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Thesis abstract

In many migratory populations, only some individuals migrate each year whereas others are
resident; this is known as partial migration. Empirical studies of the causes and consequences of
altitudinal partial migration are few, and the costs and benefits ld different lifehistory
strategies involved require further study. In this thesis, | investigate the effect of altitude and
other factors on the timing of breeding, reproductive success and parental care in a partially
migrant species; the dippe€i{ncls cinclu} a specialised riparian passerine that is thought to be
declining in the UK. Most dipper populations comprise partial migrants that move to higher
altitudes to breed and sedentary residents at lower elevations, but little is known about the
effects of elevational gradients on the lifgstory traits and reproductive success of these birds.
Here, | used mixed effect models to analyse field data from atiemg study population and: (1)
examine the effects of altitude, female age and sizeayndate, nestling mass, fledging success,
number of fledglings and annual productivity; and (2) investigate the effect of altitude and prey
availability on parental provisioning rate. Compared to residents, migrant dippers bred later and
were less likelyd have a second brood, possibly influenced by the time taken to migrate and
establish breeding territories buivere equally likely to fledge young, perhaps because of lower
risk of flooding and predation. Altitude had no effect on nestling mass, numbieduflings or
annual productivity. Provisioning rates decreased wiitreasingaltitude despite no apparent
difference in prey availability and this suggests increased time travelling to foraging sites possibly
compensated by reduced handling costs anttéased prey loadsiltitudinal migration is likely

to be atactic driven by competitiorior lowland nest sites. Annual productivity of subordinate
migrants was unaffected by migration and this is likely to be because single broods are offset by
fewer ness lost to flooding and predation, and compensatory provisioning strategies match those
of residents. Together, these results provide insights into the impact of elevation on breeding
ecology in birds and suggest that there are adaptive benefits to bottuditial migration and
residency Age may not affect timing of breeding but older females are more likely to produce
heavier nestlings, fledge broods, and have a higher number of fledglings. This may be explained
by previous breeding experience and morgaatment in parental care. However, a decline in
productivity with age suggests senescenéeaurther research is needed to determine the
underlying causes of migration and residency, and to establish whether the net fithess benefits

of the two behaviours ar similar.



Acknowledgements

2 A0K2dzi GKS 62N)] 2F YSYoOSNAR 2F GKS wAy3d hdd S
the ring ouzels of Ennerdale (and our numerous phone conversations), Dave Shackleton of RSPB
Hawsewater, ad Dr Innes Sim of the RSPB, the possibility of a research project on avian ecology
g2dzZ Ry Qi K| @ Scthankzyd &l&far flarting ais@ed.fifies was generous with his

time and suggested potential areas of stuglgpologies again that it turnedut to be dippers!

Andy Harrod and Stacey Lofthouse in the PGR office were not only good and sympathetic
listeners but always had sound practical solutions to problems and worked on my behalf to
resolve themg my deepest thanks to you both.

Thanks to Amaral Hutchinson and Colin McShane for providing references for me. As Head of
{OASYOS G CNASaflyR {OKRZ{IZYAY RIRS ¥intiadOse® & 412
me to all things mishet related, great trips bagging stormies, and a memoraliédtk in his

land rover over Cannock Chase one stormy night over thirty years ago.

Without Stuart taking me on as his student, the opportunity for me to carry out research would

not have happened\ot only has Stuart taught me the many elements which make up the craft of
research but also the science of behavioural ecolggynder his guidanceL Q@S 06 S02YS |
watcher now and no longer a bird looker. To combine birding fieldwork in spring andrsurim

the Yorkshire Dales and up in the high fedisd to learn so mugthas been a very special and
memorable time and for that, | owe Stuart my gratitude.

My thanks also to my viva examiners, Dr Tom Reed of University Collegen@dk lan Hartley
of Lancaster Universifpr asking searching questions of the reseaanlfor their comments for
improvements that make this thesadl the better because othem.

The detailed dipper fieldwork at Sedbergh began over sixty yagosn 1958 by two pupils at

{ SROSNHK {OK22f @6A0GK tSGSNJ FTYR ! yYRNBg al g0é
study site and experience of dipper behaviour make him a truly great field naturalist, and it was
a highlight of my study to spend time witimmiwatching birds. Thank you to Andrew for his kind
permission to use his stunning photographs of dippers ortittepageand in the introduction.

Data used in this thesis was collected by numerous observers over a number of breeding seasons
and my thankgjoto, Dr Stuart Sharp, Peter Mawby, Dr Lucy Magoailagéora Whitehead, Ben
Cianchj Thomas MondaiMonval and Tess Moore amongst many others. Thanks to Dr lan
Hartley for assisting with ringing nestlings and helping me in trying to work out what Wwa$ go

on at one nest site. Credit and thanks must also be given to the many farmers and landowners in
and around Sedbergh for their generosity in allowing us access to their land and for the interest
they had for our workand their dippers.

Long days weréd LISy i Ay (GKS fFo6 LISSNAYy3I R26y | YAO
interruptions were a welcome relief, and he always had encouraging words. Thanks to Dr Rosa
Menendez and Dr Andy Wilby for baling me out when | had equipment failures. My gratitude
also toDr Ed Ryan for putting on R modelling sessions and his suggestions when problems arose
in my analyses.



A big thank you to all of my fellow pestNJ R NB &SI NOK addzRSyida Ay K
every dayfun ¢ if writing up can be fulg a multingional bunch of hardworking, generous, helpful

YR Y2U0AQFGSR WwWez2dzy3adSNEQ GKFG 6SNB | AINBLE
MondainMonval, Javi Solero, Wesley Short and Dr Chris Batey for discus#inmgalbirds, and
especiallyThomas andavi for your patient help with Rir Bea Burakand Dr Sarah Donaldson
assistedwith the last minute assembling and printifgs lapproached meltdow)) ard Sarah
alsoprovided viva tips and lots of encouragemedt Yan Li was the quiet man of the office but

he was alwaysupportive Thank you to everyone when things welificult and to Aimee Brett

in particular for being a good listener, and for her kindness and reassucaato@aymesorryte!

Thanks to my deariend Mike Thomson who came out into the field witle, read some drafts,

and provided helpful comments; and to his wife, Angela, for feeding me on my forays back home
to Derbyshire, antb Camera and Euan for askinge what | was up ta; despitehavingsuffered

me as their biology teacheit would be remiss of me to forget Rob Fox, Andy Dickenson and
Sean Gauton for thegupport, encouragemengnd camaraderie over the years, so thanks fellas.
Thank youo my family, Lindaand LorraineTyrellandthe girls, for your encouragement for this
paththatL Q@S (I 1 Sy ® ¢ KI y 1,#ortakiag afitde infetestiA hat$ WaE doing/ y A S
but had the good sense to concentrate on tygg a firstand studying forher own masters
instead and also to LouRornley for herinterest inthe dippersandfor her sense of humoui.

wish my old chemistryeacher, David Webb of Long Eaton School could have seenvthisc

LQY &adz2NE KS g2dzZ R #&do keSn sécrefipledsedd Nk K A& RIE & 10@MS

I cannot fully express my sincere gratitude to Jean Thornley who was generous and loving in
allowing me to stay in Lancaster with her and my dear Rosie. Jean loved to hear about the daily
goings on with the dippers and her interest, understanding and thougitsit the world never
diminished. It is a particular sadness that Jean never saw the conclusion of this study nor did her
husband Arthur, who would have loved listening to the tales from the riverbank.

My heartfelt thanks to Rosie for her constant lovedasupport during my research. For looking
FFGSNI YS 6KSy LQ@S 0SSy O2fR IyR gSiG FTNRY i
GgKSYy AlGQa az2vySiaySa o6SSy | OKIffSyaSad C2NJ 6 ¢
the fells and in delightinghiseeing the dippers, my love and thanks always.

There were days during the study that wélhnain etched in my mind foreveike being hidden

on a stream bank waiting for dippers returning to feed chieksedstart singing above namd a

pair of ottersgently gliding and rolling in the water so close, it felt | could almost touch them.
There were long days in the high fellsiurning at dusk after findingemote nests, and wild

camps with owls calling at night and being awoken at dawn by cuckoos dod wiérblers. It

would not have been possible for me to return to study and to have been rewarded by such
experiences during this researclr, to have met sanany speciapeoplewithout the assistance
provided by my late mother, Margaret Ann Wilkinsothank you for your belief in me, and |

know you would have been pleased that | spent my time, energy and your generosity so wisely.

Final thanks again tStuartfor allowing me the opportunity to take the red pill!
Richard Wilkinson

May 2019



Reports that say that something hasn't happer
are always interesting to me, because as we kn
there are known knowns; there are things we kni
we know. We also know there are knov
unknowns; that is to say we knotliere are some
things we do not know. But there are also unkno
unknowns- the ones we don't know we don't knov

Donald Rumsfeld US Secretary of Defense

This is your last chance. After this, there is no turr
back. You take the blue pill, th&ory ends; yoL
wake up in your bed and believe whatever you w.
to believe. You take theedpill, you stay in
Wonderland, and | show you how deep the rab
hole goes. Remember, all I'm offering is the tru
Nothing more.

Morpheus to Neo imTheMatrix

I YiEyQa 320 G2 1y26 Ki

Clint Eastwood almspectorHarry Callaan
in Magnum Force

Do not go gentle into that good night,
Old age should burn and rave at close of day;
Rage, rage against the dying of the light.

DylanThomas from
Do not go gentle into that good night



Contents

Declaration [
Dedications ii
Abstract iii
Acknowledgements iv
Epigraphs Vi
Contents vii
List of tables X
List offigures Xi
Abbreviations referred to in the text Xii
Species / taxonomic group referred to in the text Xiii
Chapter 1: General introduction 1
1.1 Life histories 2
1.2 Migration 4
1.2.1 Partial migration 6
1.2.2Altitudinal migration 7
1.3 The study species: the dipp€iriclus cinclys 11
1.3.1 Introduction 11
1.3.2 Morphology and adaptations 15
1.3.3 Habitat 16
1.3.4 Predators and parasites 18
1.3.5 Breeding ecology 18
1.3.6 Diet and foraging ecology 23
1.3.7 Dippers and altitude 26
1.3.8 Status 27
1.4 Aims 31
1.5 General methods 31
1.5.1 The study area 31
1.5.2 Historical monitoring of dippers in the study area 38
1.5.3 Ringin@nd biometric data 39
1.5.4 Nest monitoring 40
1.5.5 Biological assessment of water quality 43

Vi



Chapter 2:Altitude and its effect upon breeding success in dippers
(Cinclus cinclys

2.1 Abstract
2.2 Introduction
2.3 Methods
2.3.1 Statistical analyses
2.4 Results
2.4.1 Factors affecting lay date
2.4.2 Factors affecting nestling mass
2.4.3 Factors affecting fledging success
2.4.4 Factors affecting number of young fledged
2.4.5 Factors affecting annual productivity
2.5 Discussion
2.5.1 Year effects
2.5.2 Factors affecting lay date
2.5.3 Factors affecting nestling mass
2.5.4 Fawrs affecting fledging success
2.5.5 Factors affecting number of young fledged
2.5.6 Factors affecting annual productivity
2.6 Conclusion

2.6.1 Further work

44
45
46
49
50
53
54
58
62
66
70
74
75
77
79
82
83
85
88
89

viii



Chapter 3:Altitude and its effect upon provisioning rate in dippers
(Cinclus cinclys

3.1 Abstract
3.2 Introduction
3.3 Methods
3.3.1 Provisioning rate
3.3.2 Prey availability
3.3.3 Statistical analyses
3.4 Results
3.4.1 Factors affectingnale provisioning rate
3.4.2 Factors affecting feale provisioning rate
3.5 Discussion
3.6 Conclusion
3.6.1 Further work
Chapter 4: General discussion
4.1 Altitude and its effect upon breeding success in dippers
4.2 Double brooding
4.3 Brood reduction
4.4 Climate and weather
4.5Further work
4.6 Conservation challenges
References
Appendix
Orientationof study site maps shawg location ofdipper territories
Sedbergh area dipper territory maps legends access

Study site dipper territory locations

91
92
93
97
97
98
100
101
102
107
113
120
121
122
123
129
131
132
134
138
140
171
172
173
174177



List of tables

Chapter 2

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
2.11

Chapter 3

3.1
3.2
3.3
3.4
3.5

A summary of the breeding variables of lowland and upland dippers-2013 54

The best fitting models of the factors associated with lay date 55
The factors associated with lay da#ter model averaging 56
The best fitting models of the factors associated with nestling mass 59
The factors associated with nestling mass after model averaging 60
The best fitting models of the factors associated with fledging success 63
The factors associated with fledging success after model averaging 64

The best fitting models of the factors associated with number of fledglings 67
The factors associated with number of fledglings after model averaging 68
The besfitting models of the factors associated with annual productivity 71
The factors associated with annual productivity after model averaging 72

A summary of the breeding variables of lowland and upland dippers 2017 101
Thebest fitting models of the factors associated with male provisioning rate 103
The factors associated with male provisioning rate after model averaging 104
The best fitting models of the factors associated with female provisioning re 108
The factors associated with female provisioning rate after model averaging 109



List of figures

Chapter 1
1.1 Distribution of the five species of the Cinclidae 12
1.2 Dipper breeding distribution in the British 1280811 13
1.3 Adult dipper with stonefly prey 14
1.4 Typical dipper habitat 17
1.5 Dipper nests and locations 20
1.6 Dipper egg, nestlings and juvenile 22
1.7 Dipper UK mean laying date 198617 28
1.8a Dipper WBS/WBBS UK 197@17 29
1.8b DipperBBS England 192017 29
1.9a Dipper British Isles breeding distribution change :9@80 200811 30
1.9b Dipper British Isles abundance change 19880 200811 30
1.10 Location of the study site 33
1.11-1.13 Maps of the study site 3537
Chapter 2
2.1 The relationship between lay date and altitude 57
2.2 The relationship between lay date and year of breeding 57
2.3 The relationship between nestling mass and female age 61
2.4 The relationship between nestling mamsd year obreeding 61
2.5 The relationship between nestling mass and hatch date 62
2.6 The relationship between fledging success and female age 65
2.7 The relationship between fledging success and altitude 65
2.8 The relationship between number of fledglings daethale age 69
2.9 The relationship between number of fledglings and year 69
2.10 The relationship between annual productivity and female age 73
2.11 The relationship between annual productivity and lay date 73
2.12 The relationship between annual productivity and the 74
interaction between lay date and female age
Chapter 3
3.1 The relationship between male provisioning rate and altitude 105
3.2 The relationship between male provisioning rate dmdod size 105
3.3 The relationshigpetween male provisioning ratend the 106
interaction between brood size and altitude
3.4 The relationship between male provisioning rate and 106
the provisioning rate of the female (partner)
3.5 The relationshifpetween female provisioning rate and altitude 110
3.6 The relationship between male provisioning rate and nestling age 111
3.7 The relationship between female provisioning rate and nestling ar 111
3.8 The relationship between female provisioning rate and the 112
provisioning rate of the male (partner).
3.9 The relationship between female provisioning rate and the 112
interaction between nestling age and altitude
Chapter 4
4.1 The relationship between the number of second brood attempts 130
made in each yeand the median first lay dates
4.2 Dipper nest in branches overhanging the River Lune 136
Appendix

1 Orientation of study site maps showing locatiordgiperterritories 172
2-5 Study site maps 1:40 000 scale and showing location of territorie: 174-177
Xi



Abbreviations referred to in the text

AED
AIC
AlCc
ABR*
AMTs
ARTs
asl
ASPT
BMWP
BTO
cm

C.

df

ED
EA
EPT
FBA
g
GLMM
ICUN
JNCC
km
LMM
loglik
m

Met Office
mm

n
NAO
NCA
°C
oS
PCB
pH
QQ
RPW

Rc
Rm
SD
SE
SSSI
STAR
UK
VIFs

Degrees

Minutes

Seconds

Separates the response and explanatory variables infamiula
Interaction between explanatory variables in an R model formula
Presence of a categorical variable in an R model formula
Random term fitted to account for repeated measurdsa variable X
Difference between a models mean AlCc value and that of the best fitting model
Percentage

Less than

Greater than

Analysing ecological data

Akaike Information Criterion

AIC corrected for small sample size

Aluminium ion

Alternative migratory tactics

Alternative reproductive tactics

Above sea level

Average Score Per Taxon

Biological Monitoring Working Party

British Trust for Ornithology

Centimetre

Approximately

degrees ofreedom

Extra low dispersion (glass)

Environment Agency

Ephemeroptera, Plecoptera and Trichoptéaad separately as BBand T)
Freshwater Biological Association

Gram

Generalised linear mixeedffect model

InternationalUnion for Conservation of Nature

Joint Nature Conservation Committee

Kilometre

Linear mixeekffect model

Loglikelihood, used for a model fitted by maximum likelihood
Metres

Meteorological Office

Millimetres

Sample size

North Atlantic Oscillation

National Character Area

Degrees Celsius

Ordnance Survey

Polychlorinated biphenyl

pH acidic / basic solution

Quantilequantile

Richard Paul Wilkinson

Measure of how close datare to the fitted regression line
Values associated with fixed effects plus random effects in models
Values associated with fixed effects in models

Standard deviation

Standard error

Site of Special Scientific Interest

Scientific, Technical and Assessment and Reporting

United Kingdom

Variance Inflation Factors

Xii



Species / taxonomic group referred to in the text

Alpine water pipit
American dipper
American mink
Arctic tern
Bluethroat
Bracken

Brown dipper
Brown rat
Caddisfly
Carrion crow
Cattle
Commonsandpiper
Corvids
Crustaceans
Dippers

Diptera
Domestic / feral cat
Elk

European robin
Feather lice

Fish

Fleas

Fox

Freshwater shrimp
Gammarid
Geese

Grey heron

Grey wagtail
Heather
Kingfisher
Marine turtles
Mayfly

Meadow pipit
aiffSNDa
Mites

Molluscs
Moorhen

Moose

Mustelids

G Kdzyo 2 NJ o dz

Otter

Passerine

Pony

Simuliidae

Stonefly

River limpet
Rufousthroated dipper
Salmon / trout

Sheep / lamb

Snow bunting

Tree swallow

Twite

Ungulates
White-capped dipper
White-clawed crayfish
White-throated dipper

Anthus spinoletta

Cinclus mexicanus

Neovison vison

Sterna paradisaea

Luscinia svecica

Pteridium aquilinum

Cinclus pallasii

Rattus rattus

Trichoptera

Corvus corone

Bos taurus

Actitis hypoleucos

Birds of the crow (Corvidae) family

An invertebrate group within the arthropods
Family Cinclidae with a single genG#clus
Order of winged insects known as flies
Felix cattus

Cervus canadensis

Erithacus rubecula

Mallophaga

Clasgsteichthyegbony fish)

Siphonaptera

Vulpes vulpes

Gammarus pulex

Familes ofcammarugype freshwater crustaceans
Waterfowl species in thdéamily Anatidae
Ardea cinerea

Motacilla cinerea

Calluna vulgaris

Alcedo atthis

Families within theChelonioidea
Ephemeroptera

Anthus pratensis

Cottus perifretum

Acari

An invertebrate group including river limpets
Gallinula chloropus

Alces alces

Carnivoros mammals e.g. otters, weaseaisd
mink of thefamily Mustelidae

Lutra lutra

Perching birds of the ordd?asseriformes
Equus ferus caballus

A Dipteran fly group known as simulids or blackflies
Plecoptera

Ancylus sp.

Cinclus schulzi

Salmonids

Ovis aries

Plectrophenax nivalis

Tachycineta bicolor

Linaria flavirostris

Mammals with hooves

Cinclus leucocephalus

Austropotamobius pallipes

Cinclus cinclu@nd race<C. c. aquaticus;. c. cinclus,
C. c. gularis, C. c. hibernitus

Xiii


https://en.wikipedia.org/wiki/Osteichthyes
https://en.wikipedia.org/wiki/Waterfowl
https://en.wikipedia.org/wiki/Family_(biology)
https://en.wikipedia.org/wiki/Anatidae

Chapter 1

Generalintroduction



1.1 Lifehistories

Naural selection has shaped lifd@stories through the effects of spattemporally variable
environmental conditions acting upon the genes, morphology, physiology and behaviour of
individuak within a populatior(Partridge and Harvey 1988; Partridgeal. 1991; Shefferson
2010) This process has shaped traits including the timing and pattern obtéife
development, mode of reproduction, number and size of offspring, levels of parentgahoar
longevity Gtearns 1989Roff 1993Walsh and Lynch 2018hvesting time or energy into one
trait often elicits corresponding decreases in others, making tw@ifie necessaryAgrawalet

al. 2010; Garland 2014)The most significant lifdnistory trade-offs occur between
reproduction and survival, and between current and future reproductistedrns 1989Roff

and Fairbairn 2007).

Phenotypic and genotypic variation within populations bestows individuals with different
capacities to make reproductivand survival tradeffs (Stearns 198p Individual tradeoffs
made in reproductive effort in one year will affect the probability of survival to the next
breeding season whilst intergenerational tradffs affect the probability that offspring will
survive to the next year Stearns 19891992). In varying environmental conditions, the
outcomes of these tradeffs are complex andifficult to predict(Gustafsson and Sutherland
1988; Stearns 1989Daanet al. 1996; Brommeret al. 2000). Annually repeating seasonal
conditions select traits expressed in divelfe-history strategies for phenologically timed
events such as matching food availabilitith breeding,and temperaturewith migration or
hibernation (Shefferson 2010)Intraspecifc competition for finite resources during the
breeding season will lead to reduced fitness in subordinate individuals as inveséffiemns
become allocated to obtaining resources elsewhere, impacting the reprodustionval

trade-off (Stearns 198p



Organisms can tradeeducedfitness under typical conditions in exchange for increasestall

fitness under unpredictable hostile circumstand@lofssonet al. 2009 ¢ K AK3S RBA ¥ E Q
reduces shorterm fitness in favour of maximising survival and reproductive success over the
longer term(Shefferson 2010V ariantsinclude conservativef LJt | & A G &l FSQ 26
diversified, investing insiultaneous muliple strategiesandW | R | &din® 5 Lkkrgbd Q =
alternative phenotypesare adopted seeminglyat random for unknown future conditions

(Cooper and Kaplan 198Z2hilippi and Seger 1989; Olofssstnal.2009). Alternatively,
organisms may exhibétdaptiveplasticityin whichenvironmentakuesprovidepredictivevalue

for a phenotypicresponsefrom individual genotypes(Cooperand Kaplan1982 Fuscoand

Minelli 2010; Ragoet al. 2019. Environmentaluncertainty can influencéfe-histories by the
trade-off and bethedging decisions that individuals make to preserve fitiegs 2001; Wilbur

and Rudolf 2006; Haalaret al. 2019. However, what is less wd&hown is how ecological
constraints acting alone or in combination influencestliecisiormaking (Hatchwell and

Komdeur 2000; Ricklefs and Wikelski 2002)

Seetheret al.(1996)suggest that species with iteroparolife-history strategies can be broadly

OF 6§ S32 NA a&-BBRLINBRIZOHKM@AKX aLISOASaAQ (KL dbutYowid dzNB S
& dzZNIDA DI ¢ NI §SaT Wadz2NDAG2N) aLISOASAQ GKFG FNB
NI §SAaT-KISRRAYARDG aLISOASE GKFG YFOGdNNE 1 3S3 KI @
population distributed allopatrically or clinally Wit a relatively small geographic area but

subject to differing ecological conditionsay showariationbetween conspecifics / individuals

in the strategy adopted that could influendecundity and survival rates and could contain
simultaneous variants of n & KSNDa Ol G S 3 2 dt@nftingpto maXiBiSeRitgss LI A N.
under different environmental conditions could have differdife-history strategies and
fecundity-reproduction outcomes mediated by optimal tradéfs (Stearns 198D t 2et dl. 8 A |

2014) In some species, intraspecific competition drives individuals to adopt discontinuous



behaviours and differerife-history traits to maximise reproductive success; these are known

as alternative reproductive tacti¢d\RTs)

ARTsre variant patterns of behaviour withinpmpulation that aim to maximise fitnesisough
different investment decisions in response to traolés in reproduction and optimalife-
history (Brockmann 2001; Taborsky al. 2008; Taborsky and Brockmann 20It)ese tactics

may be fixed for life by genes or by developmental process, or, be plastic responses, with tactics
being switched dependent on current circumstances; they may be driven by disruptive
selection, negative frequency dependence, density dependgimteractions between genetic
expression and developmental processes, and environmental influences (Taborsky and
Brockmann 2010)ARTdikely evolve because of fitness being gained by pursuing different
reproductive pathdn order to achieve fertilisadin. In particular, competition for resources
during the breeding season may promote alternative reproductive tactics and lead to
partitioning of resources or segregation atlividuals within a populatiomAnalogous tAARTs

are alternative migratory tactec (AMTS) of partially migrating populations in which fitness is
attained by either remaining as a residemir, becoming a migrant (Chapmasat al. 2011a,

2011b; Sahashi and Morita 2018).

1.2 Migration

Migration is the seasonal movement of animals from ¢oeation to another and can occur
across many scales of time and distance, and by migratory behaviour as diverse as the taxa that
undertake it(Dingle 2014)The extremes of migration range from vertical movements of tens

to a few hundred metres in deepldas and oceans by crustaced@ssewsket al.2010; Brierley

2014) to the 90,000km transpolar flights between northern breeding grounds and Antarctic
wintering areas made by Arctic terrStérna paradisaeaFijnet al. 2013).Other examples of

long distance migrations include those undertaken by marine turtles, ungulates, fish, geese and

passerine bird specidgiugheset al. 1998; Foet al. 2003; Luschet al. 2003; Thirgoocet al.

4



2004; Bloclet al. 2005; Stutchburyet al. 2009).Migration is believedo reduce intrapecific
competition for limited and declining resources and allows access to alternative and potentially
plentiful supplies; it allows seasonal climatic extremes to be avoided, lowers risk of predation,
disease and parasitism, andnder sone circumstancesmaximises fithess by increasing
survival and reproductio(Griswoldet al.2010; McKinnoret al.2010; Altizert al.2011;Skov

et al.2013; Avgaet al.2014;Eggemaret al.2016; Shaw and Binning 2016)

Seasonal migration is a responde changing ecological conditions resulting from
environmental periodicity and seasonality (Berthold 2001). It is a yearly repeated return
movement between distinctly different geographic breeding and-bogeding or wintering
grounds, with each having wschronously advantageous ecological conditions (Dingle and
Drake 2007; Newton 200&aaborget al. 2010;Rappole 2013). Longjstance migration is not
without risks that increase rates of mortali{8illett and Holmes 2002nd influencdife-history
characteristics(Roff 1991), for examplenergetic costs, variabilities in climate and weather,
and vulnerability to predation and disease (Newton 2008). However, despite these costs,
migration can confer benefits such as increased survival in less harshiimeging locations,

and early arrival and access to higher quality breeding sites have implications for fAhess

et al.2013)

It is important to study migration to understand how it can affect population dynamics
particularly during periods of chaing environmental conditions such as climate change.
Migration can affect intraeannual populatiorsize, whichmay have onsequences for localised
populations in seasonally distinct habitats that may affect survival, «amy effects upon
reproduction, ad experiential effects onlife-history strategies that could influence

demography and population dynamics (Reidl.2018).



1.2.1 Partial migration

In populations of migrant species, individuals may vary in their migratory tendency or in the
timing or distance of movement (Newton 2008). In many cases, populations comprise both
sedentary individuals, which typically remain resident in one habitat, iadtviduals that
migrate between breeding and ndireeding sites, usualiy different habitats (Dingle 1996)
(Chapmaret al. 2011a, 2011b; Reidt al. 2018). This is known as partial migration, and is
widespread amongst invertebrate and vertebrate tg$ager and Malcolm 201Reidet al.
2018&), but particularly well documented in temperate and tropical bird speclebriet al.
2010;Boyle 20112017;Barcante2017; Hsiung 2018)f migratory and sedentary strategies
have a fixed genetidimorphism, each having equal fithess (LundberP87, 1988), any
difference in breeding success between strategies must be balanced by survival differences
(Cox 1985)Persistence of such a dimorphism could occur if fluctuations in the most successful
residentmigrant gnetic strategy produce corresponding fluctuations in the direction of
selection (Lundberg 1987, 1988). Alternatively, residmigrant strategies may be condition
dependent and vary with environmental circumstances or individual characteristics e.g. sex,
age, body condition or dominance stat(isetterson and Nola 1983; Lundberg 19871.988)

Thus, individual strategies can vary over time and offspring may differ from their parents. In
strategyswitching species, residents generally have higher breedingesacthan migrants
(Adriaensen and Dhondt 1990; Warkengihal. 1990) and migrants are more likely to switch
strategies than residents (Adriaensen and Dhondt 1990). Residents may be more competitive
individuals forcing subordinates to migrate and managih unfavourable conditions

(Lundberg 1987, 1988; Adriaensen and Dhondt 1990).



1.2.2 Altitudinal migration

One form of partial migration is altitudinal migration, in which migratory individuals make
return movements between breeding and nbneeding orwintering sites along elevational
gradients in response to seasonal environmental chaf@asge and Hoffman 1993; Dingle and

Drake 2007; Norbet al. 2013).These changes include factors that affect habitat quality such

as climate, resource availabilityn@ levels of predation risk. These migrations are typically
short-distance facultative movements, and residents and migrants usually occupy at least one
seasonal habitat together (Chapmanal. 2011b; Boyle 2017; Reidt al. 20183). Altitudinal
migrationis known to occur in a wide variety ai@a(Berthold 2001 Hsiunget al. 2018; Reid

et al. 2018a), yet relatively little is known about the factors that influence variation in
altitudinal migratory behaviour but these may include differencesninraividdz f Q& & 2 OA I f

andcondition Barcanteet al. 2017; Hsiun@t al. 2018).

Altitudinal migration is variable across a diverse range of speciebijdifery strategies, habitat

and geographical regions and, where all possible combinations of residentaigrahts can
occur either together or separated during breeding and 1oeeding seasons, and at either
high or low elevationsRabenold and Rabenold 1985; Stiles 1988; Laymon 1989; Burgess and
Mlingwa 2000Solérzancet al. 2000; Hobsoret al. 2003; Dinge 2004; Powell and Bjork 2004;

Middletonet al.2006; Hesgt al.2012; Boyle and Martin 2015; Boyle 2017; Hsietng.2018)

Altitudinal migration by birds is found in montane envirommts on all continents except
Antarctica(Barcanteet al.2017;Boyk 2017; Hsiungt al.2018) It occurs over scales of a few
hundred metres in distance and elevation to hundreds of kilometres and thousands of metres
of altitude (Berthold 2001)and has important implications for seasonal population distribution
and stricture (Blake and Loiselle 200Braseret al. 2008,2010) Ecological conditions such as
temperature, precipitation and wind velocity are typically more variable as elevation increases

in temperate regions, and alongside any altitudinal gradient in sessugth that could be



driven by temperature or moisture, together, could produce limiting conditifmmanigrants
(Kdner 2007). Steep elevational gradients accomplished over short distances, especially in
temperate regions, are usually accompanied by cleanin seasonality and phenology,
unpredictable and episodically extreme weather conditions and generally becoming colder,
windier, and with greater precipitation and persistence of deeper snow layers, shorter
breeding seasons and unpredictable food supp(irinck 1974; Newton 1998; Noet al.

1998; Tremblat al.2003, 2005K6rner 2007)Any of these conditions can act to limit survival
and completion of reproductive cycles, but decreasing temperature has the most acute effects
upon life-history strategieg(Convey 1997; Sandercoek al. 2005; Blix 2016)Transitions in
challenging physiographic and ecological conditioequire species to have specialised
morphology, behaviouand life-history strategies to survive and breed the{®adyaev ad
Ghalambor 2001Potapov 2004; Beart al.2009; Martin 2014} aiolo and Obeso 201Rjesch

et al. 2018).Climate change could influence altitudinal migration aanging temperatures

and weatherfrelated events along elevational gradients may constraiol@gical conditions

that influencemontane phenology including food availability, and which may lead to range

shifts and affect population dynamics (Flousek 2015).

In comparison to longlistance latitudinal migrants, similar fithess benefits may be olethiss
energetic costs of altitudinal migration are much redudaat ecological conditions can change
quickly over short distances of elevational gradiditdrner 2007,)Benefits gained may include
reduced risk of predation, disease and parasitism, bémdiiom advanced or delayed
phenology to favourable weather, avoiding hostile climate (eapitalising orincreased food
abundance), and habitat gains including access to territories, nests and foraging sites, and mate
acquisition (Cox 198%piselle andlake 1991 Sol6rzancet al. 2000;Boyle 2008Barcanteet

al. 2017; Hsiungt al.2018). However, in temperate upland regions ecological conditions tend

to become less favourable with increasing elevation with a greater likelihood of adverse

weather, lowe quality habitat conditions including food availability and shortened breeding



seasons and it is speculated that subordinate individuals occupy these marginal and poorer

guality breeding sitesBarcanteet al. 2017).

Studies of thdife-history strategiesof phylogenetically paired races of passerines at different
elevations suggest that selection pressures acting at higher altitudes on migrants may cause a
trade-off between fecundity and parental care, and differenoebreeding success may be due

in patt to variation in nestling investmenB@adyaev and Ghalambor 200By reducing clutch

size and having fewer offspring this could enable greater investment in offspring quality and
survival through more parenting efforand, smaller broods may promote atttsurvival and
therefore the potential for future reproduction. When compared to lowland birds, those at
higher altitudes tended to breed later, have single broods, have variable lengths of incubation
but longer nestling periods, and have shorter breediegsongBadyaev 1997; Badyaev and
Ghalambor 2001tu 2005; Lt al. 2009, 2010Li and Lu 2012&012b) Some studies also
report that high altitude breeding birds with small clutch sizes had larger &ggjsuggests

that at higher elevation, with poaslimate and reduced food supply, the strategy is to invest in
nestlings prehatch and increase egg size in a smaller clutch to improve breeding sulcgess (
2005 and references thereirLi and Lu 2012a, 2012b; et al. 2010) This shift to greater
parentalcare at higher altitudes may be in response to poor food supply, predation, limitations
of time and unpredictably changingleerse conditions, and resdit reducedpopulatiorlevel
productivity (Martin 1995;Badyaev and Ghalambor 20(Bearset al. 2008;2009; Luet al.

2009 Hille and Cooper 201Balastbramaniam and Rotenberry 20L®ifferences in fecundity

and parental care across elevational gradients may be genetically determined or the result of
phenotypic adaptive responses to varying ecologioadiions along an elevation continuum
(Badyaev and Ghalambor 2001hlowever, most studies have involved geographically
separated populations, or even pairs of related species or races (Badyaev and Ghalambor
2001),which may limitthe value of any compansis between the selection pressures and

fithess consequences of migration and residency.



The main investment of parental care is in provisioning offspring and is largely dependent on
the quality of the habitat to provide sufficient and high quality foddoav foraging costs, and
access to food under changing weather conditigNsur et al. 1998; Tremblayet al. 2003,

2005; Stausset al. 2005 Magi et al. 2009; Oberget al. 2015; Lerouxet al. 2018) This is
modulatedby seasonal extremes of weather conditions, abundance of predators, disturbance
and level of experience, expertise and age of individiRésults from the studies of total and
gender provisioning rates at different altitudes have produced conflictingltseBadyaev
1993, 1994and referenced byBadyaev 1997/Badyaev and Ghalambor 2Q0Iohnsonret al.

2007; Zeng and Lu 2009; Leteal. 2011, 201% and can have fithess consequences for adults

and offspring Gowaty 1983; Lyoet al. 1987; Leeet al. 2011).

Within-species twdies of the effects of partial altitudinal migration in birds are limited but
differences in the breeding outcomes, provisioning rate and the quality of offspring for resident
and altitudinal migrant American dipper€iQiclus americanjishave been showiiMorrissey
2004; Mackast al.2010; Greeret al.2015. However, little is known of what drives altitudinal
migration in dippers and further research is needed to identify what influences breeding
success and parental care along elevatiogradients. This may be important to understand
how changing environmental conditions such as the effects of climate change may alter them
and, in turn, have fitness and conservation consequences for both residents and altitudinal

migrants(Sekercioglet al. 2008; Sorte and Jetz 2010; Elsen and Tingley 2015).
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1.3 The study species: the dippéiriclus cinclys

1.3.1 Introduction

The Cinclidae or dippers are a family of aquatic songbirds of the Passeriformes, comprising five
species and a number ofices within a single genuSjnclusand occuring on all continents
except Australasia (Figure 1Qmerod and Tyler 20055he ecology of dippersaharacterised

by their shared morphological likeness, distribution almost exclusively along shalldw, fas
flowing waters, and uniqueness as the only swimming passerine predators of aquatic

invertebrates and small fisfDrmerod and Tyler 2005)

11



Figure 1.1 The distribution of the five specied dippersin the family Cinclidae, clockwise from top right: WHhiteoated dipperCinclus cinclys
Brown dipperCincluspallasii Rufousthroated dipperCinclus schulzWhite-capped dipperCinclus leucocephaluand American dippe€inclus
mexicanus(Wikiwand at http://www.wikiwand.com/en/Dippel).
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The whitethroated dipperCinclus cincludereafter dipper) is found throughout Europe, North
Africa, the Middle East, and Western and CahAsia, from sea level to 5000m. There are two
British racesC. c. hibernicu®und in western Scotland, the Inner Hebrides and Ireland,&nd

c. gularisin the remainder of Scotland, Wales, and northern, western and central England
(Figure 1.2); thealter is the race studied here (Figure 1.3; Cramp 1988). Dippers in the UK are
mostly found on uplad rivers and streams of circurautral and weakly acidic pH capable of

supporting invertebrate and fish prey species (Tyler and Orm&g8d).

Breeding Distribution 2008-11

* Non-breeding
* Possible

® Probable

@ Confirmed

Figure 1.2Dipper breeding distribution in the British Isles 2008
(© British Trust for Ornithology, BTO).
(BTO map storat: https://app.bto.org/mapstore/StoreServiet?id=339
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Figurel.3. Adult dipper with stonefly prey(Photograph by Andrew Mawby).

Dippers are yearlong UK residents but Scandinavian lgrds. cinclugan migrate long
distances for the wintefLundberget al.1981;Tyler and Ormerod 1994ohanssomet al.2017),

and also interbreed with Carpathian birds c. aquaticusn northern Péand suggesting
considerable movementSikora 1994Sikora and Neubauer 2008pcal movement in the UK
occurs over a range of a few hundred metres to several kilometres when pairs breeding at
higher altitudes on tributary streams descend pbseeding to over-wintering lowland

altitudes or during periods of severe weather (Tyler and Ormerod 1994).
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1.3.2 Morphology and adaptations

Dippers are rourdbellied, thrushsized birds measuring 18cm in length with short and often
cocled tails. Both sexes have dark brown upperparts, a white throat and breast bib, chestnut
brown below to the mieabdomen and flanks, then darker brown to the vent, with brown eyes,
a black bill and dark brown legs (Figure 1.3). However, males and femiéedrdsize and
weight; males typically weigh 686g and have wing lengths exceeding 92mm, whereas females

weigh 5560g and are shorter winged (Tyler and Ormerod 1994).

Dippers have short broad wings and highly developed wing muscles producing rapibaisg

FYR I FrLad t2¢ QKANNAYIAQ FEAIAKG Ff2y3 g+ SN
when pushed to territory boundaries, and over land connecting nest and feeding sites. In

gl GSNE GKSANI avyrtt aAl S I yR KeaBhBiRaehdaptddd a Kl L
for foraging and diving in fast flows. A large waterproofing oil producing preen gland protects
feathers reducing inefficiencies of drag and additional water mass, and insulating outer
feathers and down. Large feet and toes grip sulissaand paddle for surface swimming. A

short and slender bill is adapted to catch mobile or sedentary prey attached to or located under

submerged substrates or aerial surfaces.

Diving is assisted by closure of a nasal flap; solid bones to reduce buogymsns curvature
to enable accommodation in both water and air; and a protective nictitatieghbrane, which
moves across to clean the eye surfd@oodge 1960; Katzir and Howland 20@)stained
diving is achieved by a lower heart rate and a lower rneli@ oxygen consumption, and higher

haemoglobin concentration and oxygen storage capdbityrrish 1970)

5ALILISNE O2YYdzyAOIFGS o6& | &aKINLI wiadQ Ottt 2740
song heard throughout the year (Magoolagan 2017; Magoolagiah2019). In noisy turbulent

flowing water, rapid frequent blinking of fine white feathered egislsometimes accompanied

by bodybobbing and tadwagging may be visual communication during courtship and

territorial defence or an anpredator respons¢Ormerod and Tyler 2005)
15



1.3.3 Habitat

During breeding, dippers occur on clear, shallow, -flasting rocky rivers and tributary
streams in upland areas, and at other times on lakes, larger slower rivers and coastal
shorelines. Resident dippers establish and vigorously defend linear territories throughout the
year, nesting close to flowing water. Teories of yeatround resident dippers in lowland
valleys are often surrounded by pastureland, on shallow,-flagting rivers with gentle
gradients, few cascades and waterfalls, sometimes steeply banked supportirgewelbped
bankside vegetation with mate broadleaved trees (Figure 1.4). Some dippers breed on
tributary sidestreams at higher elevations where the gradient is often steeper with very fast
water flow between high rockgided gullies, with frequent cascades and waterfalls, and i

bankside tee and vegetatiofiree grazed upland areas (Figure 1.4).
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Figure 1.4Typical dippehabitat. Above upland sites; below, loland sites. (Rotographs
by Richard Wilkinson).
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Surface water riffles created by turbulent shallow water flow over-gugimerged rocks aerate
water required by oxygen sensitive macroinvertebrates. Riffle substrates hold more of nearly
all prey taxa compared to poolkogan and Brooker 1983; Brown aBdussock 1991)and
microhabitatselection and partitioning by benthic taxa reflect adaptations to current speed,
competition, food and predator avoidan¢®rmerod 1988Brookset al. 2005;Pastuchovét

al. 2008)

1.3.4 Predators and parasites

Predators 6 dipper eggs and nestlings include corvids, mustelids such as American mink
(Neovison visgrand otter [utra lutrg), domestic and feral catE€lix cattu} juvenile and adult
dippers are taken by various raptor species but also by mammals, especitily nest or at
roostsites Tyler and Ormerod 1994). Shaw (1978) states that brown Ret({s rattu3 cause

60% nest failures and, in Ireland, as much as 75% (Perry 1986). Dippers harbour ectoparasitic
mites (Acari), feather lice (Mallophaga) and flé8ghonaptera)Fain and Macfarlane 1991,

Tyler and Ormerod 1994and while brood infestation may not affect fledging success it can

prohibit second brooding in the same neBPWpersonal observation).

1.3.5 Breeding ecology

Nest locations and nests

Dippers nest by running water in natural sites including cliff faces and ledges, waterfalls, large
boulders, holes in banks, hollow trees, branches and exposed roots (Tyler and Ormerod 1994).
Nests can also be located on bridge supports and ledges, holesllsvamd pipes, and nest
boxes (examples Figure 1.5) (Tyler and Ormerod 1994). Dippers will reuse the same nest in
successive years and mage alternativenests when double brooding, but this is extremely

rare unless they change partner. Old nests maydiieed each year or new nests built nearby

or on top of previous nests. Nesise large dome shapeg to about Bcm in diameter with a

18



low downward facing entrance hole (Figare.5 and 4.1). Construction of completely new
nests takes up to 28 days by both parents; a thick outer shell of moss surrounds an inner base

forming a grassy cup smoothly lined with leaves (Shaw 1978; Tyler and Ormerod 1994).
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Figure 1.5Dipper nests and locations. Clockwise from top lgftand locationsin the
vegetation between the two lower waterfaleandon therock wall of a gulleyipwland
locations,on a conglomerate clitindbeneath a packhorse bridgé?hotograpls by
Richardwilkinson)
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Breeding

Dippers are monogamous breeders although polygyny with unpaired females does occur
(Qigarderand Linlgkke2010). Surviving pairs usually remain together in subsequent years but
WRA G2 NDOSQ | ygcBur. Pdrssdefedd Aréeding Ard winter territories with song and
pursuit of trespassing birds. Breeding in the UK commences from February onwards as
temperatures rise, rainfall decreases and the risk of winter flooding recedes, and before the
main aquatianacroinvertebrate prey items emerge as adults. Male courtship song and display

behaviours occur from January through to second brooding in June (Tyler and Ormerod 1994).

Eggs and nestlings

Eggs are white, smooth and glossyb-elliptically shaped (Figure J),6vith a typical length of

26 mm and breadth of 18 mm and weiging 45 g (Tyler and Ormerod 1994Llutch sizes
range from 26 but are mostly 4 and 5 eggs, with eggs usually laid one per day and incubation,
entirely bythe female, commencing after laying of the final egg and lasting fet8L8ays
(Shaw 1978). Altricial nestlings are brooded by the female and initially fed mostly by the male
with female feeds increasing with nestling age until brooding ceased afeis (eggs, nestlings

and juvenile dippers in Figure 1.6). Nestlings are fed in rotation at the nest entrance, noisily
begging and showing a wide, bright orangslow gape. Adults remove faecal sacs until they
defecate out the nest from about day 9. Broodhdual rates depend upon weather events,
flooding, predation, brood size and food availability affected by territory quality (Tyler and
Ormerod 1994) and consequently provisioning rates can vary throughout the nestling phase.
At about 14 days old and stll not fully developed; young dippers have an escape response

to predators and can jump explosively from the nest into the water, diving and swimming away
then hiding under banks and amongst tree roots. Fledging occurs after about 22 days and both
parentscontinue to feed juveniles for up to two weeks as they remain hidden, developing
foraging skills and becoming increasingly independent, completingjpeshile moult after 4

6 weeks and then dispersing from the natal territ¢fyler and Ormerod 1994)

21



Figure 1.6Clockwise from top left: deserted dipper egg; recently hatched day 0 nestlir
c.day 12 nestling; juvenile dipper. (Photographs by Richard Wilkinson).

22



Second brooding

Second brooding occurs after easdpring first broods in good quality habitat and at low
altitude (Tyler and Ormerod 1994), with the nest cup being removed and relined. It is likely
that sufficient time before summer moult from July onwards and continuing high prey b®bma

are required toembark on durther brood.

1.3.6 Diet and foraging ecology

Dippers arefound in greatest numbers where rivers and streams have abundant large
invertebrate communitie$Ormerod 1985aand biomass and species composition is important
for breeding and doublébrooding (Da Prato and Langslow 197@)ippers prey almost
exclusively upon aquatic invertebrates by diving below surface riffles to stony substrates and
into deep water, shallow wading between rocks, in bankside surfaces and vegetation, and
taking aerialnsects or feeding on flooded grass (Tyler and Ormerod 198 ;Sharp pemal
communicatior). Strong currents, high flow rates, turbidity and energetic inefficiencies of
foraging during severe spate restrict diving and wadibg Prato 1981; Bryast al. 1985),and
flood-induced reductions in benthos afiked to decline in brown dipper&Cincluspallasi)
(Chiuet al.2008) Drought and low flow conditions expose marginal foraging hafiRayaret

al. 2013) but water level variability can affectverine species and trophic relationships
detrimentally (Edwardset al. 2012;Ledgeret al. 2012;Royanet al. 2014) Foraging activity is
diurnal and constrained by tradeffs with time spent in courtship, defence, parenting and-self
maintenanceg(Da Pratal981;Tyler and Ormerod 1994,0erg 1994, 1998; Taylor and Halloran
2001) Foraging time is higher on acidic streammpared to prey abundant circumeutral
streams, and increases to meet energy costs during winter and provisioning nestlings in the
breeding season before declining during moult (Tyler and Ormerod 1994). Energy budgets
based on body size, daily activities, annual life stage activity, hydrological and environmental

conditions and prey requirements suggest dippers are effective predators msikioggantial
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demands upon a territoryBreyet al. 1988; Bryant and Tatner 1988; Ormerod and Tyler 1991;

Jenkins and Ormerod 1996; D'Amico and Hémery 2007)

Prey

The principal invertebrate prey taxa of dippers are nymphs of the orders Ephemeroptera, and
Pkcoptera (hereafter mayflypr E,and stoneflyor P, and larvae of the order Trichoptera
(hereafter caddisyior T), collectively hereafter ERTyler and Ormerod 1994). Additional prey
include Diptera larvae, molluscs such as river limpsteylusp), freshwater crustaceans e.g.
Gammarids(family types like freshwater shrimgzammaruspuley, and beetles. EPT pass
through a number of aquatic instars increasing in biomass before emerging as aerial forms,
often in mass hatches thought to be cued by enwmental factors including light intensity and

water temperature (Brittain 1982; Watanalst al. 1999).

Stream acidity adversely affects the presence of dippers and their reproductive success as a
consequence of reduced prey abundance, particularly of mayitl caddisfly but less so for
stonefly (Ormerodet al. 1986; Vickery 1991; Tyler and Ormerod 1992; Ormerod and Tyler
1993) Under acidic conditions, calcium (mostly as bicarbonate) acts as a buffer of faed H
heavy metal ions lowering dissolved dafa levels insufficient to support mollusc shells and
Gammaruspulex (Patterson and Morrison 1993WMolluscs, crustceans, fish and other
calciphlic taxa play an important role in contributing to female body calcium reserves prior to
egg formation(Gravednd and Van Gijzen 1999rmerodet al. (1988)found calcium content

in stonefly and caddisfly increased with increasing stream pH, espeatiaiye pH 6, and an
absence oGammarus pulekelow pH 6.5. Acidic waters impoverished of molluscs, gammarids
andfish could place female dippers in calcium defi@itmerodand Tylerl986; Turnpennyt

al. 1987; Ormerocet al. 1988;1991). Clutch sizes, brood sizes, and number of chiekiged

are positively correlated with water pH and calciy@rmerodet al. 1987;Vickery 1992; Tyler

and Ormerod 1994%igarden and Limkken 2010)
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Nestling diet

Adult and nestling dippers have similar diets of mayflies, stoneflies and caddisflies but as
nestlings grow, their diet changes to include maotaddisfly (Tyler and OrmerotR94).

Ormerod (1985pF 2 dzy R avYl ff YlI&Ffte LINBe& Ay &2dzy3aISNI yS:
to day 15 after hatching contributing more with increasing nestling @géer and Ormerod

1994). The diet of adult dipperand nestling dippers in spring varies across Europe and
probably reflects localised food availability (Tyler and Ormerod 1994). Small gape size restricts

prey size for recent hatchlings and highly sclerotised exoskeletons are hard to digest. On acidic
streams, small stonefly nymphs are selected in the absence of mayflies by nestlings and adults,

and prey size selection is important to optimise feeding and delivery efficiency to nestlings as

energy requirements increase with increasing age (Tyler and Ochi€94).
Adult diet

Adults mostly take mayflies and caddisflies during the breeding season, and also stoneflies but
these may be less favourable due to sclerotisation making them less nutritious or being
energetically costly to forage (Tyler and Ormero84)0 During moult, EPT comprise over 60%

of prey items, Diptera (mostly Simidie) over a third, and fish contributing varying amounts
with birds probably feeding opportunistically according to local food availafiditynerod and

Tyler 1986Smith and Omerod 1986 Tyler and Ormerod 1994). Winter diets show the greatest
variation between areas but reflect greater opportunistic feeding, with simulids, mayflies and
caddisflies predominating but with few stoneflies except on acidic streams (Tyler and Ormerod
1994). Coarse and game fish species and their eggs are taken, notably bullhead (Cottidae;
Tomlinson and Perrow 200@nd the fry of Salmonidé€Ormerod and Tyler 1991fish may

make up over 2% of the dietary mass dug the breeding season and overdot the winter

and whilstfishoccurs infrequently as a prey itent provides a substantial energy and nutrient
source especially of calciuthmolluscs or crustaceans are limité@rmerod and Tyler 1986;

Tyler and Ormerod 199®igarden and Linlokke2010).
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1.3.7 Dippers and altitude

As gradient increases in upland areas, the amount of shallow water foraging riffles may be
important alongside depth, bank structure and boulders for dippers (Tyler and Ormerod 1994).
However, sore higher altitude territories may only be occupied when the population is high
(Tyler and Ormerod 1994). Higher elevations are considered to be more constradimgy
2007, and if habitat quality declines with altitude, competition for higher qualésritories

could force subordinate individuals to migrate.

Dipper populations are sometimes partially migratory. In some upland areas of the UK with
relatively low hills and few tributary streams, they are largely confined to major rivers e.g. the
limestore dales of the Peak District and the River Derwent (Shooter 1970). However, in hill
regions where valley rivers are fed by significant upland draining streams, some populations
contain shortdistance partially migratory birds. These populations are coragrif yearlong
sedentary residents and migrants that overwinter together on valley rivers at low altitudes,
and individuals that migrate along an altitudinal gradient to breed. These partially migratory
populations present differenlife-history strategieghat appear to persist. A study of dippers

in the river Devon catchment in Scotland found no significant difference in the number of eggs
laid or the number of young fledged between sedentary residents and altitudinal migrants
(Logie 1998). This contrastith studies of American dippers in North America, where migrants
were less productive tharesidentsandwere considered to be subordinate individuals unable

to compete for lowland nest sites (Morrissey 2004; Gillial. 2008; Mackagt al. 2010).
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1.3.8 Status

Threats to UK freshwater habitats arise from agricultural and industrizin sources,
abstraction and flow regulation, disturbance and continued acidic deposition, chemical
contamination and climate chang®udgeonet al. 2006; JNCC 2018Rdd et al. 201&). The

use of organisms and particularly birds as proxies for the health of ecosystems is well
established(Landreset al. 1988; Chambers 2008; Parnmetral. 2016; Egwumalet al. 2017,
Mekonen 2017) and dippersin the UKare widelyaccepted as an ideal sentinel species
indicating water quality as they amostly resident, easily monitored, potentially long lived
and prey on benthic macroinvertebrate prey and small fish. This makes them sensitive to
perturbations in the food chain améflect subtle changes in environmental status over spatial,
temporal and trophic scalg€Caro and O'Doherty 1999; Soraateal. 2002; Tabor and Aguirre
2004) American dippenumbers were found to reflect prey abundance and assist in indices of
biotic integrity of stream bioassessmefffeck and Hall200#) ! & |y WdzYo NBf f |
a large habitat area to sustain populations, dippers often signal the presence of less habitat
demanding sympatric speci€Simberloff 1998Carignan and Villard 20Q2)nd reflect labitat

conditions,species richness and wider biodiversity of riparian communities.

Being resident in welllefined territories and having specific dietmainly of invertebrates,
dipperscan reflect the status of pollution sensitive EPTclkFand Hall 1994). Surface water
acidification reduces pH, lowers calcium carbonate solubility and mobilises aluminium ions.
These factors can reduce prey availability by limiting exoskeleton and shell formation, and can
impact upon dippers by affecting gdormation and shell thickness, and nestling growth and
development (Ormerockt al. 19853 1985b,1988,1989,1991; Scheuhammer 1987; Bimn

et al. 1988; Tyler and @merod 1994; Logiet al. 1996; Logie 1998%igarden and Linlokken
2010. Chemical contaminants of water from industrial and agriculturatetfrand air borne

deposition such as pesticidesid heavymetal residues haveeen linked to biaccumulation
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in predators, including dipperdviason et al. 1986; Ormerod and Tyler 1990ylason and
Macdonald 1993Tyler and Ormerod 1994lybget al. 1996; Ormerodet al. 2000; Fowler
2011) Harmful effects recorded include mortality, sléthal stress, decreased fertility,
incomplete egg formation and thinning eggshells, and reduced qudlitywaubation and

parenting (Tyler and Ormerod 199&ry 1995)

Dipper population changes

Dippers in the UK have advanced layes since the 1960s (Figure I\WWoodwardet al.2018),

and similar trends have been observed for other UK bird species (CuckS@arks 1999).
Asynchrony of timing between early shooting plants on breeding grounds and later arriving
migrant birds may have fithess consequences for populations unable to-rpath
phenologies, and also seen in resident species and over short spadias and could have
implications for population declinegVisser and Both 2005; Vissdral. 2006 2012 Sainoet

al. 2011 Coleet al.2015;Mayoret al.2017).
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Figurel.7. Mean laying datef UK dippersn Julian daysAQpril 1t = day91;
datafrom the BTO nest record scheimBluebarsrepresent standard error
shaded area 95% confidence limits dhd line shows the long term trende
British Trust for Omithology, BTO). (BTO/JNCC BirdTrends Rejadirt
https://app.bto.org/birdtrends/species.jsp?year=2018&s=dippe

28


https://app.bto.org/birdtrends/species.jsp?year=2018&s=dippe

Dipper populations have recently fluctuated but the letegm trend across England and the

UK has been one of deditover a number of decadesdBres 1.8aand 1.8bMWoodwardet al.

2018

Index (100 in 2016)
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However, the change in breeding dipper populations varies across the British Isles and with
regions (Figure .9a Sharrock 1976Gibbonset al. 1993 Balmeret al. 2013 (Figure 1.9b:
Gibbonset al. 1993;Balmeret al. 2013. The causes for the decline in this and other riverine
speces, including grey wagtail antbmmon sandpipel(Balmeret al. 2013) are notfully
understood but may be a consequence of slow biological recovery of rivers from chemical

degradation exacerbated by climate change and other challenges to rivers and streams.

Breeding Distribution Change 7968-72 to 2008-11 Breeding Abundance Change 7988-917 to 2008-11

4 Gain ‘£ Increasing
Present both . %
g

v Loss

Stable

Declining

©BTO

Figure 1.9aComposite breeding distributiol Figure 1.9b.Relative breeding abundanc
change in dippers across theritish Isles change in dippers across theritish Isles
196872 to 200811. (© British Trust for Ornithology, 198891 to 200811. (© British Trust for Ornithology,

BT0). (BTO map storat: BT0). (BTO map storat:
https://app.bto.org/mapstore/StoreServiet? https://app.bto.org/mapstore/StoreServiet?
d=339. d=339.
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1.4 Aims

Dippers present an ideal model system to investigate the impact of altitude and partial
migration on breeding ecology. Studies have been carried out on resident and migrant
American dippers (Morrissey 2004; Gidisal. 2008; Mackast al. 2010; Greeret al. 2015),

and in whitethroated dippers (Logie 1998), but no study has investigated the effect of an
altitudinal gradient to determine if reproductive success or measures of parental care of
residents versus migrants in a dipper species was similarisisttidy, | investigated the effects

of altitude on (1) reproductive success af®) parental care in a partialtitudinal migrant

dipper population in the River Lune catchment, UK.

1.5 General methods

1.5.1 The study area

Fieldwork was undertaken in thRiver Lune catchment of the Howgills and Yorkshire Dales
National Character Areas (NCAs) near to the town of Sedbergh, Cumbria, UK (54°19'25.0"N
2°31'41.5"W; Figure 1.10). These western dales and uplands of the Howgills and Baugh Fell of
the Yorkshire Dake National Park contain nationally important carboniferous geological
features designated as Sites of Special Sifiefterest (SSSI@imber 1987NaturalEngland

2013 2014) Self 2010)provides a narrative of the physical character, natural histoistorical

and cultural contexts of the whole study area and wider landscape.

The Howgills are a range of high, exposed dome shaped hills up to 676m high with rounded
ridges dissected by deep, stesjuled valleys, up to 10km long with an underlying ggplof
Silurian and Ordoviciasandstone, gritstone, siltstone and mudstone. Much of the upper
Howgills are grazed by she¢pvies arief cattle (BosTaurug and fell poniegEquus ferus

caballug and comprise peat soils with poorly drained acid grassland and some blanket bog;
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bracken and a few patches of heather; and sparse tree cover except in-sitisp becks
(Natural England 2014 he loam soiled lower slopes are characterisedhéggerows with
treesand drystone walls enclosing damp flowdch hay meadows and pasture, leading down
into the river valley bottoms which consist of underlyingd conglomerate of pebbles

cemented with weathered granit@Natural England 2014)
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In the western ¥rkshire Dales, approximatelyk® southeastof Sedbergh, carboniferous
limestone underlies the lower river valley of Dentdale where the river Dee flows over tiered
steps of eroded limestone. Enclosed and often damp riverine pastures and flower meadows,
together with improved agricultural land, pralé pasture for sheep and cattle grazing and hay
meadows. Trees line the riverbanks and hedge boundaries with pockets of small woodlands
occupyng steepsided tributary streams. Near to the soudlast end of the studite lies
Combe Scar SSSI, supportitanp communities including nationally important species with
baserich and basgpoor soils formed by the complex of rocks of the Upper Silurian Coniston
Grits, Lower Silurian Coniston Flags and volcanic Ordovician rocks, brought together by the

Dent Fauli{Kimber1987 Natural England2018).

The upland area of Baugh Fell lies to the east of the Howgills, rising to a height oa6@8m
having a bedrock ahillstone gritand sandstoneon the summit plateau antimestoneon the

lower slopeqSelf 2010)Grazed by sheep, the unenclosed andbodrained fell consists of
acid grassland and rushes with deep gltiias gently wesfacing slopes down to the river
Rawthey and steeper southerly slopes above the river Cloligle. Rver Lune rises in
Newbiggin, Cumbria, flowing westwards initiaipd then southwards towardshe Lune
estuary and into Morecmbe BayNear Sedbergh, the rivers Clough, Dee and Rawthey flow
into the Lune, and the surrounding uplands drain radially into a network of streams, gills or
becks and theitributaries, whichthen discharge into the rivers. The dipper territories located
along these four rivers and their associated waterways are the subject of this Sthdy.

topography of the study area is shown in Figures 4.3 and inthe Appendix Figures2.
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In this study, upland nesting dippers were defined as those breeding at an altitude of at least
200m above sea levéhsl) At this elevation, the landscape is steeply sloped with unenclosed
and grazed pasturelandavith little or no tree cover. Rivers or streams tend to be narrow,
shallow and fast flowing with small cascades and waterfalls, sometimemveitbepsided
gullies (Figure 1)4 Dippers nesting in these areas generally undertake seasonal movement to
lower altitudes during autumn and winter, followed by late winter and early spring return to
the uplands to breed (Crowther 2018;F5Sharp unpublished data). Wwtand breeding dippers
were defined as nesting below attitude of 200m aslhere, rivers or streams are often lined
with dense, mature bankside trees on gently sloping ground with eedlgsazing pastures
(Figure 1.4 In contrast to upland waters, loard rivers and streams are usually wider (>3m),
deeper and with slower flow rates, occasionally containing deep pools, big rapids or waterfalls.
Lowland breeding dippers remain at these lower altitudes throughout the year, in many cases

defending the sameerritory during and outside the breeding seas@rowtheret al.2018)

1.5.2Historical monitoring of dippers in the study area

Robson(1956)refers to dipper surveys along the River Lune in 1939 and I863asby (1999)

describes the 1939 British Trustr Ornithology (BTO) census of the main rivers of the Lune,

Clough, Dee and Rawthey and their associated tributary streams made by Kenneth Martin; this
recorded the number of pairs, descriptions of breeding habitats and nest sites. The census of
1953by@ a22Ré& A& f2ad0 odzi O2yGNROGdziSa G2 GKIG &
chronicles further dipper surveys: Michael Jackson in 1962 and David Bishop in 1963 collected
detailed breeding data, and reference is made to further surveys in 1984L865. In total,

records were collected for nine breeding seasons between 1958 and 1966.

In 1958, Peter Mawby, a pupil at Sedbergh School at that time, began studying the breeding
population of dippers along the 50km of rivers and streams in the Luclmmant withinabout

5km of Sedbergh (PJ Mawby persnal communication). Mawby, assisted by his brother
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Andrew and members of the Sedbergh School Ornithological Society, undertook annual
monitoring of this area until 1966, recording lay dates, productivity and other aspects of
breeding behavioufMawby 1961) For ten breedig seasons between 2003 and 2012, Peter

Mawby resumed his monitoring in the same study area, this time colour ringing nestlings with

a yearly cohort combination.

In 2013, Stuart Sharp of Lancaster University established an individually marked population

WitK Ay t SGSNJ al goeQa &adGdzRe | NBF 06aS8S o0St2g6 F21
thereby began a lonterm study of individualife-histories, behaviour and population ecology

which is still running (e.Mlagoolagan 201, ZCrowtheret al.2018;Magoohganet al.2019) All

surviving birds from previous years were retrapped in 2013 and given individual colour ring
combinations. In order to increase sample sizes, the area was extended in 2014 to include all
territories within a7km radius of Sedbergh; th area forms the study site for much of the

research described here. However, to increase the sample of upland nests in 2017, a number

of additional territories were added from parts of the catchment just outside of the core site

(for more details of the2017 sites, see Chapter 3; for maps of alritery locations, see

AppendixFigures 15).
1.5.3 Ringing and biometric data

All adults, juveniles and pulli in the study site are individually marked with a standard metal
BTO ring and a unique combinationtbfee plastic colour rings (two rings per leg, all fitted
below the tarsal joint). In nearly all cases, the plastic rings retain their colours across successive
seasons and it is extremely rare for rings to be lost; when necessary, birds are retrapped to
confirm or replace the colour rings (approximately one bird per year). Colour ringing enables
reliable field observations to be made without the need for recapture, for example including
territory ownership and breeding behaviours. Each year, any unriadett or juvenilebirds,

which have moved into the study site trapped and ringed (under BTO licence), mostly using
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mist nets placed across the waterways or other flight paths. Incubating females are also caught
by placing a landing net over the nestdle dippers play no role in incubatiotf)js method is

only used after the first seven days of incubation in order to minimise the risk of nest desertion.

Forfully-grown birds (juveniles and adults), wing length (maximum chord to the nearest mm,
measura with a wing rule)s recorded Most adult birds can be aged as being either in their
first calendar year or older according to the presence or absence of unmoulted primary ¢overts
respectively (Demongin 20164 small proportion of birds are unclassifiéf the age of the
primary coverts cannot be juddeeliably. Alffully-grownbirds can be sexed according to their
wing length with little overlagppetween genders (Demongin 201&r many birds, this can be
confirmed from observations of breeding activities (e.g. incubation) and in no cases has there

been a discrepancy using this method.

Nestlings were ringed on day 7 of the nestling period (day 0 = the day of hatching) in 2013 bu
on day 9 thereafter (and this enablesnfirmation of juvenile identity and fledging when close

to empty nests)and body mass is also measured at this tiivberever possiblehirds, which
recruit into the breeding populatiorgre retrapped when fullyrgpwn in a subsequent year in

order to collect the full set of biometric data.
1.5.4 Nest monitoring

Intensive nest monitoring of rivers and streams was carried out in the core study site and
adjacent upland habitat between February and July in eachfyear2013 to 2017 to identify

OANRA a4 SAGKSNI SNNARG2NE K2fRAYy3a 2Nl a WTt 2l
unpaired and failed to display territorial behaviour (and were often observed in different and
sometimes widely separateddations). Almost all nests which reach the egg stage (or further)

are found and can be monitored through to fledging or failure; occasionally, it is clear from a

LI ANRE O0SKI@A2dzNJ GKIFG GKS& KIFI@GS |y | OGA@S yS.
nest fails before it can be found and the pair are then seen building ag2im€sts per year).
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Nests are found by systematically surveying all stretches of river or stream to establish territory
200dzLJ yOeé |yR 2¢YyYSNHEKAL) bedkibg waditioal Sestditds ilND& A R
February and March; periodic checks of any vacant stretches are made later in the season to
ensure that pairs which move into the study site to breed relatively late are not missed. Dippers
involved in territory occupatiorand defence, song, courtship display and mating, 1sést
prospecting, carrying obvious nest material (moss in the early stages of construction, grass and
leaves as nest cup lining in the latter stages of conmmi¢tor apparent nesguarding, are
carefuly observed. Each pair is then observed at least once per week until the nest is found,
usually by following birds carrying nest material or females returning to the nest to lay or
incubate. For long stretches of river or traditional territories in whichbirds or nest were
found, repeat visits were made to ensure that an overlooked breeding pair was extremely
unlikely (Morrissey 2004). Using these established methods, very few (if any) nests are missed
in either lowland rivers or upland streams. Eaclstniecation was recorded with a Garmin
eTrex H GPS (Garmin Ltd, Switzerland), from which altitude could be measured and cross

checked with OS (Ordnance Survey) survey data to the nearest 10m.

Once found, nests were visited approximately once per weekaonitruction had progressed

to a grassy cup which the birds had started to line with leaves (Tyler and Ormerod 1994). A
breeding attempt was recorded as one that progressed to at least the egg stage (and nests
found during the laying period have cold, noiibated eggs). From this point, visits were made
every 23 days to determine lay date (i.e. the date on which the first egg of the clutch was laid).
Dippers very rarely have clutches smaller than three eggs and, typically for small passerines,
lay one egger day until the clutch is complete and commence incubation once the final egg
has been laid (Perrirend McCleery989; Tyler and Ormerod 1994). Lay date can therefore be
backcalculated once an incomplete clutch of cold eggs has been found in theGhextking

nests for eggs was carried out after noon to reduce the possibility of disturbing the female

during egg laying and the risk of desertion. The nest was then revisited after one to two weeks
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to measure clutch size and thereby establish the stamadibation (taken as the day on which

the final egg is laidfyler and Ormerod 1994paily checks resume after 14 days of incubation

G2 SadGlrofAadakK GKS RIFIGS 2F KIFIGOKAYy3 61y26y | &
recorded in the study site,. 8. Sharp unpublished data) and based on a typical incubation
period of 1618 days (Tyler and Ormerod 1994). If a nest is not found until the incubation stage,
then visits are made as regularly as possible to record hatch date. If any hatch date was missed
it was determined by ageing nestlings from their appearance up to three days old (and lay date
can be bacicalculated this way, assuming an incubation period of 16 days which is the mean
for the study site, SP. Sharp unpublished data), after which ageithgcomes less reliable. If

the chicks are judged to be older than three days when the nest is first visited, then lay date,
clutch size and hatch date are left undetermined. Nestlings were ringed when nine days old (if
possible)oy which point they are nahger brooded by the female; standardised biometrics
could then be taken including nestling mass, measured with an electronic balance (to the
nearest 0.1g). Finally, daily visits were made once the nestlings were 20 days old in order to
establish the timig of fledging (typically at age 2R days; Tyler and Ormerod 1994) and the
number of fledglings; fledged nests were inspected for dead chicks to ensure that brood
reduction had not occurred since ringing, although this is rar®.(@arp unpublished dad).

A small number of nests-{d per year) are built in inaccessible sites and unless information can
be obtained e.g. using endoscopes for nests in rock cavities, approximate dates for each of the
major breeding stages are estimated from the behaviouhefpair; these data, together with

chick measurements for broods of unknown age, are excluded from all analyses unless
otherwise stated. If inaccessible nests are successful, the chicks are caught by hand or in mist
nets soon after fledging for ringing @measuring. Nests that fledge before the end of May
were visited approximately five days after fledging, and return visits were made to check for
evidence of second brooding (e.g-lneing of the nest); this continued for up to another 14

days, after whih point second broods are very rare. Where behaviour suggested a second
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brood attempt was initiated, daily lay checks were carried out. For any failed nest during the
breedingseasonthe territory is visited at least weekly until the pair show no furtimetication

of breeding activity after repeat visits or until they cannot be located.

1.5.5 Biological assessment of water quality

Water quality was assessed by using biotic indices. Initially, by totBliadggical Monitoring
Working Party(BMWB scores of 110 assigned to invertebrate families based on their
sensitivity to pollution (low oxygen levels) with 10 indicative of little pollution and then divided
by the number obcoring taxa to give thaverage Score PeaXon (ASPTASPT is the prefred
scoring of water quality being less sensitive to sampling effort, and a high ASPT with a value of
>6.00 indicates excellent water quality with large numbers of high scoring sensitive taxa
(Armitageet al. 1983; Hawkes 199&iver Habitat Survey 2019l territories over the entire
elevational range were in excess of ASPT 6.30 and are in line with figures obtained by
Magoolagan (2017)eing indicative of high water quality having high BMWP scoring pollution
sensitive taxa present, namely EPT, whake the main dipper prey items. In addition,
Environmental AgencfEA)measures of water quality recorded in the catchment and study
area in 2016 report overall hydromghology as classed 8oodQphysicechemical conditions

and pHWHightla positive qubity), ecological conditiongoodQinvertebratesgoodand mostly
HighQand with no hazardous chemical inputs (Environment Agency 2016). Field and laboratory
measurements of water pH taken from rivers and streams throughout the study site have all
recorded values >pH 7.05( P. Sharp unpublishethta). These findings suggest that water
guality per sedoes not appear to be a constraining factor for riverine ommities in the

Sedbergh upperif®er Lune catchment area.

43



Chapter 2

Altitude and its effect uporbreeding succesm dippers
(Cinclus cinclys
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2.1 Abstract

In some populations, breeding territories may be limited and this can lead to a partial migration
in which some individuals migrate whilst others remain resident. Partial migration can occur
along altitudinal gradients but the fithess consequences of this are poorly known, especially in
0KS !'YQa dzLX ' yR &aLISOASas Yl ¢ndine@ldhgadnkiielddatal NS Ay
from a population of a partial altitudinal migrant and specialist riverine bird, the digpiaclus
cinclug. Most dipper populations consist of migratory individuals that breed at higher altitudes
and overwinter with residentsit lower elevations, but the effects of altitude on their life
history traits and breeding success have rarely been studied. Here, | used mixed effect models
to investigate whether altitude predicts lay date, nestling mass, fledging success, the number
of fledglings andannualproductivity, while controlling for female age, at nest sites across an
altitudinal range of 90rb20m monitorel from 20132017. Dppers at higher altitudes tended

to breed later possibly because of the time taken to migrate and blisa breeding territories,
andalsohave a marginally higherefliging success, perhaps dueattower risk of floding and
predation However, altitude had no effect upon nestling mass or the number of fledglimgjs

was unlkely to have any effect oannualproductivity. Later breeding females (particularly
migrants) that do not have a second brood are likely to be less productive than those breeding
early. Age may not affect timing of breeding but prior parenting experience may explain the
production of a greater number of fledglingsy older femalesalthough productivity later
declines with age presumably due to senescence. Older females are more likely to fledge
broods and produce heavier nestlings, which suggests higher parental investment wikkrsma
broods. Altitudinal migration is likely to be an alternativeigratory tactic resulting from
competition for lowland nest sites, with migrants having to forgo second broods but possibly
benefitting from a lower risk of flooding and predation. The fesaf this study suggest that
altitudinal migration and residency may each provide adaptive benédit dippers. Further
researchshould investigate what drives altitudinal migratory tendency and the -teng

fitness consequence for dippers.
45



2.2 Introduction

Competition for resources in territorial species can force individuals to breed hostirbal
habitats or conditions, often with negative fitness consequer{€dstton-Brock 1988; Newton
1998; Johnson 2007n some species, individuals adopt diffet life-history traits to mitigate

these effects or aim to maximise breeding success by means of alternative reproductive tactics
(ARTs)makingdifferential investment decisions in response to traafs in reproduction and
survival(Gross 1996Qliveila et al. 2008; Taborsky and Brockmann 2018Yhile someARTs

may be fixed for life, for example by genetic or developmental mechanisms, others are plastic
and may be switched according to current conditions, including population density and
competition (reviewed in Talveky and Brockmann 201@omparable to ARTsenalternative
migratory tactics (AMTS)f partially migrating populations (Chapma al. 2011a, 2011b;
Sahashi and Morita 2018Many of thelife-history traitsthat aim to maximise fitnesare
discontinuous but flexibl&ehaviours such as nomadism vers site tenacity (e.gAndersson

1980)or migration versus residency (e@odsonet al.2013)

Variation within a population in whether or not individuals migrate is known as partial
migration. This is a widespread phenomenon in migratory animals froraugataxa, but the
causes and consequences of partial migration are not fully undergt©bdpmaret al.2011a;
2011b;Reidet al. 2018). In most altitudinal migrants, for example, populations comprise
sedentary residents and individuals that make short, seasonal, return movements between
breeding and nonbreeding or wintering sites along an elevational gra¢Bmntieet al. 2016
Barganteet al. 2017; Hsiunget al. 2018) Suggested drivers for these movements include
temporal variation in the availability of food (eldebblewnhiteet al. 2008 Blakeet al. 2013,
breeding sites (e.dKetterson and Nolan 1976; McGuire and Boyle 20M#)stsites (e.gRusso
2002 Encarnacacet al. 2005) avoidance of predators (e.¢Hebblewhite and Merrill 2007;

Boyle 2008)and extreme climatic conditions (elgotaet al.2004;Liuet al. 2015) but there
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is considerablevariationin the responses madetithesedriverswithin and between species
(Hsiunget al. 2018). Furthermore, residents and migrants differ in their breeding success or
survival in some species but not others; in €kifvus canaden3jfor example, migrants have
better foraging opportunities but lower survival resulting from higher predafiédabblewnhite

and Merrill 2011) whereas partial migration has no effect on survival rates in moakseg
alceg, yet breeding success and netnfiss are higher in migran{®Rolandseret al. 2017)
Further research is needed to better understand this variation, especially in a time of rapid
environmental change when species breeding at high altitudes are among the first to be
affected(Russo 2002Thackerayet al. 2010 Dodsonet al. 2013; Flouselet al. 2015;Gibson

Reinemetret al.2015 Béezet al.2016;Scridelet al. 2018).

Altitudinal migration is particularly wetlocumented in birds; in the UK, examples include snow
bunting(Plectrophenax malis Smith 1994 )twite (Linaria flavirostrisHaworth and Thompson
1990) and meadow pipit(Anthus pratensisRose 1982)Many studies have compared the
breeding success of migrants and residents (Badyaev 1997; &wglle2016; Barcantet al.
2017), ad individuals breeding at higher altitudes tend to have smaller clutches, are less likely
to have multiple broods, devote more to parental care or produce fewer and heavier fledglings
(e.g. Badyaev 1997; Badyaev and Ghalambor 2001; Béaais2009;Lu et al. 2009) The
variation in these traits as altitude increases suggests a ioffdbetween fecundity and
parental care; greater investment in parental care may compensate for the production of fewer
offspring by increasing offspring quality and suajivor by increasing adult survival and
therefore the potential for future reproduction (Badyaev and Ghalambor 2001; Bdaak
2009; Hille and Cooper 2013Balasubramaniam and Rotenberry 2016H1owever, studies
involvinggeographicallgistinct populatons, orpairs of related species or races (Badyaev and
Ghalambor 2001)may have limitedvalue for anycomparisons between the selection

presaires and fitness consequences for alternative migratory tactics
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Here, | investigate how the timing of reprodwnti and breeding success vary across an
elevational gradient in a population of dippefSiiclus cinclysan altitudinal migrant. Dippers

are monogamous passerines found on shallow, fast flowing rivers and streams in the uplands
of Europe, North Africa and/estern Asia, feeding mostly on freshwater macroinvertebrates

oA

but sometimes small fisfTyler and Ormerod 1994AlthoughA & G SR Fa W[ St ad [/ 2y

L!/bX LRLMzZFGA2ya I NBE Ay RSOt AMyiSa ( ORKBiEday 90N L
of Conservation Concerwith a breeding population decrease of 27% over 25 y@zatonet

al. 2015). Thesealeclines are poorly understood, although known threats to dipperkide

xenobiotic pollutants thakffect water quality and prey species, alteratiof flow rates and

water courses from water impoundment, abstraction, hydidectric and irrigation schemes,

and habitat degradatiorfOrmerod and Tyler 2005 Ilimate change is also thought to be a

contributory factor(Saetheret al. 2000, Nilssonet al. 2011a; Royaret al. 2013,2014,2015),

making studies of altitudinal migration in this species especially important.

In the UK, dippers leeding at high elevation®n tributary streamsjypically migrate to lower
altitudes where they winter in the sameea as yearound residents (Tigr & Ormerod 1994,
Wilson 1996 Logie 1998 Most residents are territorial, whereas many altitudinal migrants act
Fad gAYy GSNI WTE 2| (aSiNGleRintdring Rite B ngsidénts NS abse¢@yowtiiey

et al. 2018 S P. Sharp unpublished data). This species shows signs of phenological change,
with lay date having advanced by 12 days over 50 y&aoodwardet al.2018) Furthermore,
predicted climatedriven trophic level asynchrony in freshwater habitats and réidns in
invertebrate species could potentially impact reproductive success in digpeisrset al.

2004; Durance and Ormerod 2007; Thackestgl. 2010) Thus, understanding how altitude
impacts on the breeding ecology of these birds would not onlyipie a useful model of

altitudinal migration but may also offer key insights into the causes of their decline.

48



It has been observed that upland dippers tend to breed later than lowland birds and rarely
have second broods, but lay similarly sized clutqiigter and Ormerod 1985, 1994). A study

of Scottish dippers found that lowland pairs had more breeding attempts, laid more eggs, and
hatched and fledged more offspring than upland birds, although these differences were not
statistically significant (Logi®28). In the closely related American dipp€ir(clus mexicanys

no difference was found between residents and migrants in clutch size or brood size, but lay
date was significantly later for migrants, whereas fledging success and annual productivity
were higher for residents and they were also predicted to have higher lifetime reproductive
success(Morrissey 2004 Gillis et al. 2009. Furthermore, delayed timing of breeding by
migrants reduces the likelihood of second brooding, and they do not compensate for lower
productivity with higher quality offspring (Morrissey 200Mackaset al. 2010) It has been
suggested that migrant Ameda dippers are subordinates and that breeding at higher
altitudes is a conditional strategy whereby they breed and survive using the resources available
for lack of a better alternativéGilliset al.2008; Mackast al.2010) However, there have been

no similar studies in the UK of a single population compalife¢history traits and breeding
success between residents and altitudinal migrants. In this chapter, | address this by analysing
how the timing of reproduction, key components of breeding sucemssannual productivity

vary with altitude in a longerm study population in the north of England.

2.3Methods

Data were collated from a loAgrm study population of dippers found along rivers and
tributary streams in te Rver Lune catchment within a8km radiusof Sedbergh, Cumbria, UK
(54°19'25.0"N 2°3%1.5"W) (see Appendix i§ures 15 for territory locations) Dippers
breeding below an altitude of 200m were defined as lowland nesting and those above this
altitude as upland nesting (lowland and updehabitat descriptions are given in Chapter 1).

Each year from 2013017, the breeding population ¢f40-45 pairs was closebbservedrom
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February to June in order to monitor nests and measure reproductive success. In 2017,
additional pairs from neighhging upland areas supplemented the core study population in
order to increase the sample of birds breediridnigh altitudes Adults were caught using mist

nets or landing nets placed over nests and given a unique combination of three colour rings
and thestandard BTO metal ring; wing length (length of the maximum wing chord measured
to the nearest mm) was measured with a wing rule and could be used to determine sex (males
have longer wings; Demongin 2016). Birds which had not been ringed as nestlingjeoul
aged as either firse S| NJ 2 NJ 2f RSNJ oWl RdzZf 6aQ0 | OO0O2NRAY3
juvenile coverts, respectively (Demongin 2016). Active nests were located by making frequent
visits to all known and potential supplementary upland temigg and observing for signs of
breeding behaviour, and altitude in m was measured with a Garmin eTrex H GPS (Garmin Ltd,
Switzerland) and later validated with Ordnance Survey data to the nearest 10m. Once breeding
activity was established, repeat visiterg made to establish lay date, clutch size, hatch date,
day 9 nestling mass, fledging date and the number of fledglings for all first and second brood
nesting attempts (see Chapte). INestlings aged nine days old were weighed to the nearest
0.1g using amlectronic balance and ringed using the same system as adulistal of 296
breeding attempts were monitored across the study period, where a breeding attempt was

taken to be the laying of at least one egg.
2.3.1Statistical analyses

Linear mixeekffect models (LMN) orgeneralised linear mixedffect models (GLMMs) were
employed to investigate the relationship between altitude and each of tbkowing
reproductive(responseyariables laydate, nestling mass, fledging success (i.e. whether or not
a nest fledged at leasbne chick), the number diedglings(that fledged from a nestyand
annual productivity (i.e. the total number of fledglings prodect by a female in one year).

LMMs and GLMMs were used to analyse Gaussian andsaussian data, respeeely, with
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non-independent data (pseudoreplication) accounted for by random effects following Bolker
et al. (2009) and Harrisoet al. (2018). Female identity was fitted as a random term in all
models to account for repeated measures across yebestitory identity was fitted as an
additional random term in preliminary models but subsequently dropped because it did not
explain any further variation in the data, presumably because most females remain in the same
territory for multiple breeding attemptsin all models, altitude was included as a continuous

fixed effect and all measures of age and wing length refer only to females.

In examining theeffect of altitude (the nest site height in myn lay date (the Julian date on
which the first egg was laid, whe 1=Januani®), the following fixed explanatory variables
were included: year, age in years, wing length in mm (as a proxy for body size and condition),
and the interactions between altitude and ageydaaltitude and wing length (LMMGaussian

error structure and identity link function; n=141). Rbe effect ofaltitude onnestling mass (in

g), fixed explanatory variables included year, age and wing length, brood size (the number of
nestlings on the 9 day after hatching, as a measuof sibling competition), and hatch date

(the Julian date on which hatching occurred, to control for seasonal variation in environmental
conditions). Interactions contained in the full model included those between altitude and age,
age, brood sizehatch date and wing length (LMMGaussian error structure and identity link
function; n=107). A GLMM was used to examine the effect of altitudb@nesponsdledging
success (binomial error distribution and logit link function; n=199); fledging succesgvweas

as either 0 (nest failure) or 1 (nest success i.e. at least one nestling fledged). Additional
explanatory variables were year, age, and wing lengibr altitude and the number of
fledglings, additional fixed explanatory variables included yage,wing length, clutch size

and hatch date Preliminary analysis on number of fledglings suggested a potential quadratic
effect of age, and so ageasalso fitted as a fixed effecand the interactions between altitude

and both ageand agé, and wing lengt (LMM Gaussian error structure and identity link

function; n=103) Finally, forthe effects ofaltitude on annualproductivity (LMM Gaussian
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error structure; n141), additional fixed explanatory variables included year, age and wing
length and lay datef the first broal. Preliminary analysis of annyabductivity (total number

of offspringfrom single or double broodsuggested potential quadratic effects and so age
was fitted as a fixed effect. The interactions between altitude and agé, Eyelate and wing
length; age and lay date, age and wing length;?agel both lay date and wing length; and
wing length and lay date, were also includédall casesexplanatory variables were fitted as

continuous variables except year which was fittecesctor.

All statistical models were constructed in the R envirenmversion 3.5.1 (R Core Te201.8)

with relationships and interactions of variables analysed as described byeZalir(2010)

LMMs and GLMMs were run in thkne4 package (Bate®t al. 2015). Prior to model
construction, selection and analysis, collinearity between the explanatory variables was tested
dzaAy 3 LI ANBAEAS O2NNBflIGA2Y YR I NAFYyOS LYy¥Fftl
AED package (Zuat al.2009,2010) Collinearity values of VIFs were all low (<3) and pairwise
correlation plotshetween explanatory variablagere mostly weak (<0.5) arsbthese wereall

included in the models (Zuet al. 2010).When explanatory variables were highly correlated,
selectionfor final model inclusion was based on the lowest AIC estinfaiddrsonet al.2001;

Symonds and Moussalli 2011), but primarily on how biologically informative the variable would

be as a fixed effect and in interactionBo ensure interpretation and corapability of test

model estimates, all fixed effect explanatory variables (and hence, interactions) were centred

and standardised (nenontinuous variables centred only) prior to modell{Bchielzeth 2010;

Harrisonet al. 2018) Models were validated by checks of overdispersion and by plotting the
distribution of the residuals, €QQ plots of the residuals, the residuals versus the fitted values

and the residuals versus each of the covarigi@&suret al. 2009) The full model washen

analysed using thime4LJ: O1 F 3S | YR (KS YR NRBRARKQ®HAz NIy &
2018) Candidate models were generated containing all possible variable and interaction

combinations and rankedccording to the lowest Akaikaformation Crierion (AIC) corrected
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to AICc (the second order Akaike Information Criterion) for small sample sizes, incléding R
variance Kurvich and Tsai 1989; Burnham and Anderson 2002; Nakagawa and Schielzeth
2013).' aAy3d (KS WadzaAiAyQ LI O I tBeSoEst fifiggRn®deldweré A G K n !
selected and averaged (Harrison 2018), and used to generate predictive values and plots of
significant variablegplots of fledging succesand with overlapping pointsare presented

NI yR2Yfe& 2FFasSi dzorichrly, ankiSesel kefioitesl Mlhe resuti.O i A 2 v

2.4Results

A total of 29@breeding attempts which progressed to egg laying were monitored during-2013
2017. First broods accounted for 261 attempts and second broods 35; 255 attempts were in
lowlandhabitat and 41 were at upland nest sitdewland habitatis defined as being below a
height of 200nand upland habitat above a height of 200m, as described in Chapterdjses
wherebreedingvariablesandmeasures of dippers were absent, such as thossts that were

not located until the nestling stage, or nests which failed before clutch size had been
determined, the breeding attempts did not form part of the analyses. A summary of the

breedingvariablesof lowland and upland dippers in this studyfasind in Table 2.1.
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Table 2.1 A saimmaryof the breedingvariablesof lowland and upland dippers in the River
Lune catchmenstudy site 2012017. Dataare means + SBample sizes in parentheses).

Breedingvariable Lowland (<200m): Upland (>200m): Lowland (<200m):
first broods first broods second broods

Lay date (Julian date)* 90.19+ 14.05 (155) 100.62+ 10.88 (26) 129.97+ 7.90 (33)

Clutch size* 4.75+0.55 (151) 4.68+0.48(22) 4.38%0.66 (32)

Hatching success (%)** 92.27+ 14.34 (99) 94.00+13.50 (10) 92.06+ 13.24(17)

Brood size on day 9% 3.94 +0.98 (127) 3.45+0.89 (20)  3.19 % 1.21 (21)

Fledging success (%)* 61.54 (169) 57.14 (28) 54.29 (35)

Number of fledglings  2.18 £ 2.05(217) 2.21 +1.83(38) 1.66 + 1.80 (35)
(all nests)

Number of fledglings  3.82 +1.03 (124) 3.50 £ 0.83 (24) 3.05+1.27 (19)
(successful nests)

* Calculated only for first breeding attempts
** Calculated only for nests which hatchatlleast onenestling

2.4.1 Factors affectintpy date

All thebest fitting LMMs of the factors associated with lay date and their effectsrafiedel
averaging are showim Tables 2.2 and 2.3. Altitude was the best predictor of lay date and was
found in all of thebest fittingmodels, with nests at higher altitude having later lay dates (Figure
2.1). Additional fixed effects retained in thest fittingmodels were year (in lnodels), with
which lay datevaried considerably but with no clear temporal trend (Figure 2.2),fanthle
age and wing length, for which effect sizes were very small and unlikely to be bidjogical

meaningful Finally, nanteractions were present in #best fittingmodels.
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Table 2.2 Thebest fittingLMMa 2 F
The null model is shown for comparisg@2013H nMT T y I mnmT
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Full model 4mer: lay date ~ ltitude +female age wing length + year + altitudeglemaleage + altitude : wing length) + (1|female identity).

.
O

Model Intercept Altitude Female Wing Year Altitude: Altitude: df  Loglik AICc n! L/ Weight Rm Rc
age length female  wing
age length
11 104.972 5.258 + 8 -520.504 1076.1 0.00 0.267 0.460 0.558
12 103.954 5.311  -1.328 + 9 -518.754 1076.7 0.60 0.198 0.462 0.576
16 103.433 5.313 -1.795 1454 + 10 -516.848 1077.0 0.98 0.164 0.467 0.589
15 104.883 5.256 0.909 + 9 -519.176 1077.5 1.43 0.131 0.462 0.567
1 (Null) 91.00 3 -573.683 1155.7 79.68 0.000 0.000 0.000
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Table 2.3.The results othe LMMs of the factors associated with lay date after moc
averaging. Details of fixed effects were returned from averaging the models withlC@
units of thebest fitting model. The random effects variance was obtained from libst

fitting model.

Fixed effect Estimate Standard error Adjusted Relative
standard error importance

Intercept 104.360 3.287 3.316
(2013)
Altitude 5.283 0.931 0.940 1.00
Female age -0.733 1.072 1.077 0.48
Wing length 0.470 0.892 0.896 0.39
Year 2014 -16.676 3.602 3.635 1.00
Year 2015 -10.529 3.697 3.730 1.00
Year 2016 -3.870 3.753 3.786 1.00
Year 2017 -25.065 3.784 3.817 1.00
Random effect Variance
Female identity 26.220
Residual 87.800
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Figure 2.1.The relationship between lay date araltitude. The points representhe
predicted values from a LMIsfter model aeraging(circles = nests <200m altitude, triang|
= nests >200m altitudednd the shading showtke 95% confidence intenal
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Figure 2.2. The relationship between lay date and year of breeding predicted from the
average model. The points represent theedicted values and the barspresentthe 95%
confidence intervals
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2.4.2 Factors affectingestling mass

Tables 2.4 and 2.5 shaie estimates of all thbest fittingLMMs and model averaging for the
variables associated with nestling mablkestling mass wasorrelated withfemale age after
controlling for brood size (Figure 2.3), with older females more likely to heaeidr nestlings.

Year wagetained in the top models, with mean nestling mass varying between years but
without any meanintul trend (Figure 2.4). Also retained in thest fittingmodels was hatching
date, although the effect size was small and unlikely to be important (Figure 2.5). Variables

absent frombest fittingmodels included altitude, brood size, wing length andnddiractions.
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Full model #mer: nestling mass ~ (altitude + brood sizéemale age -+hatch date + wing length + year + altitude : brood siadiitide : female age
+altitude : hatch date + altitde : wing length) + (1|female identity).

Model Intercept  Altitude Brood size Female age Hatch date Wing Year Altitude: Altitude:
length broodsize femaleage

34 43.821 1.682 +

42 43.546 1.699 0.404 +

1(Null)  38.6%

Model Altitude: Altitude: df Loglik AlCc Delta  Weight Rm Rc
hatch date  wing length AlCc

34 8 -310.098 647.6 0.00 0.236 0.198 0.198

42 9 -309.525 649.4 1.77 0.097 0.201 0.201

1 (Null) 3 -326.916 660.6 13.01 3.5272-04 0.000 0.090
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Table 2.5The results of the LMMs of the factors associated with nestling mass after n
averaging. Details of fixed effects were returned from averaging the models within 2
units of the best fitting model. The randomfedts variance was obtained from the be

fitting model.

Fixed effect Estimate Standard error Adjusted Relative
standard error importance

Intercept (2013) 43.741 1.533 1.552
Female ge 1.687 0.474 0.480 1.00
Hatch date 0.118 0.340 0.343 0.29
Year 2014 -3.566 1.827 1.849 1.00
Year 2015 -7.213 1.883 1.907 1.00
Year 2016 -5.966 1.838 1.861 1.00
Year 2017 -5.400 1.784 1.805 1.00
Randomeffect  Variance
Female identity 0.000
Residual 22.490
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Fig 2.4 The relatbnship between nestling massd year of breeding
predictedfrom the average model. The points represent the predicted
values and the banepresent the95% confidence intervals.
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Figure 2.5The relationship between nestling mass and hatch date. The points
representthe predicted values from a LMBfter model averaging and the
shading shows the 95% confidence intesval

2.4.3 Factors affectinfledging success

The estimates of all thbest fitting GLMMs and model averaging for the variables associated
with fledging success are found iables 2.6 and 2. Female age was found in all of thest
fitting models as the best predictor of fledging success; ovetal probability of fledging at
least one chick increased with female age (Figure 2.6). Other fixed effects presenbesthe
fitting models were altitude, with nests at higher altitudes more likely to fledge successfully,
but this was a small effect (Figu2.7); and wing length, albeit with a negligible effect. Year and

all interactions with altitude were not present in theest fittingmodels.
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Table 2.6 Thebest fittingD[ aaa 2 ¥

fitting model). The null model is shown for comparis(#0132017; n=199).
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Full model =gimer: fledging success ~ (altitudefemaleage + wing length + year + altituddemaleage + altitude : wing length) + (1|female

identity).
Model Intercept Altitude Female Wing Year Altitude: Altitude: df Loglik AlCc n! L/ Weight PRm Rc
age length female  wing
age length
2 0.478 0.422 3 -130.328 266.8 0.00 0.234 0.046 0.153
6 0.478 0.464 -0.192 4 -129.748 267.7 0.92 0.148 0.053 0.154
4 0.473 0.164 0.418 4 -129.867 2679 1.16 0.131 0.054 0.151
1 (Null) 0.470 2 132899 269.9 3.08 0.050 0.000 0.166
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Table 2.7.The results of the GLMMs of the factors associated with fledging success
model averaging. Details of fixed effects were returned from averaging the models wi
AICc units of theest fittingmodel. The randm effects variance was obtained from thest

fitting model.

Fixed effect Estimate Standard error Adjusted Relative
standard error importance

Intercept 0.477 0.188 0.189

Altitude 0.042 0.113 0.113 0.26

Female age 0.433 0.194 0.195 1.00

Wing length -0.055 0.129 0.130 0.29

Random effect Variance

Female identity 0.3
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Figure 2.6 The relationship between fledgisgiccess anfemaleage. The pointsepresent
the predicted values from a GLMM after model averadimigh overlapping pointsandomly
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2.4.4 Factors affectingumber ofyoung fledged

Tables 2.8 and 2.9 show all thest fitting LMMs of the factors associated with humber of
fledglings and after model averagimgter controlling for clutch sizéemaleage was the most
important predictor of variation in the numlseof fledglings, and preliminary analyses
suggested a nofinear positive relationship. Fitting the quadratic term adge the model
generated negative estimates, suggesting that young females produce an increasing number
of fledglings with age but only up a point, beyond which the relationship becomes negative
(Figure 2.8). Wing length appeared in thest fitting models with a small positive effect size

but was unlikely to be having any meaningful biological effect. Year was retained lieghe
fitting models but without any observable trend (Figure 2.9), and the effects of altitude,

hatching date and all interactions including altitude were absent frombts fittingmodels.
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Table 2.8 Thebest fittingLMMs of the factors a8 2 OA F 1§ SR 6 A (i K
best fittingmodel). The null model is shown for comparis@013H nMT T yTI'mMno T
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Full model #mer :number of fledglings ~ (altitude + clutch siziemale age + female age hatch date + wing length + year#itude :femaleage
+ altitude :femaleage® + altitude : hatch date + altitude : wing length) + (1|female identity).

Model Intercept Altitude Clutch Female Female Hatch Wing Year Altitude:  Altitude:
size age agé length female female agé
age
76 4.290 0.472 0.171 -0.162 +
108 4.276 0.439 0.166  -0.183 0.108 +
1 (Null) 3.804
Model  Altitude: Altitude: df Loglik AlCc n! L/ O Weight Rm Rc
hatch date wing length
76 10 -128.305 260.9 0.00 0.204 0.375 0.419
108 11 -129.121 262.0 1.14 0.115 0.382 0.398
1 (Null) 3 -145.594 294.8 33.90 8.866e09 0.375 0.419
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Table 2.9.The results of th&.MMs of the factors associated with the number of fledglir
after model averaging. Details of fixed effects were returned from averaging the m
within 2 AlCc units of théest fittingmodel. The random effects variance was obtained fr

the best fittingmodel.
Fixed effect Estimate Standard error Adjusted Relative
standard error importance

Intercept (2013) 4.285 0.263 0.267

Clutch size 0.460 0.087 0.088 1.00
Female ge 0.169 0.139 0.141 1.00
Female g¢e? -0.170 0.064 0.065 1.00
Year 2014 -0.559 0.297 0.301 1.00
Year 2015 -0.761 0.312 0.316 1.00
Year 2016 -0.120 0.312 0.316 1.00
Year 2017 -0.153 0.292 0.296 1.00
Wing length 0.039 0.078 0.079 0.36

Random effect Variance
Female identity 0.017
Residual 0.624
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2.4.5 Factors affectingnnualproductivity

All thebest fittingLMMs of the variables associated withe total annuahumber of fledglings
(from single and double broodahd afta model averaging are found irables 2.10 and 2.11.
Fixed effects contained in all of thest fitting models werefemaleage,femaleage’ and lay

date; present in at least onef the top model set were altitude and the interactions between
lay date and female age and &gEitting the quadratic term agé¢o the global model produced
negative estimates and a ndmear relationship with greater explanatory power. This
suggestedhat young females produce a relatively small number of fledglings per year but that
this increases with age, whereas the relationship becomes negative for older females (Figure
2.10).Annualproductivity was negatively correlated with lay date, and thuslier breeding

pairs are more likely to have highannualproductivity than birds that commence breeding
later (Figure 2.11). The interaction betwefemaleage’ and lay date generated a small positive
estimate with confidence intervals that were only moverlapping for young females. This
suggests that early lay dates were more productive than later lay dates for young birds, but
timing of breeding was likely to have less of an effeciaanualproductivity for older birds
above that already predictedyiemaleage alone (Figure 2.12). Although altitude was retained

in the best fitting models, its small effect size suggests that it was unlikely to be biologically
meaningful. Finally, fixed effects of wing length and year and all other interactions were not

present in thebest fittingmodels.
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Table 2.10 ThebestfittingLMM&a 2 F G KS FIF OG2N&E | 4a20AF 4GSR 6AGK FyydzZ f LINRPRdeesti A OA G &
fitting model). The null model is shown for comparis(#0132017; n=141).

Full model #mer: annual productivity ~gltitude +female age + female age lay date + wing length + yeamtitude : femaleage + altitude :
femaleagé + altitude : lay date + altitude : wing lengtifemaleage : lay date femaleage : wing length femaleage : lay date femaleagée’ :

wing length + lay date : wing length) + (1|female identity).

Model Intercept Altitude Female Female Lay date Wing Year Altitude:  Altitude:  Altitude :  Altitude:

age age? length female female lay date  wing
age age length
12 3.092 0.813 -0.278 -0.540
140 3.110 0.818 -0.281  -0.543
16 3.097 0.100 0.814 -0.283 -0.563
1036  3.088 0.805 -0.275 -0.580
1 Null) 2.753
Model Female Female Female Female Lay date Df Loglik AlCc n! L Weight Rm Rc
age : age :wing age’: age’:wing  :wing
lay date length lay date length length
12 6 -303.458 612.2 0.00 0.077 0.125 0.125
140 0.160 7 -303.869 613.6 1.34 0.039 0.130 0.130
16 7 -304.102 614.1 1.90 0.030 0.127 0.127
1036 0.038 7 -304.966 614.2 1.97 0.029 0.126 0.126
1 3 -309.796 624.3 12.10 0.018&-2 0.125 0.125
(Null)
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Table 2.11The results of the LMBlof the factors associated with annual productivity af
model averaging. Details of fixed effects were returned from averaging the models \
2AICc units of théest fitting model. The random effects variance was obtained from

best fittingmodel.

Fixed effect Estimate Standard error Adjusted Relative
standard error importance

Intercept (2013) 3.096 0.216 0.218
Altitude 0.0170 0.083 0.084 0.17
Female ge 0.813 0.300 0.303 1.00
Female g€ -0.279 0.128 0.130 1.00
Lay date -0.551 0.181 0.183 1.00
Age : lay date  0.036 0.106 0.106 0.22
Ag€:lay date  0.006 0.035 0.035 0.16
Random effect Variance
Female identity 1.140el4
Residual 4.287
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2.5Discussion

Together, the results of this investigation indicate that several components of reproductive
performance varied with altitude, and that female age, lay date and year of breeding may be
influential variablesAltitude was a strong predictor of the timing of reproduction, with birds

at higher altitudes having later lay dates, but there were no clear associations between altitude
and any of the measures of reproductive success. Instead, after accounting fonakesf$ects,

much of the variation in all of the models of breeding success was accounted for by female age.
Altitude, when present in thdest fitting models, had only a weak effect, which may not be

biologically meaningful. Similarly, the effects of atiberms present in the models were
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marginal, the only exceptions being clutch size, which as expected was a strong predictor of
the number of fledglings, and lay date, whigredictedannualproductivity, withfemales that

began breeding earlier tendirtg have higher reproductive success.

2.5.1 Year effects

The fact that year predicted several components of breeding indicates that there is significant
inter-annual variation in the timing and outcome of reproductimd, in most years, there was

no clear temporal trengdthese results are consistent with other studies of dipp@hélson

1996 Logie 1998D'Amicoet al. 2003. However, in 2013, lay date was later, nestlings were
heavier and numbers fledged were higher than all other years. Thidbenbgcause late winter

and early spring weather conditions delayed breeding to a time when the peak in nestling food
demands was closely matched to that in prey biomass (Shaw 1978; Ormerod).198fe

scale climate effects act at the population levetlaran influence avian reproduction through

the action of regional weathdStenseth and Mysteid 2002,2005; Wilsoret. al2007). Due to

the proximity to the North Sea and further west, the Atlantic Ocean, the weather of weett
England is characterised by mild, wet and windy wintévet office 2016),and these
conditions can vary annualliPrebreeding season weather conditismay be highly variable

at the study siteand weather is known to have consequences |y date and breeding
outcomes in dippers (Tyler and Ormerod 198Begelbach 2001 Stochastic weather events
prior to and duringthe breeding season such as episostierms with high wind speeds and
heavy precipitation can produce short but intense periods of localised spate and flooding on
lowland rivers (Ward 1968); this occurs in the study area and is known to affect the onset of
egg laying in dippers (Tyler and @mod 1985)Water levels and flow rates in individual higher
altitude streams are less likely to be affected by heavy rainfall and recover quickly compared
to lowland rivers receiving higher volumes of water discharged into them by many tributaries.

Thus, foraging by upland dippers may be less impacted by spate conditions and the
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consequences for lowland dippers, particularly oyolonged periodscould be poorly
nourished nestlingdoss of bridge and bankside nests flgoding, and lessopportunity for
second broods andeplacenent of lost nests. Spates can affect flow rate and depth, with
consequences faaquatic benthic prey distributioand abundanc€Chiuet al.2013 Royaret

al. 2013,2014), which may impact foraging activity in dippeBaglor andO'Halloran 2001).
Dippers mainly forage in riffles, mostly by diving but also shallow water wading (Rabeni and
aAyaKl ff wmdatalI9o0h Ddepek ahdfddlienflowing water makes diving in riffles
more difficult and less energetically profital{fiea Prato 1981), particularly for caddisfly which
are an important dietary component for ndisigs (Tyler and Ormerod 1994dditionally,in
years withharsh conditions, predators may be forced to source alternative prey to meet
energetic demands (Hegetl al. 2010 Smith and Wilson 2010; Tabladbal.2014 Fisheret al.
2015; Shernet al. 2015; Williamset al. 2015), and this could impact on prand bresding
season dipper populationsespecially at lower altitudeswhere avian and mammalian

predatorsappearto bein greaternumbersin the study site RPWpersonal observation).

Species inhabiting temperate regions constrained by seasons must interpret environmental
cues to time breeding to match optimal conditions that permit nestling growth and
development (Perrins 1970Yisseret al. (2009)suggest temperature can act as a salicue

for lay date, and which may be delayed by late winter temperaturesippeds (Tyler and
Ormerod 1985,1994), although it is likely that many cues and responses related to
temperature affect the finduning of laying by bird§McNamaraet al. 2011) Winter snow
cover and low temperatures can be experienced in the Howgills and the western Yorkshire
Dales,andalthough this did not occur over long periods during the study ydansperature
conditions vary annuallyn the event of late wintelow temperatures,delayed lay datesould
influencethe likelihood of double broodingnd migrant dippers may have delayed departure

to upland nest sites, have later breeding and less opportunity to replace failed néatsr
temperature can influence growth andevelopment of aquatic invertebrate¥gnnote and
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Sweeney 1980//ard and Stanford 19823dvancing or delaying peak prey biomass in streams.
Prolonged poor weather prior to breeding can inhibit early breeding as stored nutrient reserves
diminish and affecfemale quality, laying physiology and nest building behaviours in a-trade
off between survival and reproductive succéBohwer 1992; Wingfield 2008joreno et al.
2015). Additionally, adverse conditions prior to incubation have been shown to affect egg
volume or clutch size, or to delay hatch dates and nestling development, condition and survival,
and hatching succesbipnroset al. 1998 Takagi 2001; Bradbust al.2003;Krist 2011 Pipoly

2013 Etezadifar and Barati 201Martin et al. 2017), and thee may be felt more acutely at

higher altitudes.

2.5.2 Factors affecting lay date

Lowland lay dates were typically in mtarch with the earliest being March®'32014 and
2017) and the latest March 20(2016). Upland breeding was later and typically frime
second week in April, with the earliest and latest first dates being Mar{2@&14) and April

26" (2016), respectively. Refer to Taldld for a summary of breedingariabledata.
Altitude

Altitude was found to have a significant effect on tiraing of breeding with lay dates being

later at higher altitudes, as reported in dippers by several previous stu@iesgrodet al.

1991;¢ 8 f SNJ ' YR hNXSNERR ™ detal J003). Redder8, lowland gipber 5 Q! Y A
pairs defend territories throughat the year. During the winter, upland breeding migrants

descend to rivers resulting in increases in population density and consequently, more
competition at lowerelevations, alsebserved in American dippers (TylerdaOrmerod 1994,

Morrissey 2004 Teritory sizes contract ostensibly to foraging areas and so full breeding
territories are less aggressively defended (Tyler and Ormerod 1994; Croettlabr2018).

Numbers of birds on lower elevation lowland rivers increase with the presence of upland
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breeding birds and juveniles (Crowthet al. 2018). At the end of the winter, pabonding,
courtship and more aggressive defending of breeding territorgl nest siteprobably forces
unpaired birds to search for vacant territories and unpaired partners, diveduupstream to
higher altitudes, and migration resulting from competition has been reported in American
dippers (Morrissey 2004, Gillt al. 2008; Mackast al. 2010; Greeret al. 2015) Resident
lowland pairs already occupying a territory thus comneettze breeding season earlier and
have increased likelihood of having second broods (Crowtterl. 2018), and more
opportunity to replace lost nests. The quality hypothesis contends that higher quality
individuals occupying better territories breed easgi(Priceet al. 1988; Verhulst and Tinbergen
1991;Harrimanet al.2017).Crowtheret al. (2018)suggested that breeding later may lead to
lower fitness due to the reduced likelihood of second brooding and with poorer competing
unpaired birds conceivablyecoming partial migrants on upland tributary streams. Paired and
unpaired dippers from upland breeding sites are seen regularly on lowland rivers during the
winter (S P. Sharp unpublished data;J? Mawby unpublished data), and then move to upland

nests above 200m on tributary streams in late winter and early spring.

Differences in lay date between early breeding resident lowland dippers and late breeding
migrants may reflect the delays caused by movement from lowland overwintering sites to
upland nesing sites and then establishment of territories, courtship and nest building, and are
unlikely to be the result of higher elevatioper se Migrations are only -bkm distance across

a small number of generally increasingly longer territories on narrowsirepms and with a

maximum elevation gain of about 400m. The time taken for these movements may be rapid if
made in one movement during the course of a day or longer if time is spent exploring

intermediate territories for a vacancy, territorial encountensd disputes, and pairing en route.

The timing of breeding in birds is likely to be influenced by intrinsic and environmental cues

(Reedet al. 2009) as has been suggested for dippéfyler and Ormerod 1994and might

78



include responses to increasing yiiength, elevated stress hormones resulting from
territoriality or increased fat stores laid in preparation for reproductievhich has been
described inother partial altitudinal migrantsBoyle2011).For pairs or females that live to
breed in multipleyears, swapping from upland to lowland territories (i.e. within a breeding
season) following a failed nesting attempt or between years, is ra@ @arp unpublished
data). This suggests that the fithess benefits of territorial familiarity or natabdaity may
outweigh those to be gained from changing territories. However, this does not exclude the
possibility of a genetic basis to migratory status in dippersthat it is dependenton an

A Y R A @ soRditibnf whigh could influenceits dominance tatus andability to acquirea
territory. A preliminary analysis here appeared to show that young female dippers were not
disproportionately represented at higher altitudes, suggesting that competition for lower

altitude breeding territories with older feales or a lack of experience are not important.
Female ge

A small negative effect in the models of female age with lay date may not be biological
meaningful. Logie (1998) studied a dipper population in the Ochil hills of central Scotland and
suggested tht a lack of a female age effect upon lay date could be accounted faighy

variability between territories in quality relative to variation in age.

2.5.3 Factors affecting nestling mass

Altitude

There was no correlation between altitude and nestling snd$is suggests that lowland and
upland territories separated by relatively short distances may not be subjected todaaie
differences in weather dnabitat, whichaffect nestling growth. Food supply also seems unlikely

to be having an effect on nestling mass at different altitudes (see Chapter 3), and adults may

be able to compensate for any little variation that does exista metaanalysis ofife-history
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traits, no consistent difference in nestling size between high and low elevation populations was
found (Boyleet al. 2016).Nestling mass (and reproductive success) may be an indicator of the
guantity of food delivered to nestlings, rather than its quality gggresented by the nutritional
value of specific taxa, and reported for another high altitude insectivorous species, the alpine

water pipit Anthus spinoletta(Brodmanret al. 1996).

Female ge

Nestling mass was significantly correlated wimale age, wth older females producing
heavier nestlings irrespective of hatch date and brood size. Older female dippers may invest
more in egg production and the factors necessary for nestling development, be of good body
condition, and better able to provide enhasdt parental care because of previous experience.
Studies of other species have shown pial investment in egg development influences
nestling quality(Whittinghamet al. 2007) and that older females may lay bigger or better
guality eggs @nguy and Vasteenwegen 1989)and incorporate more growtpromoting
chemicals and hormones that appears to affect nestling nm@ssydanovaet al. 2006)
Additionally, higher mortality of small individuals may occur before they breed, resulting in a
greater proportionof older, bigger (and more likely better quality) breeding birds that make
behavioural investments in growth and development during the nestling period (Languy and
Vansteenwegen 1989). It may be that older parents may not provision offspring more than
younger birds but through experience, they may be more effecient atiir€hetti and Price

1989).

Crossfostering experiments with tree swallow3dchycineta bicolprshowed that prenatal
investment by older experienced females produced heavier fledglimgsaased nestlings with
greater growth rates that can influree the likelihood of fledgin(Bitton and Dawson 20170
Bluethroats(Luscinia svecigaolder birds laid larger clutches, fed young more often, and were

more likely to fledge youngrobablyas a result of physiological and behavioural differences
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between age groupfGesliret al. 2004).Studies of the effects of parental age and experience

in other birds have reported earlier breeding, increases in the number and weight of eggs,
increases ifioraging effort, offspring defence and duration of parental care, and faster nestling
growth which may increase reproductive success (Pugesek 1981, 1983,C®45¢on and
Porter 1985. Investing in eggs and fledgling mass may enhance the ability ofriafisio
forage, survive periods of adverse weather or food shortage, or detect and avoid predators
(Williams 1994Martin et al. 2011; Gill and haggerty 20 1®Rlartin 2015). Due to the risks of
dipper nestlings prematurely leaving the nest after about dayweight measurements are

not available for older nestlings in the study site, and when coupled with the low recapture
rate of recently fledged birds, this makes their condition difficult to assess (Tyler and Ormerod
1994). Howevenvell-fed dipper nestlhgs resulting from effective care by pareraf any age

are more likely tacquirequicklythe skills necessary to gain iqmeEndence and, in turn, survive

(Yoerg 1998

Hatch date

The small positive effect size of hatch date suggests that this may not be biologically meaningful
and that development of dipper nestlings was largely unaffected by seasonal changes in
ecological conditions including weather, food availability or halgjtaglity; indeed, the values

of nestling mass compared favourably with those reported by Ormetodl. (198@). It is
unlikely thattemperature fluctuations in the breeding season across the short distance and
elevation range were limiting, as warmth prded by brooding females and nest insulation
would ensure greater trophic energy transfer was utilised developmentadigecially within

the closed and dome shaped nest of dippers (Tyler and Ormerod D&%ting 2016; Akresh

et al.2017).
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2.5.4 Factorsaffecting fledging success

Altitude

There was a small positive effect of altitude on fledging success. While it is difficult to assess
the biological significance of this, especially as the sample size for high altitude territories was
relatively small,timay be thatthe higher probability of fledgg young in the uplands reflects

a change in the threats nests face. As temperature is unlikely to differ significantly over the
elevational gradient, upland territories may have benefitted from reduced lesfefgest loss
through predation and flooding\est failures were not systematically analysed for causation
but flooding losses were exclusive to lowland rivers and, whilst predation was suspected across
much of the elevational gradient, the number of cagéth strong evidence was higher on
lowland rivers (S. P. Sharp unpublished dat@)upland nests have been lost through flooding

as most are sited high on waterfalls or banks absiveams, which are protectefitom small
increases in water volume, eventef significant rainfall. In comparison, lowland nests sited in
banksides and on bridges above rivers radially fed by tributary streams are often washed away
during spate conditions following heavy raiRats near habitation probably accounted for
some neslosses(Shaw 1978)along withAmerican minkNeovison visgnand otters Lutra

lutra) that were regularly seen on lowland rivers in the vicinity of dipper nests and are known
to predate riparian species including dippefldewson 1969,0rmerod and Tyler2005).
Additionally, these mustelids are more likely to occur in greater number at lower elevations on
larger rivers where they predate fish and whitawed crayfishAustropotamobius pallipgs
(Holdich 2003), and have never been recorded in the uplamdtdées where a lack of
bankside cover and prey may limit their distribution. Evidence of nest predation in upland
territories has been confined to foX/(lpes vulpésand corvids, particularly carrion crows

(Corvus corone(S. P. Sharp unpublished daRPW unpublished data). Finally, due to the
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typically longer length of upland territories, there may be less opportunity for polygyny, so

males might invest more care in a single brood to secure breeding success.

Female age

Clear differences are seen irdlging success between first year and increasingly older females.
It may be that selective removal of poorer quality individuals occurs after their first year of
breeding (Forslund and Part 1995; Martin 198&ucket al.2004; Steenhof and Heath 2009),
leaving a stock of higher quality individuals with accumulated physiological attributes and
parenting experiences from breeding, and that these aspects may continually improve with age
(Nol and Smith 198%Woolleret al.1990; Pyleet al. 1991 Weimerskirct1992;Brown and Roth
2009). Furthermore, habitat familiarity with repeat territory occupancy may enhance foraging
and predator avoidance behaviours resulting in greater fledging success and productivity
(Oring and Lank982; Hatch and Westneat 2003arciaNavas and Sanz 201WUnder stressful
environmental conditions including reduced food supply, age related improvements in

reproductive performance may be a consequence of past experieBeeeéet al. 2005).

2.5.5 Factors affecting numberf youngfledged

Female age

The model output suggests that after controlling for clutch size, the number of fledglings a
female produces increases with age up to a peak around 3 years and then declines, presumably
due to senescence. Whilst the sample sizes arelsthal results suggest that the maximum
productivity occurs for birds having gained experience in their first and second years as
breeding adults. Reproductive success in many birds islagendent, with older, experienced
individuals, which are often ibetter condition and havéabitat familiarity, especially they

are territory occupantssually breeding earlier, with refined maternal care and greater brood

investment(Oring and Lank 19838aether1990;Hatch and Westneat 2007; Gardavas and
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Sanz R11).This continues with age until the onset of senescence, beyond which a decrease in
productivity often occurs with further increases in ag®islund and Part 1995; Hammeats

al. 2012; Pottiet al. 2013; Zhanget al. 2015; Jankowialet al. 2018) Overa number of
reproductive years,hte cumulative effect of tissue and physiological damage is thought to
cause senescence and result in lowered reproductive success and s(Wdvedghanet al.
2008).Individuals may tradeff investment in the current brod and body maintenance, and
between current and future breeding attempts, and the outcome shifts with age and when
resources become constrainingitkwoodet al. 1979,1991;Nusseyet al. 2008; Bouwhuigt

al. 2010).Further discussion of reproductive sstence is beyond the scope of this thesis, but
seeCurio(1983), Forslund and P&ft995, andSteenhof and Heatf2009), fo useful reviews

(of the literature on birds). There has been no study of ageing in dippers to date, but the results

here suggest that this would be a useful avenue for future research.

Hatch date

Breeding early, or at a time of rising or of peak prey bissp&as been shown to increase the
number of fledglingsRerrins 1970Daanet al. 1989. In this study, however, hatch date was
not found to predict the number of fledglings produced. Moreover, late breeding birds are not
disadvantaged by a delayed brerdiseason in terms of the number of fledglings, but there
are likely costs for annual @ductivity as the opportunity fosecond broodlessens with later
breeding. Hatch dates subjected to seasonal variations in weather and episodic extreme
weather eventsand habitat quality, possible fluctuations and declines in food availability, or
losses though predation, appear to have little effect upon numbers fledged. However, studies
of longterm dipper population change in Norway concluded that environmentalatiar
affected population growth or decline, citing the effects temperature and precipitation

(Nilssoret al.2011a).
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Clutch size

Larger clutch size had a significant positive effect on the number of fledglings, suggesting that
sibling competition angarental ability to provision larger broods did not compromise the
number of nestlings fledged. Larger clutch sizes (and ultimately brood sizes) may be perceived
as higher value and receive greater investment in parental care enhancing the likelihood of a
larger number of fledging@rivers 1972Clutton-Brock 1991Hainstocket al.2010). Breeding
performance correlates with the ability to adequately provision developing nestlings to ensure
growth and survival. Care of large broods is heavily energy depemehd parents may adjust
clutch size to account for food availability (Wellicoateal. 2013). In this study, the demands

of raising large broods had little effect on nestling quality (in terms of nestling mass),
apparently contradicting expamental studies of other birdshowing a decline in nestling mass

with increasing brood size (Nur 1984; Gandl 8ird 1992; Sanz 1997; Piche@nd Monteire

Filho 2008). This suggests that adults could respond to increasing brood size by adjusting levels

of parental care, and this will be explored further in the following chapter.

2.5.6 Factors affectingnnualproductivity

Altitude

There was a small positive effect of altitude upon annual productivity, despite upland breeding
birds never having second diwds and being less likely to have replacement clutches. It
therefore seems that productivity of first broods is marginally higher at altitude or, more likely,
that this result is not biologically meaningful. The latter would suggest that there is no clear
advantage to being either a resident or an altitudinal migrant dipper and that the fithess
payoffs are similar, at least in the shderm. However, there may be lorggrm differences in
survival and lifetime reproductive success between resident andamigtippers especially if

the costs of reproducing successfully vary with altitude. Resident American dippers have been
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shown to have higher annual productivity resulting from earlier lay dates, larger clutch sizes
and higher first brood successes, andheigprobability of replacing failed nests and having
second broods than migrantd1porrissey 2004 Gilliset al. 2008. Migrants are predicted to
have a lower lifetime reproductive success than residents because despite higher annual
survival, this is insfitient to compensate for the lower annual productivity (Gélisal. 2010).
Furthermore, it has been suggested that migrant American dippers produce poorer quality
offspring with low first winter survival, and so lifetime reproductive success is poligritaver

(Mackaset al. 2010).

Female ge

Annualproductivity increased for birds up to a maximum of about 4 years of age, and included
birds double brooding anthose raising high single brood numbers, and then declined as
females aged further. This may be explained by few birds living longer than 4 years (or having
breeding data available) (n=18; 5 years=6; 6 years=4; 7 years=6; 8 years=1). Additionally,
breedingearly that enables double brooding to occur (and discussed further in Chapter 4),
being phenotypically high quality individuals in good condition, or, being in resource rich
breeding habitat, also influence productivi¥erhulst and Nilsson 2008}inaly, annual
productivity will be limited by the effects of senescence and is described earlier for the number

of fledglings produced.

Lay date

Annualproductivity decreased with lay date. As hatch date had no effect on the number of
fledglings, this suggests that early initiation of breeding may provide sufficient time for second
broods or for replacement of failed nests. The time between first lag datd the lay date of

a second clutch is, on average, 54 days in this study site, and so there must be sufficient time

for the first brood to fledge and receive pei#tdging parental care, and then for second brood
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completion before adult moult occurs. Meover, territories would need to retain sufficient
prey biomass in order to support second brood provisioning. Since prey availability appears not
to be limiting at the study site (see Chapter 3), it is possible that other intrinsic and extrinsic
cues inbrm further brooddecisionmaking A weak interaction betweefemaleage and lay

date suggested that early breeding birds up to about 4 years old were most productive
probably because of high numbers of single brood fledglings and with some second brood
success, and later breeding birds contributed fewer nestlings to annual productivity most likely
because of being unable to fit in a second brood or replace failed nests into a shortened
breeding season. Although there were only a few old, early and latedorg females, the
results do not preclude the possibility that lay date is important for them in order to have
second broods, or that they are affected by senescence and declining fecundity, as described

earlier for number of fledglings.

Of 296breedingattempts between 2013 and 2017, 12.1% were second broods, and of 155
breeding attempts producing fledglings, 23.2% were second broods, which is higher than the
proportion reported in comparable studies of dippers elsewhere in the British Bie&l¢lyet

al. 1995; Tyler and Ormerod 198Bewton 1989;Wilson 1996)Across the study periqdbn
average, double brooding pairs had first lay dates of Mar¢hah® second brood lay dates of
May 10", and birds making replacement breeding attempts following raigire, of April 28.
Repeat attempt dates following breeding failure occur beyond the limit of the majority of
second brood dates presumably due to the absence of energetic investment through raising
an initial brood. Over the study period, of 109 failedvland nesting attempts, 29.4% had
replacement nests, compared to 35.7% replacement nests in the uplands following 14 failed
breeding attempts. Although these results are difficult to interpratdbe with early lay dates
have been found to be more liketo have double broods, have replacement nests after first
breeding attempt failure, and higher productivity (including when therwal between broods

is shorte) (BohningGaeseet al.2000Q Pakaneret al.2014, Jackson and Cresswell 20Ihere
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hasbeen no recent study of productivity in dippers, but the results here suggest that this could
be a valuable line of enquiry for future research particularly in the context of climate change

and the trend of advancing lay date.

2.6 Conclusion

Increasing aitude is associated with later breeding but has either little or no effect on
reproductive success, at least not the measures investigated here. Year had no effect upon
fledging success or annual productivity, but there was significant interannual variatiay

date, nestling mass and the number of fledglings, albeit with no clear trend over time. Weather
conditions immediately prior to the breeding season may influence lay date with sustained low
temperatures limiting prey development acting as a cueétay breeding to correspond with
peak benthic biomass. Food supply throughout the breeding season and across altitudes does
not appear to be limiting (see Chapter 3), and nestling mass across the monitoring period and
altitude also appears to be unaffext and in line with that reported by other dipper studies
(Ormerodet al.1986b; O'Halloraet al. 1992) It may be that over the relatively short distance

and height difference between lowland and upland sites, climatic and water conditions are not
suffidently different to have any meaningful effect upon, for example, thermal costs or food
supply. What remains unknown are the effects of flow events including spate, flood and
drought, and levels of predation along this elevational gradient. Thus, altgadeemay not
influence lay date but that breeding is initiated later is most likely caused by factors governing
when altitudinal dispersal from overwintering grounds commences, followed by time

migrating, exploring, and establishing a territory and matquisition.

Higher altitude breeding dippers were predicted to have a marginally higher fledging success
than those at lower elevations but altitude had no apparent effect on the number of first brood
fledglings. Annual productivity does not appear toitiuenced by altitude but later breeding

is probably limited by a foreshortening of the breeding season. This allows little opportunity
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for repeat attempts after nest failure or second brooding due to the constraints of summer
moult and a possible reducin in postpeak prey biomass as larval and nymphal stages of key

EPT prey items emerge as aerial adults.

Older females tend to produce heavier nestlings and were more likely to fledge a nest, but after
a peak in fledgling production arounedyears oldliey showed a decline in productivity, most
likely due to senescence. A similar pattern is shown by annual productivity, with birds about 4
years old being most successful and a decline occurring thereafter. No older birds were found
to have a second broodyhich goes some way to explaining this decline; body condition in
later years may preclude second brooding, with females instead investing more in their single
brood and consequently producing heavier offspring, which are more likely to fledge. As birds
age it is likely that prior experience in parenting, improved foraging efficiency and predator
awareness translate into higher quality nestlings that are more likely to fledge and survive the

early juvenile period.

Altitudinal migration is likely to be antarnative migratory tactic resulting from competition

for lowland nest siteBreeding success for dippers at different altitudes may be a consequence
of: typically earlier breeding dippers on lower altitude rivers being influenced by higher risks of
flooding and predation but compensated by opportunities for double brooding and
replacement of failed nests; versus later breeding at higher altitudes with only single broods
and less opportunity to replace failed nests, but with lower risks of nest lossktiing and
predation. Breeding conditions do not appear to be better at lower altitudes and this suggests
that altitudinal migration persists because the fitness payoffs of both strategies are similar,

although the longeterm fithess consequences remainclear.

2.6.1 Further work

Dipper populations in the UK have recently undergone a decline, and a clearer understanding
of their life-histories could help to arrest this situation. Future study could examine the factors
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that cue altitudinal migration, anethy some birds habitually return to breed at higher altitudes

if breeding conditions do not differ across the elevational range. Investigating the conditions
required for double brooding would help to explain why, despite early lay date and lower
altitudes appearing to be prerequisites, some adjacent territories experiencing similar habitat
guality and environmental conditions may, or may not, have second broods. Allied to this is the
need to determine what the finscale habitat requirements are for breied success (Sim
2012). Additional work could examine brood size and parental investment costs, particularly
those involving parental age, and their impact on the quality of fledglings across the elevational
gradient. This could further explore pei¢dging and first winter survival, dispersal,
recruitment and subsequent breeding success, and could help towards a better understanding
of the population ecology and the lifetime reproductive success of residency versus altitudinal
migration. Determining the ature and extent of predation could suggest appropriate control
measures, particularly of nemative species. Examining the effects of weather on habitat
guality and the impact of variable and extremes of flow regime on prey availability and
reproductive siccess across altitudes could provide key insights into providing mitigating

measures for the consequences of climate change.
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Chapter 3

Altitude and its effect upon provisioning rate in dippers
(Cinclus cinclys
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3.1 Abstract

In many populations of migratory birds, only some individuals migrate but others remain as
residents, and this is known as gal migration. Mgration along an altitudinal gradient, whereby
some individuals move toigher altitudes to breedcan have important fithess consequences.
Understanding how parental care varies with altitude is important for predicting how populations
may respond to environmental change. Here, | undertook a field study of an altitudinalparti
migrant and aquatic passerine, the dipp@irfclus cinclysin order to investigate how offspring
provisioning rates varied across an elevational gradient. Dippers feed exclusively on aquatic
invertebrates and small fish, but whether upland migrantssomall streams are able to feed
nestlings at a similar rate to residents on lowland rivers was previously unknown. Mixed effect
models were used to examine how provisioning rates variedsacam altitudinal range of 90
520m, while controlling for brood z, nestling age and local prey availabiRRyovisioning rates
decreased with altitude in botkexes Thislikely reflects the increased travelling time éwer

more distantforaging sites on higher altitude streamsnestling prey items are removatiosest

to the nest first although whether prey sizépad and speciesaries is not clear. In females, the
impact of altitude on provisioning ratewas greater when nestlings were older, presumably
because females spend a lot of time brooding youngetlings, and the costs of distant foraging
higherprovisioning rate®f older nestlingsnay act to safeguard femalavestment in offspring

and maintainfitness In contrast, the relationship between male provisioning rates and altitude
varied with brood &e, and there may be less opportunity to vary rates when brood size is large,
especially if female provisioning rate is relatively Javhich may serve to safeguard female
survival Provisioning rates were positively correlated with partner rates and emsyre fithess

and play a role ifowering the risk of nest predatioffhisstudy therefore provides evidence that
breeding at higher altitudes influences parental care but that the effects vary between the sexes.
Future research should determine thelative costs and théongterm fitness consequences of
offspring provisioning sategies at different altitudes and hence, the benefits affitudinal

migration versus residency for partially migrating populations.
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3.2Introduction

Birds living in seasonal environments often synchronise reproduction with the peak abundance
in their food supply, which usually coincides with favourable weather conditions, in order to
maximise offspring fitheg®errins and McCleery 198@an Noordwijlet al. 1995;Sparkst al.

2002; Cresswell and Migery 2003) Provisioning of nestlings at these times has evolved to
meet thermoenergetic demands and the energy requirements for developmental and growth
stages leading to fledging, pefs¢dging survivahnd independencéWeathers 1992; Birkhead

et al. 1999; Gilbert 2001; Weathemst al. 2003; Monaghan 2008). The ability of parents to
provision nestlings is dependent upomany factors, including those that influence habitat
quality, such as climate, phelogy and seasonality, and parental condition, but primarily by
the abundance of, and accessibility to, food resourdedinson 200;7/Piersma 2012; Stevens

et al.2015). However, even during peak abundance, many factors influence food availability at
a fing scale, including weather conditionBgwsonet al. 2005; Oberget al. 2015), foraging
distance Gtaggenborgt al. 2017 Evenset al. 2018, threat of predationi{ima and Dill 1990
Brown and Kotler 2004 and human disturbance (Verhukst al. 2001, D f N R ét &1.2Q018).
Understanding how variation in these conditions impacts offspring provisioning is therefore

vital for predicting the fitness consequences of changes in the climate and habitat quality.

In altitudinal migration populations consistfosedentary residents and migrants that make
short-distance seasonal movements between breeding andim@eding locations at different
elevations(Cade and Hoffman 1993; Dingle and Drake 2007; Netbal. 2013), and the
ecological drivers and evolutionaconsequences of this have been the subject of a number of
studies (Boyleet al. 2016; Barcanteet al. 2017; Boyle 2017 Hsiunget al. 2018). Temporal
variation in food availability is thought to be an important influence alongside other factors
such & predation pressure, climatic conditions and population density (Bargzrdaée 2017;

Boyle 2017; Hsiungt al.2018).
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Breeding outcomes may be driven by quantity rather than quality of prey, but environmental
conditions that affect prey availability may have negative impacts on reproductive success
(Lambet al.2017). Variations in territory quality and food availability may also affect the quality

of nestling diet, in turn impacting growth rates and pdistdging success (NaBfaenzer and

DNl S0t SNI HamMcO® t I NByida YI e | Rafgridg adcétdngt SOS
to local conditions (Wilkiret al. 2009), so changes in food availability across elevational
gradients may affect parental care, with consequences for nestling development and survival

(Badyaev and Ghalambor 2001).

Badyaev and Ghaldmor (2001) comparetife-history traits for species or subspecies breeding

at different elevations and found differences in fecundity and parental care. Their results
suggested that as altitude increased, fewer offspring were raised and the durationesitalar
care was longer. Additionally, there was no difference in total provisioning rate across
elevations but males provisioned more than females at higher altitudes. There have been
relatively few studies of variation in provisioning rates across elevatigradients, but higher
provisioning rates have been reported in populations of species at high elevations compared
with low elevation conspecifiqgdohnsoret al.2007; Zeng and Lu 2009; Leteal. 2011, 2016)
Studies of sespecific provisioning ratdsave produced conflicting results; males have higher
provisioning rates than females at high altitudes in some species (referendatiygev 1997,

in Badyaev 1993, 1994)ut the converse is true in others (Lekal. 2011) and no difference
between thesexes across elevational gradients has also been rep{dtathsoret al. 2007).
However, these studies are from discrete populations distributed along a continuous
elevational gradient rather than single populations of partial altitudinal migrants. \ésvy f
studies have investigated how parental care, and offspring provisioning in particular, varies

between altitudinal migrants and lowland residents.
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Dippers Cinclus cinclysare a specialised bird species of rivers and streams feeding almost
exclusively o aquatic invertebrates and small fish and mostly found in hill and mountain
regions in the UK in populations containing altitudindagyrants (Tyler and Ormerod 1994;
Ormerod and Tyler 2005). Dipper populations have decreased in recent years butkitthevis

of the causes for these declines, although a number of threats from anthropogenic sources
including climate change are thought to bepantant (Ormerod and Tyler 2008tilssonet al.
2011a, 2011bEatonet al. 2015). Further information about dippeis provided in Chapterl

and 2

Dippers are early spring breeders with occasional second broods. Adults provision nestlings
almost entirely on aquatic macroinvertebrate prey, mainly mayfly and stonefly nymphs and
caddisfly larvae, but also small fish, llascs and crustaceans foraged within linear breeding
territories. Most prey is foraged below turbulent surface water flow known as rifeserod
1985h 1987, 1988; Ormerod and Edwards 1987; Wetal. 1989; Ormerod and Tyler 1991;
Tyler and Ormerod 1®1; Honget al. 2018a). Aquatic larvaland nymplal growth stages
increase in size and mass prior to emerging as reproductive éamas$, whichoften occurs

en masseEmergence is thought to be triggered by cues of water temperature and photoperiod
causing swarming, but the process can occur continually from spring until late syiDevext

et al. 1994) It has been suggested that dippers synchronise first breeditigones from prey
abundance and quality in order to match brood demand with peak food reso(Btesv 1978)

This early breeding may enable a second brood to exploit remaining prey later in the Baring (
Prato and Langslow 1978haw 1978Thorne and Hamy 1978) particularly if first broods are

provisioned on a still rising and spleak biomass macroinvertebrate food resource.

Populations of dippers overwinter at low elevations that contain yeand residents and
breeding migrants that travel to higheslevations to breed in early spring. Higher altitude

uplands in comparison to lowlands typically have delayed phenology, are colder with more
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extreme weather conditions and have shortened seasondtyrrfer2007). Upland streams

are typically narrow wh steep gradients, variable flow rates, depths and substrates. The
distribution and abundance of aquatic invertebrates can be influenced by differences in stream
structure, hydrology and environmental conditions at differ altitudes (Leatvial. 2015; Liet.

al. 2018), and could have consequences for dipper prey availability.

Insect community structure has been found ¢bangewith altitude and latitude and with
decreasing temperaturéOrmerod and Edwards 1987almeret al. 1994 Jacobsert al.1997;
Leurda et al.2009) and clear patterns of altitudinal zonation for differanayflies, stoneflies
and caddisfliegDodds and Hisaw 192Bjinshall 1969)A pH <5.7 has been found to limit a
wide range of taxgSutcliffe and Carrick 1973)ongitudinaluniformity of steam benthos
communities has been linked tmonstancy of river topography drtype of substrate (Wise
1976), whereas seasonal distributeof some mayfly species have been associated with lower
and upper catchment water temperatureMécan1960,1961;, Wise 1978 Finally, climatic
effects have been shown to affect dogical conditions experiencdaly upland stream biota,
and models projecting temperature rises resulting fronmeke changepredict declinesof

aquatic macroinvertebrate aburahce (Durance and Ormerod 2007).

A previous study of American dippefSiriclus mexicanygound altitudinal migrants fed their
offspring less fish and compensated by higher rates of the provisioning of invertebrates than
lower elevation resident¢Mackaset al. 2010) These sedentary residents fed offspring less
often but with more fish and a higher energetic provisioning rate and produced better quality
offspring than altitudinal migrants did. However, there have been no similar studies in the UK
that compare life-history traits in a single population consisting of residents and migrants,
dippers offer an excellenthodel system to examine the effects of altitude on provisioning
rates. In this chapter, | address this by analysing how male and femalisipring rates vary

with altitude in a dipper population in the River Lune catchment in the north of England.
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3.3Methods

Data were collected during the 2017 breeding season from a coioged population of
dippers distributed along lowland rivers andaipd streams in the River Lune catchment within

an 8km radius of Sedbergh, Cumbria, B&19'25.0"N 2°31'41.5"W(see Appendixigures 1

5 for territory locations)Dippers nesting below an altitude of 200m were defined as lowland
breeding and those abouhis altitude as upland breeding (lowland and upland habitats are
described in Chapter 1)Yhis population has been the subject of a ldagn monitoring
project, but in order to increase the sample of upland birds, the study area was enlarged by
searchimg suitable habitat for occupied territories within the catchment immediately outside
the core site. A total of 37 breeding pairs were monitored, of which 25 pairs were in habitat
described as lowland and a further fpairs were at upland site®irds whiclwere unringed at

the start of the season were caught in mist nests or hand nets placed over the nest; these
individuals were colour ringed, sexed according to their wing length (maximum chord
measured to the nearest mm with a wing rule) and aged as&irStF NJ 2 NJ 2 f RSNJ 0 WI R«
presence or absence of unmoulted juvenile coverts, respdgtiemongin 2016; see Chapter

1). Once active nests were located, altitude in metres above sea level to the nearest 10m was
determinedwith a Garmin eTrex H GR&armin Ltd, Switzerland), and verified with Ordnance
Survey dataNests were closely monitored through to fledging or failure in order to determine
lay date and the different components of breeding success; nestlings were colour ringed and
measured when ime days old (for further details of the nest monitoringdaringing process,

see Chapter L
3.3.1 Provisioning rate

Offspring provisioning rates for each parent were measured once in each of the three weeks

of the nestling period, usually on day 2, déyaihd day 18 (where the day of hatching is day 0),
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but sometimes a day either side due to logistic constraints. Observation sessions were carried
out during daylight hours before 11am and were made using Opticron 10x42mm ED roof prism
binoculars and a Kow20-60 x 77mm zoom telescope. Most sessions were made from behind
the cover of bankside features and at least 15m from the nest to avoid influencing natural
feeding behaviour; in the absence of suitable cover, a portable camouflaged hide was used.
Where drect nest observations were not possible, for example if the nest was in a culvert or
hidden under a riverbank, a PanasonicVAB0 video camera with zoom focussing was instead
used to record provisioning. Review of video recordings with-shmtion playbak and freeze
frame capability enabled determination of parental identity from colour ring combinations. All
sessions, whether manual or recorded via video, were one hour long startingxfnem birds

RA & LJX I & S Rndistyt2dNBehabiodrz Adults whicire wary of the observer, hide or

OF YSNY GeLMAOrtte FEFNY OFffx Wo20Q FNBIdSy it e
feeding the nestlings; in some cases the adults will eat the food which they have brought to
the nest area. These behavisuare rare when the observation site chosen is appropriate, but
measurements did not start until offspring provisioning took place and no signs of wariness
were apparent. Provisioning rates for each parent were measured simply as the number of
feeds madein one hour. It was assumed that females returning to the nest to brood young
nestlings had brought food with them, as this is almost always the case when the bird is seen
well enough. Two visits to the nest in quick session made with the same food laad we

recorded as a single feed.

3.3.2 Prey availability

In order to measure prey availability, aquatic macroinvertebrates were sampled on day 10 (+/
1 day) of the nestling period from a riffle in the territory where the parents were regularly
observed foramg or where a high density of droppings indicated a major feeding site.

Sampling site location and altitude (to the nearest 10m) were recorded using a Garmin eTrex
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H GPS (Garmin Ltd, Switzerland), and ecbegked with Ordnance Survey data. Samples were
obtained following the Standardisation of River Classifications (STAR) framework and
Freshwater Biological Association (FBA) samliotpcols (STAR 2005; FBA 20Htiefly, a
standard threeminute kick sample was taken in the riffle using a 1.5m handiethaped
metakframed net with a cross sectional area of 557camd a 1mm polyester mesh held
downstream, with the rim on the stream belicking and shuffling of the substrate dislodged
fauna that was swept by the current into the net. On site, net cotgevere hand sorted to
remove stone debris and to record and release any small fish. Specimens were completely
immersed in a preservative solution of 1:1 methanol and water in labelled and sealable
polythene bags. The net was then rinsed clean and visibBcked for animals before

subsequent use at further sites.

In the laboratory, samples were hand sorted to remove remaining stream debris with any finer
material passed though stacked sieves of mesh sizes 4mm and 0.5mm. Specimens were
identified and counéd using identification guides of freshwater invertebrat€aft 2012;
Dobsonet al. 2012) using a Leica S4E 20 X (Leica L2 light unit) zoom binocular
microscope. Specimens were sorted into Ephemeroptera (mayfly; E), Plecoptera (stonefly; P),
Trichoptera (caddisfly; T) and all other animal taxa; the former three make up the majority of
the diet of nestling dippers (Ormerod 19850rmerodet. al 1987; Tyler and Ormerod 1994)
FYR GKSAN)I O2YO0AYSR RNE O0A2YIl &aasz mdéxNdbBpreyd SNI |y
availability. Excess liquid was removed from the samples by blotting for 1 minute on tissue, and
specimens were then dried to constant weight by heating &CAdr 48h in a thermostatically
controlled Gallenkamp Size 1 Economy Incubator agigllved using an OHAUS Pioneer digit

electronic balance to 0.01g.
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3.33 Statistical analyses

Generalised linear mixeeffect models (GLMMs) in tHme4 package (Batest al. 2015 were

used to investigate the relationship between altitudad the response variable provisioning
rate (i.e. the number of food deliveries to a nest in a 1h period) of adult male and female
dippers. GLMMsvere used because the data were n@aussian and to account for non
independence (pseudoreplication) by fitting rand@&tfiects (following Bolkeet al. 2009and
Harrisonet al.2018) Models of male and female provisioning rates were run separately, with
individualidentity fitted as a random term to account for repeated measures of provisioning

rate at different stagesfmestling development.

For models of the relationship between altitude and male provisioning rate, provisioning rate
was fitted as the response variable with the following fixed effects included: altitude (in m),
nestling agedsweek 1, 2 or ®f providoningrate observationsafter hatching, brood size (the
number of nestlings on day 9), EPT (total dry biomass of Ephemeroptera, Plecoptera and
Trichoptera in g), male ages agecategory (first years oall other ages as adults)erhale
provisioning rate(measured during the same one hour provisioning watch) and watch date
(the Julian date on which the provisioning watch occurred). Nestling age and brood size are
important determinants of provisioning rate in most species (Goodbred and Holmes 1996
Chambelain et al. 1999 MacColl and Hatchwell 2008owers et. al 201422 SOK | yR 2 SOF
2017); EPT was fitted as a measure of prey availability; and male age, female provisioning rate
and watch date were fitted to control for their possible influence. Interactidretween
altitude and each of the other fixed effects were also fitted, and male identity was fitted as a
random term (GLMM; poisson error structure and log link function; n=30). Models of female
provisioning rates were constructed in the same way buhuiliie provisioning rate of females

and males fitted as the response variable and a fixed effect, respectively, andewitie

identity fitted as a random tern{n=30) In all cases, explanatory variables were fitted as
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continuous variablesModel construcion and selection, model averaging and validity checks

were carried out aglescribed in Chapter.2

3.4Results

A summary of the breedingariablesof the lowland and upland dippers in 2017 is given in

Table 3.1 (n=37 pairs). For thralyses of provisioning rates, complete data were available for

30 breeding attempts; 22 in lowland habitat and 8 in the uplands.

Table 3.1A simmary of thebreedingvariablesof lowland and upland dippers in the River Lune
catchment study site in 2017. Data are means = SD (sample sizes in parentheses).

Breedingvariable Lowland (<200m): Upland (>200m):

first broods first broods

Lowland (<200m):
second broods

Lay date (Julian date)* 77.18+ 12.92 (33) 94.50+9.72 (8)
Clutch size* 450+0.62 (34) 4.71+0.49 (7)
Hatching success (%)** 87.82+ 18.13 (29) 100.00£0 (3)
Brood size on day 9** 3.88 £ 0.91 (32) 3.38 £1.06 (8)
Fledging success %*  69.44 (36) 70.00(10)

Number of fledglings  2.42 £ 1.99 (48) 277 £1.74 (13)
(all nests)

Number of fledglings  3.74 £ 1.03 (31) 3.60 £ 0.84 (10)
(successful nests)

127.50+ 6.14 (12)
4.00 +0.43 (12)
88.13+ 12.80(8)
2.90 +0.99 (10)
50.00 (12)

1.33 + 1.50 (12)

2.67 + 0.82 (6)

* Calculated only for first breeding attempts
** Calculated only for nests which hatched at leasearestling

101



3.4.1. Factors affecting male provisioning rate

All the best fitting GLMMSs of the factors associated with male provisioning rate and their effect
sizes model averaging are found in Tables 3.2 andv&l& provisioning rate was predicted by
altitude, brood size and female provisioning rate; togetherhwihe interaction between
altitude and brood size, these terms were present in all of the best fitting modiéide
provisioning rate was negatively correlated with altitude (Figure 3.1) and positively correlated
with brood size (Figure 3.2). However, tiedationship between provisioning rate and altitude
varied with brood size; for small broods, males fed their chicks at a lower rate with increasing
altitude, but the converse appeared to be true for large broods, although the confidence
interval for thiseffect was large (Figure 3.3). Finally, the provisioning rate of males was
positively correlated with that of their partners (Figure 3.4). The interaction between altitude
and female provisioning rate was included in the best fitting model settHeueffect sizevas

small and unlikely to be biologicallgeaningful Finally, the fixed effects of EPT, male age,
nestling age, and provisioning watch date and all other interactions were not pras&ime

bestfitting models.
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Table3.2. Thebest fittingGLMMs of the factors associated with male provisioning rates (i.e. those models pAtiCa value of 2 or less from
the best fittingmodel. The null model is shown for comparison (n = 30).

Full model gimer:male provisioning rate ~ (altitude + brood sizERT+ female provisioning rate + male age + nestling age + watch date +
altitude : brood size #ltitude : EPTF altitude : female provisioning rat+ altitude : male age altitude : nestling age altitude : watch datg +

(1|male identity)

Model Intercept  Altitude  Brood EPT Female Male  Nestling Watch Altitude:  Altitude: Altitude:
size prov. rate age age date  brood EPT female prov.
size rate
557 1.723 -0.323 0.268 0.168 0.620
2605 1.708 -0.352 0.267 0.144 0.634 -0.077
1 (Null) 1.639
Model Altitude: Altitude: Altitude: df  LogLik AlCc n'! L/ Weight Rm Rc
male age  nestling watch date
age
557 6 -209.821 432.7 0.00 0.148 0.656 0.668
2605 7 -209.331 434.1 1.40 0.074 0.655 0.668
1(Null) 2 -230.305 464.8 32.02 1.610e-08 0.000 0.000
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Table 3.3.The results of the GLMM of the factors associated with male provisioning rate
after model averaging. Details of fixed effects westirned from averaging the models
within 2 AIC units of thebest fittingmodel. The random effect variance was obtained
from the best fittingmodel.

Fixed effect Estimate Standard error Adjusted Relative
standard error importance

Intercept 1.718 0.070 0.071

Altitude -0.333 0.086 0.087 1.00
Brood size 0.268 0.087 0.089 1.00
Female 0.1600 0.051 0.052 1.00
provisioning

rate

Altitude: brood 0.624 0.158 0.160 1.00
size

Altitude: -0.025 0.058 0.058 0.33
female

provisioning

rate

Random effect Variance

Male identity =~ 0.058

104



—
[&)]
L

—
o
L
-
-
-
-

(4]
L

Male provisioning rate (feeds per hour)

100 200 300 400 500
Altitude (m)
Figure 3.1.The relationship between male provisioning rate and altitude. The pc
represent the predicted values from a GLMM after model avera@imgles = nests <200r
altitude, triangles =nests >200m altitudepnd the shading shows the 95% confider
intervak.

-
-
15
3
_g . -
g - -
m - -
e
g - - -
Y—
o
o 10
9
(1] - -
L.
[#)]
=
=
.0
0
>
o
L. =g
55
Q
©
= . . .
. - -
. - -
01 - . *
2 3 4 5
Brood size

Figure 3.2.The relationship between male provisioning rate and brood size. The p
represent the predicted values from a GLMM after model averaging and the shading :
the 95% confidence intenal

105



F=
=]
L

[#5]
]
L

Male provisioning rate (feeds per hour)

100 200 300 400 500
Altitude (m)

Figure 3.3. The relationshigpbetween male provisioning rat@nd the interaction
between brood size and altitude. The line shows the prediction from a GLMM
after model averaging and the shadingsls the 95% confidence intergapoints

are excluded for clarity.

—_ —_
= ()]
f 1
-
-
-
-

Male provisioning rate (feeds per hour)

0— L] - - . -

Large brood size

—S8mall brood size

0 5 10 15 20
Female provisioning rate (feeds per hour)

Figure 3.4The relationship betweemale provisioning rate anthe provisioning rate of
the female (partner)The points represerthe predicted values from a GLMM afteodel

averaging and the shading shows the 95% confidence ingerval

106



3.4.2 Factorsaffecting female provisioning rate

All the best fitting GLMMs of the factors associated wittmale provisioning ratand their

effect sizesafter model averaging are found in Tables 3.4 and &lfitude, nestling age and

male provisioning rate were important predictors of female provisioning rate, being present in
all of the best fitting models.Female provisioning rate was negatively correlated with altitude
(Figure 3.5), but unlikenale provisbning rate, increased with nestling ageiqures 3.6 and 3.7).
There was again a positive correlation between the provisioning rates of partners (Figure 3.8), and
an interaction between altitude and nestling age (Figure 3.9). Brood size, EPT and female age
category each appeared in one of thest fittingmodels but their effect sizes were very small and
considered unlikely to have any biological significarievisioning watch date was the only

variableabsent frombest fittingmodels as wereall other interactions.
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Table 3.4Thebest fittingGLMMs of the factors associated with female provisioning rates (i.e. those models wiAlCz value of 2 or less from
the best fittingmodel). The null mael is shown for comparisom € 30).

Full model gimer: female provisioning rate ~ (altitude + brood sizERT+ female age- male provisioning rate + nestling age + watch date +

altitude : brood size #ltitude : EPT altitude : female age- altitude : male provisioning rate + altitude : nestling agdtitude : watch datg +

(1|female identity)

Model Intercept  Altitude  Brood EPT Female Male prov. Nestling Watch Altitude : Altitude:  Altitude:
size age rate age date brood size EPT female

age

71 1.704 -0.198 0.184 0.506

72 1.702 -0.186 0.185 0.191 0.509

79 1.703 -0.186 0.077 0.180 0.505

87 1.705 -0.174 0.073 0.184 0.505

327 1.706 -0.185 0.182 0.495

Null 1.779

Model Altitude: Altitude: male Altitude: df Loglik AICc nAICc Weight Rm Rc

nestling age prov. rate watch date

71 5 -260.327 531.4 0.00 0.062 0.525 0.535

72 6 -259.632 532.4 0.93 0.039 0.546 0.556

79 6 -259.877 532.8 1.42 0.030 0.535 0.544

87 6 -259.925 532.9 1.52 0.029 0.533 0.543

327 -0.050 6 -260.086 533.3 1.84 0.025 0.514 0.524

Null 2 -320.527 645.2 113.78 3.226e-26 0.000 0.000
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Table 3.5The results of the GLMM of the factors associated with female provisioning rate
after model averaging. Details of fixed effects were returned from averaging the models
within 2 AI€ units of thebest fittingmodel. The random effect variance was obtairfiezm

the best fittingmodel.

Fixed effect Estimate Standard error Adjusted Relative
standard error importance

Intercept 1.704 0.081 0.082

Altitude -0.188 0.089 0.090 1.00
Brood size 0.013 0.043 0.044 0.16
EPT 0.011 0.041 0.042 0.16
Female age 0.039 0.103 0.103 0.21
Male 0.184 0.054 0.054 1.00
provisioning

rate

Nestling age 0.505 0.057 0.057 1.00
Altitude: -0.007 0.031 0.032 0.13
nestling age

Random effect Variance

Fenale identity 0.10L
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Figure 3.5The relationship betweefemale provisioning rate and altitude. The
points represent the predicted values from a GLMM after model averaging
(circles = nests <200m altitude, triangles = nests >200m altittjhe shading
shows the 95% confidence intersal

110



-
L

[=2]
L

(%]
1

Male provisioning rate (feeds per hour)
iy

Week 1 Week 2 Week 3
Nestling age (during week after hatching)

Figure 3.6 The relationship between male provisioning rate and nestling age.
The points represent the predictadlues from a GLMM after modaleraging
and the bars represent the 95% confidence intervals.
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the shading shows the 95% confidence intesypbints are excluded for clarity.
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3.5Discussion

The results of this study suggest that offspring provisioning rates in dippers vary with altitude
and a number of other variables, but these effects differ between males and ferAdtitésde
was an important predictor of provisioning rate in both sexed,an males, the effect varied

with brood size, whereas in females, the effect varied with nestling age.

Provisioning rate was negatively correlated with altitude in both sefxesigher elevations,
streams typically become narrower and major foragingssin riffles are fewer, have less area
and are often distributed over greater distances from nests compared to lowland territories.
Riffle area was the most important factor affecting territory length in brown dipp€msdus
pallasi), was positively aoelated with breeding performance varialde and was better at
predicting food availability than territory are€ien and Wan@009 Honget al. 20189.
Estimates of the energy requirement and territory size for dippmrggest thatbreeding
success maydadependent upon riffle ared¢yantet al. 1985, 19880rmerod and Tyler 1991

and total riffle area required to raise a brood on higher elevation streams could be distributed
over longer distances than for lower elevation rive&taddisfly are found imbundance in riffles

and have been found to contribute the most to nestling diet in dipper species, with increasingly
larger lavae taken as nestlings develg@rmerod 1985b; Ormeroét al. 1987; Tyler and
Ormerod 1994 Chiuet al. 2009 Honget al. 20183). Brood sizes were similar for lowland and
upland territories and comparable to those reported elsewhéFgler andOrmerod 1994;
Smiddyet al. 1995, and mean nestling mass does not differ between the two habisds
Chapter 2) suggesting that food availabilifyer se(and delivery to nestlings) may not be
limiting for nestling growthln 2017, preliminary analyses indicated that measures of local prey
availability as separate B, and T, or, EPT combinetid not vary with altude or over the
breeding seasorsuggesting that nparticular taxa were likely to be limitiflgPwW unpublished

data).Provisioning appears to be adequate across all altitudes for nests to successfully fledge
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young and with little difference in the numbef fledglings (see Chapter 2).may be that
becausecaddisfly and other prey are quickly predated from small, widely distributed riffle
areas close to nests first, the lower provisioning rate at higher altitudesrefl®gt more time

spent travelling & increasingly distant foraging riffles and prey handling costs. At lower
altitudes, the converse of this may occur alongside either effective or less discriminating prey
selection and smaller prey loadBhe tradeoff between the time and energy costs ditant
foraging versus the declining food benefits in nearby feeding éeians and?earson 1979
Wetterer 1988) may be compensated by high intensity feeding bouts and higher prey loads
per journey with either many small or a few large prey itemsebection of nutritionally higher
quality food (Stephens and Krebs 1986; Cuthill and Kacelnik 1990; Treshlalag005; Chiu

et al.2009). In 2017, adults at higher altitudes were observed making return provisioning flights
in excess of 1km and carryingsibly large stonefly nymphsP®/ unpublished data), despite
these having highly chitinous exoskeletons similar to some terrestrial insect spatbide and
Slagsvold 2014, 2019nd likely being of lower nutritional value comparedéss sclerotised
caddisfly.If caddisfly availability were to decline, a dietary shift toward stonefly may provide
an acceptable food source during early nestling stages at higher altitudes, particularly smaller
and less sclerotised instars. A tradé between utilising sb-optimal nutritional taxa and
nestling growth requirementmay allow dippers to overcome the scarcityf@dd resources as
riffles near to nestsdbecome depleted of preferred prey at higher altitud€3rifrerod 1985b;

h N 2 @tadl. R0O17 Vilches et al. 2018. Dippers at higher elevations may forage
opportunistically irrespective of prey taxa or size, as differences in invertebrate assemblage
composition, abundance and biomass were not detected in preliminary analyses. These birds
may be compensating fdrigher travelling costs to distant foraging sites by selecting for habitat
quality i.e. riffles and thus food availability, a phenomenon observed in staflifeldbjerget

al.2017) At higher altitudes, larger prey may be less abundant but more obtoadistect and
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to offset travelling costs incurred, dippers may return larger prey items and higher total prey

load per foraging trip.

Nest predation can account for significant egg and brood loss (Efteland and Kyllingstad 1984),
and has occurred acrossetstudy site in all years.(B. Sharp unpublished data), with likely
predators including American mink¢ovison visonand other mustelids, corvids and foxes
(Vulpes vulpds(Shaw 1978; Tyler and Ormerod 1994). Nestling begging calls are a cue for
parental provisioning but are also likely to alert predat@diner and Johnstone 199Zeech

and Leonard 1997; McDonadd al. 2009) and dipper nestling calls are relatively loud (Shaw
1978). However, responding to begging with more provisioaittiyity at the nest can result

in a greater likelihood of predatiofMartin et al.2000).Dippers may trad®ff distant foraging

and fewer nest visits with higher prey loads p&p, which may reduce vocal nestling begging,
and, together, these may avoierting predatorsReductions in parental visits have been
shown to lower rates of nest predatiqiggers 2002; Eggestal. 2005, and this may happen

at higher altitudes in dippers as a response to an increased threat of predation. It is not known
whether predation pressure is higher in upland territories, but there is less predator control on
land that is primarily grazed by sheépvies ariesand not managed for game bird shoots. At
higher altitudes, lower male provisioning rates with small broods provide more time for
predator surveillance, whereas with larger broods, males may tadflenore conspicuous
visits that sate noisy nestlings versus fewer visits but audible begging calls from hungry
nestlings. The dataresentedfor large brood sizesuggests less confidence than for small
broods but this does not preclude this from being a refiéct. At lower altitudes, if high
provisioning rates occurred over short periods that sated rather than left nestlings hungry,
noisy and conspicuous to pretdas, this may provide additional time for territosgilance by

parents.
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It was not possible to account for parental activities other than provisioning, but nest security
is a tradeoff between predator vigilance, nest guarding dodaging time, and exacerbated
when food is limitedomdeur and Kats 1999; Verdolin 2006; Bell.2009), and is possibly

mediated by higher altitudéabitat having less bankside cover for dippers.

Male provisioning rate was positively correlated with brood size and further influenced by the
interaction between brood size and altitude, whilst small model estimates for females (and the
absence of an interaction) were not thought to be biologically niegful, suggesting
investment in provisioning is consistent across altitude regardless of brood size. Brood size and
provisioning rate are directly related to total nestling demands and reported in a number of
speciesand from experimental studie§Conradand Robertson 1993Wright et al. 1998;
Chamberlairet al. 1999 Magrathet al. 2007;Lowet al. 20122 SOK | YR MSOK HAMT
provisioning may respond positively to food shortage, nestling demand and threat of predation
to ensure rapid nestling growt{Grundel 1987Mizuta 2005)Male dippers may also respond
more than females to the noisy nestling begging of larger broods by increasing provisioning
frequency to reduce alerting predators, and possibly by opportunistic foraging efsirnal

prey at hidner altitudes as described earlie@mall broods tend to produce less loud begging
calls than larger brood®ttossonet al. 1997, Leonardet al. 2000, and the lower male dipper
provisioning rates may be enough to satisfy nestling food requiremantbprovide more time

to invest in safeguarding smaller brood survival with territorial surveillakiedes with higher
provisioning rates than females may obviate low breeding success, or, with a greater certainty
of paternity, may invest more in parental caas a strategy to maximise brood and lifetime
reproductive success that may outweigh the potential benefits of ep#ia matings(East

1981, Tremant and Ford 2000Nakagawaet al.2007) Additionally, lower female provisioning
rates may reduce thepportunity to vary rates by males. Given that the costs in egg production
and brooding are entirely met by female dippers, it might be supposed that female provisioning

rates would increase in line with brood size to maximise current and lifetime reptiwduc
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success. Howeveparental care is likely to result in lowered survival for males (Santos and
Nakagwa 2012), whereas females may remain unaffected possibly by transferring costs of
reproduction to offspring by prioritising their own conditidlnindenand Mgller 1989)Female
dippers may spend more time feeding themselves because of the energetic investment made
after incubation and brooding, and their palstooding condition and ability to provision may

not satisfy nestling demand during periods ofichgrowth without an increase in provisioning

by males, particularly for large brood sizes. An absence of a strong provisioning response to
increasing brood size or across altitudes by female dippers may be to minimise adverse long
term effects of high preisioning rates upon female poestproductive surviva{Bryant 1991,
Partet al. 1992; Hanssemt al. 2005),and may lower the reproductive costs required for
subsequent breeding attemptd\lternatively, females may have different foraging strategies

to maes (Moreno 1995), or take longer to travel to feeding sites but offset this by returning
with higher prey loads (Grund&B87), or by engaging in additional territorial duties, predator

vigilance or selfnaintenance.

Male provisioning rates did not &fSNJ gAGK ySadtAy3a | 3S IWmKSNBI &
contrast, American dippeishowed no increase in provisioning rate with nestling age, although
nestlings regularly eat more biomass as sifitl, whichis less usual in whitthroated dippers

(Tyler and Ormerod 1994; Mackast al.2010; W unpublished dataMale dippers delivered

more feeds than females during week 1 provisioning watches as females were brooding but
female provisioning rates significantly exceeded those of males in weeks 2 andr3 afte
brooding.Higher altitudes negatively affected female provisioning rat@ess all nestling ages

but most markedly during week 3, and this may be explained by altitude effects upon habitat,
foraging and defence as described earlier. During broodingaliesrhave few periods of recess,
after which they are assumed to return and feed young, and so males undertake most of the
provisioning. Low provisioning rates soon after hatchihglihaltitudes probably resufirom

small nestlings having a limited gapize that determines prey selection, the volume of food
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that can be ingested, how quickly nestlings are sated, and the rates of digestion and transit
within the gut. Growth, development and energy requirements may not be constant for dipper
nestlings, buprovisioning must be sufficient for them to gain around@per day until growth

rate plateaus after about day 13/1@yler and Ormerod 1994Rrovisioning rates typically
increase linearly with nestling age and level off in the later stages or dedlymysbefore
fledging, which may be an inducement to fledge or reduce predation risk close to fledging
(Grundel 1987; Yasukaved al. 1990; Adler and Ritchison 201Bnhanced levels of female
care during week 2 and 3 may reflect the brood investments enathereas males may
undertake other protective duties and both are described earlier. Bigamous matings may be
reflected in less male parental investment concomitant with questionable paternal certainty
(Chaineet al.2015), and whilst polygyny occurs in the study site, it is not commdp.g8arp

unpublished data).

~

¢CKS LINPOGAAAZ2YAY3T NIXGSa 2F 020K ASES& | LIISF NBR
in a rangeof other species (Nordlund and Barber 2066nde and Kilner 2007; Meacs al.

2011).Dual increase in food delivery may arise independently in both parents in response to
nestling begging, or, increased partner provisioning rate prompted by observational cues
(Hinde and Kilner 20QHarrisonet al. 2009; Bebbington and Hatchw@016). Brood size and

then rate of partner deliveries have been shown to influence provisioning rate in adults, with

nestling begging calls having only a small effelimde and Kilner (2007%ince there was no
significanteffect of brood size on the provisioning rate of female dippers this suggests they

may respond to increases in male provisioning rates mediated by nestling demands. Increases

in male provisioning rates could result from the demands of larger broods amrdponse to

increased female provisioning rates elicited by theirales)initial rate of provisioning. The

negotiation model of paretal care asserts that agonditions change, parental care
AyodSaldySyida INB | R2dza SR I yFR SR @GR LIKNYNT Q. N
(Johnstone and Hinde 2006; Nakagaatal.2007; Harrisoret al.2009).The current and post
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fledging benefits to a brood from mutually increased parental food deliveries must be traded
off against the impact upon a subsequdmood (namely, early breeding lowland dippers that

are more likely to second brood), adult condition gr®ult, and a greater risk of predation

with more parental activity at the ne¢Martin et al.2000;Leniowskiand t 3 NJ & yTheren my 0
may beno measirable effects on nestlingsut if parents differ in their work effort, it may have

consequences for their suwval or reproductive success in the following year

EPT was only present as a weak positive effect for females and may not be biologically
meanirgful, so any effect on EPT due to phenology, seasonal weather conditions, or other taxa
that could influence provisioning rates remained largely undetected, and EPT communities do
not appear to be constrained by prevailing water conditions (described mpt€h 1).
Moreover, as nestling mass across altitude and date of breeding did not appear to differ (see
Chapter 2), all of these results suggest that food availability is not limiting and that distribution
of macroinvertebrates at different altitudes, patlarly in riffles, may be an important
determinant of provisioning rates. Stonefly nymphs appeared to predominate at some upland
sites and a delayed emergence from streams containing a range of nymph sizes may provide
an acceptable food source for latbreeding dippers at higher elevations. EPT community
structure has been shown to requiparticularenvironmentalconditions(Brittain 1982, 1990;
Furederet al. 2005 Brand and Miserendino 201Kalaninovéet al. 2014), but over the short
distanceelevational change of 430m in the study area there may be insufficient change in
altitude and stream conditions to affect invertebrate populations. Rivers and streams in the
study area appear to provide equitable conditions for macroinvertebrate populatioat can
sustain dipper populations (see Chapter 1), but how conditions influence specific habitats and

the taxa within them may be difficult to determine (Ormerod and Edwards 1987).
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3.6 Conclusion

EPT do not appear to be limiting across altitudevith time of breeding and reflects high water
quality that promotes abundant benthic communities across the study Aitéude appears

to affect negatively provisioning rate in dippers, although, nestling mass remains unaffected
(see Chapter 2Y.he gewler effects suggest that males may play a greater part in provisioning
at higher altitudesUpland streams tend to be narrower with small feeding riffles distributed
over long distances than lower elevation rivers. This would suggest that habitat quality
measured by time travelling to forage might be driving provisioning rates, and may cause
migrant dippers to forage opportunistically, alter prey loads and handling costs, and produce a
shift in nestling diet. As only one breeding attenipimade at higherlevations (see Chapter

2), males may adopt alternative investment strategies: for large broods higher provisioning
rates are more likely to deliver sufficient food to maximise brood success; whereas small
broods can be sated with fewer feeds and surpluseticould be devoted to safeguarding
nestling survivalMales may also respond with higher provisioning frequency to increased
brood size possibly to compensate for lower female provisioning, which may be a strategy of
females to enhance postproductive sirvival and lower future breeding costs. Female
RALILISNBE LINRGAAAZY Y2NB la ySadtiay3aaqQ +3S
investment made through egg production, incubation and brooding, to ensure fitness, and is
mediated by the effects ofititude that may cause a lowering pfovisioning rate thatvithout

which, might impact female body condition and energetic cast$ have fithess consequences
pre- and postmoult. Provisioning rates are positively correlated with partner rates and as
femdes do not increase provisioning rates with brood size it would suggest that they cooperate
FYR F2tt26 YIES LINRPGAAAZ2YAYT NIGSaz oK2 Ay
or respond to begging broods. Dippers may also make foraging declsised on the threat

of predation by tradingpff foraging distance, increasing prey load and potentially noisy
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nestlings versus frequent, predator alerting visits but quieter nestlings, mediated by habitat

quality resulting from the physiographic effectsf altitude. With potentially fewer
opportunities for extralJr ANJ YIF GAy3a |yR &2 3ANBFGSNI O2yFAR.
males may invest more in breeding success. Females at higher altitudes may select higher
guality mates that are willing andapable to invest more in parental care in a demanding

environment and, in return, deliver paternal certainty and reproductive success.

3.6.1 Further work

Future research could investigate if habitat quality is determined by how stream characteristics
at different altitudes affect the distribution and size of foraging riffles and benthic
communities, parental foraging behaviour and nestling diet and development, and if this has
fitness consequences for resident and migrant dippers. Further study couldxastree how
stochastic events such as weather can affect flow conditions and influence provisioning rate
and nestling development across altitudes. Predator simulation experiments could investigate
the strategies that dippers adopt to counter the threat medation such as compensatory

feeding, the role of synchrony or asynchrony of nest visits, and nestling behaviour.
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Chapter 4

General discussion
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4.1 Altitude and its effect upon breeding success in dippers

The breeding population of dippe(€inclus cinclysn the Rver Lune catchment appears to
have two migratoryife-history tactics yearlong residency on relatively low altitudeersand

an altitudinal migration to upland tributary streams for breedfrgm wintering sites alongside
residents. Previous studies elsewhere in the UK have recognésédl altitudinal migration in
dipper populations(Shaw 1978Tyler and Ormerod 1983 ogie 1998)but this is the first
investigation of reproductive succea®ng an altitudinal gradient within a watershed. Dippers

at higher elevations breed later, have fewer second broods and may be less likely to replace
failed clutches. Resident birds, on the other hamdght have higher lifetime reproductive
success if thy were regularly having multiple brogdss early successful first clies allow

time for second breeding attemptgltitude appeared to have little or no effect orestling

mass, number of first brood fledglings and annualdurctivity. However, fledging success (i.e.

the probability of fledging at least one chick from a brood) increased with altitude, albeit with
a small effect, anthis may be because of a lower risk of flooding and predation. It is likely that
migrants are temporallgonstrained to single broods but not limited by food to raise typical
brood sizes, whilst residents probably sustain greater losses through flooding and predation

with the shortfall made up by replacement nests or second broods.

Seasonal variation in eaical conditions across the elevation gradient does not appear to
affect habitat quality or breeding outcomesith noapparent seasonaleclinein prey biomass

or provisioning rates, number of fledglings or nestling mass at increaléingles.Upland lirds
provision young less often even though food does not appear limiting, but neither nestling
mass nor the number of chicks fledged in first broods varied with altitddephysical and
chemical measures of water quality across the study site (inclyaif)gare highly suitable for
aquatic invertebrates, their distribution might vary with changes in stream physiography at

altitude, such as a reduction in threumber of foraging riffles thasupport key nestling food
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items (Tyler and Ormerod 1994l may bethat birds at higher altitudeoccupystreams that
have more disparate foragingreas, which require longer flight timeand leadto fewer
provisioning visitsHowever, these longer feeding trips may be compensated ftarber prey
items per deliveryand preyloads, lower prey handling cogtsrough more efficient foraging
more intense foraging or a greater diversity and higher value food in prey rich riffleBor
example, it was observed that dippers repeatedly dettgdarge stonefly nymphs at upland
nests and it is possible they represengood alternativéood source for/ S a (i brke/ldge Q
caddisfly larvae have been effectively removed from feeding rif@smerod 1986). The diet

of nestling dippers across theriish Isles and Europe shows considerable variation in
composition (Tyler and Ormerod 1994), and it is probable that at Sedbecglised variation

of prey diversity and abundance may vary temporally in individual streams and be further
affected by altitide, which in turn influences provisioning rates for different brood sizes and as
y' S & (i fage.¥f @ay Qe that birds at lower altitudes have greater access to small fish, which

commonly supplement nestling diets (Tyler and Ormerod 1994).

The rivers andteeams in the study site have rarely, if ever, beenhoend, but stochastic
unseasonal cold weather events can lower water temperatuagsl this may influence the
timing of breeding. However, in some casessidents on the main rivers and migrants on
streams actually nest at similar elevations yet the latter still breed later. Habitat structure of
rivers and streams can determine imabrate richness and abundan¢Barneset al. 2013),

and variable flow rates on different orders of streams may alsecaifivertebrate diversity
and densities by influencing size of substrate and riffle habitat stru¢Gtmrahler 19521957;
Shreve 1966Downeset al. 1993; 1995) and composition of aquatic plants and detritus
(Egglishaw 1969Alternatively, it may be that elevation itself is not affecting lay date but that
later reproduction is simply the outcome of the time taken by individuals to leave lowland
overwintering sites and reach higher elevations, acquire mates and establighriegras has

been suggested for American dippékdorrissey 2004)
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in dippers being typically short distance movemefitgleret al. 1990;O'Halloranet al. 2000;

Ormerod 2002) competition for nest sites possibly forces some individuals to travel more
gARStE@ AY 2NRSNJ (42 t20FGS F GSNNRAG2NRXZ G2 N
breeding, or, to migrate altitudinally along tributary streams. Sinmileocesses have been

described in other specigRabenold andRabenold 1985)ncluding American dippe(€inclus

mexicanu} (Gilliset al. 2008) Failed competition for nests sites would suggest that migrants

are subordinate to residents due to age, qtialor inexperience. However, in comparing

residents breeding <200m and migrants >200m across all study years, juveniles successfully
established a similar proportion of lowland and upland territories (lowland: %5.6-154

breeding attempts; upland: 50%, n=26; RPW unpublished data), and were capable of

breeding successfully in their first year regardless of migratory status.

Migrant American dippers breed later, have shorter breeding seasons and fewer second broods
(Morrissey 2004, Gillist al. 2008), sipporting the results shown here, and residents have
higher annual productivity and lifetime reproductive success than migr&itset al. 2008).

This suggests that altitudinal migration has lower fithess payoffs in this species, and is perhaps
I woSad 2F F oFR 220Q & Ndta @a18)svho sfowed fh&tl & dzLJL
migrants do not compensate for lower productivity with inég quality offspring as their
offspring are less likely to survive the first win(@reenet al.2015) Greenet al. (2015)found

that migrant American dippers do not gain from the reduced costs of single brooding or from
not having to defend and be regited to yearlong territories during foelimiting floods, as

any possible survival benefits were offset by an increased risk of predationeGalli$2008)

noted that some migrants repeatedly used the same strategy and had lower productivity than
resddents yet had higher annual survival, albeit not by enough to offset lower productivity and
balance lifetime reproductive success. Altitudinal migration in this species probably results

from competition and is likely a strategy by subordinate individuakble to acquire breeding
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territories in the overwintering sites (Greet al.2015). By contrast, migrant (whithroated)
dippers do not seem to differ from residents in their annual productivity, and Logie (1998)
found no difference in lifetime reproditive success. However, in the current study, survival is
not easy to determine as the population is not closed and dispersal of edimed birds

outside the monitored site isot uncommon (SP. Sharpunpublished data).

Residency and migration in thearme population could be the result of a fixed genetic
dimorphism whereby each strategy has equal -p#fg, producing an evolutiondlly stable

state, or it may be tha@nnual variation in whichever migratory strategy is best creates
fluctuating direction ofselection (Gilliset al. 2008). Alternatively, environmental or social
conditions could influence switching ofigratory tactics but this would only apply if an
AYRAGARIZ £ Qa O2YLISGAGA D Set & ®008).Alflibéing @ Knigrndrd 8 &
condition-dependent, then the resident and migrastrategieswvould coexist but with unequal
fithess outcomeswith subordinate competitors accepting poorer breeding prospects over no
breeding at all. Unlike Gillet al. (2008), this study found no difference in productivity with
altitude, whichwould suggest that a fixed genetic dimorphism could persist. However, since
there is no analysis of annual survivalresidents and migrants or their offspring, lifetime
fithness cannt be assessed. Partial migration in European rolfrithacus rubecula for
example, is suggested to be a conditional strategy with resident males having higher survival,
higher mating success with earlier settling date, higher probability of breedidghégher
fAFSGAYS NBLINRPRAzOGA DS &adz00Saa GKFYy YAINI Y
genetic basis for migratory tendency was not exclu@&driaensen and Dhondt 1990)

In this study, sample sizes are too small to compare reproductigeess in each year for
alternative breeding strategies. However, there are cases of juveniles from upland breeding

parents becoming lowland breeding residents and vice versB. 8arp unpublished data).

This does not preclude the existence of a genetapensity for altitudinal migration, but it is
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suggestive of migratory status being condition dependent. If juveniles disperse from natal
uplands to lowland overwintering sites where they become breeding residents, they must be
capable competitors, or sk are able to attain residency during years when many territories
are vacant. There are only two examples during the study period of individual birds switching
between being migrants and residents. If migratory strategy is conditeggrendent, switching
might be expected to occur more frequently as individuals make decisions depending on their
current state and environmental circumstandeeforeeach breeding season. Gidlisal. (2008)
suggest that failre to switchmigratory tacticswould result from nochange in competitive
ability over time, olif changingacticsprovidedno increased fitness benefits over philopatry.
Passerines tend to show nesite fidelity (Greenwood and Harvey 19829nd benefit from
familiarity with feeding areas which helps pide protection from predatorgHinde 1956)
Longlived species with mate fidelity can enhance fitness resulting from shared knowledge and
experience without the costs of mate acquisition and territory establishn{&atnda and
Blanco 2014)Philopatry is rare likely to match beneficial adaptive genetic combinations of
individuals with those of breeding partners amonsequentlythe genotypes of their offspring

are more likely to match their natal environmgiWeatherhead and Boak 1986 food supply
across the study site is not limiting then the most likely driver of competition is the availability
of nest sites. Less competitive individuals must search for vacant territories, including those on
upland streams, or abandon breeding. As the results hesessthe fithess benefits of breeding

in the uplands are likely to far exceed those of delaying reproduction. The benefits of site
fidelity then presumably outweigh those associated with breeding dispersal. Alternatively,
migrant dippers may prospect vacasites irrespective of dominance ran&nd make informed
choices to breed in the uplands because of cues related to accessible foraging sites containing

abundant prey, low predator numbers, lower disturbance and enhanced nest security.

Migrant dippers appear to hade-history traits that conform to neither the slow pace of life
of increased parental care, as provisioning outcomes for nestlings are no different to residents,
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nor that of a fast pace of life, as fecundity appears unaéig@dy altitude (Promislow and
Harvey 1990; Ricklefs and Wikelski 2002). Additionally, the absence of data for survival rates,
longevity and lifetime reproductive success makes it difficult to place dippers in the pace of life
framework. However, the conistinglife-history traits of resident and migrant dippers suggest
novel positions outside of the slefast continuum (Hille and Cooper 2015). Furthermore,
F£f2LIF GNAO RALILISNI LR LMzZ FGA2zya O2dzZ R O2y il Ay
Wa dzNIB Y @2-REBRBFIA y 3 Q & LIS O ASther & bl (1096 ATsund/al raizs
remain unknown, any shift from a high reproductife-history strategy at low altitudes, to
increased investment in parental care producing fewer, but higher quality affgpand an
increased survivdife-history strategy at higher altitudes, cannot be concluded nor dismissed
(Badyaev and Ghalambhor 200T)he conflicting evidence fdlife-history traits suggests
altitudinal migration in dippersis likely to be an alternate migratory tactic driven by
competition for resources. Subordinate individuals seek breeding opportunities in vacant
territories at higher altitudes in order to retain fithe@somparable to alternative reproductive
tactics described byaborskyet al. 2008 and respond accordingly to @vailing ecological
conditions Additionally, consistent behavioural and personality differences among individuals
(Réale et al. 2010; Gangloffet al. 2017) arelikely mediated by territory familiarity and

philopatry, andmay contribute to the reproductive tactics of dippers

Somepoints to note: here are a number of pairs thatay together for several yeaand breed
successfullyit is not clear what happens to juvenilesd the degreeof dispersal out of the
study site or, the extent of first year mortality. It may be théitst year mortality is high byff
individuals survive the first year of breedjnbere is a greater likelihood ofving longer. If
individuals live long enouglthey only ned to produce the occasionaurviving fledting to
replace thenselvesAlternatively, postfledging and first winter survivate high and dispersal
is over a much greater stance in the Sedbergh area thamould normally be expected for
dippers.
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4.2 Double brooding

Double brooding provides shelived and seasonally constrained but early breeding species,
like dippers, with the opportunity to increase productiv{tjulvihill et al. 2009;Jacob<=t al.
2013) Thelikelihood of double brooding is probably influenced darly timing of the first
brood and food availability(Morrisson and Bolger 2002; Moore and Morris 2005; Nagy and
Holmes 2005a, 2005b; Batey 2018jowever, factors influencing double brooding in dippers
are not well understood and its incidence varies across Europe and within the Britighyies
and Ormerod 1994)and interannually in the Sedbergh populatid®. P. Sharp unpublished
data). Thé suggests that there is some environmental comgnt directing double brooding
(Nagy and Holmes 20@5Husbyet al. 2009).In the UK, the timing of the first clutch together
with the quality and abundance of aquatic macroinvertebrates are likely to beoriaumt

factors in double broodin{Da Prato and Langslow 19Bhaw 1978Tyler and Ormerod 1994).

The mean time elapsed between the lay date for corresponding first and second broods in
Sedberghis 538 days (SD=4.36; median=5338srange 4972) and cacurs with that of 7%
weeks for the area noted by Mawby (1961); the number of second broodnatie for each

year from 20122017 was 2, 11, 6, 5, and 12, respectively. Each year, a small number of nests
may have disproportionately early lay dates, but areeliable predictor of second brooding

is generated from median values. Median lay dates and the number of second broods are seen
in Figure4.1and general trends indicate that later lay dates for lowland breeding lead to less
second brooding, and latdaying migrants never second brood. Annual median lay dates in
lowland territories are generally mirrored in upland territories albeit later. This suggests
environmental conditions across the study area such as late winter weather could act upon
water temperature, flow velocities and heights, and influence prey development, and that

these may cue for timing of breeding.
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There is no evidence ainyyearround residents at high altitudeandthe timing of migrants
moving from winter quarters to upland streamat Sedbergh is not known, nor is whether this
results from a single movement or increasingly distant forays over some time until a critical
distance or previously held or vacant territory is encountered. There is evidence that
commuting between upland r& sites and lowland rivers during stalled nbsilding occurs
because of poor weathgiMawby 1961;S P. Sharp unpublished data), but recording of lay

dates is the only absolute evidence of actual breeding.
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Figure 4.1 The relationship between the number of second brood attempts made in ¢
year andthe median first lay dates at lowland (<200m) and upland (>200m) nest si
20132017. Blue points = lowland nests, orange points = upland nests.

I WNMzZ S 2the stildy dit¥ is Dat FeoNd brood attempts only occur if first lay dates
are before April T (Julian date 91). Twenty lowland pairs made successful first breeding

attempts with a lay date earlier than April but did not attempt to raise a second kwd (with
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known age categories of 10 adult and 9 first year females). The earliest lay date for a successful
second brood was April #&and the latest was May 22 With time apparently being available
following a successful first brood for these twentwland pairs, this suggests that timing of

first lay date alone cannot predict which pairs attempt a second brood. Second brooding may
also be limited by episodic extreme weather producing either high or low flow conditions,
declining food availability oretritory quality, regular incursions by predators, and an
AYRADGARIZ £t Q& ljdztr t AGex O2yRAGAZY | (Mevretrt@8 @St 27
Morris 2005; Nagy and Holmes 2005a, 2005b; Heslay. 2009; Jacobst al.2013; Carreet al.

2014; Royan2014; Woodworthet al. 2017) Some adjacent or nearby territories across the
study site often have pairs of birds that double brood in the same year whilst elsewhere in the
study site other nearby territories each subject to the same general environmeralitions

have only one pair that second broods despite very similar first lay dates. This may be
accounted for by variation in habitat quality between territories, for example riffle area with
abundant mayflies, stoneflies and caddisfliemdividual gality or agerelated experience
playing some role in limiting the number of breeding attempts, or, possibly a preference for
retaining fitness by trading off lower annual breeding costs with higher investment in survival

and greater lifetime reproductiveuscesgJacob®t al.2013;Hoffmannet al.2015).

4.3 Brood reduction

During 20122017, mean %hatching success for lowland (n=99) and upland.®=ests was
>92%, and mean % hatched brood survival to day 9 of 94.6% (n=78) for lowland and 88.8%
(n=8)for upland nests. However, some lowland nests with clutch size data but withoutihgtch

data had reduction to day 9 survival of 70.6% @6), and for correspnding upland nests of
67.3% (n8). Mean brood nestling mass in all cases was >38g and compavabl®alues
obtained in other studiegO'Halloranet al. 1992 Tyler andOrmerod 1994). Mawby (1961)

found lower hatclingrates for dippers at Sedbergh following adverse weather, suggesting this
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led to egg infertility. Since hatching success for knownsngshigher than 90%, and assuming
this reflects hatching outcomes generally, the clutch to day 9 reductions may be due to some
females having reduced egg fertility because of poorer individual quality or body condition or
because of reduced habitat qugliresulting from adverse ecological conditions. Alternatively,

in addition to egg infertility, brood reduction may occur. Hatching asynchrony is possible in
dippers(Rankirand Rankin 194(yler and Ormerod 1994), and that may produce iftraod
hierarchies and nestlings of marginal size or quality relative to sib{iBigkland and Amundsen
1988;Vinuela 1996)and may be an adaptive response to follow unpredictable food supplies
(Pijanowski 1992)eclining food availability could result in the losgéérior quality nestlings

by passive starvationthrough sibling competition(Mock 1994; Ricklefs 2002) sibling
infanticide (Godfray and Harper 1990/Jock et al. 1990)or parental action(*2A S f 20@a | A
Moreno 2013, and compounded by rain and low temperatur@®eynolds 1996Honget al.
20183). Brood reduction has been observed in brown dippgclus pallagiin nests with
variation in nestling body size located on territories with low food availability, andiéakest
nestlings were lost (Horgt al.20183). This brood reduction maafeguard remaining siblings

and parental fitness but, in its absence, provide a reproductive dividend when food is plentiful
(Forbes 1991; Forbes and Mock 1986rbeset al.2001,2002F | YR | WNBLINR RdzOG A

L2t AO0BQ AY (KS S$OSyi @vbck adNForesleasBb Sy SZ a1 Ay EN XA

4.4 Climate and weather

Large scale climate processparticularly winteNorth Atlantic OscillationNAO) index values

are a significant influence opopulation ecology(Hallett et al. 2004) and whilstlocalised
variations in weather may be a better predictor for local populations, these tend to reflect
general regional trend¢Nilssonet al. 2011a). Possible negative fefcts of high NAO index
values warming sea temperatures and milder but wetter winters in the UK include reduced

food availability and breeding success for some species and asynchrony of summer migrant
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arrival and resource phenologyeechet al. 2004) Clanges to climate patterns that have
become apparent since the mitP70s suggest a timlag effect on local conditions affecting
timing of breeding and food abundance in subsequent yédissleyet al.2016) In this study,
interannual variation in the tiimg of lay date was most likely related to adverse weather
conditions delaying egg laying, which by contrast may be advanced in more benign conditions
(Price and Bock 1983yler and Ormerod 1985fyler and Ormerod 1994). Interannual
variations in invertbrate abundance may act as a cue to mediate initiation of breeding,

parental investment and possibly brood reduction.

Durance and Ormero(2007)obtained results for upland stream invertebrates in Wales that
supported hypotheses that the NAO and climatarge had identifiable ecological effects, and
that aquatic invertebrates vary with winter climate. High positive NAO indices and warmer
wetter phases lowered betweepear similarities in stream benthos, and circumneutral
streams with projected +1 to ¥3 temperature changes were shown to have potential
reductions of abundance of 21% in macroinvertbrate populations for et¢hrise in
temperature (Durance and Ormerod 2007). These predictions illustrate the sensitivity and

vulnerability of upland streamadbitats to relatively small rises in temperature.

An increase in the frequency of extreme weather events is predicted with climate change
(Benistonet al. 2007; Woodward et al. 2016) and flooding could prevent dipper species
accessing foraging areas, #iitg changes in feeding behavio(ifaylor and O'Halloran 2001;
D'Amico and Hémery 200Thiu et al. 20183 Additionally, flooding can potentially alter the
diversity and abundance of benthic prey assembld@esPrato 19810'Halloranet al. 1990;
Feelg et al. 2012 Chiu et al. 201,3Woodwardet al. 2015 Sanchezt al. 2017;Honget al.
2018b).Increased late winter and early spring rainfall could produce high domditions,
which may prevent or be energetically constraining for foraging in rifffesticularly for

caddisfly, whichare an important component in nestling diéDrmerod 198%; Tyler and
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Ormerod 1994;Crookset al. 2009; Sayerset al. 2015. Shifts in dietand foraging behaviour
were observed in Irish dippers during higher water levalsd with some climate change
models predicting higher precipitation or altered rainfall patterns and producing increased risk
of spates and floods, this could affect the diet, survival and productivity pedsp(Taylor and

h Calloran 2001 Saetheret al. 2004; Nillsonet al 2011a). Additionally higher flows threaten
dipper nests located low down oriverbanksor on walls and bridges, and several such nests

have been lost by flooding over the study peri&H.Sharp unpublished data).

A study of Norweigin dippers found that whilst there is uncertainty about the impacts of
climate changeit could produce milder winters and possible population growth as a result of
potentially greater access to foraging, quicker prey growth ratasing for earlier laylates

and enhanced winter survivébaetheret al.2004;Nillsonet al. 2011a). Alternatively, extremes

of weather producing harsh winters may cause repeated severe population declines impacting
population dynamics and territory occupatidivicPeeket al. 2001; Benistonet al. 2007;
Nilssonet al. 2011a). Extreme winter flooding episodes were found to affect some dippers in
northern Iberia, with lower survival in the subsequent breeding season, but the impact at the
population level appeared to be weak (Baezet al. 2017). Resident dippers display winter
territoriality (Crowtheret al.2018) and resident American dippers have higher site fidelity and
defend winter territories but migrants may be more able to move to better habitat conditions

during highflow periods(Whitehorne 2010)

4.5 Further work

Some experienced adults return annually to breed at upland sites whereas inexperienced first
years can establish and hold lowland territories. Since little is known of the factors that drive
migratory tendency in dippers, monitoring of individuals within winter lowland populations for

physical condition, hormonal levels, territorial encounters and responses could provide insights

into the causes, timing and modes of migration to high altitude ngthwabll992 Landy<et
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al. 2010. The use of telemetrgould provide detailed informatioanindividuakQ ¥ 2 NJ 3 A y 3

migratorybehavioursandan overview of tracking systems for birds is providetddyyezL 6pez
(2016).The use of genetimarkers could provideolesin determining if there is a genetic basis

to migratory behavioufGarant and Kruuk 2005; Wink 20@tegren and Sheldon 2008), and

in investigatingthe effects ofpolygynyversus monogamyHartley 1991;Johnson and Burley
1998;Kvarnemo 2018)andto determineif these have fitnessonsequences for resident and
migrant dippersStudies of the American dipper found no fithess benefit in becoming a migrant
and negative effects on productivity and offspring quality (Gtlel. 2008; Mackagt al. 2010;
Green 2015), but in this study and a previous study of (wthiteated) dippers (Logie 1998),
there was no impact of altitude on reproductive success. A loteyen study is now required

to investigate posfledging and adult survival and lifetinneproductive success to give a more
complete picture of the fithess consequences of migratory status, particularly when associated
with detailed measures of habitat quality. Replicating the work on brown dippe@&hleyand

Wang (2009) andHonget al. (2018a) would quantify aquatic invertebrate composition and
abundance in riffles, and establish total food availability and territory size as a measure of
habitat quality for dippers adifferent elevationsDetailed observations of foraging strategies

of resdents and migranténcluding flight distanceso feeding sitesprey composition and
loads and handling costsnay provide evidence fdhe effects of habitat quality angdarental

effort on breeding successFurthermore, examining temporal variation inream prey
composition and relating this to nestling diet by faecal examination, stiabtepe analysis or
DNA barcodingTaylor and Halloran 199Fox and Bearhop 200Bytkénenret al.2019 would

help to determine responses in nestling growth, development and breeding success at
increasing altitudes and with varying conditions influenced by climate change. If the studies of
brown dippers by Chen and Wang (2009) and Hzirad. (2018) hold true for whitethroated

dippers, then territory size is determined by total hidénsity prey riffle area.
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Competition for nest sites has been suggested as the cause of migratory behaviour in dipper
species (Price and Bock 1983; Tyler and Ormerod 1d8dkaset al. 2010). Dipper nests
constructed in tree branches are rare (Tyler and Ormerod 1994), as they are likely to be
conspicuous to predators, but one such nest was made duringstilndy in 2017 (shown in
Figure 4.2, suggesing that nestsite availabity and not territory size may limit lowland

breeding densities.

Figure 4.2Dipper nest in branches above the River Lune in
Lune Islanderritory 2017.(Photograph by Richard Wilkinson).

Experimentally increasing nesting sites with artificial habitat features or nest boxes in
territories at all elevations would help to test this theory. Whilst clutch size did not appear to
show any variation across elevations, this suggests agreementheiihdividual optimisation

~ z 7
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abilities to produce eggs and care for young, and food availability in the territory provision of
food (Perrins and Moss 197510gstelt 1980; Coulson and Porter 1985ince the number of
fledglings also appears to be the same across elevations, brood manipulation experiments may
reveal if pairs at any elevation are approaching their maximum capacity to raise offspring at
equitable devéopmental rates or if there is residual capacity for more offspring production.
This has fithess consequences for the cost of reprodudiidiiiams 1966Charnov and Krebs
1974; Harshman and Zera 20Q7and influences tradeffs between current and future
reproduction and survival This, in turnhas implications for lifetime reproductive success.
Brood manipulation experiments could illustrate future effects of changing environmental

conditions at different altitudes on population dynamics.

Anothe areathat requires investigation to determine the lifetime fitness benefits of being a
resident or migrantsthe consequences of losses to predation and flooding. Climate change is
projected to increase weather variability in the UK and to affect river amastiflow regimes
(Watts et al. 2015) Weather data from the Met Office and National River Authority flow
measurements could be used to investigate if raised water levels and flood events affect nest
survival or disrupt foraging activity and brood provisia) and consequently, nestling
development{Chiuet al.2008,2013 Honget al.2016) The effects of predator threat could be
simulated by the use of models or by using playback of the calls of known predators to
determine the shorterm effects upon pantal care, nestling development, fledging and
conseqguences of predatenduced dispersalYoderet al. 2004; Coslovsky and Richner 2011;

Chiavaccet al.2015;Goullaudet al.2018;PaycPayoet al. 2018).
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4.6 Conservation challenges

Despite recoveryrbm acidification by atmospheric pollutiofBattarbeeet al. 2014) dipper
populations in England and in the UK as a whole have declined betwebrah@2016(Eaton

et al.2015; Woodwardet al.2018).There is still work to do to lower chemical contamination
of rivers and improve their ecological statiMorrisseyet al.2013,2014 Environment Agency
2018 and water abstraction and construction may alter flow regimes, but the greatest
potential threatto dippers and other wetland bird species is probably from climate change
(Crick 2004; Wormworth and Mallon 20@win 2008Care/ 2009. Lay dates for dippers have
advanced by more than 10 days over the last fifty years (Woodetadl 2018), and littlds
known of climate induced phenology effects on aquatic prey taxa. For poorly known dipper
populations breeding on higher altitude streams under harsher ecological conditions,
anthropogenic effects including climate change may be more pronounced and reigkire
novel interventions to countefWilbyet al.2010 Thomaset al. 2015, 2016Bussiet al. 2018;

Rileyet al.2018).

Future responses of river bird communities to floods and droughts in climate change models
should take account of the timing, fyj@ency and magnitude of high and low river flows. A
projected decrease in dippers by the end of theé'2&ntury is driven by a decrease in daily
flow magnitude and low flow ratevariability (Royanet al. 2015). Additionally, rapidly
decreasing habitat st#ibility in western Britain illustrates a possible mechanism by which
climate change may mediate range shiftdirds and other riverine biotéRoyanret al. 2013,
2015).Hayhowet al. (2017)highlight trends consistent with climate change bringing earlier
arriving migrants, advanced lay dates, shifts in abundance and distribution of breeding and
overwintering, and further increased pressure on declining species. Birds with low fertility and
limited dispersal may not be able to cope with the effects of climate change by shifting their

ranges and this is likely to be exacerbated by high annual mortality rates. However, species

138



may adapt to climate affected local conditions by microevolution bermtypic plasticity
processegPelletieret al. 2009 Jenouvrier and Visser 201Jenouvrier 2013)Furthernore,
differing interspecific and intspecific adaptive responses to climate change strengthen the
need for continuing autecological studi@armesan and Yohe 200Balbontinet al. 2009) in
addition to those of populations, communities and ecegyms at all spatial and temporal
scales to understand the responses to environmental charg@active measures to
ameliorate the threats to wetland birdspecies mus provide longterm sustainable
environmental management alongside current land use and projected socioeconomic demand,
and inform policy decision making to address mismatches between -shod longterm
demands on the environmenr{Cardadoret al. 2015; Duranceet al. 2016; Ormerod and Ray

2016)

This investigation in the eastern uplands of Cumbria provides an insight intifeHestory
strategies of a dipper population with partial altitudinal migration. It is through the monitoring
of such populations and the use of letegm data that the population dynamics of species can
be examined against variations in environmental conditioparticularly climate change
(Larseret al. 2018;Van Looyet al. 2019) An understanding of the effects of such change at
individual, population, community and habitat levels are important steps in the search for
providing mitigating measures for consetiom (Vaugharet al. 2007 Reidet al. 2018b). A
forward to Silent Summer: The State of Wildlife in Britain and Irel@vidclean 2010)s
apposite:

Wi 2g R2 &2dz (Y26 6KAOK

where you are? And how can you plan for the future

you do not know the state of the present? If we a

concerned about the environmental future of Britain a

Ireland, then we must know as much as possible ak
Ala LINBaSyild O2yRAGAZY QD

Sir David Attenborough 2010
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Orientationof sudy site maps showing locatiaf dipperterritories

Figure 2

Figure 3

Figure 4

Figure 5

Figure 1 Study site dipper territory location sheets orientation
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Sedbergh area dipper territory mafegendsaccess

0OS1:50 000 scale map legends available at:

https://www.ordnancesurvey.co.uk/docs/legends/58&sterlegend.pdf
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Figure 2 Study site dipper territory locations. Lowland territorie@ ; upland territories < .
(Digimap University of Edinburglt: https://digimap.edina.ac.uky.
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