and a diet
dominated by chironomid larvae, while roach fed on a
wide variety of prey types. Hybrids in Lough Ramor
exhibited a generalist ecology and wide trophic niche
similar to roach, while the diet of both included the
same prey resources as bream (see also Toscano ef al.,
2010). In contrast, in Leixlip Reservoir, where signif-
icant isotopic segregation was observed between
bream and roach, the diet of hybrids bore greater
similarity to that of bream.

Furthermore, in Leixlip Reservoir, a discrepancy
between the dietary and isotopic overlap between
bream and roach was observed, which may reflect the
potential influence of microbially derived carbon in
the stable isotope values of consumers and provides a
useful indication of the dietary potential of the
hybrids. Chironomid larvae sampled in Leixlip Res-
ervoir were markedly depleted in both 6'°N and 6'°C,
indicative of organisms utilising methane-derived
carbon (Grey et al., 2004; Harrod & Grey, 2006).
Isotope values of some bream, and to a lesser extent
hybrids, were similarly depleted relative to roach,
hence the isotopic segregation between the species.
However, this contradicts the results of the gut
content analysis, which showed that all three groups
were feeding on similar amounts of chironomids.
Only certain species of chironomid feed on microbi-
ally produced carbon, and it can be surmised that
bream and hybrids are feeding on these species while
roach are not. However, fish feeding solely on such
chironomids display isotope values further depleted

than that evident in Leixlip Reservoir (Ravinet ef al.,
2009), and it is likely that these species only comprise
a relatively minor part of the diet of bream and
hybrids, although crucially they are not consumed by
roach.

Niche breadth

The role of stable isotopes in providing a measure of
trophic niche has been an area of great recent interest
(Bearhop et al., 2004; Newsome et al., 2007). As they
provide a long-term representation of the diet, a
metric of niche width based on stable isotope ratios
has a significant advantage over one derived from gut
content alone (Dalerum & Angerbjorn, 2005). The joint
analyses performed here provide a valuable insight
into the relative benefits of both methodologies and
the pitfalls associated with studies based uniquely on
one method.

Isotopic niche size of each taxon was consistently
larger in the mesotrophic lakes than the eutrophic
waters, a trend not mirrored in the gut content
analysis. In all lakes, the variation in §"°N was quite
consistent, typically spanning one trophic level, and
therefore differences in niche size are because of
greater variation in 6'°C values. In Lough Corrib, the
increased 6'°C variation is probably due to the
presence of fish feeding in both the lime-rich and
silica-rich basins of the lake. Bivalve and gastropod
populations in both basins contained individuals with
markedly different 6'°C values, therefore a sample of
fish drawing individuals from both basins or indeed
individuals that feed in both basins would be likely to
be biased towards greater variation in ¢'°C.

Fish in Ross Lake displayed a range of ¢'°C values
far exceeding those recorded in the eutrophic lakes.
This was principally because of the presence of fish
considerably depleted in 6">C. As the minimum §"°C
values recorded for each taxon fell outside the range
of invertebrates sampled, these fish must be drawing
carbon from another, unsampled food source. This
may be accounted for by fish drawing on a microbial
source of carbon as was demonstrated in Leixlip
Reservoir. However, the absence of this signal in
bream populations, typically most likely to forage on
such prey, relative to roach and hybrids appears to
undermine such a hypothesis (Harrod & Grey, 2006).
A second possibility derives from the gut content
analysis which revealed that bream, roach and

© 2011 Blackwell Publishing Ltd, Freshwater Biology, 56, 1723-1735



roach x bream hybrids in Ross Lake consumed con-
siderably more plant material than was found in any
of the other populations. Although the particular
plant species in the gut were not identifiable, many
aquatic plants exhibit 6'°C values low enough to
account for the §'°C values observed in fish sampled
in Ross Lake (Keeley & Sandquist, 1992). Thus, it is
possible that a diet containing such materials would
lead to the observed depleted 4'°C values. However,
in such instances fish '°N values would probably be
similarly depleted, which was not the case for the fish
sampled in Ross Lake.

The situation outlined here does not resolve the
question of how an abundant population of roach X -
bream hybrids can co-exist in sympatry with parental
species. Future investigations will need to focus on
assessing the trophic dynamics of juvenile fish in
these systems. Understanding the relationship be-
tween the three fish groups during the first year of life
will be key to accurately determining the reasons for
the success of hybrids in Irish waters. In conjunction
with this, a series of tank experiments to determine
feeding behaviour of the three groups in a variety of
prey availability conditions would be of fundamental
benefit in assessing any potential ecological advanta-
ges of the hybrid phenotype.

The trophic dynamics of the roach x bream hybrid
zone does, however, highlight the conditions in which
an intermediate hybrid can succeed in sympatry with
its parental species. Numerous, previously cited,
authors have outlined the methods by which a hybrid
may be able to avoid competition by utilising a niche
unoccupied by its parental species. Our findings
highlight a novel hypothesis, supported across a
variety of lacustrine systems; in the absence of niche
segregation between the parental species, an interme-
diate morphology will not convey any significant
disadvantage to the hybrid.
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