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ABSTRACT

In England, freshwater angling is an important recreational pastime with substantial
sociaeconomic benefits, bus also a major introduction pathway for Roative fishes.

As recreational anglers often prefer targeting ldvgdied fishes, introductionsf non

native species have become an integral part of fisheries management practices to diversify
angler opportuties and increase satisfaction. However, these introductions were often
completed without full understanding of their ecological consequenudsading their
potential to develop invasive populations. To ensure management and policy measures
improve theangling experience without resulting in negative ecological consequences, it
is important to understand the ecological role of introducednatime fishes and their
interactions with native species. Of equal importance, however, is understanding angler
mativations and behaviours in their choice of angling for-native fishes, and their
perceptions of the consequences of their activities,cpgatly when catclandrelease

practices are widespread.

PikeperchSander luciopercavere introduced into openaters in England in the
1960s and subsequentlystablished populations that dispersed through many river
catchments. Due to their piscivory awcdrrespondingly high trophic positions, their
ecological impacts on prey fish populations are often considbtgdheir interactions
with and potential impact upon native lafigedied piscivorous fish remain relatively
poorly understood. Here, teeolaical interactions ofthe native pikeesox luciusand the
invasive pikeperchn England were quantified, includintheir life history traits, size
structured feeding relationships, and their trophic and spatial interactions. For anglers
who exploit these gecies, their recreational interactions were assessed, including their
behaviours in relation to their catamdrelease activity, and their motivations and
perceptions in relation to their angling experience.

The results demonstrated that the expresstguikeperch life history traits vary
spatially, and may be explained partially by latitude. Stable isotope endly\)
revealed that tissues collected natestructively can be eliably applied to diet
assessments in piscivorous fish and are a usefulinoproviding assessments of size
structured feeding relationships between native and invasive piscivorous. fishe

Assessments of ontogenetic dietary shifts on the trophic position and niche size of pike



and pikeperch revealed a switch to piscivory atllEm#&ody sizes in pikeperch and a
partitioning of resources across both insectivorous and piscivorous lifes stadp@th
species. Additionally, the presence of marine resource pathways from angling baits and
anadromous fishes to the diet of pike wereesded to be as a function tifeir spatial
availability, pike body size, and individual trophic specialisatiods.telemetry study
revealed movement variability within species and that increased movement was
associated with spawning for both pike and pétep, and highlighted the potential
importance of limited ofthannel habitat in a channelized lowland river \whigas

important to pike all year and tokgiperch in winter and spring.

Qualitative interview and quantitative survey methods found thatinvesive
pikeperch is a valued fishery target species, with the experiences of anglers targeting non
native speciesnfluencing their perceptions on the ecological impact of introductions,
such that they were seen as not causing adverse ecological idgditionally, angler
conservation values towards native fishes were also reflected in their behavioural
safeguardig of pikeperch populations, especially catsitdrelease practices that are
contrary to currentegulations on pikeperglsuch that 94% ofusveyed predator anglers
reported to always adopting catahdrelease practices for pikeperch despite it being

illegal in England to release the species back into open waters after capture.

In conclusion, these results suggest that there remains a cabgddisjuncture
between the views of many recreational anglers and the underlying legislation governing
the introdiction and keeping of nemative fishesandthat for species such as pikeperch,
their integration into native fish communities and widesprafispersal requires

management measures that consider their ecology, ecological impacts and angling value.
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Chapter 1

1 Introduction

1.1 Overview

The focus of this introduction chapter is to present the mamtepts and to outline the
rationale of the research, the study species, the study system and the aims and objectives.
Following this, data chapterkapters 2 tacChapter 8) are presented and the thesis is
concluded withChapter 9 which discusses the imptions of the research. The data
chapters are presented according to an integrated thesis format whereby each chapter
standg as an original and complete piece of reseaftiey are presented as either the
actual published peeeviewed paper or as a mestript suitable for subms&on to a

journal. This format has been chosen as it provides flexibility around the types and
numters of papers that could becluded in the thesidlote,however that thefigures and

tables are listed sequentialthroughout the document and a reference lisbngy
provided at the endf the thesis in order to improvke readability of the thesand to

avoid the repeated citing of some references.

1.2 Freshwater angling and sustainable fisheries management

Across irdustrialised countriegarticipation in recreational fishing is at approximately
10.5 % of the total populatiofArlinghaus et al. 2015)where thedefinitions of
recreational fishingoverany fishing of aquatic resourcésat are not sold or otherwise
traded(Arlinghaus and Cooke 2009%re not essential for surviv@ooke, Arlinghaus, et

al. 2016) and as a goabrientated behaviour taneet individual satisfaction needs
(Manfredo et al. 1996, Arlinghaus and Cooke 20@®gshwater recreationadr6 s por t 6
fishing is primarily by rod andine methodsand is thus often referred to as angling,
wherea large proportion ofhe catchis releag dcatcéhrandrelease (Arlinghaus et al.
2007) Participation in freshwater angling can have considerable-soommomic benefits
with, for example, it involving the licensing of over one million anglers per year in
England and Wales who contribute appnoxtely £1.2 billion to the economiMawle

and Peirson 2009, Winfield 2016)loreover, there are a range of socm@lltural and
health benefits derived from angling which make the activity important for human well
being(Hickley and Tompkins 1998, Arlinglus and Cooke 2009, Parkilla et al. 2010)
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Recreational freshwater fisheries are extensively manageihcrease rgler
satisfactionand this managemeaictivity should also safeguard fish stocks and ensure
sustainable exploitatioCowx 1998, Arlinghausteal. 2002, Post et al. 2002, Cowx and
Gerdeaux 2004)However, recreational angling activities are responsibiesdibstantial
impacts on freshwater aquatic resources through, for example, thexpleitation of
fish stocks, habitat destruction and tinéroduction of nomative speciegPost et al.
2002, Cooke and Cowx 2004, Cooke, Hogan, et al. 20Edjective fisheries
managementhus requireboth the human and ecological dimensions of recreational
fisheriesto beconsideed ascomplex, coupled sodigcological system@enichel et al.
2013, Hunt et al. 2013, Arlinghaus et al. 2016, Winfield 2026major obstacle is,
however, a lack of consideration of angler dynamics in reconciling recreational fishing
activities with their potential conservatiamonsequencegArlinghaus 2006a) This is
surprising considering thathe future of recreational angling is @ggent upon
sustainable management practi¢&dinghaus et al. 2016which in turn is dependent on

angler buyin to issues of conservation conc¢Cowx et al. 2010)

1.3 Introductions of non-native fish

A frequentmanagement goal in freshwater fisherigs$a diversify agling opportunites,

with this often achieved through the movement or transfer ofnatine fishegHickley

and Chare 2004)Globally, enhancing angling with nemative fish has been responsible
for approximately 12 % of all fish introductior{&ozlan, Britton, et al. 2010gnd in
England, a demand in the angling sector for capturingnadine fish has led to an
increase in thefrequency and occurrence of introductio@Gopp et al. 2010)
Introductions of nomative fishesare often made without full understanding or
recognition of the risks they may pag&ucherousset and Olden 20Ehdtheir potential
threat to native biodiveity (Gozlan, Britton, et al. 2010)Such introductions can, for
example, result in the establishment of invasive populatngon, Cucherousset, et al.
2010, Gozlan, Britton, et al. 2010)nvasion is defined as a process in which an
introduced spees has established populations that spread rapidly and pose a risk to
native specie¢Gozlan, Britton, et al. 2010Although only a minority or introductions
may become invasive, management measures to minimise their dispersal and impacts
pose significanthallengeqBritton et al. 2011, Oreska and Aldridge 2011)
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A feature of many of thesmtroducedfishesfor angling enhancemerns their
large body size and relatively high trophic posittbat results frontheir piscivory (i.e.
their predation upon ber fishes) (Eby et al. 2006)which have the potential to cause
substantial shifts in foedeb structure via tepown mechanismgEby et al. 2006,
Nowlin et al. 2006, Pelicice and Agostinho 20080gler preferencefor catchingfish of
large bodysizes to meet specific catch motivatior{fBeardmore et al. 2014)as resulted
in both regulated andnregulated releases of large bodied,-native predatory fishes
(Hickley and Tompkins 1998, Elvira and Almodovar 2001, Banha et al. 2B&@jnples
of speies thathave been moved specifically for angling enhancement globally include
Peacock basses of tl@chla genus(Britton and Orsi 2012)European catfisiBilurus
glanis (Copp et al. 2009, Cucherousset et al. 204M) largemouth badslicropterus
salmoices (Britton, Harper, et al. 2010)hese introductions have been associated with
the local extirpation of native species and changes to the functioning and structure of
invaded freshwater ecosysteifflicice and Agostinho 2009, Juette et al. 2014, Pereira
and Vituke 2019)

1.4 Pikeperch Sander lucioperca

In England, an example of a largedied, piscivorous nenative fish that has been
introduced into a number of regions for angling enhancement is pikegenctier
lucioperca (referred to as zander Wgritish anglery. Pikeperch has a native range
extending throughout much of Europe, from Germany in the West to Central Russia in
the East Figure 1, Maitland 2004), with their invasive range now including France,
Spain, Portugal ahGreat BritainFigurel, Elvira and Almodévar 2001, Kopp et al. 2009,
Ribeiro et al. 2009)This species was first introduced into Britain in the laté C&ntury,
restricted to enclosed pon@Sachs 1878until they were released into the River Great
Ouse relief channel in Ea&sth England in the 1960&igure 1, Wheeler and Maitland
1973) Here, their colonisation and dispersiatough river systemwas rapid(Linfield
andRickards 1979, Fickling and Lee 1983, Hickley 19&8@j}h the resulting invasion of
many river basins in central and southern England, including the Trent, Severn and
Thames basins, and much of the canal netwBidgure 1, Copp et al. 2003, Nunn et al.
2007)
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During their colonisation period, studies tended to focus on the padtentia
ecological impact of increased predation pressure to native fish commu@tges
Linfield and Rickards 1979, Fickling and Lee 1983, Hickley 1386jth 1998 Smith et
al. 1998) It was generally perceived that pikeperch posed a significant ecolagicdue
to their potential for deleterious impacts on the abundance and structure of prey
populations, with anglers encouraged to kill any captyséaperch and removal
operations by fisheries management agenoesgcommon(Hickley 1986, Smith et al.
1997) However, given the propensity of anglers to enjoy angling for Hlaogked
piscivorous fish(Cowx 1994, Hickley and Chare 2004hen rather than assisting with
their control, anglers were more likely to have facilitated pikeperch dispersal through

illegal translocationg¢Hickley and Chare 2004)

Pikeperch are among the top prieda in many freshwater systerasd as a direct
result of their predation can have major impacts on the population dynamics of prey
(Persson et al. 1991, Doérner et al. 200vi)h their introductionshaving the potentiato
have severe and long lasting effe@slsson 2001) In addition to these direct impagts
the responses of prey populations to pikepeitinoduction include a variety of
behavioural and phenotypic changleat result from the predatarduced modification of
prey traits, including decreased foraging activity andifi shhabitat selectior{Holker
and Mehner 2005, Hoélker et al. 200® addition, the response of resident piscivorous
fishes to pikeperch troductioncanconsist of complex interactions thatludeindirect
effects of the trait mediation of prey spesiSchulze et al. 2006)

1.5 Ecological interactions ofnative and invasivepiscivorous fishes

Predictions that indicate whether an introducpdcgesis likely to develop an invasion
are fundamental to therisk-basedmanagemen{Copp et al. 20142016) For example,
the expression of life history traits can help explain invasion patterns and profésses
Gispert et al. 2005, Olden et al. B)Qwhile trophic interactions and activity patterns
between native and invasive fishes can be importantpfedicting the ecological
consequences of invasioffSuzzo et al. 2013, Britton et al. 20180d in revealing the

adaptability ofsympatric nativeand invasivespecies to anthropogenic chang€sapra et

5
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al. 2018) In Britain, the only native largbodied obligatepiscivorous fish is the Northern
pike Esoxlucius( 6 p i k e 6, Figueer2(@)aHoweeer, the extent of the interactions of

native pikeand invasivepikeperchis largely unknown.

Figure?2. (a) pikeperclSander luciopercand (b) pikeEsox luciuscaught from the lower

River Severn, Western Englarféike image used with permission from Paul Thomas

Invasivefishes lave a combination of characteristics that determine their success,
including their lifehistory traits and adaptabilitfRibeiro et al. 2008)Populations of
species outside of their native rangean show increased growth rates but smaller
asymptdic sizes due toclimatic conditionsthat are suboptimal for growttVilizzi and
Copp 2017)The ability of native and nenativefishesto coexist is facilitated by trophic
plasticity that enables their diets to becomere specialised when in sympatry, thus
avoidng competitive interactions via resource partitioning, including the segregation of
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food resources and/or habi{&@chulze et al. 2006, Comte et al. 2016, Guzzo et al. 2016)
For pike and pikeperchcompetitive inteactions are more complex, given thatitrearly
life-stages are insectivorous before switching to pisciydtijtelbach and Persson 1998)
andthattheir predatoiprey interactions arsizedependen{Nilsson and Brénmark 2000,
Dorner et al. 2007)Additionally, individual trophic specialisatiois acommon feature of
manypiscivorous fishesncluding pike whereby the population trophic niche consists of
smaller suksets of individuals specialising their diet on specific resources or energy
pathways(Beaudoin et al. 1999, Bolnick et al. 2002hat canbe independent of body
size and growth{Nyqvist et al. 2012)The adaptability of invasive piscivores can also
extend to their foraging and spawning behaviour such that they may be less likely to be
affectad by habitat degradation, increasing paratures or fragmentation comparison

to native fishegCapra et al. 2018)

1.6 Angler behaviour, perception and management

As recreational angling is a key introduction pathway for-native invasive
fishes, it is important to nderstand the behavioursjotivations and perceptions of
anglers that contribute to these introducti¢Banha et al. 2017, Rees et al. 201r)
addtion to angler releases of pikeperch into open waters in Engléinkley and Chare
2004) pikeperch fishing in England is also liketo be based on cat@ndrelease
practices (i.e. fish are returned alive to the water following capture), despite atoegul
framework that makes it illegal to release captured pikeperch back into open waters
(Hickley and Chare 2004Motivated by diferent aspects of the angling experience,
anglers can have divergent opinions relating to catubrelease practicefAas ¢ al.

2002) with these differences often resulting in behavioural conflicts @&cbnghaus

2007) For example, reglers specialisig on fishing for largéodied predatory fishes can

be defined agspecialisbanglers where their focus is on catching a particular species or

on catching a large individua@l s peci mend o(Edenband Begr l2QLDForf i s h
specialist anglers;atch notivationsare consideredmongthe most important driverof

angler behaviou(Beardnore et al. 2011andareseen to be a significant determinat

angler satisfaction(Arlinghaus 2006b, Beardmore et al. 201When anglers are more
generalist in theifishing behaviours u ¢ hmaatsc h6d6 angl er s, who comp

i n an attempt to catch the | argest weight

7
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where the overall fishing experience is importdfden and Bear 201lthenreleases of

preddory species male in confict with their fishing motivations.

In addition, energing research on perceptions can be used for assessing,
informing, and gauging support for conservation initiatives and pdl@gicich and
006 Ke e f f. nde@d@ssesgmentsf angler perceptions relag to introductions have
been successfully used for optimizing awareness campdignggren 2006)and
improving management and governan@oone and Ryder 2017)n the UK, angler
perceptions on the ecological threat of matives werefound to bebased on a perceived
threat to their angling activity rather than on the greatest ecological {ezan et al.
2013) Therefore it isessential to further understandings on bledaviour of specialist
predator anglers, particulgrin relation to catckandrelease, to understand their values
and motivations and their perceptions of the ecological consequences of pikeperch

introduction

1.7 River Severnbasin, Western England

The River Severnbasin in the west of England has been attarssed by two major
introductions of nomative fish in the last 60 years, European baBazebus barbusand
pikeperch The translocation of the nendigenousharbelinvolved the release &09fish
into the middle reaches of the Severn in 1956, widgsehfish taken from the River
Kennet (Thames basiA\ntognazza et al. 2016]hese fish subsequently established and
have since dispersed throughout the bg&aotmann Roberts et al. 201 Rikeperch
introduction into the River Severn basiras most likg} a result of illegal stockingand
have been present the River Severrfor over 40 yeargHickley 1986) Thus, the Severn
basin provides a strong model st for studyinginvasions of relatiig large-bodied
nonnative fishesThe Severn basin catchmealiso providesatural variability in habitat
typologies with tributaries (e.g. the Warwickshire Avon) and impoundedimpaunded
sections providing natural experimental scenaffomat Trigo & al. 2017) In the lower
River Severn and Warwickshire Avohothpike and pikeperclexist in sympatry, along
with barbe] plus other cyprinid species including ch8qualius cephalysoachRutilus
rutilus, common breambramis bramaand percHPerca fluviatilis. The piscivoouspike

and pikeperctare popular tamt species for angling, with the British rod caught record of
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pikeperchbeing caught from the lower Seveneighing approximately 10 kgAngling
Trust 2018) These river sections provide a mbwpportunity to study the population
dynamics and ecology obexisting native and invasive predatory fish within a diverse
fish community. In conjunction, the rivers as also providaccess to an important
pikeperchand pikefishery andthe opportunityto understand the behaviounsotivations

and perceptions®f anders who target for these fishes, providing fundamental insights

into the social ecological dynamics of recreational freshwater fisheries.
1.8 Aims and Objectives

The research aim is fguantify aspects of the ecology of invasive pikeperch in England
and thé& interactions with the native pike in both an ecological and recreational angling
context. The objectives are to test differences in their ecological and behavioural traits,
and thei role in recreational fisheries. The invaded lower River Severn bmsised as

the primary study area. The exceptions of this are in Chapter 2, where pikeperch
populations are compared across their native and invasive ranges, Chapter 3, where the
diet d pikeperch is quantified from the Grand Union Canal, and Chapter 8ewangler
behaviours, motivations and perceptions are investigated across England. Each data
chapter has its own set of aims and objectives, as follows:

Chapter 2: to determine the $ph patterns and drivers of pikeperch growth by
synthesising data on élf somatic growth rates from across their native and invasive

ranges via a combination of field study and literature review.

Chapter 3: to develop netestructive sampling techniquésr dietary assessments of
fishes that are important to recreationaichaandrelease fisheries by comparing stable

isotope signatures across multiple tissues and to stomach contents analysis.

Chapter 4: to assess the influence of ontogenetic dietdty sh the trophic interactions
of native and nomative freshwater ptsvorous fishes by assessments of isotopic niche
size and position across insectivorous and piscivorous life stages of both pike and

pikeperch in an invaded river catchment.
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Chapter 5to predict the contributions of novel marine prey resources fromngngid
anadromy to the diet of pike across varying size classes and locations using stable isotope

analysis

Chapter 6: to assess the activity patterns and habitat use of native mndtise
piscivorous fish in a channelized lowland river by a telemsttrgly of pike and pikeperch

in the lower River Severn.

Chapter 7: to evaluate angler behaviours and motivations and how they translate into
behavioural practices and perceptions comog the management and regulation of
native and invasive predatory liis particularly in relation to their cat@ndrelease
activities by indepth interviews with anglers of the River Severn catchment, Western

England.

Chapter 8: for anglers that tatgeative and invasive predatory fishes in England to
evaluate their belv@ours, motivations and perceptions of the ecological impact and
management of pikeperch and in relation to different levels of angling commitment,

experience and behaviour, asseshkealgh targeted surveying techniques.

Chapter 9 then provides a syntlsesf the main findings of Chapters 2 to 8.

10



Chapter 2

2 Variability in the somatic growth of pikeperch Sander luciopercaan invasive

piscivorous fish

2.1 Abstract

Introduced fishes can develop invasive populations that impact native species and
ecosystems. Understandithe population ecology of introduced spedetheir extended
ranges and how this compares to their native ranges is therefore important for informing
their management. Here, the age and somatic growth rates of the piscivorous freshwater
fish pikeperchSander luciopercavere analysed across their invasive and native ranges to
determine their spatial patterns and drivers. Analyses were initially completed in their
invaded range in central and western Enghaitth populationsvarying spatially in their
growth ratesbeing sowest for a population in a narrow and shallow canal and fastest in a
large, impounded lowland riveA metaanalysis of parameters of the von Bertalanffy
growth model then revealed that across their native and invasive ranges, thetidaleo
ultimatel engt hs (LB) and growth coefficients
but not longitude. Their relationships with latitude were-hiear, with higher values of

LD and | ower values of K b e i nsgutherly range n t
limits. Faster growth rates were evident in the middle of their range (45 to 55 °N),
suggesting temperatures here were most optimal for growth, but were in -affradi
reduced ultimate lengths. These spatial patterns suggest thstt wtidducedpikeperch

can colonise new waters across a wide area, the expression of their life history traits will
vary spatially, with potential implications for how invasive populations establish and

integrate into native fish communities.

2.2 Introduction

Introductions © nonnative fishes can potentially result in the establishment of
sustainable populations that naturally disperse and inf@delan, Britton, et al. 2010,
Cucherousset and Olden 2011¥hilst only a small proportion of introduced fishes
develop invasionsthese fishes can have substantial impacts on native sgédekn,
Andreou, et al. 2010, Gozlan, Britton, et al. 20E)r piscivorous fishes, impacts tend to
be via predation with, for example, invasive largemouth hassopterus sémoidesand

peacek basses of th€ichla genus having deleterious impacts on native species richness

11
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and fish abundancéGratwicke and Marshall 2001, Pelicice and Agostinho 2009)
Managing the impact of invasive fishes in open systems is challeBnitton et al.
2011) so predictions that indicate whether an introduced species will develop an invasion
are fundamental to their managemé€@bpp et al. 2014, 2016Fpatial assessments of
somatic growth rates assist these predicti@rgton, Harper, et al2010) especialf as
growth rates can be a strong proxy of other life history t{@tgugi et al. 2011)The
expression of life history traits can help to explain invasion patterns and processes for a
number of nomative speciegVila-Gispert et al. 208, Olden et al. @06), particularly

when related to abiotic parametéBenejam et al. 2009 hese patterns have also helped
highlight the regions that are most vulnerable to invagiBibeiro et al. 2008,
Cucherousset et al. 2009)

PikeperchSander luapercais a largebodied piscivorous freshwater fish with a
native range extending throughout much of Europe, from Germany in the West to Central
Russia in the EadiMaitland 2004) The major driver of pikeperch introductions and
translocations has beeretldiversificationof fish assemblages to increase sport angling
opportunities(Hickley and Chare 2004)Their popularity for angling has resulted in a
series of regulated and unregulated releases across Western Europe, with their invasive
range now includig France, SpairRortugal and Great Britai(Elvira and Almodovar
2001, Kopp et al. 2009, Ribeiro et al. 2009) Britain, the first recorded pikeperch
introduction was in 1878, when individuals of German origin were stocked into enclosed
waters in the Bst of England(Hickley 1986) Subsequent translocations to Eastern
England occurred during the 196(Q@/heeler and Maitland 1973and it was these
releases that lead to their establishment and invadioriield and Rickards 1979,
Hickley 1986, Copp et al2003) Repors of anglers capturing individuals from other
catchments became widespread throughout the {9Vidseler 1974, Hickley 1986)vith
self-sustaining populations now present throughout central and western E(tShaitial et
al. 1998, Copp et a2003, Nunn eal. 2007)

Latitude can have a significant influence on the life history traits of freshwater
fishes(Blanck and Lamouroux 2007jnostly via spatial differences in temperature and
light intensity(Heibo et al. 2005, Rypel 2012Tonsequentlylatitude is ¢ten used as an
explanatory variable in assessments of life history trait variation over large spatial scales.

12



Chapter 2

This includes fishes in their European invasive range, where growth rates for invasive
fishes tend to significantly decrease witticreasing latude (Benejam et al. 2009,
Cucherousset et al. 2009Although used less often, assessments of longitudinal
variability in growth rates can also provide insights into how growth varies spatially
(Britton et al. 2013) For pikeperch, many dlies have beewmompleted on their life

history traits, including growth rates (eg.gaszczyk 2000, Copp et
Yil maz 2004, Logys 20 Hotever,Ahespisiudies bave been a |
primarily associated with stock assessment and aquaculugreNigerg et al. 1996,

Balik et al. 2004, Nyinavamwiza et al. 2005¢ z v ar o | a n.dhetr¢ kas beer2 0 0 8)
much less focus on their spatial variability in growth paramdtdikardi et al. 2011,
PérezBote and Roso 2012and how their age range and stimgrowth rates might vary

across their native and invasive disttibns. This is despite the ecological and
management utility of these data for assisting invasion risk assessments across their

invasive rang€Copp et al. 2014, 2016)

Consequently, thaim here was to synthesise data on pikeperch somatic growth
rates fran across their native and invasive ranges via a combination of field study and
literature review. To initially test how invasive pikeperch growth rates vary between
populations at smallstial scales, a field study focused on invasive populations iratentr
and western England. To then test how pikeperch growth rates vary across their native
and invasive European ranges, a nagtalysis tested spatial patterns in their somatic
growth rateparameters across their entire range. As per patterns for othsiventishes
(e.g.Benejam et al. 2009, Cucherousset et al. 200%as predicted that latitude would
be a significant predictor of pikeperch growth rates, with decreased growth rétes wi

increased latitude.

2.3 Methods
2.3.1 Field study sites

The field study wasnainly focused on the River Severn basin in central and western
England. In this basin, the distribution of pikeperch is restricted to the Warwickshire
Avon (52.0874 N, 1.9481 W), the lew River Severn, generally below the city of
Worcester (52.3664 N, 2043 W), and the Gloucest8harpness Canal that is connected
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to the Severn estuary at its downstream end (51.7249 N, 2.4733 W). In addition, the
Grand Union Canal has hydrological cont@t with the Warwickshire Avon and has
invasive pikeperch present.nAarea of this canal close to its connection with
Warwickshire Avon was thus also sampled (52.2287 N, 0.9159 W).

A common feature of these invaded waters is that they are heavily sztjtdat
navigation; the Severn and Warwickshire Avon are impoundedakiigation weirs, the
Grand Union Canal comprises of series of locks to overcome changes in the gradient of
the surrounding land and the GloucesSéarpness Canal was constructed spgciat
navigation of goods into Gloucester docks. However, the wadiffes considerably in
their other features. The lower River Severn is up to 40 m in width, with depths to 4 m
and is subject to regular winter spates when levels can increase by 5em. Th
Warwickshire Avon is generally of widths to 25 m and depths to 8na,although also
prone to floods in winter, these tend to be much less severe than the Severn. The Grand
Union Canal is generally no more than 15 m in width with depths rarely excezdmg
and flood events are rare, whilst the GlouceStearpness cah& unusually broad and
deep for a British canal, being approximately 25 m wide with depths to over 5 m.
Pikeperch were confirmed as present in the Warwickshire Avon in 1976, the |loeer R
Severn in 1980 and the Grand Union Canal in 1@#idkley 1986,Nunn et al. 2007)

There is no specific evidence over the timing of their introduction into the Gloucester
Sharpness Canal or whether it was from angler releases or, perhaps more, unatkedy
dispersal via the Severn estuary, although mixohaline svéi@ve been suggested as a
potential dispersal route for pikeperd@rown et al. 2007)

Growth data on these populations was then supplemented by data on the age and
growth rates ofpikeperch from the River Great Ouse system (52.3276 N, 0.1769 W).
With a atchment area of approx. 8600 %rthe River Great Ouse is one of the largest
river basins in England and, in the area of sampling, consiséshefvily modified,
impounded and redated river channel of 20 m width and depths to 2 m, with the flow
regulaed by numerous sluisefor drainage and flood reli€Pinder et al. 1997)The
rationale for including pikeperch from here was that the fish of the Severn and Great
Ouse system allrinated from the same original stock that was introduced into Eastern
England in 1878 Copp et al. 2003)Thus, the inclusion of the Great Ouse data utilised
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fish of the same genetic lineage to the Severn and represented another population from an

impourded and regulated river channel.
2.3.2 Field sample collection

The age and grolWwtanalyses were completed on data obtained from scales collected from
pikeperch, as scales provide a consistent and reliable method for age and growth rate
analysegqBritton 2007) The habitat characteristics of the River Severn, Warwickshire
Avon ( W Nacwerc k shire Avonod) and Gl oucester
sampling for pikeperch using typical sampling methods were generally inefficient and/ or
unfeasible (e.g. electric figiy, seine netting, fyke netting). Thus, scale sample collection

was primaily via catchandrelease angling. This was facilitated by the Environment
Agency, the inland fishery regulatory body of England, who established a network of
anglers within the Rier Severn basin. Participating anglers recorded their catches and
were traned in the collection of scale samples. Correspondingly, from 2014 to 2017,
anglers collected scales (3 to 5 scales per fish from the area below the dorsal fin and
above the laterdine) from captured pikeperch, with additional recording of the location,

date of capture and fish fork length (FL, nearest mm). Additional scale samples were
collected using seine netting techniques withirabfannel boat marinas. For the Grand

Union Canal, scales were collected from pikeperch in April 2017 where samplirty use

boat mounted electric fishing. In addition, some data were available for pikeperch from

an upstream site on the Warwickshire Avon, where electric fishing was completed in May
2000 6 Mi ddl e War wi ckshire Avono; 52.1894 N,
sampled by seine netting in August 2003 and 2005.

2.3.3 Age and growth determination from scales

Scales were aged on a projecting microscope (x10 to x48 magnification). Ages were
determined by <counting of annual growt h
identified as the transition between two uninterrupted zones of closely and widely spaced
circuli. In order to minimise error in age estimations, a confidence scoring system was
utilised. In this system, the age estimate assigned a score of 1 or 2, whéradicated

relatively high confidence (e.g. scales with clearly defined annuli and higtintgrin the

age estimate) and 2 indicated reduced confidence (e.g. scales with poorly defined annuli
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and high age estimate uncertainty). Scales which were assignscore of 2 were
excluded from subsequent analyses to minimise the probability of uatagbdsed on

low ageing accuracy. Following their ageing, scales were measured for their scale radius
and the distances from the scale focus to the first, secoddliast annulus. These
measurements were converted to baakulated lengths using the Fretee back

calculation equatiogFrancis 199Q)

<l <

0 & 0 @

WhereLc is the fish body length at captui®i,the mean scale length annulusi, Scthe

mean scale total length ands the intercept from the regression of body length on mean

scale lengthBack calculated lengths enabled the growth increment between age 1 and 2

to be determined (i nter pandthebdck eakulatethlengtld j uv e ni
at the last annulus (i.e. hatching date calculated as April accordlregpppalainen et al.

(2003)which provided a length at age that was not biased by sampling date).

2.3.4 Growth rate analyses of scale data

The age and growttiata from the scales were analysed in two ways. First, latgthe
data were fitted, using ndmear, leassquares regression, to the von Bertalanffy growth

model,
Ly = L[] — al-®i-iudly

herelLt is length at age, L Dis the asymptoti¢tength K is the rate fawhich the curve
approacheds Pandtp is the theoretical age of the fish at zero length. 9860ifidence
limits for von Bertalanffy growth parameters were obtained bypamametric bootstrap
resampling over 10,000 iteration&his provided estimated vada ofL B, ando.

Secondly, analysis oftandardised growth residuals compared the pikeperch
growth rates across the field sampling site:s
where the juvenile growth data were not available). The analyses weptetednusing
both lengths at the last annulus and the juvenile growth{Bai@rdsley and Britnh 2012,

Amat Trigo et al. 2017)For the juvenile growth ratéhe mean length increment (i.e. the
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backcalculated length difference between 1 and 2 yearsya@ibpopulations was used

to calculate the residuals, taken as the difference between thieuradi length increment

of each fish and the mean length increment. For lengths at the last annulus, residuals were
calculated using modelled length values,aated by fitting the backalculated length at

last annulus to the von Bertalanffy growth modetoss all populations. The residual
value of each individual fish was then calculated as the difference between its modelled
and observed value. The standaedizesidual of each individual was determined and
comparedbetween populations usingNOVA, with type Il sums of squares used to
account for unbalanced data due to differences in sample(saagsrud 2003)Tukeys

posthoc tests were used to determiree tsignificance of differences between the

populations.
2.3.5 Growth rate comparisons acreshe ranges of pikeperch

The von Bertalanffy growth model parametersLobandK for pikeperchwithin these

field sites were then compared with data from other popukafimm across their native

and invasive ranges, as gathered by literature review. r€kiew was based on searches
completed in Web of Science, and supplemented by Google Scholar, starting with search

t er ms based on the spepgecdd; n abtizostedopd k e P e
lucioperca ;Sander luciopercda) i n Ot i ndltherbusirgy¢hase withie Bopleaa

|l ogic search terms with words including 0:
0i ntrodurcatdidy e 6,n oan dns.tSeaeches werecthei ¢com@eted wsing

the same terms but ideaanycalditiongl méterial thai wauldi ¢ 6 1
otherwise have been missed. These searches were then supplemented by data from
Fishbase.ordFroese and Pauly 2018)jcross thesstudies, data were omitted where the

values were considered unreliable or were deetadae not biologically relevant (see
Appendix 1 for the rationale of each omitted study). These criteria were primarily where

the value of L BPwas considered very high or very low for the species in general,
suggesting sampling had not been representative of the pop(laGanv k ov eor al . ]
had ben subject to high harvest rates (i.e. an additional pressure which otheripapulat

had not been exposed to). Where von Bertalanffy growth model parameters were
calculated based on standard or total length, these were converted to fork length using

linea models fromCopp et al.(2003)to enable comparisons consistent across studies.
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The relationship between the location of populations, as latitude and longitude, were then

tested againdt BandK using linear and nehinear models, where regression stats

and the | owest value of Akai keds I nformatior
select the best fitting model. All statistical analysis and graphical outputs were performed

usng R (Version 3.4.3R Development Core Team 2017)

2.4 Results
2.4.1 Field study on growth parameters of invasive pikeperch

There were 625 pikeperch aged in the field study, of which 472 were retained for analyses

based on a confidence score of 1. These retdisedanged in length between 74 and

770 mm, with individuals agei 11 years oldTable1). However, populations from the

Grand Union Canal, the Gloucesteh ar pness Canal and the 6Mi
Av o0 n 6 ,onlwpesent in samples to 8 years olélfle 1). For the data combined

across all populations Bwvas 996 mm an# was 0.13. Among the populations, meéa®

ranged from 753 to 980 mm, akdbetween 0.12 and 0.2Z¢blel, Figure3). However,

there was considerable overlap in the 95 % confidence limits of these growth parameters
across the populations, suggesting differences betweee tha&sulations were not

significant
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Table1 Samples size, length and age range, and Von Bertalanffy growth parameters estimates for invasive pikeperch in England, values
parentheses represent the 95% the confidence limits lofoegaameter estimate.

River N  Length (mm) Age (years) L b K t0

GloucestesSharpness Can: 18 345660 2-8 980 (679, 2509’ 0.13 (0.03, 0.36' -1.10 ¢3.94, 0.65)
Grand Union Canal 129 169551 2-6 820 (598, 1726, 0.18 (0.05, 0.34 -0.08 ¢0.75, 0.46)
Lower Warwickshire Avon 26 90-695 0-11 870 (713, 1143 0.16(0.10, 0.25) -0.82 €1.23,-0.46)
Middle WarwickshireAvon 35 142-650 1-7 753 (676, 904)) 0.22 (0.15, 0.30 -0.08 ¢0.54, 0.23)
Great Ouse 70 110760 1-10 853 (725, 1138 0.19 (0.11, 0.28' -0.27 ¢0.73, 0.03)
Severn 181 74-770 0-10 874 (806964) 0.18 (0.15, 0.21 -0.43 €0.62,-0.26)
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Figure 3. Fitted von Bertalanffy growth curve for populations of pikeperch at sites in
England including the Gloucest8harmess canal (dotted grey lindhe Grand Union
canal (dotted black line), the lower Warwickshire Avon (dashed black line), the middle
Warwickshire Avon (dashed grey line) the river Great Ouse (solid grey line) and the river

Severn (solid black line).

Analysis of standardised growth régals revealed significant differences between
these populations in both their juvenile growth rates (ANOWAg47= 45.01,P < 0.01;
Figure4a) and lagths at the last annulus (AN®Y Fs 43+~ 16.97,P < 0.01;Figure4b).
For juvenile growth rates, Tukey pdsbc tests revealed that significant difieces were
due to slower growth in the Grand Union Canal population compared to all other

popuhktions P < 0.01) and faster growth in the River Great Ouse compared to all other

20



Chapter 2

populations (P < 0.01). For length at the last annulus, Tukey {host tests showed that
significant differences were due to faster growth in length at last annulus onvidre R
Severn population to those of th@rand Union Canal, the River Great OuBe<(0.01)

and themiddle Warwickshire AvonK < 0.05). The Grand Union Canal also showed
slowest growth across all populations and significant differences with the Gloucester
Sharpness Canal, the River SevedPrx(0.01) and the River Great Ouge< 0.05).
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Figure4. Mean standardised growth residuals for (a) juvenile growth rate; and (b) length
at last annulus for the Gloucest&harpness canal (GS@rand Union Canal (GUC), the

lower Warwickshire Avon (L. Avon), the middle Warwickshire Avon.(kvon), the

River Great Ouse (Ouse) and the River Severn (Severn). Error bars represent the upper

and lower 95% confidence limits.
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2.4.2 Spatial variability in pileperch growth rates

Literature review provided 34 studies with data on theBertalanffy growth parameters

of pikeperch of which 22 were retained for further analyéfppendix 1, TableA1.1).

The analysis also includedata from the 6 invasive populatis from the field study.
Across the 22 populationg, branged between 709 arid16 mm anK between 0.03
and 0.24(Appendix1, Table Al1.1) TheL BandK parameters derived for the six invasive
populations from Engind sat within these data, with their values towards the higher
values ofK and lower values oL B However, von Bertalanffy growth parameter
estimates were only retained from three of the pdjous within the field study based on
the criteria outlined dr the exclusion of data from meaaalysis, with subsequent
analysis excluding data from the lower Warwickshire Avon, the Grand Union Canal and
the GloucesteBharpness Canal. The relationshgivieenL Pand K, estimated from a
total of 25 populations, veasignificant with decreasing values d&f as L DBincreased
(linear regression: R= 0.19, k3= 5.56, P = 0.02Figure5). The relationships between
latitude and both.B andK were best described by ndinear regession (AIC;Table2)

and revealed significant-shaped relationships (P = 0.05 and P < 0.001 respectively).
There were higher values &b and lower values oK at either end of their latitudinal
range Figure6). The relationships of longitude with bdt® andK were nonsignificant

(P > 0.05:Table2; Figure6).
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Figure5. Relationship oL B(as fork lengthlandK of the von Bertalanffy growth model

for populations opikeperch where the solid line is the significant relationship between
the variables according to linear regression, filled circépresent values teacted from
literature whilst open circles represent values from invasive populations in England

derived in this study.
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Table 2. Linear and notlinear (2 order polynomial) regression statistics for the

relaionship between vomertalanffy growth parameteils band K versus latitude and

longitude.

Relationship Model R? F P AIC

Latitudevs L B  Linear 0.01 (23123 0.28 310.61
Non-linear  0.16  (2,223.36 0.05* 307.25

Longitudevs L B Linear 0.04  (232.07 0.16 309.76
Nonrlinear  0.08  (2,222.13 0.14 309.50

Latitudevs K Linear 0.29  (12310.71 0.01** -77.85
Nortlinear  0.43  (2,2210.06 <0.001***  -82.84

Longitudevs K Linear -0.01  (1230.99 0.33 -69.34
Nonrlinear  0.07  (2,221.87 0.18 -70.24
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Figure 6. Relaionships of latitude and longitude with B(as fork length) and of the

von Bertalanffy growth model for pikeperch. The solid line represents the significant
relationship between the variables according to polynomial regressfar(er), filled
circles represent values extracted from literatwhilst open circlesepresent values from

invasive populations in England derived in this study.
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2.5 Discussion

Across their entire range, the results suggested pikeperch were rarely present in samples
above the age of 10 years ahdbonly exceeded 900 mm in a small number of
populations. Spatially, there was variation in von Bertalanffy growth parameters across
their entire range, with this at least partially explained by the influence of latitude. This
spatial variation in von Bertalanffy growth paraerstwas less apparentthre field study

that was completed at a smaller spatial scale. However, the standardized residuals of
juvenile growth rates and length at the last annulus indicated some significant differences
in growth rates between populatioesen at this reduced sptscale, suggesting factors

other than latitude were also important determinants of pikeperch growth rates.

It was predicted that latitude would have a significant influence on the growth of
pikeperch, with growth rates decreagias latitude increasagiyen that this is a common
spatial pattern for many freshwater fishes in the northern hemiseitzo et al. 2005,

Blanck and Lamouroux 2007, Cucherousset et al. 2@0@) previous studies have shown

fast growth rates in somsouthern pikeperch poptians (Lappalainen et al. 2003)
Whilst there was a significant relationship between both von Bertalanffy growth
parameters and latitude, AM@lues indicated that the best fitting models were both non
linear, with this contrary tahe prediction. Insteadhe models indicated Shaped
relationships between the parameters, whereby populations were comprised of individuals
of larger body sizes with slower growth rates towards their northerly and southerly limits.
These nodinear rehtionships were likely tthave resulted from the population growth
rates having a nelinear relationship with environmental factoflsappalainen et al.

2008) especially water temperature. This is because water temperatures tend to strongly
correlate withlatitude, and the strongpfluence of temperature on fish growth rates is

well establishedMagnuson et al. 1979Thus, the increases (growth coefficient) that

were apparent from approximately 45 to°6bmight be linked to water temperatures in
these areas providing moregtimum thermal conditions for faster and efficient growth
rates. Indeed, some increases in water temperature have positive effects on pikeperch
growth, with the number of degree days over 10 °C increasing their annual length
increments (Buijse and Houthug e n 199 2, Logys 2004, Lappal ai

However, faster growth rates tend to generally limit ultimate body sizes due to the
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influence of, for example, the earlier onset of sexual maturity that diverts energy from
somatic growth to reproductioql L o g y s, so2p0ténda)ly explaining the tradéf of
higherK values but lower ultimate lengths at 45 to 55 °N.

At higher latitudes freshwater fish populations often show slower growth and
larger asymptotic length@lanck and Lamouroux 2007pandthus the reglts of the
relationships of. BandK with latitude outside of 45 to 55 °N were consistent with this.
For example, the sloweggrowth rates that were apparent towards the southerly limits of
their range might relate to swptimal, warm summeremperatures that prevented their
efficient growth, and thus depressed the valueK ¢Lappalainen et al. 2008)here
might have also b@&ea genetic component in the spatial growth patterns of pikeperch,
given that significant population genetic variatioas been detected across their range

(Eschbach et al. 2014} his could not, however, be tested here.

Density dependent factors coulds@lhave been influencing the growth rates of
these pikeperch populations, with this potentially related to differemceprey
availability. In other piscivorous fishes, growth rates were 1.3 times faster at low
population densities than high densities, dgample in immature walley®ander vitreus
(Venturelli et al. 201Q0)However,Haugen et al(2007) revealedconflicting interactions
between densitdependent and densitydependent factors affecting the growth of pike,
Esox luciusa largebodied pisciorous speciesv/ariation in the annual growth rates of a
0+ pikeperchpopulation has been explained by the higherlabgity of prey species in
warmer yeargMooij et al. 1994) The onset of piscivory in pikeperatan also influence
juvenile growth rates(Buijse and Houthuijzen 1992with the realised lengths of
piscivorous fishes early in life generally being an ini@ot determinant of their ultimate
sizes(Mittelbach and Persson 199&dditionally, pikeperchexpress faster growth rates
in eutrophic vaters(Argillier et al. 2012) with Keskinen and MarjomakR003)revealing
pikeperchgrowth was positively correlatedith total phosphorus and turbidity, and
negatively with size of the water body. In our study, there were some significant
differences apparent in juvenile growth rates in the field component. It can thus be
hypothesised #it differences in the growth et between the Grand Union Canal and the
River Great Ouse to all other populations were at least partially related to differences in

prey availability, the physical characteristics of the water body and the onset of obligate
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piscivory between these poputats. However, it was beyond the scope of this study to
decouple the relative influences of these factors on pikemgshth rates. It was also
possible that sample year affected the juvenile growth rates of these payulagipfor
example, differences prey availability and temperature. Additionally, these samples
were obtained by different sampling methods, increasing the risk of some sampling bias
in fish through selective sampling. Thus, the interpretation of tfielsk data warrant

some cautiomue to these issues.

In the field component of this study, the age and growth rate data were derived
only from scales. This was because pikeperch is now considered a recreationally
important fishery resource in most invadedters in EnglangHickley andChare 2004)
with catchandrelease anglingnost likely utilised by anglers. This is despite legislation
that controls the distribution of the species in Englédidkley and Chare 2004)with
evidence suggesting significaatological impacts on nativesfi communities following
their introduction(Fickling and Lee 1983, Hickley 1986, Smith et al. 1998)e use of
scales in ageing studies can be problematic, especially in older fishes where the
aggregation of annuli on thecale edge can result in ageiegors, with these usually
being undefestimations of agéBritton et al. 2013, Amat Trigo et al. 201 Nevertheless,
in a comparative study on the use of calcified structures for age determination in
pikeperch from TurkeyBostanci (2008) found that scas were typically clear and
straight forward to interpret, with the only exception being scales collected from large,
long-lived individual fish. Scales were also used as a reliable ageing method for British
populations of ikeperch byCopp et al.(2003) and Britton (2007) The use of the
confidence scoring system in ageing the scales should have also increased the reliability
of the data used in analyses, with those scales that were difficult to age with high
certainty not king used. It should be notedaththe scales aged with high uncertainty
were not just those from large, slow growing fish, but include scales from smaller fish,
where the annuli on the scales were too indistinct to enable a reliable age estimate. There
was also no bias in the rejectechte data with respect to the population or the sampling
method.

The use of literature review to compile a matalysis of pikeperch growth data

enabled the study to look at growth patterns across a large spatial area. Similar
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approaches have been recgniked for invasive fishes such as ro&itilus rutilus
(Tarkanand Vilizzi 2015)and carpCyprinus carpio(Vilizzi and Copp 2017) Whilst
effective at describing growth over environmental gradients and large spatial areas,
differences in how data were IBxted and/ or analysed between the studies also
potentially intoduces some discrepancies into analyses. For example, in our study,
standard, fork and total length were all used in the reportihgipand so all values were
converted to fork length to enable reliable comparisbmdoing so, however, they might
haveslightly affected the relationship af BversusK, givenK values could not be altered

in same manner. However, the adjusted diffegent lengths was relatively minor
(generally < 20 mm) and so did not have a material effect of the relationdhipveirsus

K. In addition, there are a number of analytical meshtodderive von Bertalanffy growth
parameters from length at age data, saslise of two or three parameter growth models
that can result in different estimat@zardo et al. 2013However, these analytical issues
could not be easily controlled in our ta@nalysis and, thus, it was assumed that the

published values were accuedor the sampled fish.

The increasing water temperatures that are generally predicted to occur via
climate change will potentially have profound impacts on water resourcesivand r
ecosystemgWilby et al. 2006, Johnson, Acreman, et al. 20@%) a reslt, there will be
major changes in freshwater fish distribution and community stru¢teraham and
Harrod 2009, RuiNavarro et al. 2016akEcological impacts of freshwater invead are
likely to be enhanced with this warming, such as through alteregetidive interactions
and increased predation pressure on native spéRedsel and Olden 2008However,
predicting the response of specific invaders to warming is inherentigudtifiue to these
being influenced through complex direct and indirecta$féBritton, Cucherousset, et al.
2010, Kuczynski et al. 2018For example, in temperate freshwaters, it is likely that all
fishes (plus other taxa) will respond to warming kgrahg their distributions, life history
traits and phenologyComte and Gmouillet 2013, RuizZNavarro et al. 2016a, 2016b)
This is likely to lead to range changes and altered population abundBuizdlavarro
et al. 2016h)For pikeperch to invade tgrarate regions, low water temperatures are not
considered a constraint due them being primarily a coldater species capable of

reproducing at relatively low temperatures. Indeed, the temperate climate of England has
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not prevented population establishrthand invasion in the last 50 yedksickley 1986,
Copp et al. 2003)Thus,it is unlikely that climate change will have a substantial influence
on their ability to invade new temperate regions, unless the warming results in
temperatures that are too higbr their survival. However, given the significant
relationships between tlaude and their von Bertalanffy growth parameters, then it is
likely that as warming proceeds then the impact for pikeperch is likely to be through
altered growth rates. In Engldnfor example, it is likely that their ultimate lengths will
reduce and gowth rates increase, and potentially result in more abundant populations
comprised of smaller individuals. This is in line with predictions for a number of native
fishes(Ruiz-Navaro et al. 2016h)

In summary, this metanalysis of the von Bertalanffy gmh parameters of
pikeperch suggested that whilst their introductions can result in invasive populations
within a wide spatial area and in climates that range from temperate teeMaakean, the
expression of their life history traits will vary considdyatisrowth rates will be faster in
their midrange (approximately 45 to 55 °N) than at their northerly and southerly range
limits, most likely due to the influence of temperatudéhaugh it is acknowledged that
other factors will influence their growth the population level, such as prey availability.
These results highlight the extent to which their growth data varies spatially and can be
applied to their invasion management pyoviding a more robust basis for risk

assessments that utilise data onrtlife history traits.
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3 Diet of invasive pikeperchSander luciopercadeveloping nondestructive tissue
sampling for stable isotope analysis with comparisons &tomach contents

analysis

3.1 Abstract

Impact assessments of invasive piscivorous fishes ustellyon dietary analyses to
quantify their predation pressure on prey communities. Stomach contents analysis (SCA),
typically a destructive sampling method, i®duently used for this. However, many
invasive piscivores are exploited by catnidreleasesport angling, with destructive
sampling often not feasible. Stable isotope analysis (SIA) provides an alternative dietary
analysis tool to SCA, with use of finsue, scales and/or epidermal mucus potentially
enabling its nordestructive application. Hey the diet of a population of pikeperch
Sander luciopercaan invasive sport fish to Great Britain, was investigated by applying
SIA to a range of tissue$esting Sl data of dorsal muscle (destructive sampling) versus
fin, scale and mucus (natdestructie sampling) revealed highly significant relationships,
indicating that the tissues collected ragstructively can bestiably applied to pikeperch

diet assesments. Application of these Sl data to Bayesian mixing models predicted that
as pikeperch length increased, their diet shifted from madnvertebrates to fish.
Although similar ontogenetic patterns were evident in SCA, this was inhibited by 54% of
fish having empty stomachs. Nevertheless, SCA revealed thaiikaperch length
increased, their prey =@ significantly increased. However, the prey: predator length
ratios ranged between 0.08 and 0.38, indicating most prey were relatively small. These
resultssuggest that when natestructive sampling is required for dietary analyses of
sport fishes, SIA an be applied using fin, scales and/or mucus. However, where
destructive sampling has been completed then SCA provides complementary dietary

insights, espeally in relation to prey size.

3.2 Introduction

Piscivorous fishes play an important role in regutatime structure of aquatic foadebs
(Woodward and Hildrew 2002aYhey can exert substantial topwn forces on prey
communities, potentially initiating tphic cascade@rett and Goldman 1996, Pace et al.

1999, Drenner and Hambright 2002 vasive pisivorous fishes that are introduced to
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enhance sport angling, such as largemouth la®pterus salmoideand peacock bass
Cichla spp., also exert substaaittop-down forces on prey fish communities, resulting in
impacts including reduced prey abundanaed decreased species divergiBratwicke

and Marshall 2001, Pelicice and Agostinho 2009 the diets of piscivorous fishes tend

to involve strong ontogeetic changes via increasing gape si&so et al. 2014)hen

the strength of trophic cascades ¢z strongly influenced by the resultant dietary shifts
(Sato and Watanabe 2014)hus, an important step in the assessments of the ecological
impacts of den piscivores is analyses of their diet composition, including assessing
ontogenetic shifts in theprey selection.

Dietary assessments of piscivorous fishes are often reliant on stomach contents
analysis (SCA)Sandlund et al. 2016YVhilst providing nformation on diet compaosition
of individual fish, the method usually utilises relatively large bars of fish to maximise
statistical power and to assist understandings of dietary patterns over time and space
(Cortés 1997)For piscivores such as the Mwern pikeEsox luciusand pikeperclSander
lucioperca an inherent issue in stomach contents amlig that many of the fish often
have empty stomachs, resulting in a paucity of dietary data from the sampled population.
Piscivorous fishes in general apdrticularly those that consume prey whole have higher
proportions of empty stomachs comparedawdr trophic level fishegArrington et al.
2002) with feeding frequency thought to decrease through the consumption of energy
rich food items(Bowen et al.1995) These methodological issues can potentially be
overcome by using complementary dietary assgent methods, such as stable isotope
analysis (SIAXCucherousset et al. 2012, Jensen et al. 200@¢ed, in a study where an
average of 36 % of pikéad empty stomachs across 16 populatjosimble isotope
analysis showed no trophic position differeadetween fish with and without prey items
in their stomachs, or between piscovores and invertebrate feeders determined through
stomach content analysi@aradis et al. 2008)indicating opportunistic rather than
specialist invertebrate feeding strategi€berefore, integrative studies may often show
that SCA and SIA provide contrasting dietary information due to, for example,
differences in the temporaktales of the methods (i.e. short SCA versus-teng SIA
diet assessmentg},ocke et al. 2013, Busand Britton 2017h)but these differences can

provide insights where disintegrated studies cannot.
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The issues of sacrificing relatively large numbergistivorous fish to satisfy the
requirements needed for stomach contents analysis is also problamaticthese fish
have high values within sport angling. For example, catafrelease angling (C&R) is
increasingly applied to sport fishing for specsegh adargemouth basspikeperch and
peacock bass. Mortalities associated with C&R can be minimvisedlse of best practice
angling techniques and fish handling co¢#&dinghaus and Hallermann 2007, Siepker et
al. 2007, Cook et al. 2015, Bower et al1B) Consequently, dietary assessments for
piscivorous sport fishes based on destructive samplingpereasingly at odds with their
fishery management and angling practises, even where the fishes are ifiMasley
and Chare 2004)ndeed, the fishgrvalue of invasive fishes are increasingly recognised
(Gozlan 2008)especially when their populatismre in large open systems in which their

population management is inherently diffic(Britton et al. 2011, Britton and Orsi 2012)

Pikeperch is a lge-bodied piscivorous freshwater fish whose native range in
Europe extends from Germany in the WesCamtral Russia in the Ea@¥laitland 2004)
The species has been introduced outside of this range, into countries such as France,
Spain and Great Britai(Elvira and Almodovar 2001, Kopp et al. 2009jten with the
primary purpose of increasing sport &ng opportunities(Hickley and Chare 2004)
Following their initial introduction into Britain in 1878, there was a series of
translocations of pikeperdhto waters in Eastern England during the 198Ukeeler and
Maitland 1973) It was these releases thasulted in their invasion of river catchments
across Eastern, Central and Southern Englamdield and Rickards 1979, Hickley 1986,
Copp et al. 2003Whilst there were initial concerns on their impacts on prey populations,
the species is now consiger as an important angler target species in many fisheries
(Hickley and Chare 2004 onsequently, whilst studies on their diet previously utilised
stomat contents analyses (e$mith et al. 1997, Schulze et al. 200@)ethods based on
stable isotope ahgsis might now be more preferalfléopp et al. 2009)especially where

tissues can be utilised that can be collectedlathrally (Britton and Busst 2018

The diet of pikeperch has been well studied both within their native and non
native ranges (e.@ampbell 1992, Keskinen and Marjoméki 2004, PéBete and Roso
2012, Didenko and Gurbyk 2016hey are generally considered to be piscivorous within
theirfirst year of life(Mittelbach and Persson 199&)Jthough this switch to piscivory can
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become delay® if individuals do not reach a size advantage over [pReysson and
Bronmark 2002)or if suitable prey fish are amailable (Ginter et al. 2011)Whilst
pikeperch diet comprises of fish across a range of size classes, they can also be
cannibalistic, withthis acting as an important regulatory for@dehner et al. 1996,
Frankiewicz et al. 1999, Lappalainen et al. 200&}ividual pikeperch will also consue
macroinvertebrates, with these prey items most frequently encountered in the diets of

smaller indviduals(Hansson et al. 1997a, Argillier et al. 2012)

The application of SIA using multiple tissues in conjunction with SCA enables the
dietary habits othe target population to be assessed across difference timescales. SCA
provi des 6 s n topatibrfQGodées OB7§BY eontnast, SIA provides longer
term dietary perspectives, with the timescale dependent on the analyse@Rig<2&06,
Newsone et al. 2007, Martinez del Rio et al. 2Q0B)e aim of this study was thus to use
pikeperch as a metl fish exploited by C&R sport angling to assess how stable isotope
analysis can be applied to assess their diet in relation to using tissues thateatedcol
nontdestructively. Objectives were to: (1) quantify the relationships of the stable isotopes
of G*C  a r°N betiveen dorsal muscle and three tissues that can be collected non
lethally; (2) utilise the stable isotope data to predict the diet composition of a pikeperch
population using Bayesian mixing modé€&tock et al. 2018)and (3) complete stoach
contentsanalyses on the pikeperch population and assess the results in the context of the

dietary predictions from the mixing models.

3.3 Materials and Methods
3.3.1 Sample collection

The pikeperch population of the Grand Union Canal, Northamptonshire, itraCen
Englandvas sampl ed by boat mohboatd, epeweri suppl
2 kVA generator) in April 2017. This canal is generally of 15 m maximum width and

depths rarely exceed 2 m. A series of locks overcome changes in the gradiemt of th
surroundingland. Smalbodied cyprinid fishes are dominant in the fish community,

especially roachrutilus rutilus Pikeperch have been present in the canal for at least 30
years(Hickley 1986) A total of 180 individuals were captured by the elecishihg that

ranged in fork length (to nearest mm) between 169 and 551 mm (mean + 95 % CI; 355 +
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14 mm) and weight between 48 and 1924mean + 95 % CI; 561 + 71 dgyollowing
their capture, the fish were euthanized and held on ice whilst being trandfertiesl

laboratory where they were processed immediately.
3.3.2 Stable Isotope analysis

Of the 180 sampled pikeperch, a s#mple of 19 were processed for stable isotope
analysis using fish from across the length range (mean = 95 % CI; 323 + 54 mm).
Following their measumment, the tissues that were sampled from each fish were dorsal
muscle, pelvic fin tissue, scales and epidermal mucus. The epidermal mucus was
collected by scraping the dorsal surface of each fish with a cover slip, with the sample
then cleanedavith forcepsas pefMaruyama et al(2015)and transferred to a sample tube.

This method was used in preference to the filtration meth@hafch et al(2009) as it

was demonstrated to result in reduced elffdaruyama et al. 2015)Scales were
colleced from the bdy area between the dorsal fin and the lateral line. Scale
decalcification was not performed prior to isotopic analysis, since the removal of

i norganic carbonates has been s¥Hwnfdt oi hav
values (Sinnatamby et al2007, Ventura and Jeppesen 2010, Woodcock and Walther
2014) Preparation thus focused on cleaning scales with distilled water prior to removing
the outer portion of the scale for SIA, ensuring the tissue analysed was from recent
growth only (~1 year\Hut c hi nson and Trueman 2Q@®@&6, Bag
selection of all prey fish species (dorsal muscle only) and macroinvertebchtes (
Stomach contents analysis) were also prepared for stable isotope analysis recovered
through dissection and removal pffey from the stomachs. These samples were based
only on individual animals that were recovered in good condition, i.e. those very recently
ingested, with negligible digestion and that were identifiable to species level. All samples
were then dried at 6@°for 48 h.

The samples were then analysed at the Cornell Isotope Laboratory, New York,
U.S.A., where they were ground to powder, weighed precisely to approximately 1000 ug
and analysed on a Thermo Delta V isotope ratio mass spectrometer (Thermo Scientific
U.S.A.) interfaced to a NC2500 elemental analyser (CE Elantach Inc., U.S.A.).

Verification of accuracy was against internationally known reference material and
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accuracy and precision of the sample runs was tested every 10 samples using a standard
animalsampl e (mink) . Del ta (U0) i sotope ratios
Anal ytical p'iNeaifdi dmampf et hend8 was estimated
respectively. Lipid correction was not necessary as C:N ratios indicated very low lipid
conent(Post et al. 2007)

3.3.3 Tissue comparisons

The significance of differences in the stable isotope ratios between the tissues were tested

using pairwise t-tests. Simple linear regression models tested the significance of the
relationship between mucad nus c | e, fin and muscl & and sca
a n d°N sotope values. Models were run both with and without fish length. The best
fitting model was chosen using regression s
Information Criteria (AIC).Statstical analysis and graphical outputs were performed

using R (Version 3.4.R Development Core Team 2017)

3.3.4 Bayesian mixing models

The stable isotope data were analysed to assess the effect of tissue type on fish diet
predictions including after coevsian of the stable isotope data of the fethal tissues

to dorsal muscle (as the standard tissue used in fish isotope studies). The primary tool for
this analyses was the use of Bayesian mixing mg@RHglips et al. 2014 pnllowing for
predictions ofthe elative proportions of the putative prey resources that contributed to
the diet of pikeperch for each tissue both before and after their conversion to dorsal
muscl e values. The models were run in the p
Analysisi n (NMRXBIAR; Parnell et al. 2013, Stock et al. 2018}l models were run

using normal run length (chain length: 100,000 iterations with-uof 50,000, with
posterior thinning (thin: 50) and 3 chains). Model diagnostics were based on Gelman
Rubin aml Geweke, with sufficient convergence to accept the res(f®ck and
Semmens 2016b)

Five mixing models were run that covered the use of pikeperch (as the consumer)
stable isotope data from: (1) dorsal muscle; (2) epidermal mucus; (3) scales; (4)

epidermalmcus data converted to dorsal YWuscle va
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a n d°N fhucus to muscle); and (5) scale data converted to dorsal muscle values (using
t he | i neatC mafiestate tofmascle).iThe putative prey (soudzh used

within the mixing models was constant across all models, except for model (3) where fish
muscle isotope data were converted to scale data based on conversion f&uss et

al. (2015)to ensure consistency in predictions by accounting ifi@rdncesin isotope

values between the tissues of source and consumer. Dietary contributions were predicted
by splitting the fish into two size classes, < 350 mm and > 350 mm, with distinctions
made between the two groupings based on: (1) the likelibbsexual naturity at above
approximately 350 mnfLappalainen et al. 2003and (2) based on differences in the
contribution of prey items to the diet of individuals in each size class from stomach

content analysisct. results).

In the mixing models, thisotopic factionation values between the prey resources
and pikeperchwere varied according to the pikeperch tissue being used. For muscle and
mucus, values were chosen based on standards propo&es$tf002) °Ni3.4 + 0.5
a; B®@ 1 N Osé6dlesprthe fract i™nat i20® 8f dlc tlo ras
WwCc = 2.78 N 1a), b aPost(d0029but withrcerrection fonsdades d s o f
using the mean differences from three studies comparing fmatibo between muscle
and scale tissug N -0 . 8 2 G 1p 7AHeady and Moore 2013, Busst and Britton
2015, Busst et al. 2015Reported outputs of the models were overall estimated posterior
density contributions to diet given as summary statistiegnnstandard deviation, and
95% conficence limits. Posterior density plots for each model are givAppendix2.

3.3.5 Stomach contents analysis

Pikeperchwere measured (fork length, nearest mm) and weighed (neayestdyjhen

dissected and their stomach contents removed. Prey items from stomach contents were
identified to their lowest possible taxonomic level, total stomach fullness (% in volume)

was assssed, as was the contribution of each prey item to overalefsdl For
subsequent analyses, stomach contents were categorised into three groupings consisting
of : 1) o6Cypr i ni Huilie tutilsi conemom lsreéamAgramis dramahnd

gudgeon Gobio gobig, 2) OPer ci da eBerca frugatilis dndmge per ch
d&Gymnocephalus cernba and ; 3) 601 nv er tineditebatese weie wher

identified to family level, and includedammaridagChironomidae and Mysidae.
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The contribution of each diet tegory was expressed as percentages in terms of
frequency of ocurrence and pregpecific abundance. Frequency occurrencd-(pof a
given prey type was defined as the number of stomachs in which that prey occurred,
expressed as a frequency of the totainber of stomachs in which prey were present
(Costello 1990) For preyspecific abundance, prey type contribution was first estimated
in proportion to overall stomach fullness (in volume). The proportional fullness
contribution of each diet category wasethexpressed as percentage prey specific
abundance (%)):

WhereP; was the preyspecific abundance of preyFi was the stomach content fullness

for diet category andFt was the total stomach fullness in only those predators with prey

i in their stomact{Amundsen et all996) In addition, the fork length (mm) of each prey

item was also taken to assess changes in prey use patterns with increasing body length of
pikeperchusing regression analysis (as prey: predator length ratios). Dietary contribution

was predicted for se classes < 350 mm and > 350 mm as per Bayesian mixing models.

3.4 Results
341 Rel at i oM hai ApM valiies b&tween pikeperch tissues

There was a sigriifc ant di f fCrvelues etweéem scalehard alli other tissues

(Table 3, Figure7), where scale was significantly enrichediiC relative to muscle {t

test,t = 12.6,P < 0.001), mucus {test,t = 12.4,P < 0.001) and fin ftest,t = 8.1,P <

0.001) Although not significantly different, mucus was depletedii?C relative to

muscle {0 . 55 -te&t;t = -1.8,P = 0.07), whilstf i n was eYCrrdlaive®d i n U
muscl e ( +-teddt=51%,P & 0.10Fto N, Significant differences were also

evident between scale and all other tis{eble3, Figure7), wi t h scatNe depl et
relative to musclg-1 . 2 5 -teét,t =-3.6,P < 0.001), mucus {test,t =-2.5,P < 0.001)

and fin (ttest,t = -3.5, P < 0.001) There was no significant défr e n c!¥ between

muscle and mucu& 0.38, ttest,t = 1.1,P = 0.27)or between muscle and f{r0.01; t

test,t=-0.1,P = 0.97).
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Significant relationships were found between pikeperch muscle isotope values
( C a i°N) and all other tissue tgs {Table 4, Figure 8). Including length in the
models improved their fit in all cases (accordingAM@ and regression statisticsable
49 . This is I|likely expl at@witdinceegsing fishelength gni f i
(Figure9; muscle,R? = 0.68;F1,17= 39.2;P < 0.001; mucusik? = 0.52;F117= 20.1;P <
0.001; fin,R% = 0.66;F117= 35.4; P < 0.001; scaleR? = 0.70;F117= 42.91;P < 0.001).
Consequently, length was retained in the regression analyses across all tissue/isotope
conversions for consistency.P™ Biddishdengthas n o
(muscle,R? = 0.06;F1,17 = 2.12;P =0.16; mucusR? = 0.01;F117= 1.12;P =0.31; fin,R?
= 0.02;F117=1.32;P = 0.27; scaleR? = 0.01;F117= 0.25;P = 0.62).
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Table3. Number of individuals, tissue specific carb@°C) and nitrogen i{{*°N) stabk-

isotope ratiogMean £SD)indicating variation in isotope values between tissues

Tissue n U8C Range 15N &Range
Muscle 19 -31.68 +0.77 -32.90 t0-30.36 21.26 + 1.03 19.15t0 22.94
Mucus 19 -32.23+1.04 -34.151t0-30.84 20.88 = 1.03 18.95to 22.3¢
Fin 19 -31.15+1.13 -33.3810-29.13 21.27 £1.10 19.15t0 22.84
Scale 19 -28.67 £0.70 -29.68 t0-27.37 19.99 +1.11 17.61 to 21.8C
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Table4. Results showing the | ineatC rafy ofiidusalsrusclpvgh egidermal meeus,sfih and | e | <
scales.

Relationship Isotope R2 F P a b1(95% CI) 2(95% CI) AIC

Muscle/Mucus Ve & 0.63 (11732.18 <0.001 -12.34 0.60 (0.37,0.82 29.02

Muscle/Mucus + lengtt 3C  0.75 (21628.32 <0.001 -22.64 0.31(0.04, 0.58) 0.003 (0.001, 0.006) 22.45
Muscle/Mucus N  0.28 1118.152 0.01 9.35 0.57 (0.15, 0.99 52.60

Muscle/Mucus + lengtt G*N 0.51 (21610.32 0.001 8.14 0.70(0.33, 1.05 -0.004 ¢0.007,-0.001) 46.29

Muscle/Fin #3C  0.80 (17)74.45 <0.001 -12.37 0.62 (0.47,0.77 17.23
Muscle/Fin + length  U8C  0.82 (21742.34 <0.001 -18.04 0.46 (0.20, 0.71 0.001 ¢0.001, 0.004) 16.25
Muscle/Fin N  0.75 11756.5 <0.001 3.71 0.83(0.59, 1.06 32.22

Muscle/Fin + length  G™N 0.75 (21628.18 <0.001 4.57 0.79 (0.55, 1.04 -0.001 ¢0.003, 0.001) 33.36

Muscle/Scale Ve & 0.86 (1171119 <0.001 -1.90 1.04(0.83,1.25 10.71
Muscle/ Scale + length 3C  0.86 (21656.4 <0.001 -6.69 0.88 (0.49, 1.27 0.001 (0.001, 0.003) 11.57
Muscle/Scale u°N  0.69 (11741.42 <0.001 5.65 0.78(0.52,1.04 36.58

Muscle/ Scale + length G*N 088 (21672.21 <0.001 5.88 0.82(0.67,0.99 -0.004 ¢0.005,-0.002) 18.24

43



Chapter 3

3.4.2 Stable isotope mixing models

The mixing models predicted the diet catego
item to the diet opikeperch< 350 mm, followed by Cyprinida@nd then Percidad éble
5). This result was consistent across all mod&tble5, Figure10). For pikeperch» 350
mm, Cyprinidae &d the greatest predicted contributi@enpikeperchdiet, followed by

invertebrates and then Percidaalgle5, Figurel0).

The difference in mean dietary contribution prédits across size classes
between model 1 (muscle) and all other models was lowest for model 5 (scale data
converted to dorsal muschealues) Table 5, Figure 10). Differences were greatest
between model 1 (muscle) and model 2 (mucus) for mean dietary contribution predictions
in size class < 350 mm and for Percidae in size class > 350 mm, whereas differences were
greaest between model 1 (muscle) and model 4 (epidermal muatasconverted to
dorsal muscle values) for Cyprinidae and Invertebrates in size class > 35Uami@5(
Figurel0).
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Table 5. Mean predicted dietarycontributions from Bayesian mixing models of
OCyprinidaeo, I nvertebratesdéd and OPercidae
mm & > 350 mm), showing standard deviation and 95% confidence limits. Mixing
models were: 1) Consner as muscle value®) Consumer as mucus values; 3) Consumer

as scale values; 4) Consumer as muscle values based on conversion using the linear
mo d e | s3C f a M®N fucus to muscle; 5) Consumer as muscle values based on

conversion using the linearard e | $3C f a #°M sgale to muscle

| <350 mm I1>350 mm
RESOUrce  \iodel Mean SD  2.5% Cl 95.7% Cl| Mean SD  2.5% Cl 95.7% Cl
Cyprinidae 1 032 013 007 0552 |047 022 0.04  0.83
2 023 011 003 0459 |045 021 0.02  0.79
3 028 011 0.07 0499 |040 018 0.05  0.73
4 027 011 007 0498 |0.40 020 0.04  0.76
5 031 012 007 0535 |046 021 0.04 081
Invertebrates 1 046 0.1 026 0646 |027 0.14 0.06  0.60
2 063 011 04 0811 |033 013 011 059
3 050 009 033 0668 |03l 009 013  0.50
4 049 009 031 0648 |038 017 010  0.76
5 047 009 027 065 |028 013 0.06  0.58
Percidae 1 023 012 003 0475 |026 019 001  0.68
2 015 010 001 0375 |022 0.18 0.004 0.4
3 022 010 0.04 0439 |029 016 0.02  0.62
4 024 01 005 0443 |023 0.16 0.02 059
5 023 011 004 0454 |027 0.8 0.02  0.68
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3.4.3 Stomach contents analysis

Of the 180 sampled pikeperch, 98 had empty stomachs (54 %). Of the 82 fish with items
in the stomach, analyses revealed that as pikefrdy size increased, the size of their
prey significantly increased (Cyprinida@? = 0.41,F165 = 46.48,P < 0.01; PercidaeR?

= 0.43,F16=6.28,P = 0.05) Figure 11a). Between the two fish prey groups, there was
no significant difference in their sizes (ANOMA 72 = 0.35,P = 0.56). Regardig prey:
predator length ratios, these ratios generally decreased as pikbpédychkize increased,
although the relationships were not significant (Cyprinidee= 0.03,F16 = 2.23, P =

0.14; PercidaeR? = 0.09,F16= 0.58,P = 0.47;Figure 11b). The maximum prey length to
predator length ratio was 0.38, whilst the minimum was 0.08 (mean + SD; 0.22 + 0.06),
with the majority of pikepercltonsuming small prey sizes relative to their body size

(85% of prey < 0.3y length / prdator lengthfigure 11c).

The preyspecific abundance (%) was highest for Cyprinidae at 79.8 %,
followed by Percidae (13.1 %) and then invertebrates (7.11 %). Invertebrates were only
representedn the diet of imlividuals up to 396 mm, whilst Cyprinidae were present in
individuals from 204 to 532 mm and Percidae from 221 to 464 mm. Grouping pikeperch
into the two size classes of < 350 mm (19840 mm, n = 41) and > 351 mm (36532
mm, n = 41) evealed the peratage prey abundance was higher for invertebrates in the
smaller size category (< 350 mm = 15.8 %) than in the larger size class (> 350 mm = 0.5
%). For Percidae, the opposite pattern was evident, with higherfés Pecidae in the
large size clasg> 350 mm = 20.3 %) than in the smaller size class (< 350 mm = 3.7 %).
Percentage prey abundance remained similar for Cyprinidae in both size classes (< 350
mm = 80.5 %, > 350 mm = 79.3 %able 6).
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Table 6. Frequency occurrence (#%) and prey specific abundance @ of diet by prey
types O0Cyprinidaeto, 0 P pikemeictdrane the GaamddUnionl nv e r t

Caral

Prey type Size class (% Fi) (% Pi)

Cyprinidae 1947 532 mm 70.2 79.8
1947 340 mm 73.2 80.5
3521 532 mm 67.9 79.3

Percidae 1947 532 mm 21.3 13.1
1947 340 mm 9.8 3.7
3527 532 mm 30.2 20.3

Invertebrates 19471 532 mm 8.5 7.1
1947 340mm 17.1 15.8
35271 532 mm 1.9 0.5

3.5 Discussion

The predictale relationships between the Sl data of dorsal muscle and from fins, scales
and epidermal mucus revealed that tissues that can be collected {nestarctive
methods can be used reliably within trophic studies on pikeperch, negating ticéasolle

of doral muscle samples. Mucus and fin showed no significant differences in isotope
values compared to muscle, while scale was significantly depletéeNrand enriched in

Ut3C. Moreover, the data provided here enables the application of the&Sirdia these
tissues to Bayesian mixing models foedicting diet composition from putative prey Sl
data(Parnell et al. 2013, Phillips et al. 2014, Stockakt2018) In this study, the diet
composition predictions from Bayesian mixing model resultsewsoadly similar to
those from stomach conteminalyss in assigning the importance of each prey type to the
diet of pikeperch across size clasSgse addiion of stomach contents analysis, however,
also provided data on the sigwguctured feeding rationships of these nemative
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piscivorous fish and their prey, revealing that these pikepeech consuming small prey
sizes relative to their body size. Higawhere diet assessments are being made in-catch
andrelease fisheries, the results suggést tissue collection can successfully involve
anglers, such as through scale collectidopp et al. 2009, Amat Trigo et al. 201Th

turn, this can help enga the public in research and build support for the conservation
and management of aquatic resms(Cooke et al. 2013, Arlinghaus et al. 2017, Elmer et
al. 2017)

The stomach contents analysis of this pikepepcipulation emphasised an
inherent problemwith the method; despite 180 fish being sampled, 98 had empty
stomachs. Moreover, other studibsit have utilised greater numbers of pikepdrakie
also reported this as an issue with, for example, over 20 % of 376 sampled individuals
having empty stomashin a sample from an Iberian reserv{iérezBote and Roso
2012) an average of 57.5 % pfkeperchstomachs reported to be empty across seasons
and years in a German lakBchulze et al. 2012and 42 % of 591 samplqukeperch
from Lake Peipsi in Estoai with empty stomachgKangur and Kangur 1998)
Additionally, high proportions of empty st@wohs could be due to the sampling period, as
data were collected during the spawning peflagppalainen et al. 2003yhich is known
to be associated with reduceeefling in other piscivorous fishéBdrner et al. 2003)
Where this type of sampling regingeconsidered problematic, such as where it removes
large numbers of fish from fishes wherepikeperch(or other piscivorous sport fishes)
are an important targefpecies for C&RHickley and Chare 2004}hen stable isotope

analysis clearly has high lity as a nordestructive dietary analysis tool.

Studies on the relationships of the Sl values of fish dorsal muscle versus fin and
scale tissues have shown thatilat differences init°N are usually minor and often non
significant, there tends to lger e d i ¢ t a b PCebetween thettissues (BRjntiegar
and Polunin 1999, Tronquaet t al . 2012, ) Va gxample,ant cypanid . 2017
fishes such as chuBqualius cephalysbarbel Barbus barbusand goldfishCarassius
auratus there was a préctable pattern of significant'*C enrichment from muscle to fin
to scales(Busst et al. 2015, Busst and Britton 2016) Thi s p‘&tetriehment of U
between these tissues was also egpahere for pikeperchglthough only significant

from scales to mecle, mucus and fin. For epidermal mucus, however, studies have only
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recently started to determine how its Sl values compares with other tissues, with limited
di ffer eNbawithimoar & v ar i feiglShigeta et ialn201F Here, it

wasr eveal ed t ha'fC betweenfmeicusanctneuscle weare ptimarily in mucus
being depleted, a contrast to fin aswhles. In a study of catfiSilurus asotusthere was
alsoageneta tr end &€ valdes pf mectisaatativé to mus¢iaruyama et al.
2017) and depleted relative to both muscle and fin in three freshwater cyprinid species
(Shigeta et al. 2017 he tissues used in this study are also known to have considerable
differences in their stable isotope turnover rates, with mucusrain having shorter
half-lives when compared with fin and scale tiss(@surch et al. 2009, Maruyama et al.
2017, Shigeta et al. 2017Mhe complementary use of these tissues in SIA dhaefore
provide insights into diet over different timescalebhaugh this was not able to be
assessed her&he use of mucus in fish isotope studies is still relatively new compared
with tissues such as muscle and(féhurch et al. 2009, Maruyamaadt 2015, 2017)As

such, further development work is needed, tsmécifically for pikeperckand for fishes

more generally, with increased focus required on the isotopic relationship of mucus with
other tissues, their turnover rates, and their fractionattactors with preyHeady and
Moore 2013) This work should theenable the wider application of epidermal mucus to
fish stable isotope studies, with this potentially highly advantageous due to its ability to

be collected by neimvasive sampling technigs from live fish.

The results of both dietary assessment metheds revealed that this pikeperch
population was functioning as an obligate piscivore, but only in its larger sizes. Some
ontogenetic dietary shifts were evident, with smaller individuasing diets that
included macroinvertebrates. Whifgkeperchterd to switch to piscivory during the first
year of life(Mittelbach and Persson 1998yedictions from the Bayesian mixing models
here suggested higher dietary contributions of invertebtlaéesfish for pikeperch < 350
mm, where all fish were greater tha year oldNolan and Britton 2018a)rhis pattern
was also reflected in stomach content analy®bdigate piscivory in pikeperchas been
reported in a number of studies (eGampbell 892, Kangur et al. 2007, PérBpte and
Roso 2012)and the benefits of becoming piscivorous early in life are well documented
(Mehner et al. 1996, van Densen et al. 1996, Mittelbach and Persson He@&)yer, in

the absence of suitable sized prey fiskeperchwill continue to consume invertebrates
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species(Ginter et al. 2011)but are likely to grow slower than those that are completely

piscivorougPersson and Bronmark 2008)

The stomach contents analysis of thikeperchpopulation also revealed thas
pikeperchlength increased, their prey fishzsi significantly increased, but that prey
length to predator length ratios ranged between 0.08 and 0.38. These ratios were similar
to those of(Keskinen and Marjoméaki 2004yho also revealed that while laghg of
pikeperchand their prey were positively gelated, their prey: predator size ratio were
negatively correlated. Most prey were thus relatively small to the size of the predator, an
outcome that cannot be explained by gape size limitations @lxdraer et al. 2007)

There was also no significanélationship betweempikeperchl e n g t H°N walues, U
indicating that larger individuals were generally not feeding at higher trophic levels than
smaller individualg(Post 2002) Active prey choice is thought to be more important in
explaining diet patteshin pikeperchthan passive $ection mechanismgluresson et al.

2002) This behavioural trait could explain the trends seen here, indicating that in the
absence of suitablgized fish prey, pikeperctvill utilise the resources available (i.e.
invertebrags), but when fish prey are alable, prey sizes are chosen which give the
highest energy return per time spent foraging. These results on prey sizes highlight the
value that SCA data can provide SIA studies, albeit with the caveat that its use is
destrutive or, if using nodethal somach evacuation techniques, are invasive to the

individual fish.

Pikeperch also usually occupy higher trophic positions than other piscivorous
fishes, with this apparent from across a range of habitat typol¢Gesmpbell D92,
Kangur and Kangur 1998,dskinen and Marjomé&ki 2004 his has been attributable to
their piscivory of omnivorous cyprinid fishg&eskinen and Marjoméki 2004nd, in
larger pikeperch, on other piscivores such as pPegiga fluviatilis(Kopp et al. 2009)
Other studies have al$ughlighted that cannibalism can be feature of pikepdrehthat
tends to increase in importance with lengths over 250(@ampbell1992, Didenko and
Gurbyk 2016, Hempel et al. 2016)nd so can help explain the high trophic position of
larger individués versus other piscivore@Kopp et al. 2009) The results here are
generally consistent with these findings, with both roach anchpsging the principal

prey items encountered in stomachs. However, there was minimal evidence suggesting
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that these pikepeh were cannibalistic. This might be explained by the time of sampling,
as younegpf-the-year (YOY) pikeperch would not have been preasn the population due

to timing of spawningLappalainen et al. 2003Both inter and intracohort cannibalism

in pikeperch has been shown to correlate with the density of juveniles in a population
(Frankiewicz et al. 1999, Lappalainen et al. 2006)leed, cannibalism in pikeperch

seen as a key regulatory force in some popula(iiehner et al. 1996, Frankiewicz adt

1999, Lappalainen et al. 2008his again points to the limitations of the stomach content
analyses in providing accurate dietagsessments, as it was only completed at a single
time of year.

In summary, this study has provided relationships orsthkle isotope data of a
range of tissues fromikeperch The application of these data to Bayesian mixing models
predicted strong dogenetic dietary patterns, with shifts from macreertebrates/ fish to
fish only aspikeperchlength increased. Thesatogenetic patterns were similarly evident
in SCA, but with these data also highlighting thatpdseperchlength increased, their
prey size significantly increased, although prey items remained relatively small. In
entirety, these results suggest that wim®ndestructive sampling is required for sport
fishes such agikeperch SIA can be used to provide robust dietary assessments.
However, if SCA can be completed then it can provide dietary data that are
complementary to SIA and so help provide greatsights into their piscivory and

predation pressure on native prey fishes.
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4 Influences of ontogenetic dietary shifts on the trophic interactions of native and

non-native freshwater piscivorous fishes in an invaded river catchment

4.1 Abstract

Introduced fishe$or enhancing sport angling tend to be large bodiedaditniigh trophic
position, raising ecological concerns on both their impacts on prey communities and
interactions with native fishes in the same functional guild. The piscivorous pikeperch
Sander lucipercais invasive in several European countries, inicigcEngland where it
occupies the same functional guild as the native Northerngs&e luciuswith both fish
undergoing an ontogenetic dietary shift from insectivory to piscivory during their javeni
life-stage. Here, the influence of this dietary sbif their trophic positions and niche
sizes were assessed in three invaded sites in the lower Severn River Basin, Western
England. Stable isotope metrics revealed that pikeperch switched their pistivory at
smaller body sizes than pike, with stofnacontents analyses revealing piscivorous
pikeperch from 31 mm. In both pike and pikeperch, there was low overlap in their trophic
(isotopic) niches before and after their ontogenetic dietary switcpistmvory. The
trophic niche of pike was significantgnlarged after switch to piscivory, but there were

no significant differences in trophic niche sizes before and after switching for pikeperch.
These results suggest some partitioning of prey resobetegen this invasive piscivore

and native pike, irrggective of ontogenetic dietary shifts, suggesting that the ecological
consequences of their invasion include predation pressure over a wider range of prey

items than if the native pike was the onlyighte piscivore present.

4.2 Introduction

Recreational arljpg acts as a major introduction pathway for smative fishes, with
largebodied species often introduced to diversify sport angling experiéHaddey and
Chare 2004, Gozlan, Britton, et al. 20185 these fish are of high trophic positi(Eby

et al 2006) their invasions can result in substantial ecological impacts including
increased predation pressure on native fish commuii@iesherousset and Olden 2011)
potentially leading to trophic ceades(Drenner and Hambright 20Q2fFor example,
largenouth bassMicropterus salmoidesvhich have been introduced globally for sport

angling, exert strong tegown effects to native prey populations which can result in
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altered community structuréPereiraand Vitule 2019) In addition to these direct
consumptive effects, indirect ecological impacts of-native species introductions can
also be incurred through both consumptive andemrsumptive effectSih et al. 2010)

For instance, interactions withative speciesni the same trophic guildan result in
behavioural alterations, trophic niche shifts, changes to food web structure and population
declinegCucherousset and Olden 2011, Ricciardi et al. 2013)

Understanding intrguild trophic interaction®etween nativend invasive fishes
is thus important for predicting the ecological consequences of inva&azzo et al.
2013, Britton et al. 2019)Resource partitioning is a key mechanism enabling the co
existence of functionally similar speci@Suza et al. 2016, Btt et al. 2017, Britton et al.
2018) with studiessuggestingthat trophic niche divergence can be important in the
structuring of invaded fish communiti¢dackson and Britton 2014, Comte et al. 2016,
Britton 2018) This divergence can oar when speciesminimise interspecific
competition by becoming more specialised in their diets, resulting in reduced population
trophic niches that are divergent from competitt@shulze et al. 2012, Jackson et al.
2016) Alternatively, increased compigte interactios can cause increased intraspecific
resource variation and niche expansion through diets becoming more generalized
(Svanbéck and Bolnick 2006)

Intra- and interspecific trophic interactions can also be strongly influenced by
ontogeny, whee for predatoryspecies, ontogenetic dietary shifts can be a key driver of
dietary overlap that outweigh taxonomic differen¢@goodward and Hildrew 2002b)

For fishes in sympatrythese dietary switchesfluence the extent of intraand inter
specific esource partitining that facilitate their cexistence(SancheHernandez et al.
2018) Ontogenetic dietary shifts in piscivorous fishes represent the period of
development when individuals switch their diet to one primarily comprising of fish, with
an ealy transition o piscivory potentially providing important fithess advantages
(Mittelbach and Persson 199&)ntogenetic dietary shifts can also influence the extent of
individual movements and timing of natal departure from nursery §zaherousset et

al. 2013, Nyqgwt et al. 2017) Predatoprey interactions in piscivorous fishes,
particularly during ontogeny, are driven by morphological constraints, where maximum

prey size is dependent on gape limitatigMttelbach and Persson 1998, Lundvall et al.
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1999) For frebwater, gapssize limited piscivorous fish, such as piksox luciusand
pikeperchSander luciopercathese ontogenetic dietary switches generally occur in the
first year of life, although the size at which this occurs can {MiitelbachandPersson
1998)

The pikeperch is a relatively largmdied piscivorous fish that has been
introduced for angling and aquaculture into countries including France, Spain and
England (Hickley 1986, Elvira and Almoddvar 2001, Kopp et al. 2004) England,
where the native pike is the only other lafigedied piscivorous fish present, the first
releases of nenative pikeperch for angling enhancement occurred in the 186€idey
and Chare 2004 with invasive populations then developing in many river catafs in
central and southern areas in the 1970s and 1@8@kley 1986) Described as a
specialist piscivordKopp et al. 2009)ecological concerns on their invasion included
both their predation of native fishes and their potential for adverselyiafexttive pike
populations(Fickling and Lee 1983)Elsewhere, invasive pikeperch impacts on prey
populations include predatarduced modification of prey behavioural trajkstlker and
Mehner 2005)and competitive interactions with native piscivoras, \mith their dietary
overlap potentially being reduced due to differences in trophic positions and dietary
specialisations that facilitate trophic niche partitionifppp et al. 2009) There is,
however, considerable uncertainty as to how these ecdlogitaractions and

mechanisms develop, especially in relation to ontogenetic dietary shifts.

The aim of this study was to therefore quantify the trophic interactions of
sympatric native pike and invasive pikeperch populations, and in relation to their die
switch to piscivory, in the lower Severn River Basin, Western England. The approach was
based on the application of™™s)t abnlde ECysrobtoonp e Um
given their utility for assessing the ecological interactiohsative and imasive fishes
(Cucherousset et al. 201Z)he objectives were to quantify the body sizes at which
ontogenetic dietary shifts to piscivory occurs in both species, assess how the ontogenetic
dietary switches affect the size and position of their trophicesicland assess the
influence of the switch to piscivory on trophic niche overlaps within and between the

species.
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4.3 Methods
4.3.1 Sampling

The study areas were all within the lower reaches of the Severn River Basin, Western
England Figure 12a), and included sites within the lower River Severn between Diglis
Weir (upstream) and Upper Lode Weir (downstredfgyrel12a; 52.181N, -2.2241W

to 51.9943N, 2.1735W), and the lower Warwkshire Avon close to its confluence with

the River Severn but separated from it by two weirs that were considered impassable
both speciesHigure 12a; 51.9955N, 2.1579W to 52.1152N, 2.0702W). Pike and
pikepech populations have beenesent in sympatry in the studyeas since the early
1980s(Hickley 1986) Both river sections have limited ethannel and littoral habitat,

with river widthsto 40 m and depths to 4 m. They are also popular locations folapitke
pikeperch catctandrelease angling(Nolan, Curtin, et al. 2019)As a result of the
characteristics of the main river channels, the application of traditional fish sampling
techniques (e.g. electric fishing, seine netting, fyke netting) were largeffedtive.
Sampling of pikeand pikeperch was, therefore, primarily by cadciirelease angling in

the main river channels and by seine netting in the limitedhathnel areas provided by
boat marinas located at Upton (Sevefigiure12b) and at Tewkesbury, where one marina
was connected to the River Severn and another was connected to the Warwickshire Avon
(Figurel2c).

57



Chapter 4

o DT /| (D)

River Severn

Upton marina

River Teme Diglis Weir
=

i
i

Tewkesbury marina,
( C) River Warwickshire Avon

Tewkesbury Marina,
River Sevi
River Warwickshire Avon verseen

River Severn

Tewkesbury Weir

River Warwickshire Avon

Figure 12. (a) Samplingocations on the Rivers Severn and Warwickshire Avon within
the lower reaches of the River Severn basin in Western Enleset) and the position

of off-channel sampling areas including (b) Upton Marina on the River Severn and (c)
Tewkesbury marinas, enwith connection to the River Severn and one with connection to

the River Warwickshire Avon. Weirs are shown as solid lines

Sampling by catclandrelease angling using specialist anglers occurred between June
2014 to December 2018; coordinated by theviBmment Agency (the inland fishery
regulatory body of England), who provided training in the collection of fish scaten (fr

the body area between the dorsal fin and lateral line) and the recording of associated
biometric and sampling data. While the pose of scale sample collection was for fish
age determination for management purposes, the scales also provided méisvial fou

stable isotope analysis (SIf)lolan, Gutmann Roberts, et al. 2018gine netting for fish

and sweepetting in the litoral zone for macrinvertebrates was completed every 6

weeks in offchannel areas between December 2016 and December 2018. During
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sampling, captured fish were identified to species, measured (neargstamd scale
samples taken as per the angled fistkeperch were then euthanised (overdose of
anaesthetic, M&22), and transported on ice to the laboratory for processing for stable
iIsotope and stomach contents analysis. In contrast, all captured grigegeturned alive

due to their importance as the omigtive piscivore in the recreational fisheries of the
rivers. Macreinvertebrate identification was to family lev&lermission for sampling of

fish was given by the Environment Agency. Regulated phaes on live fish were

completed only by licenced indduals under UK Home Office licence 70/8063.
4.3.2 Stable isotope analysis

Fish scales are used regularly in stable isotope studies as-@destounctive sampling
alternative in place of tissues such as rfeyswith this particularly important for use in
fisheiies that operate on cateimdrelease( Ba g i | and . Brchivedtscale 2015
samples from both pike and pikeperch were thus available from angler caught fish in the
River Severn basin which sustains emportant catclfandrelease fisheryNolan, Curtin,

et al. 2019) Scales tend to have a longer stable isotopdlifathan muscle and fin tissue
(Heady and Moore 2013, Busst and Britton 2017tijh predictable relationships for
both pike and pikeperchetween their scale stable isotope data and those diarsal

white muscle and fin tissu@olan and Britton 2018a, Winter et al. 201BYyocessing of

scale for isotope analysis was as pereman and Mooré2007) with scales cleaned with
distilled waterand the outer portion of the scale, which represigtsnost recent growth
(generally the last full year), removed for analys8cale decalcification was not
performed prior to analysesnce the removal of inorganic carbonates has no significant
effecto n s 8@ | eefMvalies(Ventura and JeppeseA1D)

One to three scales per individual were used for analyses (dependent on quantity
of material). For macrinvertebrates, one to three individuals of the same family were
used for analysigdependent on body sizes); family groups were Asellidssells
aquaticu$, Chironomidae (nothiting midge larvae) and Gammaridae. For pikeperch <
100 mm, the small size of their scales prevented their effective use within SIA and so a
portion of white dosal muscle was used as an alternative tissue. All SIA sawwgles
cleaned with distilled water and dried to constant mass at 60 °C prior to their analysis at

the Cornell Isotope Laboratory, New York, U.S.A. The samples were then ground to
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powder, weighedo ~1,000 ug and analysed on a Thermo Delta V isotope radgs m
spectrometer (Thermo Scientific, U.S.A.) interfaced to a NC2500 elemental analyser (CE
Elantach Inc., U.S.A.). Verification of accuracy was against internationally known
reference materialna was tested every 10 ruriso lipid correction was performeas

C:N ratios indicated low lipid content across all t&xa.5,Post et al. 2007)

4.3.3 Stomach content analysis

The pikeperctsampled from the boat marinagre analysed for their stomach contents in
order to complement the SIA. Following estimation of tamach fullness (% in
volume), the prey items present in stomachs were identified to the lowest possible
taxonomic levepossibleand their contributioio overall stomach fullness assessed. To
guantify dietary shifts with body length, the prey itemstmmachs were then categorised

as eithenveémaelbmat esd or 6fi sho, and their
percentages in terms of frequendyoocurrence and pregpecific abundance. Frequency

of occurrence (%) of a given prey type was de&d as the number of stomachs in
which that prey occurred, expressed as a frequency of the total number of stomachs in
which prey were presenfCostello B90) For preyspecific abundance, prey type
contribution was first estimated in proportion to ovestimach fullness (in volume).

The proportional fullness contribution of each diet category was then expressed as

percentage prey specific abundanceR\s

WhereP; was the preyspecific abundance of preyFi was the stomach content fullness

for diet category andFt was the total stomach fullness in only those predators with prey

i in their stomach/Amundsen et al. 1996A binomid logistic regression was used to
model the relationship between length and thieary response variables of diet
(insectivorous vs. piscivorous), with fitted models used to estimate the length at which 50

% of individuals were predicted to be piscivorous.
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4.3.4 Analyses of stable isotope data

Prior to analysing the stable isotope datayas necessary to convert pikeperch muscle
isotope values to scale values using pikeperch specific muscle to scale conversions, as
there are inherent inteéissue differences itheir stable isotope valué¢lslolan and Britton

2018a) There was then a need tetermine whether stable isotope data for pike,
pikeperch and macrimvertebrates could be combined across sampling areas and years
for the River Warwickshire Avon and the RivSevern respectivelAppendix 3). For

pike and pikeperch, this was completed using analysis of covariance (ANCOVA), testing
for the independent ¥hndnié ofSaenpliagarea and yearf f e c t
sampled (maireffects), and fish length (covariaté3gpendix3, Table A3.). For macre
invertebrates, analysis of variance (ANOVA) tested for the independent amnactite

ef f ec™s aorldd ofisampling area and year sampléggendix 3, Table A31).
Temporal differences iGN a i@ valiles were nesignificant (Appendix 3, Table

A3.2), but there were consistent, significant spatial differencepif@perchi*N and

Ut3C between the River Severn andvkesbury marina (River Severn sid@ppendix3,

Table A3.3. Consequently, all subsequent analyses were completed for three distinct
areas (sites) in the study area: Site 1. the Warwickshire Avon, incorporatimjvire
Warwickshire Avon and Tewkesbury marina (River Warwickshire Avon side); Site 2: the
Severn, incorporating the River Severn and Upton marina; and Site 3: Tewkesbury

marina (River Severn side)dble7; Figurel2).

The linearrelationships ofi*®N a A°@ versus body lengtivere then tested for
pike andpikeperchat each site using linear regression. To predict the body size at which
a change in prey resource use ocedr(i.e. the ontogenetic dietary shift to piscivory),
regression models with segmented or pietse linearrelationshipswere then fitted for
U'®N versus bodyength(HammerschlagPeyer et al. 2011) ®Niwas used in preference
t o®Cias it is more commmdy used to estimate trophic position in animals due to its
predictable enrichment with increasing trophiospion (Post 2002) A segmented
relationship is defined by the slope parameters andoteakpointswhere the linear
relation changes, and weregghinedu si ng t he packaigplemémirgg me nt e
bootstrap restarting. Bregdoint estimates wereeported, including standard error and

regression coefficients (including the slope and intercept before and after breakpoints).
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Table 7. Mean (x SD) carbon and nitrogen stable isotope ratios for pike and pikeperch from scale tissues and macro inverteteates by si
including the number of samples and their length range (®ne)1: the Warwickshire Avon, Site 2: the Severn &ite 3: Tevikesbury marina,

River Severn.

Species Site n Length range (mm Mean length (mm Rangei™*C ( Mean U1 Rangei®>™N (  Me atN U( :
Pikeperch Site 1 54 40to 870 206 £ 227 -32.99t0-25.19 -28.99+1.93 13.19t021.72 18.30x1.77
Site 2 42 48to 838 500 £ 234 -28.90t0-19.73 -2494+1.78 12.61t017.38 15.98+0.85
Site 3 67 29to 331 76 £ 57.8 -32.79t0-27.43 -30.38+1.43 13.20t020.82 17.65+1.65
Pike Site 1 35 101 to 1020 352 + 283 -30.03 t0-16.05 -26.46 +2.66 15.44t021.24 18.47+1.33
Site 2 78 114to 1060 572 £ 295 -28.22t0-16.34 -2354+2.77 12.08t017.32 15.86+1.00
Invertebrate Site 1 25 NA NA -35.321t0-27.93 -30.16 +1.75 11.78t018.09 1548+ 1.79
Site2 17 NA NA -32.31t0-26.22 -29.46+1.53 11.11t0l15.27 13.44+1.23
Site 3 18 NA NA -34.91t0-28.88 -32.15+1.63 14.52t018.35 16.29+1.04
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The trophic positions (TP) gfike and pikeperchat distinct size classes within
each population were then calculated through Bayesian estimation completed within the
package 0t Ro p h (Qudzad&onmegiallined al.i2017) Rnalysis were
performed using thai™®>N  a A°@ valiies for the consumepske and pikeperch and the
baselines (macrmvertebrates) for each site. As such, a one baselinejtrophic
discrimination Bayesian model was run for each site with 5 parallel chains and 10,000
adaptie iterations which assumed a baseline trophic posiof 2. The trophic
di scrimination factor SN uasnedd 3w edr9e®GBvad3es5 & O0f.o
which are suitable for piscivorous fish stable isotope data from s@édésn, Gutmann
Robers, et al. 2019)As ontogenetic dietary switches joke andpikeperchare often
apparent at lengths below 100 niiittelbach and Persson 1998&his was tested in each
species by estimating their posterior trophic positions at each 10 mm length inci@ment
fish below 100 mm. For fish above this lengthe grouping length increments were
increased to 100 mm. Model outputs were reported as the means of all feasible solutions

and the %-95" credible intervals of the distribution range.

The trophic nichef pike and pikeperch was calculated as the isotojuice and
was estimated at each site (population level) fandefore and after the dietary shift to
piscivory. For the latter, this was based on the predicted body sizes above and below the
breakpointfrom piecewise linear regression for each site). ™utopic niches were
estimated using metrics based on stable isotope standard ellipse areas and completed
within the package O0Stabl e |Jkddomga 2Bhyesi a
with isatope niche metrics only calculated for sample si@es [Fable 10). Metrics
included standard ellipse areas (SEA), this is a bivariate measure of the distribution of
individuals in isotopic space and represents tifcal resource use of a population
(Jacksn et al. 2011; Jackson et al. 2012). Additional calculations were the total area of
the convex hull encompassing the data points (TA), the correction applied to SEA to
account for small sample sizes (S fand he Bayesian estimated standard ellipse area
(SEAB) and their 95% credible intervals. Significant differences in the size of isotopic
niches were identified when gforofesatéa wefe p o st
smaller than the other. The area of niche overlap between ellipses was also dalculate
repregnting the area, in units of per mil squared, contained by the shape that lies within
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the overlapping ellipses. This was calculated both as the total proportional area of overlap
and the proportional area of overlap for each ellipse. Prior to sesmlyamality and
homoscedasticity of data were assessed by visual inspection of the residual plots. Where
error is expressed around the mean, it represents % 9onfidence limits unless
otherwise stated. All statistical analysis and graphical outpate werbrmed using R
(Version 3.5.3R Development Core Team 2018)

4.4 Results
4.4.1 Stomach content analysis

At all sites, the most important prey item in pikeperch stomachs were fish, with piscivory
evident at body lengths from 31 mnTaple 8, Appendix 3, Table A3)3 Macro
invertebrates were important as pifey individuals of lengths to 153 mm at site 1, but
these prey items werenly found in individuals below 31mm at Site 3. All analysed
pikeperch at Site 2 were piscivoroadthough the sample size was limited (n =T@ble

8). Binomial logistic regression predicted the size at which 50 % of individuals were
piscivorous as 69 + 20 mm at Site 1 a®dtB mm at Site 3.

4.4.2 Stable isotopedalationships with length

Regession analyses revealRdnsiNguhi ifcieasiagnt enr i
length for both species and at all sitEgy(re13, Table9) , ot her t hal'iN for | er
of pike at site 1Kigure 13a; Table9). Segmented relationships were significantdike

at Sites 1 and 2and forpikeperch at Sites 1 and 3. Breadints forpike at Site 1 were

238 + 36 mm and for Site 2 were 241 + 14 nifigQre 14a; Table9). For pikeperch,

breakpoints for Site 1 were 64 + 7 mm and 148 + 44 mm at Sitedi(e 14b, Table9).

There were no apparent brealnts at Site 2 for pikeperch. Posterior trophic positions

ranged from 2.07 to 2.96 for pikendfrom 2.02 to 3.21 for pikeperch. Trophicgiton

increased wh increasing body size in both species, with the lowest estimates in the
smallest size class in pike (100 to 199 mm) and pikepercA44@m), while the highest

estimates were for size classes 800 to 899 mm for pike and 600 to 699 mikefierch

(Figure 15).
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Table8 Frequency of occurrence (F%) and prey specific abundance @ of di et by-ipwvey tteyopeas eGmaama 6f i
from the River Severbasin Western Englanty site, including the number of samples, number of empty stomachs and their length ranges

(mm). Site 1: the Warwickshire Avon, Site 2: tBevern and Site 3: Tewkesbury marina, River Severn

Site n Empty Length Insectivorous Piscivorous length % F (macre  %F % Pi (macro % Pi
stomachs (n) range (nm) length range (mm) range (mm) invertebrates) (fish) invertebrates) (fish)
Sitel 46 13 19 t0222 19 to 153 48 to 222 36.36 63.64 25.89 74.11
Site2 7 3 48 to 490 - 77 to 100 0 100 0 100
Site3 73 22 14 to 148 1410 31 31 to 148 5.88 9412 2.57 97.43
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Figurel4. (a)pike and (b)pikepech piecewise linear regression relationships between length
( mm) aNrsthblelisotope ratios from scale tissues, shown for (a) site 1 (circle, solid line)
and site 2 (triangle, dasthéine) and for (b) site 1 (circle, solid line) and site 3 (squargedo

line) with 95% confidence intervals around the fitted values. Breakpoints according to
piecewise linear regression are highlightedpige (a) (site 1: 238 mm: site 2: 241 mm) and

pikeperch(b) (site 1: 64 mm: site 3: 148 mm).

67



Chapter 4

Table 9. Relationships between pike and pikepercke n g t h'*C w ia ti°%l forieach site

according to linear and segmented regresssite 1: the Warwickshire Avon, Site 2: the

Seven and Site 3: Tewkesbury marina, River Severn.

Species  Site Relationship Statistics & slope and intercept.)
Pike Sitel u3C R?=0.61,F133=54.38P < 0.001,a=0.01,b=-30.40
N R?=0.03,F133=1.94P=0.17,a=0.01,0=17.89
Segme ™ e RR=0.19,P=0.02,a1=0.02,b1=13.28,a2=-0.01,b2=14.11
Site2 UC R?=0.76,F17< 243.2P<0.001,a=0.01,0=-28.23
>N R?=0.23,F1 7 24.03P<0.001,a=0.01,b=14.91

Segme AN e

R*=0.54,P<0.01,al=0.02,b1=10.56,a2= 0.01,b2= 10.87

Pikeperch Site 1

Site 2

Site 3

C
SN
Segme AN e
V@
SN
C
N

Segme AN e

R?=0.50,F15,= 54.98P < 0.001,a= 0.01,b=-30.2%4
R =0.29,F15=22.42P<0.001,a=0.01,b=17.42
R?=0.48,P=0.02,a1=0.19,b1=5.82,a2=0.01,b2=7.20
R = 0.65,F14 76.83,P < 0.001,a= 0.01,b =-28.02
R = 0.35,F14 22.97,P <0.001,a= 0.01 b= 14.89
R?=0.60,F165= 99.26,P < 0.001,a=0.02,b =-31.84
R?=0.32,F16+ 32.22,P<0.001,a= 0.02,b = 16.41

R*=0.39,P<0.01,al1=0.03,b1=15.88,a2=-0.01,b2=17.03
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Figure 15. Posterior trophic position estimates (bars show 95% credible interval of each
posterior trophic position) fopike (black) andpikeperch(grey) by size class within the
Severn River Basin catchment, Western England. Theedde represents a changesire

class increments

4.4.3 Isotopic niche (as SEBA

The isotopic niches gdike and pikeperch were largest in SiteFigure 16a; Table 10), with
nonsignificant differences in niche size and near equal proportional niche overlap between
species (pikeperch shared 34 % wipike shaed 33 %). In contrast, the isotopic niches of
pike and pikeperch were smallest at Site RigQre 16b, Table 10), with pike having a
significantly larger niche and sharing less niche space than pikeperéha #2sus 75 %).

The isotopic niche size of pikeperch at Site 3 was lower than aitllee twosites Eigure

16c, Table10).
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Isotopic niche sizeould only be estimated prand postontogenetic dietary switch to
piscivory forpike at Sites 1 and 2, and pixerch at Site 1. The results revealed significant
niche expansion postvitching to piscivory for pike but not for pikeperch, and with minimal
niche overlap before and after the switch to piscivory within both spdage€16). Only at
Site 1 could intespecific differences be tested in isotopic niche overlap before and after the
switch to piscivory. The results revealed that before the switch to piscivory, pikeah
significantly smaller niche than pikepercmdashared 14 % of their isotopic niche space,
where pikeperch shared 4 % of their niche with pike, the total overlap was 3 %. Following
the switches to piscivory in both species, there was no significerttetlice in their isotopic
niche sizes and theiriaghe overlap increased (total overlap 10 %, shared overlap at 19 %

each)
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points from segmented linear regression. Plots are shown by locatida)fsite 1, the

Warwickshire Avon, (b) site 2, the Severn and ([t 8, Tewkesbury marina, River Severn
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Table10. Isotopic niche metrics for pike and pikeperch by site and including groups before and after ontogeny, wheréolah atlea of
the convex hull encompassing the data points, SEAStandard Ellipse Area containing 40% of the data,sSSEArrection applied to SEA
to account for small sample sizes, and the Bayesian estimate for SEA) (BEHA95% crediblentervals.

Site Species n Lengthrange (mm TA  SEA SEAc SEAs SEAs(95% ClI)
1. Warwickshire Avon Pikeperch 54 40to 870 44.23 10.65 10.87 10.67 7.91,13.92
Pike 35 101 to 1020 43.71 11.02 11.35 11.16 7.61, 15.30
InsectivorousdPikeperch 5 40 to 65 9.26 9.91 1322 756 1.85,17.46
InsectivorousPike 8 101 to 238 499 330 385 1.28 0.54,255
PiscivorousPikeperch 49 67 to 870 36.09 9.12 9.32 859 6.61,11.68
PiscivorousPike 27 251101020 37.17 9.19 956 8.89 5.91,12.56
2. RiverSevern Pikeperch 42 48 to 838 21.31 443 454 448 3.15,5.97
Pike 78 114 to 1060 23.16 796 8.06 8.04 6.27,9.89
Insectivoroudlike 16 114to 241 11.13 443 474 259 1.45,4.10
PiscivorousPike 62 250 to 1060 19.02 528 5.37 453 345,571
3. Tewkesbury marine Pikeperch 67 29to 331 25.47 6.57 6.67 6.65 5.11,8.35
InsectivoroudPikeperch 64 29 to 148 25.47 6.40 6.50 6.25 4.83,7.88
PiscivorousPikeperch 3 227 to 331 NA NA NA NA NA
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4.5 Discussion

Ontogenetic dietary shifts to piscivory are an important feature of the ecology of
freshwater piscivorous fishes with body size an importetérminant of predatgrey
interactions. Here, bregboints frompiecewise linear regressions and size clasphio
position estimatesevealed an ontogenetic dietary switch at smaller lengths for pikeperch
compared to pike. Although there was spatafiability in the size at diet switching
predicted from piecavise linear regressing relationships for pikepergf (0 148 mm)
compared to pike (238 to 241 mm), scale ageing revealed the diet switches to piscivory
were during the first year of life foroth speciegunpublished data, the Autho(®olan

and Britton 20180) These ontogenetic dietary shifts were aisitected in the trophic
positions of both species, with increases in trophic position predicted at similar lengths to
those indicated by thiereakpoint analysis (50 to 70 mm for pikeperch, 200 to 300 mm
for pike). The influence of these ontogenetic dietshifts on the isotopic niches of the
species was intrgpecific isotopic niche segregation pamd postiet switching in both
species, vth some intetspecific niche partitioning evident, irrespective of the dietary

switch to piscivory.

For pikeperch,a dietary switch to piscivory in the first growing season was
supported through stomach contents analysis, where there was consisterecygine tht
which fish were the dominant prey item in stomachs across the sites. However, while
breakpoints from semented regression analysis for pikeperch produced a similar
estimate of size at ontogenetic dietary switch at Site 1 (64 mm), the estinsateush
higher at Site 3 (148 mm), although this was possibly an artefact of having fewer larger
individuals in Site3 rather than a delayed dietary switch. In a review of the dietary
ontogeny of freshwater piscivorous fishes, pikeperch sizes at ontogéietsicy switch
to piscivory were found to range from 35 to 100 mm, which is usually within their first
summer of ife (Mittelbach and Persson 1998yith this trend well supported in other
studies of ontogenetic dietary switch in pikepe(thehner et al.1996, Persson and
Bronmark 2002) For pike, the size at which their diet switched to being primarily
piscivorous was consistent across the analytical methods and sites. These sizes were
larger than reported for pike Mittelbach and Perssqii998) whereontogenetic dietary

switch to pscivory was found to be from 45 to 100 mm, although there can be
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considerable variation between individu@ig/qvist et al. 2017and high levels of dietary

overlap between different ontogenetic stages in @\keundsen etla2003)

An early ontogenetic dtary shift towards piscivory has been linked to higher
than average growth rates in the early life stages of piscivorous fishes with benefits
including increased energy returns and growth which increase the long ternalsandv
fecundity of individualgMittelbach and Persson 1998, Sanchieznandez et al. 2018)
Although it is common for pike and pikeperch to switch to piscivory in their first growth
season(Mittelbach and Persson 1998&his switch can be delayed in tladsence of
suitable prey specieiGinter et al. 2011)Indeed, synchronisation of ontogenetic diet
shifts with fluctuations in resource availability, such as new cohorts of prey, has been
observedor pikeperch(Persson and Brénmark 200 dividual varidility in the timing
of dietaryswitch can result in intraohort variation in the size of juveniles where there
are both fasgrowing piscivorous and slegrowing insectivorous individualgvan
Densen et al. 1996Pespite the differences in size at ordngtic dietary switch found
herebetween the two species, they do represent a switch to piscivory in their first year of
life, where the average size of pike and pikeperch at age 1 from the sampled population
was 281 and 188 mm respectively (unpublishad,dbe Authors)

Inter- and irtra- specific interactions of pike and pikeperch were assessed at both
the population and group level, where the latter was based on thanurepostiet
switch to piscivory from break point analysis. When the isotopicasigre and posiiet
switching were estimated, pike and pikeperch were largely partitioned, with between
species piscivorous life stages displaying more convergence in isotopic niche space and
being of similar sizes. Niche sizes pend postdiet switchng also showed some intra
specfic niche divergence and constriction. A moderate niche compression of pike in
response to the introduction of pikeperch was observed in a whole lake experiment in
Germany(Schulze et al. 2012)here the extent of pike niehmodification was reduced
and he overlap between niches was asymmetrical towards pike due to a less specialised
diet composition. Pike populations were also resilient to adverse effects from invasive
pikeperch in rivers in southwest France due to diffees in their trophic positiortbat
suggested some key dietary differences (pike: 3.7, pikeperch(Kbpp et al. 2009)
Here, the estimates of trophic positions (TP) for both pike and pikeperch were lower in
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the River Severn catchment than found foeseh sympatric populations in $bwest
France, with intrespecies differences in trophic position generally more apparent than

inter-specific differences.

In general, pikdhave broader prey preferences than pikeperch, and can take larger
prey, with studies based on stomach contents gsial corroborating the importance of
specialisation in partitioning resources when the two species are in syitieinlze et
al. 2012, Didenko and Gurbyk 201&)evels of specialisation in pike can vary with prey
availabiity, and whilst considered as abligate piscivore that specialises on fish prey,
individuals often continue to consume madgreertebrates as adults, resulting in
generalists dietary populatiof€hapman et al. 1989, Beaudoin et al. 1999, Pedreschi et
al. 2015) However, many generalipopulations often comprise of sgbts of specialised
individuals (Araujo et al. 2011pandthis couldpotentially provide some explanation for
the intraspecific differences in isotope niche size and position for pikeitat 5
Intraspecific variabilityhas alsobeen showrfor examplein largemouth bass, where
ontogenetic dietary shifts result in trophic niche differences, but with individual dietary
specialisationson distinct resources(aquatic versus terrestrial) beingnportant
determinants of within niche variabilifZhao et al2014)

Constricted and divergent dietary trophic niches are often an important
mechanism in facilitating the eexistence of invasive and native sympatric fish
populationgJackson and Brittn 2014, Tran et al. 2015partitioning of resources during
thefirst growing season iparticularlyimportant for reducing competitive interactions in
closely related piscivoregSpecziar 2005) For pike and pikeperchhowever, their
predatorprey dynamis can be also strongly influenced by morphological constraints
related to gape limitations and prewith pike capable of taking much larger prey
(Nilsson and Bronmark 2000, Dorner et al. 20@@¢spite this, pike often choose smaller
prey than gape limiteons allow or than is predictdaly energy budgets due tacreased
handling time associated with large pr@ilsson and Bronmark 1999The impact of
pikeperch invasion here might thus be in pike exploiting Hugdied prey where
available, reducing copetitive interactions as a result of morphologically differences
between the species. However, this must remain speculative given the absence of data
from before the period of pikeperch invasion.
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Stable isotopes are an important tool when assessing fitectiateractions and
ecological effects of nenative freshwatefish speciegCucherousset et al. 2012
part i NIl arf®g@ endble estimates of trophic positions and energy sources to be
made (Fry 2006) and can be used to define isotopic niche space through advanced
Bayesian techniques as a ablie proxyfor ecological niche(Newsome et al. 2007
Jackson et al. 2011However, when estimating ontogenetic dietary shifts using stable
isotopes, it is also important to account for isotopic turna¥vésrtz et al. 2016)
Specifically, it should be recognised that there will be a time lag betweerydiatnges
and the stdp isotope values of the consumer tisfdander Zanden et al. 20150his is
important here, given that growth rates in the early life stages of pike and pikeperch can
be extremely higlfRypel 2012, Nolan and Britton 2018land so gktary changes might
have occurred at smaller sizes than detected by the stable isotope affdigsesabined
use of SIA with stomach content analyses for pikeperch here enabled some corroboration
on the body size at which the fish switched their digtigoivory.

In summary the application of stable isotope metrics here provided information
on the differaces on the sizat which a native and an invasive fish switched their diet to
piscivory, and the influence of this dietary switch on their trophsot@pic) niches.
Before and after switching to piscivory, the fishes were largely partitioned in their
isotopic niches, suggesting some key differences in their exploitation of prey resources,
with differences in their functional morphology potentiallyypding some explanatioof
this. These results suggest, however, thairiflaence of invasive pikeperch in these sites
waspotentiallyto increase predation pressure across a walege ofprey resourcethan
would already beexploited by pike, althougthe ecological impliations of this require

further work.
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5 Predicting the contributions of novel marine prey resources from angling

and anadromy to the diet of a freshwater apex predator

5.1 Abstract

Anadromous fishes can be important prey resources favgisas fauna in lowland
rivers. Freshwater anglers exploiting latgedied cypriniform fishes use high
guantities of pelletized marine fishmeal baits that can contribute substantially to fish
diets This marinederived energy pathway also potentially pd®s a marine prey
resource for freshwater piscivores. However, ldrgdied cypriniform fishes are
often in a size refuge against predation due to their large §z2esa b | e PNs ot ope (
a n d®C)@nalysis assessed how novel marineypesourcemfluenced the diet of a
freshwater apex predator, Northern piEsox lucius in an impounded river basin
(lower River Severn, Western England). Up to three groupgsef resourcesvere
present: anadromousuropean shadA{osa spp.), cypriniform fishes with dieta
specialisms based on marine fishmeal baits, and freshwater prey. The availability of
these prey resources to pike varied according to river connectivity and levels of

angling exploitation in diffrent river reaches.

Where the three prey groups were prespike were moreenriched iniit3C
values (range:24.74to-1 6 . 34 a) compared to river reac
marine prey groups were absent. (rang28.30 to-21.47) In all reachesiit*C
increased apike length increased. In the reach wherepaly groups were present,
the isotopic niches of thrgeke size categoriewere strongly partitioned; this was not
apparent in reaches where the marine pathways were unavalkalde isotope
mixing models suggested that freshwater prey were the miriant prey item,
contributing between 42 and 96 % to the diet of individu&e. However, where
present, anadromous fishes and cypriniform fishes specialising on marine fishmeal
baits were also important prey items, contributing substantially to #teofllarger
pike (length > 650 mm). The total dietary contributions of the marseurces varied
considerably among the individual larger fish (22 to 58 % of total diet). The presence
of two marine resource pathways in a lowland river thus stronglyeinfled the diet
of an apex predator, but with contributions being a function ofr thpatial
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availability, pike body size, and individual trophic specialisations. These results
emphasise how the anthropogenic activities of river engineering and humatesubs

can affect the trophic dynamics apex predators.

5.2 Introduction

Allochthonousresource subsidies can substantially alter food web and community
dynamics of the receiving systems through, for example, increased primary and
secondary productivityPolis et al. 1997, Marcarelli et al. 2011Although the
response of fooevebs to allobhthonous subsidies can vaflylarczak et al. 2007)
these subsidies are increasingly recognised as important drivers of the behaviour and
abundance of many consumer spe¢idswsome et al. 2014, 2019n freshwater
ecosystems, the transfer of nutrientsyrallochthonous resource subsidies can play a
primary role in fooeweb structuring(Takimoto et al. 2002, Samways et al. 2018)
The benefits to freshwater nutrient budgeta marine derived nutrient (MDN)
transfer fromanadromous salmonid fishes (via et@n, gamete release and carcass
decomposition) have been well established &ipfli et al. 2003, Zhang et al. 2003,
Schindler et al. 2005, Richardson et al. 20H)wever, anadromous fishes can also
play an important role in the transfer of MDN tceshwaters via their direct
consumption by freshwater apex predativiecAvoy et al. 2000, Guillerault et al.
2017) Where the upstream migration of anadromous fishes isd@tpby blockages

such as weirs and danf®vidio and Philippart 2002, Clavero et @&004) their
downstream aggregations potentially provide important foraging opportunities for

piscivorous faunéSorel et al. 2016)

Fishery management activities often anbe freshwater angling experiences
by diversifying the species available througte trelease of largeodied invasive
species, such as cafjyprinus carpioand European barb&arbus barbugHickley
and Chare 2004)To target these fishes, catahdrelease anglers can release large
amounts of 06gr ou(datksan ietta®013) with the quantdiestused i s h
often exceeding 1 kg of bait per d@yiesar et al. 2004)These baits are increasingly
based on marine fishmeal, with the intensive uspetittised marine fishmeal now

common in freshwater angling in Western Eurgpeinghaus and Mehner 2003,
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Bagi | et al . 2015, G.uThisnMDNnsub$tdy bam raltersthe e t a l
trophic interactions between consumér8 a g i | e, \ssist hvasiond@adksoh

et al. 2013) and are increasingly recognised as an importartargieesource to
benthivorous and omnivorous fishésutmann Roberts et al. 2017, Mehner et al.

2018) Where high concentrations of marine fishmeal have been released into
freshwaters, it can be traced through food webs using stable isotope analyses (SIA),
with GC differentiating between freshwater (depletddC) and marine energy

sources (enrichedf*C) (Grey et al. 2004, Jardine et al. 2005, Rasmussen et al..2009)

The presence of both anadromous fishes and freshwater fishes with diets
comprising mainly of rarine fishmeal thus potentially provide apex predators in
lowland rivers with additional prey resources to freshwater prey. However, the ability
of these predaterto exploit these marine derived resources will at least partially
depend on their ability tconsume large bodied prey. This is because anadromous
fishes entering freshwater to spawn tend to be relatively large, with even the smallest
Alosaspp. migrantgo European rivers generally being above 300 mm body length
(Aprahamian 1988)Cypriniform fishes that have diets specialising on pelletised
fishmeal also tend to be relatively large (> 380 m@Ajnat Trigo et al. 2017,
Gutmann Roberts et al. 201Given that freshwater apex fish predators, such as
Northern pikeEsox lucius are gapdimited in their prey selectionNilsson and
Bronmark 2000, Craig 200&hen these marine derived resources might only be
available to the larger individuals in their popwas.This influence of predator body
size on their prey sizes is important, @gex predator gpulations often couple
multiple energetic pathways in aquatic food webs through their exploitation of a wide
range of prey resources (eRponey et al. 2008)Thus, traits that influence prey size
in apex predators will influence their ability to coughese energy pathwayiilsson
and Bronmark 2000, Rooney et al. 2008)

Correspondingly, the aim here was to quantify how spatial variation in the
availability of marine prey resources (large bodied anadromous fish and cypriniform
fishes consuming MDN anglebaits) influenced the diet of a galpmited apex
predator in a lowland river. Where present, #loitation of marine energy
pathways by a &shwater apex predator should lead to enricit€é@ values and
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distinct population dietary niches versus thdisé that forage where the marine
energy pathways are abséMacAvoy et al. 2000, Samways et al. 201B)e apex
predator was pike, with theiopulations studied in the River Sevdrasin, Western
England Figure 17(a,b)), where individuals grow teelatively large sizes (body
lengths > 1 m; mass > 12 kg). In this basiere is considerable spatial variation in

the availability of marine prey resources. Impoundments affect the upstream access of
migrating anadnmous fishegmainly Alosaspp.;Aprahamian 1988)inputs of MDN

based angling bait are affected ¢patial differences in fish community structure and
varying levels of angling activitfGutmann Roberts et al. 201 Jsing SIA to test the
influence of thepresence/ absence of these MDN subsidon pike diet, the
objectives were to (1) assess the spatial variability in stable isotope data of the marine
and nommarine prey resources; (2) quantify the relationships betvpéen body

length (as a proxy of gapgize) and their stable isotope dafd8) determine the
influence of the marine prey resourcespike trophic niche sizes (as isotopic niches);

and (4) assess how the diet compositiopiké at individual and population levels are

influenced by differenes in the spatial availability of thiearine prey resources.
5.3 Methods
5.3.1 Study area

The presence of impoundments (weirs, sluices) in the area of study in the lower River
Severn basin enabled its split into three study reaches based on longitudinal
connectiviy (Figurel7c). These included two contiguous reaches of the River Severn
(one immediately upstream of the other but separated by a weir), and a reach of the
Warwickshire Avon. The lower River Severn reafttereafte referred to as the
downstream Severn reach) was located between Diglis Weir (upstream limit) and
Upper Lode Weir (downstream limit) (52.18192.2241° to 51.9943°;2.1735°;
Figure17c). Although a relatively log river reach (> 20 km), most of the pike were
sampled within the initial 1 km downstream of Diglis Weir where river widths were
to 40 m and depths to at least 5 m. The upstream Beern reach was located on

the River Severn above Diglis Weir, Worces(62.1819°, 2.2241° to 52.3728°,
2.3086°;Figure17c). In this reach, river withs were to 30 m and depths to 4 m. The
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52.1152°,-2.0702°; Figure 17c) was up to 20 m wide, with depths to 4 m and is
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Figure 17. Western Europe slwing the position (inset) of the study area (a), the

location of the main rivers (inset) within the Severn River basin (b) and locations of

the studyreacheswithin the lower River Severn basin (c), where the areas of river

covered byhereachesre repesented as the areas between solid lines.

5.3.2 Sampling of pike

The habitat characteristics of the study reaches resulted in fish sampling by traditional
methods (electric fishing, seine netting, fyke netting) being inefficient or unfeasible,

other than withinimited off-channel areas provided by boat marinas. Coresgty)

sample collection of pike was primarily via catch and release angling. This was

81



Appendix 3

facilitated by the Environment Agency, the inland fishery regulatory body of England,
who established a pikangling network within the Severn catchment. Within this
netvork, participating anglers recorded their catches and were trained in collecting
scale samples. Whilst the primary purpose of scale collection was for fish age
determination for management purpss they concomitantly provided material
suitable for stablesotope analysis in thisstudgyHut chi nson and Tr ueman
et al. 2015) Scales tend to have a longer stable isotopelifalfhan muscle and fin
tissue(Busst and Britton 2017afonsequently, between August 2014 and July 2017,
anglers collectecscales from captured pike andcorded the location and date of
capture and fish fork lengtfAppendix 4, Table A4)1 Note, angling effort for pike

was variable between reaches, being highest in the downstream Severn reach and
lowest in the upstream Sewereach, resulting in spatialamation in pike sample

sizes. Due to this method of sample collection, there was no opportunity for the
collection of complementary data, such as stomach contents via stomach flushing or
gape size measurements. Angling fite is also not permitted ondtlriver between
mid-March and midlune, a period covering the majority of tAéosa spawning

season.
5.3.3 Spatial and temporal variation in the availability of putative prey of pike

Upper Lode weir is passable by anadromalssaspp. that enter the river eaghar

to spawn between April and June, generally at lengths between 300 and 450 mm
(Aprahamian 1988)Diglis weir and the weirs leading into the River Warwickshire
Avon are, howeer, considered impassable Atosaspp.. Therefore, the downstream
Severn reeh was considered as the only reach within the study where this
anadromous energy pathway was present for. pighough anadromous Atlantic
salmonSalmo salaradults also entahe River Severn to spawn they are not resident
in the study reaches or avdila as a prey resource as they can ascend all weirs on the
main river during their upstream migration to spawning grounds located in the upper
catchment. The Warwickshire Avoniizaccessible to migrating Atlantic salmon due

to engineering structures inethower river (Tewkesbury weir). Quantification of the
levels ofuse of pelletized marine fishmeal baits by anglers within each reach could
not be assessed directly (e.g. by treensus). However, largaodied cypriniform
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fishes (mainly barbel, but alsdwab Squalius cephalysin the downstream Severn
reach have already been identified as specialising on pelletised fis{ngaiann
Roberts et al. 2017)Correspondingly, all redes could potentially contain prey
resources that includsypriniform fish speialising on marine fishmeal baitsut with

the downstream Severn reach the only reach where both marine prey resource groups
could bepresent (i.eAlosa spp. andcypriniform fishes specialising on fishmeal
baits).Note that throughout the catchment, lshbarbel populations were present and
targeted by anglers, they were invasive, having been introduced ir(\A®&&ler and

Jordan 1990, Antognazza et al. 2016)

5.3.4 Sampling for ptative prey species of pike

Samples for stable isotope analysis of the pudgiiney species of pike were collected
throughout the study period from thi®wnstream Severn and Warwickshire Avon
reaches only, as logistical constraints prevented the coleaticomparative putative

prey species from the upstream Severn redble. puative prey samples from the
downstream Severn and Warwickshire Avon reaches were small cypriniform fishes (<
400 mm; roach Rutilus rutilus chub and barbel), and madnvertebrates
(Gammaridae, Chironomidae and Asellidae), as maertebrates can be portant

prey resources for pike, especially where individuals are less than 6qChapman

et al. 1989, Venturelli and Tonn 2005, Pedhest al. 2015) Fish were sampled by
angling in the main river channels and by seine netting in boat marinas, while
macroinvertebrates were sampled by sweep netting in littoral areas. Samples of larger
(> 400 mm) barbel and chub were collected via ang(@gtmann Roberts et al.
2017) ensuring that the putative prey resources of pike included larger cypriniform
fish tha can specialise on pelletised fishmég&utmann Roberts et al. 2017n
addition, scale samples #8fosaspp. in the downstream Sevesach were collected
opportunistically and nemvasively during their spawning periods (April to June),
such as by cté#cting scales from carcasses from ottatra lutra predation. For all
putative prey fish, identification was to species, with measurerferk length,
nearest mm) and the collection of 3 to 5 scales from the body area between the dorsal

fin and lateraline. For macreanvertebrates, identification was to family.
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5.3.5 Stable isotope analysis

For SIA, all captured pikédrom the upstream Sevemeach were analysed (n = 8;
lengths 420 to 901 mm). At the Warwickshire Avon reach, higher numbers of-angler
capturedish enabled analysis of J8ke across their length range (455 to 1020 mm).
At the downstream Severn reach, [@@e were analysed (508t1060 mm). Scale
decalcification was not performed prior to their SIA. Whilst comparisons of acidified
versus noracidified scales have revealed significant differences in their isotopic data,
the actual changes tend to be minor with, for examy@aturaand Jeppesef?010)
showing that the pr oc e¥¢t SP)ro0da+c0ed andie a n
U°N of -0.21 + 0.24; conclusions were that these changes were not biologically
relevant.Scale preparation for SIA thus focused on cleaning scalssllédi water)

prior to the removabf the outer portion of the scale only. This process ensured the
analysed tissue &g only from the most recent growth of each fish (generally, the last
full year of growth( Hut chi nson and T rButom2016) ForGhe 6 ,

majority of fish analysed, only one scale was used per individual, as this provided

enough material for analysis. For smaller prey fishes (< 120 mm), up to three scales

had to be used. For maeinvertebrates, three replicate samplese used per family,

where a sample comprised of between one and three individuals (dependent on their

body sizes). All samples were then dried to constant mass at 60 °C prior to their
analysis at the Cornell Isqie Laboratory, New York, U.S.A. Stableotope
analytical details were as p8usst and Britton(2017a) with lipid correction not

necessary as C:N ratios indicated very low lipid confe®.5;Post et al. 2007)
5.3.6 Data analyses

As samples were collectettross years, data were first subjecnialysis of variance
(ANOVA) to test for differences in piké*™>N a r°@ valiles among years at each
reach As these results did not show consistent significant differences within reach
(Appendix 4,Table A4.3, the stable isotope data were combined across all years
without correction. Theelationship between pike body length amdN a €
were determined foeach reach using linear regressidmnalysis of covariance

(ANCOVA) was then used to test for independent and interactive effects of both
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reach and f™Ns h A0 8dtgnotels maludedl reach as a factor (fixed,

3 levels:Warwickshire Avon, ugtream Severn, downstream Severn) and fish length

as a covariate, together with their intera
term would indicate that the relationship between the respective isotope value and

body lengh varied according toeach. Where there was a significant main effect of
reach, T thkcetgsts sverepusesl tfor pairwise comparisons between factor

levels. In addition, differences in the Sl data of all putative prey were tested between

the downstram Severn and WarwickBe Avon reaches usingtésts. Prior to

analyses, normality and homoscedasticity of data were assessed by visual inspection

of the residual plots

The pike stable isotope data were then analysed in two ways. First, the
isotopic nicheof pike was estimatedsing metrics based on standard ellipses obtained
by applying the data within a Bayesian framework, completed within the package
0Stable | sotope Bay e dackaon etBll 20lilppichemnsetricsn RO (S
were first assessddr all pikeat each@ach and then, for the downstream Severn and
Warwickshire Avon reaches where sample sizes were highest by three distinct size
categories: O 400 < 650 mm; O 650 < 850 mn
only calculated for sample sgeareater than or equto five (Table 12). Isotopic
niche sizes were calculated as standard ellipse areas (SEA), with these representing
the core 40 % of the isotopic ddtlackson et al. 2011This bivariate measure of the
distribution of individuals in isotopic space thus is a representation opaupb at i on o6 s
typical resource us@ackson et al. 2011; Jackson et al. 2012). Additional calculations
were the total area of the convex hull encompassing the data points (TA), the
correcton applied to SEA to account for small sample sizes (§E#nd the Bayesian
standard ellipse areas (SEAand their 95% credible intervals. For SEAignificant
di fferences in the size of Il sotopi c niche:
draws forone area were smaller than the other. The area of niche overlap between

two or more ellipses was also calculated where appropriate.

Then, for pike at the downstream Severn and Warwickshire Avon reaches,
their SI data were applied to Bayesian mixing modelspredict the relative
proportions (as posterior probability distributions) of fhgative prey resources that
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contributed to their diet. This was not completed for the upstream Severn due to the

low pike sample size (n < 5) and lack of S| data on tpetative prey.The mixing

model s were completed in the package O0Mi xi
R&6 ( Mi StBck &t Rl; 2018)MixSIAR was used to assess the proportional prey
contributions to pike diet in the two reaches according to lihee tsize categories

outlined above for the niche metrics (to assess group level contributions), and then
individually, by including individual as a covariate to explain variability in mixture
proportions. This enabled assessment of differences in indiMielel contributions

versus group level contribution# | | model s were run wusing O
(chain length: 100,000 iterations with bamof 50,000, with posterior thinning (thin:

50) and 3 chains). Model diagnostics were based on GeRubhimandGeweke, with

sufficient convergence to accept the res(8t®ck and Semmens 2016&@he isotopic
fractionation values betwWwdeB. 8eNPDeg5r aso
3.49 N 0.2534) were based on values obtain
controlled feeding experimen{Barnes et al. 2007)with correction for scalegdm

dorsal muscl§Heady and Moore 2013, Busst et al. 2015, Busst and Britton .2016)

Mixing model outputs were reported as means of all feasible solutions with standard

deviation and the 5th to 95th credible intervals of the distribution ranges.

Before themixing models were run, there was consideration of how the putative prey

data were entered.oF the larger bodied (> 380 mm) cypriniform prey (barbel and
chub), there was c olfCssotdpe vamds®84 to-1a9n.gde & )n, t he
wi t h i ndi vi du aCtheweéstlthof tieeim diétaryh spetialigation on

pelletised fishmeal releasdary anglers(Gutmann Roberts et al. 201 Due to this

consi d¥Q arbd reg e, this O0Cypriniformd prey re
(6marined6 and ofreshwatero). This grouping
mixing model results of GutmannoBerts et al. (2017), where cypriniform prey
resour clCof-2290ttdl 90 40 & had relatively high p
MDN to their diet (predicted mean + SE MDN contribution to diet: 0.50 +;0.17
Appendix 4, Table A4.3 . These fish were t-masi ge®@uped
the mixing models. CyptCof280dto3p0Ddy ar dsdur
relatively low proportions of MDN irther diet (mean £+ SE MDN contribution to
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diet: = 0.24 + 0.11Appendix 4 Table A4.3. These fish were then grouped as
OCyprifnidsoohrwat er © in the mixing model s. T
contributions between the two groups were significatést t = -5.66 P < 0.001;

Table A3.3Frequency of occurrence (%) of prey types dr pikeperch $ander

luciopercg from stomach content analysis across three $iten the River Severn

basin Western Englan&ite 1: the Warwickshire Avon, Site 2: the Severn and Site 3:

Tewkesbury marina, River Severn

Prey Frequency of Occurrence (%)F
Site 1 Site 2 Site 3
Bleak 18.2 75 19.6
Roach 9.1 25 11.8
Common bream 3.0 1.0
Perch 2.0
Ruffe 3.0
Unidentified fish 33.3 58.8
Daphniidae 21.2 3.9
Mysidae 18.2 1.9
Chrinomidae 3.0 1.9
Copepoda 18.2
Odonata 3.0
Simulidae 6.0
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Appendix 4Appendix 4, Table A4.3. Smaller bodied (< 380 mm) cypriniform
fishes (roach, barbel and chubgre then all assigned to thppropriate group based on
their isotope value and thus were incorporatediwith t he O0€y gsihwiaterm®m gr o
This was due to the high similarity of their Sl data with the larger-MbDiN
cypriniforms. Importantly, this also reduced the overall nuntbgrey resources used in
the mixing models, enhancing model performance r@aiicing prediction uncertainty
(Phillips and Gregg 2003, Phillips et al. 2005)

The putative prey resources that could be entered into each mixing model were
thus macrenvertebrates (combined data for Gammaridae, Chironomidae and Asellidae,
due to simiarity of Sl data;cf. Results),Alosas p p . , O0Clypes mwdtoembé f i sh
O0Cypr i-marfiomed f i sh, with the prey resources
However, theuse of all of these resources in the models for each pike size category was
not appropriate. This was because of the pike-spaxific gape limitations, where
smaller individuals are limited in their ability to consume lafigedied prey items
(Nilsson aml Bréonmark 200Q0) The use of angleraptured fish meant the gape sizes of
pike could not be measured directly. Therefore, for each individualguiklysed, their
maximum ingestible prey size (MP) was estimated as a functitireio fork length (FL)
(MP =0.13FL +0.40; Nilsson and Bronmark, 2000). To incorporate these maximaym p
lengths into the analysis, mixing models were run for three size categories of pike
outlined earlier. The mean MP was determined for each reach and size category, and only
prey esources under the mean MP were entered into their mixing mbalele(11).
Although this meant that the mixing models differed between the size categories, it
ensured the final models were parsimonious and ecalibgicealidic. All statistical
analysis and graphical outputs were performed using R (Version 3.5.2; R Development
Core Team 2018). Where error is expressed around the mean, it represents £ 95%

confidence limits unless otherwise stated.
5.4 Results
5.4.1 Stable istope relatonships with length in pike

There was a si gHhGwith incaeasing lengtlc forepikes véthini reachés
(Figure 18; Table12; Warwickshire Avon: R= 0.34,F117= 10.08;P < 0.01, upstream
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Severn: R=0.71,F1.6= 17.76,P < 0.01; downstream Severn? R 0.47,F1 8= 24.75,P

< 0.001). This increase was also independent of reach (ANCG®V4:= 75.21,P <

0. 00 1) %C vauesealsaidiffered signifintly between reaches (ANCOVA, 51 =

3324P< 0.001), where pike from t ReveWiar wi ck:
both the downstream Sever3(. 4 9t =&/.87,P < 0.001) and upstream Severt.80
a,t=-291,P =0.01). Fish from the downstreagevern reach also had significantly

enri @evdaliues versus the uptsRBiAPEmMO25EReer N r
interaction between length and reach was not significant (ANCORéAi = 2.86,P =

0.06).

The rel ati on!'dNhang fistblengttwwas mot 8&ignificant in the
Warwickshire Avon (R = 0.04,F117 = 0.29;P = 0.60) and downstream Severr? (R
0.01,F128 = 1.29,P = 0.28) Figure 18; Table 12). Thee was, however, a significant
i ncr e a%leithifigh ledgth at upstlam SevernRigure 18; Table 12, R? = 0.51,
Fie=6.12P= 0. 04). The r eNandifsb lergth was nob sghificane n U
independent of reach (ANCOVA&:15:=1.78,P= 0 . 1 9N did differtsignificantly
between reaches (ANCOVA:251 = 63.38,P < 0.001). Fish in the Warwakshire Avon
had si gni f i thantalthe other rgdder( diownstreamtSevern
1027P< 0.01; wupstreamogrvOdHI)N +3. 06 a,
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Table11. Prey resources included in mixing models for egedchand pike size category, including their length range (mm) and cadral

nitrogen stable isotope ratios (a).Cypriniform fishesandathosepr ey
specialising on marine fishmeal bait
River reach Pikesize category Prey resource n Prey Length range (mm Me a WC i( Me a ®N U(
L. W. Avon 0400 < 6 Macroinvertebrates 10 -30.23+1.47 1590+1.33
Cypriniformsi freshwater 18 77t0330 -26.69+2.10 15.09+1.69
0650 < 8 Macroinvertebrates 10 -30.23+1.47 1590+1.33
Cypriniformsi freshwater 21 7710420 -26.50+2.08 15.08+1.85
0850 mm Macroinvertebrates 10 -30.23+1.47 15.90+1.33
Cypriniformsi freshwater 22 77t0510 -26.45%+2.04 15.08+1.81
Downstream Sever O4 0 0 < 6 Macroinvertebrates 9 -29.67 £ 1.19 9.59 +0.81
Cypriniformsi freshwater 15 60to 316 -26.08+1.38 12.49+1.30
Cypriniformsi marine NA
Alosaspp. 9 -13.30£0.62 12.52+0.90
0650 < 8 Macroinvertebrates 9 -29.67 +1.19 9.59 + 0.81
Cypriniformsi freshwater 20 60t0401 -2594+1.36 12.84+1.37
Cypriniformsi marine 5 380to 450 -22.26+0.19 11.88+0.88
Alosaspp. 9 -13.30£0.62 12.52+0.90
0850 mm Macroinvertebrates 9 --29.67 +1.19 9.59+0.81
Cypriniformsi freshwater 32 60to 570 -25.56+1.34 12.85+1.21
Cypriniformsi marine 21 380to 565 -21.80+0.98 11.73+0.61
Alosaspp. 9 -13.30£0.62 12.52+0.90
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Upstream Severn (cross, ledgshed line); Downstream Severn (solid circle, solid line)

with 95% confidence intervals shown around the fitted values.
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Table 12. Mean(x SD) carbon and nitrogen stable isotope ratiopiké by reach and size category, including the number of individuals
analysed and their length range (mm).

River reach Size category Lengthrange(mm n Mean U1 Rangei®C ( Me a N U( . Rangeli®™N (
Warwickshire Avon 04 0 0 < 455to 640 7 -26.23+1.24 -28.301t0-25.15 19.08+1.36 16.581t0 21.24
0651 < 680to 840 6 -2483+182 -26.63t0-21.47 18.25+1.71 15.67 to 19.78
0850 860to- 1020 6 -24.96+0.22 -25.39t0-24.81 19.23+0.30 18.761t0 19.49
Upstream Severn 04 00 < 420 to 480 2 -2448+0.35 -24.731t0-24.23 14.63to 15.41
15.02 £ 0.55
0651 < 660to 774 3 -23.80+£0.53 -24.33t0-23.28 15.66 £0.55 15.14t016.24
0850 880 to 901 3 --23.24+0.29 -23.49t022.93 16.43+£0.57 15.99t017.07
Downstream Sever ©4 0 0 < 508 to 635 5 -2435+0.46 -24.74t0-23.69 15.80 £ 0.58 14.86 to 16.28
0651 < 660to838 10 -21.51+1.44 -23.641t0-19.45 16.13 + 0.56 1541 t016.92
0850 864 to 1060 15 -19.96+2.02 -22.49t0-16.34 16.18+0.61 15.03to0 16.96
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5.4.2 Isotopic niche of pike

The isotopic niche size (as SE}of pike was largest for the Warwickshire Avon, followed

by downstream Severn and wsmallest at upstrea Severn Table 13). The position, size

and location of the ellipses varied in niche space, where pike isotopic niche from the
War wi ckshire Avon occ’piaexd smoarned slpedssissopna cteh

compared with the downstream Severn reach that showed the opposite pajiaailQ).

Isotopic niche sizes (as SEpby the three size categories of pieealed that in the
Warwickshire Avon, the largest niche svan fish of 651 to 850 mm and the smallest niche
for fish > 850 mm Table 13; Figure20). These niches also showed a high degree of qverla
across all size categories withr example, the niche of the largest size category (> 850 mm)
sitting entirely within the niche for fish of 651 to 850 mm (Fig. 4). By contrast, the isotopic
niches by size category in the downstream Severnreachrmd gger s epar a'fCi on al
axis (Table 13; Figure 20). The niche size for fish of 400 to 650 mm was relatively small
compared to the two larger size categories and did not ovarédpe(13; Figure 20). The
isotopic niche for fish of > 850 mm was the largest within the downstream Seaeinand
was ¢ o n s'fCderriched) desulting in it sharing only 40 % of its niche space with that
for fish of 651 to 850 mmT{able13; Figure20).
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Table 13. Isotopic niche metrics for pike by reach and size categories, where TA: the total
area of the convex hull encompassing the data poirlig,: $he Standard Ellipse Area
containirg 40% of the data, SEA Correction applied to SEA to account for small sample
sizes, SEA: The Bayesian estimate and 95% credible intervals.

Groupings TA SEA SEA: SEAs 95% CI

Warwickshire Avon 1421 421 445 421 2.63,6.85
Upstream Severn 145 1.06 1.24 103 0.51,2.35
Downstream Severn 11.79 409 423 396 2.77,5.82

Warwickshire Avor0D4 0 0 < 528 359 431 357 1.59, 8.68
Warwickshire AvorO6 50 <8 9.07 7.18 898 541 1.76,13.93

Warwickshire AonO8 50 mm 0.22 0.19 0.23 0.11 0.05,0.31

Downstream Sever@4 0 0 < 058 054 0.72 0.29 0.11,0.89
Downstream Sever@6 50 <8 4.49 252 283 218 1.09, 4.31

Downstream Sever@8 50 mm 7.29 3.87 4.17 3.07 2.01,5.88

5.4.3 Spatial and temporal vartai o n3C i a A°Nl of putative prey resources

T h €3°C ualues of macrinvertebrates did not differ between reaches (Warwickshire Avon:
30.23 N 0.46 4&a; -AD.wehat N ta@ths B.82% ¢ * 17,P = 0.37;

Table 11; Fig. 4) . Ther e wHiGenrichmeny i the putative preyni f i ¢
resources between the reachete¢t t = 7.82,df = 168.67,P < 0.001;Table11; Figure 20).

Thi s si §¢°@ enficghroemtrwtas tlius due to significant differences in the fish prey
resources (Warwickshire Avor26.48 + 0.31; downstream Severp2.78 + 0.34}-test t = -

8.01,df = 145.62 P < 0.001;Tablel11; Figure20).

The putative prey resour ¢ theWarickstsre gni f i
Avon (16.02 N 0.24 &) versus ttebte=-BRIMfeer n (12
168.67,P < 0.001;Table 11; Figure 20). Differences were in both macroinvertebrates and
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fish prey resources (macrertebratest-test t = 12.64,df = 15.10 ,P < 0.0QL; prey fish:t-
testt =-8.0,df = 145.62P < 0.001; Table 1Figure20).

5.4.4 Stable isotope mixing model predictionpike diet composition

At both the Warwickshire Avon and downstream Severn reaches, pikeitsoicipes across

all size categories were positionbdtween the putative prey resourcegy(re 20). At the
Warwickshire Avon, whilst the cypriniform fishes specialising on marine fishmeal baits were
present, the ape limitations in the size range of the analysed pike meant none were
considered as available prey in mixing models. Thus, all dietary contributions in this reach
were of freshwater originT@ble11), with predictons that macrinvertebrate prey resources
were contributing substantially to the diet of pike < 650 nimab(e 14). Freshwater fishes

and macroinvertebrates were then important prey items at sizes > 650atleild).

In the downstream Severn reach, whilst freshwater fish were predicted as the most
important prey resource in all size categories, the two marine prey resources were
increasingly important prey items as pike bddggth increased. Overall, the proportions
dietary contributions ofAlosaspp. increased from 0.05 £ 0.04 in fish < 650 mm to 0.13 *
0.06 in fish of length > 850 mnTéble 14). Whilst gape limitatbns precluded cymiform
fishes specialising on marine fishmeal bait from diet predictions for pike < 650 mm, in the
larger size categories, the predicted contributions were 0.24 + 0.13 for 650 to 850 mm and
0.20 + 0.14 for fish > 850 mnTéble14).

When predicted at the individual level, there was less dietary variability in pike in the
Warwickshire Avon than in the downstream Sevezach Table 14; Figure 21). At the
downstream Severn reach, individual variability in diet increased with increasing gape size,
with the highest individual variability apparent for fish > 850 niralfle 14). For these fish,

t he prigilGyn-f r eshwaterd prey had an estimated
contribution to individual dietAlosa spp. between 0.06 am@l25 and cypriniform fishes
specialising on marine fishmeal bait between 0.18 and (Or@Bl¢ 14; Figure 21b). The
highest mean proportional contribution of marine resources to the diet of an individual fish
was 58 % Figure21b).
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Table14. Estimated dietary prey contributions from MixSIAR modelpike by reach and size categogroupmean % + SD with6% and

95% Bayesian credible intervals in parenthes®s individualmean % * SDwith predicted proportional contribution range in parentheses.

Cypriniform fishes as prey resources are separated to include those with a fredlevated tose specialising on marine fishmeal bait

River reach MixSIAR  Resource 0400 < 650 mMO650 < 850 mMO850 mm
Warwickshire Avon  Group Macroinvertebrates 0.73 £0.14 (0.47, 0.95) 0.43 £0.20 (0.13, 0.78) 0.57 £0.13 (0.35, 0.78)
Cypriniformsi freshwater ~ 0.27 +0.14 (0.05, 0.52)  0.57 +0.20 (0.22, 0.88)  0.43 +0.13 (0.22, 0H)
Individual Macroinvertebrates 0.73+£0.02 (0.66t0 0.84) 0.45+0.05 (0.25t0 0.58) 0.58 +0.01 (0.56 to 0.59)

Cypriniformsi freshwater

0.27 +0.02 (0.16 to 0.33)

0.54 + 0.05 (0.42 to 0.75)

0.42 £ 0.01 (0.40 to 0.44)

Downstream Severn Group

Individual

Macranvertebrates
Cypriniformsi freshwater
Cypriniformsi marine
Alosa spp
Macroinvertebrates
Cypriniformsi freshwater
Cypriniformsi marine

Alosa spp

0.33+0.13 (0.11, 0.53)
0.62+ 0.14 (0.39, 0.85)
NA

0.05+ 0.04 (0.01, 0.13)
0.29 + 0.01 (0.26 to 0.33)
0.66 + 0.01 (0.63 to 0.69)
NA

0.04 + 0.01 (0.04 to 0.04)

0.15+ 0.13 (0.04, 0.44)
0.54+0.11 (0.36, 0.71)
0.24+0.13 (0.04, 0.44)
0.07+0.05 (0.01, 0.17)
0.13 + 0.01 (0.09 to 0.20)
0.52 +0.02 (0.41 to 0.62)
0.29 + 0.02 (0.19 to 0.41)
0.05 + 0.01 (0.03 to 0.07)

0.06+ 0.05 (0.01, 0.15)
0.61+0.09 (0.46, 0.75)
0.20+ 0.14 (0.02, 0.46)
0.13+0.06 (0.03, 0.23)
0.06 + 0.01 (0.04 to 0.09)
0.55 +0.03 (0.37 t0 0.71)
0.27 +0.01 (0.18 to 0.33)
0.12 + 0.02 (0.06 to 0.25)
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5.5 Discussion

Stable isotope analysis revealed the presence of marine subsidies within an impounded
lowland river resulted in their substantial contribution to the assimilated diet of large
bodied pike. Results showed considerable dietary niche partijidmeiween pikesize
categories when anadromoidosa spp. and cypriniform fish specialising on marine
fishmeal bait were available as prey. Where these resources were not available, this niche
partitioning was not evident. Stable isotope mixing models atede that in he
downstream Severn reach, up to 33 % of pike population diet could be attributed to the
marine subsidies at the population level, with the greatest proportion of this marine
resource contributed by cypriniform fishes (20 % of total popaiadiet). Thee was,
however, considerable variation among individuals, with between 22 and 58 % of

individual diets consisting of the two marine resources.

These results are consistent with studies on individual specialisation that suggest
long term diferencesinthd i et of consumers can ré¥€ult
within populationgMatthews and Mazumder 2004)ther apex predators have also been
reported to couple distinct energetic pathways within complex food webs. For example,
Matich et al. (2011)revealed that two pelagic shark species coupled distinct food webs
through dietary variations resulting from eoispecies being dietary specialists and the
other being generalists. Individual specialisation in pike has also been previously
doamented(Beaudoin et al. 1999, Kobler et al. 2008) has been hypothesised as a
potentially important mechanism in reducimiraspecific competition, with Kobler et al.
(2009) showing substantial behavioural diversification in individual pike that dedpe
reduce intrespecific competitive interactions. Here, the diet diversification in the larger
pike was through their spatisation on the marine prey subsidies that were all lengths
>280 mm. Although it could not be tested whether the fish spec@lsirthese subsidies
had different behavioural traits to those that primarily consumed freshwater prey, they did
require fungional traits that enabled the capture and handling of large prey. Whilst it
could also not be tested whether the consumptionesfetiarger prey was a response to
intra-specific competition, the exploitation of marine subsidies by these individuals
resuted in higher intrapopulation variation and individual specialisation, as has been
shown elsewhere (e.@eaudoin et al. 1999, Badbk et al. 2002, Araudjo et al. 2011n
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doing so, the two marine energy pathways present in the downstream Severn reach were

coupled with those from nemarine sources at the apex of this riverine food web.

T h €3C &f pike differed significantly between the reaches, but with the effect of
the interaction o f8CnakendgsigeficanThére veas, howarn gt h o
high variability in G*3C of larger pike in the downstream Severn reach that doul
potentially have strongly influenced this nsignificant result. There was also
considerable variability in the contribution of marine resources to the diet of the large
fish in the downstream Severn reach. Nevertheless, within this reaehdi¢tary
contributions of the two marine subsidies did increase pikk body length, explained
by their prey selection being dependent on gape size, with this a function didtgir
length. This finding is important, as in the dietary analysqska individual diets tend
to primarily consist of smaller prey (e.g. < 200 mm length), irrespective of whether that
fish can consume larger pré@raig 2008, Sandlund et al. 2018is results from both a
limited availability of larger prey and larger prey havingh@ghandling times that incurs
an increased risk of kleptoparasitighilsson and Bronmark 2000, Craig 200Blere, the
stable isotope data suggested that indivighiled over 650 mm could consume relatively
large fishes, with, for example, the approximsitges ofAlosaspp. in the River Severn
during their spawning period being > 300 n(Aprahamian 1988)Moreover, the MDN
prey resource from angling bait comprised ohés of only above 380 mm lengthhe
presence of anadromoudosa spp. in diet was ads interesting given they are only
available for a relatively short period each year, generally April to June, a period
coincident with the postpawning period opike (Qraig 2008) Utilisation of these gape
dependent resources resulted in isotopic nidfierdnces between populations with and
without MDN pathwaysThis finding is also consistent with Samwagtsal. (2018), who
found that whilst the total ecological nictspace did not always increase in river
communities following spawning of anadromoushés, this niche space did show

consistent movement toward the marmeérient source.

Apex predators are often associated with exertingidtopn forces that can initie
trophic cascades within food welBrett and Goldman 1996, Mcintosh and Townsend
1996, Ritchie et al. 2012However, bottorrup forces, such as prey availability, can also

influence predator behaviour and dietary preferences, resulting in prey switniiing
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altering predatoeprey relationshipgNewsome et al. 2014, 20155or example, hman
influenced food subsidies have altered natural preghaeyr relationships in terrestrial
systems via bottormp processefRipple et al. 2013, Newsome et al. 2014120These
anthropogenic subsidies have been sufficient to maintain the abundangehaeds of
numerous terrestrial predators, including species of birds, mammals and (E&pjas

et al. 2014, Newsome et al. 201blere, the provision of an anthraggmic prey subsidy

in an aquatic system was via the release of large amounts ofcgabglis that contained

high proportions of MDN. The population benefits of this subsidypike might have

been limited, as it can only be exploited at relatively laiges. It was beyond this study

to determine if there were reproductive and fithnessebes for individuals exploiting
these marine prey resour ce s siyalofghe tinglerl ess, t
bait subsidy, located between the freshwatea n d an a d f30 signal, ®nalged e y i
these nutrients to be traced through sugigestrophic levels in the food web. Previously,

MDN subsidies from aquaculture and angling have only been detected as being
assimilated directly by freshwater fishgsc k s on et al . 2013, Bagil e
Roberts et al. 2017Thus, a novel outene of this study was the demonstration that this
anthropogenic marine subsidy was transferred to higher trophic levels in the freshwater
food web via piscivory. Notwithstanding, this result was detected in only one river reach.
Given he characteristicsfdhe study system, this was unavoidable, as the two marine
prey pathways were only present in the downstream Severn reach. Although sample sizes
were often small in some reaches, these were not considered to have been a major
impedimen to data analysis ra interpretation due to some of the considerable
differences in the stable isotope data of both prey @ikd However, it would be
beneficial to identify whether this transfer of angling MDN though riverine food webs is
apparent elselaere, especially ireaches where they are released in high quantities.

Angling baits have been argued as acting as a very strong allochthonous subsidy
compared to inputs of, for example, terrestrial invertebi@asst et al. 2015, Mehner et
al. 2018) Here, their use in thRiver Severn basin created a novel MDN energy pathway
involving cypriniform consumers and the piscivorous pike. The dietary contribution of
this MDN pathway was generally predicted to be higher than that of the anadromous

MDN pathway.This anadromous pyeresource was, however, still an important dietary

102



Chapter 5

component. Its presence was also consistent with a large body of research that
demonstrates the importance of anadromous fishes for maintaining the productivity,
diversity, and commuty structure of manyreshwater systems (e.&chindler et al.

2005, Richardson et al. 2016lndeed, apex predatory fishes have been shown to
regularly predate upon anadromous fishes when they enter freshwaters to spawn
(MacAvoy et al. 2000, Guillerault @l. 2017)

In sumnary, the diet composition and isotopic nichespike populations was
influenced by the spatial variation of novel marine prey resources. Whilst body size had a
strong influence on the ability gfike to exploit these marine prey resoes, there was
consderable variability in the MDN dietary contributions to larger fish. Notwithstanding,
that angling bait based on marine resources could be traced through successive trophic
levels is a novel finding and highlights how human subsidies aféect the trophic
dynamics of apex predators.

103



Chapter 6

6 Activity patterns and habitat use of native and nonnative piscivorous fish in a

channelized lowland river

6.1 Abstract

To understand the temporal and spatial movement patterosefisting large
bodied native and nenative pscivorous fishespassive acoustic telemetry techniques
were used to track 16 native piEsox luciusand8 invasivepikeperchSander lucioperca
for 12 months in the lower River Severn, Western England. The River Severn supports an
important fishery for bt species but is a heaviljnpounded channelizedowland river
with limited areas of ofthannel habitatFor management of their populatioasd
fisheries, understanding of the spatial ecology of thesexiting native and nenative
predatory fishess neededThere was considerable variability in the movement patterns
within and between the species. Pike and pikeperch increased thenlaibyatiistance
moved during spring, with this likely to relate to spawning migrations in pike and
increased forging behaviours in posipawned pikeperch. Elevated water temperatures
increased the frequency of movements of both species up to a thresi&lt©f with
decreased movements at higher temperatures. In pike there was a reduction in the
frequency of moveents in winter and an increase during twilight periods in summer and
autumn. The limited of€hannel habitat available was important to pikeyetr round,
whereas pikeperch primarily used it in winter and spring. These results highlight the
importance obff-channel habitat and the potential for such areas to be used as spawning

locations for nomative pikeperch and as important foraging afeagative pike.

6.2 Introduction

In lowland rivers, engineering structures, such as weirs and dams, can resdlidgad
aquatic biodiversitfClavero et al. 2004, Dudgeon et al. 200R)is occurs as a result of
decreased longitudinal connectivity that inits access to or alters key habitats for
spawning and foraging in potamodromous freshwater figheslio and Rilippart 2002,
Ziv et al. 2012, Benitez et al. 2018oupled with adeterioration or destruction of
complex habitats as a result of increashdnnelizatior(Allan and Flecker 1993)These
changes can thus disrupt patterns of native biodivesitythee may be a general shift

away from lotic to more lentic conditionidohnson et al. 2008yvhilst often creating
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favourable conditions for the stessful establishment of invasive speciesexampleby
providing stable conditions all year rouf@orbachoand Sanchez 2001, Clavero et al.
2004, Johnson et al. 2008However, lotic habitats can also be beneficial to the
establishment of nenative fshes as they provide access to a greater variety of food

resourcegGarcia et al. 2018)

Largebodied nomative fishes of high trophic position are often introduced to
enhance recreational freshwater anglififickley and Chare 2004)However, their
introductions and subsequent invasions can have substantial negative effects on native
fish diversity through both #r consumptive effects on prey species and-non
consumptive effects on native analog(ieby et al. 2006, Sih et al. 2010, Menezes et al.
2012) In many lowland rivers in England, the native latilied piscivorous fish, pike
Esox lucius is increasinglyexisting in sympatry with the nemative pikeperciSander
lucioperca which was released specifically for angling enhancement into the Great Ouse
catchment in Eastern England in the 19¢Asckley and Chare 2004)Following its
release, the species estabéd and subsequently dispersed throughout river catchments in

cental and southern Englarfiiickley 1986)

The extent of interactions between nwative pikeperch and native pike remain
uncertain. In pike, submerged vegetation and macrophyte growthteemely important
as spawning substraficCarraher and Thomas 197a&)d nursery habita{€raig 2008)
and are directly correlated with adult abundaftcasselman and Lewis 199@h river
basins affected by anthropogenic activities where natural vegetatilimited, laterally
connected ofthannel habitats can provideportant habitats for refugia and foraging
(Pauwels et al. 2016Puring foraging, pike are generally considered stationary, due to
their sitandwait predator ambush behaviour but maguatty shift positions regularly to
enhance predation success anaidwonspecifics(Nilsson et al. 2006, Knight et al.
2008) In contrast, pikeperch, spawn in nests constructed by the males, which may be
made on sandy, silty or muddy substrates, and dmchwyfemales deposit eggs
(Lappalainen et al. 2003The males thenest guard, remaining in position for between 2
and 6 weekgJepsen et al. 1999 rivers, spawning movement is thought to be towards
habitats with low water velocit{Koed et al. 2002)as ths can minimisehe risk of larvae

being displaced downstreainy elevated flows(Koed 2000) In contrast to pike,
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pikeperch foraging consists of active searchfigresson and Bronmark 2004)ith

relatively small bodied prey taken when comparedke (Turesson et al. 2002)

Whilst there are some clear differengasthe foraging strategies and spawning
behaviours of pike and pikeperch (elgresson and Bronmark 2004, Nilsson et al. 2006)
studies assessing their movement patterns in riverinecemvants, suggest some context
dependencies in the results. For exeEmppikeperch activity rates can increase during
twilight periods (Poulet, Arzel, et al. 2005, Horky et al. 2008)th seasonal activity
differences relatkto their spawning behaviouf&oed 2000, Koed et al. 2002, Horky et
al. 2008) However, in othertadies such as on Dutch river systems, these patterns were
not observed and swimming activity was highest at n{glarts and Breukelaar 2017)

Pike spatial behaviours tend to vary consaddy between individuals, with some being
almost exclusively sedearty through to others being highly active, coupled with high
individual variability in activity and habitat ug®lasters et al. 2005, Kobler et al. 2009,
Skov and Nilsson 2018)Most studés on riverine pike movements reveal spawning
migrations in sprindOvidio and Philippart 2005, Koed et al. 2006, Pauwels et al. 2014)
These spawning migrations include instances where all individuals move considerable
distance upstrearfOvidio and Philipart 2005) and others where movements are much
shorter and in bothpstream and downstream directigRauwels et al. 2014pimilar to

some pikeperch studies, a peak in movement activity at twilight periods has also been
observed for pikgKobler et al.2008, Baktoft et al. 2012)f the movements of both
native pike anchon-native pikeperch are tracked simultaneously in the same system, then
issues around context dependent behaviours can potentially be overcome enabling their

response to environmentalariges to be compared directly.

The aim of this study was therefai® assess the temporal and spatial movement
patterns of ceexisting largebodied piscivorous fishes, the native pike and themaiive
pikeperch, over twelve months in an impounded lodlarer, the lower River Severn,
Western England. Objectives were determine the spatial and temporal movement
patterns and diel activity behaviours for both species, the influence of water flow and
temperature on these patterns of behaviour, and theriamze of the limited of€hannel

habitat considering the homogeisamature of the main channel of the River Severn.
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6.3 Materials and Methods
6.3.1 Study area

The study area was a section of the lower River Severn, Western Enigigace 22a)

between Diglis Weir (upstream) and Upper Lode Weir (downstredhgure 22b;
52.1819,-2.2241 to 51.99432.1735) and encompassing the lower section of the River
Teme tributary The weirs athie up and downstream limits of the area provided a closed
area of 28 km, as neither of the species were assumed to be capable of traversing these
weirs. The weirs were constructed for navigation and have resulted imvérebeing

highly impounded, wittheavy boat traffic in summer. The study area is characterised by
widths to 40 m, depth to over 4 (@-MAP 2019)with minimal in stream vegetation and
off-channel areas, the only exception being a boat marina located atUpmie8evern
(Figure22).

An acoustic receiver array was established in thdysarea prior to fish tagging,
comprising a total of 11 acoustic receivers (VR2, Vemco Ltd) in fixed locatibaisl€
15; Figure22b). These receivers remained in place throughout the study period, with the
exeeption of receiver #3 which was deployed on 24/04/18. Range testing revealed a
maximum detection range of approximately 100 m acrbe study aregGutmann
Roberts et al. 2019}his exceeded the river width in all locations and thus the receivers
functioned as a gated array. Receiver positions were selected to provide equidistance
coverage between the upstream and downstream rdntie study area, whilst also
enabling detection of movements in and out of the boat marina at-UptmmSevern,
and the raglency of the fish in this marindigure 22c). Receivers were removed and
replaced periadally allowing the stored data to be downloaded for analyAis.
temperature logger (Tinytag) was deployed at the site of receiver nénainer recorded
temperature (to 0.1 °C) every three hours. Flow dafésfrwere acquired from the flow
gauging statioroperated by the Environment Agency at Saxons L6@e0495,-2.2005,

Fig. 1b)with records of flow every 15 minutes.
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Figure22. Map showing a) the position of the study area within the UK; b) the study area
within the River Seern with the receiver locations shown by circled #me position of
the flow gauging station (star) c) the-gtiannel habitat provided by UptdiponSevern
marina showing the receiver locations (circles) and the sampling location (triangle). The

arrow ndicates the direction of water flow, solid line®wahthe position of weirs.
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Table 15. Receiver identification, name and location coordinates (decimal degrees), the total number of detections recorded biwerach rec
within thestudy period, anthe time and date of first and last detections

Receiver numbe Receiver name Latitude Longitude Detections First detection  Last detection

1 Diglis 52.17755 -2.22481 468 28/01/2018 09:11 17/09/2018 20:1¢
2 Teme confluence 52.16841 -2.22301 1526 06/05/2018 23:0<¢ 27/05/2018 04:3¢
3 Carrington Bridge 52.16278 -2.21790 738 06/05/2018 21:5( 16/10/2018 15:4¢
4 Pixham 52.13644 -2.23344 34480 27/10/2017 20:4% 26/10/2018 23:4¢
5 Severn Stoke 52.0991 -2.22302 6956 01/11/2017 18:1¢ 26/10/2018 @:44
6 Upper Upton 52.06562 -2.2198 130455 27/10/2017 00:41 26/10/2018 17:1¢
7 Upton marina 52.06513 -2.21382 969494 27/10/2017 00:0C 26/10/2018 23:5¢
8 Lower Upton 52.05664 -2.20039 122986 27/10/2017 00:0C 17/10/2018 08:4:
9 Ripple 52.03369 -2.19773 139 08/03/2018 13:5¢ 04/07/2018 22:2i
10 Yeandley farm  52.01329 -2.18339 160 09/03/2018 13:0<¢ 30/03/2018 08:3¢
11 Upper lode 51.99431 -2.17293 0 NA NA
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6.3.2 Fish sampling and tagging

Fish sampling and tagging was completagr one dayon 27/09/17 in the rer and
marina at UptorUponSevern Figure22c), selected due to its centrglivithin the study

area. Fish were captured using electric fishing from a boat and rod and line angling.
Following their capture, fish we transferred to an aerated tank. Tagging involved
general anaesthesia (tricaine methanesulfonate222% before an @ustic transmitter

(69 KHz V9 or V13; Vemco Ltd) was inserted into the peritoneal cavity through a small
incision (less than 2 cm wideyhich was then closed with a single suture and the
application of surgical adhesive. V9 acoustic transmitters were2® mmm and 1.6 g,
whilst V13 transmitters were 16 x 36 mm and 6 g, with V13s only used on fish above 500
mm fork length. All transmittersvere set to transmit randomly every 60 to 180 s
providing an overall battery life of 22 months (V9) and 36 months (MR2&8hdom repeat
pulse rates allowed multiple individuals to be monitored simultaneously within a given
area via fixed receivers with reckd risk of continuous signal overlap and interference.
Tag identification numbers were recorded, fish measured (éodith, nearest mm) and
then transferred to an aerated recovery tank where they were held until normal swimming
behaviour resumed. The fisvere then released close to their location of caphite.
surgical procedures were completed following ethical adravere licenced under UK
legislation for animal research (project licence number: PPL 70/8063), and were
undertaken by a licensed, cpatent and experienced practition&rtotal of 17 pike and

8 pikeperch were tagged, pike ranged in size from 574 8on®% and pikeperch from

356 to 692 mmTablel6).
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Table16. Summary di@a for each transmittemcluding species, fork length at tagging (mm), the date of last detection, the number of days
from first to last detection, the number of days detected, the number of detections, upstream and downstream dista@hckstan)etém),

mean daily distarec(m) and marina residency index.

Days from Days Upstream Total ~ Marina

ID Sp Length - Last first to last detected Detections pownstream distance  distance Mean - daily residency
(mm) detected _ distance (m) distance (m)

detection (m) (m) index
43258 Pike 574 26/10/18 364 223 42099 0 1374 26112 72 0.22
43259 Pike 586 12/5/18 197 134 31491 -2949 6359 36582 186 0.27
43260 Pike 628 24/9/18 332 226 50434 0 1374 28861 87 0.25
43261 Pike 682 20/10/18 358 324 71707 -5483 16542 288674 806 0.32
43264 Pike 651 26/10/18 364 342 71490 -2949 1374 25138 69 0.37
43267 Pike 710 26/10/18 364 224 56036 0 1374 41230 113 0.28
51147 Pike 611 26/10/18 364 363 109726 0 1374 5497 15 0.54
51148 Pike 641 15/4/18 170 116 28236 -2949 6359 75118 442 0.00
51149 Pike 589 26/10/18 364 363 140649 -2949 1374 44032 121 0.33
51152 Pike 936 26/10/18 364 358 69495 0 1374 140182 385 0.29
51153 Pike 863 26/10/18 364 323 60308 0 2006 145499 400 0.20
51154 Pike 958 3/8/18 280 272 83509 -2949 15696 69975 250 0.48
51155 Pike 626 9/11/27 NA NA NA NA NA NA NA NA
51156 Pike 655 17/10/18 355 263 44575 -2949 1374 14144 40 0.25
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51158 Pike 122 26/10/18 364 340 58743 -8759 2006 202542 556 0.25
51159 Pike 795 26/10/18 364 323 74077 -8759 6359 100850 277 0.32
51160 Pike 695 26/1018 364 276 85111 -8759 12341 35141 97 0.30
43262 Pikeperch 441 19/9/18 327 166 18018 0 1374 9620 29 0.00
43263 Pikeperch 473 4/7/18 250 216 33201 -2949 1374 57449 230 0.26
43266 Pikeperch 484 25/4/18 178 54 4219 -2949 1374 10452 59 0.04
51146 Pikepertr 356 26/10/18 354 150 22713 0 2006 14807 42 0.05
51150 Pikeperch 692 25/10/18 355 210 39215 -2949 16542 128468 362 0.20
51151 Pikeperch 692 22/10/18 359 187 23229 0 12341 58831 164 0.09
51157 Pikeperch 581 25/10/18 361 207 27373 -2949 2006 41809 116 0.14
51161 Pikeperch 535 4/7/18 250 149 20042 -2949 1374 243235 973 0.02
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6.3.3 Data analysis

Fish movement data was analysed from 27/10/17 to 26/10/18, providing 365 continual
days. Data from the period between tagging and 27/10/17 were not include to avoid
movement that might have been subject to behavioural changes caused by the tagging
procedue (Pauwels et al. 2014Pike ID 51155 was not detected after 09/11/17 and was
removed from further analysis. At the end of the tracking period, the detection data
(conprising of over 1.6 million individual detections) were initially analysed in the
packa@ O V't r a(Cakngbellietnal. R1Xpr residency and neresidency events for

each individual. A residency event was defined when a transmitter was detected by a
receiver (minimum of 2 detections) and terminated when the transmitter was detected at
andher receiver, or if the transmitter was not detected by the same receiver within a
defined timeout window of 10 minutes. This time was chosen as a conservativeesstimat
of the time it would take an individual pike or pikeperch to move away from the idetect
range of a receiver (~100 m) based on pike mean swimming speed of 0:280m5%

body length 8) (Diana 1980) No data exists for absolute swimming speed inpekeh
althoughswimming speedhas been recorded to 1.6 body length(Roulet, Arzel, eal.

2005) A nonresidency event was defined as the movement between the detection fields
of two receivers and incorporated measurements of the circuitous distaaceligtance)

between receivers, river distance was used in all subsequent distautaticals.

Individual maximum upstream and downstream distance moved was calculated
from the central position of UptedponS e v er n maFigure22) to( thie Ontost
upstream and downstream receivers with detections. Individual total distance moved was
calculated for the XPhonth study period as the sum of all movements between receivers.
Individual mean daily distance was theasdoulated for the 1-Pnonth study period as the
total distance travelled by each individual divided by the length of the study period (i.e.
the time between first and last detections for each individual). Although such movement
rates are likely to be an uakstimate of total actity, they can provide useful insight
(Cooke et al. 2001and are an attempt to reduce the error associated with differences in
the number of days individuals were detecl
was used to iniélly test for a correlabn between individual total distance moved and

mean daily distance moved across the analytical period; as there was significant
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correlation f or b o)t=10.97Pi<k.61) ahdpkeparchriGdd.O8Ps r ho (
< 0.01), tha following testing for normality and homoscedasticity (Shapifitks and
Leveneds tests respectively), di fferences I
month study period were tested using a Mévinitney test. The mean total daily diste

moved fa pike and pikeperchcross all individualgvas calculated and differences across

seasons were tested using a generalised linear model (GLM) with aPgissin

distribution to account for ovatispersionand the significance of the model sveested

using a likelihood ratio test, pike and pikeperch were analysed separately.

To assess movement activity in relation to time of year, water flow and
temperature for pike and pikeperch, it was first necessary to ensure data were comparable
across th study perid. For pike this meant removing individuals that were not detected
for the entire 12 month study period, resulting in the exclusion of 4 Tisblg(16). For
pikeperch, due to a lower tagged sample number, the anodviish with a full 12
months data would have excluded half of them. Consequently, only pikeperch ID 43266
was removed, with the analysis of movement activity for the remainimglividuals
completed only for months when all individuals were present04/07/18;Table 16).

Then, a mixed effects logistic regression model tesked binary response of daily
movement (as a detected daily movement vs. no detected daily movement) against daily
mean water temperatuamd river flow for both species, with season as a fixed effect and
individual as a random effect in the model. Induatlwas included as a random effect to
mitigate autocorrelation from repeated measures from the same indi(dweaton et al.

2018) Waer temperature and flow were entered as quadratic terms to account for
potential noAinear relationships and data meescaled for continuous variables before
analyses. Season was defined according to the Northern meteorological season and so
summer andw@umn did not retain complete data in the pikeperch model.

As range testing revealed that the receiver located wikl@rboat marina could
only detect transmitters within the marina and not the river, then the proportion of time
spent in the marina by dac fi sh was assessed as its O0malil
calculated as the total time of individual residency eventisinvthe maringor boththe
length of the study period (i.e. the time between first and last detection for each

individual) and weeklywith the latter enablingesting of differences in the weekiyarina
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residencybetween the species ahg seasorusinga generalised linear model (GLM;
with a quasiPoisson distribution to account for owdispersion in the data) where the
independent varidds were mean weekly water temperature and water flow, and season

was a fixed effect.

Daily timings of dawn, day, dusk and night were retrieved for each day in the
study period obtained using the package maptools with civil twilight defini{Bivand
ard Lewin-Koh 2019) Movements within each diel period were counted and standardised
to counts per haufor both pike and pikeperch. These measurements were calculated for
the entire 1Z2month study period, by season and by month for individuals with 12 sionth
of data only. A KruskaWallis rank sum test then tested the overall differences in number
of movenents over the thonth study period across diel periods, and aschiu a P)e d ( 6
contingency table analysis was used to test for an association between dawn, day, dusk
and night movements with season. Monthly movement within each diel period was used

for graphical purposes only. Tests were completed for pike and pikeperch separately.

All analysis and graphical outputs were completed in R (Version 3.6.1; R
Development Core Team, 2018). Logistic regression and generalised linear models were
analysed for pikeind pikeperch separately and were completed using the package Ime4
(Bates et al. 2014)Where error is expressed around the mean, it represents the mean + 95

% confidence intervals, unless otherwise stated.

6.4 Results
6.4.1 Tag detections and general movementagfied fish

Across the tracking period, there was a greater total number of detections on receivers
around UptorJpon-Severn (location of fish capture and tagging) than elsewhere in the
array Table15), with the magrity of detected movements for both species being in this
area Figure 23). All pikeperch and all but one pike showed some level of residency
within the offchannel habitat of the marina at UptdponSevern Table 16), with pike

having a significantly higher meamnarina residency index across the tracking period than
pikeperch (0.29 £ 0.06 vs. 0.10 + 0.0@est:t = 3.88,P < 0.01;Tablel16).
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Figure23. Continuous upstream and downstream movements (km) of pike and pikeperch
from O (r representing the marina at UptdponSevern) on the primary axis (solid line),

and the total monthly distance moved (km)tbe secondary axifen circle, dashed

line); spawning month is represented by the area between the dotted lines and individuals
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are identified according to transmitter ID (Table 2). Note the difference in scale between

the primary and secondary axis.

Pike detections beyontthe UptorUpon-Severn receivers included three pike that
were detected 8.8 km downstream of the marina between 08/03/18 and 16/03/18 and
returned back upstream between 10/03/18 and 11/04/18 (ID 51158, 51159 and 51160;
Figure23). Pike ID 43261 was also detected 5.5 km downstream in March and May 2018
(Figure 23). Pike detections upstream of UptoponSevern included two pike (ID
43261 and 51148) that mes 16.5 km to the upper limit of the array, where they were
detected between 28/01/18 and 15/04HEigure 23). Pike ID 51154 and 51160 moved
upstream a distance of 12.3 km in May and October 2018 respectiglyd23), with
pike ID 51154 being detected on receiver #2 between 06/05/18 and 27/05/18; this fish
was the only one detected within the River Teme tributary throughout the study period.

There were three of tagged pperch that were detectbdyond the Uptotpon
Severn receivers. This included pikeperch ID 51150 that was detected on receiver #1 at
the upper limit of the array on 15 separate dates between 03/08/18 and 17H09it8 (
23). Pikeperch ID 51151 was first detected at receiver #5, then moved 6.4 km
downstream to UptetponSevern in October, and upstream in April; it was also
detected upstream at receiver #4 on 05/05/18 and Q®@&iker which it was consistently
detected at receiver #3-igure23). Only one pikeperch (ID 51161) moved downstream a
distance of 5.5 km, wherewas detected at receiver #10 on 04/07/18, after which it was
not detectedRigure23).

6.4.2 Mean daily distances, marina residency and diel activity

Across dlindividuals, differences imean daily distance moved between species
across the tracking periogere not significant (pike245+ 108 m; pikeperch: 247 + 217
m; MannWhitney U = 57, P = 0.97). There was a significant difference in mean total
daily movenent across seasons for both pike (GLMMs= 20.57,df = 3, P < 0.01) and
pikeperch (GLM;F = 14.59,df = 3, P < 0.01) with both species showing higher mean

total daly movements in springT@ble 17, Figure 24). Assessment of daily movement
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behaviour (binary response of detected movement vs. no detected movement) for pike
and pikeperch garately revealed that up to a threshold of 15 °C, higher temperatures
increased the probability of a detected movement, while at temperatures >15 °C, this
probability was significantly reduceddble 18, Figure25). There was also an increase in

the probability of a predicted movement with increasing fork length for pike, but not for
pikeperch Table 18, Figure25). Seasonally, the probability of a detected movement for
pike in winter was significantly reduce® & 0.05; Table 18), but with no significant
seasonal differences in the probability of a degoaovement in pikeperchP(> 0.05;

Table 18). For both species, whilst increasing water temperatures significantly reduced
their marina residencyP(O  @; Table19; Figure26), the effeciof increasing river flow

was not significantR > 0.05;Table19).

Table 17. Coefficient estimates, standard errarsjalues andtheir significance from
results of generalised linear models testing mean total daily distant moved for pike and

pikeperch (analysed separately) versus season.

Species Coefficients Estimate SE tvalue P

Pike Intercept -0.10 0.09 -11.47 <0.01
Pike Summe -0.40 0.15 -2.67 <0.01
Pike Autumn 0.30 0.15 -2.06 0.04

Pike Winter -1.55 0.23 -6.72 <0.01

Pikeperch Intercept -1.05 0.13 -8.25 <0.01
Pikeperch Summer -0.53 0.21 -252 0.01
Pikeperch Autumn -0.80 0.23 -348 <0.01

Pikeperch Winter -1.87 0.35 -532 <0.01
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Table 18. Scaled coefficient estines, standard errors, z scores and their significance
from results of mixed effects logistic regressions for pike and pikeperch (analysed
separatly) to test for the binary response of detected daily movement (detected
movement vs. no detected movement)sus daily mean water temperature and water
flow, and fish length (mm) with season as a fixed effect. Individual was used as a random
effect in he model. Where temperature and flow are represented by two coefficients it

represents their quadratic terms

Species  Coefficients  Estimate SE  Zvalue P

Pike Intercept -2.38 0.28 -856 <0.01
Temperature 1 0.46 0.12 3.87 <0.01
Temperature z -0.48 0.11 441 <0.01

Flow 1 -0.01 0.09 -0.15 0.88
Flow 2 -0.10 0.07 -1.50 0.13
Summer 0.34 0.23 1.43 0.15
Autumn 0.14 0.15 0.92 0.36
Winter -0.57 0.27 -2.14 0.03
Length 0.84 0.25 3.43 <0.01
Pikeperch Intercept -2.53 0.31 -8.25 <0.01

Temperature 1 0.60 0.22 2.74 0.01
Temperature z -0.44 0.21 -2.05 0.04

Flow 1 0.01 0.14 0.05 0.96
Flow 2 0.12 0.11 1.15 0.25
Summer -0.66 0.50 -1.31 0.19
Autumn 0.26 0.29 0.92 0.36
Winter -0.26 0.35 -0.75 0.46
Length 0.17 0.25 0.70 0.49
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Figure 25. Predicted probabilities of daily movement with mean daily wisieiperature

(°C) for (a) pike and (c) pikeperch, and with fish length (mm) for (b) pike and (d)
pikeperch for the lower River Severn during the 12 month study periocdisted from

a mixed effects logistic regression where the binary response was ndlavgment
(detected movement vs. no detected movement). Shaded regions represent the 95 %

confidence intervals.
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Table 19. Coefficient estimatesstandard errorst scores and their significance from
results of generalised linear dwls testing weekly marina residency of pike and
pikeperch (analysed separately) versus weekly mean water temperature and water flow
with season as a fixed effect.

Speces  Coefficients Estimate SE tvalue P

Pike Intercept -0.45 0.25 -1.83 0.07
Pike Temperature -0.07 0.02 -3.73 <0.01
Pike Flow 0.01 0.01 0.75 0.46
Pike Summer 0.17 0.28 0.60 0.55
Pike Autumn -0.05 0.17 -0.32 0.75
Pike Winter 0.09 0.15 0.63 0.53

Pikeperch Intercept 0.21 0.48 0.44 0.66
Pikeperch Temperature -0.11 0.05 -2.42 0.02

Pikeperch Flow -0.01 0.01 -1.88 0.07
Pikeperch Summer -2.31 1.15 -2.02 0.04
Pikeperch Autumn -1.15 0.50 -2.32 0.02
Pikeperch Winter -0.48 0.29 -1.66 0.10

The diel activiy of both species revealed no significant differences in the number
of movements per hour within each dawn, day, dusk and night period over the 12 months
(pike: KruskatWallis ¢ = 7.26,P = 0.06; pikeperch: KruskaVallis ¢ = 6.27,P = 0.09;
Figure27). However, when analysed seasonally, pike movement within each diel period
werenoteqgal |y di str i bui=Q446dfc 9 ®B<<sk0l;EBigaX)owits ( ¢
increaseanovements during dawn and dusk in summer and autkigar€27). This was
not apparent in pikeperch, where movements at dawn, day, dusk and night were equally
distributed ?a®27,dfs 8P =049 Eigune?). ( 6
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6.5 Discussion

The movement and behaviour of the native pike andnative pikeperch was characterised

by within species variability in spatial and temporal space use, buawitiverall increase in

the total daily distance med during spring, increased movement activity up to 15 °C for
both species and with fish fork length for pike, and seasonal variation between species in the
use of limited offchannel habitat. Relatively lorgjstance movements were detected in pike

in spring, assumed to be spawning migrations, but with these movements not detected for
pikeperch. Offchannel habitat was important for pikeperch in winter and spring, and could
represent an important spawning location, while this habitat was important talpiesar

round.

Spatial utilisation of the river for both pike and pikeperch across thadizh study
period was focused to an area of less than 5 km upstream and downstream of the sampling
location. Movement activity could be characterisedoag statonary periods followed by
movements that were either infrequent or frequent but across short distances. In pike, long
distance movements of greater than 5 km tended to be abrupt and primarily occurred during
the spawning season. For pike, it has been stemgehat populations are made up of
different behavioural typescluding those that are primarily sedentary and those that move
more frequently(Vehanen et al. 2006, Sandlund et al. 20&a@hough others have suggested
that pike are represented by a tomum of behavioural type@Vasters et al. 2005)They
have also been categorised across three broad behavioural groups, including individuals that
stay in restricted areas, those that move between favoured areas and those that are more
opportunistic anaxploratory in their resource ugdepsen et al. 2001, Kobler et al. 2009)
For pikeperch, individual variability in resource use has rarely been reported, with
synchronised movements most often associated with spawning activity or fo(&gied
2000, Koel et al. 2002) although evidence exists to suggest they may be represented by two
distinct behavioural types, active and sedentargkling and Lee 1985)Distinct differences
in movement patterns within species were apparent in this study, but thenatambof a
relatively limited sample size and the intermittent distribution of receivers preventing the
measurement of finecale movements, inhibits the classification of individuals into distinct

behavioural groupings.
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The timing of onset of spawningrf@ike in rivers in England tends to be in March
(Mann 1976, Masters et al. 2005ith optimum spawningemperatures of between 6 to°C4
(Frost and Kipling 1967)For pikeperch, spawning takes place at temperatures of between 8
to 16 °C and is expected ¢acur predictably across latitudes, suggesting it will commence in
mid-April in central England in most yeafsappalainen et al. 2003)n mature individuals,
pike activity increases around the spawning pe(koed et al. 2006, Baktoft et al. 2012)
with migratory spawning movements in spring accounting for differences in seasonal
movement patterngOvidio and Philippart 2005, Koed et al. 2006, Pauwels et al. 2014)
Indeed, evidence of seasonal differences in movement activity beyond migratory spawning
behaviour is rargKobler et al. 2008) Temperature usually triggers migration in both sexes
(Pauwels et al. 2014)pnd pike can show homing to natal spawning gigstedt et al.
2014, Sandlund et al. 201@&lthough where homing behaviour has been @ksgeat may not
be evident across the entire populafigehanen et al. 2006t is therefore possible that pike
making the relatively longlistance movements in spring in this study were homing to
specific spawning locations that are suitable for spawmsinch as over vegetation in shallow

water(Casselman and Lewis 1996)

Increased activity of pikeperch in spring is also associated with reproductive
behaviour and spawning migratiofisappalainen et al. 2003although this can vary between
sexes, as malmovements can be reduced due to their nest guarding beha\depsen et al.
1999, Poulet, Lek, et al. 2009)lowever, it is also common to see seasonal activity peaks in
pikeperch that are unrelated to spawning migrations, such as peaks in autumny summe
winter activity that are linked to feeding migrations, particularly in systems where prey are a
limiting resource(Jepsen et al. 1999, Koed 2000, Hdré&t al. 2006) These seasonal
migration patterns have been linked to seasonal changes in preybiditsgilavith
corresponding dietary shifi3dduuskonen et al. 2019Pikeperch prefer to spawn in still or
slow flowing watergLappalainen et al. 2003nd if spawning tees place in unsuitable high
water velocity conditions then larvae and juveniles cardisplaced downstrear(Koed
2000) The higher residency index of pikeperch in the marina in spring may in part be due to
the use of this area as a spawning locationpseg pikeperch nests were observed in the

marina during a receding flood in April 20{i8rsonal observations, the authors).
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Temperature is an important factor in explaining increased activity for both pike and
pikeperch. For example, relative changes témperature can stimulate movement in
pikeperch during the prgpawning and spawning &son, with the extent of temperature
changes potentially a more important predictor of movement than the actual water
temperaturgSaulamo and Lappalainen 200However decreased activity with decreasing
temperature, and increased activity with incregggmperature, has also been observed for
pikeperch(Jepsen et al. 1999)n pike, elevated winter temperatures of up to 5 °C can also
trigger increased movemer(t¥epsa et al. 2001, Koed et al. 200&Ithough both high and
low temperatures can decreasevement rates overgKobler et al. 2008)For example, in a
study of riverine pike in Finland, movement decreased when summer water temperatures
reached 20 °C compateto higher levels of movement when summer water temperature
reached a maximum of 15 {@ehanen et al. 2006 hese findings are consistent with those

found in this study over both species.

Many piscivorous fishes have activity peaks at dawn and dustodhe potential for
higher foraging success during these peri@disifman 1986) Here pike were detected to
have activity peaks during twilight periods in summer and autumn, whereas no significant
activity differences across diel periods were detectqakieperch, although more movements
were generally observed at dawn, these were mpiifeantly different to other periods,
perhaps at least in part due to the relatively small sample size. For pike, results were similar
to those ofKobler et al.(2008) who suggestethat increased activity in summer twilight
periods was a shaderm belavioural response to maximise food intake during this period. For
pikeperch, a measured increase in activity in twilight perisds shown byHorky et al.
(2008) with water temperature, individual behaviour and sex influencing the extent of diel

activity patterngPoulet, Arzel, et al. 2005)

In summary, these results suggested that whilst there was some individual variation in
the spatial behaviour and activity of both pike and pikeperch in the river, there were also
some important differences between #ipecies. In particular, the limitedfafthannel habitat
available was important to pike all year round, whereas pikeperch primarily used it in winter
and spring, and whilst pike reduced the frequency of their movements in winter, this was not
evident in jikeperch. These results thus providegortant insights on the spatial ecology of

these ceexisting native and nenative predatory fishes, and can be applied to the
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management of their populations and fisheries, especially in relation to the considefration
increasing the provision of effhannel habitats, given their apparent importance for both

species.
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7 Angler behaviours and motivations for exploiting invasive and native predatory
fishes by catchand-release: A case study on the River Severn catchmeh¥estern

England

7.1 Abstract

Catchandrelease sport angling for largmdied fishes is a popular recreational pastime, but

is also a major introduction source of invasive fishes that can impact native biodiversity.
Introductions of large noenative fishes & often part of fisheries managemerqtices to
diversify angler opportunities and increase satisfaction. Interviews with sport amgiet2)
targeting native pikeesox luciusand invasive pikeperc®ander luciopercan the River
Severn, Western Engld, were conducted to determine angtestivations, behaviours and
perceptions. While motivations were catch orientated, they also related to catching wild fish
in natural surroundings. Conservation values were reflected in the behavioural safeguarding
of pikeperch populations, including catahdrelease practices that are contrary to current
fisheries policy. Anglers perceived pikeperch as enhancing the fishery without causing long
term ecological impacts and were opposed to current management praoticesliay.
These results suggest coraiable disjuncture between angler motivations and behaviours,

and nonnative fish policy and management.

7.2 Introduction

It is generally agreed that recreational fishing is a-goahtated behavioural process driven

by psychological desired-edler and Dibn 1994, Manfredo et al. 199@)lowever, there are

many reasons why people fish, including both catch andcatoih aspects of the fishing
experience(Arlinghaus 2006b, Young et al. 2016Activity general, norcatch related
motivations include relaxation getti ng away from the daily
outdoors, whereas activity specific, catch motivations include catching specific species, sizes,
and numbers of fish; the challenge and experience; demglsgills; and testing equipment
(Feder and Ditton 1994)Noncatch related motivations tend to be more ubiquitous among
angler groups than catch motivations that can vary widely depending on angler type
(Chipman and Helfrich 1988, Fedler and Ditton 1994
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Understanding how activity specifienotivations translate into actual angling
behaviours is important for managing fisherjEsdler and Ditton 1994, Arlinghaus 2006b,
Beardmore et al. 2014For example, a preference for fish attributes that meetyrop
motivations has resulted in unregeld releases of large bodied, raative predatory fishes
by anglergElvira and Almoddévar 2001, Banha et al. 2Q1ndeed sport angling has been
responsible for approximately 12% of global fish introducti@Bszlan, Britton, et al. 2010)
Participatory fishery management approaches such as these are common and can exert a
strong influence on management agen¢eden and Bear 2012ppecies that have been
introduced around the world faingling include Peacock bassof theCichla genus(Britton
and Orsi 2012) European catfislsilurus glanis(Cucherousset et al. 201&hd largemouth
bassMicropterus salmoide¢Britton, Harper, et al. 2010A common feature of these fish
species is their generally high trophic piosi that results from their piscivp (i.e. their
predation upon other fi s HEbgetal BOOG)Ta amoftiEsf er r e d
study was to understand how the motivations and preferences of anglers who target large
bodied native andnwvasive predatory fish translate antictual behavioural practices and

perceptions.

The pikeperchSander luciopercgcommonly referred to as zander by the angling
community of England) werérst introduced into Britain in the late $9Century (Sachs
1878, but became more widespread follog translocations in the 1960s to the River Great
Ouse Relief Channel in Eastern Englaiwdheeler and Maitland 1973From there, their
colonization and dispersal through river and canal systems was rapid, aided duylaiade
movements by angle(slickley and Chare 2004 he result was their subsequent invasion of
many river basins in central and southern Engl@@dpp et al. 2003, Nunn et al. 2007)
Associated with these introductions were reported deleterious impactse native fish
community(Linfield and Rickards 1979, Fickling and Lee 1983, Hickley 1986, Smith et al.

1998) although evidence remains equivocal.

The majority of British recreational freshwater anglers practice @atdheleasdi.e.,
returning tle fish alive after capturéNorth 2002) North 2002) including anglers targeting
pikeperch. Mandatory catemdrelease practices for species such as Atlantic sabatmo
salar are commonly used as a conservation {@girahamian et al. 2010although hese

activities can generate conflict within angling communities. For example, in Germany,
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conflict arises between specialist anglers practicing voluntary -eaithelease and those

who see these practices as cruel, illegal (despite not bejn@rscontary to consumptive
fishing practicegArlinghaus 2007) Despite the apparent popularity of pikeperch for sport
angling in British rivers such as the River Severn, and the propensity for anglers to practice
catchandreleasejt is an offence fo an anglerto release a pikeperch that has been caught
(Schedule 9, Section 14(1), Wildlife and Countryside Act 1981). Conversely, under different
legislation, the species cde legally stocked into enclosed waters [Import of Live Fish
(England and WalésAct 1980, (ILFA); Keeping and Introduction of Fish (England and
River Esk catchment Area) Regulations 2015, (KIA)hese contradictory policies and

practices could be heightening conflicts between anglers of opposing motivational drivers.

In England, freshwatergnl er s tend to be classified ac
management agenciégnvironment Agency 2018ajGame anglers target species such as
salmon, troutSalmo trutta and graylingThymallus thymallyswhereas coarse anglershav
represent the majoritgf freshwater recreational anglers in EnglgBashvironment Agency
2018b)tend to target cyprinid species including c&yprinus carpio barbelBarbus barbus
and chubSqualius cephalusHowever, coarse anglers also include thibee target large
bodied predator species, such as Northern pgsox luciusand pikeperch. Nevertheless,
anglers are a hd¢BdenraodgBear @011ral, accordinig ltoi tleeid own
descriptions, coarse anglers in England can be categorized into ee gr oups: (a
anglers, who compete against others in an attempt to catch the largest weight of fish in a
given period; (b) O6pleasured6 anglers, where
O0specialistodo angl eulas specwhar onfcaidguaslarge mdivaualp ar t i
O6speci mend (¢Edenéand Bear201$)6 f i s h

Here, specialist predator anglers are defined as those whose primary fishing activity is
involved in the targeting of largeodied obligate predatory fishssch as pike and pikepérc
Sophisticated rod and line techniques, including lures, as well asalidedeacbait angling
are used to target these species. Where species coexist, targeting of one species over the other
can be difficult, although size setevity is possible. Thiglefinition of specialization follows
that of Scott and Shafer (2001) where there is a focusing of behaviour, skill development,
commitment, and the acquisition of knowledge. For the specialist predator angler, catch

orientated mavations are known to beémportant drivers of behavioufChipman and
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Helfrich 1988, Beardmore et al. 2011) wi t h 6t rophy seekingdé amo

motivations(Beardmore et al. 2011)

Recreational fisheries have been defined as complex adaptive-esociomic
systems ath it is argued that equal recognition should be given to both the human and
ecological dimensions for effective managemé@dboke et al. 2013, Hunt et al. 2013,
Arlinghaus et al. 2017)In the last decade, interdisciplinary methods have been used for
integating recreational fishing practices with conservati@ooke et al. 2006)Emerging
research on perceptions can also be used for assessing, informing, and gaugirig@uppo
conservation initiatives and polidyGe | ci ch and, addbaksessmehoé andled 1 6 )
perceptions relating to introductions have been successfully used for optimizing awareness
campaigns and understanding risk behav{turdgren 2006, Gozlantel. 2013) Although
such assessments can improve management and gove(Banoe ad Ryder 2017)they
often rely on quantitative analyses of social data that might not fully consider the
complexities of managing fisheries as social adaptive sygteenghel et al. 2013, Barclay
et al. 2017) In contrast, qualitative methods such agmviews can provide greater insight

into the perceptions and behavioural processes of recreational dBglenigy et al. 2017)

Consequently, the objectives of this dstuwere to use Haepth interviews with
specialist anglers of the Severn basin in WestEngland who exploit pike and / or
pikeperch, to understand the motivations and preferences of these specialist anglers and how
they translate into behavioural praescand perceptions concerning the management and
regulation of native and invasive pigory fish, particularly in relation to their catahd

release activities.

7.3 Methods

7.3.1 Study River

The River Severn basin covers an area spanning central and westeandizragid parts of

Wales (

Figure 28). The River Severn is an important fishery in England, where freshwater angling

contributes £1.5 billion per year tbe economy (Environment Agency, 2018a). Pikeperch
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were first reported in the catchment in 1976, with reports of captures by anglers from the
lower River Severn in 198(Hickley 1986) Pikeperch are now established throughout much

of the canal and riveretwork in Central and Southern England, and in the Severn are
considered an important fishery resource. The Britiskceadyht record pikeperch weigly

9.67 kg was caught from the lower River Severn at Tewkesbury (British Record (Rod
Caught) Fish Commitee 2016). Some of the interviewed anglers also fish on the River Wye

for pike, where pikeperch are absent.
7.3.2 Data Collection

Semistructured interviewswith specialist predator anglers within the River Severn
catchment were conducted £ 12). Anglers were chosen based on the criteria that: (a) their
primary fishing activity was centred on freshwater predator species including pike and/or the
nonnative pikeperch, and (b) the majority of their angling activity occurred within the
Severncatchment. These criteria were determined by means of a survey prior to these
interviews, and were essential to ensuring that the views expressed represented specialist
freshwater predator anglers practicing cadoldrelease from lotic environments where

pi keperch were present. Al l anglers either
they only target predator speci etsonpredatdydedi c
S p e c iTable 80). The initial survey also provided an opportunity to collect angler
demographic information. Candidates for interviews were originally identified through
facilitation with the Enwionment Agency, the iand fishery regulatory body of England,

who had established a predator angling network within the River Severn catchment. As the
interviews progressed, interviewees would sometimes refer the interviewer to other potential
candidatesfor interviews as apppriate (snowball sampling). To maintain anonymity,

anglers are identified here as angler #1 through to #12.
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Figure28. Mapé of: (A) WestemI Europe -showing the position (inéet) of Great Britain, (B) the
man rivers shown withinthe Severn River basin (inset) within England, and (C) a detailed
outline of the Severn River basin showing the main rivers and their tributaries within which

the approximate limits of pikeperch fishing are shown (inset).

The intervews followed a sernstructured, operended approacfGall et al. 2003,
Jennings 2005and included five main topics: (a) the development of their angling interest,
(b) their predator angling participation, (c) their fishing preferences, (d) their views on
management and conservation, and (e) their experience with pikeperch. Within ¢éness, th
guestions were developed and designed to be used as a conversational guide. The aim of the
interview was to be informal, with topics introduced in a-nigid manne to encourage
reflection and seléxpression(Turner 11l 2010) Interviews followed e ethical code of
conduct for social research Wwianglers assured anonymity agiden information relating to
the study prior to their interview. Interviews were reeafdand transcribed verbatim to

written text by the interviewer immediately after eacterview, allowing for reflection by
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the interviewer on the emergent themes. Sampling continued until the interviews yielded

consistent themes (i.e., data saturatiEnnings 2005)
7.3.3 Data Analyses

A thematic analysis framework was used for identifyiagalysing and reporting themes
within the data generated by the interviews and was conducted using NVIVO qualitative
analysis softwardQSR International 2012)Thematic aalysis was used for developing
categories of meaning within the data through ast&R approach. The data were initially
assigned to nehierarchical open codes that identified interesting features of th¢Mita

et al. 1994) Then, codes that showedmmonality were grouped and-ficcused, enabling
collation into identified theme¢Graneheim and Lundman 2004yhis was followed by
reviewing the themes to ensure clear and identifiable distinctions that offered clearer insight
into the meanings contad within. Finally, the themes were refined and named before
producing an analyticalamrative around the datBraun and Clarke 2006l should be noted

that in Britain, pikeperch are commonly referred to as zander by the angling community and

this is rdlected in the interview data.

7.4 Results
7.4.1 Interviewees and Main Themes from Interviews

All of the interviewed anglers identified themselves as dedicated predator anglers, with only
two anglers also targeting nqmedator speciesT@ble 20). The 12 interviewees were
predominantly malen(= 10), and the majority had been recreationally angling for more than
40 yearsif = 7). Of the remaining anglers, three had been fishing for predator species for
more than 20 years, orfer more than 10 years, and one for more than five years. Ages
ranged between 25 and 74 years. All of the anglers interviewed practicechodietease
angling for both pike and pikeperch.

The analyses revealed six main themes: (a) the predator aregigtyid(b) angler led
management; (c) catch orientated motivations; (d) angling preferences; (e) angler
reconciliation on the introduction, establistimt and exploitation of pikeperch; and (f)

current views on the management of pikeperch.
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Table 20. Participant profile including age, sex, years of experience, predator angling agtiefrred target species, and specialization.
Angl ers are identified by number from 1 t osh fardike ahdloopikeperah arsl do notb e d @
target other species.

Angler Predator angling specializatior Prefrred target Predator Years Years Age Sex Interview
ID species angling fishing predator category duration
activity (days fishing (minutes)
per year)
1 Dedicated predator angler Pike 13to 35 >40 >40 55- 64 M 59
2 Dedicated predator angler Pike andpikeperch > 35 >40 >40 55- 64 M 35
3 Dedicated predator angler Pike 2t05 <10 <10 45-54 F 56
4 Dedicated predator angler Pike and pikeperch 13to 35 >30 >30 25-34 F 47
5 Dedicated predator angler, als Pike and pikeperch > 35 >40 >20 35-44 M 53
targets nofpredatory species
6 Dedicated predator angler Pikeperch > 35 >40 <5 45-54 M 38
7 Dedicated predator angler Pikeperch > 35 > 40 > 20 55- 64 M 53
8 Dedicated predator angler, als Pikeand pikeperch > 35 >30 >20 45-54 M 62
targets nofpredatory species
9 Dedicated predator angler Pike 13to 35 >40 <10 65-74 M 63
10 Dedicated predator angler Pike 13to 35 >20 >20 25-34 M 68
11 Dedicated predator angler Pike and pikeperch > 35 <5 <5 65-74 M 33
12 Dedicated predator angler Pikeperch > 35 >40 >40 55- 64 M 53
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7.4.2 The predator angler identity

The interviewed anglers often reflected that their desire to fishawaay of life, with
wording Bsuégé @aso imgetsuhder yalr skia, athe ged used
regularly to reflect their feelings toward fishing generally. There was also a strong sense

of the predator angler identity, which in part had beeméudl out of pike angler conflict

with ot her awegalvipikedishiggraodubgisg:a pike angler as being a bit

elite, | suppose, compared to round heitbey were all either match anglers or salmon

angler® (angler #1). T heangtess jspokeiaboyt this tonflictrahde r v i €
separation between aeglgroups, which seemed to arise from the historical practice by
6coarseb6 anglers of killing captured pike
pi scivorous fnithesk dgp, this is ltha ¢arlyol®70s, match anglers threw

all the pikep t he bank, they werenodot kept, no pi |
forthetablet hey wer e just (andgler#2wn up t he banko

Most anglers in this study still referred to the ogifon of some modern day
6coarsed angl erescitdumre prefildnamnylubg which esehverys anti
predator® ( a n g | some oftthedn)they héte predators because they think they are
eating my fish, the coarse fish ( a n g | e e pikedahgler, & apmmonly displayed
trait was the fostering ad conservation attitude toward pike. This attitude was reflected
in their fiisthbnga pmatcarn &lesr esiource that ne
other anglers coming up behind asd hopefully there will be a few decent fish for them
toenjoo (angl er #9) . This conservation atti:t
influences on other anglers regarding the ecological role of predator species in
maintaining a healthy and baladce f i s ih & rvery implrtant to promote the
understanding bthese magnificent creatures which preform a role in nature, they are not

the voracious pirates that they have been made outto beinyeavsspgste n gl er # 1) .
7.4.3 Angler led management

The intervewed anglers often revealed a feeling of ownership towardtdrget species,

and employed a variety of measures that they see as vital for protecting the species and
for sust ai na lydueo have t @rotecttiee fish sasewell aB your ownnigs

interest® (angl er #5) . The most 6 commbnlaymounge
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interviewed anglers was secrecy, and it seemed to be eaestalilished rule among

specialist predator anglers that favorite fishing locations are never or rarely shared, even
among frheywddondét tel]l me velhteemewherehl éish f i s h a
(angl eirt 6#s4 dacni tail and secretive generally spe
types of f i shd n(gan dgilhehre 6#p3i )k, le e f tedsetive gnd theyr e qui t
dondt | i ke gi vi n@nger#E). Becrgcy is petceivechas a rmears Yfo
reducing the fishing pressure tmangpegplarti cul &
just want to protect the fishery, they think if it istjogy spot | will catch this fish and no

oneelsée (anghgou#dp, have to protect t he fish

interest®# (angl er #5) .

These anglers had very defined views on the care that should be taken throughout
the catchandrelease proas, with good handling techniques an important part of being a
respect ed ptligedapride mysalfromit, Iehink | have a certain level of skill

in handling a fish and putting it back in excellent condiion( angl er #5) . Ther ¢
conempt shown toward other predator anglers with inadequate lgandme t Wbenh s : A

you see a pike, itdéds |i ke I said before, it
covered in crap so you can teldl t heery havendg
thrashing around and you the kirdtof thing that keallif or Go d
annoys me, itéds just totally under mioni ng eV
(angler #10).

7.4.4 Catch orientated motivations

The chance of catchingalaag 6t rophy 6 fi sh was mentioned b
impor t ant motivation f orwetwereaj broughbup 'bipgestid at or y
best' and thatds what we have al wdapgler been at
#1). However,tiwas not necessarily about beating national records, asahgkas also

often spoke about the size in weight of their biggest predator captures and their
aspirations to beat t he ultimatelynl anp doingittrema | best
what lwantisapb [ angllé®s# cCpomp@t i ngengmgtoltatcihh yourr sel f
personal best, so | think the most beautiful thing is when you catch that fighang |l er # 4)

Thus, personal challenge motivations were important.
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As national record catcheof pike in Britain now usually come from managed
lake fisheries (British Record (Rod Caught) Fish Committee, 2016), river angling is less
likely to achieve a record pike. Correspondingly, the anglers revealed their motivations
were to catch whattheycen der ed as a Aradrpilkeasla wildishysor f 1 s T
much more appealing, to me, than the artificially fed giants of trout reservoirs, which are
of no i nt(angler£10] iftyou aretalking a 30 Ib trout water fish, as nice as it
is, and a great achi eve mibwidWyetrivesfish, notat al,o e s n 6
and thatoés mnmy (sanrgtl eaf #f9i)s hiThhd s moti vati on
despite low catch returns in relation to effort expenditure, wehatiglers often reflecting
o n t ihyowexpedied toatch every time you went you would probably give up quite
g u i c(mnglgr&3). However, for the anglers specifically fishing on the River Severn for
pikeperch, catching a record fish is an importart t i v arbeicleance of & record fish
would bet he zander . So, itdéds always at the bac
20l b zander and the chance that there is

keepsmegoilg (angl er #12) .

Activity general motivations to fish rivers were also impottaith interviewed
anglers mentioning a main motivation to fish rivers as an opportunity to enjoy nature and
to be i n a Ireajdybang but, thehird liferthg freshiair and that and just
chillingd  ( a n g | tleerway#theé )trees dre witlhd way the sun sets and the light
through t hem, you just find a pleasant spc
(angler #8). Rivers also provided an angling opportunity that was distinct, comgpell
and rel ated t o {ikeywu go aptthe lakewanmd ya knowa youn areygoing i
to catch, you go on a river and you could catch anything( angl er #11) . Thi
acknowledgement by these anglers that the anticipation of catchinglgmaonearly as
much pleasure as the act of catchini tisted § : aliways nice to catc
are getting takes the anticipation isthere ( angl er #12) . It was pa
not knowing which species might be caught added ditiadal element of excitement to
the fishing exper e n eng favouiite species are pike; always have been, but every time
the float dips and we strike into a fish and it feels like a good one, we both say, please be
azandeb (angl er # 2)knowl&dged shat if theydishdor ke im @ water
tha t al so supports populations ofcaughtikeper ct

[pikeperch]by accident my first one, | was float ledgering a dead roach for pike and one

13¢
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took and that was just overbthnd that was the first one | ever caught ( a #by Toe r
some degree, predator fishing in England has thus becorrgetemtive in terms of target

species.
7.4.5 Angling preference

The preferences of interviewees in catching pike and pikeperch seemed toabe &0

di ver si fi cat i othereiisthat fans differengmethddy for eaching iihem,

we are sitting here legering now, but we can paternoster a live bait, dropshothbdiad

lure fish, vertical jig, you know, so there are that many differeethodé ( angl er #7)
Specifically, lure fishingvas often acknowledged as helping to increase the popularity of

pr edat or thefonesthingrthat: is tiirning people into predator anglers is lure

fishing, that is the massive deal these days( a nly It was algb the opinion of the

interviewed predtor anglers that lure fishing is more popular when targeting pikeperch

t han f ahere p signiBcant gioportion of the lure angler population that fishes

canals that donodt moaenlike atbycatan a ¢ & g éme moiek &), , it 6
populara mong t he vy ou rkidsere gegtiegnntorit,achuckmatheir Iéires, you
know, catching little zander, b (anglér #10)a n t . Yol
whereas another angler comrea dhere ére lot more younger people in the lure
angling side of things. Now wedbre not talkin
306 (angler #6). Al of the anglers intervi e\

even if they had @reference for using baits, and all of these asgialked about lure

fishing and its importance to angling generally, making it the most talked about topic
overiattds pirobably the biggest growing sport
and lre fishing is taking its place ( a n g | e ropulary) aof lurd fisking pvas

attributed to its success as a method for catching predatory species and as a more
convenient and accessiblelmgd hadgeaodpaagdot c
fewhours fishing in, or an hours fishing in if youeapushed for time, most lure gear will

fit in the boot of your car quiteeasily ( angl er #5) .
7.4.6 Reconciliation

One anglerds opinion on the introduction of

theopinim of many of twedamew tha pikeeerrevnioetwead :prfiobl em b
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the pike perform a function of natural fishery management and | think we thought the pike
would sort thenjpikeperch]out anyway, and those that did get through the pike gauntlet
would be big enough t o theally bother ueh (caant gclhe rn g# 1
However, many interviewed anglers who had experience of fishing the river during the

time of pikeperch introduction also recognized an impact to their fishing at thefitime:

was really the zander round about that timetttzeok me away from the river because we

were struggling to catch the pike, we Wwer €
(angler #2). The same recollection was given by an angler who fishadjthaing canal

s y st evhen people introduced rder to the canal it changed the structure of the

fishery completely, if you went to catch a roach it was impossible to catch a small roach,

the only thing you could catch was 8 to 10 0z because the zaadghemthe smaller

roach] o (angler #7).

Angler knowledge and experience with the introduction and subsequent
establishment of pikeperch, a conservation attitude toward piscivorous species, and
unique catch orientated motivations and preferences appedoster a favorable
understanding toward pikeplrcl fact ual ly think itdés bett el
think thatodos down to the zander being ther
pike - they are benefiting if anything, pike are eatihgm up, they are controlling other
fi sh anradcedoubd s( abnag|l er #10) . The use of t he
among these anglers when asked about pikeperch introduction and establishment.
However, for something to be in balance suggests a peyoeptiimbalance; when
anglers were asked to clarifyhi s di ch ot omy t hlthink theazardlert hi n g
population has maybe stabilized a bit and pike have come back because | guess they do
competeinsomeway (angl er #7) . Wibantheaienwkiratdpikepgrahc i f i c
can have a negativmpact to native species, the anglers then recollected that it is only in
recent years that they have seen an improvement in pike fishing since the introduction of
pi ke p kethink BQ yeais on from wherander came into our rivers, the pike are the
domnant predator again, i1itbés taken that tim
(angler #2).

7.4.7 Current views on management of pikeperch (perceptions)
It was apparent that the interviewed anglers sayompmtential in pikeperch as a species
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in providing new angling opportunities and commented on a perceived increase in
popul arity from pike to pikeperch @&lbtshi ng wi
of my friends who were pike anglers, they nowfagozander, | think they find it more

excitingd n@ler #4). The anglers also highlighted fishing for pikeperch as a means to

hel p promot e anglmyrmperceptan risethatgfishme is anbré gn:the i

decrease than the increase as a sport and ngaxanother species that is going to

encourage peoplto go fishing, like zander, that can only be a good thing eallf angl er

#3), and these anglers often talked about the economic importance of the fishing resource:

AiYou only have to think about it ine@tmic terms, a lot of people are coming to figh fo

t hese @ualerdB.r o

Interviewed anglers were opposed to the culling of pikeperch and had a pragmatic
vi ew on t they a® inbthe mdw, wefare never going to eradicate dhem
(angler #8) Well-developed opinions were also expressed envtiidity of pikeperch

removal o0 iy eatuallly nob rensoving them, you end up with a situation where
they ser egul at e and it doesndét take a very | on
control. They are widespread, Iyom matnds urea adh at

rati onal e i @ngléras) With ahese gnglérs speaking of their distress at
seeing a culling operation, where pikeperch were removed from a section of canal and
dispatcted via electrif i s hfi g : mdé | t.Ht was knaybet3dosne af wandet

from maybe 4 km of the river, so thatos a |
theyremovefish (angl er #4) .

The practice of catch and release was never defermleduestioned by the
interviewed anglers and itag apparent that it was seen as the moral thing to do and that
it was their right. In fact, one particular angler had even successfully lobbied for an
angling club to change their rules in relation to¢htchandr el eas e ofBboyi keperc
3 years agd persuaded thg¢club name removed for anonymit{d do away with their
archaic rule of killing zanderonsibte ( angl er #1) . Il nterviewed an
current llegaly asd texhruallp, zanderrare still on the alien species regist
(angl er #1), and would | i ke to s¢eyatthem hav
naturalized | would class them as now and deserve some kind of praectibran gl er # 8)

However, these same anglewere opposed to the introduction of pikeperch to an
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i mportant pi ke river f ilséhne rhya pipny aenn oaudgjha ctehne

t he Wye; | 6d be o0 nheyatlrred upuntthee Wodeannt gelr ¢t ok S ) ;i f
great thing formei$ hat when | go pi ke fishing on t he
a pike, itds not goinmg (tamghera#2gnder so t

7.5 Discussion

Motivations of these predator anglers to the voluntarily catchrelease of an invasive
species wereevealed here to be connected to an underlying conservation attitude that has
developed out of cultural norms, an awareness of the consequences of their activity and
unique motivations and preferences. Findings rexea lack of support for current
managerant and policy relating to pikeperch in England, with the perception by these
anglers that the practice of catahdrelease for pikeperch does not cause adverse
ecological impacts and that culling is an ineffectimanagement tool. For this group of
angles, catch orientated motivations to fish (e.g., size, anticipation, challenge) were
important, but so too were motivations related to catching wild fish in natural
surroundings. These anglers saw pikeperch as prayidngling opportunities and as
contributing to a growing sport with economic importance, but they also showed support
for maintaining pristine wild populations of pike, unconstrained by pikeperch, and so

some opposing perceptions relating to the ecolbgigaact of pikeperch were apparent.

Thebehavioural intentions of these anglers to practice voluntary-eattielease
are influenced by angling norms and an awareness of their consequences, where aspects
such as ecological or stock status, setting, ispesnd social factors are all considere
(Stensland et al. 201.3PDevelopment of angling specialization through angling style
and/or species preferences can also cause divergent expeustite norms and
motivations(Arlinghaus and Mehner 2003for ths group of anglers, voluntary catch
andrelease behaviour of a nomtive species seemed to be connected to inherent
conservation values and unique motivations and perceptions of the ecological
consequences of pikeperch to native populations. These q@reaafiers often invoked a
model ofnatu e as normally being in equuEdenandr i um

Bear 2011}0 make sense of their fishing experience and behaviours.
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Catchandrelease angling is practiced widely in recreational fisl{fadinghaus
et al. 2007)and has become useful tool for resource conservati@ooke and Schramm
2007, Brownscombe et al. 201'However, it can also generate conflict both within the
angling community and between anglers and managers due to oppodimgl,cu
institutional, and emotional drers; divergent motivation and ethics; and varying
expectations and toleran¢Arlinghaus 2007) This group of anglers spoke of conflict
within the predator angling community that resulted in aAgi@management sponses
with the aim of protecting persal fishing motivations. These indirect responses were
most apparent with the adoption of secretive fishing behaviours, seen as protecting
individual fish from ovetexploitation. Management measures often developfanmgler
led initiatives and include dst practice guidance relating to appropriate fish handling
techniques, fishing gear restrictions, size and catch regulations, and the implementation of
catchandrelease policies(Eden and Bear 2012)This is espeaily true of the
interviewed anglers whdemonstrated instances of peer influence to, for example, change
club rules relating to the cat@ndrelease of pikeperch. Sanctioning actions carried out
by and within the angling communities can be used for ptiog@nd maintaining best
practices in elation to catckandrelease anglindGuckian et al. 2018)and could be

explored further in relation to pikeperch in England.

Interviewed anglers also described their experience of conflict with other angling
groupsand managers that was generated froeir tbatchandrelease behaviour toward
pikeperch. In England, most freshwater recreational anglers target cyprinid species
(Environment Agency 2018aand pikeperch introduction has been linked to perceived
declinesto cyprinid populationgSmith et al. 196). Specialist predator anglers may also
have experienced similar declines to pike populations or at least impact to fishing
experiences as a result of pikeperch introduction. However, findings here suggest that if
these declines existed, fishing motieais were being altered to incorporate the
introduced species. Removal of pikeperch (culling) as a management measure after their
initial introduction was widely employed, with the desired outcome of reducing pilkkeperc
biomass and maintaining native cypdnpopulations(Smith et al. 1996, 1997)The
practice of culling is still employed by fisheries managers in the hope of controlling the
spread and establishment of pikeperch, despite them also becoming a popular and

valuable target species for some ang(étiekley and Chare 2004 he effectiveness of
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removal operations is often debated and, indeed, it has been demonstrated that removals
of low intensity could increase the predation pressure of pikeperch on preatposy

thus exacerbating their poteaitideleterious impact on native cyprinid prey species
(Smith et al. 1996, 1997)

Anglers are known to be one of the main drivers of-native introductions
(Gozlan, Britton, et al. 201Gjue to their catch specifimotivations and preferences for
certainfish attributes, such as large body sjgtvira and Almoddévar 2001, Banha et al.
2017) lllegal nonnative introductions to enhance sport fishing are often more common
in regions with fewer native sport figdohnsn, Arlinghaus, et al. 2009)or examp#,
introductions of species with high trophic positions, such as largemouth and smallmouth
bassMicropterus dolomieucan have significant ecological impddackson 2002, Eby et
al. 2006) but can also provide substial benefits for anglindCarey et al 2011)
Additionally, anglers are not only drivers of introductions of nuative species, but they
can also increase the rate of their spré@arciallorente et al. 2008) A major
management goal in freshwater higsies is to diversify angling opportties for
increased angler satisfaction, such as through the permitted movement or transplantation
of nonnative fishes into waters that minimize their potential of developing invasive
populations(Cowx 1994, 1998, Gex and Gerdeaux 2004, Hickley and Cha@04)
Different stakeholder groups will, however, have unique perceptions about the impacts or
benefits of nomative introductions and diverse attitudes regarding their management
(GarcialLlorente et al. 2008)Recognition of angler perceptions and matiiens of
invasive species is, therefore, important when trying to discourage the deliberate spread

or introduction of these species through angling activity.

In this study, catch orientated motivational drivers leading to overall satisfaction
were complexwith catch expectation in relation to a natural wild fish being an important
factor. Gaining these types of data on the characteristics, preferences and behaviours of
recreational anglers can enable managers to gauge the effectiveness of management
decisons aml policies (Brooks et al. 2015)Preferences of anglers for different target
species can change with time, with national surveys in England showing a shift in
preferences of target species from ro&ultilus rutilusand pike in the 1960s to carp,

roach, beamAbramis bramaand tenciinca tincasince the 1990&impson and Mawle
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2001, Aprahamian et al. 2010)he ability of anglers to constantly evolve and adapt is an
important mechanism for the sustainability of recreational fisliygrahamian etal.
2010), especially under current climate projections that will likely drive fish assemblage
reorganizations that could favour npative species(Ruiz-Navarro et al. 2016a,
Kuczynski et al. 2018)

7.6 Conclusions

The catchorientatedmotivations and prefences oftheseanglersto target largebodied

native and invasive predatory fish natural surrondings translate to the behavioural
practice of catclandreleasefor an invasive predatory fisland a perception that
pikeperch do notause adverse ecologlcimpad. It is important that these angling
groups arenot further marginalized by current policies and management practices.
Engagement between management organizations and anglers to improve knowledge
relating to the effectiveness of pikeperch policiasd promoting practices to limit the
specieso6 f ur d hedprfacilsapernom@ kffective oalationships among all
parties, and enhance management outcomes. Further support could also be gained if the
motivational characteristics of predator arglin England were aligned to maintaining
pristine wild population®f fish. Understanding how the motivations and the perceived
impacts of pikeperch to native fish populations vary within the wider angling community
could assist determination of moreesffive management programs and regulation. There

is a need for claty regarding the current legislation relating to pikeperch in England,
given they can be stocked into waters under permitted regulations, yet where it is also
illegal to release captureddividuals back into the wild, which includes all open water
(rivers and canals). Moreover, this clarity is important, as results highlight considerable
disjuncture between angler motivations and behaviours, and currematioa fish

policy and managemeén
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8 Behaviours, motivations and perceptions of arigrs targeting native and non

native predatory fishes in freshwater fisheries in England

8.1 Abstract

Recreational angling is a major introduction pathway for Hoggied invasive fishes that

are released tonbance angling experiences. To ensure managemergaicy measures

improve angling experience but do not result in invasions, it is important to understand
angler behaviours and motivations for targeting invasive fishes, the value attributed to
them andheir perceptions of the impact of angling forrtheHere, anglers were surveyed

on their behaviours, motivations, and perc
fishes in England. This included the native predators (Bi@x luciusand perchPerca

fluviatilis) and the invasive predator pikeper&8ander luciopercaa recreationally

important fish species in England. Commitment to predator angling (measured as
proportional income expenditure) increased with increased angling activity, experience

and specialisation but was also higher for pikepeaciglers. Despite it being illegal in

England to release captured pikeperch back into open waters after capture, 94% of
respondents reported to always adopting catuthrelease practices for pikeperch. Tder

was more agreement on the motive to relax afjolyemature among respondents than for

any other motive, whereas agreement to species specific motives increased with
increasing specialisation. Groups differing in the extent of their specialisation were al
revealed to have different perceptions relatmghe ecological impact and management

of pikeperch. These results suggest that the invasive pikeperch is viewed as a valued
target species with anglersé expelogcgnce i

impact of pikeperch but not their decisito practice catclndrelease.
8.2 Introduction

Biological invasions are a global driver of biodiversity |g8&kGeoch et al. 2010Q)with

relatively largebodied invasive fishes of high trophic position lgean recognised threat
to native fish diversitfEby et al. 2006, Menezes et al. 2012he introduction pathways
of largebodied invasive fishes include recreational ang(i@gzlan, Britton, et al. 2010,
Britton and Orsi 2012)with these fishes introdudeto diversify angling experiences,

especially inregions with relatively restricted fish faun@sickley and Chare 2004As
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recreational angling in inland waters has a high number of participants globally, mostly in
industrialised countries but with ireasing participation rates now in developing raegio
(Cooke, Arlinghaus, et al. 201,6)hen there is potential for this pathway to have a
substantial influence on the introduction rates of-native fishes(Copp et al. 2010,
Gozlan, Britton, et al. 2010)

As recreational angling is a key introductiontip@ay for nonnative invasive
fishes, it is important to nderstand the behaviours, motivations and perceptions of
anglers that contribute to these introducti@@anha et al. 2017, Rees et al. 20Mhile
this knowledge should help fishery managers imi@et measures that aim to enhance
angler satisfactiorfBeardmore et al. 2014t should also help to reduce the ecological
impacts of nomative species through effective policy implementation and manageme
(Arlinghaus et al. 2016, Banha et al. 2Q1This is especially important given that
management options for managing fish invasions in open waters are extremely limited
(Britton et al. 2011, Rytwinski et al. 2018)

In England, there has been anincreese popul arity gspbrt 6bi g g
freshwaterangling in recent decadédickley and Chare 2004yvith the development of
lake fisheries where largeodied nomative fishes, such as European catf&lurus
glanis are introduced to provide new anldatienging angling experiencé€opp et al.
2009, Rees et al. 2017)Pikeperch (or zandeSander luciopercare now invasive in
England following their release into a river catchment in Eastern England in the 1960s to
create a new angling opportuniiylickley 1986) This relatively large, obligate piscivore
from eastern and central Europe rapidly established populations that quickly dispersed
through river catchments in central and southern Endleiettling and Lee 1983, Smith
et al. 1998, Copp et al. 2BONunn efal. 2007) Associated with these introductions were
reported ecological impacts to native fish communitigskling and Lee 1983, Smith et
al. 1998) although evidence on this remains equivocal. Hereafter, anglers targeting
freshwater piscivorali fishes ¢ pr edat or s 6) are referred to a

engage in opredator anglingo).

Pikeperch now support important sport fisheries in English rijiéogan, Curtin,
et al. 2019) with evidence suggesting that anglers increasingly percéepgrch ¢ be
an acceptable target species, and with their angling behaviours informed by their practices

14¢€



Chapter 8

for targeting native predatory fishgblolan, Curtin, et al. 2019 hese fisheries are thus

likely to be based on cat@ndrelease practices (i.&sh are eturned alive to the water
following capture), despite a regulatory framework that makes it illegal to release
captured pikeperch back into open waigtekley and Chare 2004)f catchandrelease
angling behaviours result from angler percemiahat pkeperch no longer pose an
ecological threat to native fishes, at least in invaded catchments, this would represent a
considerable disjuncture between anglers and regulators and fishery managers who aim to

improve angling experiences while alsofgcting rative fish communities.

Freshwater angling comprises of a diverse group of users that vary according to
differences in, for example, their preferences for target species and angling methods
(Eden and Bear 2011ndeed, sport anglers often havpraferene for attributes such as
large body sizes that are often associated with invasive fish from sport afiginga et
al. 2017) Motivated by different aspects of the angling experience, anglers can then have
divergent opinions relating to catemd-releasepractices(Aas et al. 2002)with these
differences often resulting in behavioural conflicts (Adinghaus 2007) Differences in
value orientation between groups are often the basis of social conflicts in relation to
wildlife conservation(Manfredo et & 2016) Angl er sd6 value orient a
the patterns of basic beliefs governing their interactions with the resource (i.e. how they
use, treat, value, manage or otherwise affdatiskotter and Fulton 2008Anglers that
are more spgalist in their practices are thought to be more catch orien{@edrdmore
et al. 2011)and place a higher value on their fishing trips compared to more generalist
anglers(Oh et al. 2005)Correspondingly, there could be considerable heterogeneity in
the behaviar, value, motivation and perception of predator anglers to native and invasive
predatory fishes, with these varying according to differences in their experiences and

behaviour.

The aim of this study was therefore to evaluate the behaviours/atiatis ad
perceptions of anglers in England that target native and invasive predatory fishes. Using a
questionnaire survey, the objectives were to quantify predator angler expenditure;
determine the extent of cateimdrelease behaviours of freshwatergkems targting
predatory fishes; determine the motivations and perceptions of anglers that target these

fishes; and quantify differences in expenditure, catotirelease activity, and
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motivations and perceptions in relation to different levels of angtiommitmen,
experience and behaviour, particularly in relation to the ecological impact and
management of pikeperch. The results are discussed in relation to assisting the
development of management and regulatory measures that enhance levels of angling

saisfactionwhilst protecting native biodiversity.

8.3 Methods
8.3.1 Questionnaire survey

The dah for the study were generated through responses to a questionnaire designed
using 6Jisc Online Surveysb©o (formerly O0Br i
targeted ecreationkfreshwater predator anglers in the UK and was first developed and
pretested on a small group (n = 11) of experienced predator anglers, to assess structure

and clarity. It was then distributed online from Decembédt 218 to January 252019

and was pmoted via social media forums (Facebook and Twitter), and posted to pages

and groups based on an associations with freshwater predator fishing in England. This
approach relied on 6snowball 6 sampling t o
remgnised tht there are a number of biases and limitations associated with this type of
nonprobability samplingCoughlan et al. 2009}t did allow for the selective targeting of
respondents who participate directly in and have considerable experiencedatop

argling. Moreover, this approach has been used widely to understand human dimensions
within social sciences fisheries literatufieterson and Carothers 2013, French et al.

2019) and Facebook has been shown to be particularly successful forrtgrghtsive
sub-populationgBrickman Bhutta 2012)

8.3.2 Questionnaire Design

The questionnaire comprised of four main sections that related to generating data on the
extent of angler specialisation and behaviour, their eatckrelease practices, their
fishing motivations and their perceptions toward pikeperch and pikeperch angling. Basic
demographic information was collected for each respondent including age, gender, region
of residence, education and employment status and average monthly income categories. A

full list of questions and responses is provideAppendix5.
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8.3.3 Section 1: Fishing behaviour

Here, the fishing behaviour of respondents was explored to determine angling activity
commitment (devotion of time and mgces to an activity) and experien@utton and

Ditton 2001) The term angler/ angling specialisation refers to the focusing of angler
behaviour, skill development and the acquisition of knowledge and commitment
processes on a particular type of angl{@gott and Shafer 2001Respondents wer

asked to estimate the total number of years they had been predator fishing and the total
number of days spent predator fishing in the last year. They were also asked to select the
description that best defined th@redator fishing habits along a spéisation gradient

that was developed from -ohepth interview analysiéNolan, Curtin, et al. 2019)This
self-classification measure of specialisation was similar to that us€iNdgdham et al.

2009) which had comarable performance rates to multivariateeasures of
specialisation. Four definitions were pres
for any other specieso, 2) oI am a predato

for predators buwo ul dnét consi der anglgrasllalso tgrgetsothera pr

speciesd and 4) 61 fish for predators rare
Sspeci eso. Thus, an angler whose angling
predatoy fishes in preference to other groups o f i shes (e. g. 6coar s

cyprinid fishes) and O6game fishdéd (sal moni
General assessments of fishing behaviours included asking their preferred predator target
species and all freshwater species rouyingshed for, with an opemnded option

available to ensure all species were included in the list but the primary purpose was to
determine predator species targets. Respondents were then asked to estimate #heir annu
expenditure (GBP) in relation to tlreaspects of their predator fishing activity:
membership fees and day tickets, equipment and bait, and travel (including fuel, food and
accommodation), all on a six point scale (< £100, £100 to £300, £300 to 5@tcES50

£1000, £1000 to £2000 and > £2000).

8.3.4 Section 2: Catctandrelease practices and fishing motivations

The catchandrelease behaviour of anglers was assessed by asking for a response to the
guestions 61 -andradteiacse tol eceopthekdatdddmdreledse gfr act i
percha&, egmdcti-andr ettlreceaseatodh pi kepercho. Re
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guestions were given on a five point scale, where 1 = Always (without exception), 2 =

Al ways (unless it | ooks aoking)j3 = Ustallywo-ndt sur
Occasionallyyand 5 = Never ; -Applicabteptdo mat fislo for thdisN o n
species)0d was also provided.

8.3.5 Section 3: Fishing motivations

To examine the motivational drivers of predator anglers, respondents were given 14
motivational statements and askedrabe their agreement along a-gigint likert scale

where 1 = strongly disagree and 6 = strongly agree. An emphasis was placed on catch
orientated motivesAppendix5), as these adtity-specific drivers are known to be more
important to specialised anglers than actigigneral motivegBeardmore et al. 2011)
These 10 motivational drivers were developed from in depth interview analysis with
predator angrs (Nolan, Curtin, et al. 2IB) and incorporated both cat¢Button 2007)

and challenge seekinBeardmore et al. 2011) t e ms . An i tem relatin
proximity to predator fishing locations was also provided as a motivational driver.
Additionally, three of the most significanbn-catch related motives were also included
covering socialising, enjoying nature and xatg (derived fromSutton(2007); Appendix

5).

8.3.6 Section 4: Perceptions of anglers to pikeperch

This section focused on assegsthe anglers awareness grefceptions to the invasive
pikeperch, respondents were asked to rank their agreement to statements algoajnd six

likert scale (1 = strongly disagree and 6 = strongly agree). Statements were used to assess
angler conservan awareness, their percepts of the ecological impact of pikeperch

and their views on the legislation and management of pikeperch in Engigombn(lix

5).

8.3.7 Data analysis

Following descriptive reporting on the mlegraphics of respondents, the initial analyses
were to estimate annual expenditure on predator angling as a function of angler annual
income. Individual mean annual expenditure was calculated based on the mean value of

theannual expenditure category cbosand added across the three aspects of expenditure.
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Individual mean annual income was calculated based on the mean value of monthly
income category chosen. Krusk#fallis (one way Anova by rank) tests were used to
assesddifferences in expenditure acrogsgcome groupings, with the significance of

di fferences between groupings determined u
Bonferroni adjustment for unequal sample siz&suskal Wallace chi squared statistics

were reported. Expendituren relation to different levels of angling commitment
(specialisation/days spent predator angling in the last year), experience (years spent
predator fishing) and behaviour (fishing for pikeperch or native predatorsassassed

in the same manner.

Exploratory facto analysis (EFA) was used to provide a clear conceptual
understanding of the underlying constructs of the measured varigabsgar et al.
1999)for predator angler motivation and perceptions data. Thet reSEFA is to group
items (variables/statemes) into domains by determining the number and nature of
common factors (groups) which account for the pattern of correlation among the
measured variables. This analysis was necessary as the survey dataedtroelu items
in motivational and perceptioncales when compared to other studies on angler
motivational research, and so helps to create links of meaning between the statements.
Where items had negative wording (in the case of some of the perceptiahstiat
scores were reversed before analy$es.al ysi s was compl eted usin
in R (R Development Core Team 201&)d following standard guideliné¥elicer and
Jackson 1990, Osborne et al. 2008actor analysis used minres (ordinal lespiares)
with oblimin rotation, as factors atd not be assumed to be completely uncorrelated or
normally distributed. The number of factors to be extracted was determined through
parallel analysis. Factors were combined into domains where factor loatBnggreater
than 0.5, where there was an leTucker Lewis index of factor reliability of greater

than 0.9, and there was a root mean square error of approximation of less than 0.05.

Domains were named and median values from within each domain senleta
provide an index of individual anglerativational drivers and perceptions. To compare
levels of agreement across angler motive and perception domains, pairwise comparisons
were conducted using Bonferredblm-adjusted Wilcoxon signed rank tests for

dependent samples. Likert statistics wereortsgl as median values with! hnd 3
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guartiles. Then, to test motivational and perception group differences in relation to

different levels of angling commitment (specialisation), experience (years spdatgore

fishing) and behaviour (fishing for pigee r ¢ h ) , P-sgaared testOveere ased.

Here, agreement statistics were based on 3 levels of agreement (disagree, neutral and
agree), modified from the original spoint scale (where 1 = strongly disagrand 6 =

strongly agree). Agreements of 1dan 2 wer e assigned O6di sagreebo6,
6neutral 06, and 5 and 6 were assigned Oagr ec
groupings were determined using pairwise comparisons (chi squared gsstooiation

with Bonferroni adjustment fornequal sample sizes). Statements which did not fit into

an underlying domain were not subject to these analyses.

8.4 Results

There were 823 survey responses received. Of these, 80 were excluded as the reported
fishing activity was outside England and 12 wereluded due to completion errors. Of

the 731 remaining respondents, the majority were male (n = 721, 99 %) of over 35 years

of age (n = 577, 79 %) and that hady at | eas
species (n = 603, 82%), of which 31 % hadrenthan 30 years experience (n = 227).

Regarding fishing effort, 33 % of respondents (n = 238) fished for predators between 30

and 60 days per year, whilst 29 % (n = 212) of anglers fished for predatorsréothan

60 days per annum. Whilst most anglgsted for pike (n = 678, 93 %) and perch (n =

632, 86 %), over half of all anglers fighéor pikeperch (n = 372, 51 ¥gndmost anglers

routinely targeted more than one predator species, with 324 angle¥s) fshing for all

three species. Over halbf all respondents identified as predator anglers as per
specialisation definition 1 and 2 (n = 378, 52%). However, a large proportion of
respondents (n = 318, 43.5%) defined their fishing habits accordirgfoidni t i on 3 01
for pr edat o ransiderunyselfwustual pakdaidrt angler as | also target other
speciesb. The preferred predator speci es Wwe
followed by pikeperch (n =136, 37 % of pikeperch anglers) anchp@ = 165, 26 % of

perch anglers).
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8.4.1 Income ad expenditure

The highest expenditure by respondents was on equipment and bait, with 48 % spending
more than £300 annuallyigure29a). This was followed by travel (including fuel, food

and accommodation), with 48 of respondents spending more than £300 annually (Fig.
la). Survey questions relating to income were not mandatory and as such were not
answered by 77 participants. Of those responding, almost half earned less than £24,000
annually (n = 284, 44 %). Expéiture was significantly lower for those who earned less
than £18,000 compared to those who earned above £3@GbB08guared = 23.8 <

0.001, df = 5,Figure 29%). However, the proportion of annual income spending
predator angling was significantly higher famnglers with reported eamgs of below
£12,000 compared to all other income groupirgds $¢quared = 66.8, p < 0.001, df = 5,
Figure 29c). Total annual expendituren predator angling increased with increasing
levels of predator angling specialisatiochi( squared = 147.99 < 0.001, df = 3),
increasing number gfears fishedchi squared = 11.12 = 0.04),and increasing number

of predator fishing days per annuohi(squared = 181.F < 0.001, df = 5). In general,
anglers who fished for pikeperch also spent more than those who fished only for native
predators (chi squared 7.9, P < 0.001, df = 1), where average annual spend for the

native predator angler was f€ompared to £1503 for anglers who fished for pikeperch.
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8.4.2 Catchandrelease pratices

The majority of survey respondents adopted catuthrelease in their angling for
predatoryfishes. For anglers who targeted the native pike and perch, 95 % (n = 645) and
94 % (n = 595) respectively always practice catnbirelease. The exceptionseve
respondents who reported they always practice eatdhielease, unless there was
substantialdamage caused by deep hooking. For anglers who targeted pikeperch, the
adoption of catctandrelease practices was at similar levels to the native spectes9@vi

% (n = 336) always practicing catelmdrelease. Again, the exception were anglers
reporting to always practice the cat@mdrelease of pikeperch unless there was
substantial damage caused by deep hooking 7 % (n = 26). Only 4 respondents reported to

never practice the catendrelease of pikeperch.
8.4.3 Angler motivations and perceptions

Exploratory factor analysis revealed four general domains within the responses to

motivational statements that explain their angling for predatory fishes: (i) speecfcsp

motivations (e. g. Opredators ar e mor e e X
motivatons (e. g. Opredators are more of a chal
nature (e.g. o6to relax and esianafgachfablem eve
21). Significant differenceswerefaud i n respondent ds agr eemeni

domains Table 21), with distribution frequencies of agreement showing more
consi stency of agreement among respondents
nga ured than wit hi(medaan $.5 (660 Agreerdeatmathinnthe

challenge related motivational domain was also high (median = 56{%, however
inconsistencies in agreement to spesigscific motives (median = 4 (35)), and in
Oanttcop of s peciddF5))onere mdietapparer@fpiiez0)n =

Exploratory factor analysis of respondents agreement to statements on perceptions
of the ecology and management of pikeperch in Engldsal i@evealed four general
domai ns: i) pikeperch as an ecological and
zmder in a fisheryoao),; i) angler awarenes:
i nformed of the ecol ogiawalr ecessemomnmhs | @efgi 28&a 8

zander 6natiivie) sper i e s-nafive speoes andmmaraticetfishaof n o n
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the environment 6) and iv) fishery managemer
should be considered as a native specikablé22). Sigrificant differences were found

in respondent ds agr eementlTabla22r Withia domdins, per cep
fishery management perceptions showetbst ©nsistency of agreement among

respondents (median = 5 (46)), followed by awareness (median = 5 (3.%)) and

pikeperch as an enhancement (median = 4.5 @) (Figure 31). Overall, there was

disagreement withinhe domain concerning the perception that-native species and

fish were positive (median = 3 (24)) (Figure31).
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Table21. Factor loadings (EFA) for predator angler motivations inl&ng based on levels of agreement with comparative statistics

Factors

Item

Wording insurvey?

Factor loading&¢d

Wi | ¢ o x o-subngest(zaaore)

Activity general motivational measures

Relaxing and
enjoying
nature

n/a

Relaxation

Enjoyment of
nature

Socialising

I fish for pre
relaxing, an escape from
everyday life

| fish for predators because
like to be in wild natural
places, ejoying nature

| fish for predators becaude
can do it socially with friends
and/or family

Activity Specific motivational measures

Species
specific

Challenge

Sense of
accomplishment

Excitement

Fascination with
species

Fishing style

A natural way to
fish

Challenge

Catching a big fish

| fish for predators because it
gives me a greater sense of
accomplishment compared to
catching other species

| fish for predators because
they more exciting to catch
compared to other species

| fish for predators because
they are fascinating, more
intelligent than other species

| fish for predators because
prefer the fishing style over
other types of fishing
Ifish for pred
a more natural way to fish thar
other types of fishing

I fish for pre
more of a challenge comparec
to catching other speae

| fish for predators because
there is a chance of catching ¢
big fish

Species Challenge Nature Anticipation Species Challenge Anticipation
0.02 -0.01 0.83 0.05 -16.97** -2.24* -17.70**
-0.01 0.27 0.60 -0.04

0.11 0.16 0.18 0.24

0.87 0.01 -0.05 0.03 -15.93** -2.57**
0.84 0.17 -0.07 -0.07

0.72 -0.10 0.05 0.19

0.6 -0.01 0.3 -0.13

0.54 -0.11 0.22 0.06

0.09 0.74 0.12 -0.07 -16.88**
0.02 0.54 0.05 0.11
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Experience of a | fish for predators because
good fight they are good fighting fish 0.06 0.52 -0.02 032
| fish for predators because |
Anticipation Anticipation of like the anticipation_ of not 0.01 0.12 011 059
catch knowing what species | might
catch
Using different | fish for predators because |
n/a angling techniques can usdifferentangling 0.04 0.48 0.10 0.23
and styles techniques and styles
Proximity to good | fish or predators because
n/a predator fishing there are good predator fishin¢ -0.14 0.21 0.09 0.24
venues venues close to me

4ltems were ranked accordingdgreement to stateents along a sipoint likert scale where 1 = strongly disagree and 6 = strongly agree
b Cumulative variance explained = 0.52

“Tucker Lewis Index of factoring reliability = 0.98

9Root mean square error of approximation = 0.01

" Indicates statisticallysignificant differences at P < 0.05 (Bonferrétolm corrected)

™ Indicates statistically significant differences at P < 0.001 (Bonfekiohin corrected)
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Agreement: 1= Strongly disagree, 6 = Strongly agree
Figure 30. Frequency distribution of agreementrwtivational statement®r predator anglers in England. Motivations are grouped into

domains by colour based on exploratory factor analyses, those without a colour did not group to a domain.
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Table22. Factor loadings (EFA) fopredator angler perceptisiio the ecology and management of pikeperch in England based on levels of

agreement with comparative statistics

Factors Item Wording in survey? Wi | ¢ o x o-sudngest(zaaore)
Perceptions Enhancement Awareness Non- Management Awareness Non- Management
native native
Enhancemen: Pikeperch | think zander provide an importar 0.88 0.05 -0.05 0.03 -3.95* - -12.76*
ecology ecological function in a fishery 16.90*
Pikeperch spreac | would like to see zander 0.85 -0.03 0.06 -0.10
introduced taadditional
waterbodies other than wte they
are currently found
Pikeperch and | think zander are important to the 0.84 0.05 0.02 0.10
growth of growth of angling in the UK
angling
Pikeperch | am happythat zander are in the 0.57 -0.01 0.08 0.40
enhances anglin¢ UK as it providesanother angling
opportunity, we otherwise would
not have
Awareness  Aware of I am well informed of the 0.10 0.93 -0.01 -0.04 - -6.73*
ecology of ecological concerns of zander in 17.01*
pikeperch the UK
Aware of | amaware of the legislation 0.05 0.73 0.11 0.01
legislation relating to zander in the UK
Nor-native  Norrnative Norrnative species generally have -0.07 0.02 0.80 0.05 -20.39*
speciegositive  a negative impact to the
environmernit
Norrnative fish  Non-native fishes generally have ¢ 0.15 0.12 0.57 0.04
positive positive impact to the environmen
Management Opposed to | am opposed to the culling of 0.15 -0.02 0.08 0.59
culling of zander in the UK
pikeperch
Pikeperch | believe zander shouldeb 0.28 0.02 0.29 0.52
considered native considered as a native species to
the UK
Imbalance When zander are first introduced -0.09 0.15 -0.09  0.50
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associated with  they negatively impact the quality

pikeperch of the fishing where they are foun
but, if left alone they find a balanc
n/a Ecologically | consider myself to be aware of -0.11 0.43 -0.25 0.20
aware the @nservation issues facing
freshwater environments
n/a Opposed to | am opposed to the illegal stockir -0.34 0.07 -0.37 0.21

illegal stocking  of zander in the UK
of pikeperch
n/a Pikeperch Pikeperch negatively impact the 0.23 -0.06 0.30 0.04
positive for quality of fishing where they are
fishery ecology  found*

altems were ranked according to agreement to statements alongargikkert scalavhere 1 = strongly disagree and 6 = strongly agree
b Cumulative variance explained = 0.60

“ Tucker Lewis Index of factoring reliability = 0.98

4 Root mean square errof approximation = 0.04

" Indicates statistically significant differences at P < 0.@xdnferroniHolm corrected)

# Negatively worded item scores were reversed before analyses
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Figure 31. Frequency distribution ohgreement to statements on perceptions of the ecology and management of pikeperch in England.

Percepions are grouped into domains by colour based on exploratory factor analyses, those without a colour did not groumto a doma
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Motivational and perception group differences in relation to different levels of
angling commitment (specialisation), expeden(years spent predator fishing) and
behaviour (fishing for pikeperch) revealed that more specialised anglers showed
increasing agreeemt across all motivational domains, with the exception of anticipation
of species catch{gure 32, Table23). While respondents who fished for pikeperch and
those who fished for less tha&80 years showed increased agreement to species specific
and to anticipation of species catch motivationéy (Figure 32, Table 23). Across all
perception domains, angling commitment (specialisation), behaviour (fishes for
pikeperch) and experience (years predator fishing)enfted levels ohgreement, with
the exception that years predator fishing did not change agreement to management
perceptions, and specialisation did not change agreement to awareness perceptions
(Figure 33, Table 23). Agreement across all other perception domains increased with
increasing levels of angler specialisatiand if anglers targeted pikeperdfigure 33,
Table23), although significantly more specialist anglers fished for pikeperch compared to
generalist anglerschi squared = 31.7% < 0.001,df = 3). Agreement to perception
statements based on thanmber of year spent predator fispinvas more complex to
interpret, with increasing agreement to awareness perceptions with more than 30 years
predator fishing experience, but decreasing agreement to the perceptions that pikeperch
are positive for ecologynd that nomative species are ptge as number of years
fishing increasedRigure 33, Table23). No differences in specialisation were seen across
yeas spent predator fishg (chi squared = 10.4R, = 0.06, df = 5).
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Table23. P e a r s osyuared statistics fassessments of motivational and perception
group differences in relation to different levels of angling commitnigpécialisation),
experience (years predator fishing)ddrehaviour (targets pikeperch or native predatory
species) for predator anglers in England.

Domain Angler category Chi-squared df P
Species specific motivations Specialisation 107.63 6 <0.001
Target pikeperch 13.27 2 0.001
Years préator fishing 19.52 4 <0.001
Challenge related motivatior Specialisation 17.22 6 0.01
2 Target pikeperch 0.09 2 0.96
'% Years predator fishin¢ 1.55 4 0.82
-% To relax andenjoy nature Specialisation 13.32 6 0.04
p Target pikeperch 5.21 2 0.07
Yearspredator fishing 4.25 4 0.37
Anticipation of species catcl Specialisation 6.31 6 0.39
Target pikeperch 31.43 2 <0.001
Years predator fishin¢ 22.85 4 <0.001
Pikeperch as an enhanceme Specialisation 73.78 6 <0.001
Target pikepesh 122.80 2 <0.001
Years predator fishing 23.71 4 <0.001
" Awareness Specialisation 10.99 6 0.09
S Target pikeperch 37.44 2 <0.001
‘% Years predatofishing 22.85 4 <0.001
©  Non-native species Specialisation 41.45 6 <0.001
& Target pikeperch 56.82 2 <0.001
Years predator fishing 26.67 4 <0.001
Fishery management Specialisation 62.68 6 <0.001
Target pikeperch 89.85 2 <0.001
Yearspredator fishing 6.43 4 0.17
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Figure 33. Percentage of agreement (bldckgree, dark greydisagree, and light grely neutral) to perceptiodomains in relation to different
levels of angling commitment (specialisation), behaviour (targets pikeperch or native predatory species) andee@yearsrpredator fishing)
for predator anglers in England. Perception domains from exploratory faciysianwere i) pikeperch as an ecological and angling
enhancement, ii) aware of pikeperch ecology and legislation, iiiynatime species and negraive fish have a positive impact to the

environment) and iv) managememgododngi kepeulcdh He.gondoppronesddnatoi Ca
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